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I. INTRODUCTION 
A. Active pharmaceutical  ingredient (API)  

1.  A drug substance  is  the API or  component  that  produces pharmacologica l  

ac t iv i ty.  

2.  The API may be produced by chemical  synthes is ,  recovery f rom a natura l  

product,  enzymat ic  react ion, recombinant  DNA technology,  fermentat ion,  or  a  

combinat ion of these processes. Further puri f icat ion of  the API may be needed 

before i t  can be used in  a  drug product.  

3.  A new chemical enti ty (NCE)  is  a  drug substance wi th  unknown c l in ical ,  

toxico log ic ,  physical ,  and chemical  proper t ies .  In addi t ion, the U.S. Food and Drug 

Admin is t ra t ion (FDA) cons iders  an NCE as an API  that  has not  been approved for  

market ing in the Uni ted States. 

4.  The identi ty,  strength,  qual i ty,  and puri ty o f  a  drug substance depend on 

proper  contro l  o f  the manufactur ing and synthet ic  process. 

B. Drug product  

1.  A drug product  is the f inished dosage form  (e .g . ,  capsule,  table t,  in jec tab le) 

that  contains  the API ,  general ly in  associat ion wi th  o ther  exc ip ients ,  or  iner t  

ingredients . 

2.  The exc ipients in the drug product  may af fec t  the funct ional i ty and per formance 

of  the drug product ,  inc lud ing modi f icat ion of  the ra te of  drug substance re lease,  

improving drug s tab i l i ty ,  and masking the drug tas te. 

3.  Di f ferent  approaches  are genera l ly used to  produce drug products  that contain  

NCEs,  product l ine extens ions,  generic drug products ,  and spec ial ty drug products . 

C. New drug product development  

Drug products  contain ing NCE are developed sequent ia l ly  in  the fo l lowing phases. 

1.  Precl inical .  Animal  pharmacology and toxico logy data are obta ined to determine 

the safety and ef f icacy of  the drug.  Because l i t t le is  known about  the human and the 

therapeut ic / toxico log ic  potent ial ,  many drug products  wi l l  not reach the marketp lace.  

No at tempt  is  made to  develop a f ina l  formulat ion during the prec l in ica l  stage.  

Noncl inical  studies  are nonhuman s tudies that  may cont inue at  any s tage of  

research to  obtain  addi t ional  in formation concerning the pharmacology and 

toxico logy of  the drug. 

2.  Phase I  

a.  An Investigat ional  New Drug ( IND)  appl icat ion for  human test ing is  submi t ted to  

the FDA. Cl in ical  test ing takes p lace af ter the IND appl icat ion is  submit ted. 
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b.  Heal thy volunteers  are used in phase I  c l in ica l  s tud ies to  determine drug 

to lerance and toxic i ty.  

c .  For  ora l  drug adminis tra t ion,  a  s imple hard gela t in capsule formulat ion conta in ing 

the API  is  usual ly used for  IND s tud ies. 

d.  Toxico logic studies—inc luding acute,  chronic ,  subchronic ,  and mutagenic i ty—and 

other such studies in  various an imal  spec ies are p lanned dur ing th is  phase. 

3.  Phase I I  

a.  A l imi ted number of pat ients  wi th  the d isease or  condi t ion for  which the drug was 

developed are t reated under c lose supervis ion. 

b.  Dose-response s tud ies,  bioavai labi l i ty ,  and pharmacok inet ics  are per formed to 

determine the opt imum dosage regimen for  t reat ing the d isease. 

c .  Safety is  measured by at tempt ing to  determine the therapeutic index  (ra t io  o f 

toxic  dose to  ef fec t ive dose).  

d.  A drug formulat ion having good phys ico-chemical  s tabi l i ty  is  developed.  

e.  Chronic  toxic i ty studies are star ted in  two species;  such s tud ies normal ly las t 

more than 2 years '  durat ion. 

4.  Phase I I I  

a.  Large-scale,  multicenter c l inical  studies  are per formed wi th  the f ina l  dosage 

form developed in  phase I I .  These s tud ies are done to  determine the safety and 

ef f icacy of  the drug product  in  a  large pat ient populat ion who have the d isease or  

condi t ion for which the drug was developed. 

b.  S ide ef fec ts  are moni tored. In a  large populat ion,  new toxic  e f fects  may occur  

that  were not evident in previous c l in ica l  t r ia ls.  

5.  Submiss ion of  a New Drug Appl ication (NDA).  An NDA is submi t ted to the FDA 

for  review and approval a f ter the complet ion of  c l in ical  t r ia ls  that show to the 

sat is fact ion of  the medica l  community that  the drug product is  e ffec t ive by a l l  

parameters and is  reasonably safe as demonstrated by animal  and human s tudies. 

6.  Phase IV  

a.  Af ter  the NDA is submi t ted,  and before approval  to  market  the product  is  obta ined 

f rom the FDA, manufactur ing scale-up  ac t iv i t ies occur .  Scale-up is the increase in 

the batch s ize f rom the cl in ica l  batch, submission batch, or  both to  the fu l l -sca le 

product ion batch s ize,  us ing the f in ished,  marketed product.  

b.  The drug product  may be improved as a resul t  o f  equipment,  regulatory,  supply,  

or  market  demands. 

c .  Addit ional  c l in ica l  s tud ies may be per formed in  spec ial  populat ions, such as the 

e lder ly,  pediat r ic,  and renal - impaired,  to obta in  in formation on the ef f icacy of  the 

drug in  these subjects . 

d.  Addi t ional  c l in ica l  s tud ies may be per formed to  determine i f  the drug can be used 

for  a new or  addi t ional  label ing ind icat ions. 

7.  Phase V  

a.  Af ter  the FDA grants  market approval  o f the drug,  product  development  may 

cont inue. 

b.  The drug formulat ion  may be modi f ied s l ight ly as  a resul t  o f  data obtained 

dur ing the manufactur ing sca le-up and va l idat ion processes. 



c.  Changes  in  drug formulation  should always be wi th in  the sca le-up and post-

approval  change (SUPAC)  gu idel ines. 

D. Product l ine extensions  are dosage forms in which the physica l  form or  

s t rength,  but  not the use or  indicat ion,  o f  the product  changes.  Product l ine 

extens ion is  usual ly performed dur ing phase I I I ,  IV,  or  V. 

1.  Developing a t ransdermal patch when only tab le ts  have been avai lab le , for  

example: 

•  Progesterone 

•  Nicot ine 

•  Estrad io l  

•  Nit roglycerin 

2.  Addit ional  strengths—as long as these s t rengths are wi th in  the to tal  da i ly dose, 

for  example: 

•  Ibuprofen 
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3.  Control led-release or modified-release  dosage forms when only an immediate-

re lease dosage form is  avai lab le.  Th is is  an ongoing projec t  for  al l  brand 

companies; a lmost  every NCE has or wi l l  eventual ly have a modi f ied-re lease dosage 

form of  the immediate-release product .  

E. Biologic products  

1.  A b iologic product  is any v i rus , serum, toxin ,  ant i toxin ,  vacc ine,  b lood, b lood 

component  or derivat ive, a l lergenic  product ,  or  ana logous product  appl icable to the 

prevent ion,  t reatment ,  or cure of  diseases or  in jur ies. 

2.  B io log ic  products  are a subset  o f  drug products ,  dist inguished by the i r  

manufactur ing processes (b io log ic  vs . chemical ).  In  genera l ,  the term drugs  includes 

b iologic products . 

3.  Biologic l icense applicat ion (BLA).  B io log ic  products  are approved for  

market ing under the provis ions of  the Publ ic  Heal th  Service (PHS) Act.  

F.  Generic drug products  

1.  Af ter  patent expiration  o f  the API  and /or brand drug product,  a generic  drug 

product may be marketed.  A gener ic  drug product  is therapeut ica l ly equiva lent  to  

the brand name drug product  and contains the same amount  o f the drug in  the same 

type of dosage form (e.g. ,  tab le t ,  l iqu id ,  in jec table) .  

2.  A gener ic  drug product  must be bioequivalent  ( i .e. ,  have the same rate and 

extent  o f  drug absorpt ion)  to the brand drug product .  Therefore,  a generic  drug 

product is  expected to  g ive the same cl in ica l  response (Chapter  7).  These s tud ies 

are normal ly performed wi th  heal thy human volunteers . 

3.  Some gener ic  products  are not  absorbed; for  some others  bioequiva lence is  not a  

good marker .  Under those condi t ions,  comparat ive cl inical tr ia ls  or  studies wi th  



pharmacodynamic end points  are cons idered to measure the equiva lence of  two 

products .  Inhalat ion products  and nonabsorbed drug products fal l  in to  this  category.  

4.  The gener ic  drug product  may d i f fer  f rom the brand product  in  physical 

appearance  ( i .e. ,  s ize,  co lor,  shape) or  in  the amount and type of exc ip ients  used in  

the formulat ion. 

5.  A gener ic  drug product  may not d i f fer in both the qual i ta t ive and the quant i ta t ive 

composit ions for  l iqu ids, in jectables,  semisol ids ,  t ransdermal  patches, inhalat ion 

products ,  and ophthalmic  products ,  un less adequate safety s tud ies have been 

per formed. 

6.  Before a gener ic  drug product is  marketed,  the manufacturer  must  submi t  an 

Abbreviated New Drug Appl icat ion (ANDA)  to  the FDA for  approval .  Because 

precl in ica l  safety and ef f icacy studies have al ready been per formed for  the NDA-

approved brand product,  human b ioequivalence stud ies,  ins tead of c l in ical  t r ia ls ,  

are genera l ly requi red for  the ANDA. The chemis try,  manufactur ing,  and controls 

requi rements for  the gener ic drug product  are s imi lar  to  those for  the brand name 

drug product .  

G. Special ty drug products  are exis t ing products  developed as a new del ivery 

system or  for  a  new therapeut ic  indicat ion.  The safety and ef f icacy of  the drug 

product were estab l ished in the in i t ia l  NDA-approved dosage form.  For  example,  the 

n i t rog lycer in  t ransdermal de l ivery system (patch)  was developed af ter exper ience 

wi th  n i t rog lycerin  subl ingual  table ts .  

II. PRODUCT DEVELOPMENT. 
For each drug, var ious stud ies are requi red to  deve lop a safe,  ef fec t ive,  and s tab le 

dosage form. 

A. New chemical enti t ies  

1.  Preformulat ion  is  the character izat ion of  the phys ical  and chemical  proper t ies  of  

the act ive drug substance and dosage form.  The therapeut ic  indicat ion of  the drug 

and the route of  administra t ion dicta te the type of drug product  or  drug del ivery 

system (e.g. ,  immediate re lease,  control led release,  suppos i tory,  parentera l ,  

t ransdermal)  that needs to  be developed. 

a.  Preformulat ion act iv i t ies  are usual ly performed during the precl in ica l  s tage. 

However,  these act iv i t ies  may cont inue in to phases I  and I I .  

b.  The fo l lowing in formation is obta ined dur ing preformulat ion. 
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(1)  Physical ,  inc luding par t ic le  s ize and shape,  crys ta l l in i ty,  po lymorphism, dens i ty,  

sur face area, hygroscopic i ty (ab i l i ty  to  take up and reta in mois ture) ,  and powder 

f low 

(2)  Solubi l i ty,  inc luding in t r ins ic  disso lut ion, pH so lubi l i ty  prof i le ,  and general  

so lubi l i ty  character is t ics in  various so lvents 

(3)  Chemical ,  inc lud ing sur face energy, pH s tab i l i ty  prof i le ,  pKa,  temperature 

s tab i l i ty  (dry or  under var ious humidi ty condi t ions) ,  and exc ipient  in teract ions 



(4)  Analyt ical  methods development,  including development  o f  a  stabi l i ty  indicat ing 

method (measures both the API and the re lated substances) ,  and cleaning methods 

2.  Formulat ion development  is  a  cont inu ing process. Ini t ia l  drug formulat ions are 

developed for  ear ly c l in ica l  s tudies.  When the submiss ion of  an NDA is  considered,  

the manufacturer a t tempts  to  develop the f ina l  (marketed)  dosage form.  The dose of  

the drug and the route of administ ra t ion are important  in determining the 

modi f icat ions needed. 

a.  Injectable  

(1)  A f ina l  in jectable drug product  is usual ly developed in  the prec l in ical  phase. 

(2)  Major  concerns inc lude the s tab i l i ty  of  the drug in  so lu t ion and the s ter i l i ty  o f the 

product.  

(3)  Because few exc ip ients  are a l lowed in  in jec tab le products ,  the formulator  must  

choose a f ina l  product  ear ly in  the development process. 

(4)  I f  the formulat ion is  changed, b ioavai lab i l i ty  s tud ies are not requi red for  

in t ravenous solut ion in jec t ions because the product  is in jec ted di rec t ly into  the 

body. 

(5)  Formulat ion changes may requi re  acute toxic i ty s tud ies. 

b.  Topical  ( for local  appl icat ion).  Includes ant ibacter ia ls ,  ant i fungals,  

cor t icosteroids ,  and local  anesthet ics . 

(1)  The f inal  dosage form for  a  topica l  drug product  is usual ly developed dur ing 

phase I  studies because any major formulat ion changes may requi re  fur ther  c l in ica l  

t r ia ls .  

(2)  The re lease of  the drug f rom the matr ix is  measured in  v i t ro  wi th var ious 

d i f fusion ce l l  models. 

(3)  S ign i f icant  problems encountered wi th  loca l ly ac t ing top ica l  drug products 

include loca l  i r r i ta t ion,  sk in senis t izat ion and systemic  drug absorpt ion. 

c .  Topical  (for systemic drug absorption).  Includes drug del ivery through the sk in  

( t ransdermal) ,  mucous membranes ( int ranasal ) ,  and recta l  mucosa. 

(1)  A prototype formulat ion is  developed for  phase I .  

(2)  A f ina l  topica l  drug product  is developed during phase I I I  a f ter  the avai lab le  

technology and des i red systemic  leve ls  are considered. 

d.  Oral  

(1)  Prototype dosage forms are of ten developed dur ing the precl inical phase  to  

ensure that  the drug is  opt imal ly avai lab le and that  the product disso lves in  the 

gast ro in test inal  t ract .  

(2)  In the ear ly s tages of product  development,  hard gelat in capsule  dosage forms 

are of ten developed for phase I  c l in ica l  t r ia ls.  I f  the drug shows eff icacy,  the same 

drug formulat ion may be used in  phase I I  s tud ies. 

(3)  Final  product development  begins when the drug proceeds during phase I I  and 

before in i t iat ing phase I I I  c l in ica l  s tud ies. 

3.  Marketed Product.  Considerat ions in  the development  o f  a  f inal  dosage form 

include the fo l lowing: 

a.  Color ,  shape,  s ize, tas te, v iscos i ty,  sensi t iv i ty,  sk in fee l ,  and phys ical  

appearance of the dosage form 

b.  S ize and shape of  the package or  container 



c.  Product ion equipment 

d.  Product ion s i te 

e.  Country of  or igin  in  which the drug is  to  be manufactured 

f .  Country in  which the drug wi l l  be marketed 

B. Product l ine extensions  are general ly def ined as drug products  contain ing an 

NDA-approved drug in a  d i f ferent  dosage s trength or  in  a  di f ferent  dosage form 

(e.g.,  modi f ied re lease,  ora l  l iquid) .  

1.  Oral  product l ine extensions  

a.  The s implest  dosage form to develop is a  di f ferent  dosage s t rength of  a  drug in  a 

tab le t  or  capsule. Only bioequivalence s tudies are needed. 
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b.  A modified-release  dosage form is  more di f f icu l t  to  develop when only an 

immediate-release dosage form exis ts.  Cl in ical  t r ia ls  are normal ly requi red. 

c .  Considerat ions in  develop ing these dosage forms are s imi lar to those for  the f inal  

drug product  (see I I .A.3).  

d.  Marketing  has a role  in  the choice of  the dosage form. 

e.  Because the original  brand drug product  in formation contr ibutes to the body of  

knowledge about  the drug,  no preformulat ion is  needed.  Al l  o ther  factors  cons idered 

for  the or igina l  product  are s imi lar .  I f  the re lat ion between in  vi tro  d issolut ion and 

in  vivo  b ioavai labi l i ty  is  known,  the innovator  can progress to a  f in ished dosage 

form re la t ively quick ly.  

f .  Regulatory approval  is  based on the fo l lowing:  

(1)  Analyt ical  and manufactur ing controls 

(2)  Stab i l i ty  in format ion 

(3)  B ioavai lab i l i ty  and b ioequiva lence s tud ies 

(4)  Cl in ical  t r ia ls  ( in  the case of  modi f ied-re lease dosage forms) 

g.  A new therapeut ic  indicat ion for a  drug requi res new eff icacy studies  and a new 

NDA.  

2.  Liquid product l ine extensions  

a.  I f  the current  marketed product  is a  l iqu id preparat ion, then the same factors  as 

for  the sol id oral  dosage forms are considered (see I I .B.1.a,  b ,  c ,  d ,  e ,  f  and g).  

b.  I f  the marketed product  is  a  so l id  oral  dosage form and the product  l ine extension 

is  a  l iquid , product  development must proceed wi th  caut ion because the rate and 

extent  o f  absorpt ion for  l iquid  and sol id  dosage forms may not  be the same. 

c .  Regulatory approval  requi res 

(1)  Analyt ical  and manufactur ing controls 

(2)  Stab i l i ty  in format ion 

(3)  B ioavai lab i l i ty  and b ioequiva lence s tud ies 

(4)  Safety s tudies (e .g.,  depending on the drug substance, local  i r r i ta t ion)  

(5)  Cl in ical  t r ia ls ,  i f  the ra te and extent  of  drug absorpt ion are drast ica l ly a l tered 

f rom the orig inal  dosage form 

C. Combination products  are made up of two or more regulated components  (e.g. ,  

drug/device, b io log ic /device,  drug/b iolog ic ,  or  drug/device/b io log ic)  that are 



phys ical ly,  chemical ly,  or  o therwise combined or mixed and produced as a s ingle  

ent i ty.  

1.  These may be two or  more separate products  packaged together  in  a  s ingle  

package or  as  a un i t  and may be composed of drug and device products , device and 

b iologic products ,  or  bio log ic  and drug products . 

2.  An example  is  an inhalat ion steroid  (e .g. ,  beclomethasone inhalat ion aerosol )  in  

which the device component is  important  for  de l ivery of  the s tero id. 

III. PREAPPROVAL INSPECTIONS (PAIs) 
A.  The manufactur ing fac i l i ty  is  inspected by the FDA af ter  an NDA, abbrevia ted 

ant ib io t ic  drug appl icat ion (AADA),  or  ANDA is submit ted and before the appl icat ion 

is  approved. 

B.  A PAI  may also be in i t ia ted i f  a  major  change is  repor ted in  a  supplementa l  

appl icat ion to  an NDA, AADA, or  ANDA. 

C.  Dur ing the PAI ,  the FDA invest igator :  

1.  Performs  a  genera l  current  good manufactur ing pract ice (cGMP) inspect ion 

re lat ing spec i f ica l ly to  the drug product in tended for  the market 

2.  Reviews  the development  repor t  to  ver i fy that the drug product has enough 

support ing documentat ion to  ensure a val idated product  and a ra t ionale for  the 

manufactur ing di rec t ions 

3.  Consults  the chemis try,  manufactur ing,  and control  (CMC) sect ion of  the NDA, 

AADA, or  ANDA and determines the capabi l i ty  o f the manufacturer  to produce the 

drug product  as  described 
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4.  Verif ies  the t raceabi l i ty  o f  the in format ion submi tted in the CMC sect ion to  the 

or iginal  laboratory notebooks,  e lec t ronic  in formation, and batch records 

5.  Verif ies and ensures  that al l  the qual i ty systems are in p lace to  manufacture the 

product so i t  re ta ins  the ident i ty,  s t rength, qual i ty,  and pur i ty o f  the drug product  

that  were approved by the center .  

6.  Recommends  approval  for  the manufacture of the drug product based on the 

s ta tus of  the inspect ion 

IV. SCALE-UP AND POSTAPPROVAL CHANGES 

(SUPACs) 
A. Purpose.  These guide l ines are in tended to  reduce the number of  manufactur ing 

changes that requi re  pre-approval  by the FDA. The guide l ines are publ ished by the 

FDA on the Internet  (h t tp: / /www.fda.gov/cder /gu idance/ index.htm). 

B. Function.  These guide l ines provide recommendat ions to  sponsors  of  NDAs,  

AADAs,  and ANDAs during the postapproval  per iod when 

1.  Mak ing sl ight  changes in  the amount  of  the excipient  to  aid  in  the process ing of  

the product  dur ing sca le-up 

2.  Changing the site  o f  manufacture 



3.  Scal ing up  ( increas ing)  or  scal ing down  (decreasing)  the batch s ize of  the 

formulat ion 

4.  Changing the manufactur ing process  or  equipment  

C.  The FDA must  be not i f ied about a  proposed change to a drug product  through 

d i f ferent  regulatory documentat ion,  depending on the type of  change proposed. 

1.  Annual  report .  Changes that are unl ikely to  have any detectab le e ffec t  on 

formulat ion qual i ty and per formance can be ins t i tu ted wi thout  approval  by the FDA 

and repor ted annual ly.  Examples of  these changes include: 

a.  Compliance  wi th  an of f ic ial  compendium 

b.  Label description  o f  the drug product  or  how i t  is  suppl ied (not  invo lv ing dosage 

s t rength or dosage form) 

c .  Delet ion of an ingredient  that  a f fects  on ly the co lor  of  the product 

d.  Extens ion of  the expirat ion date  based on fu l l  shel f - l i fe  data obta ined from a 

protocol  approved in  the appl icat ion 

e.  Container  and closure system  for  the drug product  (except  a change in  

conta iner  s ize for nonsol id  dosage forms) based on equiva lency to  the approved 

system under a protocol  approved in  the appl icat ion or publ ished in an of f ic ial  

compendium 

f .  Addi t ion or  de let ion of an alternate analyt ical  method  

2.  Changes being effected (CBE) supplement.  Changes that  probably would not  

have any detectable ef fec t  but  requi re some va l idat ion ef forts  requi re  spec i f ic  

documentat ion, depending on the change.  A supplement  is  submi t ted,  and the 

change can be implemented wi thout  previous approval  (CBE-0)  by the FDA or ,  in  

some cases,  the FDA has 30 days to  review the change (CBE-30).  FDA may re jec t 

th is  supplement .  Examples of  reasons for  submit t ing a supplement  inc lude 

a.  Addit ion  o f  a  new specif icat ion  or  tes t method or changes in  methods,  faci l i t ies , 

or  contro ls 

b.  Label change  to add or  st rengthen a contra ind icat ion, warn ing,  precaut ion,  or  

adverse react ion 

c .  Use of  a different faci l i ty to  manufacture the drug substance and drug product  

( the manufactur ing process in  the new faci l i ty  does not  d i f fer  materia l ly  f rom that in 

the former faci l i ty ,  and the new fac i l i ty  has received a sat isfac tory cGMP inspect ion 

wi th in  the previous 2 years  cover ing that  manufactur ing process) 

3.  Pre-approval supplement.  Changes that could have a s ign i f icant  e ffec t  on 

formulat ion qual i ty and per formance requi re  spec i f ic  documentat ion.  Th is  

supplement  must  be approved before the proposed change is  in i t ia ted. Appropr iate  

examples for  pre-approval  supplement  are: 

a.  Addi t ion or  delet ion of an ingredient  

b.  Relaxat ion of  the l imits  for  a  specif icat ion  
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c .  Estab l ishment  o f  a  new regulatory analyt ical  method  

d.  Delet ion of  a  specif icat ion  or  regulatory analyt ica l  method 



e.  Change in  the method of  manufacture  of  the drug product,  includ ing changing or  

re laxing an in-process control  

f .  Extens ion of  the expirat ion date  o f  the drug product  based on data obta ined 

under a  new or  revised stab i l i ty  test ing protocol  that  was been approved in  the 

appl icat ion 

D.  W hen any change to  a drug product is  proposed,  the manufacturer  must  show 

that  the resul tant  drug product  is  bioequivalent  and therapeutical ly equivalent  to  

the or igina l  approved drug product (see  Chapter 7) .  

1.  A minor change  is  a  change that  has minimal potent ia l  to have an adverse effect  

on the ident i ty,  st rength, qual i ty,  puri ty,  or  potency of  the product  as  they may 

re late to  the safety or e f fec t iveness of the product .  I f  the proposed change is  

cons idered minor  by the FDA, bioequivalence may be demonstrated by comparat ive 

d issolut ion prof i les  for  the or ig ina l  and new formulat ions. 

2.  A major change  is  one that  has substant ia l  potent ia l  to have an adverse ef fect  

on the ident i ty,  st rength, qual i ty,  puri ty,  or  potency of  a  product as they may rela te 

to  the safety or  e f fec t iveness of  the product .  I f  the proposed change is cons idered 

major  by the FDA, b ioequiva lence must  be demonstrated by an in  v ivo 

b ioequiva lence s tudy comparing the or iginal  and new formulat ions. 

V. GOOD MANUFACTURING PRACTICES (GMPs) 
are regulat ions developed by the FDA. GMPs are minimum requi rements  that  the 

industry must  meet  when manufactur ing, processing,  packing,  or  hold ing human and 

veter inary drugs.  These regulat ions,  a lso known as cGMPs,  es tab l ish cr i ter ia for  

personnel,  fac i l i t ies ,  and manufactur ing processes to ensure that the f in ished drug 

product has the correct  ident i ty,  s t rength,  qual i ty,  and pur i ty character ist ics . 

A.  Good Manufactur ing Pract ices are descr ibed in  the Code of  Federa l  Regulat ions 

(CFR),  t i t le 21,  sect ions 210 and 211. 

B. Qual i ty control  (QC)  is  the group wi thin  the manufacturer that  is  respons ib le  for 

es tab l ish ing process and product  spec i f icat ions. 

1.  Specifications  are the cr i ter ia  to  which a drug product  should conform to be 

cons idered having acceptable qual i ty for  i ts  intended use. 

2.  The QC uni t  tests  the product  and veri f ies that  the spec i f icat ions are met .  QC 

test ing includes the acceptance  or  rejection  o f  the incoming raw materia ls,  

packaging components , drug products,  water  system, and envi ronmenta l  condi t ions 

(e .g.,  heat ing,  vent i la t ion,  ai r -condi t ioning,  ai r  qual i ty,  microbial  load) that  exis t  

dur ing the manufactur ing process. 

C. Qual i ty assurance (QA)  is  the group wi thin  the manufacturer  that  determines 

that  the systems and faci l i t ies  are adequate and that  the wr i t ten procedures are 

fo l lowed to ensure that  the f in ished drug product meets the appl icable spec i f icat ions 

for  qual i ty.  
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STUDY QUESTIONS 



Direct ions:  Each s tatement  in  th is  sect ion can be correct ly completed by one or 

more  o f  the suggested phrases.  Choose the correct  answer,  A-E: 

1.  Healthy human volunteers are used in drug development for 

I .  phase I  test ing after the submission of  an investigat ional  new drug ( IND) 

appl icat ion. 

I I .  generic drug development for an abbreviated new drug appl icat ion (ANDA) 

submission. 

I I I .  phase I I I  test ing just  before the submission of  a new drug applicat ion 

(NDA).  

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer1.  The answer is  C[see] .2.  The required information 

contained in a new drug appl icat ion (NDA) that  is  not  included in the 

abbreviated new drug appl icat ion (ANDA) consists of 

I .  precl inical  animal  toxici ty studies. 

I I .  cl inical eff icacy studies. 

I I I .  human safety and tolerance studies. 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer2.  The answer is  E[see] .3. A product l ine extension contains 

the new drug appl icat ion (NDA) approved drug in a new 

I .  dosage form. 

I I .  dosage strength. 

I I I .  therapeutic indicat ion. 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer3.  The answer is  C[see] .Directions:  Each s tatement  in  th is 

sect ion can be correct ly completed by one  o f  the suggested phrases.  Choose the 

best  answer.  

4.  The regulat ions developed by the U.S.  Food and Drug Administrat ion (FDA) 

for the pharmaceutical industry for meeting the minimum requirements in the 

manufacturing, processing, packing,  or holding of  human and veterinary drugs 

are known as 

(A)  good manufactur ing pract ices (GMPs).  

(B)  qual i ty assurance (QA).  

(C)  qual i ty control  (QC). 



(D)  pre-approval inspect ion (PAI) .  

(E)  sca le-up and post-approval  changes (SUPACs). 

View Answer4.  The answer is  A[see] .5.  The unit  within the 

pharmaceutical  manufacturer that  ensures that  the finished dosage form has 

met al l  the specif icat ions for i ts  intended use is  the 

(A)  analyt ical  methods uni t .  

(B)  market ing and sales un i t .  

(C)  pre-approval inspect ion (PAI)  un i t .  

(D)  qual i ty assurance (QA) uni t .  

(E)  qual i ty contro l  (QC) un i t .  

V iew Answer5.  The answer is  E[see] .6. Manufacturers may make a change 

in the formulation after market approval .  I f  the change in the formulation is  

considered a minor change,  the manufacturer needs to report the change to the 

FDA only in the 

(A)  annual  report .  

(B)  pre-approval supplement .  

(C)  invest igat ional  new drug ( IND) submission. 

(D)  changes being effec ted supplement ,  30 days (CBE-30).  

(E)  no repor t  is  requi red for  a minor change. 

View Answer6.  The answer is  A[see] .P.9 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  ( I ,  I I )  [see  I .C.2.b;  I .F.2 ] .  

Phase I  tes t ing is the f i rs t  set o f  human studies per formed dur ing new drug 

development.  Phase I  s tud ies establ ish the tolerance and toxic i ty of  the drug in  

humans.  Bioequiva lence s tud ies for  gener ic  drug development are most  o ften 

per formed in  heal thy human vo lunteers.  These stud ies estab l ish the bioequivalence 

of  the gener ic  drug product  against  the brand drug product.  Phase I I I  test ing enta i ls 

large-scale, mul t icenter  c l in ical  studies per formed in pat ients  wi th  the d isease or 

condi t ion to be t reated.  Phase I I I  s tud ies determine the safety and ef f icacy of  the 

drug in  a  large pat ient populat ion. 

2.  The answer is  E  ( I ,  I I ,  and I I I )  [see  I .C.5;  I .F.6 ] .  

The development  of  a  new drug requi res extens ive toxic i ty and ef f icacy tes t ing in  

an imals  and humans.  The NDA documents  al l  s tud ies per formed on the drug.  The 

ANDA is  used for  gener ic  drug product  submissions.  The gener ic  drug product  is  

s imi lar  to  the or ig ina l  brand drug product  that  has al ready been marketed.  Because 

the ef f icacy,  safety,  and toxic i ty o f this  drug product  have been s tud ied and 

documented,  fur ther s tud ies of  this nature are unnecessary. 

3.  The answer is  C  ( I ,  I I )  [see  I .D ] .  

Product  l ine extens ions are developed af ter  fur ther  studies wi th  the or ig ina l  NDA-

approved drug product .  From these studies,  the manufacturer  may develop a new 

dosage form (e.g. ,  contro l led-re lease product) or a  new dosage s t rength. A new 

therapeut ic  indicat ion requi res an NDA. 



4.  The answer is  A  [see  V ] .  

Qual i ty control  and qual i ty assurance fo l low GMP regulat ions to  ensure that  the 

f in ished product  meets  al l  appl icable speci f icat ions for  qual i ty.  The FDA may 

inspect  a  manufactur ing s i te  (PAI) before the drug appl icat ion is  approved.  In 

addi t ion,  the FDA must  be not i f ied about any proposed changes to  an approved drug 

product.  

5.  The answer is  E  [see  V.B ] .  

The QC unit  per forms the appropr iate  tes ts on the dosage form.  PAI is  per formed by 

FDA compl iance inspectors , who examine the pharmaceut ical  manufacturer  and 

review the procedures and records for manufactur ing the f in ished dosage form 

before the administ ra t ion grants market  approval .  The analyt ical  development  un i t  

develops the analyt ica l  methods used in  test ing the drug product .  

6.  The answer is  A  [see  IV.C.1 ] .  

A l l  changes in  the formulat ion must  be reported to  the FDA. A minor  change is  a  

change that  has minimal potent ia l  to have an adverse effect  on the ident i ty,  

s t rength,  qual i ty,  puri ty,  or  potency of the product  as they may re la te to  the 

product 's  safety or  e f fec t iveness.  Changes that  are unl ikely to  have any detectab le 

ef fec t  on formulat ion qual i ty and per formance can be ins t i tu ted wi thout  approval  by 

the FDA and need only to  be repor ted in  the annual  repor t .  

 

2 
Pharmaceutical Calculations and 
Statistics 
Riccardo L. Boni 

I. FUNDAMENTALS OF MEASUREMENT AND 

CALCULATION. 
The pharmacis t  is  o ften requi red to  perform or evaluate a var ie ty of  

ca lcula t ions in  h is  or her pract ice.  Many of  these ca lcula t ions invo lve the 

use of  d i rect  or  inverse propor t ions.  Dimensional  (or unit )  analysis  and 

approximation  can be usefu l  in  solv ing these problems.  In  dimens ional  

analys is ,  d imens ions (or un i ts )  are inc luded wi th  each number used in  the 

ca lcula t ion.  Uni ts  common to  the numerator  and denominator  may be 

canceled and the remaining uni ts provide the uni ts  for  the f inal  answer.  In 

approximat ion,  each number used in the ca lculat ion is  rounded to  a s ing le  

s ign i f icant d ig i t .  Factors common to  the numerator  and denominator  may be 

canceled and the answer to  th is  approximat ion should be reasonably c lose 

to  the f inal  exact  answer.  

A. Ratio and proport ion  

1.  Ratio.  The re la t ive magni tude of  two l ike quant i t ies  is  a ra t io ,  which is  

expressed as a f rac t ion.  Certa in  basic pr inciples  apply to  the ra t io ,  as they 

do to  al l  f rac t ions. 

a.  When the two terms of  a  ra t io  are mult ip l ied or d iv ided by the same 

number, the va lue of  the ra t io  is  unchanged. 



 

b.  Two rat ios  wi th  the same value are equivalent .  Equivalent  ra t ios  have 

equal  c ross products  and equal  rec iprocals .  For  example: 

 

and 

1 × 6 = 3 × 2 = 6 

I f  two rat ios  are equal ,  then thei r  reciprocals are equal :  

 

2.  Proport ion.  The express ion of  the equal i ty o f  two rat ios  is  a  propor t ion.  

The product  of  the ext remes is  equal  to  the product  o f  the means for  any 

propor t ion. Furthermore, the numerator o f  the one f rac t ion equals  the 

product o f i ts  denominator  and the other  f ract ion ( i .e . ,  one missing term can 

a lways be found g iven the other  three terms). Most  pharmaceut ical  

ca lcula t ions can be per formed by use of proport ion. 

a.  Proper rat ios.  Some pharmacis ts  use proper  ra t ios  ( in  which s imi lar  

un i ts  are used in  the numerator  and denominator  o f  each rat io)  in  the ir  

propor t ion calcu lat ions.  Severa l  examples fo l low.  

(1)  I f  240 mL of  a cough syrup contains  480 mg of  dext romethorphan 

hydrobromide,  then what mass of  drug is  contained in  a ch i ld 's  dose, 1  

teaspoonfu l  (5  mL) of  syrup? 
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(2)  I f  a  chi ld 's  dose (5 mL) of a  cough syrup conta ins  10 mg of  

dext romethorphan hydrobromide,  what  mass of  drug is  contained in  240 

mL? 

 
(3)  I f  the amount  o f  dext romethorphan hydrobromide in  240 mL of  cough 

syrup is  480 mg,  what  would be the vo lume required for  a ch i ld 's  dose of  10 

mg? 



 

(4)  How many mi l l ig rams of  dext romethorphan base (molecular  weight  = 

271.4)  are equiva lent  to  10 mg of  dext romethorphan hydrobromide 

(molecular  weight  = 352.3)? 

 
b.  Mixed rat ios.  Some pharmacists  use mixed rat ios  ( in  which diss imi lar  

un i ts  are used in  the numerator  and denominator  o f  each rat io)  in  the ir  

propor t ion calcu lat ions.  Such computat ions genera l ly g ive correct answers,  

providing the condi t ions in  which mixed rat ios  cannot be used are known.  A 

la ter  example shows mixed rat ios  leading to  fa i lure  in  the case of  di lu t ion,  

when inverse propor t ions are requi red.  For  inverse proport ions,  s imi lar 

un i ts  must  be used in  the numerator  and denominator o f each rat io .  

Fo l lowing is  an example of  a  mixed rat io  ca lcula t ion us ing the previous 

problem. 

 
The same answer  is  obta ined in  th is  example whether we use proper ra t ios ,  

wi th  s imi lar  uni ts in numerator  and denominator ,  or  mixed rat ios.  Th is  is  not  

the case when deal ing wi th  inverse propor t ions. 

3.  Inverse proport ion.  The most  common example of  the need for  inverse 

propor t ion for  the pharmacis t  is  the case of  dilution.  W hereas in  the 

previous examples of  propor t ion the re lat ionships invo lved d i rect  

propor t ion, the case of  di lu t ion ca l ls  for  an inverse proport ion ( i .e . ,  as  

vo lume increases,  concentrat ion decreases) .  The necessi ty o f  using inverse 

propor t ions for  di lut ion problems is  shown in  th is  example. 

I f  120  mL of a 10% stock solut ion is di luted to 240  mL,  what is  the final  

concentration?  Using inverse propor t ion, 

 

As expected, the f inal  concentrat ion is  one hal f  the or ig ina l  concentrat ion 

because the volume is doubled.  However,  i f  the pharmacis t  a t tempts to  use 

d i rec t  propor t ion and neglects  to est imate an appropria te  answer,  the 



resul t ing calcu la t ion would provide an answer of 20%, which is  twice the 

actua l  concentrat ion. 
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L ikewise, the pharmacist using mixed rat ios fai ls  in  th is  case. 

 

and 

 
B. Al iquot.  A pharmacist requi res  the a l iquot  method of  measurement  when 

the sensit ivi ty ( the smal lest  quant i ty that can be measured wi th the 

requi red accuracy and prec is ion)  o f  the measur ing device is  not  great 

enough for  the requi red measurement.  Al iquot  calcula t ions can be used for  

measurement o f  sol ids  or  l iqu ids,  al lowing the pharmacis t to  real ize the 

requi red precis ion through a process of measur ing a mul t ip le  of  the desi red 

amount fol lowed by d i lu t ion and f ina l ly select ion and measurement  of  an 

a l iquot  par t  that conta ins the des i red amount  o f materia l .  Th is example 

problem involves weighing by the a l iquot  method,  using a prescr ipt ion 

ba lance. 

A prescrip t ion ba lance has a sens i t iv i ty requirement  o f  6 mg.  How would 

you weigh 10 mg of  drug wi th  an accuracy of  ± 5%, us ing a su i table  d i luent? 

1.  Fi rs t ,  ca lcula te the least  weighable quant i ty for  the ba lance wi th  a 

sens i t iv i ty requi rement  of  6  mg, assuming ± 5% accuracy is requi red. 

2.  Now i t  is  obvious that  an al iquot  ca lcula t ion is  requi red because 10 mg of  

drug is requi red, whereas the least  weighable quant i ty is 120 mg to  achieve 

the requi red percentage of  error .  Us ing the least  weighable quant i ty method 

of  al iquot measurement ,  use the smal les t quant i ty weighable on the balance 

at  each step to  preserve mater ials.  

a.  Weigh 12 × 10 mg = 120 mg of  drug. 

b.  Di lu te the 120 mg of  drug ( from step a )  wi th  a  su i table  d i luent  by 

geometr ica l  d i lu t ion to achieve a mixture that  wi l l  provide 10 mg of  drug in  

each 120-mg a l iquot .  The amount  o f  di luent  to be used can be determined 

through proportion.  



 

c .  Weigh 120 mg (1/12)  o f  the to tal  mixture,  which wi l l  conta in  the requi red 

10 mg of  drug. 

II. SYSTEMS OF MEASURE. 
The pharmacis t  must be fami l iar  wi th  three systems  of  measure:  the metric 

system  and two common systems of  measure ( the avoirdupois  and 

apothecaries'  systems). The pr imary system of  measure in  pharmacy and 

medicine is  the metr ic  system. Most  s tudents f ind i t  easiest  to  conver t  

measurements  in  the common systems to  metr ic  un i ts .  A tab le  of convers ion 

equiva lents is  provided and should be memor ized by the pharmacist  (see 

Appendix A) .  The metr ic system, because of i ts  un iversa l  acceptance and 

broad use, wi l l  not  be reviewed here. 

A. Apothecaries' system of f luid measure.  The apothecaries '  sys tem of 

f lu id  measure is  summarized in  Appendix A.  

B. Apothecaries' system for measuring weight.  The apothecar ies '  sys tem 

for  measuring weight includes uni ts o f  grains ,  scruples, drams,  ounces,  and 

pounds (see Appendix A) .  

C. Avoirdupois system of measuring weight.  The avoi rdupois (AV) 

system of  measuring weight  inc ludes the gra in ,  ounce,  and pound.  The 

gra in  is  a uni t  common wi th  the apothecar ies '  system and al lows for  easy 

convers ion between the systems.  The avoi rdupois  pound,  however,   
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is  16 AV ounces in  contrast  to  the apothecar ies '  pound,  which is  12 

apothecaries '  ounces (see Appendix A) .  

D. Conversion equivalents.  See Appendix A.  

III. REDUCING AND ENLARGING FORMULAS. 
The pharmacis t  is  o ften requi red to  reduce or enlarge a recipe.  Problems of  

th is  type are so lved through proport ion,  or by mul t ip l icat ion or d iv is ion by 

the appropria te  fac tor  to  obtain  the requi red amount  o f  each ingredient that  

wi l l  g ive the des i red to tal  mass or  vo lume of the formula. Formulas can be 

provided in  amounts  or  in  parts.  

A. Formulas that  indicate parts.  When deal ing wi th  formulas that  spec i fy 

par ts ,  par ts  by weight  wi l l  requi re  the determinat ion of  weights  of  

ingredients ,  whereas parts  by volume warrant  the calcu lat ion of  vo lumes of  

ingredients .  Always f ind the to tal  number of  par ts indicated in  the formula, 

and equate that  to tal  wi th  the tota l  mass or  vo lume of  the des i red formula in 

order to  set  up a propor t ion. Such a propor t ion wi l l  a l low ca lcula t ion of  the 



mass or  vo lume of  each ingredient in uni ts  common to  the to tal  mass or  

vo lume. 

What quanti t ies should be used to prepare 100  g  of camphorated 

parachlorophenol?  

Rx parachlorophenol 7 parts 

 camphor 13 parts 

 7 parts + 13 parts = 20 parts total 
 

 

B. Formulas that  indicate quanti ties.  The previous prescr ipt ion for  co ld  

cream provides a 100 g quant i ty.  

What mass of each ingredient is required to provide 1 pound (AV) of  

cream?  

Rx white wax 12.5 g 

 mineral oil 60.0 g 

 lanolin 2.5 g 

 sodium borate 1.0 g 

 rose water 24.0 g 
 

1 lb = 454 g 



12.5 g × 4.54 = 56.8 g of white wax 

60.0 g × 4.54 = 272 g of mineral oil 

2.5 g × 4.54 = 11.4 g of lanolin 

1.0 g × 4.54 = 4.54 of sodium borate 

24.0 g × 4.54 = 109 g of rose water 
 

IV. CALCULATING DOSES. 
Calcu lat ion of  doses genera l ly can be per formed wi th  d imens ional  analys is .  

Problems  encountered in  the pharmacy inc lude ca lcula t ion of  the number of  

doses,  quant i t ies  in  a  dose or  to tal  mass/volume, amount  o f ac t ive or  

inact ive ingredients ,  and s ize of  dose.  Calcula t ion of  children's doses  is  

commonly per formed by the pharmacis t .  Dosage is  opt imal ly ca lcula ted by 

us ing the ch i ld 's  body weight  or mass and the appropria te  dose in  

mi l l ig rams per k i logram (mg/kg).  W ithout  these data,  the fol lowing formulas 

based on an adul t  dose can be used. 

A. Fried's rule for infants  
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B. Clark 's rule  

 

C. Chi ld's  dosage based on body surface area (BSA )  



D. Young's rule for chi ldren ≥ 2 years old  

 
E. Constant rate intravenous infusions.  Some drugs are adminis tered 

in t ravenously a t  a  constant  (zero-order) ra te  by us ing a cont inuous-dr ip 

in fus ion set  or a  constant- ra te infus ion pump.  The f low rate (volume per  

un i t  t ime) requi red can be ca lcu la ted f rom the vo lume to  be admin is tered 

and the durat ion of  the in fus ion.  The rate of drug administ ra t ion can be 

ca lcula ted f rom the concentrat ion of  drug in  the in fused solut ion and the 

f low rate of  the infus ion set  or  pump.  Convers ion factors  may be requi red to  

obtain  the f ina l  answer in  the correct  uni ts (drops per  minute or  mi l l i l i ters 

per  hour).  

A vancomycin solu t ion containing 1000 mg of  vancomycin hydrochlor ide 

d i lu ted to 250 mL wi th  D5W  is  to  be in fused at  a  constant  ra te wi th  a 

cont inuous-dr ip int ravenous infus ion set  that  de l ivers  25 drops/mL.  What 

f low rate (drops/min) should be used to infuse al l  250  mL of the 

vancomycin hydrochloride solution in 2 hr?  

 

V. PERCENTAGE, RATIO STRENGTH, AND OTHER 

CONCENTRATION EXPRESSIONS 
A. Percentage weight in volume (w/v)  

1.  Defini t ion.  Percentage,  ind icat ing par ts  per  hundred,  is an important  

means of  expressing concentrat ion in pharmacy pract ice.  Percentage w/v 

indicates the number of  grams of  a const i tuent  per  100 mL of  solu t ion or  

l iqu id formulat ion.  The pharmacist  may be requi red to  per form three types  

o f  ca lcula t ions:  determine the weight  of  ac t ive ingredient  in  a  cer tain  

vo lume when g iven the percentage s t rength, determine the percentage w/v  

when the weight  o f  substance and volume of  l iqu id  formulat ion are known, 

and determine the volume  of  l iquid  mixture when the percentage s trength 

and amount  of  substance are known. 

2.  Tolu balsam syrup.  To lu  balsam t inc ture conta ins  20% w/v to lu  ba lsam. 

What is  the percentage concentrat ion of  tolu balsam in the syrup?  



tolu balsam tincture 50 mL 

magnesium carbonate 10 g 

sucrose 820 g 

purified water, qs ad 1000 mL 
 

a.  Fi rs t ,  determine what the amount  o f tolu  ba lsam is  in  the 50 mL quant i ty 

o f  t incture used for the syrup.  Then,  by propor t ion,  ca lcula te the 

concentrat ion of  tolu  balsam in  the syrup. 

In  answer ing th is  one quest ion,  the f i rst  two types of prob lems l is ted above 

have been so lved,  whi le exhib i t ing two methods of  solv ing percentage 

problems—namely,  by dimensional  analysis  and proport ion.  

b.  For an example of  the third type  o f  percentage w/v problem, determine 

what  vo lume of  syrup could be prepared i f  we had only 8  g of magnesium 

carbonate. Use proport ion to  f ind the to ta l  volume of  syrup that  can be 

made us ing only 8  g of  magnes ium  
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carbonate. I f  we have 8 g of  magnesium carbonate in  1000 mL of so lut ion,  

then,  according to  the rec ipe,  800 mL of so lut ion can be prepared using a l l  

8  g  of  the drug. 

 

B. Percentage volume in volume (v/v) .  Percentage v/v indicates the 

number of  mi l l i l i ters  of  a const i tuent in 100 mL of l iqu id  formulat ion.  The 

percentage st rength of mixtures of  l iqu ids in l iqu ids  is  indicated by percent  

v/v,  which ind icates the par ts  by vo lume of  a substance in  100 par ts  of  the 

l iqu id preparat ion. The three types  o f  prob lems that  are encountered 

invo lve calcu lat ing percentage strength,  ca lcula t ing volume of  ingredient,  



and calcu lat ing volume of  the l iquid preparat ion.  Using the same to lu 

ba lsam syrup formula f rom ear l ier ,  we ' l l  now work  a  percent v/v problem. 

What is  the percentage strength v/v of  the tolu balsam t incture in the 

syrup preparat ion?  By propor t ion, we can so lve the problem in  one step. 

 

C. Percentage weight in weight (w/w).  Percentage w/w ind icates the 

number of  grams of  a  const i tuent  per 100 g of  formulat ion (sol id  or l iquid).  

Solut ion of prob lems invo lv ing percentage w/w is  s t ra ight forward when the 

to tal  mass of  the mixture is  avai lable  or  when the to tal  mass can be 

determined f rom the avai lable  data.  In  ca lcula t ions  s imi lar  to  those for  

percentage w/v and v/v,  the pharmacis t  might need to  so lve severa l  types of  

problems, inc luding determinat ion of  the weight of  a  const i tuent ,  the to tal  

weight  of  a  mixture, or  the percentage w/w.  

1.  How many grams of  drug substance should be used to prepare 240  g  

of a 5% w/w solution in water?  

a.  The f i rst  s tep in  any percentage w/w problem is  to a ttempt  ident i f icat ion 

of  the to tal  mass of  the mixture.  In  th is  problem, the to ta l  mass is ,  

obvious ly,  provided (240 g) .  

b.  The problem can be eas i ly so lved through dimensional analysis.  

 

2.  When the tota l  mass of  the mixture is  unavai lab le  or  cannot be 

determined,  an extra step  is  requi red in the ca lcula t ions.  Because i t  is  

usual ly impossib le  to  know how much vo lume is  d isp laced by a so l id  

mater ial ,  the pharmacist  is  unable to prepare a speci f ied volume of  a  

so lu t ion g iven the percentage w/w.  

How much drug should be added to 30  mL of water to make a 10% w/w 

solut ion?  The vo lume of water  that  is  d isp laced by the drug is  unknown,  so 

the f ina l  volume is  unknown.  L ikewise,  even though the mass of  solvent is 

known (30 mL × 1 g/mL = 30 g) ,  i t  is  not  known how much drug is  needed, 

so the to ta l  mass is  unknown.  The water  represents  100% -  10% = 90% of  

the to tal  mixture.  Then,  by propor t ion,  the mass of  drug to  be used can be 

ident i f ied. 

The common error  that  many s tudents make in so lv ing problems of  th is  

type is  to  assume that  30 g is  the tota l  mass of  the mixture.  Solv ing the 

problem wi th  that assumpt ion gives the fol lowing incorrect  answer.  



D. Ratio strength.  Sol id or  l iqu id formulat ions that  conta in  low 

concentrat ions of  act ive ingredients  wi l l  o f ten have concentrat ion expressed 

in  ratio strength.  Rat io  s t rength,  as  the name impl ies , is  the express ion of  

concentrat ion by means of  a  ra t io .  The numerator and denominator  o f the 

ra t io  ind icate grams (g)  or  mi l l i l i ters  (mL) of a  sol id  or  l iqu id  const i tuent  in  

the to tal  mass (g)  or  vo lume (mL) of  a  sol id  or l iqu id  preparat ion. Because 

percentage strength  is   
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essent ial ly  a ra t io  o f  parts  per  hundred,  convers ion between rat io  s t rength 

and percentage s t rength is  eas i ly accompl ished by propor t ion. 

1.  Express 0.1% w/v as a rat io strength.  

a.  Rat io  s t rengths are by convent ion expressed in reduced form,  so in  

set t ing up our  propor t ion to  so lve for ra t io  s t rength,  use the numeral  1  in  

the numerator  o f  the r ighthand rat io as  shown: 

b.  L ikewise,  conversion from rat io  s t rength to  percentage st rength by 

propor t ion is easy,  as  seen in  the fo l lowing example. Keep in  mind the 

def in i t ion of percentage s t rength (par ts  per  hundred)  when set t ing up the 

propor t ion. 

2.  Express 1:2500 as a percentage strength.  

 
E. Other concentrat ion expressions  

1.  Molarity (M) is  the express ion of  the number of  moles of  so lu te d isso lved 

per  l i ter  o f so lut ion.  I t  is  ca lcula ted by d iv id ing the moles of  so lu te by the 

vo lume of  so lu t ion in  l i ters .  

 
2.  Normali ty.  A convenient  way of  deal ing wi th  ac ids ,  bases,  and 

e lec t rolytes  invo lves the use of  equiva lents .  One equiva lent  of  an ac id  is  

the quant i ty o f  that  ac id that  suppl ies  or  donates 1 mole of  H+  ions. One 

equiva lent  of  a base is  the quant i ty that furn ishes 1 mole of  OH -  ions.  One 

equiva lent  of  ac id  reacts wi th  1  equiva lent  o f  base.  Equiva lent weight can 

be ca lcula ted for  a toms or  molecules. 



 

The normali ty (N)  o f  a  so lu t ion is  the number of gram-equiva lent weights 

(equiva lents)  of  so lu te per  l i ter o f  solu t ion.  Normal i ty is analogous to  

molar i ty;  however,  i t  is  def ined in  terms of  equivalents  ra ther  than moles. 

 
3.  Molal i ty (m) is  the moles of  solu te dissolved per  k i logram of  so lvent .  

Mola l i ty is  ca lcula ted by d iv iding the number of  moles of  so lu te by the 

number of  k i lograms of  so lvent.  Mola l i ty o f fers an advantage over molari ty 

because i t  is  based on so lvent weight and avoids problems associated wi th  

vo lume expans ion or contract ion owing to  the addi t ion of  so lu tes. 

 

4.  Mole fraction  (X)  is  the rat io o f the number of moles of one component  

to  the to tal  moles of  a  mixture or  so lut ion. 

 

VI. DILUTION AND CONCENTRATION. 
I f  the amount o f  drug remains constant  in  a d i lu t ion or  concentrat ion,  then 

any change in  the mass or  vo lume of a  mixture is inverse ly propor t ional  to 

the concentrat ion. 

A. Di lut ion and concentrat ion problems can be solved by:  

1.  Inverse proport ion (as ment ioned ear l ier ) 

2.  The equat ion quant i ty1  ×  concentrat ion1  =  quant i ty2  ×  concentrat ion2  

3.  Determining the amount  o f ac t ive ingredient  present  in  the ini t ia l  mixture 

and, wi th  the assumption that the in i t ia l  quant i ty does not  change,  

ca lcula t ing of the f inal  concentrat ion of  the new tota l  mass or vo lume 
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4.  Al l igat ion medial .  A method for calcu la t ing the average concentrat ion of  

a  mixture of  two or  more substances 

5.  Al l igat ion al ternate.  A method for  ca lcula t ing the number of parts  o f  two 

or  more components  of known concentrat ion to  be mixed when the f inal  

desi red concentrat ion is  known 

B. Di lut ion of  a lcohols and acids  



1.  Di lut ion of  a lcohols.  When a lcohol  and water  are mixed,  a contract ion 

of  vo lume occurs.  As a resul t ,  the f inal  vo lume of solu t ion cannot  be 

determined accurate ly.  Nor  can the volume of  water  needed to d i lu te  to  a  

cer ta in percentage v/v be ident i f ied. Accord ing ly,  percentage w/w is  o f ten 

used for  so lu t ions of a lcohol .  

2.  The percentage strength  o f  concentrated acids is  expressed as 

percentage w/w.  The concentrat ion of d i lu ted acids is  expressed as 

percentage w/v.  Determin ing the vo lume of  concentrated ac id to be used in  

prepar ing a d i luted acid  requi res the spec i f ic  gravi ty o f  the concentrated 

ac id . 

C. Di lut ion and concentrat ion of  l iquids and sol ids.  Di lu t ion and 

concentrat ion problems are of ten easi ly so lved by ident i fy ing the amount  o f  

drug involved fo l lowed by use of  an appropria te  propor t ion. 

1.  How many mil l i l i ters of  a  1:50 stock solut ion of ephedrine sulfate 

should be used in compounding the fol lowing prescript ion?  

Rx ephedrine sulfate 0.25% 

 rose water, ad 30 mL 
 

2.  How many mil l i l i ters of  a  15% w/v concentrate of  benzalkonium 

chloride should be used in preparing 300  mL of a stock solut ion such 

that  15  mL di luted to 1  L  wil l  yie ld a 1: 5000 solut ion?  

a.  Fi rs t ,  determine the amount  o f  drug in 1  L of a 1 :5000 so lut ion. 



b.  Now, because 15 mL of  the s tock so lut ion is  be ing di luted to  1 L,  a s tock 

so lu t ion is needed in  which 15 mL contain  0.2 g of  drug.  The amount  of  

drug requi red to  make 300 mL of  the s tock so lu t ion is  found by propor t ion. 

c .  Final ly,  to  determine the amount o f  15% concentrate requi red, 

 

3.  When the rela t ive amount o f  components  must  be determined for  

preparat ion of a  mixture of  a  des i red concentrat ion,  the problem is  most  

easi ly so lved us ing a l l igat ion al ternate. 

How many grams of  2.5% hydrocort isone cream should be mixed with 

360  g  of 0.25% cream to make a 1% hydrocort isone cream?  

The re la t ive amounts of  the 2.5% and 1% creams are 1 to 2 ,  respect ively.  

By propor t ion,  the mass of  2 .5% cream to use can be determined. I f  2  parts 

of  0 .25% cream is represented by 360 g,  then the total  mass (3 parts)  is  

represented by what mass?  
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W ith the tota l  mass known,  the amount o f  2 .5% cream can be ident i f ied.  I f  3  

par ts  represent  the to tal  mass of  540 g,  then 1 par t  represents  the mass of  

2 .5% cream (x  g  = 180 g) .  

 

VII. ELECTROLYTE SOLUTIONS. 
Elect rolyte  so lu t ions conta in spec ies (e lec t ro lytes)  that  d issociate in to ions.  

The mil l iequivalent  (mEq) is  the un i t  used to express the concentrat ion of 



elect rolytes  in  so lu t ion. Table 2-1 exhibi ts some phys io log ical ly important 

ions and thei r  proper t ies.  

A. Mi l l iequivalents.  The mi l l iequiva lent is  the amount,  in  mi l l ig rams, o f a  

so lu te equal to 1 /1000 of i ts  gram-equiva lent  weight .  Convers ion of  

concentrat ions in the form of mi l l iequiva lent  to  concentrat ions in  percentage 

s t rength,  mi l l ig rams per  mi l l i l i ters (mg/mL) or  any other  terms,  begins wi th 

ca lcula t ion of the number of  mi l l iequiva lents  of  drug.  The fol lowing 

examples demonstrate the computat ion of  mi l l iequivalents  and manipulat ion 

of  data f rom Table 2-1 to per form the requi red ca lcu la t ions for  prepar ing 

e lec t rolyte  solu t ions. 

What is  the concentration,  in percent w/v,  of  a solution containing 2  

mEq of potassium chloride per mil l i l i ter?  

Calcu lat ions involv ing mi l l iequiva lents  are easi ly so lved i f  the pract i t ioner 

fo l lows a predef ined procedure to  determine the mi l l iequiva lent  weight .  Th is 

invo lves three s teps. 

1.  Find the molecular weight (mol  wt) .  

Atomic wt K = 39 

Atomic wt Cl = 35.5 

39 + 35.5 = 74.5 g = mol wt of KCl 
 

2.  Calcu late the equiva lent  weight  (Eq wt)  o f  KCl.  

 

3.  Determine the mi l l iequiva lent  weight ,  which is o f  the equiva lent  weight.  

mEq wt  = 74.5 g /  1000 = 0.  745 g or  74.5 mg 

Table 2-1. Valences, Atomic Weights, and Milliequivalent Weights of Selected 
Ions 



Ion Formula Valence
Atomic/Formula 

Weight 
Milliequivalent 

Weight (mg) 

Aluminum A+++ 3 27 9 

Ammonium NH4
+ 1 18 18 

Calcium Ca++ 2 40 20 

Ferric Fe+++ 3 56 18.7 

Ferrous Fe++ 2 56 28 

Lithium Li+ 1 7 7 

Magnesium Mg++ 2 24 12 

Bicarbonate HCO3
- 1 61 61 

Carbonate CO3
- 1 60 30 

Chloride Cl- 1 35.5 35.5 

Citrate C6H5O7
--- 3 189 63 

Gluconate C6H11O7
- 1 195 195 

Lactate C3H5O3
- 1 89 89 

Phosphate H2PO4
- 1 97 97 

Sulfate SO4
-- 2 96 48 

Potassium K+ 1 29 39 



Sodium Na+ 1 23 23 

Acetate C2H3O2
- 1 59 59 
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Now that  we know the mi l l iequiva lent  weight ,  we can ca lcu la te by 

d imens ional  analys is  and proport ion the concentrat ion in  percentage in  a 

four th  s tep. 

4.  0 .0745 g/mEq × 2 mEq = 0.149 g of drug 

 
How many mil l iequivalents of Na+  would be contained in a 15-mL 

volume of  the following buffer?  

Na2HPO4·7H2O  180 g 

NaH2PO4·H2O  480 g 

Purified water ad 1000 mL 
 

For each sa l t ,  the mass (and mi l l iequivalents)  must  be found in  a 15-mL 

dose. 



B. Mi ll iosmoles (mOsmol) .  Osmot ic  pressure is  d i rec t ly propor t ional  to  the 

to tal  number of  par t ic les in  solu t ion.  The mi l l iosmole is  the uni t  of  measure 

for  osmotic  concentrat ion.  For  nonelect rolytes ,  1 mi l l imole represents  1 

mi l l iosmole.  However,  for  e lec t ro lytes ,  the tota l  number of  par t ic les in 

so lu t ion is determined by the number of  par t ic les produced in  solu t ion and 

in f luenced by the degree of  dissoc iat ion. Assuming complete d issoc iat ion,  1  

mi l l imole of  KCl  represents  2 mi l l iosmoles of tota l  par t ic les,  1 mi l l imole of  

CaCl 2  represents  3 mi l l iosmoles of  to tal  par t ic les, e tc.  The ideal  osmolar  

concentrat ion can be calcu la ted wi th  the fo l lowing equat ion. 

The pharmacis t  should recognize the di f ference between ideal  osmolar  

concentrat ion and actual  osmolari ty.  As the concentrat ion of  so lu te 

increases,  in teract ion between d isso lved par t ic les  increases,  resul t ing in a  

reduct ion of  the actual  osmolar va lues. 

C. Isotonic solut ions.  An isotonic  so lu t ion is one that  has the same 

osmotic  pressure as body f lu ids . Isosmotic  f lu ids  are f lu ids wi th  the same 

osmotic  pressure. Solut ions to  be admin is tered to  pat ients  should be 



i sosmotic  wi th body f lu ids .  A hypotonic  so lu t ion is  one wi th  a lower osmotic  

pressure than body f lu ids ,  whereas a hypertonic  solu t ion has an osmotic 

pressure that is  greater  than body f lu ids . 

1.  Preparat ion of  isotonic solutions.  Col l igat ive propert ies ,  inc lud ing 

f reezing point  depress ion,  are representat ive of  the number of  par t ic les  in 

so lu t ion and cons idered in  preparat ion of isoton ic solu t ions. 

a.  When 1 g mol  wt  o f any nonelect rolyte  is  d isso lved in 1000 g of  water ,  

the freezing point  o f  the so lu t ion is depressed by 1.86°C.  By proport ion,  the 

weight  of  any nonelectrolyte  needed to  make the so lu t ion isoton ic  wi th  body 

f lu id  can be ca lcu la ted. 
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b.  Boric acid (H3BO3 )  has a mol  wt  o f  61.8 g.  Thus 61.8 g of  H3BO3  in  1000 

g of  water should produce a freezing point  o f  1 .86°C.  Therefore,  knowing 

that  the f reezing point  depression of body f lu ids  is  -0 .52°C, 

 
and 17.3 g of  H3BO3  in  1000 g of  water  provides a so lut ion that  is isotonic.  

c .  The degree of  d issociat ion of  elec t rolytes  must  be taken into  account  in  

such calcula t ions. For example, NaCl  is approximate ly 80% dissociated in 

weak solut ions, y ie ld ing 180 par t ic les  in  so lu t ion for  each 100 molecules of  

NaCl .  Therefore, 

 

indicat ing that 9 .09 g of NaCl  in  1000 g of  water  (0 .9% w/v)  should make a 

so lu t ion isoton ic .  Lacking any in format ion on the degree of  dissoc iat ion of 

an elec t rolyte , the fol lowing dissociat ion values  ( i )  may be used. 

(1)  Substances that  d issoc iate into  two ions:  1 .8 

(2)  Substances that  d issoc iate into  three ions:  2 .6  

(3)  Substances that  d issoc iate into  four ions:  3 .4 

(4)  Substances that  d issoc iate into  f ive ions:  4 .2 

2.  Sodium chloride equivalents.  The pharmacist  wi l l  of ten be requi red to  

prepare an isoton ic  so lu t ion by adding an appropria te amount  o f  another 

substance (drug or  iner t  e lec t rolyte  or  nonelect ro lyte) .  Cons idering that  

isotonic f lu ids  contain  the equivalent o f 0 .9% NaCl ,  the quest ion ar ises,  

How much of  the added ingredient  is  requi red to  make the solu t ion isotonic? 

A common method  for  comput ing the amount  o f  added ingredient to use for  

reaching isoton ic i ty invo lves the use of  sodium chloride equivalents.  

a.  Defini t ion.  The sodium chlor ide equiva lent  represents  the amount  of  

NaCl  that  is  equiva lent to  the amount  o f  par t icu lar  drug in  quest ion.  For  



every substance, there is  one quant i ty that  should have a constant ton ic  

e f fec t  when d isso lved in  1000 g of  water .  Th is is  1  g  mol  wt  o f  the 

substance div ided by i ts  d issoc iat ion value ( i ) .  

b.  Examples  

(1)  Cons idering H3BO3 ,  f rom the las t  sect ion,  17.3 g of  H3BO3  is  equivalent  

to  0 .52 g of  NaCl  in  ton ic i ty.  Therefore,  the re la t ive quant i ty o f  NaCl  that is  

equiva lent  to  H3BO3  in ton ic i ty e f fec ts  is  determined as fol lows: 

 

Apply ing th is  method to  at ropine su l fa te,  recal l  that  the molecular  weight o f  

NaCl  and the molecular  weight  of  a tropine su l fa te  are 58.5 and 695 g,  

respect ive ly,  and the i r i  va lues are 1.8 and 2.6,  respect ive ly.  Calcu la te the 

mass of  NaCl  represented by 1 g of  a tropine su l fa te  (Table 2-2).  

Table 2-2. Sodium Chloride (NaCl) Equivalents 

Substance NaCl Equivalent

Atropine sulfate (H2O) 0.12 

Boric acid 0.52 

Chlorobutanol 0.24 

Dextrose (anhydrous) 0.18 

Ephedrine hydrochloride 0.29 

Phenacaine hydrochloride 0.20 

Potassium chloride 0.78 
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(2)  An example of the pract ica l  use of sodium chlor ide equivalents is  seen 

in  the fo l lowing problem. 



How many grams of  boric acid should be used in compounding the 

fol lowing prescript ion?  

Rx phenacaine hydrochloride 1% 

 chlorobutanol 0.5% 

 boric acid qs 

 purified water, ad 60.0 mL 

 make isotonic solution  

 

The prescrip t ion ca l ls  for 0 .3  g of  ch lorobutanol  and 0.6 g of phenacaine.  

How much boric ac id is  requi red to  prepare this prescr ip t ion? The quest ion 

is  best  answered in  four  s teps. 

(a)  Find the mass of  sodium chlor ide represented by a l l  ingredients . 

0.20 × 
0.6 

= 0.120 
g 

of sodium chloride represented by phenacaine 
hydrochloride 

0.24 × 
0.3 

= 0.072 
g 

of sodium chloride represented by chlorobutanol 

  
0.192 
g 

of sodium chloride represented by the two active 
ingredients 

 

(b)  F ind the mass of  sodium chlor ide requi red to  prepare an equal  volume 

of  isotonic  solu t ion. 

 
(c)  Calculate,  by subtract ion,  the amount o f NaCl requi red to  make the 

so lu t ion isoton ic .  



0.540 g NaCl required for isotonicity 

0.192 g NaCl represented by ingredients 

0.348 g NaCl required to make isotonic solution 
 

(d)  Because the prescr ipt ion ca l ls  for  bor ic  acid  to  be used,  one last  s tep is  

requi red. 

VIII. STATISTICS 
A. Introduction.  Stat ist ics  can be used to descr ibe and compare data 

d ist r ibut ions.  Such frequency distr ibutions  are constructed by c lassi fy ing 

indiv idual  observat ions in to  categor ies  corresponding to f ixed numer ic  

in terva ls and plo tt ing the number of observat ions in  each such category 

( i .e . ,  interval  frequency)  versus the category descrip tor  (e.g.,  the in terval  

mean or range).  Because of  random errors ,  repeated observat ions or  

measurements  (o f  the same value) are not  ident ica l .  These observat ions 

have a normal distr ibution.  Normal ly d is t r ibuted data are descr ibed by a 

bel l -shaped (Gaussian) curve  wi th  a maximum, µ (populat ion mean) ,  

corresponding to  the centra l  tendency of the popula t ion and a spread 

character ized by the populat ion standard deviat ion  (σ) .  Stat is t ics  der ived 

f rom a sample  or  subset o f  a populat ion can be used as est imates of the 

populat ion parameters. 

B. Frequency distr ibution  

1.  Estimates of  population mean.  The populat ion mean,  µ,  is  the best  

es t imate of  the t rue va lue. 

a.  The sample mean.  For  a  f in i te  number of observat ions, the ar i thmetic 

average or  mean ( [X with  bar above] )  is  the best es t imate of the t rue va lue,  

µ.  

 

where Σx i  is  the sum of  a l l  (n )  observat ions. 
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(1)  Accuracy is  the degree to  which a measured va lue (X  or  [X with  bar  

above] )  agrees wi th  the “t rue”  value (µ) .  

(2)  Error  (or  bias)  is  the d i f ference between a measured va lue (X  or  [X wi th  

bar  above] )  and the “t rue”  va lue (µ) .  

b.  Median.  The median is  the midmost  value of a data dis tr ibut ion. W hen a l l  

the values are arranged in  increas ing (or  decreasing) order ,  the median is 

the middle va lue for  an odd  number of  observat ions.  For  an even  number of  

observat ions,  the median is  the ar i thmet ic  mean of  the two middle va lues. 

For  a normal distr ibution,  the median equals the mean.  The median is 

less af fec ted by “out l iers”  or  by a skewed d is t r ibut ion. 

c .  Mode.  The mode is the most f requent ly occurr ing va lue (or  values)  in  a 

f requency d is t r ibut ion.  The mode is  useful  for non-normal  dist r ibut ions,  

especia l ly those that  are bimodal.  

2.  Estimates of  variabi l i ty.  For  an inf ini te  number of observat ions,  the 

populat ion variance  (σ2)  can be used to descr ibe the var iab i l i ty  or  

“spread” o f  observat ions in  a  data d is t r ibut ion.  For  a  f ini te  number of  

observat ions,  the sample variance  (s 2 )  can be used to  describe the 

var iabi l i ty  or  spread of observat ions in a  data dist r ibut ion. 

a.  Sample variance  (s 2 )  is  es t imated by 

 

where [X wi th  bar  above]  is  the mean and (n  -  1)  is  the number of  degrees 

of  f reedom (df ).  

b.  Range.  For  a  very smal l  number of observat ions,  the range  (w )  can be 

used to  descr ibe the variab i l i ty  in  the data set :  

w  =  |X l a r g e s t  -  Xs ma l l e s t |  

c .  The standard deviat ion  (s  or  SD),  one of  the most  commonly 

encountered est imates of  var iab i l i ty ,  is  equal to the square root o f the 

var iance. 

 

or  



 
d.  Precision  ( reproduc ibi l i ty)  is  the degree to  which rep l icate 

measurements  “made in  exact ly the same way”  agree wi th each other .  

Precision  is  o f ten expressed as the relat ive standard deviat ion  (RSD or  

%RSD): 

 

3.  The standard deviat ion of  the mean  (sm) ,  or  s tandard error  o f  the mean 

(SEM),  is  an est imate of  the variabi l ity or  error in the mean  obtained from 

n  observat ions.  I t  is  o ften used to  establ ish conf idence in terva ls  for  

descr ib ing the mean of  a data set  or  when compar ing the means of  two data 

sets . 
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STUDY QUESTIONS 
Direct ions for questions 1-30:  Each quest ion,  sta tement ,  or  incomplete 

s ta tement in this sect ion can be correct ly answered or completed by one  o f  

the suggested answers or  phrases. Choose the best  answer. 

1.  I f  a  vi tamin solut ion contains 0.5 mg  of f luoride ion in each mill i l i ter ,  

then how many mil l igrams of f luoride ion would be provided by a 

dropper that delivers 0.6 mL? 

(A)  0 .3 mg 

(B)  0 .1 mg 

(C) 1  mg 

(D) 0 .83 mg 

View Answer1.  The answer is  A[see] .2.  How many 

chloramphenicol  capsules,  each containing 250 mg ,  are needed to 

provide 25 mg  per kg per day for 7  days for a  person weighing 200 lb? 

(A)  90 capsules 

(B)  64 capsules 

(C) 13 capsules 

(D) 25 capsules 



View Answer2.  The answer is  B[see] .3.  I f  3.17 kg of  a  drug is  

used to make 50,000 tablets,  how many mil l igrams wil l  30 tablets 

contain? 

(A)  1 .9 mg 

(B)  1900 mg 

(C) 0 .0019 mg 

(D) 3 .2 mg 

View Answer3.  The answer is  B[see] .4.  A capsule contains 1/8 gr  

of  ephedrine sulfate,  ¼ gr  of theophyl l ine,  and gr  of phenobarbital .  

What is  the total  mass of  the active ingredients in mil l igrams? 

(A)  20 mg 

(B)  8  mg 

(C) 28 mg 

(D) 4  mg 

View Answer4.  The answer is  C[see] .5.  I f  1 f luid ounce of  a cough 

syrup contains 10 gr  of sodium citrate,  how many mil l igrams are 

contained in 10 mL? 

(A)  650 mg 

(B)  65 mg 

(C) 217 mg 

(D) 20 mg 

View Answer5.  The answer is  C[see] .6.  How many capsules,  each 

containing ¼ gr  of  phenobarbital,  can be manufactured if  a  bott le  

containing 2 avoirdupois ounces of phenobarbital  is  available? 

(A)  771 capsules 

(B)  350 capsules 

(C) 3500 capsules 

(D) 1250 capsules 

View Answer6.  The answer is  C[see] .7.  Using the formula for 

calamine lotion,  determine the amount of calamine ( in grams) 

necessary to prepare 240 mL  of  lotion. 

Calamine 80 g 

Zinc oxide 80 g 

Glycerin 20 mL 

Bentonite magma 250 mL 



Calcium hydroxide topical solution sufficient quantity to make 1000 mL 
 

(A)  19.2 g 

(B)  140 g 

(C) 100 g 

(D) 24 g 

View Answer7.  The answer is  A[see] .8.  From the following 

formula,  calculate the amount of white wax required to make 1 lb of  

cold cream. Determine the mass in grams. 

Cetyl esters wax 12.5 parts 

White wax 12.0 parts 

Mineral oil 56.0 parts 

Sodium borate 0.5 parts 

Purified water 19.0 parts 
 

(A)  56.75 g 

(B)  254.24 g 

(C) 54.48 g 

(D) 86.26 g 

View Answer8.  The answer is  C[see] .9.  How many grams of  aspir in 

should be used to prepare 1.255 kg of  the powder? 



ASA 6 parts 

Phenacetin 3 parts 

Caffeine 1 part 
 

(A)  125 g 

(B)  750 g 

(C) 175 g 

(D) 360 g 

View Answer9.  The answer is  B[see] .P.24 

 

 

10.  A solut ion contains 1.25 mg  of a  drug per mil l i l i ter .  At  what rate should the 

solut ion be infused (drops/min) i f  the drug is  to be administered at a rate of  80 

mg /hr? (1 mL  =  30 drops) 

(A)  64 drops/min 

(B)  1 .06 drops/min 

(C) 32 drops/min 

(D) 20 drops/min 

View Answer10. The answer is  C[see] .11.  The recommended maintenance 

dose of  aminophyl l ine for children is  1.0 mg /kg/hr by inject ion.  I f  10 mL  of  a  25-

mg /mL  solut ion of  aminophyl l ine is added to a 100-mL  bott le  for dextrose,  what 

should be the rate of  del ivery in mL /hr for a 40- lb chi ld? 

(A)  2 .30 mL/hr 

(B)  8 .00 mL/hr 

(C)  18.9 mL/hr 

(D)  18.2 mL/hr 

View Answer11. The answer is  B[see] .12.  For chi ldren,  streptomycin is  to 

be administered at  a dose of 30 mg /kg of  body weight dai ly in divided doses 

every 6-12 hr.  The dry powder is  dissolved by adding water for injection,  USP  

in  an amount to yield the desired concentration as indicated in the fol lowing 

table ( for a  1-g vial ) .  



Approximate 

Concentration (mg/mL) Volume (mL) 

200 4.2 

250 3.2 

400 1.8 
 

Reconsti tuting at  the lowest possible concentrat ion, what volume ( in mL )  would 

be withdrawn to obtain one day's dose for a 50- lb chi ld? 

(A)  3 .4 mL 

(B)  22.73 mL 

(C) 2 .50 mL 

(D) 2 .27 mL 

View Answer12. The answer is  A[see] .13.  The atropine sulfate is  

avai lable only in the form of 1/150 gr  tablets.  How many atropine sulfate tablets 

would you use to compound the fol lowing prescript ion? 

Atropine sulfate 1/200 gr 

Codeine phosphate 1/4 gr 

Aspirin 5 gr 

d.t.d. #24 capsules 

Sig: 1 capsule p.r.n. 
 

(A)  3  table ts 

(B)  6  table ts 

(C)  12 table ts 

(D)  18 table ts 

View Answer13. The answer is  D[see] .14.  In 25.0 mL  of  a  solution for 

inject ion,  there are 4.00 mg  of  the drug. I f  the dose to be administered to a 

pat ient  is  200 µg ,  what quanti ty ( in mL )  of  this solut ion should be used? 

(A)  1 .25 mL 



(B)  125 mL 

(C) 12.0 mL 

(D) None of  the above 

View Answer14. The answer is  A[see] .15.  How many mil l igrams of  

papaverine wi l l  the patient  receive each day? 

Rx papaverine 1.0 g 

 hydrochloride aqua 30.0 mL 

 syrup tolu, qs ad 90.0 mL 

 Sig: 1 teaspoon t.i.d. 
 

(A)  56 mg 

(B)  5 .6 mg 

(C) 166 mg 

(D) 2 .5 mg 

View Answer15. The answer is  C[see] .16.  Considering the fol lowing 

formula,  how many grams of sodium bromide should be used in f i l l ing this 

prescript ion? 

Rx sodium bromide 1.2 g 

 syrup tolu 2.0 mL 

 syrup wild cherry, qs ad 5.0 mL 

 d.t.d. #24 
 

(A)  1 .2 g 

(B)  1200 g 

(C) 28.8 g 

(D)  220 g 



View Answer16. The answer is  C[see] .17.  How many mil l i l i ters of  a 7.5% 

stock solut ion of KMnO4  should be used to obtain the KMnO needed? 

KMnO4, qs 

Dist i l led water,  ad  1000 

Sig: 2  teaspoons di luted to 500 mL  yie ld a 1:5000 solut ion 

(A)  267 mL 

(B)  133 mL 

(C) 26.7 mL 

(D) 13.3 mL 

View Answer17. The answer is  B[see] .18.  The formula for Ringer's  

solut ion fol lows.  How much sodium chloride is  needed to make 120 mL? 

Rx sodium chloride 8.60 g 

 potassium chloride 0.30 g 

 calcium chloride 0.33 g 

 water for injection, qs ad 1000 mL 
 

(A)  120 g 

(B)  1 .03 g 

(C) 0 .12 g 

(D) 103 g 

View Answer18. The answer is  B[see] .P.25 

 

 

19.  How many grams of ta lc should be added to 1 lb of  a  powder containing 20 

g  of  z inc undecylenate per 100 g  to reduce the concentrat ion of  z inc 

undecylenate to 3%? 

(A)  3026.7 g 

(B)  2572.7 g 

(C)  17 g 

(D) 257 g 

View Answer19. The answer is  B[see] .20.  How many mil l i l i ters of  a 0.9% 

aqueous solut ion can be made from 20.0 g  of  sodium chloride? 

(A)  2222 mL 

(B)  100 mL 

(C) 222 mL 

(D) 122 mL 



View Answer20. The answer is  A[see] .21.  The blood of a  reckless driver 

contains 0.1% alcohol .  Express the concentration of a lcohol  in parts per 

mil l ion. 

(A)  100 ppm 

(B)  1000 ppm 

(C) 1 ppm 

(D) 250 ppm 

View Answer21. The answer is  B[see] .22.  Syrup is  an 85% w/v solut ion of  

sucrose in water.  I t  has a density of  1 .313 g/mL .  How many mil l i l i ters of  water 

should be used to make 125 mL  of  syrup? 

(A)  106.25 mL 

(B)  164.1 mL 

(C) 57.9 mL 

(D) 25.0 mL 

View Answer22. The answer is  C[see] .23.  How many grams of  

benzethonium chloride should be used in preparing 5 gal .  of  a  0 .025% w/v 

solut ion? 

(A)  189.25 g 

(B)  18.9 g 

(C)  4 .73 g 

(D) 35 g 

View Answer23. The answer is  C[see] .24.  How many grams of  menthol 

should be used to prepare this prescript ion? 

Rx menthol 0.8% 

 alcohol, qs ad 60.0 mL 
 

(A)  0 .48 g 

(B)  0 .8 g 

(C)  4 .8 g 

(D)  1 .48 g 

View Answer24. The answer is  A[see] .25.  How many mil l i l i ters of  a 1:1500 

solut ion can be made by dissolving 4.8 g  of  cetylpyr idinium chloride in water? 

(A)  7200 mL 

(B)  7 .2 mL 



(C)  48 mL 

(D) 4 .8 mL 

View Answer25. The answer is  A[see] .26.  The manufacturer specif ies that  

one Domeboro tablet dissolved in 1 pint  of water makes a modif ied Burow's 

solut ion approximately equivalent to a 1:40 di lut ion. How many tablets should 

be used in preparing ½ gal  of  a 1:10 di lut ion? 

(A)  16 tablets 

(B)  189 tab lets 

(C)  12 table ts 

(D)  45 table ts 

View Answer26. The answer is  A[see] .27.  How many mil l iosmoles of  

calcium chloride (CaCl2 ·2H2O -  mol  wt = 147)  are represented in 147 mL  of  a  

10% w/v calcium chloride solut ion? 

(A)  100 mOsmol 

(B)  200 mOsmol 

(C)  300 mOsmol 

(D)  3  mOsmol 

View Answer27. The answer is  C[see] .28.  How many grams of  boric acid 

should be used in compounding the fol lowing prescript ion? 

Phenacaine HCl 1.0% (NaCl eq = 0.17) 

Chlorobutanol  0 .5% (NaCl eq = 0.18) 

Boric acid, qs (NaCl eq = 0.52) 

Puri f ied H2O, ad  30 mL  

Make isotonic solut ion 

Sig: 1  drop in each eye  

(A)  0 .37 g 

(B)  0 .74 g 

(C) 0 .27 g 

(D) 0 .47 g 

View Answer28. The answer is  A[see] .29.  A pharmacist  prepares 1 gal  of  

KCl solut ion by mixing 565 g  of KCl (valence = 1)  in an appropriate vehicle.  

How many mil l iequivalents of K+  are in 15 mL  of  this solut ion? (atomic weights: 

K  =  30; Cl  = 35.5) 

(A)  7 .5 mEq 

(B)  10 mEq 

(C) 20 mEq 

(D) 30 mEq 

(E)  40 mEq 

View Answer29. The answer is  D[see] .P.26 

 

 

30.  A vancomycin solution containing 1000 mg  of  vancomycin hydrochloride 

di luted to 250 mL  with D5W  is to be infused at a  constant rate with an infusion 

pump in 2 hr.  What is  the rate of  drug administrat ion? 

(A)  2 .08 mg/min 



(B)  8 .33 mg/min 

(C) 4 .17 mg/min 

(D) 16.7 mg/min 

(E)  5 .21 mg/min 

View Answer30. The answer is  B[see] .For questions 31-34:  F ive ibuprofen 

tab lets  were assayed for drug content ,  and the fol lowing resul ts  were obtained by 

h igh-pressure l iquid  chromatography (HPLC) analys is :  198.2 mg,  199.7 mg,  202.5 

mg,  201.3 mg,  196.4 mg. 

31.  What is  the mean ibuprofen content? 

(A)  196.9 mg 

(B)  200.2 mg 

(C) 199.6 mg 

(D) 249.5 mg 

(E)  202.5 mg 

View Answer31. The answer is  C[see] .32.  What is  the standard deviat ion 

of  ibuprofen content in the analyzed tablets? 

(A)  2 .17 mg 

(B)  3 .35 mg 

(C) 2 .42 mg 

(D) 3 .00 mg 

(E)  -2 .17 mg 

View Answer32. The answer is  C[see] .33.  What is  the percent relat ive 

standard deviat ion (%RSD) for this ibuprofen tablet analysis? 

(A)  1 .69% 

(B) 1 .21% 

(C) 8.25% 

(D) 3.35% 

(E) 1 .50% 

View Answer33. The answer is  B[see VI I I .B.4] .34.  What is  the standard 

deviat ion of  the mean drug content of  this sample? 

(A)  0 .480 mg 

(B)  0 .605 mg 

(C) 1 .21 mg 

(D) 1 .08 mg 

(E)  0 .825 mg 

View Answer34. The answer is  D[see VI I I .C] .P.27 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  A  [see  I .A.2 ] .  

2.  The answer is  B  [see  I I ] .  

3.  The answer is  B  [see  I I ] .  

4.  The answer is  C  [see  I I ] .  

5.  The answer is  C  [see  I .A.2 ] .  



6.  The answer is  C  [see  I I ] .  

7.  The answer is  A  [see  I I I ] .  

8.  The answer is  C  [see  I I ;  I I I .A ] .  

The formula te l ls  the pharmacis t  that whi te  wax (W.W.)  represents  12 parts  out  o f  

the to tal  100 parts  in  the prescrip t ion.  What we wish to  determine is  the mass of 

whi te  wax requi red to  prepare 454 g (1 lb) o f  the recipe.  Th is  can be eas i ly solved 

by propor t ion: 

 
9.  The answer is  B  [see  I I I .A ] .  

10.  The answer is  C  [see  IV.E ] .  

11.  The answer is  B  [see  I I ;  IV ] .  

12.  The answer is  A  [see  IV ] .  

13.  The answer is  D  [see  I I ;  I I I .B ] .  

14.  The answer is  A  [see  I .A.2;  I I ] .  

Dimensional  analysis  is o f ten usefu l  for  calcu lat ing doses. Cons idering that  4  mg of 

the drug is  present in each 25 mL of  solu t ion,  we can easi ly ca lcula te the number of  

mi l l i l i ters to be used to  give a dose of  0.200 mg (200 µg) .  Always inc lude uni ts  in  

your  ca lcu la t ions. 

 
15.  The answer is  C  [see  I I I .B ] .  

16.  The answer is  C  [see  I I I .B ] .  

17.  The answer is  B  [see  V.A;  VI ] .  

F i rst ,  determine the mass of drug in  the f ina l  d i luted solu t ion. 

 

Now, i f  0 .1  g of  drug is  present  in  500 mL of 1 :5000 so lut ion, 2  teaspoonfu ls (10 

mL) of  the prescr ipt ion contains  the same amount  o f  drug (0.1 g)  before di lu t ion.  

From this ,  the amount  o f drug in 1000 mL ( the to ta l  vo lume) of  the prescrip t ion can 

be determined: 

 

F inal ly,  to  obta in the correct amount  of  drug to  formulate the prescr ip t ion (10 g) ,  we 

are to  use a 7.5% stock so lu t ion. Recal l ing the def ini t ion of  percentage s trength 

w/v:  
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18.  The answer is  B  [see  I I I .B ] .  

19.  The answer is  B  [see  V.C;  VI .C ] .  

20.  The answer is  A  [see  I .A.2;  V.A ] .  

Us ing dimens ional  analys is 



 
21.  The answer is  B  [see  V.D.1 ] .  

22.  The answer is  C  [see  I .A; V.A.1 ] .  

Us ing the dens i ty,  the weight  of  125 mL of  syrup can be calcu la ted: 

125 mL × 1.313g/mL = 164.125 g 

Us ing propor t ion and the sucrose concentrat ion in  w/v,  the weight  of  sucrose in 125 

mL of  syrup can be ca lcu la ted: 

 

F inal ly,  the weight  o f  water  in  125 mL of  syrup can be ca lcu la ted: 

164.125 g - 106.25 g = 57.875 g 

which has a vo lume of  57.9 mL. 

23.  The answer is  C  [see  I ;  I I ;  V ] .  

24.  The answer is  A  [see  I ;  V ] .  

25.  The answer is  A  [see  I ;  V ] .  

The problem is  eas i ly solved by proport ion.  The quest ion to  be answered is ,  I f  1  g  of  

drug is present  in  1500 mL of  so lu t ion, what  vo lume can be made wi th  4.8 g of 

drug? 

 
26.  The answer is  A  [see  I ;  V ] .  

27.  The answer is  C  [see  VI I .B ] .  

Recal l ing the express ion for  ideal  osmolar  concentrat ion: 

 
28.  The answer is  A  [see  VI I .C ] .  

29.  The answer is  D  [see  VI I .A ] .  

30.  The answer is  B  [see  IV.E ] .  

Us ing dimens ional  anayls is :  

 
31.  The answer is  C  [see  VI I I .B.1 ] .  

The mean is  calcu la ted d i rec t ly f rom the equat ion: 
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32.  The answer is  C  [see  VI I I .B.3 ] .  

The s tandard deviat ion can be ca lcula ted wi th  the most commonly used equat ion: 



33.  The answer is  B  [see VI I I .B.4] .  

 

34.  The answer is  D  [see VI I I .C] .  
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Pharmaceutical Principles and Drug 
Dosage Forms 
Lawrence H.  Block 

I. INTRODUCTION. 
Pharmaceutica l  pr inciples  are the under ly ing phys icochemical  pr inc ip les  

that  a l low a drug to  be incorporated into  a pharmaceut ical  dosage form  

(e .g .,  so lu t ion,  capsule) .  These pr incip les apply whether  the drug is  

extemporaneously compounded by the pharmacis t  or  manufactured for  

commercia l  d is t r ibut ion as a drug product.  

A.  The f in ished dosage form  conta ins  the act ive drug ingredient  in  

associat ion wi th  nondrug (usual ly iner t )  ingredients  (excipients )  that  make 

up the vehicle,  or formulat ion matrix .  

B.  The drug delivery system  concept,  which has evolved since the 1960s,  

is  a  more hol is t ic  concept .  I t  embraces not  on ly the drug (or  prodrug) and 

i ts  formulat ion matr ix,  but  a lso the dynamic  in teract ions among the drug,  i ts  

formulat ion matr ix,  i ts  conta iner ,  and the physio log ic mi l ieux of  the pat ient.  

These dynamic in teract ions are the subject  of  biopharmaceutics  (see 

Chapter  4).  

II. INTERMOLECULAR FORCES OF ATTRACTION 
A. Introduction.  The appl icat ion of pharmaceutica l  pr inciples  to drug 

dosage forms is  i l lust ra ted when drug dosage forms are categorized  

according to the i r  physical  state,  degree of  heterogeneity,  and chemical  

composition.  The usual  re levant  s tates of mat ter are gases, l iquids,  and 

sol ids.  In termolecular  forces of a tt rac t ion are weakest  in  gases and 

s t rongest  in sol ids . Convers ions f rom one phys ica l  s ta te to  another  can 

invo lve s imply overcoming in termolecular  forces of  a tt rac t ion by adding 

energy (heat) .  Chemical  composit ion can have a dramat ic  e f fec t on 

phys icochemical  proper t ies  and behavior.  For  th is reason,  i t  is  necessary to  

d ist inguish between polymers,  or  macromolecules,  and more convent ional  

( i .e . ,  smal ler)  molecules, or  micromolecules.  

B. Intermolecular forces of  attract ion.  Because atoms vary in the i r  

e lec t ronegat iv i ty,  elec t ron shar ing between d i f ferent  a toms is  l ike ly to  be 

unequal .  Th is  asymmetr ic  elec t ron dist r ibut ion causes a sh i f t  in  the overa l l  

e lec t ron c loud in  the molecule. As a resul t ,  the molecule tends to  behave as 

a dipole  ( i .e . ,  as i f  i t  had a pos i t ive and a negat ive po le) .  The d ipole 

associated wi th each covalent bond has a corresponding dipole moment  

(µ)  def ined as the product  of  the d is tance of charge separat ion (d )  and the 

charge (q ) :  

µ = q  ×  d  

The molecular  dipo le moment  may be viewed as the vector  sum of  the 

indiv idual  bond moments.  



1.  Nonpolar  molecules that  have perfect  symmetry (e .g . ,  carbon 

te t rachlor ide) have d ipole moments  of  zero (F igure 3-1) .  

2.  Polar  molecules are asymmetric  and have nonzero dipo le moments . 

3.  When dipolar  molecules approach one another c lose enough—“pos i t ive 

to  posi t ive” or  “negat ive to  negat ive”—so that  thei r  elec t ron clouds 

in terpenetrate,  intermolecular repulsive forces  ar ise. W hen these d ipo lar  

molecules approach one another  so that  the pos i t ive   
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po le of one is  c lose to the negat ive po le of the other ,  molecular  attraction  

occurs  (dipoledipole interact ion ) .  W hen the ident ica l ly charged poles of 

the two molecules are c loser,  repulsion  occurs . 

 

Figure 3-1. The carbon tetrachloride molecule. 

C. Types of  intermolecular forces of  attract ion  inc lude the fol lowing: 

1.  Nonpolar  molecules do not  have permanent  d ipo les. However,  the 

instantaneous e lec t ron dis t r ibut ion in  a  molecule can be asymmetr ic .  The 

resul tant  t rans ient d ipole moment  can induce a dipo le in  an adjacent  

molecule.  Th is  induced dipole- induced dipole interaction (London 

dispersion force) ,  wi th a  force of  0 .5-1 kca l /mol,  is  suf f ic ient  to fac i l i ta te 

order in a  molecular  array.  These re la t ively weak e lec t rostat ic  forces are 

respons ib le for the l iquefact ion of  nonpolar  gases.  

2.  The t rans ient  d ipo le  induced by a permanent  d ipo le,  or dipole-induced 

dipole interact ion (Debye induction force) ,  is  a  s tronger in teract ion, wi th  

a  force of  1-3 kca l /mol .  

3.  Permanent dipole interact ions (Keesom orientat ion forces),  wi th  a 

force of  1-7 kcal /mol,  together  wi th  Debye and London forces,  const i tu te  

van der Waals forces.  Col lec t ive ly,  they are respons ible for  the more 

substant ive st ruc ture and molecular  order ing found in  l iqu ids . 

4.  Hydrogen bonds.  Because they are smal l  and have a large elec t rostat ic  

f ie ld ,  hydrogen atoms can approach highly e lect ronegat ive atoms (e.g.,  

f luor ine,  oxygen,  n i t rogen,  ch lor ine,  sul fur)  and in teract e lect ros tat ica l ly to  

form a hydrogen bond.  Depending on the e lec tronegat iv i ty o f the second 



atom and the molecular  envi ronment  in  which hydrogen bonding occurs ,  

hydrogen bond energy var ies  f rom approximate ly 1  to 8  kca l /mol .  

5.  Ion- ion,  ion-dipole,  and ion-induced dipole forces.  Posit ive-negative 

ion interact ions  in  the so l id  sta te invo lve forces of  100-200 kcal /mol .  Ionic  

in teract ions are reduced cons iderably in  l iqu id  sys tems in the presence of 

o ther e lect rolytes.  Ion-dipole  in teract ion, or  dipole induction by an ion,  

can a lso af fect  molecular  aggregat ion, or  order ing,  in  a system. 

III. STATES OF MATTER 
A. Gases.  Molecules in  the gaseous s tate can be p ic tured as moving a long 

s t raight  paths,  in  a l l  d i rec t ions and at  high ve loci t ies  (e.g. ,  mean ve loc i ty 

for  H2O vapor:  587 m/sec;  for  O2 :  440 m/sec),  unt i l  they co l l ide wi th o ther 

molecules. As a resul t  o f  these random col l is ions, molecular  ve loci t ies and 

paths change,  and the molecules cont inue to  co l l ide wi th  o ther  molecules 

and wi th the boundaries of  the system (e.g. ,  the wal ls  of  a  container  ho lding 

the gas) .  Th is  process,  repeated incessant ly,  is  respons ible  for  the 

pressure  exh ibi ted wi th in  the conf ines of  the system. 

1.  The in terrela t ion among volume (V ) ,  pressure (P ) ,  and the absolute 

temperature (T )  is  g iven by the ideal  gas law,  which is  the equat ion of  

s ta te for  an ideal  gas: 

PV  =  nRT  

PV  =  (g/M)RT  

where n  is  the number of moles of gas—equiva lent  to the number of  grams 

(g)  o f gas d iv ided by the molecular  weight  of  the gas (M)—and R  is  the 

molar gas constant  (0.08205 L atm/mole deg) .  

2.  Pharmaceutica l  gases inc lude the anesthetic gases  (e.g .,  ni t rous oxide,  

ha lo thane).  Compressed gases  inc lude oxygen ( for  therapy) ,  ni t rogen,  and 

carbon d ioxide.  Liquefiable gases,  inc lud ing certa in  halohydrocarbons  

and hydrocarbons,  are used as propel lants  in  aerosol products 

(pressurized packaging),  as  are compressed gases,  such as n i t rous oxide,  

n i t rogen,  and carbon dioxide.  Ethylene oxide is  a gas used to s ter i l ize or  

d is in fect  heat- labi le  ob jects.  

3.  In genera l ,  as  the temperature of  a  substance increases,  i ts  heat 

content,  or  enthalpy,  increases as wel l .  

a.  Substances can undergo a change of  s tate,  or  phase change,  from the 

so l id  to  the l iqu id  s tate (melt ing )  or  f rom the l iquid  to  the gaseous s tate 

(vaporizat ion ) .  

b.  Volat i le  l iquids  (e .g .,  e ther ,  ha lo thane,  methoxyf lurane)  are used as 

inhalat ion anesthet ics.  Amyl  ni t r i te  is a  vo la t i le l iqu id  that  is  inhaled for  i ts  

vasodi lat ing ef fec t  in  acute angina. 

c .  Sublimation  occurs  when a so l id  is heated di rec t ly to  the gaseous,  or 

vapor,  s tate wi thout pass ing through the l iquid  s ta te (e .g. ,  camphor,  

iodine).  Ice subl imes at  pressures below  
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3  torr.  The process of  freeze-drying,  or  lyophi l izat ion,  is  a  form of vacuum 

drying in  which water is  removed by subl imat ion f rom the f rozen product.  I t  

is  an especial ly usefu l  process for dry ing aqueous so lut ions or d ispersions 

of  heat- or  oxygen-sens i t ive drugs and biologica ls (e .g. ,  prote ins ,  pept ides) .  

d.  The reverse process ( i .e . ,  di rec t  t rans i t ion f rom the vapor s tate to  the 

so l id  s ta te) is  also re ferred to  as subl imation,  but the preferred term is  

deposit ion.  Some forms of  su l fur  and co l lo idal  s i l icon d ioxide are prepared 

in  th is  way.  

4.  The in termolecular  forces of a t trac t ion in  gases are v i r tua l ly nonexis tent  

a t  room temperature. Gases disp lay l i t t le  or  no order ing. 

B. Liquids.  The in termolecular  forces of  a tt rac t ion in l iquids  (van der 

Waals forces )  are suf f ic ient to impose some order ing,  or  regular  

arrangement ,  among the molecules.  Hydrogen bonding  increases the 

l ike l ihood of  cohesion in  l iqu ids  and fur ther a f fects  the i r  physicochemical  

behavior .  However,  these forces are much weaker than covalent  or  ionic  

forces. Therefore,  l iquids  tend to  d isp lay shor t -range rather than long-range 

order.  Hypothet ica l ly,  a l though molecules of  a  l iqu id  would tend to 

aggregate in  loca l ized c lus ters , no def ined s t ructur ing would be evident.  

1.  Surface and interfacial  tension  

a.  Molecules in  the bulk  phase of  a  l iquid  are surrounded by other  

molecules of  the same kind (Figure 3-2A). Molecules at  the sur face of  a  

l iqu id are not  completely surrounded by l ike molecu les (F igure 3-2B).  As a 

resul t ,  molecules at  or  near  the surface of  a l iquid  exper ience a net inward 

pu l l  f rom molecules in the inter ior  o f  the l iqu id .  Because of this net  inward 

in termolecular  a t t ract ion,  the l iquid  surface tends to  spontaneously 

contract .  Thus l iqu ids  tend to  assume a spherical  shape ( i .e . ,  a  volume wi th  

the min imum sur face area) .  Th is  conf igurat ion has the least  f ree energy. 

b.  Any expans ion of  the sur face increases the f ree energy of  the system. 

Thus surface free energy can be def ined by the work  requi red to  increase 

the surface area A  o f  the l iqu id  by 1 area uni t .  This  value is  expressed as 

the number of mi l l i -Newtons (mN) needed to  expand a 1-m2 sur face by 1 

un i t :  

work  = γ × ∆A  

where ∆A  is  the increase in  surface area and γ  is  the surface tension,  or  

surface free energy,  in  mN m - 1—equiva lent  to  cent imeter-gram-second 

(CGS) un i ts  o f  dynes cm - 1 .  At 20°C.  water  has a sur face tension of 72 mN 

m - 1 ,  whereas n-oc tanol has a sur face tension of  27 mN m - 1 .  Thus more work  

must  be expended to  expand the sur face of water  than to  expand the 

sur face of n -oc tanol  ( i .e. ,  to  proceed f rom a g iven vo lume of  bulk  l iqu id  to  

the corresponding volume of  smal l  droplets) .  

c .  At the boundary,  or  interface,  between two immisc ib le l iquids  that  are in 

contact  wi th  one another,  the corresponding interfacial  tension  ( i .e . ,  f ree 

energy,  or  work requi red to  expand the in terfac ial  area)  ref lec ts  the extent  

o f  the in termolecular  forces of a t trac t ion and repuls ion at the in terface.  



When the in terface is  between two l iqu ids , substant ia l  molecular  in teract ion 

occurs  across the in terface between the two phases.  This  in teract ion  
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reduces the imbalance in  forces of  at t rac t ion wi th in  each phase.  The 

in ter fac ial  tens ion between n -octanol  and water  is  reduced to  8.5 mN m - 1  

f rom 72 mN m - 1  (γ  ai r /water) .  Th is  reduct ion ind icates,  in  par t ,  the 

in ter fac ial  in teract ion between n -oc tanol  and water .  

 

Figure 3-2. A. Molecules in the bulk phase. B. 
Molecules at the surface of a liquid. 

 

Figure 3-3. Liquid flow. 

2.  The f low of  a  l iquid  across a sol id  sur face can be examined in terms of 

the velocity,  or  ra te  of  movement ,  of  the l iqu id re la t ive to  the sur face 

across which i t  f lows.  More insight  can be gained by v isual iz ing the f low of  

l iqu id as invo lv ing the movement  o f  numerous para l le l  layers  of  l iquid  

between an upper,  movable p la te and a lower,  f ixed pla te (Figure 3-3) .  The 

appl icat ion of  a  constant force (F )  to the upper pla te causes both th is  pla te 

and the uppermost  layer  o f  l iquid  in  contact  wi th i t  to  move wi th  a veloc i ty 

∆y /∆x.  The in teract ion between the f ixed bottom p late and the l iquid  layer 

c losest  to  i t  prevents  the movement  of  the bot tom layer  o f  l iqu id .  The 



velocity (v )  o f  the remain ing layers  of  l iqu id  between the two p lates is  

propor t ional  to  the i r  dis tance f rom the immovable p la te ( i .e . ,  ∆y /∆x ) .  The 

velocity gradient  leads to  deformat ion of  the l iqu id  wi th t ime. This 

deformat ion is  the rate of  shear,  dv /dx,  or  D.  Newton  def ined f low in terms 

of  the ra t io  o f the force F  appl ied to  a  pla te of  area A—shear stress  (τ )—

divided by the ve loc i ty gradient  (D )  induced by τ :  

 

or  

 
The propor t ional i ty constant  η  is  the coef f ic ient  o f viscosity.  I t  indicates 

the resistance to  f low of  ad jacent  layers  of  f lu id .  The reciprocal  o f  η is  

f luidi ty.  Uni ts  of  v iscos i ty in  the CGS system are dynes cm - 2s - 1 ,  or  po ise. 

In  the SI system, the un i ts  are Newtons m - 2s - 1 ,  which corresponds to  10 

poise. The viscos i ty o f  water  a t  20°C is  approximate ly 0 .01 poise,  or  1 

cent ipo ise (cps) ,  which corresponds to 1 mN m - 2s - 1 .  

a.  Substances that  f low in  accordance wi th  the equat ion in  I I I .B.2 (Newton 's  

law) are known as Newtonian substances.  L iqu ids that cons is t  of  s imple 

molecules and d i lu te  dispersions tend to  be Newtonian.  For  a Newtonian 

f lu id ,  a  plo t o f  shear s t ress as a funct ion of  shear ra te (a  f low curve  or  

rheogram )  y ields  a s tra ight  l ine wi th  a  s lope of  η (F igure 3-4,  Curve 1 ) .  

b.  Non-Newtonian substances  do not  obey Newton 's equat ion of f low.  

These substances tend to  exhib i t  shear-dependent  or  t ime-dependent 

viscosity.  In  e i ther  case,  v iscos i ty is  more apt ly termed apparent 

viscosity because Newton 's  law is not st r ic t ly obeyed.  Heterogeneous 

l iqu ids  and sol ids are most  l ike ly non-Newtonian. 

(1)  Shear-dependent viscosity invo lves e i ther  an increase  in  apparent  

v iscosi ty ( i .e . ,  shear thickening,  or  di latancy)  (F igure 3-4,  Curve 3)  or  a 

decrease  in  apparent  v iscos i ty ( i .e . ,  shear thinning,  or pseudo-plast ic i ty)  

(F igure 3-4, Curve 2 )  wi th  an increase in  the ra te of  shear.  Shear th ickening 

is  d isp layed by suspens ions that  have a h igh sol ids  content  of  smal l ,  

def locculated par t ic les .  Shear thinning is  disp layed by po lymer  
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or  macromolecule solu t ions.  Plast ic ,  or  Bingham body,  behavior  (F igure 3-

4,  Curve 4 )  is  exempl i f ied by f locculated par t ic les  in  concentrated 

suspensions that show no apparent  response to low- leve l  st ress. F low 

begins only a fter  a  l imi t ing y ield  s t ress (yield value )  is  exceeded. 



 

Figure 3-4. Non-Newtonian flow curves. 

(2)  Time-dependent viscosity 

(a)  The yield  value of plast ic  systems may be t ime dependent ( i .e . ,  may 

depend on the t ime scale involved in  the appl icat ion of force).  Thixotropic  

sys tems disp lay shear- thinning behavior  but  do not  immediate ly recover 

the ir  higher  apparent  v iscos i ty when the rate of shear is lowered.  In  a 

th ixot rop ic  system, st ructural  recovery is  re la t ively s low compared wi th  

s t ruc tura l  breakdown. 

(b)  Thixotropy occurs  wi th  heterogeneous systems that  invo lve a three-

d imens ional  st ruc ture or  network .  W hen such a system is  a t  res t,  i t  appears  

to  have a re la t ively r ig id  cons is tency. Under shear ,  the st ruc ture breaks 

down and f lu idi ty increases ( i .e. ,  gel-sol  t ransformation).  

(c)  Rheopexy (negative thixotropy,  or ant i thixotropy)  occurs  when the 

apparent  v iscos i ty o f  the system cont inues to  increase wi th  cont inued 

appl icat ion of  shear up to  some equi l ibr ium value a t  a given shear ra te. 

These systems disp lay a sol-gel  t ransformat ion. One explanat ion for  

ant i th ixot ropic behavior  is  that  cont inued shear increases the f requency of 

par t ic le  or  macromolecule interact ions and leads to  increased s truc ture in 

the system. 

C. Sol ids.  In termolecular  forces of a tt rac t ion are s t ronger in  so l ids  than in  

l iqu ids  or  gases. Molecular  arrangements  in  sol ids  may be character ized as 

e i ther  crys ta l l ine or amorphous. 

1.  Crystal l ine solids  have the fo l lowing at tr ibutes: 

a.  Fixed molecular order  ( i .e. ,  molecules occupy set pos i t ions in a  speci f ic  

array) 

b.  A dist inc t mel t ing point  

c .  Anisotropici ty ( i .e . ,  the i r  proper t ies  are not  the same in  al l  d i rec t ions) ,  

wi th  the except ion of  cubic  crys ta ls 

2.  Amorphous sol ids  have the fo l lowing at tr ibutes: 

a.  Randomly arranged molecules wi th  the shor t - range order  typ ica l  o f  

l iqu ids 

b.  No mel t ing po ints 



c.  Isotropici ty ( i .e . ,  proper t ies are the same in  al l  d i rec t ions) 
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d.  Less thermodynamic stab i l i ty  than the corresponding crys ta l l ine so l id  and 

therefore more apt to exhibi t  chemical  and physica l  ins tab i l i ty ,  increased 

d issolut ion ra te,  e tc .  

3.  Polymorphism  is  the condi t ion where in  substances can exis t  in  more 

than one crys tal l ine form.  These polymorphs  have d i f ferent molecular  

arrangements  or  c rys ta l  la t t ice s t ructures. As a resul t ,  the d i f ferent  

po lymorphs of  a  drug sol id  can have d i f ferent  proper t ies.  For  example,  the 

melt ing po int ,  solubi l i ty ,  d issolut ion ra te,  dens i ty,  and s tabi l i ty  can di f fer  

cons iderably among the polymorphic  forms of  a  drug.  Many drugs exhib i t  

po lymorphic  behavior .  Fat ty ( t r ig lycer ide)  exc ip ients  (e .g. ,  theobroma o i l ,  

cocoa butter) are recognized for  the i r  polymorphic  behavior .  

4.  The incorporat ion of so lvent molecules in to the crys ta l  la t t ice of  a so l id  

resul ts  in  a molecular  adduct  known as a solvate  or  hydrate  ( the la t ter  

term is  used when water is  the so lvent) .  In  genera l ,  solvates or  hydrates 

exhib i t  d i f ferent  so lubi l i t ies  and d isso lut ion ra tes than the i r  

unsolvated/anhydrous counterparts .  

5.  Melt ing point and heat of  fusion.  The mel t ing point o f  a  so l id  is the 

temperature at which the sol id is  t ransformed to a l iqu id .  When 1 g of  a  

so l id  is heated and mel ts,  the heat  absorbed in  the process is  re ferred to  as 

the latent heat of  fusion.  

D. Phase diagrams and phase equi l ibria.  A phase diagram  represents the 

s ta tes of  mat ter ( i .e . ,  sol id ,  l iqu id ,  and gas)  that exis t  as temperature and 

pressure are varied (F igure 3-5) .  The data  
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arrays separat ing the phases in  Figure 3-5 del ineate the temperatures and 

pressures at which the phases can coexis t .  Thus gas (or  vapor) and l iquid 

coexis t  a long “curve”  BC,  sol id  and l iqu id  coexis t  a long “curve”  AB,  and 

so l id  and gas (or  vapor)  coexis t  a long “curve”  DB.  Depending on the change 

in  temperature and pressure,  evaporat ion  or condensation  occur  a long 

curve BC,  fusion  or  melt ing  a long curve AB,  and subl imation  or 

deposit ion  a long curve DB.  The three “curves”  in tersect  at  po int  B.  Only a t  

th is  un ique temperature and pressure, known as the tr iple point ,  do a l l  

three phases exis t  in  equi l ibr ium. (The t r ip le poin t  for  water  is  0 .01°C and 

6.04 × 10 - 3  a tm.) Cont inu ing along curve BC,  to  h igher  temperatures and 

pressures,  one u l t imately reaches point  C,  known as the cri t ical  point,  

above which there is  no d ist inc t ion between the l iqu id  and the gas phases.  

Substances that exis t  above this  cr i t ical  po int  are known as supercri t ical 

f luids.  Supercr i t ica l  f lu ids  such as carbon dioxide (cr i t ical  po in t ,  30.98°C 

and 73.8 atm) of ten exhib i t  markedly al tered phys icochemical  proper t ies  

(e .g.,  dens i ty,  d i f fusiv i ty,  or  so lub i l i ty  character ist ics)  that  render them 



usefu l  as  so lvents and process ing aids  in  the product ion of  pharmaceut ica ls 

and drug del ivery systems. 

 

Figure 3-5. Phase diagram for CO2 showing the 
variation of the state of matter as pressure and 
temperature are varied. The solid state exists in 
the region ABD; the liquid state, in the region 
ABC; and the gas state, in the region to the right 
of curve CD. B corresponds to the triple point, the 
pressure and temperature at which all three phases 
coexist. C corresponds to the critical point, the 
pressure and temperature above which the liquid 
and gas phases are indistinguishable. 

IV. PHYSICOCHEMICAL BEHAVIOR 
A. Homogeneous systems  

1.  A solution  is  a  homogeneous system in  which a solute  is  molecular ly 

d ispersed,  or disso lved,  in  a solvent.  The solvent  is the predominant  

spec ies.  Saturated solut ions  are so lut ions that ,  a t  a  g iven temperature 

and pressure, conta in the maximum amount  of  solu te that  can be 

accommodated by the solvent .  I f  the saturat ion,  or  solubi l i ty ,  l imi t  is  

exceeded,  a  f rac t ion of  the so lu te can separate from the solut ion and exis t  

in  equi l ibr ium wi th  i t .  

a.  Solutes  can be gases,  l iqu ids,  or so l ids,  and nonelect rolytes or  

e lec t rolytes . 

(1)  Nonelectrolytes  are substances that  do not form ions  when d isso lved 

in  water .  Examples are est rad iol ,  g lycer in ,  urea,  and sucrose.  Thei r 

aqueous so lut ions do not  conduct e lect r ic  current.  

(2)  Electrolytes  are substances that  do form ions  in  so lu t ion. Examples 

are sodium chlor ide, hydrochlor ic ac id,  and at rop ine.  As a resul t ,  thei r  

aqueous so lut ions conduct  elec t r ic  current .  Elect ro lytes  are character ized 

as strong  or  weak.  St rong elec t rolytes  (e.g. ,  sodium chlor ide,  hydrochlor ic  

ac id)  are completely ionized  in  water  a t  al l  concentrat ions. W eak 

e lec t rolytes  (e.g. ,  asp ir in ,  a tropine)  are part ia lly ionized  in  water .  

b.  The col l igat ive propert ies of  a  solut ion  depend on the to ta l  number of  

ionic and nonionic solute molecules in the solut ion.  These proper t ies  

depend on ion izat ion but are independent of  other chemical  properties of  

the solute.  

2.  Coll igat ive propert ies  inc lude the fo l lowing: 

a.  Lowering of  vapor pressure.  The part ia l  vapor pressure  o f  each 

vo lat i le  component  in  a  so lu t ion is  equal  to  the product  o f  the mol  f rac t ion 



of  the component  in  the so lu t ion and the vapor pressure of the pure 

component .  Th is  is  Raoult 's  law: 

 

where pA  is  the par t ia l  vapor  pressure above a so lu t ion in  which the mol 

f ract ion of  the so lu te A is  xA  and is  the vapor pressure  o f  the pure 

component  A.  The vapor pressure is the pressure at  which an equi l ibr ium is  

es tab l ished between the molecules of  A in the l iqu id  s ta te and the 

molecules of  A in the gaseous (vapor)  sta te in  a  c losed,  evacuated 

conta iner .  The vapor pressure is  temperature dependent ,  but  independent  

o f  the amount o f l iqu id  and vapor.  Raoul t 's  law holds for  ideal  so lu t ions of  

nonelect ro lytes .  For  a  binary solut ion  ( i .e . ,  a  so lu t ion of  component  B in  

component  A) 

 

The lower ing of the vapor pressure of  the solut ion rela t ive to the vapor 

pressure of  the pure so lvent  is  propor t ional  to  the number of molecules of 

so lu te in the so lu t ion.  The actua l  lower ing of the vapor pressure by the 

so lu te,  ∆pA ,  is  g iven by 

 

b.  Elevation of  the boi l ing point .  The boil ing point  is  the temperature at  

which the vapor  
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pressure of  a l iquid  equals  an external  pressure of  760 mm Hg.  A solut ion 

of  a  nonvolat i le  so lu te has a higher  bo i l ing po int  than a pure so lvent  

because the solu te lowers  the vapor pressure of  the so lvent .  The amount  o f  

e levat ion of the bo i l ing po int (∆Tb )  depends on the concentrat ion of  the 

so lu te: 

 

where Kb  is  the molal  bo i l ing po int  elevat ion constant ,  R  is  the molar  gas 

constant ,  T  is  absolute temperature (degrees K) ,  M1  is  the molecular weight  

o f  the so lu te,  m  is  the molal i ty of  the solu t ion,  and ∆H v a p  is  the mola l  

entha lpy of  vapor izat ion of  the so lvent .  

c .  Depression of  the freezing point .  The freezing point ,  or  melt ing po int,  

o f  a  pure compound is  the temperature at  which the so l id  and the l iqu id 

phases are in  equi l ibr ium under a  pressure of  1  a tmosphere (atm).  The 

f reezing point  of  a solut ion is  the temperature at  which the so l id phase of 

the pure so lvent  and the l iqu id  phase of  the solu t ion are in equi l ibr ium 

under a  pressure of  1  atm.  The amount  of  depress ion of  the f reezing point 

(∆T f )  depends on the mola l i ty o f the so lu t ion: 



 

where K f  is  the molal  f reezing point  constant and ∆H f u s i o n  is  the mola l  heat  

o f  fus ion. 

d.  Osmotic pressure.  Osmosis  is  the process by which so lvent  molecules 

pass through a semipermeable membrane (a barr ier  through which only 

so lvent  molecules may pass)  f rom a reg ion of  d i lu te  solu t ion to  one of more 

concentrated so lut ion.  Solvent molecules t ransfer  because of  the inequal i ty 

in  chemical  potent ia l  on the two s ides of  the membrane. Solvent  molecules 

in  a concentrated solut ion have a lower chemical  potent ia l  than so lvent  

molecules in  a  more d i lute  so lu t ion. 

(1)  Osmotic pressure  is  the pressure  that  must  be appl ied to  the so lu t ion 

to  prevent the f low of  pure so lvent  in to the concentrated solut ion. 

(2)  Solvent  molecules move f rom a reg ion where the ir  escaping tendency 

is  high  to  one where thei r  escaping tendency is  low.  The presence of  

d issolved solute lowers  the escaping tendency of the solvent in proport ion 

to  the so lu te concentrat ion. 

(3)  The van't Hoff  equation  def ines the osmotic pressure π as a funct ion of  

the number of moles of  so lu te n2  in  the solu t ion of  vo lume V:  

πV  =  n2RT  

3.  Electrolyte solut ions and ionic equi l ibria  

a.  Acid-base equi l ibria  

(1)  Accord ing to  the Arrhenius dissociat ion theory,  an acid  is  a  

substance that l iberates H+  in  aqueous so lut ion. A base  is  a  substance that  

l iberates hydroxyl  ions (OH - )  in  aqueous solut ion.  Th is  def ini t ion appl ies  

on ly under aqueous condi t ions. 

(2)  The Lowry-Brønsted theory is  a  more powerfu l  concept  that appl ies  to  

aqueous and nonaqueous systems.  I t  is  most  commonly used for  

pharmaceut ical  and biolog ic  systems because these systems are pr imari ly 

aqueous. 

(a)  Accord ing to  th is  def in i t ion, an acid  is  a  substance (charged or 

uncharged) that  is  capable of  donat ing a proton.  A base  is  a  substance 

(charged or uncharged) that  is  capable of  accept ing a proton f rom an acid.  

The d issociat ion of  an ac id (HA) always produces a base (A - )  accord ing to  

the fo l lowing formula: 

HA ↔ H+  +  A -  

(b)  HA and A -  are a conjugate acid-base pair  (an ac id and a base that  

exis t  in  equi l ibr ium and d i f fer  in  s t ruc ture by a proton).  The proton of  an 

ac id  does not  exis t  f ree in  so lut ion,  but  combines wi th  the so lvent .  In  water ,  

th is  hydrated proton  is  a  hydronium ion  (H3O+ ) .  

(c)  The re lat ive strengths  o f  acids  and bases are determined by thei r  

ab i l i ty  to  donate or  accept  protons.  For example, in  water,  HCl  donates a 

proton more readi ly than does acet ic  ac id .  Thus HCl  is a  s t ronger ac id .  Ac id 

s t rength is  a lso determined by the af f in i ty o f  the so lvent  for  protons.  For  



example, HCl  may dissoc iate complete ly in  l iquid ammonia,  but  on ly very 

s l ight ly in g lacial  acet ic ac id .  Thus HCl is  a  s t rong ac id in l iquid  ammonia 

and a weak acid  in  g lacia l  acet ic  ac id . 
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(3)  The Lewis theory extends the acid-base concept  to react ions that  do 

not  invo lve protons.  I t  def ines an acid  as  a molecule or  ion that  accepts  an 

e lec t ron pai r f rom another  a tom and a base  as  a substance that  donates an 

e lec t ron pai r to  be shared wi th  another  a tom. 

b.  H+  concentrat ion  values are very smal l .  Therefore,  they are expressed 

in  exponential  notat ion as pH.  The pH is the logar i thm of  the reciprocal  o f  

the H+  concentrat ion 

 

where [H+ ]  is  the molar  concentrat ion of  H+ .  Because the logari thm of  a  

rec iprocal  equals the negative logari thm  o f  the number, this equat ion may 

be rewr i t ten as: 

pH = - log [H+ ]  

or  

[H+ ]  =  10 - p H  

Thus the pH va lue may be def ined as the negat ive logari thm of  the [H+ ]  

va lue. For example,  i f  the H+  concentrat ion of a  so lu t ion is  5 × 10 - 6 ,  the pH 

va lue may be ca lcula ted as fo l lows: 

pH = -log (5 × 10-6) 

log 5 = 0.699 

log 10-6 = -6.0 

pH = -(-6 + 0.699) 

 = -(-5.301) 

 = 5.301 
 

c.  As pH decreases, H+  concentration increases exponential ly.  W hen the 

pH decreases f rom 6 to  5,  the H+  concentrat ion increases f rom 10 - 6  to 10 - 5 ,  



or 10 t imes i ts or ig ina l  va lue.  When the pH fa l ls f rom 5 to  4.7,  the H+  

concentrat ion increases f rom 1 × 10 - 5  to  2  × 10 - 5 ,  or  double i ts  in i t ia l  va lue. 

d.  Dissociat ion constants.  Ionization  is  the complete separat ion of  the 

ions in  a crystal  la t t ice when the sa l t  is  d isso lved. Dissociation  is  the 

separat ion of ions in so lu t ion when the ions are associated by inter ionic 

a t t rac t ion. 

(1)  For  weak electrolytes,  d issoc iat ion is  a  revers ible  process.  The 

equi l ibr ium of  th is  process can be expressed by the law of  mass act ion.  

Th is  law s tates that  the ra te of  the chemical  react ion is proport ional  to the 

product o f the concentrat ion of the react ing substances,  each raised to  a 

power of  the number of moles of  the substance in  so lut ion. 

(2)  For  weak acids,  d issoc iat ion in  water is  expressed as: 

HA ↔ H+  +  A -  

The dynamic  equi l ibr ium between the simul taneous forward and reverse 

react ions is  ind icated by the arrows.  By the law of  mass act ion, 

ra te  of  forward react ion = K1 [HA] 

ra te of  reverse react ion = K2 [H+ ] [A - ]  

At  equi l ibr ium, the forward and reverse rates are equal .  Therefore, 

K1 [HA]  = K2 [H+ ] [A - ]  

Thus the equi l ibrium expression for the dissociat ion of  a  weak acid  is  

wr i t ten as: 

 

where Ka represents  the ac id  dissoc iat ion constant .  For  a weak acid ,  the 

acid dissociat ion constant  is  convent ional ly expressed as pKa ,  which is  -

log Ka .  For  example,  the Ka  o f  acet ic  acid  at  25°C is  1 .75 × 10 - 5 .  The pKa  is  

ca lcula ted as fol lows: 
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pKa = -log (1.75 × 10-5) 

log 1.75 = 0.243 

log 10-5 = -5 

pH = -(-5 + 0.243) 



 = -(-4.757) 

 = 4.76 
 

(3)  For  weak bases,  d issoc iat ion may also be expressed wi th  the Ka  

express ion for  the conjugate acid of  the base.  Th is ac id is  formed when a 

proton reacts wi th  the base.  For  a  base that  does not  contain  a hydroxyl  

group, 

BH+  ↔ H+  +  B 

The dissociat ion constant  for  th is  react ion is  expressed as: 

 

However,  a  base dissociat ion constant  is  t radi t ional ly def ined for  a  weak 

base wi th  th is  express ion: 

B + H2O ↔ OH -  +  BH+  

 

where Kb  represents the d issoc iat ion constant o f a  weak base.  This  

dissociat ion constant  can be expressed as pKb ,  as  fo l lows: 

pKb  =  - log Kb  

(4)  Certain compounds  (ac ids or  bases)  can accept  or  donate more than 

one proton. Consequent ly,  they have more than one dissociat ion 

constant.  

e.  Henderson-Hasselbalch equations  descr ibe the rela t ion between the 

ionized and the union ized spec ies of  a weak elect ro lyte. 

(1)  For  weak acids,  the Henderson-Hasselba lch equat ion is  obta ined f rom 

the equi l ibr ium rela t ion descr ibed in  IV.A.3d.(2) :  

 
(2)  S imi lar ly,  the Henderson-Hasselbalch equat ion for weak bases  is  as  

fo l lows: 



 

where B is  the un ion ized weak base and BH+  is  the protonated base. 

f .  The degree of  ionization (α) ,  the f rac t ion of a  weak e lec tro lyte  that  is 

ionized in  solu t ion,  is  ca lcu la ted f rom the fol lowing equat ion: 

 

where [ I ]  and [U]  represent  the concentrat ions of the ionized and union ized 

spec ies,  respect ive ly.  The degree of ion izat ion depends sole ly on the pH of  

the solu t ion and the pKa  o f  the weak e lect ro lyte .  When pH = pKa ,  the 

Henderson-Hasselba lch equat ions are,  for  a weak ac id  and a weak base,  

respect ive ly:  

 

thus 
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thus 

 

In  e ffec t ,  when the pH of the solu t ion is  numer ical ly equivalent  to the pKa  o f  

the weak e lect rolyte ,  whether a  weak base or  a  weak acid , [ I ]  =  [U]  and the 

degree of  ionizat ion α = 0.5 ( i .e. ,  50% of  the solute is  ionized) .  

g.  Solubi l i ty of  a  weak electrolyte  var ies as a funct ion of  pH. 

(1)  For  a  weak acid,  the to tal  solubi l i ty  C s  is  given by the expression: 

C s  =  [HA]  + [A - ]  

where [HA]  is  the int r ins ic  so lub i l i ty  o f  the un ionized weak ac id  and is 

denoted as C0 ,  whereas [A - ]  is  the concentrat ion of  i ts  anion. Because [A - ]  

can be expressed in terms of  C0  and the d issociat ion constant  Ka ,  

 



Thus the solubi l i ty of  a  weak acid increases with increasing pH  ( i .e . ,  

wi th  an increas ing degree of  ion izat ion,  as  the anion is more polar  and 

therefore more water so lub le than the unionized weak acid).  

(2)  S imi lar ly,  for weak bases,  

 

Thus the solubi l i ty decreases with increasing pH  because more of  the 

weak base is in the unprotonated form.  This form is  less polar and therefore 

less water  solub le. 

h .  Buffers and buffer capacity  

(1)  A buffer  is  a  mixture of  sa l t  wi th  acid  or  base that res is ts  changes in  pH 

when smal l  quant i t ies  of  ac id  or base are added.  A buffer  can be a 

combination  o f  a  weak ac id  and i ts  conjugate base (sa l t )  or  a  combinat ion 

of  a  weak base and i ts conjugate ac id  (sal t ) .  However,  buf fer  so lu t ions are 

more commonly prepared  f rom weak ac ids and the ir  sa l ts .  They are not 

ord inari ly  prepared f rom weak bases and thei r  sa l ts  because weak bases 

are of ten unstable and vo lat i le .  

(a)  For  a  weak acid and i ts  salt,  the fo l lowing buf fer equat ion is  

sat is factory for  ca lcula t ions wi th  a  pH of  4-10.  I t  is  important in the 

preparat ion of buf fered pharmaceutica l  solu t ions: 

 

(b)  For a  weak base and i ts  salt ,  the buf fer  equat ion is  s imi lar  but a lso 

depends on the d issociat ion constant  o f water  (pKw) .  The equat ion 

becomes: 

 
(2)  Buffer act ion  is  the res is tance to  a change in  pH. 

(3)  Buffer capacity is  the abi l i ty  o f a  buf fer  so lu t ion to  resist  changes in  

pH.  The smaller the pH change  caused by addi t ion of  a  g iven amount  o f  

ac id  or base,  the greater the buffer capacity o f  the solu t ion. 

(a)  Buffer  capac i ty is  the number of gram equiva lents  of an ac id or  base 

that  changes the pH of  1 L  of buf fer so lut ion by 1 un i t .  

(b)  Buffer  capac i ty is  a f fec ted by the concentrat ion of  the buf fer  

const i tuents .  A h igher  concentrat ion provides a greater ac id or  base 

reserve.  Buf fer capac i ty (β)  is rela ted to  to tal  concentrat ion (C )  as  fo l lows:  
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where C  represents  the molar  concentrat ions of the ac id  and the sal t .  



(c)  Thus buf fer capac i ty depends on the value of  the ra t io  of  the sa l t  to  the 

ac id  form.  I t  increases as the ra t io  approaches uni ty.  Maximum buf fer  

capaci ty occurs when pH = pKa ,  and is represented by β = 0.576C.  

B. Heterogeneous (disperse)  systems  

1.  Introduction  

a.  A suspension  is  a  two-phase system that  is composed of  a so l id  mater ia l  

d ispersed in  an oi ly or aqueous l iquid . The par t ic le  s ize of  the d ispersed 

so l id  is usual ly > 0.5 µm. 

b.  An emulsion  is  a  heterogeneous system that cons is ts  of  a t  least  one 

immiscib le  l iqu id that  is  in t imate ly dispersed in another  in  the form of  

droplets .  The droplet  diameter  usual ly exceeds 0.1 µm. Emuls ions are 

inherently unstable  because the droplets  o f  the d ispersed l iquid  tend to  

coalesce to form large droplets unt i l  a l l  of  the d ispersed droplets  have 

coalesced.  The thi rd  component  of  the system is  an emulsifying agent.  

Th is  agent  prevents  coalescence and maintains  the in tegr i ty o f  the 

indiv idual  drop lets .  

2.  Dispersion stabi l i ty.  In  an ideal dispersion,  the dispersed par t ic les  do 

not  in teract .  The par t ic les  are un i form in s ize and undergo no change in  

posi t ion other  than the random movement  that resu l ts  f rom Brownian 

motion.  In contrast ,  in  a real  dispersion,  the part ic les  are not  un i formly 

s ized ( i .e . ,  they are not monodisperse ) .  The part ic les  are subject  to  

par t icula te aggregat ion,  or  c lumping, and the d ispersion becomes more 

heterogeneous wi th  t ime.  The rate of  settl ing (separating, or creaming)  o f  

the d ispersed phase in  the dispers ion medium is  a  funct ion of the par t ic le 

s ize,  d ispersion phase viscosi ty,  and d i f ference in  densi ty between the 

d ispersed phase and the d ispers ion medium, in accordance wi th  Stokes's 

law:  

 

where d  is  the part ic le d iameter ,  g  is  the accelerat ion owing to  gravi ty,  η  is  

the v iscosi ty o f the dispers ion medium, and (ρ 1  -  ρ2 )  is  the d i f ference 

between the densi ty o f the par t ic les (ρ 1)  and the dens i ty o f  the d ispers ion 

medium (ρ2 ) .  Al though Stokes 's law was der ived to  determine the set t l ing,  

or  sedimentat ion,  o f  noninteract ing spherica l  part ic les ,  i t  a lso provides 

gu idance for  determining the s tab i l izat ion of dispers ion: 

a.  Partic le size  should be as small  as  poss ib le.  Smal ler part ic les  y ie ld 

s lower sedimentat ion, or f lota t ion,  ra tes. 

b.  High particulate (dispersed phase) concentrat ions  increase the rate of  

par t ic le-par t ic le  co l l is ions and in teract ion. As a resul t ,  part ic le aggregat ion 

occurs ,  and ins tab i l i ty  increases as the aggregates  behave as larger  

par t ic les.  In  the case of  l iquid- l iqu id d ispersions, par t ic le-par t ic le  co l l is ions 

can lead to  coalescence ( i .e . ,  larger  par t ic les) and decrease dispers ion 

s tab i l i ty .  

c .  Avoidance of  part ic le-part ic le interactions  



(1)  Aggregat ion can be prevented i f  the par t ic les  have a s imi lar e lect r ical  

charge. Par t ic les  in  an aqueous system always have some elect r ical  charge 

because of  ionizat ion  o f  chemical  groups on the par t ic le  sur face or 

adsorption  o f  charged molecules or  ions at  the in ter face. I f  the adsorbed 

spec ies is  an ionic surfactant  (e.g . ,  sodium lauryl  sul fa te) ,  the charge 

associated wi th the sur fac tant  ion (e .g. ,  lauryl  su l fa te  anion) wi l l  

accumulate at  the inter face.  However,  i f  a  re lat ive ly non-sur face-act ive 

e lec t rolyte  is adsorbed,  the s ign of  the charge of  the adsorbed ion is  less 

readi ly predic ted. 

(2)  The magnitude of  the charge  is  the di f ference in e lect r ical  potent ia l  

between the charged surface of the par t ic le  and the bu lk  of  the dispers ion 

medium. This  magni tude is  approximated by the electrokinet ic ,  or  zeta, 

potentia l  (ζ ) .  The zeta potent ial  is  measured f rom the f ixed,  avidly bound 

layers of ions and so lvent  molecules on the par t ic le  sur face.  When ζ is  h igh 

(e .g.,  ≥ 25 mV),  in terpar t icula te repulsive forces  exceed the at t ract ive 

forces. As a resul t ,  the dispersion is  deflocculated  and re lat ively s tab le to  

co l l is ion and subsequent aggregat ion ( f locculat ion ) .  When ζ is  so low that  

in terpart icu la te attract ive forces  predominate, loose part ic le aggregates, 

or  f locs,  form ( i .e. ,  f locculation  occurs) .  

d.  Density can be manipulated to  decrease the rate of  dispers ion 

instabi l i ty .  The sett l ing  
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ra te decreases as (ρ 1  -  ρ2 )  approaches zero. However,  the dens i ty o f  the 

d ispers ion medium usual ly cannot  be al tered suff ic ient ly to  ha l t  the set t l ing 

(or  f lo tat ion)  process. In the d ispersed phase, the dens i ty o f  sol id par t ic les  

is  not  readi ly a l tered;  al ter ing the dens i ty o f  l iqu id  part ic les  would requi re 

the addi t ion of  a  misc ib le  l iquid  of  higher  (or  lower)  dens i ty.  Al ter ing the 

composit ion of  suspens ions is  also problemat ic  because most  so l id  

par t ic les are denser  than the d ispersion medium. Addi t ives of h igher  (or 

lower)  densi ty might  al ter  the b iopharmaceutica l  character is t ics  of  the 

formulat ion (e .g.,  rate  of drug release,  res idence t ime at the s i te  o f 

adminis t ra t ion, or  absorpt ion) .  

e.  The sedimentat ion,  or  f lotat ion,  rate  is  inverse ly propor t ional  to  the 

viscosity.  An increase  in  the viscosity of  the dispersion medium  

decreases the ra te of  sett l ing,  or  f lo ta t ion. However,  al though the rate of  

destabi l izat ion can be slowed by an increase in  v iscos i ty,  i t  cannot be 

ha l ted. 

3.  Emulsion stabi l i ty.  Coalescence  occurs  in  emuls ion systems when the 

l iqu id part ic les  of  the d ispersed phase merge to form larger  par t ic les .  

Coalescence is  largely prevented by the interfacial  f i lm  o f  sur factant  

around the droplets .  Th is  f i lm prevents  di rec t  contact  of  the l iqu id phase of  

the droplets .  Coalescence of  drop lets in o i l  in  water  (o /w) emuls ions is  a lso 

inhib i ted by the electrostat ic  repulsion  o f  s imi lar ly charged par t ic les .  

Creaming  is  the reversible  separat ion of  a  layer o f  emulsi f ied part ic les .  



Because mixing or shak ing may be suf f ic ient  to reconst i tu te  the emuls ion 

system, creaming is  not  necessari ly  unacceptable.  However,  cracking,  or  

i rreversible phase separat ion,  is  never  acceptable. Phase inversion,  or 

emulsion- type reversa l ,  invo lves the revers ion of  an emulsion f rom an o/w 

to  a water in  oi l  (w/o)  form,  or  v ice versa.  Phase invers ion can change the 

cons is tency or  texture of the emuls ion or  cause fur ther  deteriorat ion in  i ts 

s tab i l i ty .  

V. CHEMICAL KINETICS AND DRUG STABILITY 
A. Introduction.  The stabi l i ty o f  the active component  o f  a  drug is  a 

major  c r i ter ion in  the ra t ional  design and evaluat ion of  drug dosage forms.  

Problems wi th  stabi l i ty can determine whether  a g iven formulat ion is  

accepted or  re jec ted. 

1.  Extens ive chemical  degradat ion of  the act ive ingredient  can cause 

substantial  loss  o f  ac t ive ingredient  from the dosage form. 

2.  Chemical  degradat ion can produce a toxic product  that  has undes i rab le 

s ide ef fec ts .  

3.  Ins tab i l i ty  o f  the drug product can cause decreased bioavai labi l i ty.  As a 

resul t ,  the therapeut ic  e ff icacy of  the dosage form may be substant ia l ly  

reduced. 

B. Rates and orders of  react ions  

1.  The rate of a  reaction,  or  degradat ion ra te,  is  the veloc i ty wi th  which the 

react ion occurs .  Th is  rate is  expressed as dC /d t  ( the change in  

concentrat ion,  or  C,  wi thin  a g iven t ime in terval ,  or  d t ) .  

a.  React ion ra tes depend on cer tain  condit ions (e .g. ,  reactant 

concentration, temperature,  pH,  presence of  solvents or addit ives ) .  

Radiat ion and cata lyt ic  agents  (e .g. ,  po lyva lent  cat ions) a lso have an 

ef fec t .  

b.  The ef fec t ive s tudy of react ion ra tes in  the body requi res appl icat ion of  

pharmacokinetic  principles  (see Chapter  6) .  

2.  The order of a  reaction  is  the way in  which the concentrat ion of  the drug 

or  reactant in a  chemical  react ion af fec ts  the ra te.  The rate of  a react ion,  

dC /d t ,  is  propor t ional  to  the concentrat ion to  the n th  power,  where n  is  the 

order o f  the react ion—that  is ,  

 

The s tudy of  react ion orders is  a crucia l  aspect  o f  pharmacok inet ics  (see 

Chapter  6).  Usual ly,  pharmaceutical  degradation  can be t reated as a 

zero-order,  f i rst-order,  or  higher-order react ion.  The f i rst  two are 

summarized as fol lows.  

a.  In a  zero-order react ion,  the rate is  independent of  the concentrat ion 

of  the reactants  ( i .e . ,  dC /d t  � C0 )  (see Chapter 6) .  Other  factors ,  such as 

absorpt ion of l ight in  certa in photochemical  react ions,  determine the rate. 
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Figure 3-6. Concentration (C) versus time (t) for 
a zero-order reaction. The slope of the line equals 
-k0. The slope of the line is not equal to the rate 
constant because it includes the minus sign. 

(1)  A zero-order reaction  can be expressed as: 

C  =  -k0 t  + C0  

where C  is  the drug concentrat ion,  k 0  is  the zero-order ra te constant  in  

un i ts  o f  concentrat ion/ t ime,  t  is  the t ime, and C0  is  the in i t ia l  concentrat ion. 

(2)  W hen th is  equat ion is  plo t ted wi th C  on the ver t ical  axis  (ord inate)  

against  t  on the horizonta l  axis  (abscissa),  the slope of  the l ine is  equal 

to -k0  (F igure 3-6) .  The negat ive s ign indicates that  the s lope is  

decreas ing. 

b.  In a  f i rst-order react ion,  the rate depends on the fi rst  power of the 

concentration of  a single reactant  ( i .e . ,  dC /d t  � C1 ) .  

(1)  In a  f i rs t -order react ion,  drug concentrat ion decreases exponential ly 

with t ime,  in  accordance wi th  the equat ion 

C  =  C0e
- k

1
t  

where C  is  the concentrat ion of the react ing mater ia l ,  C0  is  the ini t ia l  

concentrat ion,  k 1  is  the f i rs t -order  rate constant in  uni ts  o f rec iprocal  t ime,  

and t  is  t ime.  A p lo t  o f  the logari thm of  concentrat ion against  t ime produces 

a s tra ight l ine wi th a  s lope of  -k /2 .303 (Figure 3-7) .  

(2)  The half- l i fe  ( t1 / 2)  o f  a  react ion is  the t ime requi red for  the 

concentrat ion of  a  drug to  decrease by one hal f .  For  a f i rs t -order  react ion,  

ha l f- l i fe  is  expressed by: 

 
(3)  The t ime required for a  drug to degrade  to  90% of  i ts  or ig ina l  

concentrat ion ( t9 0 % )  is  also important.  Th is t ime represents a reasonable 

l imi t  o f  degradat ion for  the act ive ingredients .  The t9 0 %  can be ca lcula ted 

as: 



 
(a)  Because 

k 1  = 0 .693 /  t½  

(b)  Then 
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Figure 3-7. Logarithm of concentration (log C) 
versus time (t) for a first-order reaction. The slope 
of the line equals -k/2.303. 

(4)  Both t½  and t9 0 %  are concentration independent.  Thus, for t½ ,  i t  takes 

the same amount  of  t ime to  reduce the concentrat ion of the drug from 100 

mM to 50 mM as i t  does f rom 50 mM to 25 mM. 

C. Factors that  affect  react ion rates.  Factors other  than concentrat ion can 

af fec t  the react ion ra te and s tab i l i ty  o f a  drug.  These fac tors  inc lude 

temperature,  the presence of  a so lvent ,  pH,  and the presence of  addi t ives. 

1.  Temperature.  An increase in temperature  causes an increase in 

react ion ra te, as  expressed in  the equat ion f i rs t  suggested by Arrhenius: 

k  =  Ae -Ea /RT  

or  

 

where k  is  the spec i f ic  react ion rate constant,  A  is  a  constant  known as the 

f requency fac tor ,  Ea  is  the energy of  ac t ivat ion, R  is  the molar gas constant  

(1 .987 ca l /degree × mole) ,  and T  is  the absolute temperature. 

a.  The constants  A  and  Ea  are obtained by determining k  a t  severa l  

temperatures and then plo t t ing log k  against  1 /T.  The s lope of the resul t ing 

l ine equals -Ea / (2 .303 × R ) .  The in tercept  on the ver t ica l  axis  equals  log A.  

b.  The act ivat ion energy (Ea )  is  the amount  of  energy requi red to  put  the 

molecules in  an activated state.  Molecules must be act ivated to react.  As 



temperature increases,  more molecules are act ivated,  and the react ion 

rate increases.  

2.  Presence of  solvent.  Many dosage forms requi re the incorporat ion of  a  

water-miscib le  so lvent—for  example, low molecular  weight a lcohols , such 

as the polyethylene g lyco ls (PEGs)—to s tab i l ize the drug. 

a.  A change in  the so lvent  system alters  the t rans i t ion s ta te and the 

activi ty coeff ic ients  o f  the reactant  molecules. I t  can also cause 

s imultaneous changes in physicochemical  parameters ,  such as pKa ,  sur face 

tens ion,  and viscos i ty.  These changes indirect ly affect  the react ion rate.  

b.  In some cases, addit ional  reaction pathways  are generated.  For 

example, wi th  an increasing concentrat ion of  e thanol  in  an aqueous 

so lut ion, asp i r in  degrades by an ext ra  route and forms the ethyl  ester  o f  

acetylsa l icyl ic  acid .  However,  a change in solvent can also stabi l ize the 

drug.  
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3.  Change in pH.  The magni tude of  the ra te of  a  hydro lyt ic  react ion 

cata lyzed by H+  and OH -  can vary cons iderably wi th  pH. 

a.  H+  catalysis  predominates at  lower pH,  whereas OH -  catalysis  operates 

at  higher pH.  At intermediate pH,  the rate may be pH independent  or  may 

be cata lyzed by both H+  and OH - .  Rate constants in  the intermediate pH 

range are typical ly less than those at  h igher or  lower pH.  

b.  To determine the effect  of  pH on degradation kinet ics,  decomposit ion 

is  measured at  severa l  H+  concentrat ions.  The pH of optimum stabil i ty can 

be determined by plo tt ing the logari thm of  the ra te  constant  (k )  as  a 

funct ion of  pH (F igure 3-8) .  The point of  inf lect ion  o f  the plo t is  the pH of  

opt imum stab i l i ty .  Th is  va lue is  usefu l  in the development  o f  a  stable drug 

formulat ion. 

4.  Presence of  addit ives  

a.  Buffer sal ts  must  be added to  many drug so lut ions to  maintain  the 

formulat ion at  opt imum pH. These sa l ts  can affect  the rate of  degradation,  

pr imar i ly as  a resul t  o f  sa l t  increas ing the ion ic  st rength. 

(1)  Increasing sa l t  concentrat ions, part icu lar ly f rom polye lect ro lytes  (e .g. ,  

c i t ra te,  phosphate),  can substantial ly affect  the magnitude of pKa .  In  this  

way,  they change the rate constant .  

(2)  Buffer  sal ts  can a lso promote drug degradation  through general  ac id  

or  base catalys is .  

b.  The addit ion of  surfactants  may accelerate or  decelerate drug 

degradat ion. 

(1)  Accelerat ion of  degradation  is  common and is  caused by mice l lar  

cata lysis .  

(2)  Stabi l ization of  a drug  through the addi t ion of  a  sur fac tant  is  less 

common. 



c.  Complexing agents  can improve drug s tab i l i ty .  Aromatic  esters  (e.g.,  

benzocaine, procaine,  tet racaine)  increase in half - l i fe  in the presence of 

caf fe ine.  This  increased s tab i l i ty  appears to resul t  f rom the formation of  a  

less react ive complex between the aromat ic  es ter and the caf fe ine. 

D. Modes of  pharmaceutical degradation.  The decomposi t ion of act ive 

ingredients  in  a  dosage form occurs  through severa l  pathways (e.g. ,  

hydro lysis,  oxidat ion,  photo lys is ;  see Chapter 12, I I .A) .  

1.  Hydrolysis  is  the most  common type of  degradat ion because many 

medicinal  compounds are esters ,  amides, or  lac tams. 

a.  H+  and OH -  are the most  common catalys ts  o f hydro lyt ic  degradat ion in 

so lu t ion. 

b.  Esters  usual ly undergo hydrolyt ic  react ions that  cause drug ins tabi l i ty .  

Because esters  are rapid ly degraded in aqueous solu t ion,  formulators  are 

re luc tant  to  incorporate drugs that have ester  funct ional  groups in to  l iqu id  

dosage forms. 

 

Figure 3-8. Semilogarithmic plot of the rate 
constant (k) versus pH. This plot is used to 
determine the pH of optimum stability. 
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2.  Oxidat ion  is  usual ly mediated through react ion wi th  a tmospheric  oxygen 

under ambient  condi t ions (auto-oxidat ion) .  

a.  Medic inal  compounds that  undergo auto-oxidat ion at  room temperature 

are af fec ted by oxygen dissolved in the solvent  and in the head space of  

the ir  packages.  These compounds should be packed in an inert 

atmosphere  (e.g . ,  ni t rogen) to  exc lude a i r  f rom the i r containers. 

b.  Most  oxidat ion react ions invo lve a free radical mechanism  and a chain 

react ion.  Free rad ica ls  tend to  take elec t rons f rom other compounds. 

(1)  Antioxidants  in  the formulat ion react  wi th  the f ree radica ls  by providing 

e lec t rons and easi ly avai lable  hydrogen atoms.  In th is  way,  they prevent  the 

propagat ion of  chain react ions. 



(2)  Commonly used antioxidants  include ascorb ic ac id,  buty la ted 

hydroxyaniso le  (BHA),  buty la ted hydroxyto luene (BHT),  propyl  gal late ,  

sodium bisu l f i te,  sodium sul f i te ,  and the tocophero ls.  

3.  Photolysis  is  the degradat ion of drug molecules by normal  sunl ight  or  

room l ight .  

a.  Molecules may absorb the proper  wavelength of  l igh t and acquire 

suff icient energy to undergo reaction.  Usual ly,  photo lyt ic  degradat ion 

occurs  on exposure to  l ight  o f  wavelengths < 400 nm. 

b.  An amber glass bott le  or  an opaque container  acts as a barr ier  to  this  

l ight ,  thereby prevent ing or  retard ing photo lysis .  For  example, sodium 

n i t ropruss ide in  aqueous solut ion has a shel f  l i fe o f  on ly 4  hr  i f  exposed to 

normal  room l ight .  W hen protected f rom l ight ,  the solu t ion is  stable for  a t  

least  1  year.  

E. Determination of  shelf  l i fe .  The shel f  l i fe  o f  a drug preparat ion is the 

amount o f  t ime that  the product can be s tored before i t  becomes unf i t  for 

use,  through e i ther  chemical  decomposi t ion or  phys ica l  deter iorat ion. 

1.  Storage temperature  a f fec ts  shel f  l i fe .  I t  is  general ly unders tood to  be 

ambient  temperature unless spec ial  s torage condi t ions are spec i f ied. 

2.  In general,  a  preparat ion is  considered f i t  for use i f  i t  varies from the 

nominal  concentrat ion or dose by no more than 10%,  provided that  the 

decomposi t ion products  are not  more toxic  or  harmful  than the orig inal  

mater ial .  

3.  Shelf - l i fe  test ing  a ids  in  determin ing the s tandard shel f  l i fe  o f  a  

formulat ion.  a.  Samples are s tored at  3-5°C and at  room temperature (20-

25°C).  The samples are then analyzed at  various in terva ls  to  determine the 

rate of decomposit ion.  Shel f  l i fe  is ca lcu la ted f rom th is  ra te. 

b.  Because storage t ime at  these temperatures can resul t  in  an extended 

tes t ing t ime,  accelerated testing  is  conducted as wel l ,  wi th a  range of  

h igher  temperatures.  The rate constants  obta ined f rom these samples are 

used to  predic t  shel f  l i fe  a t  ambient  or re f r igerat ion temperatures.  

Temperature-accelerated stabi l i ty test ing  is  not useful  i f  temperature 

changes are accompanied by changes in  the react ion mechanism or  by 

phys ical  changes in  the system (e.g. ,  change f rom the so l id  to  the l iquid  

phase) .  

c .  Stabi l i ty at  room temperature  can be predic ted f rom accelerated tes t ing 

data by the Arrhenius equat ion: 

 

where kT2  and kT1  are the ra te constants  at  the absolute temperatures T2  

and T1 ,  respect ively;  R  is  the molar  gas constant;  and Ea  is  the energy of 

ac t ivat ion. 

d.  A l ternat ively,  an express ion of  concentrat ion can be p lo t ted as a l inear  

funct ion of  t ime.  Rate constants  (k )  for  degradat ion at  several  temperatures 

are obtained.  The logari thm of  the ra te constant  ( log k )  is  p lo t ted against  



the reciprocal  o f  absolute temperature (1 /T )  to obta in ,  by ext rapolat ion, the 

ra te constant for degradat ion at  room temperature (F igure 3-9) .  

e.  The length of  t ime that  the drug wi l l  maintain i ts  required potency 

can a lso be predic ted by calcu lat ion of  the t9 0 %  (see V.B.2.b. (3)).  Th is  

method appl ies to chemical  react ions wi th  act ivat ion energ ies of  10-30 

kcal /mol ,  the magnitude of  the act ivat ion energy for  many pharmaceut ica l  

degradat ions that  occur  in  so lut ion. 
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Figure 3-9. Semilogarithmic plot of the rate 
constant (k) versus the reciprocal of absolute 
temperature (1/T), showing the temperature 
dependency of degradation rates. 

VI. DRUG DOSAGE FORMS AND DELIVERY 

SYSTEMS 
A. Oral  solut ions.  The United States Pharmacopeia  (USP )  31/National  

Formulary  (NF)  26  categor izes oral  solutions  as  “ l iqu id preparat ions,  

in tended for  ora l  admin ist ra t ion, that  conta in  one or  more substances wi th 

or  wi thout  f lavor ing, sweetening,  or co lor ing agents  d isso lved in  water  or 

cosolvent-water  mixtures. ”  Ora l  solu t ions can conta in cer tain  po lyols (e .g.,  

sorbi tol ,  g lycer in)  to  inh ib i t  c rys ta l l izat ion and to  modi fy so lub i l i ty ,  tas te,  

mouth feel ,  and other  vehic le  proper t ies .  They can be “ formulated for  d i rec t  

ora l  admin is t rat ion to  the pat ient  or  they may be d ispensed in  a more 

concentrated form that must  be di lu ted prior  to  adminis t ra t ion.”  Drugs in 

solut ion  are more homogeneous and eas ier  to swal low than drugs in  sol id  

form.  For  drugs that  have a s low d isso lut ion ra te,  onset o f act ion and 

b ioavai lab i l i ty  are a lso improved.  However,  drugs in  so lu t ion are bu lk ier  

dosage forms,  degrade more rap idly,  and are more l ike ly to  in teract  wi th 

const i tuents  than those in  so l id  form. 

1.  Water  is  the most commonly used vehicle  for  drug so lut ions.  The USP 

recognizes seven types of  water  for  the preparat ion of  dosage forms: 



a.  Puri fied water  USP is water  obta ined by dis t i l la t ion,  ion exchange, 

reverse osmosis , or  o ther  sui tab le t reatment .  I t  cannot  conta in  more than 

10 par ts  per  mi l l ion (ppm) of  to tal  so l id  and should have a pH between 5 

and 7.  Pur i f ied water  is  used in  prescr ip t ions and f in ished manufactured 

products  except  parentera l  and ophthalmic products.  

b.  Water for inject ion  USP is water  obtained by d ist i l la t ion or by reverse 

osmosis.  I t  conforms to  the s tandards of  puri f ied water  but  is also f ree of  

pyrogen.  Water for in jec t ion is used as a solvent for  the preparat ion of 

parentera l  solu t ions. 

c .  Steri le water for inject ion  USP is  water  for  in ject ion that  is ster i l ized 

and packaged in  s ing le-dose conta iners  of  type I  and I I  g lass.  These 

conta iners  do not  exceed a capaci ty of  1  L .  The l imita t ions for  to tal  so l ids 

depend on the size of the conta iner .  

d.  Bacteriostat ic  water for inject ion  USP is s ter i le  water for in jec t ion that  

conta ins one or more sui tab le  ant imicrob ia l  agents .  I t  is  also packaged in 

s ing le-  or mul t ip le-dose conta iners  of  type I  or  I I  g lass.  These conta iners  do 

not  exceed the capac i ty o f  30 mL. 

e.  Steri le  water for inhalat ion  USP is  water  that  is  puri f ied by d is t i l la t ion 

or  by reverse osmosis  ( i .e . ,  water  for  in ject ion)  and rendered s ter i le .  I t  

conta ins no ant imicrobial  agents ,  except  when used in  humidi f iers or  s imi lar  

devices.  Th is type of  water  should not be used for  parentera l  admin is t ra t ion 

or  for o ther  s ter i le  dosage forms. 

f .  Steri le  water for i rr igat ion  USP is  water  for  in ject ion that  is ster i l ized 

and sui tab ly packaged.  I t  contains  no ant imicrob ia l  agents or  o ther  added 

substance. 
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g.  Sterile  puri f ied water  USP is puri f ied water  ster i l ized and su i tably 

packaged.  I t  conta ins  no ant imicrobia l  agent.  I t  is  not  intended for use in  

parentera ls .  

2.  Oral  drug solut ions  inc lude syrups  and elix irs  as  wel l  as  other  less 

wide ly prescribed c lass ic (galenical )  formulat ions,  such as aromatic 

waters,  t inctures,  f luidextracts,  and spir i ts.  

a.  Syrups  are t radi t ional ly perora l  so lut ions that  conta in  high 

concentrat ions of  sucrose or  o ther  sugars.  Through common usage, the 

term syrup  has a lso come to  inc lude any other  l iqu id  dosage form prepared 

in  a sweet ,  v iscous vehic le ,  inc lud ing perora l  suspens ions. 

(1)  Syrup  NF  (s imple syrup)  is  a concentrated or nearly saturated aqueous 

so lut ion of  sugar (85%; 65% w/w).  

(2)  Syrups have a low solvent capacity for water-soluble drugs  because 

the hydrogen bonding between sucrose and water is  very s t rong.  For  this 

reason, i t  can be di f f icu l t  or  imposs ib le to d isso lve a drug in a  syrup.  Of ten,  

the drug is  best disso lved in a  smal l  quant i ty of  water ,  and the f lavoring 

syrup is  added. 



(3)  The sucrose concentrat ion  o f  syrup p lays a cruc ial  ro le in the control  

o f  microbial  growth.  Di lute  sucrose so lut ions are excel lent  media for  

microorganisms.  As the concentrat ion of  sucrose approaches saturat ion,  the 

syrup becomes se l f -preserving ( i .e . ,  requi res  no addi t ional  preservat ive) .  

However,  a  saturated so lut ion is  undesi rab le because temperature 

f luc tuat ions may cause crys ta l l izat ion.  Syrup  NF  is  a  se l fpreserved so lut ion 

wi th  a  minimal  tendency to  undergo crysta l l izat ion. 

b.  El ix irs  are t rad i t ional ly perora l  solu t ions that contain  a lcohol as a 

cosolvent .  Many peroral  so lu t ions are not  described as e l ixi rs  but contain  

a lcohol .  

(1)  To be cons idered an e l ixi r ,  the so lu t ion must contain alcohol .  

Trad i t ional ly,  the a lcohol content  of  el ixi rs  has var ied f rom 5% to 40%. Most  

e l ixi rs  become turbid  when moderate ly di lu ted by aqueous l iqu ids . El ixi rs  

are not  the preferred vehic le  for  sa l ts  because a lcohol  accentuates sal ine 

tas te.  Sal ts  a lso have l imi ted solubi l i ty  in a lcohol .  Therefore,  the a lcohol ic  

content  o f sa l t -contain ing e l ixi rs  must  be low.  

(2)  Aromatic el ix ir  NF,  prepared in par t  f rom syrup,  contains  approximate ly 

22% alcohol.  The l imi ted usefulness of this  e l ixi r  as  a so lvent  for  drugs was 

of fset  by the development  o f iso-alcohol ic el ix ir .  I t  is  a  combinat ion of 

low-alcoholic  el ixir ,  an e l ixi r  wi th  low a lcohol ic  content  (8%-10% alcohol) ,  

and high-alcohol ic  el ix ir ,  an e l ixi r  wi th  h igh alcohol ic  content  (73%-78% 

alcohol ) .  Mixing appropr ia te  volumes of the two el ixi rs  provides an a lcohol ic  

content  suf f ic ient  to disso lve the drugs. 

B. Miscel laneous solut ions  

1.  Aromatic waters  are c lear ,  saturated aqueous solut ions of  volat i le  

oi ls  or  other  aromat ic  or vo la t i le substances. Aromatic  waters  may be used 

as p leasant ly f lavored vehic les  for  a water-so lub le  drug or  as  an aqueous 

phase in  an emuls ion or  suspension.  I f  a  large amount  o f  water-soluble drug 

is  added to  an aromatic  water ,  then an inso lub le layer  may form at  the top.  

Th is  “salt ing out”  is  a  compet i t ive process. The molecules of  water-soluble 

drugs have more att rac t ion for  the solvent  molecules of  water  than the “oi l ”  

molecules. The associated water  molecules are pu l led away f rom the oi l  

molecules, which are no longer he ld in  so lu t ion. Aromat ic  waters  should be 

s tored in  t ight ,  l ight - resis tant  bot t les  to reduce vo lat i l i zat ion and 

degradat ion f rom sunl ight .  Aromatic waters are usual ly prepared by one of  

the fo l lowing methods: 

a.  Disti l lat ion  is  a universa l  method but is  not  pract ica l  or  economical  for 

most  products . I t  is  the on ly method,  however,  for prepar ing s t rong rose 

water  and orange f lower water .  

b.  W ith  the solut ion method,  the vo la t i le ,  or  aromatic ,  substance is  

admixed wi th  water ,  wi th or  wi thout  the use of  a  d ispersant  (e.g.,  ta lc) .  

2.  Spiri ts ,  or  essences,  are alcohol ic  or  hydroalcohol ic  so lu t ions of vo lat i le  

substances,  that  contain 50%-90% alcohol .  Th is  high alcoholic  content  

maintains  the water- insoluble vola t i le o i ls in so lut ion.  I f  water  is  added to a 

sp i r i t ,  the oi ls  separate.  Some spi r i ts are medicinal  (e .g .,  aromat ic  



ammonia spi r i t ) .  Many sp i r i ts  (e .g. ,  compound orange sp i r i t ,  compound 

cardamom spi r i t )  are used as f lavor ing agents .  Spi r i ts  should be stored in  

t ight  conta iners  to  reduce loss by evaporat ion. 

3.  Tinctures  are a lcohol ic  or hydroalcohol ic  solu t ions of  chemicals  or  

so luble const i tuents  of  vegetable drugs.  Al though t inc tures vary in  drug 

concentrat ion (≤ 50%),  those prepared f rom potent  drugs are usual ly 10% in  

s t rength ( i .e . ,  100 mL of  the t inc ture has the act iv i ty o f  10 g of  the drug).  

Tinc tures are usual ly cons idered s tab le.  The a lcohol  content o f  the of f ic ia l  

t inc tures var ies  from 17% to 21% for  op ium t inc ture USP and f rom 74% to 

80% for  compound benzoin t inc ture USP. Most  t inc tures are prepared by an 

extract ion process  o f   
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macerat ion or  perco lat ion.  The se lect ion of  a solvent,  or  menstruum, is 

based on the solub i l i ty  of  the act ive and iner t  const i tuents of the crude 

drugs.  Aging can cause precipi ta t ion of the inact ive const i tuents  of  

t inc tures.  Glycer in may be added to the hydroalcohol ic  solvent to  increase 

the solubi l i ty  o f the act ive const i tuent  and reduce prec ipi tat ion on s torage.  

Tinc tures must be t ight ly s toppered and kept  f rom excess ive temperatures.  

Because many of  the i r  const i tuents  undergo a photochemical  change when 

exposed to  l ight ,  t inc tures must  be stored in  l ight -res is tant containers. 

4.  Fluidextracts  are l iquid  ext racts  o f  vegetable drugs that contain  a lcohol  

as  a so lvent ,  preservat ive,  or both.  F luidext racts are prepared by 

perco lat ion so that  each mi l l i l i ter  conta ins the therapeut ic  const i tuents  of  1  

g  of  the standard drug.  Because of  the i r  h igh drug content ,  f lu idext racts  are 

sometimes referred to as “100% t inc tures. ”  Flu idext racts  of  potent  drugs are 

usual ly 10 t imes as concentrated,  or potent ,  as  the corresponding t inc ture. 

For  example, the usual  dose of  t inc ture bel ladonna is  0 .6 mL; the 

equiva lent  dose of  the more potent  f lu idext ract  is  0 .06 mL.  Many 

f lu idext racts  are considered too potent for  sel f -administ ra t ion by pat ients ,  

so they are almost  never prescribed.  In  addi t ion, many f lu idext racts  are 

s imply too b i t ter .  Today,  most  f lu idext racts  are modi f ied by ei ther  f lavoring 

or  sweetening agents . 

5.  Nasal ,  ophthalmic,  ot ic ,  and parenteral  solut ions  are c lassi f ied 

separate ly because of  the i r  spec i f ic  use and method of  preparat ion. 

6.  Mouthwashes  are solu t ions that  are used to  c leanse the mouth or  t reat 

d iseases of the ora l  mucous membrane.  They of ten conta in  alcohol  or  

g lycerin  to  a id in disso lv ing the vola t i le ingredients .  Mouthwashes are more 

of ten used cosmet ica l ly than therapeut ica l ly.  

7.  Astr ingents  are local ly appl ied so lut ions that  precipi ta te  pro te in.  They 

reduce cel l  permeabi l i ty  wi thout  caus ing injury.  As t r ingents  cause 

constrict ion,  wi th  wr ink l ing and blanching of  the skin .  Because ast r ingents  

reduce secret ions,  they can be used as ant ipersp i rants. 



a.  Aluminum acetate  and aluminum subacetate solutions  are used as wet  

dress ings in  contact  dermati t is .  The prec ip i ta t ion is  min imized by the 

addi t ion of  bor ic  ac id . 

b.  Calcium hydroxide solut ion  is  a  mi ld  st r ingent  that  is  used in lot ions as 

a reactant and an alka l izer .  

8.  Antibacterial  topical  solut ions  (e .g . ,  benzalkonium chlor ide,  st rong 

iodine,  povidoneiodine) k i l l  bacter ia  when appl ied to  the sk in  or mucous 

membrane in  the proper s t rength and under appropr ia te  condi t ions. 

C. Suspensions  

1.  Lotions,  magmas  ( i .e. ,  suspens ions of  f inely d iv ided mater ia l  in  a  smal l  

amount o f  water) ,  and mixtures  are al l  suspens ions that  have had of f ic ial  

formulas for  some t ime (e.g. ,  ca lamine lo t ion USP, kaol in  mixture wi th  

pect in NF ) .  Off ic ial  formulas are given in  the USP/NF.  

a.  A complete formula  and a detailed method of  preparat ion  are 

avai lab le  for  some of f ic ia l  suspensions.  For  o thers ,  on ly the concentrat ion  

o f  the act ive ingredients  is  g iven,  and the manufacturer  has considerable 

la t i tude in  the formulat ion. 

b.  Some drugs are packaged in  a  dry form  to  c i rcumvent  the ins tab i l i ty  of  

aqueous dispers ions.  Water  is added at the t ime of  dispensing to  

reconst i tu te the suspension. 

2.  Purposes of suspension  

a.  Sustaining effect .  For  a  sustained-release preparat ion,  a  suspension 

necess i ta tes drug dissolut ion before absorpt ion. 

b.  Stabi l i ty.  Drug degradat ion in  suspens ion or  so l id  dosage forms occurs  

much more slowly than degradat ion in so lut ion form. 

c .  Taste.  A drug wi th  an unpleasant  taste can be converted into  an 

inso lub le form and then prepared as a suspens ion. 

d.  Basic solubi l ity.  W hen su i table  solvents  are not  ava i lable ,  the 

suspension provides an a l ternat ive.  For  example, on ly water  can be used as 

a so lvent  for  ophthalmic  preparat ions because of  the possib i l i ty  o f  corneal 

damage.  Ophthalmic suspens ions provide an a l ternat ive to ophthalmic  

so lu t ions. 

3.  Suspending agents  inc lude hydrophi l ic  col lo ids ,  c lays,  and a few other  

agents.  Some are a lso used as emulsifying agents  (see VI .D.3) .  

a.  Hydrophi l ic  colloids  ( i .e . ,  hydrocol loids )  increase the viscosi ty o f 

water  by b ind ing water molecules, thus l imi t ing the i r mobi l i ty ,  or  f lu id i ty.  

Viscos i ty is  propor t ional  to  the concentrat ion of  the hydrocol lo id .  These 

agents support  the growth of  microorganisms  and requi re a preservat ive.  

They are most ly anionic,  wi th  the except ion of methyl  cel lu lose  
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(neutra l )  and ch i tosan (cat ion ic) .  Thus the anionic  hydrocol lo ids  are 

incompatible  wi th  quaternary ant ibacter ia l  agents and other  pos i t ive ly 

charged drugs.  Chi tosan is  incompat ib le wi th  negat ive ly charged drugs and 

exc ip ients.  Most  hydrocol loids  are insoluble in alcohol ic solut ions.  



(1)  Acacia  is  usual ly used as a 35% dispers ion in water  (muci lage) .  I ts  

v iscosi ty is  greatest between pH 5 and pH 9.  Acac ia  is  suscept ible  to  

microbial  decomposi t ion. 

(2)  Tragacanth  is  usual ly used as a 6% dispersion in  water  (muci lage) .  One 

advantage of t ragacanth over  acac ia is  that  less is  needed. Also,  

t ragacanth does not  conta in  the oxidase that  is present  in  acacia.  Th is  

oxidase cata lyzes the decomposit ion of  organic chemicals .  The viscos i ty o f  

t ragacanth is  greatest  a t pH 5. 

(3)  Methyl  cel lulose  is  a  polymer that  is  nonion ic  and s tab le to heat  and 

l ight .  I t  is  ava i lable  in  severa l  v iscosi ty grades.  Because i t  is  so luble in  cold  

water ,  but not  in  hot  water ,  dispers ions are prepared by adding methyl  

ce l lu lose to  bo i l ing water and then cool ing the preparat ion unt i l  the materia l  

d issolves. 

(4)  Carboxymethylcel lulose  is  an anion ic  mater ia l  that is  so lub le in  water .  

Pro longed exposure to  heat  causes loss of  v iscos i ty.  

b.  Clays  (e .g . ,  bentoni te,  Veegum) are s i l icates that  are an ionic  in  aqueous 

d ispers ions.  They are s t rongly hydrated and exhib i t  thixotropy ( the 

proper ty o f forming a ge l- l ike s t ruc ture on s tanding and becoming f lu id on 

agi ta t ion).  

(1)  The of f ic ia l  form of  bentonite  is  the 5% magma. 

(2)  Veegum  is  hydrated to  a greater degree than bentoni te.  Thus i t  is  more 

viscous at the same concentrat ion. 

c .  Other agents  inc lude agar ,  chondrus (carrageenan),  ge la t in ,  pect in,  and 

gelat in ized s tarch.  Thei r  use is  l imi ted by the ir  suscept ib i l i ty  to  bacteria l  

a t tack,  the i r  incompat ib i l i t ies , and the i r cost.  Xanthan gum is  used in  many 

modern suspens ion formulat ions because of  i ts  cosolvent compat ib i l i ty ,  i ts  

s tab i l i ty ,  and i ts  so lu t ion's  h igh viscosi ty rela t ive to  concentrat ion. 

4.  Preparat ion  

a.  Solids are wetted init ia l ly to  separate ind iv idual  par t ic les  and coat  them 

wi th  a layer  of  dispers ion medium. W ett ing is accompl ished by levigat ion  

( i .e . ,  addi t ion of  a sui table  nonsolvent ,  or  levigating agent,  to the so l id  

mater ial ,  fo l lowed by b lending to  form a paste) ,  us ing a g lass mortar  and 

pest le or  an o intment s lab.  A surfactant  can a lso be used. 

b.  Suspending agents  are then added as dry powder a long wi th  the act ive 

ingredient.  For  best resul ts ,  the suspending agent  is added in  the form of  

i ts  aqueous dispersion.  

(1)  The aqueous dispers ion is  added to  the sol id  (or  the levigated so l id)  by 

geometric di lut ion.  

(2)  The preparat ion is  brought  to  the desi red vo lume by s t i r r ing in  the 

appropr ia te vehic le . 

D. Emulsions  

1.  Purposes of emulsions  

a.  Increased drug solubi l i ty.  Many drugs have l imi ted aqueous so lubi l i ty  

but  have maximum solubi l i ty  in  the o i l  phase of  an emuls ion. Drug 



part i t ion ing f rom the oi l  phase to  the water phase can mainta in or  enhance 

act iv i ty.  

b.  Increased drug stabil i ty.  Many drugs are more s table when 

incorporated in to  an emuls ion ra ther  than an aqueous so lut ion. 

c .  Prolonged drug act ion.  Incorporat ion of  a  drug into  an emuls ion can 

pro long b ioavai lab i l i ty ,  as  wi th  cer ta in in t ramuscular  in ject ion preparat ions.  

d.  Improved taste.  Drugs wi th  an unpleasant  taste are more palatab le and 

thus more convenient ly adminis tered in  emulsion form. 

e.  Improved appearance.  Oi ly mater ia ls  in tended for top ica l  appl icat ion are 

more appeal ing in  an emulsi f ied form. 

2.  Phases of emulsions.  Most  emuls ions are cons idered two-phase 

systems.  

a.  The l iquid droplet  is  known as the dispersed, internal ,  or  

discontinuous phase.  The other l iquid  is known as the dispersion 

medium, external phase,  or continuous phase.  

b.  In pharmaceutica l  appl icat ions,  one phase is  usual ly an aqueous 

solut ion.  The other  phase is  usual ly l ip id  or  oi ly.  The l ip ids  range f rom 

vegetable or  hydrocarbon o i ls to semisol id  hydrocarbons and waxes.  

Emuls ions are usual ly descr ibed in  terms of  water  and oi l .  Oi l  is  the l ip id,  or  

nonaqueous,  phase,  regard less of  i ts  composi t ion. 
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(1)  I f  water  is  the internal  phase,  the emuls ion is  c lassi f ied as w/o.  

(2)  I f  water  is  the external  phase,  the emuls ion is  c lassi f ied as o/w.  

c .  The type of  emulsion  formed is  pr imar i ly determined by the relat ive 

phase volumes  and the emulsifying agent  used.  

(1)  For  an ideal  emulsion,  the maximum concentrat ion of  in ternal  phase is  

74% (i .e . ,  theoret ica l ly,  an o/w emulsion can be prepared conta ining ≤ 74% 

oi l ) .  

(2)  The choice of  an emulsi fy ing agent  is  more important  than the rela t ive 

phase volumes in  determin ing the f ina l  emuls ion type.  Most  agents  

preferent ial ly  form one type of  emuls ion or  the other  i f  the phase vo lume 

permi ts .  

3.  Emulsifying agents.  Any compound that  lowers  the in ter fac ia l  tens ion 

and forms a f i lm at  the in ter face can potent ial ly  funct ion as an emulsi fy ing 

agent .  The ef fect iveness of  the emuls i fy ing agent depends on i ts  chemical  

s t ruc ture,  concentrat ion, solubi l i ty ,  pH, phys ica l  proper t ies,  and 

e lec t rostat ic  e f fec t .  True emulsifying agents  (pr imary agents) can form 

and s tab i l ize emuls ions by themselves.  Stabi l izers  (auxi l iary agents)  do not  

form acceptable emulsions when used a lone,  but ass is t  pr imary agents in 

s tab i l iz ing the product (e.g. ,  increase viscos i ty) .  Emuls i fy ing agents  are 

e i ther  natural  or synthetic .  

a.  Natural  emulsifying agents:  



(1)  Acacia  forms a good,  s tab le emulsion of low viscosi ty.  I t  tends to cream 

easi ly,  is  acidic ,  and is  stab le at  a  pH range of 2-10.  L ike other  gums,  i t  is  

negat ively charged,  dehydrates easi ly,  and usual ly requi res a preservat ive.  

I t  is  incompatible  wi th  Peruvian balsam, bismuth sal ts,  and carbonates. 

(2)  Tragacanth  forms a s tab le emuls ion that  is  coarser  than acac ia 

emulsion.  I t  is  an ion ic ,  is  di f f icul t  to  hydrate,  and is  used main ly for  i ts  

e f fec ts  on viscos i ty.  Less than of  the amount  used for acacia is  needed. 

(3)  Agar  is  an anion ic  gum that  is pr imar i ly used to  increase viscosi ty.  I ts  

s tab i l i ty  is  af fec ted by heat ing, dehydrat ion,  and destruct ion of  charge.  I t  is  

a lso suscept ib le  to  microbial  degradat ion. 

(4)  Pectin  is  a  quas i-emulsi f ier  that is  used in  the same proport ion as 

t ragacanth. 

(5)  Gelat in  provides good emuls ion s tab i l izat ion in  a  concentrat ion of  0.5%-

1.0%. I t  may be anionic or  cat ion ic ,  depending on i ts  isoe lectr ic  po int .  Type 

A gelat in  (+) ,  prepared f rom an acid- t reated precursor ,  is  used in  acid ic  

media. Type B gelat in ( - ) ,  prepared from an a lkal i - t reated precursor,  is  used 

in  basic media. 

(6)  Methyl  cel lulose  is  nonionic and induces viscos i ty.  I t  is  used as a 

pr imary emulsi f ier  wi th  mineral  oi l  and cod l iver  o i l ,  and yields  an o/w 

emulsion.  I t  is  usual ly used in  2% concentrat ion. 

(7)  Carboxymethylcel lulose  is  anion ic  and is  usual ly used to  increase 

viscosi ty.  I t  to lerates alcohol  up to 40%, forms a basic so lut ion,  and 

precipi ta tes in the presence of  f ree ac ids . 

b.  Synthetic  emulsifying agents  are anionic,  cat ionic,  or nonion ic .  

Al though these sur fac tants  are amphiphi l ic  molecules,  thei r  l ipophi l ic  and 

hydrophi l ic  regions are se ldom inverse equals  of  each other:  Some 

sur fac tant molecules tend to  be predominant ly l ipophi l ic ,  whereas others  

are predominant ly hydrophi l ic .  Th is  imbalance is  re f lec ted in  the 

hydrophi l ic - l ipophi l ic  ba lance (HLB) scale: The larger  the HLB va lue, the 

more hydrophi l ic  the molecule. Table 3-1 l is ts  HLB va lues for  sur factants  

and thei r  corresponding uses. 

Table 3-1. Hydrophilic-Lipophilic Balance (HLB) 



HLB Value Range Surfactant Application 

0-3 Antifoaming agents 

4-6 Water-in-oil emulsifying agents 

7-9 Wetting agents 

8-18 Oil-in-water emulsifying agents 

13-15 Detergents 

10-18 Solubilizing agents 
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(1)  Anionic  synthet ic agents  include sulfuric  acid esters  (e .g. ,  sodium 

lauryl  sul fate) ,  sulfonic acid derivat ives  (e .g . ,  diocty l  sodium 

sul fosuccinate) ,  and soaps.  Soaps are for  external  use.  They have a h igh 

pH and are,  therefore,  sensi t ive to  the addi t ion of  acids  and e lec t ro lytes . 

(a)  Alkal i  soaps  are hydrophi l ic  and form an o/w emulsion. 

(b)  Metall ic soaps  are water  inso luble and form a w/o emuls ion. 

(c)  Monovalent soaps  form an o/w emulsion. 

(d)  Polyvalent soaps  form a w/o emuls ion. 

(2)  Cationic  synthet ic  agents  (e .g. ,  benzalkonium chlor ide)  are used as 

sur face-act ive agents  in  1% concentrat ion.  They are incompatible  wi th  

soaps. 

(3)  Nonionic  synthet ic  agents  are resistant  to the addi t ion of ac ids  and 

e lec t rolytes . 

(a)  The sorbitan esters  known as Spans  are hydrophobic  in  nature and 

form w/o emuls ions.  They have low hydrophi l ic - l ipophi l ic  balance va lues (1-

9)  (Table 3-2) .  

(b)  The polysorbates  known as Tweens  are hydrophi l ic  and tend to  form 

o/w emulsions.  They may form complexes wi th  phenol ic  compounds. They 

have high hydrophi l ic - l ipophi l ic  ba lance values (11-20).  

4.  Preparat ion.  Var ious methods are used to  prepare emuls ions,  depending 

on the type of  emulsi fy ing agent.  

a.  Class ical ,  acac ia-stabi l ized emulsions are prepared by one of  the 

fo l lowing four  methods: 



(1)  Wet gum (Engl ish)  method.  A pr imary emuls ion of  f ixed o i l ,  water ,  and 

acac ia ( in  a 4:2:1 ra t io)  is  prepared as fol lows:  

(a)  Two par ts o f  water are added a l l  a t  once to  one part  of  acac ia.  The 

mixture is  tr i turated unt i l  a  smooth muci lage is formed. 

(b)  Oi l  is  added in  smal l  increments  (1-5 mL),  wi th  cont inuous t r i turat ion, 

unt i l  the pr imary emulsion is  formed. 

(c)  The mixture (an o/w emulsion)  is  t r i turated for  another  5  min. 

(d)  The o/w mixture can then be brought  to  vo lume wi th  water  and mixed to  

achieve homogenei ty.  

(2)  Dry gum (continental )  method.  A pr imary emuls ion of  the f ixed o i l ,  

water ,  and acac ia ( in  a 4:2:1 ra t io)  is  prepared as fo l lows: 

Table 3-2. Commonly Used Surfactants and Their Hydrophilic-Lipophilic 
Balance (HLB) Values 

Agent HLB Value

Sorbitan trioleate (Span 85, Arlacel 85) 1.8 

Sorbitan tristearate (Span 65) 2.1 

Propylene glycol monostearate (pure) 3.4 

Sorbitan sesquioleate (Arlacel C) 3.7 

Sorbitan monooleate (Span 80y) 4.3 

Sorbitan monostearate (Arlacel 60) 4.7 

Sorbitan monopalmitate (Span 40, Arlacel 40) 6.7 

Sorbitan monolaurate (Span 20, Arlacel 20) 8.6 

Glyceryl monostearate (Aldo 28, Tegin) 5.5 

Gelatin 9.8 

Triethanolamine oleate (Trolamine) 12.0 



Polyoxyethylene alkyl phenol (Igepal CA-630) 12.8 

Tragacanth 13.2 

Polyoxyethylene sorbitan monolaurate (Tween 21) 13.3 

Polyoxyethylene castor oil (Atlas G-1794) 13.3 

Polyoxyethylene sorbitan monooleate (Tween 80) 15.0 

Polyoxyethylene sorbitan monopalmitate (Tween 40) 15.6 

Polyoxyethylene sorbitan monolaurate (Tween 20) 16.7 

Polyoxyethylene lauryl ether (Brij 35) 16.9 

Sodium oleate 18 

Sodium lauryl sulfate 40 
 

P.53 

 

 

(a)  Oi l  is  added to  the acac ia,  and the mixture is  tr i turated unt i l  the powder 

is  d is t r ibuted uni formly throughout  the o i l .  Water is  added a l l  a t  once,  

fo l lowed by rap id t r i turat ion to  form the pr imary emuls ion. 

(b)  Any remaining water  and other  ingredients  are added to f in ish the 

product.  

( i )  Electrolytes in high concentration  tend to  crack an emulsion. They 

should be added las t and in as di lute  a form as poss ible . 

( i i )  Alcohol ic  solut ions  tend to  dehydrate and prec ip i ta te hydrocol lo ids .  

They should be added in as d i lu te  a concentrat ion as poss ible. 

(3)  Bott le  method  (a varia t ion of  the dry gum method used for  vola t i le o i ls) .  

Oi l  is  added to  the acacia in a  bot t le.  The rat io  o f o i l ,  water ,  and acac ia 

should be 3:2:1 or  2 :1: 1.  The low viscos i ty o f  the vo la t i le o i l  requi res  a 

h igher  propor t ion of  acac ia. 

(4)  Nascent soap method.  A soap is  formed by mixing relat ive ly equal  

vo lumes of  an o i l  and an aqueous solut ion that  contains  a suf f ic ient amount  

o f  alka l i .  The soap acts  as an emuls i fy ing agent .  



(a)  Th is method is used to  form an o/w or  a  w/o emuls ion, depending on the 

soap formed.  For  example,  ol ive o i l ,  which conta ins  o leic ac id,  is  mixed wi th  

l ime water  during the preparat ion of ca lamine lo t ion to  ca lc ium o leate,  an 

emulsi fy ing agent .  

(b)  A 50:50 rat io o f o i l  to water  ensures suf f ic ient emuls ion,  provided that  

the o i l  conta ins  an adequate amount  o f  f ree fa t ty acid .  Ol ive o i l  usual ly 

does.  Cot tonseed o i l ,  peanut o i l ,  and some other vegetable o i ls do not .  

(c)  The addi t ion of  an acid  dest roys the emuls i fy ing soap and causes the 

emulsion to separate. 

b.  Emuls ions stabi l ized by synthet ic  emuls i fy ing agents are readi ly 

prepared by a two-phase procedure: 

(1)  Oi l -misc ible ingredients  and water-misc ib le  ingredients  are separately 

admixed,  us ing heat i f  necessary to ensure l iquefac t ion and ease of  mixing 

of  each phase. 

(a)  High mel t ing po int  o i l -miscib le  ingredients  (e .g. ,  waxes)  are mel ted 

before lower mel t ing point  ingredients  (e .g.,  oi ls )  are added. 

(2)  The two phases are heated to  70°-80° and then combined wi th  st i r r ing 

unt i l  the resul tant emuls ion has cooled. 

(a)  In genera l ,  heat- labi le  or  vola t i le  ingredients  should not  be incorporated 

in  the separate phases but  in  the resul tant  emuls ion af ter i t  has cooled to 

about  40°C.  or  less. 

(3)  Fur ther  mechanica l  process ing of  the emulsion by a  hand homogenizer ,  

immers ion blender,  or o ther  equipment  may be warranted to  improve the 

homogenei ty and s tab i l i ty  o f  the product.  

5.  Incorporat ion of  medicinal  agents.  Medic ina l  agents  can be 

incorporated in to  an emuls ion e i ther during or  a f ter  i ts  formation. 

a.  Addit ion of  a  drug during emulsion formation.  I t  is  best  to incorporate 

a drug in to a vehic le dur ing emulsion format ion,  when i t  can be 

incorporated in  molecular  form.  Solub le drugs should be disso lved in  the 

appropr ia te phase (e.g.,  drugs that are so lub le in the external  phase of the 

emulsion should be added as a solu t ion to the pr imary emulsion) .  

b.  Addit ion of  a  drug to a preformed emulsion  can present  some 

d i f f icu l ty,  depending on the type of emuls ion and the nature of  the 

emulsi f ier  (Table 3-3) .  

(1)  Addit ion of  oleaginous materials to a w/o emulsion  presents  no 

problem because of  the miscib i l i ty  o f  the addi t ive wi th  the external  phase. 

However,  addition of  oleaginous materials to an o/w emulsion  can be 

d i f f icu l t  a f ter  emulsion formation. 

(a)  Occas ional ly,  a smal l  amount  o f o i ly  material  is  added i f  excess 

emulsi f ier  was used in  the or ig ina l  format ion. 

(b)  A smal l  amount  o f  an o i l -so lub le drug can be added i f  i t  is  d issolved in  a  

very smal l  quant i ty o f o i l  wi th  geometr ic  di lu t ion techniques. 

(2)  Addit ion of  water or an aqueous material  to a w/o emulsion  is  

ext remely di f f icu l t ,  unless enough emuls i f ier  has been incorporated in to the 

emulsion.  However,  addit ion of aqueous materials to an o/w emulsion  



usual ly presents no problems i f  the added materia l  does not  in teract  wi th  

the emuls i fy ing agent .  Potent ial  in teract ions should be expected wi th  

cat ionic compounds and sa l ts  o f  weak bases. 

(3)  Addit ion of  smal l  quanti t ies of  alcohol ic  solutions to an o/w 

emulsion  is  poss ib le i f  the so lu te is  compatible  or  d ispersib le  in  the 

aqueous phase of  the emuls ion. I f   
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acac ia or another  gum is used as the emuls i fy ing agent ,  the a lcohol ic 

so lu t ion should be di lu ted wi th  water  before i t  is  added.  Table 3-3 l is ts  

some commercial  emulsion bases and the i r genera l  composit ion. 

Table 3-3. Selected Commercial Emulsion Bases: Emulsion Type and Emulsifier 
Used 

Commercial Base Emulsion Type Emulsifier Type 

Allercreme skin lotion o/w Triethanolamine stearate 

Almay emulsion base o/w Fatty acid glycol esters 

Cetaphil o/w Sodium lauryl sulfate 

Dermovan o/w Fatty acid amides 

Eucerin w/o Wool wax alcohol 

HEB base o/w Sodium lauryl sulfate 

Keri lotion o/w Nonionic emulsifiers 

Lubriderm o/w Triethanolamine stearate 

Neobase o/w Polyhydric alcohol esters 

Neutrogena lotion o/w Triethanolamine lactate 

Nivea cream w/o Wool wax alcohols 



pHorsix o/w Polyoxyethylene emulsifiers 

Polysorb hydrate w/o Sodium sesquioleate 

Velvachol o/w Sodium lauryl sulfate 

o/w, oil in water; w/o, water in oil. 
 

(4)  Addit ion of  crystal l ine drugs to a w/o emulsion  occurs  more easi ly i f  

the drugs are d isso lved or  dispersed in a  smal l  quant i ty o f o i l  before they 

are added. 

E. Ointments  

1.  Introduction.  Ointments  are semisolid preparat ions intended for 

external  use.  They are easi ly spread. Modi fy ing the formulat ion controls 

the ir  plast ic  v iscosi ty.  Ointments  are typica l ly used as: 

a.  Emoll ients  to make the skin  more pl iab le 

b.  Protect ive barriers  to  prevent  harmful  substances f rom coming in 

contact  wi th  the sk in 

c .  Vehicles  in which to  incorporate medicat ion 

2.  Ointment bases  

a.  Oleaginous bases  are anhydrous and insoluble in  water .  They cannot  

absorb or  conta in  water  and are not washable in water .  

(1)  Petrolatum  is  a  good base for  o i l - insoluble ingredients . I t  forms an 

occ lus ive f i lm on the sk in ,  absorbs < 5% water under normal  condi t ions, 

and does not become ranc id.  W ax can be incorporated to  s t i f fen the base. 

(2)  Synthetic  esters  are used as const i tuents  of  o leaginous bases.  These 

esters  inc lude g lyceryl  monostearate,  isopropyl  myr is tate,  isopropyl  

pa lmi ta te,  buty l  s tearate, and butyl  pa lmi ta te. Long-chain alcohols (e .g. ,  

cety l  a lcohol,  stearyl  alcohol ,  PEG) can also be used. 

(3)  Lanol in derivat ives  are of ten used in  top ical  and cosmetic  

preparat ions. Examples are lanol in  oi l  and hydrogenated lanol in.  

b.  Absorption bases  are anhydrous and water  insoluble.  Therefore,  they 

are not  washable in  water ,  a l though they can absorb water .  These bases 

permi t  water-solub le medicaments  to  be included through prior  solu t ion and 

uptake as the in ternal  phase. 

(1)  Wool fat  (anhydrous lanol in)  conta ins a h igh percentage of cholesterol  

as  wel l  as  esters  and a lcohol  that  contain  fa t ty acids.  I t  absorbs twice i ts  

weight  in  water  and mel ts  between 36°C and 42°C.  



(2)  Hydrophi l ic  petrolatum  is  a  whi te  petro la tum combined wi th  8% 

beeswax,  3% stearyl  alcohol ,  and 3% cholesterol .  These components  are 

added to  a w/o emuls i f ier .  Prepared forms include Aquaphor,  which uses 

wool  a lcohol  to  render whi te petrola tum emuls i f iab le . Aquaphor is superior  

in  i ts abi l i ty  to  absorb water .  

c .  Emulsion bases  may be w/o emulsions,  which are water insoluble and 

are not  washable in  water .  These emulsions can absorb water because of 

the ir  aqueous in ternal  phase.  Emulsion bases may a lso be o/w emulsions,  

which are water  inso luble but  washable in  water .  They can absorb water  in  

the ir  aqueous external  phase. 
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(1)  Hydrous wool  fat  ( lanol in)  is  a  w/o emulsion that  contains  

approximately 25% water .  I t  acts  as an emol l ient and occlusive f i lm on the 

skin ,  e f fec t ive ly prevent ing ep idermal water  loss. 

(2)  Cold cream  is  a  w/o emulsion that  is  prepared by mel t ing whi te  wax,  

spermacet i ,  and expressed almond oi l  together ;  adding a hot  aqueous 

so lut ion of  sodium borate;  and s t i r r ing unt i l  the mixture is  cool .  

(a)  The use of  minera l  o i l  ra ther  than almond oi l  makes a more s tab le co ld  

cream. However,  co ld cream prepared wi th  a lmond oi l  makes a bet ter 

emol l ient  base. 

(b)  Th is o in tment  should be fresh ly prepared. 

(3)  Hydrophi l ic  ointment  is  an o/w emuls ion that uses sodium lauryl  

su l fa te  as an emulsi fy ing agent .  I t  absorbs 30%-50% w/w wi thout  los ing i ts  

cons is tency. I t  is  readi ly miscible  wi th  water and is  removed from the skin 

easi ly.  

(4)  Vanishing cream  is  an o/w emulsion that  conta ins  a large percentage of  

water  as  wel l  as  humectant  (e .g. ,  glycerin ,  propylene glycol )  that  re tards 

mois ture loss. An excess of  s tear ic  ac id  in  the formula he lps form a thin  

f i lm when the water evaporates. 

(5)  Other emulsion bases  include Dermovan,  a  hypoal lergenic,  greaseless 

emulsion base,  and Unibase,  a  nongreasy emulsion base that  absorbs 

approximately 30% of i ts weight  in  water  and has a pH c lose to  that  o f  the 

skin . 

d.  Water-soluble bases  may be anhydrous or  may conta in  some water .  

They are washable in  water  and absorb water  to  the po int  of  so lub i l i ty .  

(1)  PEG ointment  is  a  blend of  water-soluble polyethylene glycols  that  form 

a semiso l id  base.  This  base can so lubi l ize water-so luble drugs and some 

water- inso lub le drugs.  I t  is  compat ib le wi th  a  wide range of  drugs. 

(a)  Th is base conta ins  40% PEG 3350 and 60% PEG 400. I t  is  prepared by 

the fusion method (see VI .E.3.b) .  

(b)  Only a smal l  amount  o f  l iquid  (< 5%) can be incorporated wi thout  loss of  

v iscosi ty.  Th is base can be made s t i f fer  by increas ing the amount  o f PEG 

3350 to 60%. 



(c)  I f  6% to 25% of an aqueous so lut ion is  to  be incorporated, 5  g  of the 40 

g of  PEG 3350 can be rep laced wi th  an equal  amount o f  s tearyl  a lcohol .  

(2)  Propylene glycol  and propylene glycol-ethanol  form a c lear  ge l  when 

mixed wi th  2% hydroxypropyl  ce l lu lose.  This  base is  a  popular dermatologic  

vehic le . 

3.  Incorporat ion of  medicinal  agents.  Medic ina l  substances may be 

incorporated in to  an oin tment  base by levigat ion  or  by the fusion method.  

Inso lub le substances should be reduced to  the f inest  poss ible form and 

levigated before incorporat ion wi th  a  smal l  amount  o f  compat ib le levigat ing 

agent  or wi th  the base i tse l f .  

a.  Levigat ion.  The substance is  incorporated in to the o in tment by 

levigat ion on an ointment  s lab. 

(1)  A s tainless-s tee l  spatu la wi th  a  long,  broad, f lexib le  b lade should be 

used.  I f  the substance may in teract  wi th  a  meta l  spatu la  (e.g.,  when 

incorporat ing iod ine and mercuric  sal ts ) ,  then a hard rubber spatu la  can be 

used. 

(2)  Insolub le substances should be powdered f ine ly in a  mortar  and mixed 

wi th  an equal  quant i ty o f base unt i l  a  smooth,  gr i t - f ree mixture is obta ined.  

The rest  o f the base is  added in  increments . 

(3)  Levigat ion of  powders  in to  a smal l  por t ion of  base is  faci l i ta ted by the 

use of  a  melted base or  a  smal l  quant i ty o f  compat ible  levigat ion a id  (e.g.,  

mineral  oi l ,  g lycer in) .  

(4)  W ater-soluble sal ts  are incorporated by d isso lv ing them in  the smal lest 

poss ib le amount  o f  water  and incorporat ing the aqueous so lut ion di rec t ly 

in to a compat ib le base. 

(a)  Usual ly,  organic  so lvents  (e.g. ,  e ther ,  ch loroform, a lcohol)  are not  used 

to  dissolve the drug because the drug may crys ta l l i ze as the solvent  

evaporates. 

(b)  Solvents  are used as levigat ing a ids  only i f  the so l id  wi l l  become a f ine 

powder after  the solvent evaporates. 

b.  Fusion method.  Th is method is  used when the base contains so l ids that  

have higher  mel t ing po ints  (e .g.,  waxes,  cety l  a lcohol ,  glyceryl  

monostearate).  Th is  method is a lso usefu l  for  so l id  medicaments ,  which are 

readi ly so lub le in  the mel ted base. 

(1)  The oi l  phase should be melted separately,  star t ing wi th  mater ia ls  that 

have the h ighest  mel t ing po int .  A l l  o ther  o i l -so luble ingredients  are added in  

decreas ing order o f mel t ing po int .  

(2)  The ingredients  in  the water  phase are combined and heated separately 

to  a  temperature that is  equal  to  or several  degrees above that  o f  the 

melted o i l  phase. 
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(3)  The two phases are combined.  I f  a w/o system is  des i red, then the hot 

aqueous phase is incorporated in to the hot  o i l  phase wi th  agi ta t ion.  I f  an 



o/w system is  preferred,  then the hot  oi l  phase is  incorporated in to  the hot 

aqueous phase. 

(4)  Volat i le materials  (e .g. ,  menthol ,  camphor, iod ine,  alcohol ,  per fumes) 

are added af ter  the melted mixture cools  to  40°C or  less. 

F.  Suppositories  

1.  Introduction.  A suppos i tory is  a  sol id or semisol id mass intended to 

be inserted into a body ori f ice  ( i .e . ,  rec tum, vagina,  urethra) .  Af ter  i t  is  

inser ted,  a  suppos i tory ei ther  mel ts  a t  body temperature or  dissolves (or  

d isperses)  in to the aqueous secret ions of the body cavi ty.  

a.  Suppos i tor ies are often used for local  ef fec ts  (e .g. ,  rel ief  o f  hemorrhoids 

or  in fec t ion) .  

b.  W hen used recta l ly,  suppos i tor ies  can provide systemic  medicat ion.  The 

absorpt ion of a  drug f rom a supposi tory through the recta l  mucosa into  the 

c i rcu la t ion involves two s teps: 

(1)  The drug is  released f rom a vehic le and par t i t ions/d i f fuses through the 

mucosa. 

(2)  The drug is  t ransported through the ve ins or  lymph vessels  in to 

systemic  f lu ids  or t issues.  The f i rs t -pass ef fec t  is  avoided because the 

recta l  veins  “bypass”  the l iver .  

c .  Recta l  suppos i tor ies are usefu l  when oral  admin ist ra t ion is  inappropr ia te ,  

as  wi th  in fants ,  debi l i tated or comatose pat ients, and pat ients  who have 

nausea,  vomi t ing,  or  gast ro in test inal  dis turbances.  Some drugs can cause 

d isturbances of  the gast ro in test ina l  t rac t .  

2.  Types of  suppositories  

a.  Rectal  suppositories  are usual ly cyl indr ica l  and tapered to  a po int ,  

forming a bu l let - l ike shape.  As the rectum contracts,  a supposi tory of  th is 

shape moves inward rather  than outward. Supposi tor ies  for adul ts  weigh 

approximately 2  g.  Suppos i tor ies for infants  and ch i ldren are smal ler .  

b.  Vaginal  suppositories  are oval  and typica l ly weigh approximate ly 5 g. 

Drugs admin is tered by th is route are in tended to have a loca l  e f fec t ,  but  

systemic  absorpt ion can occur .  Ant isept ics ,  contracept ive agents ,  and drugs 

used to  t reat  t r ichomonal,  moni l ia l ,  or  bacteria l  infec t ions are of ten 

formulated as vaginal  suppos i tor ies . 

c .  Urethral  suppositories  are typica l ly long and tapered.  They are 

approximately 60 mm long and 4-5 mm in d iameter .  They are admin is tered 

for  a local  ef fec t  and are most  o f ten used for  ant i - in fec t ive agents . 

Alprostad i l ,  or  prostaglandin E1  (PGE1 ) ,  when used to  t reat  erect i le 

dysfunct ion,  is  ava i lable  for  urethra l  insert ion in  the form of  a  micropel le t ,  

or  microsupposi tory,  that is  only 3-6 mm long and 1.4 mm in  diameter .  

3.  Suppository bases  

a.  Cri teria  for satisfactory suppository bases.  Supposi tory bases should 

(1)  Remain f i rm at room temperature to a l low inser t ion.  The supposi tory 

should not  sof ten < 30°C to  avoid mel t ing during s torage. 

(2)  Have a narrow,  or  sharp,  mel t ing range 



(3)  Yie ld a c lear  mel t  just  below body temperature or  d isso lve rapid ly in  the 

cavi ty f lu id 

(4)  Be iner t  and compatib le  wi th a  varie ty of  drugs 

(5)  Be noni r r i tat ing and nonsens i t iz ing 

(6)  Have wet t ing and emulsi fy ing proper t ies 

(7)  Have an acid  value of  < 0.2,  a  saponi f icat ion va lue of  200-245,  and an 

iodine va lue of  < 7 i f  the base is  fa t ty 

b.  Selecting a suppository base.  L ip id-water  solubi l i ty  must be considered 

because of  i ts  re la t ion to the drug-release rate. 

(1)  I f  an o i l -so lub le drug is  incorporated into  an o i ly base,  then the ra te of  

absorpt ion is  somewhat  less than that  achieved wi th  a water-so luble base. 

The l ip id-soluble drug tends to  remain dissolved in  the oi ly pool f rom the 

suppos i tory.  I t  is  less l ike ly to  escape in to  the mucous secret ions f rom 

which i t  is  ul t imately absorbed. 

(2)  Conversely,  a water-so luble drug tends to pass more rap id ly f rom the o i l  

phase to  the aqueous phase.  Therefore,  i f  rap id onset  o f ac t ion is  des i red, 

the water-soluble drug should be incorporated into  the oi ly base. 

c .  Bases that  melt  inc lude cocoa butter,  o ther  combinations of  fats and 

waxes, Witepsol  bases,  and Wecobee bases  (Table 3-4) .  

(1)  Cocoa butter  ( theobroma o i l )  is  the most  wide ly used supposi tory base.  

I t  is  f i rm and so l id  up to  a temperature of  32°C,  at  which point  i t  begins to 

sof ten. At  34-35°C,  i t  mel ts  to  produce a thin , b land,  o i ly l iqu id . 
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Table 3-4. Composition, Melting Range, and Congealing Range of Selected Bases 
That Melt 

Base Composition 
Melting 

Range (°C) 
Congealing 
Range (°C) 

Cocoa butter Mixed triglycerides of oleic, 
palmitic, and stearic acids 

34-35 28 or less 

Cotmar Partially hydrogenated 
cottonseed oil 

34-75 — 

Dehydag Hydrogenated fatty alcohols and 
esters 

  

 Base I 33-36 32-33 

 Base  37-39 36-37 



II 

 
Base 
III  

9 ranges 9 ranges 

Wecobee R Glycerides of saturated fatty 
acids C12-C18 

33-35 31-32 

Wecobee SS Triglycerides derived from 
coconut oil 

40-43 33-35 

Witepsol Triglycerides of saturated fatty 
acids C12-C18, with varied 
portions of the corresponding 
partial glycerides 

  

 H-12 32-33 29-32 

 H-15 33-35 32-34 

 H-85 42-44 36-38 
 

(a)  Cocoa but ter is  a  good base for a  rectal suppository,  but  i t  is  less than 

ideal  for  a  vaginal  or urethral  supposi tory.  

(b)  A mixture of  t r ig lycerides,  cocoa but ter exh ib i ts  po lymorphism. 

Depending on the fus ion temperature,  i t  can crysta l l ize in to any one of  four  

crys tal  forms. 

(c)  Major l imitat ions of  cocoa butter.  Because of  the fo l lowing l imi ta t ions,  

many combinat ions of  fats  and waxes are used as subst i tu tes  (Table 3-4):  

( i )  An inabi l i ty to absorb aqueous solut ions.  The addi t ion of  nonionic 

sur fac tants  to  the base amel iorates th is  problem to  some extent .  However,  

the resul tant supposi tor ies  have poor s tabi l i ty  and may turn rancid rap id ly.  

( i i )  The lowering of  the melt ing point produced by certain drugs  (e .g. ,  

ch loral  hydrate).  

(2)  Witepsol  bases conta in  natural  saturated fa t ty ac id  chains between C12 

and C18.  Laur ic  ac id  is  the major  component .  Al l  12 bases of  th is  series  are 

co lor less and a lmost  odor less. The drug-re lease character is t ics  of  W itepsol  

H15 are s imi lar  to  those of  cocoa butter .  

(a)  Unl ike cocoa but ter,  W itepsol  bases do not  exh ib i t  polymorphism when 

heated and cooled. 

(b)  The in terval  between softening and mel t ing temperatures is  very smal l .  

Because W itepsol  bases sol id i fy rap id ly in  the mold, lubr icat ion of  the mold 

is  not  necessary. 



(3)  Wecobee  bases are der ived f rom coconut o i l .  Thei r  ac t ion is  s imi lar  to 

that  o f  W itepsol bases.  Incorporat ion of  g lyceryl  monostearate and 

propylene g lyco l  monostearate makes these bases emuls i f iable . 

d.  Bases that  dissolve  inc lude PEG  po lymers wi th  a  molecular  weight  of  

400-6000. 

(1)  At  room temperature, PEG 400 is  a l iquid ,  PEG 1000 is  a semisol id ,  

PEG 1500 and 1600 are fa i r ly f i rm semiso l ids ,  and PEG 3350 and 6000 are 

f i rm wax- l ike so l ids. 

(2)  These bases are water  so lub le,  but  the d isso lut ion process is  very s low.  

In  the rectum and vagina,  where the amount o f f lu id  is  very smal l ,  they 

d issolve very s lowly,  but they sof ten and spread. 

(3)  PEGs complex wi th  severa l  drugs and affec t  drug re lease and 

absorpt ion. 

(4)  Mixtures of  PEG polymers in  varying propor t ions provide a base of  

d i f ferent  proper t ies (Table 3-5) .  

4.  Preparat ion.  Suppos i tor ies  are prepared by the fol lowing three methods: 

a.  Hand-rol l ing  involves mold ing the supposi tory wi th  the f ingers  af ter  a 

p las t ic  mass is  formed. 

(1)  A f ine ly powdered drug is  mixed wi th  the grated base in  a mortar and 

pest le,  us ing levigat ion and geometr ic  di lu t ion techniques.  A smal l  quant i ty 

o f  f ixed o i l  may be added to  fac i l i ta te  preparat ion. 

P.58 

 

 

Table 3-5. Mixtures of Polyethylene Glycol (PEG) Bases Providing Satisfactory 
Room Temperature Stability and Dissolution Characteristics 

Base Comments Components 
Proportion 
(%) 

1 Provides a good general-purpose, water-
soluble suppository 

PEG 
6000 

50 

 
PEG 
1540 

30 

  
PEG 
400 

20 

2 Provides a good general-purpose base that 
is slightly softer than base 1 and dissolves 

PEG 
4000 

60 



 
more rapidly PEG 

1500 
30 

 
PEG 
400 

10 

3 Has a higher melting point than the other 
bases, which is usually sufficient to 
compensate for the melting-point lowering 
effect of such drugs as chloral hydrate and 
camphor 

PEG 
6000 

30 

 
PEG 
1540 

70 

 

(2)  The uni formly mixed semiplast ic  mass is  kneaded fur ther ,  rol led in to a 

cyl inder ,  and div ided in to  the requis i te  number of  supposi tor ies .  Each smal l  

cyl inder  is rol led by hand unt i l  a  suppos i tory shape is  fash ioned. 

b.  Compression  is  genera l ly used when cocoa but ter is  used as a base. 

(1)  A un i form mixture of drug and base is  prepared as for  the hand-rol l ing 

method. 

(2)  The mixture is  p laced in to  a supposi tory compress ion device.  Pressure 

is  appl ied,  and the mixture is  forced in to  lubricated compress ion mold 

cavi t ies .  The mold is then cooled and the supposi tor ies  ejected. 

(3)  Th is procedure genera l ly produces a 2-g suppos i tory.  However,  a  large 

vo lume of  the act ive ingredients  can af fect  the amount  o f  cocoa but ter 

requi red for an ind iv idual  formula. 

(a)  The amount o f  cocoa but ter  needed is  determined by ca lcula t ing the 

to tal  amount  o f  act ive ingredient  to be used,  div id ing this number by the 

cocoa butter  densi ty fac tor  (Table 3-6) ,  and subtract ing the resul t ing 

number f rom the to tal  amount  o f  cocoa but ter requi red for  the des i red 

number of  suppos i tor ies. 

(b)  For example,  suppose 12 supposi tor ies ,  each contain ing 300 mg aspi r in ,  

are requi red.  Each mold cavi ty has a 2-g capac i ty.  For  13 supposi tor ies  

(ca lcula ted to  provide one ext ra) ,  3 .9  g aspir in (13 × 0.3 g = 3.9 g)  is 

requi red.  Th is  number is d iv ided by the densi ty fac tor  of  aspi r in (1 .1)  (Table 

3-6) .  Thus 3.9 g of  aspi r in  replaces 3.55 g of  cocoa but ter .  The to ta l  

amount o f  cocoa but ter  needed for  13 suppos i tor ies  of  2 g  each equals  26 

g.  The amount o f cocoa but ter  requi red is  26 g -  3 .55 g,  or  22.45 g. 

c .  The fusion method  is  the pr incipal  way that suppos i tor ies  are made 

commercia l ly.  Th is  method is  used pr imari ly for  suppos i tor ies  that  contain 

cocoa butter ,  PEG, and g lyceringelat in   
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bases.  Molds made of  a luminum, brass, or  n icke l-copper a l loys are used 

and can make 6-50 suppos i tor ies at one t ime. 

Table 3-6. Cocoa Butter Density Factors of Drugs Commonly Used in 
Suppositories 

Drug 
Cocoa Butter 

Density Factor Drug 
Cocoa Butter 

Density Factor 

Aloin 1.3 Dimenhydrinate 1.3 

Aminophylline 1.1 Diphenhydramine 
hydrochloride 

1.3 

Aminopyrine 1.3 Gallic acid 2.0 

Aspirin 1.1 Morphine 
hydrochloride 

1.6 

Barbital sodium 1.2 Pentobarbital 1.2 

Belladonna 
extract 

1.3 Phenobarbital sodium 1.2 

Bismuth 
subgallate 

2.7 Salicylic acid 1.3 

Chloral hydrate 1.3 Secobarbital sodium 1.2 

Codeine 
phosphate 

1.1 Tannic acid 1.6 

Digitalis leaf 1.6   
 

(1)  The capacity of  the molds  is  determined by melt ing a suf f ic ient 

quant i ty o f  base over a  steam bath, pour ing i t  in to  the molds, and al lowing 

i t  to  congeal .  The “b lank”  suppos i tor ies are t r immed,  removed,  and 

weighed. Once the weight  is  known,  the drug-conta in ing suppos i tor ies are 

prepared. 



(a)  To prepare suppos i tor ies,  the drug is  reduced to  a f ine powder.  A smal l  

amount o f  grated cocoa but ter  is  l iquef ied in  a  sui table  container  placed in  

a  water  bath at  33°C or  less. 

(b)  The f inely powdered drug is mixed wi th  mel ted cocoa but ter  wi th  

cont inuous s t i r r ing. 

(c)  The remainder o f  the grated cocoa but ter  is  added wi th  st i r r ing.  The 

temperature is  maintained at  or  be low 33°C.  The l iqu id should appear 

creamy rather than c lear.  

(d)  The mold is  very l ight ly lubr icated wi th minera l  o i l ,  and the creamy mel t  

is  poured in to  the mold at  room temperature.  The melt  is  poured 

cont inuous ly to  avoid layer ing. 

(e)  Af ter  the suppos i tor ies  congeal ,  they are p laced in a  re f r igerator to  

harden.  Af ter 30 min, they are removed f rom the ref r igerator ,  t r immed,  and 

unmolded. 

(2)  The fusion process should be used careful ly wi th  thermolabi le  drugs  

and insoluble powders.  

(a)  Insolub le powders  in  the mel t  may set t le  or  f loat  dur ing pouring,  

depending on the i r  dens i ty.  They may also co l lec t a t  one end of the 

suppos i tory before the mel t  congeals ,  and cause a nonuni form drug 

d ist r ibut ion. 

(b)  Hard crys tal l ine mater ia ls  (e .g.,  iodine,  merbromin)  can be incorporated 

by d isso lv ing the crys ta ls  in  a  min imum volume of  sui tab le  so lvent  before 

they are incorporated in to  the base. 

(c)  Vegetable ext racts  can be incorporated by moistening wi th  a few drops 

of  alcohol  and levigat ing wi th  a  smal l  amount  o f  melted cocoa but ter .  

G. Powders  

1.  Introduction.  A pharmaceut ica l  powder is a  mixture of  f inely d iv ided 

drugs or  chemicals  in  dry form. The powder may be used in ternal ly or 

external ly.  

a.  Advantages  o f  powders 

(1)  Flexib i l i ty  o f  compounding 

(2)  Good chemical  stabi l i ty  

(3)  Rapid d ispersion of ingredients  because of  the smal l  par t ic le  s ize 

b.  Disadvantages  o f  powders  

(1)  Time-consuming preparat ion 

(2)  Inaccuracy of  dose 

(3)  Unsuitabi l i ty  for  many unpleasant- tas t ing,  hygroscopic ,  and del iquescent  

drugs 

c .  Mil l ing  is  the mechanica l  process of reducing the par t ic le  s ize of  sol ids 

(comminution )  before mixing wi th  o ther  components , further process ing,  or  

incorporat ion into  a f inal  product  (Tables 3-7 and 3-8) .  The par t ic le  s ize of  

a  powder is re la ted to  the proport ion of  the powder that  can pass through 

the opening of  s tandard s ieves of  var ious dimensions in  a spec i f ied amount  

o f  t ime.  Micromeritics  is  the s tudy of  par t ic les . 



Table 3-7. United States Pharmacopeia Standards for Powders of Animal and 
Vegetable Drugs 

Type of Powder 
Sieve Size All Particles 
Pass Through 

Sieve Size Percentage of 
Particles Pass Through 

Very coarse (#8) #20 sieve 20% through a #60 sieve 

Coarse (#20) #20 sieve 40% through a #60 sieve 

Moderately 
coarse (#40) 

#40 sieve 40% through a #80 sieve 

Fine (#60) #60 sieve 40% through a #100 sieve 

Very fine (#80) #80 sieve No limit 
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Table 3-8. United States Pharmacopeia Standards for Powders of Chemicals 

Type of Powder 
Sieve Size All Particles 
Pass Through 

Sieve Size Percentage of 
Particles Pass Through 

Coarse (#20) #20 sieve 60% through a #40 sieve 

Moderately 
coarse (#40) 

#40 sieve 60% through a #60 sieve 

Fine (#80) #80 sieve No limit 

Very fine (#120) #120 sieve No limit 
 

(1)  Advantages  o f  mi l l ing 

(a)  Increases the sur face area,  which may increase the dissolut ion ra te as 

wel l  as b ioavai lab i l i ty  (e.g . ,  gr iseofu lv in) 

(b)  Increases ext ract ion, or  leaching, f rom animal g lands (e.g.,  l iver ,  

pancreas)  and f rom crude vegetable ext racts 

(c)  Fac i l i ta tes  drying of wet  masses by increas ing the sur face area and 

reduc ing the d is tance that  mois ture must  trave l  to  reach the outer sur face.  



Micronizat ion and subsequent  drying, in turn,  increase s tab i l i ty  as  occ luded 

so lvent  is  removed. 

(d)  Improves mixing,  or  b lending, o f  severa l  sol id  ingredients  i f  they are 

reduced to approximate ly the same s ize; a lso min imizes segregat ion and 

provides greater dose uni formi ty 

(e)  Permits  uni form d is t r ibut ion of  color ing agents in  ar t i f ic ial ly  co lored 

so l id  pharmaceutica ls 

( f )  Improves the funct ion of  lubricants  used to  coat  the sur face of  the 

granulat ion or powder in compressed tab lets  and capsules 

(g)  Improves the texture, appearance,  and phys ica l  s tab i l i ty  of  oin tments,  

c reams,  and pastes 

(2)  Disadvantages  o f  mi l l ing 

(a)  Can change the polymorphic  form of  the act ive ingredient ,  rendering i t  

less  act ive 

(b)  Can degrade the drug as a resul t  o f  heat  bu i ldup, oxidat ion, or  

adsorpt ion of unwanted mois ture because of  increased surface area 

(c)  Decreases the bulk densi ty o f the act ive compound and exc ipients,  

caus ing f low problems and segregat ion. 

(d)  Decreases the part ic le  s ize of the raw materials  and may create 

problems wi th s ta t ic  charge,  which may cause part ic le  aggregat ion and 

decrease the d isso lut ion ra te 

(e)  Increases sur face area,  which may promote ai r  adsorpt ion and inh ib i t  

wet tab i l i ty 

(3)  Comminution techniques.  On a large scale,  var ious mi l ls  and 

pulverizers (e .g. ,  ro tary cut ter ,  hammer,  ro l ler ,  f lu id  energy mi l l )  are used 

dur ing manufactur ing. On a smal l  scale, the pharmac is t  usual ly uses one of  

the fo l lowing comminut ion techniques: 

(a)  Tri turat ion.  The substance is  reduced to smal l  part ic les  by rubbing i t  in  

a  mortar wi th  a  pest le .  Tr i turat ion a lso describes the process by which f ine 

powders  are in t imately mixed in a  mortar .  

(b)  Pulverizat ion by intervention.  Substances are reduced and subdiv ided 

wi th  an addi t ional  mater ia l  ( i .e . ,  so lvent)  that is  eas i ly removed af ter  

pu lverizat ion.  This  technique is  of ten used wi th  gummy substances that 

reagglomerate or  resist  gr ind ing.  For  example,  camphor is readi ly reduced 

af ter a  smal l  amount  o f  alcohol  or  o ther  vola t i le so lvent is  added.  The 

so lvent  is  then permi t ted to  evaporate. 

(c)  Levigat ion.  The par t ic le s ize of the substance is  reduced by adding a 

su i table  nonsolvent ( levigat ing agent)  to  form a paste.  The paste is then 

rubbed in  a  mortar  and pest le  or  us ing an o intment  s lab and spatula .  Th is 

method is  o ften used to  prevent a  gr i t ty feel  when so l ids are incorporated 

in to dermato logic  or  ophthalmic  oin tments  and suspensions.  Minera l  o i l  is  a  

common levigat ing agent.  

2.  Mixing powders.  Powders are mixed,  or  b lended,  by the fol lowing f ive 

methods: 



a.  Spatulat ion.  A spatula  is  used to b lend smal l  amounts  of  powders  on a 

sheet  o f  paper or a  p i l l  t i le .  

(1)  Th is method is not sui table  for  large quant i t ies  o f powders  or for 

powders  that  conta in  potent  substances because homogeneous blending 

may not  occur .  
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(2)  Th is method is part icu lar ly useful  for  so l id  substances that  l iquefy or  

form eutect ic  mixtures  ( i .e . ,  mixtures that  mel t  a t  a  lower temperature than 

any of  thei r  ingredients)  when in  c lose,  pro longed contact  wi th  one another  

because l i t t le compression or compact ion resul ts.  

(a)  These substances inc lude phenol ,  camphor,  menthol ,  thymol ,  asp i r in ,  

phenylsal icyla te,  and phenacet in .  

(b)  To d imin ish contact ,  powders  prepared f rom these substances are 

commonly mixed wi th  an iner t  di luent  (e.g. ,  l ight magnes ium oxide or  

magnes ium carbonate,  kaol in ,  s tarch,  bentoni te).  

(c)  S i l ic ic  ac id  (approximate ly 20%) prevents  eutexia  wi th  aspi r in,  

phenylsal icyla te,  and other  t roublesome compounds. 

b.  Tri turat ion  is  used both to comminute and to  mix powders . 

(1)  I f  comminut ion is  desi red,  a  porcela in  or ceramic  mortar  wi th  a rough 

inner  sur face is  preferred to  a glass mortar wi th  a  smooth working sur face. 

(2)  A glass mortar is  preferable for  chemicals  that  s ta in a porcela in  or 

ceramic  surface as wel l  as  for  s imple admixture of  substances wi thout 

spec ia l  need for  comminut ion.  A g lass mortar  c leans more readi ly af ter use. 

c .  Geometric  di lut ion  is  used when potent substances must be mixed wi th  

a large amount  of  di luent .  

(1)  The potent  drug and an approximately equal vo lume of  di luent are 

p laced in  a  mortar  and thoroughly mixed by t r i turat ion. 

(2)  A second por t ion of  di luent ,  equal  in  vo lume to  the powder mixture in 

the mortar ,  is  added,  and t r i turat ion is  repeated.  The process is cont inued;  

equal  volumes of d i luent are added to  the powder mixture in  the mortar unt i l  

a l l  o f  the d i luent  is incorporated. 

d.  Sif ting.  Powders are mixed by pass ing them through s i f ters  s imi lar  to  

those used to  s i f t  f lour .  Th is  process resul ts  in  a l ight ,  f lu f fy product.  

Usual ly,  i t  is  not acceptable for  incorporat ing potent  drugs in to  a d i luent  

base. 

e.  Tumbling  is  the process of  mixing powders in a  large container  rotated 

by a motorized process.  These b lenders  are widely used in  industry,  as  are 

large-vo lume powder mixers  that  use motor ized blades to  blend the powder 

in  a large mixing vessel.  

3.  Use and packaging of  powders.  Depending on the i r  in tended use,  

powders  are packaged and dispensed by pharmacis ts as  bu lk  powders  or  

d iv ided powders . 



a.  Bulk powders  are dispensed by the pharmacist in  bu lk  containers . A 

perforated,  or  sif ter,  can  is  used for external  dust ing,  and an aerosol  

container  is  used for spraying onto skin .  A wide-mouthed glass jar  

permi ts  easy removal  of  a  spoonful  of  powder. 

(1)  Powders  commonly dispensed in bulk form 

(a)  Antacid and laxat ive powders  are used by mixing the d i rec ted amount  

o f  powder (usual ly approximate ly 1  teaspoon) in  a  port ion of  l iqu id,  which 

the pat ient  then dr inks. 

(b)  Douche powders  are d isso lved in  warm water  and appl ied vaginal ly.  

(c)  Medicated and nonmedicated powders for external  use  are usual ly 

d ispensed in  a s i f ter  for  convenient  appl icat ion to  the sk in . 

(d)  Denti fr ices,  or  dental  c leansing powders,  are used for  ora l  hyg iene. 

(e)  Powders  for  the ear,  nose,  throat,  tooth sockets,  or  vagina  are 

adminis tered wi th  an insuf f la tor,  or powder b lower.  

(2)  Nonpotent substances  are usual ly d ispensed in  bu lk  powder form.  

Those in tended for  external  use should be clear ly labeled. 

(3)  Hygroscopic,  del iquescent,  or  volati le  powders  should be packed in  

g lass jars  ra ther  than pasteboard conta iners .  Amber or  green g lass should 

be used i f  needed to  prevent  decomposi t ion of  l ight -sens i t ive components . 

Al l  powders  should be s tored in  t ight ly c losed conta iners . 

b.  Divided powders  are d ispensed in  indiv idual  doses,  usual ly in  folded 

papers  ( i .e . ,  char tu lae) .  They may a lso be d ispensed in metal  foi l ,  smal l  

heat-sealed or  resealab le plast ic  bags,  or  o ther  conta iners . 

(1)  Af ter  the ingredients are weighed,  comminuted,  and mixed,  the powders  

must  be accurate ly divided  in to the prescr ibed number of  doses. 

(2)  Depending on the potency of  the drug substance,  the pharmacist  

decides whether  to  weigh  each port ion separate ly before packaging or to 

approximate por t ions by the block-and-divide method.  
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(3)  Powder papers  can be of  any convenient s ize that  f i ts  the requi red 

dose.  Four bas ic  types are used: 

(a)  Vegetable parchment  is  a  th in ,  semiopaque,  mois ture-resis tant paper.  

(b)  White bond  is  an opaque paper that  has no mois ture-resis tant 

proper t ies. 

(c)  Glassine  is  a  glazed, t ransparent ,  mois ture-res is tant  paper .  

(d)  Waxed paper  is  a  t ransparent  waterproof paper.  

(4)  Hygroscopic  and vo lat i le drugs are best protected wi th  waxed paper that  

is  double wrapped and covered wi th a bond paper to  improve the 

appearance.  Parchment  and g lass ine papers  are of  l imi ted use for  these 

drugs. 

4.  Special  problems.  Volat i le  substances,  eutect ic  mixtures, l iquids ,  and 

hygroscopic  or del iquescent  substances present problems when they are 

mixed into  powders that  requi re  specia l  t reatment.  



a.  Volat i le  substances  (e .g . ,  camphor,  menthol ,  essent ial  oi ls )  can be lost  

by vo la t i l i zat ion af ter they are incorporated in to  powders .  Th is  process is 

prevented or  re tarded by the use of  heat-sealed p las t ic  bags or  by double 

wrapping wi th  waxed or  g lassine paper ins ide whi te  bond paper. 

b.  Liquids  are incorporated in to  div ided powders in  smal l  amounts . 

(1)  Magnesium carbonate,  starch, or  lac tose can be added to  increase the 

absorbabi l i ty  o f  the powders by increas ing the sur face area. 

(2)  W hen the l iquid  is a  so lvent  for  a  nonvolat i le  heat-s tab le compound,  i t  is  

evaporated gent ly in  a  water  bath.  Some f lu idext rac ts  and t inc tures are 

t reated in  th is  way.  

c .  Hygroscopic and del iquescent substances  that  become mois t  because 

of  an aff in i ty for  mois ture in the ai r  can be prepared as d iv ided powders by 

adding iner t  d i luents.  Double wrapping is des i rable  for further protect ion. 

d.  Eutect ic  mixtures  

H. Capsules  

1.  Introduction.  Capsules are sol id dosage forms in  which one or  more 

medicinal  or  iner t  substances (as powder,  compact ,  beads,  or granulat ion)  

are enclosed wi th in a  smal l  gela t in  shel l .  Gelat in  capsules may be hard or 

sof t .  Most  capsules are in tended to be swal lowed whole,  but  occas ional ly,  

the contents are removed f rom the gelat in  shel l  and used as a premeasured 

dose. 

2.  Hard gelat in capsules  

a.  Preparat ion of  f i l led hard capsules  includes prepar ing the formulat ion,  

se lect ing the appropria te capsule,  f i l l ing the capsule shel ls ,  and c leaning 

and pol ish ing the f i l led capsules. 

(1)  Empty hard capsule shel ls  are manufactured f rom a mixture of  ge lat in,  

co lorants,  and sometimes an opaci fy ing agent  (e .g. ,  t i tan ium d ioxide) .  The 

USP a lso permi ts  the addi t ion of  0 .15% sul fur d ioxide to  prevent  

decomposi t ion of gela t in during manufacture. 

(2)  Gelat in  USP is obta ined by par t ia l  hydro lysis  o f  co l lagen obta ined f rom 

the skin , whi te  connect ive t issue, and bones of  an imals .  Types A and B are 

obtained by acid  and a lka l i  processing,  respect ive ly.  

(3)  Capsule shel ls  are cast  by d ipping co ld metal l ic  molds or  pins  in to 

ge lat in  so lu t ions that  are mainta ined at  a  un i form temperature and an exact  

degree of  f lu id i ty.  

(a)  Varia t ion in  the v iscos i ty of  the ge lat in  so lu t ion increases or  decreases 

the th ickness of  the capsule wal l .  

(b)  Af ter  the p ins  are wi thdrawn f rom the gelat in  so lu t ion, they are ro tated 

whi le  being dried in  k i lns.  A st rong blas t  o f  f i l te red a ir  wi th  contro l led 

humidi ty is  forced through the ki lns . Each capsule is  then mechanical ly 

s t r ipped,  t r immed, and joined. 

b.  Storage.  Hard capsules should be stored in  t ight ly c losed g lass 

conta iners  and protected f rom dust and ext remes of  humid i ty and 

temperature. 



(1)  These capsules conta in  12%-16% water ,  varying wi th s torage 

condi t ions. W hen humidi ty is  low,  the capsules become br i t t le .  When 

humidi ty is  high,  the capsules become f lacc id and shapeless. 

(2)  Storage at  high temperatures also affec ts the qual i ty o f  hard gelat in  

capsules. 

c .  Sizes.  Hard capsules are avai lab le  in  a var iety o f  s izes. 
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(1)  Empty capsules are numbered  f rom 000,  which is  the largest  s ize that  

can be swal lowed,  to 5 ,  the smal lest  s ize.  The approximate capac i ty o f  

capsules ranges f rom 600 to  30 mg for capsules from 000 to 5,  respect ively.  

The capac i ty var ies because of  varying densi t ies  of  powdered drug 

mater ials and the degree of  pressure used to  f i l l  the capsules. 

(2)  Large capsules are avai lab le for veterinary medicine.  

(3)  Selecting capsules.  Capsule s ize should be chosen carefu l ly.  A 

proper ly f i l led capsule should have i ts body f i l led  wi th  the drug mixture and 

i ts  cap fu l ly extended down the body.  The cap is  meant  to  enclose the 

powder,  not  to  re tain  addi t ional  powder.  Typica l ly,  hard gelat in  capsules are 

used to  encapsulate between 65 mg and 1 g of  powdered mater ia l ,  inc luding 

the drug and any d i luents  needed. 

(a)  I f  the drug dose is  inadequate to  f i l l  the capsule , a  d i luent  (e .g.,  

lactose)  is added. 

(b)  I f  the amount  o f  drug needed for a  usual dose is  too large to  p lace in  a  

s ing le  capsule,  two or  more capsules may be requi red. 

(c)  Lubr icants  such as magnes ium stearate ( f requent ly,  1%) are added to 

faci l i ta te  the f low of  the powder when an automatic  capsule-f i l l ing machine 

is  used. 

(d)  W ett ing agents  (e.g. ,  sodium lauryl  su l fa te) may be added to  capsule 

formulat ions to enhance drug d isso lut ion. 

d.  Fil l ing capsules.  Whether on a large-  or  a smal l -product ion sca le,  the 

cap is  f i rs t  separated f rom the body of  the capsule before f i l l ing the capsule 

body wi th  the formulat ion and then reat taching the cap.  Automated and 

semiautomated capsule- f i l l ing equipment  f i l l  the capsule bodies wi th the 

formulat ion by gravi ty f i l l ,  tamping, or  a  screw-feed ( i .e . ,  auger)  

mechanism. Extemporaneous ly compounded capsules are usual ly f i l led by 

the punch method. 

(1)  The powder is  placed on paper and f lat tened wi th  a  spatu la  so that  the 

layer  of  powder is  no more than approximately one thi rd  the length of  the 

capsule. The paper is  held in  the le f t  hand.  The body of  the capsule is  he ld 

in  the r ight  hand and repeatedly pressed in to the powder unt i l  the capsule 

is  f i l led.  The cap is  rep laced and the capsule weighed. 

(2)  Granular  mater ia l  that  does not  lend i tsel f  wel l  to  the punch method can 

be poured in to  each capsule f rom the powder paper on which i t  was 

weighed. 



(3)  Crystal l ine  materia ls,  espec ia l ly those that  consist  o f  a  mass of 

f i lament- l ike crys ta ls  (e.g. ,  qu in ine sa l ts ) wi l l  not f i t  in to  a capsule easi ly 

un less they are powdered. 

(4)  Af ter  they are f i l led, capsules must  be cleaned and pol ished. 

(a)  On a small scale,  capsules are c leaned indiv idual ly or  in smal l  numbers 

by rubbing them on a c lean gauze or  c loth . 

(b)  On a large scale,  many capsule- f i l l ing machines have a c leaning 

vacuum that removes any ext raneous material  as the capsules leave the 

machine. 

3.  Soft gelat in capsules  

a.  Preparat ion  

(1)  Soft  ge la t in  capsules are prepared f rom gelat in  shel ls.  Glycer in or  a  

po lyhydric  a lcohol (e .g . ,  sorbi tol )  is  added to  these shel ls to  make them 

e last ic  or  plas t ic - l ike. 

(2)  These shel ls  conta in  preservat ives (e .g. ,  methyl  and propyl  parabens,  

sorbic ac id)  to prevent  the growth of  fungi .  

b.  Uses.  Sof t  gela t in  shel ls are oblong,  e l l ipt ical ,  or  spher ica l .  They are 

used to  conta in  l iquids ,  suspensions,  pastes,  dry powders,  or pel lets.  

(1)  Drugs that  are commerc ia l ly prepared in  soft  capsules include 

demeclocyc l ine hydrochlor ide (Dec lomycin, Leder le) ,  chlora l  hydrate,  

d igoxin  (Lanoxicaps,  GlaxoSmithKl ine),  v i tamin A,  and vi tamin E. 

(2)  Soft  ge la t in  capsules are usual ly prepared by the p late process or  by 

the ro tary or  rec iprocat ing d ie  process. 

4.  Uniformity and disintegrat ion  

a.  The uniformity o f  dosage forms can be demonstrated by ei ther  weight  

var ia t ion or  content  un i formity methods.  The of f ic ial  compendia should be 

consul ted for  detai ls  o f these procedures. 

b.  Disintegrat ion  tes ts  are not  usual ly requi red for  capsules un less  they 

have been t reated to  resis t  solu t ion in  gastr ic  f lu id  (enteric  coated) .  In  th is  

case,  they must  meet  the requi rements  for  dis in tegrat ion of enteric -coated 

tab lets .  
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I .  TABLETS  

1.  Introduction  

a.  The oral  route  is  the most  important  method for  admin is ter ing drugs for  

systemic  ef fec t .  Ora l  drugs can be given as sol ids  or l iquids. 

(1)  Advantages of  sol id dosage forms  

(a)  Accurate dosage 

(b)  Easy shipp ing and handl ing 

(c)  Less shel f  space needed per  dose than for  l iqu id 

(d)  No preservat ion requi rements 

(e)  No tas te-masking problem 

( f )  Genera l ly more s tab le than l iqu ids , wi th  longer expi ra t ion dates 



(2)  Advantages of  l iquid dosage forms  

(a)  For  some drugs (e.g.,  adsorbents , antac ids) ,  greater  e f fec t iveness than 

so l id  form 

(b)  Useful  for  pat ients  who have t rouble swal lowing so l id  dosage forms 

b.  Tablets  are the most commonly used sol id dosage form.  

(1)  Advantages  

(a)  Prec is ion and low content  var iab i l i ty  o f  the un i t  dose 

(b)  Low manufactur ing cost 

(c)  Easy to package and ship 

(d)  S imple to  ident i fy 

(e)  Easy to swal low 

( f )  Appropria te  for  spec ia l - release forms 

(g)  Best  sui ted to large-scale product ion 

(h)  Most  stable of  a l l  oral  dosage forms 

( i )  Essent ia l ly  tamperproof 

(2)  Disadvantages  

(a)  Some drugs res is t  compress ion in to tab lets .  

(b)  Some drugs ( i .e . ,  those wi th  poor  wet t ing,  s low d issolut ion proper t ies , 

in termediate to  large doses,  opt imum absorpt ion h igh in  the gast ro in test ina l  

t ract ,  or  any combinat ion of  these features)  may be di f f icu l t  to  formulate to  

provide adequate bioavai lab i l i ty .  

(c)  Some drugs (e.g. ,  those wi th  an object ionable tas te or  odor ,  those 

sens i t ive to  oxygen or a tmospher ic  mois ture)  requi re encapsulat ion or 

ent rapment before compress ion.  These drugs are more appropr ia te in 

capsule form. 

2.  Tablet design and formulation  

a.  Characterist ics of  ideal  tablets  

(1)  Free of  defects  (e .g.,  chips ,  c racks,  d isco lorat ion, contaminat ion) 

(2)  St rong enough to  wi ths tand the mechanica l  s tresses of product ion 

(3)  Chemical ly and physica l ly s table over  t ime 

(4)  Capable of  re leasing medicinal  agents in a  predic tab le and reproduc ible  

manner 

b.  Tablet excipients.  Tablets  are manufactured by wet granulat ion,  dry 

granulat ion,  or  direct  compression.  Regard less of  the method of  

manufacture,  table ts  for  ora l  ingest ion usual ly conta in  exc ipients,  which are 

components  added to  the act ive ingredients that  have spec ia l  funct ions 

(Table 3-9) .  

(1)  Di luents  are f i l le rs des igned to  make up the requi red bulk o f  the tab let  

when the drug dosage amount  is  inadequate. Di luents  may also improve 

cohesion,  permi t  d i rec t compress ion, or  promote f low.  

(a)  Common di luents  inc lude kaol in ,  lac tose,  manni to l ,  starch,  

microcrys ta l l ine ce l lu lose,  powdered sugar,  and ca lc ium phosphate. 

(b)  Select ion of  the diluent  is  based on the exper ience of the 

manufacturer  as wel l  as  on the cost  o f  the d i luent and i ts  compat ibi l i ty  wi th  

the other  tab le t  ingredients . For example,  calc ium sal ts  cannot  be used as 



f i l le rs  for  tet racyc l ine products  because ca lc ium in ter feres wi th the 

absorpt ion of tet racyc l ine f rom the gastroin test ina l  t ract .  

(2)  Binders and adhesives  are added in e i ther dry or  l iqu id form to  

promote granulat ion or  to  promote cohes ive compacts  during d irect  

compress ion. 

(a)  Common binding agents  inc lude a 10%-20% aqueous preparat ion of  

cornstarch,  a  25%-50% solut ion of g lucose,  molasses,  var ious natura l  gums 

(e.g.,  acac ia) ,  ce l lu lose der ivat ives (e .g. ,  methylce l lu lose,  

carboxymethylcel lu lose,  microcrys ta l l ine  
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ce l lu lose) ,  gela t ins ,  and povidone. The natura l  gums are var iab le  in  

composit ion and are usual ly contaminated wi th  bacter ia.  

Table 3-9. Some Common Tablet Excipients 

Diluents 

Calcium phosphate dihydrate NF (dibasic) 

Calcium sulfate dihydrate NF 

Cellulose NF (microcrystalline) 

Cellulose derivatives 

Dextrose 

Lactose USP 

Lactose USP (anhydrous) 

Lactose USP (spray dried) 

Mannitol USP 

Starches (directly compressible) 



Starches (hydrolyzed) 

Sorbitol 

Sucrose USP (powder) 

Sucrose-based materials 

Binders and adhesives 

Acacia 

Cellulose derivatives 

Gelatin 

Glucose 

Povidone (PVP) 

Sodium alginate and alginate derivatives 

Sorbitol 

Starch (paste) 

Starch (pregelatinized) 

Tragacanth 

Disintegrants 

Alginates 



Cellulose 

Cellulose derivatives 

Clays 

Crospovidone (cross-linked PVP) 

Starch 

Starch derivatives 

Lubricants 

PEGs 

Stearic acid 

Stearic acid salts 

Stearic acid derivatives 

Surfactants 

Talc 

Waxes 

Glidants 

Cornstarch 

Silica derivatives 



Talc 

Colors, flavors, and sweeteners 

FD&C and D&C dyes and lakes 

Flavors available in two forms (spray dried, oil) 

Artificial sweeteners 

Natural sweetener 

D&C, drugs and cosmetics; FD&C, food, drugs, and cosmetics; NF, 
National Formulary; PEG, polyethylene glycol; PVP, polyvinylpyrrolidone 
(more commonly, povidone); USP, United States Pharmacopeia. 

 

(b)  I f  the drug substance is  adversely a f fected by an aqueous b inder,  a  

nonaqueous binder  can be used or  the binder  can be added dry.  The 

b ind ing act ion is  usual ly more effect ive when the b inder  is  mixed in  l iqu id 

form. 

(c)  The amount  of  binder  or  adhesive used depends on the exper ience of 

the manufacturer as  wel l  as  on the other  table t ingredients . Overwet t ing 

usual ly produces granules that are too hard to  a l low proper tab le t ing. 

Underwet t ing usual ly produces tablets  that  are too sof t  and tend to  crumble. 

(3)  Disintegrants  are added to  table t  formulat ions to fac i l i ta te 

d is in tegrat ion when the tab le t  contacts water  in  the gast ro in test inal  t ract .  

Dis in tegrants funct ion by drawing water into  the tab le t ,  swel l ing, and 

caus ing the tab let  to burs t .  

(a)  Tablet  dis integrat ion may be cr i t ical  to  the subsequent  d isso lut ion of  the 

drug and to sat is fac tory drug b ioavai lab i l i ty .  

(b)  Common disintegrants  include cornstarch and potato s tarch;  s tarch 

der ivat ives (e .g. ,  sodium starch glyco late) ;  ce l lu lose derivat ives (e .g. ,  

sodium carboxymethylcel lu lose,  c roscarmel lose sodium); c lays (e .g. ,  

VEEGUM, bentoni te) ;  and cat ion exchange res ins.  

(c)  The to tal  amount of  disintegrant  is  not  a lways added to  the drug-

d i luent  mixture.  A por t ion can be added,  wi th the lubr icant,  to  the prepared 

granulat ion of  the drug.  This  approach causes double dis in tegrat ion of  the 

tab le t .  The por t ion of  dis in tegrant  that is  added las t  causes the tab le t  to  

break in to smal l  p ieces,  or  chunks.  The por t ion that  is  added f i rs t  breaks 

the p ieces of  tab le t  in to  f ine part ic les . 



(4)  Lubricants, antiadherents,  and gl idants  have over lapping funct ion. 

(a)  Lubricants  reduce the f r ic t ion that  occurs  between the wal ls  o f  the 

tab le t  and the wal ls  o f the d ie  cavi ty when the table t  is  e jec ted. Talc,  

magnes ium stearate,  and ca lc ium stearate are commonly used. 
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(b)  Antiadherents  reduce s t ick ing, or  adhesion,  o f  the tab le t  granulat ion or  

powder to the faces of  the punches or the die  wal ls .  

(c)  Gl idants  promote the f low of  the tab le t  granulat ion or powder by 

reduc ing fr ic t ion among par t ic les. 

(5)  Colors and dyes  d isguise of f -color  drugs, provide product  

ident i f icat ion, and produce a more aesthet ical ly appeal ing product .  Food,  

drug,  and cosmetic dyes  are appl ied as so lu t ions.  Lakes  are dyes that  

have been absorbed on a hydrous oxide.  Lakes are typica l ly used as dry 

powders . 

(6)  Flavoring agents  are usual ly l imi ted to  chewable tab le ts or  table ts  that  

are in tended to  dissolve in  the mouth. 

(a)  W ater-soluble f lavors usual ly have poor  s tab i l i ty .  For this reason,  f lavor  

o i ls  or  dry powders  are typ ical ly used. 

(b)  F lavor  oi ls  may be added to tab let  granulat ions in  solvents ,  d ispersed 

on c lays and other  adsorbents ,  or  emulsi f ied in aqueous granulat ing agents .  

Usual ly,  the maximum amount  o f  oi l  that  can be added to  a granulat ion 

wi thout  a f fec t ing i ts  table t  character is t ics  is  0 .5%-0.75%. 

(7)  Art i f ic ial  sweeteners,  l i ke f lavors ,  are typical ly used only wi th  

chewable tab le ts  or tab le ts  that  are in tended to  d issolve in  the mouth. 

(a)  Some sweetness  may come f rom the di luent (e .g. ,  manni tol ,  lac tose).  

Other  agents (e .g. ,  sacchar in ,  aspar tame) may a lso be added. 

(b)  Saccharin  has an unpleasant  a f ter tas te. 

(c)  Aspartame  is  not s tab le in  the presence of  moisture and heat.  

(8)  Adsorbents  (e .g .,  magnes ium oxide,  magnesium carbonate,  bentoni te,  

s i l icon d ioxide)  hold quant i t ies  of  f lu id  in  an apparent ly dry s ta te. 

3.  Tablet types and classes.  Tablets  are c lassi f ied accord ing to  the ir  route 

of  admin is t ra t ion, drug del ivery system, and form and method of  

manufacture (Table 3-10) .  

a.  Tablets for oral ingestion  are des igned to  be swal lowed in tact,  wi th  the 

except ion of  chewable tab le ts .  Tablets  may be coated for a  number of  

reasons:  to  mask the taste,  co lor ,  or  odor o f  the drug; to contro l  drug 

re lease;  to  protect  the drug f rom the ac id  environment  o f the stomach; to  

incorporate another  drug and provide sequentia l  re lease or  avoid 

incompatibi l i ty ;  or  to  improve appearance. 

(1)  Compressed tablets  are formed by compression and have no spec ial  

coat ing.  They are made from powdered,  c rys ta l l ine,  or granular  mater ia ls ,  

a lone or  in  combinat ion wi th  exc ip ients such as b inders ,  dis in tegrants ,  

d i luents , and co lorants. 



(2)  Mult iple compressed tablets  are layered or  compress ion-coated. 

(a)  Layered tablets  are prepared by compressing a table t  granulat ion 

around a previous ly compressed granulat ion.  The operat ion is repeated to 

produce mul t ip le  layers . 

(b)  Compression-coated,  or dry-coated,  tablets  are prepared by feeding 

previously compressed tab lets into  a spec ia l  table t ing machine. This  

machine compresses an outer shel l  around the tab le ts .  This  process appl ies  

a thinner ,  more un i form coat ing than sugar coat ing,  and i t  can be used 

safe ly wi th  drugs that are sens i t ive to mois ture.  Th is  process can be used 

to  separate incompatib le mater ia ls ,  to   
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produce repeat-act ion or prolonged-act ion products  or  to produce tablets  

wi th  a  mul t i layered appearance. 

Table 3-10. Tablet Types and Classes 

Tablets for oral ingestion 

Compressed 

Multiple compressed 

 Layered 

 Compression coated 

Repeat-action 

Delayed action and enteric coated 

Sugar coated and chocolate coated 

Film coated 

Air suspension coated 

Chewable 



Tablets used in the oral cavity 

Buccal 

Sublingual 

Troches, lozenges, and dental cones 

Tablets used to prepare solutions 

Effervescent 

Dispensing 

Hypodermic 

Triturates 
 

(3)  Repeat-act ion tablets  are layered or  compression-coated tab lets  in  

which the outer  layer  or shel l  rapid ly d is integrates in  the s tomach (e.g. ,  

Repetabs,  Scher ing;  Extentabs,  W yeth) .  The components  of  the inner  layer  

or  inner tab let  are inso lub le in  gast r ic  media but  so luble in  in tes t ina l  media. 

(4)  Delayed-act ion  and enteric-coated tablets  de lay the re lease of  a  drug 

f rom a dosage form. This  de lay is  in tended to  prevent  dest ruct ion of  the 

drug by gast r ic ju ices,  to prevent  i rr i ta t ion of  the s tomach l in ing by the 

drug, or  to  promote absorpt ion,  which is better  in  the in tes t ine than in  the 

s tomach. 

(a)  Enteric-coated  tablets  are coated and remain in tac t in  the s tomach, but  

y ie ld  thei r  ingredients  in  the in tes t ines (e .g. ,  Ecotr in ,  GlaxoSmithKl ine).  

Enteric -coated tab lets are a form of delayed-act ion tab let .  However,  not  a l l  

de layed-act ion tab lets  are enter ic  or  are in tended to  produce an enteric 

e f fec t .  

(b)  Agents  used to coat these tab lets  include fa ts,  fa t ty acids ,  waxes,  

shel lac , and ce l lu lose acetate phthalate. 

(5)  Sugar-coated  and chocolate-coated tablets  are compressed tab lets 

that  are coated for  various reasons.  The coat ing may be added to protect  

the drug f rom a i r  and humidi ty,  to  provide a barr ier  to a  drug 's  ob ject ionable 

tas te or  smel l ,  or  to  improve the appearance of the tab let .  



(a)  Tablets may be coated wi th  a colored or  an uncolored sugar.  The 

process inc ludes seal coating  (waterproof ing) ,  subcoating,  syrup coating  

( for  smooth ing and color ing) ,  and polishing.  These s teps take p lace in  a  

ser ies of mechanica l ly operated coat ing pans. 

(b)  Disadvantages  o f  sugar-coated tablets  inc lude the t ime and exper t ise 

requi red for the process and the increase in  tab let  s ize and weight .  Sugar-

coated tab lets  may be 50% larger  and heavier  than the or igina l  table ts .  

(c)  Chocolate-coated tablets  are rare today. 

(6)  Film-coated tablets  are compressed tab lets  that  are coated wi th  a thin  

layer  of  a water- insolub le or  water-solub le polymer (e .g. ,  hydroxypropyl  

methylce l lu lose,  ethylce l lu lose,  povidone, PEG). 

(a)  The f i lm is  usual ly colored.  I t  is  more durable, less bulky,  and less t ime-

consuming to  apply than sugar coat ing.  Al though the f i lm typ ica l ly increases 

tab let  weight  by only 2%-3%, i t  increases formulat ion eff ic iency,  resistance 

to  ch ipp ing, and output .  

(b)  F i lm-coat ing solu t ions usual ly contain  a f i lm former,  an al loying 

substance,  a  plas t ic izer,  a  sur fac tant,  opac i f iers ,  sweeteners ,  f lavors ,  

co lors,  glossants ,  and a vo la t i le  solvent.  

(c)  The vo lat i le solvents  used in  these solut ions are expens ive and 

potent ia l ly  toxic  when re leased in to  the atmosphere.  Speci f ical ly formulated 

aqueous dispersions  o f  po lymers (e.g. ,  e thylce l lu lose)  are now avai lable 

as a l ternat ives to organic  so lvent-based coat ing so lu t ions. 

(7)  Air  suspension-coated tablets  are fed in to  a ver t ica l  cyl inder  and 

supported by a column of  a i r  that  enters  f rom the bot tom of the cyl inder .  As 

the coat ing solu t ion enters  the system, i t  is  rap idly appl ied to the 

suspended,  ro tat ing so l ids  (Wurster process ) .  Rounding coats  can be 

appl ied in  < 1 hr  when blas ts  of  warm ai r  are re leased in  the chamber. 

(8)  Chewable table ts  dis in tegrate smoothly and rap idly when chewed or 

a l lowed to  d isso lve in  the mouth.  These tablets  contain  specia l ly co lored 

and f lavored manni tol  and yie ld  a creamy base. 

(a)  Chewable table ts  are espec ial ly usefu l  in formulat ions for  ch i ldren. 

(b)  They are commonly used for mul t iv i tamin tab le ts  and are used for  some 

antac ids and ant ib iot ics. 

b.  Tablets used in the ora l  cavi ty are a l lowed to  d issolve in  the mouth. 

(1)  Buccal  and subl ingual  tab lets a l low absorpt ion through the oral  mucosa 

af ter they d isso lve in  the buccal  pouch (buccal tab le ts)  or  be low the tongue 

(subl ingual  table ts) .  These forms are useful  for  drugs that  are dest royed by 

gast r ic  ju ice or  poorly absorbed f rom the in test inal  t rac t .  Examples inc lude 

subl ingual  n i t roglycerin  tab le ts,  which disso lve prompt ly to g ive rap id drug 

ef fec ts ,  and buccal  progesterone tab lets ,  which d issolve s lowly.  
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(2)  Troches,  lozenges,  and denta l  cones dissolve s lowly in  the mouth and 

provide primar i ly local  e f fec ts .  



c.  Tablets  used to prepare so lut ions are dissolved in water  before 

adminis t ra t ion. 

(1)  Ef fervescent  table ts  are prepared by compress ing granular e ffervescent  

sa l ts  or  o ther  mater ials (e .g. ,  c i t r ic  acid , tar tar ic  ac id ,  sodium b icarbonate)  

that  re lease carbon d ioxide gas when they come in to  contact  wi th  water.  

Commerc ial  alka l in iz ing analges ic  tab le ts  are of ten made to  effervesce to 

encourage rapid d isso lut ion and absorpt ion (e .g. ,  A lka-Sel tzer ,  Bayer) .  

(2)  Other  tab le ts used to prepare solut ions inc lude d ispens ing tab lets ,  

hypodermic  table ts ,  and tab let  t r i turates. 

4.  Processing problems 

a.  Capping is the par t ia l  or  complete separat ion of  the top or bot tom crown 

f rom the main body of the tab let .  Laminat ion is  separat ion of  a tab let  in to 

two or  more d is t inc t layers .  These problems are usual ly caused by 

entrapment o f a i r  during process ing. 

b.  P icking is  removal  of  the sur face mater ial  of  a  tab le t  by a punch. St icking 

is  adhesion of tab let  mater ial  to  a  d ie  wal l .  These problems are caused by 

excess ive mois ture or the inc lusion of substances wi th  low melt ing 

temperatures in  the formulat ion. 

c .  Mot t l ing is unequal  color  d is t r ibut ion,  wi th  l ight or  dark areas s tanding 

out  on an otherwise un i form surface.  This  problem occurs when a drug has 

a d i f ferent co lor than the table t exc ip ients  or  when a drug has colored 

degradat ion products .  Colorants  so lve the problem but  can create other 

problems. 

5.  Tablet  eva luat ion and contro l  

a.  The genera l  appearance of  tab le ts  is  an important  factor  in  consumer 

acceptance. I t  a lso a l lows moni tor ing of lot - to- lo t  un i formi ty,  table t -to- tab le t  

un i formi ty,  and e lements of  the manufactur ing process.  The appearance of  

the table t  inc ludes visual  ident i ty and overa l l  appearance.  The appearance 

of  the tab le t  is  contro l led by measurement  o f  a t tr ibutes such as s ize,  shape,  

co lor ,  odor ,  tas te,  surface,  texture, phys ica l  f laws,  consistency,  and 

legib i l i ty  o f  mark ings. 

b.  Hardness and res is tance to  f r iab i l i ty  are necessary for  table ts  to  

wi ths tand the mechanical  shocks of  manufacture, packaging, and sh ipp ing,  

and to  ensure consumer acceptance. Hardness invo lves both tab le t  

d is in tegrat ion and drug d issolut ion.  Certa in  tab le ts  that  are in tended to  

d issolve s lowly are made hard.  Other  table ts  that  are intended to d isso lve 

rap id ly are made sof t .  Fr iabi l i ty  is  the tendency of  the tab let  to  crumble. 

(1)  Tablet  hardness tes ters  measure the degree of  force required to  break a 

tab le t .  

(2)  Fr iabi la tors  determine f r iabi l i ty  by a l lowing the tab let  to rol l  and fal l  

wi th in  a ro tat ing tumbl ing apparatus.  The tablets are weighed before and 

af ter a  speci f ied number of  rota t ions,  and the weight  loss is determined. 

(a)  Res is tance to weight loss indicates the abi l i ty  o f  the tab le t  to  wi ths tand 

abras ion dur ing handl ing,  packaging,  and sh ipping.  Compressed tab lets that  

lose < 0.5%-1% of  the i r  weight  are usual ly considered acceptable. 



(b)  Some chewable tablets  and most  e f fervescent table ts  are h igh ly f r iable  

and requi re spec ial  un i t  packaging. 

c .  Tablets  are rout inely weighed to  ensure that  they contain the proper 

amount o f  drug. 

(1)  The USP def ines a weight  var ia t ion s tandard to  which tab le ts must 

conform. 

(2)  These s tandards apply to  table ts  that  contain  50 mg or  more of  drug 

substance when the drug substance is 50% or more (by weight)  of  the 

dosage form unit .  

d.  Content  un i formi ty is  eva luated to ensure that each tablet  contains  the 

desi red amount  o f  drug substance, wi th  l i t t le  varia t ion among contents 

wi th in  a batch.  The USP def ines content  uni formi ty tes ts  for  tab le ts  that  

conta in  50 mg or  less of  drug substance. 

e.  Dis in tegrat ion is  evaluated to  ensure that  the drug substance is  fu l ly  

ava i lab le  for  dissolut ion and absorpt ion from the gastro in test inal  t ract .  

(1)  A l l  USP tablets  must  pass an of f ic ia l  d is in tegrat ion tes t that  is  

conducted in  v i t ro  wi th  special  equipment .  

(a)  Dis in tegrat ion t imes for  uncoated USP tablets are as low as 2 min 

(n i t rog lycer in)  to  5 min (aspi r in) .  Most  have a maximum dis in tegrat ion t ime 

of  less than 30 min. 

(b)  Buccal  table ts  must  d is in tegrate wi thin  4  hr .  

(c)  Enter ic -coated tab lets  must  show no evidence of  d is in tegrat ion after  1  

hr  in  s imulated gastr ic f lu id .  In s imulated intest ina l  f lu id ,  they should 

d is in tegrate in  2  hr  plus  the t ime spec i f ied. 
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(2)  Disso lut ion requi rements  in  the USP have rep laced ear l ier  dis integrat ion 

requi rements for  many drugs. 

f .  Dissolut ion character is t ics are tes ted to  determine drug absorpt ion and 

phys io log ic  avai lab i l i ty .  

(1)  The USP g ives standards for tab let  dissolut ion. 

(2)  An increased emphasis  on test ing tab le t  d issolut ion and determin ing 

drug b ioavai lab i l i ty  has increased the use of  sophist icated test ing systems. 

J.  Aerosol  products 

1.  Int roduct ion.  Aerosol  products ,  or  aerosols,  are pressurized dosage 

forms.  They are des igned to  del iver  drug systemica l ly or  topica l ly wi th  the 

a id  of  a  l iquef ied or  propel led gas (propel lant ).  Aerosol  products cons is t  o f  

a  pressurizable conta iner  ( t in-p la ted s tee l ,  a luminum, glass, or  p las t ic );  a 

va lve that  al lows the pressur ized product  to  be expel led f rom the conta iner  

(e i ther  cont inuously or  intermi t tent ly)  when the actuator  is  pressed;  and a 

d ip  tube that  conveys the formulat ion f rom the bot tom of  the container to 

the valve assembly.  Aerosols are prepared by spec ia l  methods (co ld f i l l ing,  

pressure f i l l ing)  because of  the gaseous components . 



2.  Systemic or  pu lmonary drug del ivery is  provided by aerosol  drug del ivery 

systems,  or metered dose inhalers  (MDIs) .  These devices al low a drug to  be 

inhaled as a f ine mis t  o f  drug or  drug-containing par t ic les.  MDIs use specia l  

meter ing va lves to  regulate the amount  of  formulat ion and drug that  is 

d ispensed wi th  each dose ( i .e . ,  each actuat ion of the container) .  Aerosol  

products  are used for  top ica l  drug del ivery. The formulat ions range f rom 

solut ions to  dispers ions. Meter ing valves may a lso be used wi th  top ica l  

aerosol  products  to  regulate the amount  of  drug appl ied per appl icat ion. 

3.  Propel lants  used in aerosol  products 

a.  Compressed gases inc lude carbon dioxide,  n i trogen,  and n i trous oxide.  

Aerosol  products that  conta in  compressed gas tend to  lose pressure over 

t ime as the product  is  d ispensed.  The drop in  pressure re f lec ts  the 

expans ion of  the head space in  the container ( i .e . ,  increase in the vo lume 

that  the gas can occupy) as  formulat ion is  wi thdrawn for  use. For this 

reason, h igher  in i t ia l  pressures are typical ly used wi th  compressed gas-

based systems than wi th l iquef iab le gas-based formulat ions. 

b.  L iquef iab le  gases inc lude saturated hydrocarbons (n-butane, isobutane,  

propane);  ch lorof luorocarbons (CFCs),  inc lud ing te t raf luorodich loroethane 

(propel lant  114) ,  d ichlorodi f luoromethane (propel lant  12) ,  and 

t r ich lorof luoromethane (propel lant 11);  dimethyl  e ther;  and 

hydrof luorocarbons,  such as 1,1,1,2- f luoroethane (propel lant  134a) and 1,1-

d i f luoroethane (propel lant  152a).  The negat ive ef fect  of  older CFCs on 

atmospheric ozone and the potent ia l  for  g lobal  warming led to the 

wor ldwide reduct ion in  CFC product ion under the Montrea l  Protocol .  Th is  

p lan ca l led for  a  genera l  ban on CFC product ion in  industr ia l ized countr ies  

by January 1996.  As a resul t ,  the use of  CFCs in pharmaceut ical  products  

is  be ing phased out .  Temporary exemptions for  CFCs in  MDIs wi l l  

eventual ly lapse ( in  2008) as stable,  safe,  and ef fect ive a l ternat ive 

formulat ions are developed wi th  more acceptable propel lants  (e .g. ,  

hydrof luorocarbons) .  

4.  Advantages of aerosol  products  inc lude the convenience of  push-but ton 

d ispens ing of  medicat ion and the stabi l i ty  a fforded by a c losed, pressur ized 

conta iner  that  minimizes the l ikel ihood of tamper ing and protects  the 

contents  f rom l ight ,  moisture, a i r  (oxygen),  and microbia l  contaminat ion.  

Aerosol  formulat ions and packaging components (va lves,  actuators)  permi t  

a  wide range of products to  be dispensed as sprays,  foams,  or  semiso l ids . 

5.  The pr inc ipal  disadvantage of  aerosol  products  is  envi ronmenta l  (e .g. ,  

d isposal o f pressur ized packages,  vent ing of  propel lants  to  the 

atmosphere) .  

K.  Contro l led-re lease dosage forms 

1.  Int roduct ion.  Contro l led-re lease dosage forms are also known as 

de layed-release,  sustained-act ion, pro longed-act ion,  sustained-release,  

pro longed-re lease,  t imed-re lease,  s low-re lease, extended-act ion, and 

extended-re lease forms.  They are designed to  re lease drug substance 

s lowly to  provide pro longed act ion in the body. 
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2.  Advantages of contro l led-release forms 

a.  Fewer problems wi th  pat ient compl iance 

b.  Use of less to tal  drug 

c .  Fewer loca l  or  systemic  s ide effec ts 

d.  Min imal  drug accumulat ion wi th  long- term dosage 

e.  Fewer problems wi th  potent ia t ion or  loss of  drug act iv i ty wi th  long-term 

use 

f .  Improved t reatment  ef f ic iency 

g.  More rapid control  of  the pat ient 's  condi t ion 

h.  Less f luc tuat ion in  drug level  

i .  Improved bioavai lab i l i ty  for  some drugs 

j .  Improved abi l i ty  to  provide spec ia l  e f fec ts  (e .g.,  morn ing re l ie f  o f  ar thr i t is  

by bedt ime dosing) 

k.  Reduced cost 

3.  Sustained-re lease forms can be grouped accord ing to the i r  

pharmaceut ical  mechanism. 

a.  Coated beads or  granules (e.g.,  Spansules,  GlaxoSmithKl ine;  Sequels , 

Wyeth)  produce a b lood leve l  prof i le  s imi lar  to  that  obtained wi th  mul t ip le 

dosing. 

(1)  A so lu t ion of  the drug substance in a  nonaqueous so lvent  (e .g.,  alcohol )  

is  coated onto smal l ,  iner t  beads,  or  granules,  made of  a  combinat ion of  

sugar and s tarch.  When the drug dose is  large,  the s tart ing granules may 

be composed of the drug i tse l f .  

(2)  Some of  the granules are le f t  uncoated to  provide immediate release of  

the drug. 

(3)  Coats of  a  l ip id  mater ia l  (e .g . ,  beeswax) or  a  ce l lu los ic  material  (e.g . ,  

e thylce l lu lose)  are appl ied to  the remaining granules.  Some granules 

receive few coats ,  and some receive many.  The var ious coat ing th icknesses 

produce a susta ined-re lease ef fect .  

b.  Microencapsulat ion is a  process by which sol ids ,  l iqu ids,  or gases are 

encased in  microscopic  capsules.  Th in coat ings of  a  “wal l ”  mater ia l  are 

formed around the substance to  be encapsulated.  

(1)  Coacervat ion is  the most  common method of microencapsulat ion.  I t  

occurs  when a hydrophi l ic  substance is  added to  a co l lo ida l  drug dispers ion 

and causes layering and the formation of microcapsules. 

(2)  Fi lm-forming substances that  are used as the coat ing mater ial  include a 

var ie ty of  natura l  and synthet ic  po lymers. These mater ials include shel lacs,  

waxes,  ge lat in ,  s tarches, cel lu lose acetate phthala te,  and ethylce l lu lose.  

Af ter  the coat ing material  d isso lves,  a l l  o f  the drug ins ide the microcapsule 

is  immediate ly avai lable  for  dissolut ion and absorpt ion.  The thickness of the 

wal l  can vary f rom 1 to  200 mm, depending on the amount  o f  coat ing 

mater ial  used (3%-30% of  total  weight) .  



c.  Matr ix tab lets  use inso lub le p last ics  (e .g. ,  po lyethylene,  po lyvinyl  

acetate,  po lymethacryla te) ,  hydrophi l ic  polymers (e .g.,  methylcel lu lose,  

hydroxypropyl  methylce l lu lose) ,  or  fa t ty compounds (e.g. ,  var ious waxes,  

g lyceryl  t r is tearate) .  Examples inc lude Gradumet (Abbot t )  and Dospan 

(Avent is ) .  

(1)  The most  common method of  preparat ion is  mixing of  the drug wi th  the 

matr ix materia l  fo l lowed by compress ion of  the materia l  into  table ts .  

(2)  The pr imary dose,  or  the por t ion of the drug to be re leased immediately,  

is  p laced on the table t  as  a layer,  or  coat .  The rest  of  the dose is  re leased 

s lowly f rom the matr ix.  

d.  Osmotic systems inc lude the Oros system (Alza) ,  which is an ora l  

osmotic  pump composed of  a core table t and a semipermeable coat ing that  

has a smal l  ho le (0 .4 mm in  diameter)  for  drug exi t .  The hole is  produced by 

a laser beam. Examples include Glucotrol  XL (gl ip iz ide extended-release 

tab lets ,  Pf izer)  and Procard ia  XL (n i fedipine extended-re lease tablets ,  

Pf izer) .  

(1)  Th is system requi res on ly osmotic  pressure to be ef fec t ive.  I t  is  

essent ial ly  independent  o f  pH changes in the envi ronment .  

(2)  The drug-re lease rate can be changed by changing the table t sur face 

area, the nature of  the membrane,  or  the diameter  o f  the drug-release 

aper ture. 

e.  Ion-exchange res ins  can be complexed wi th  drugs by passage of  a  

cat ionic drug so lut ion through a column that  conta ins  the resin . The drug is  

complexed to  the resin  by rep lacement  o f  hydrogen atoms. Examples 

include Ionamin capsules (Cel l tech;  resin  complexes of  phentermine)  and 

the Pennk inet ic system (Cel l tech) ,  which incorporates a polymer barr ier 

coat ing and bead technology in  addi t ion to  the ion-exchange mechanism. 
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(1)  Af ter  the components are complexed,  the resin-drug complex is  washed 

and tableted, encapsulated,  or  suspended in  an aqueous vehic le . 

(2)  Release of  drug f rom the complex depends on the ion ic  envi ronment  

wi th in  the gast roin test ina l  t ract  and on the proper t ies  of  the resin .  Usual ly,  

re lease is  greater  in  the h igh ly ac id ic  stomach than in  the less acidic  smal l  

in tes t ine. 

f .  Complex formation is  used for  cer ta in drug substances that  combine 

chemical ly wi th  o ther  agents .  For  example, hydroxypropyl -β-cyclodextr in  

forms a chemical  complex that  can be only s lowly soluble f rom body f lu ids,  

depending on the pH of  the envi ronment .  Tannic  ac id  ( i .e . ,  tannates)  

complexes wi th  the amino groups of  weak bases d issolve at  a  s low rate in 

the gast roin test ina l  t rac t,  thereby providing for a  pro longed re lease of  drug.  

Examples of  the lat ter inc lude brompheni ramine tannate (Brovex,  Ath lon)  

and chlorpheni ramine/phenylephr ine tannates (Rynatan,  W al lace) .  
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STUDY QUESTIONS 
Direct ions for questions 1-28:  Each of the quest ions,  s ta tements,  or 

incomplete s ta tements in th is  sect ion can be correc t ly answered or  

completed by one of  the suggested answers or  phrases.  Choose the best 

answer. 

1.  Which substance is  classif ied as a weak electrolyte? 

(A)  g lucose 

(B)  urea 

(C) ephedrine 

(D) sodium chlor ide 

(E)  sucrose 

View Answer1.  The answer is  C[see] .2.  The pH value is  calculated 

mathematical ly as the 

(A)  log of  the hydroxyl  ion (OH-)  concentrat ion. 

(B)  negat ive log of  the OH -  concentrat ion. 

(C)  log of the hydrogen ion (H+ )  concentrat ion. 

(D)  negat ive log of  the H+  concentrat ion. 

(E)  ra t io  o f  H+ /OH -  concentrat ion. 

View Answer2.  The answer is  D[see] .3.  Which property is  

c lassif ied as col l igative? 

(A)  solub i l i ty  of  a  solu te 

(B)  osmot ic  pressure 

(C) hydrogen ion (H+ )  concentrat ion 

(D) d issociat ion of a  solu te 

(E)  misc ibi l i ty  o f the l iquids 

View Answer3.  The answer is  B[see] .4.  The coll igat ive propert ies 

of  a  solution are related to the 

(A)  pH of  the so lu t ion. 

(B)  number of  ions in  the solu t ion. 

(C)  to ta l  number of solute part ic les  in  the so lut ion. 

(D)  number of union ized molecules in  the so lut ion.  

(E)  pKa of  the so lut ion. 

View Answer4.  The answer is  C[see] .5.  The pH of  a  buffer system 

can be calculated with the 

(A)  Noyes-W hitney equat ion. 

(B)  Henderson-Hasselbalch equat ion. 

(C)  Michael is-Menten equat ion. 

(D)  Young equat ion. 

(E)  Stokes equat ion. 

View Answer5.  The answer is  B[see] .6.  Which mechanism is most 

often responsible for chemical  degradation? 

(A)  racemizat ion 



(B)  photolys is 

(C)  hydrolys is 

(D)  decarboxylat ion 

(E)  oxidat ion 

View Answer6.  The answer is  C[see] .7.  Which equation is  used to 

predict  the stabi l i ty of  a  drug product at  room temperature from 

experiments at  accelerated temperatures? 

(A)  Stokes equat ion 

(B)  Young equat ion 

(C) Arrhenius equat ion 

(D) Michael is-Menten equat ion 

(E)  Hixson-Crowel l  equat ion 

View Answer7.  The answer is  C[see] .kkk8. Based on the relat ion 

between the degree of  ionizat ion and the solubi l i ty of  a  weak acid, the 

drug aspir in (pKa  3 .49)  wi l l  be most soluble at 

(A)  pH 1.0 

(B)  pH 2.0 

(C) pH 3.0 

(D) pH 4.0 

(E)  pH 6.0 

View Answer8.  The answer is  E[see] .9. Which solut ion is  used as 

an astr ingent? 

(A)  s t rong iod ine solut ion USP 

(B)  a luminum acetate top ica l  solu t ion USP 

(C) acet ic  acid  NF  

(D)  aromatic ammonia sp i r i t  USP 

(E)  benzalkonium chlor ide so lut ion NF  

V iew Answer9.  The answer is  B[see] .10.  The part ic le size of  the 

dispersed sol id in a suspension is usual ly greater than 

(A)  0 .5 µm 

(B)  0 .4 µm 

(C) 0.3 µm 

(D) 0.2 µm 

(E)  0 .1 µm 

View Answer10. The answer is  A[see] .11.  In the extemporaneous 

preparat ion of  a  suspension,  levigat ion is used to 

(A)  reduce the zeta potent ial .  

(B)  avoid bacter ia l  growth. 

(C)  reduce par t ic le  s ize. 

(D)  enhance viscos i ty.  

(E)  reduce viscos i ty.  

View Answer11. The answer is  C[see] .12.  Which compound is a 

natural  emulsifying agent? 

(A)  acacia 

(B)  lac tose 



(C)  polysorbate 20 

(D) polysorbate 80 

(E)  sorb i tan monopalmita te 

View Answer12. The answer is  A[see] .Acacia,P.73 

 

 

13.  Vanishing cream is an ointment that  may be classif ied as 

(A)  a  water-soluble base.  

(B)  an o leaginous base. 

(C)  an absorpt ion base. 

(D)  an emuls ion base. 

(E)  an o le ic  base. 

View Answer13. The answer is  D[see] .14.  Rectal  suppositories 

intended for adult  use usual ly weigh approximately 

(A)  1  g. 

(B)  2  g. 

(C)  3  g. 

(D)  4  g. 

(E)  5  g. 

View Answer14. The answer is  B[see] .15.  In the fusion method of 

making cocoa butter suppositories,  which substance is  most l ikely to 

be used to lubricate the mold? 

(A)  minera l  o i l  

(B)  propylene glycol  

(C)  cety l  alcohol 

(D)  s tear ic  acid 

(E)  magnesium si l icate 

View Answer15. The answer is  A[see] .16.  A very f ine powdered 

chemical  is defined as one that 

(A)  complete ly passes through a #80 sieve. 

(B)  complete ly passes through a #120 s ieve. 

(C)  complete ly passes through a #20 sieve. 

(D)  passes through a #60 sieve and not  more than 40% through a 

#100 sieve. 

(E)  passes through a #40 sieve and not  more than 60% through a 

#60 s ieve. 

View Answer16. The answer is  B[see] .17.  Which technique is  

typical ly used to mil l  camphor? 

(A)  t r i turat ion 

(B)  levigat ion 

(C) pulver izat ion by in tervent ion 

(D) geometr ic  di lu t ion 

(E)  a t t r i t ion 



View Answer17. The answer is  C[see] .18.  The dispensing 

pharmacist  usually blends potent powders with a large amount of  

di luent by 

(A)  spatula t ion. 

(B)  s i f t ing. 

(C)  t r i turat ion. 

(D)  geometr ic  di lu t ion. 

(E)  levigat ion. 

View Answer18. The answer is  D[see] .19.  Which type of  paper 

best protects a divided hygroscopic powder? 

(A)  waxed paper 

(B)  g lass ine 

(C) whi te  bond 

(D) b lue bond 

(E)  vegetable parchment 

View Answer19. The answer is  A[see] .20.  Which capsule size has 

the smallest capacity?  

(A)  5 

(B)  4 

(C)  1 

(D)  0 

(E)  000 

View Answer20. The answer is  A[see] .21.  The shel ls of  soft  

gelatin capsules may be made elast ic or plastic- l ike by the addit ion of  

(A)  sorb i to l .  

(B)  povidone. 

(C)  polyethylene g lyco l  (PEG).  

(D)  lac tose. 

(E)  hydroxypropyl  methylce l lu lose. 

View Answer21. The answer is  A[seeand] .22. The United States 

Pharmacopeia  (USP )  content uniformity test  for tablets is  used to 

ensure which qual i ty?  

(A)  b ioequivalency 

(B)  d isso lut ion 

(C) potency 

(D) puri ty 

(E)  toxic i ty 

View Answer22. The answer is  C[see] .23.  Al l  of  the fol lowing 

statements about chemical  degradation are true except  

(A)  as temperature increases,  degradat ion decreases. 

(B)  most drugs degrade by a f i rs t-order  process. 

(C)  chemical  degradat ion may produce a toxic  product .  

(D)  chemical  degradat ion may resul t  in  a  loss of  ac t ive ingredients . 

(E)  chemical  degradat ion may af fec t the therapeut ic  ac t iv i ty o f  a  

drug. 



View Answer23. The answer is  A[seeand] .kAe - E a / R TkAEaRT24.  Al l  

of  the fol lowing statements concerning zero-order degradation are true 

except  

(A)  i ts  rate  is independent  o f the concentrat ion. 

(B)  a  plot  o f  concentrat ion versus t ime yie lds  a stra ight  l ine on 

rect i l inear  paper.  

(C)  i ts  ha l f - l i fe  is  a  changing parameter .  

(D)  i ts  concentrat ion remains unchanged wi th  respect  to t ime. 

(E)  the s lope of  a p lo t  o f  concentrat ion versus t ime yie lds  a rate 

constant .  

View Answer24. The answer is  D[see] .CtP.74 

 

 

25.  Al l  of  the fol lowing statements about f i rst-order degradation are 

true except  

(A)  i ts  rate  is dependent  on the concentrat ion. 

(B)  i ts  ha l f- l i fe  is  a  changing parameter .  

(C)  a  plo t o f  the logari thm of concentrat ion versus t ime yie lds a 

s t raight  l ine. 

(D)  i ts  t9 0 %  is  independent  o f the concentrat ion. 

(E)  a  plot  o f  the logari thm of concentrat ion versus t ime a l lows the 

rate constant to be determined. 

View Answer25. The answer is  B[see] . tkt26.  A sat isfactory 

suppository base must meet al l  of  the fol lowing cri teria  except  

(A)  i t  should have a narrow mel t ing range. 

(B)  i t  should be noni r r i tat ing and nonsens i t iz ing. 

(C)  i t  should dissolve or d is in tegrate rapidly in  the body cavi ty.  

(D)  i t  should melt  <  30°C.  

(E)  i t  should be inert .  

V iew Answer26. The answer is  D[see] .27.  Cocoa butter 

( theobroma oi l )  exhibits al l  of  the fol lowing propert ies except  

(A)  i t  mel ts  a t temperatures between 33°C and 35°C. 

(B)  i t  is  a  mixture of  glycer ides. 

(C)  i t  is  a  po lymorph. 

(D)  i t  is  useful  in  formulat ing rectal  suppos i tor ies . 

(E)  i t  is  so lub le in  water .  

View Answer27. The answer is  E[see] .Theobroma cacao.28.  

United States Pharmacopeia  (USP )  tests to ensure the quali ty of  drug 

products in tablet form include al l  of  the fol lowing except  

(A)  d is in tegrat ion. 

(B)  d isso lut ion. 

(C)  hardness and f r iab i l i ty .  

(D)  content  un i formi ty.  

(E)  weight  variat ion. 



View Answer28. The answer is  C[see] .Directions for questions 

29-42:  The quest ions and incomplete s ta tements in  th is  sect ion can be 

correct ly answered or  completed by one or more  o f  the suggested answers.  

Choose the answer,  A-E.  

29.  Forms of  water that are suitable for use in parenteral  preparat ions 

include 

I .  purif ied water USP .  

I I .  water for inject ion USP .  

I I I .  steri le  water for inject ion USP .  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer29. The answer is  D[see] .30.  The part ic les in an ideal 

suspension should sat isfy which of  the following cri teria? 

I .  Their  size should be uniform. 

I I .  They should be stat ionary or move randomly.  

I I I .  They should remain discrete. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer30. The answer is  E[see] .31.  The sedimentation of  

part ic les in a suspension can be minimized by 

I .  adding sodium benzoate. 

I I .  increasing the viscosity of  the suspension. 

I I I .  reducing the part ic le size of  the act ive ingredient. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer31. The answer is  D[see] .32.  Ingredients that  may be 

used as suspending agents include 

I .  methylcel lulose. 

I I .  acacia. 

I I I .  ta lc. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 



View Answer32. The answer is  C[see] .33.  Mechanisms that  are 

thought to provide stable emulsif icat ions include the 

I .  formation of interfacial  f i lm. 

I I .  lowering of  interfacial  tension. 

I I I .  presence of  charge on the ions. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer33. The answer is  E[see] .34.  Nonionic surface-act ive 

agents used as synthetic  emulsif iers include 

I .  t ragacanth. 

I I .  sodium lauryl  sulfate. 

I I I .  sorbitan esters (Spans). 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer34. The answer is  B[see] .35.  Advantages of  systemic 

drug administrat ion by rectal suppositories include 

I .  avoidance of  f i rst-pass effects. 

I I .  suitabi l i ty when the oral  route is  not feasible. 

I I I .  predictable drug release and absorption. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer35. The answer is  C[seeand] .36. True statements 

about the mill ing of  powders include 

I .  a  f ine part ic le size is essential  i f  the lubricant is  to function 

properly.  

I I .  an increased surface area may enhance the dissolut ion rate. 

I I I .  mi l l ing may cause degradation of  thermolabi le  drugs. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer36. The answer is  E[see] .P.75 

 

 



37.  Substances used to insulate powder components that  l iquefy when 

mixed include 

I .  ta lc . 

I I .  kaol in. 

I I I .  l ight magnesium oxide. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer37. The answer is  D[see] .38.  A ceramic mortar may 

be preferable to a glass mortar when 

I .  a  volat i le  oil  is added to a powder mixture. 

I I .  colored substances (dyes) are mixed into a powder. 

I I I .  comminution is  desired in addit ion to mixing. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer38. The answer is  B[see] .39.  Divided powders may 

be dispensed in 

I .  individual-dose packets. 

I I .  a bulk container. 

I I I .  a  perforated,  s i f ter-type container. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer39. The answer is  A[seeand] .40. True statements 

about the function of  excipients used in tablet formulat ions include 

I .  binders promote granulat ion during the wet granulat ion process. 

I I .  g lidants help promote the f low of  the tablet granulat ion during 

manufacture. 

I I I .  lubricants help the pat ient  swal low the tablets. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer40. The answer is  C[see] .41.  Which manufacturing 

variables would be l ikely to affect  the dissolution of a  prednisone 

tablet in the body? 

I .  the amount and type of  binder added 



I I .  the amount and type of  disintegrant added 

I I I .  the force of  compression used during tablet ing 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer41. The answer is  E[see VI .2 .b. (3)] .42.  Agents that  

may be used to coat enteric-coated tablets include 

I .  hydroxypropyl  methylcel lulose. 

I I .  carboxymethylcel lulose. 

I I I .  cel lulose acetate phthalate. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer42. The answer is  B[see] .Directions for questions 

43-46:  Each of  the fol lowing tablet -processing problems can be the resul t  o f  

one the fol lowing reasons.  The processing problems may be used more than 

once or not  a t al l .  Choose the best  answer,  A-E.  

43.  Picking 

A  excessive mois ture in  the granulat ion 

B  ent rapment  o f a ir  

C  table t  f r iab i l i ty 

D  degraded drug 

E  table t hardness 

View Answer43. The answer is  A[see] .44.  Mott l ing 

A  excessive mois ture in  the granulat ion 

B  ent rapment  o f a ir  

C  table t  f r iab i l i ty 

D  degraded drug 

E  table t hardness 

View Answer44. The answer is  D[see] .45.  Capping 

A  excessive mois ture in  the granulat ion 

B  ent rapment  o f a ir  

C  table t  f r iab i l i ty 

D  degraded drug 

E  table t hardness 

View Answer45. The answer is  B[see] .46.  St icking 

A  excessive mois ture in  the granulat ion 

B  ent rapment  o f a ir  

C  table t  f r iab i l i ty 

D  degraded drug 

E  table t hardness 



View Answer46. The answer is  A[see] .Directions for questions 

47-49:  Each of  the fol lowing processes can be descr ibed by one of  the 

fo l lowing comminut ion procedures. The processes may be used more than 

once or not  a t al l .  Choose the best  answer,  A-E.  

47.  Rubbing or grinding a substance in a mortar that has a rough inner 

surface 

A  t r i turat ion 

B  spatula t ion 

C  levigat ion 

D  pu lverizat ion by intervent ion 

E  tumbl ing 

View Answer47. The answer is  A[see] .48.  Reducing and 

subdividing a substance by adding an easi ly removed solvent 

A  t r i turat ion 

B  spatula t ion 

C  levigat ion 

D  pu lverizat ion by intervent ion 

E  tumbl ing 

View Answer48. The answer is  D[see] .49.  Adding a suitable agent to form 

a paste and then rubbing or grinding the paste in a mortar 

A  t r i turat ion 

B  spatula t ion 

C  levigat ion 

D  pu lverizat ion by intervent ion 

E  tumbl ing 

View Answer49. The answer is  C[see] .P.76 

 

 

Direct ions for questions 50-53:  Each of  the fo l lowing contro l led-re lease dosage 

forms is  represented by one of  the fo l lowing drug products . The dosage forms may 

be used more than once or  not  at  al l .  Choose the best  answer,  A-E.  

50.  Ionamin capsules 

A  matr ix formulat ions 

B  ion-exchange resin  complex 

C  drug complexes 

D  osmotic system 

E  coated beads or  granules 

View Answer50. The answer is  B[see] .51.  Thorazine Spansule capsules 

A  matr ix formulat ions 

B  ion-exchange resin  complex 

C  drug complexes 

D  osmotic system 

E  coated beads or  granules 

View Answer51. The answer is  E[see] .52.  Rynatan pediatric  suspension 

A  matr ix formulat ions 



B  ion-exchange resin  complex 

C  drug complexes 

D  osmotic system 

E  coated beads or  granules 

View Answer52. The answer is  C[see] .53.  Procardia XL 

A  matr ix formulat ions 

B  ion-exchange resin  complex 

C  drug complexes 

D  osmotic system 

E  coated beads or  granules 

View Answer53. The answer is  D[see] .P.77 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [see  IV.A.1.a; IV.A.3.d ] .  

Glucose,  urea, and sucrose are nonelect rolytes.  Sodium chlor ide is  a s t rong 

e lec t rolyte . Elect ro lytes  are substances that  form ions when d isso lved in  water .  

Thus they can conduct  an e lect r ic  current  through the so lu t ion.  Ions are par t ic les 

that  bear  elec t r ical  charges:  Cat ions are pos i t ively charged,  and anions are 

negat ively charged.  St rong elec t rolytes  are completely ion ized in  water  at a l l  

concentrat ions.  W eak e lec t ro lytes  (e .g.,  ephedr ine)  are on ly par t ia l ly  ionized at  

most  concentrat ions.  Because nonelect ro lytes do not  form ions when in  so lu t ion,  

they are nonconductors . 

2.  The answer is  D  [see  IV.A.3.b ] .  

The pH is  a measure of  the ac id i ty,  or  hydrogen ion concentrat ion,  o f  an aqueous 

so lut ion. The pH is the logari thm of  the reciprocal  of  the hydrogen ion (H+ )  

concentrat ion expressed in  moles per  l i ter .  Because the logari thm of  a  rec iprocal  

equals the negat ive logar i thm of  the number, the pH is  the negat ive logar i thm of  the 

H+  concentrat ion.  A pH of  7 .0 ind icates neutral i ty.  As the pH decreases,  the ac idi ty 

increases.  The pH of  arter ial  blood is  7 .35-7.45; o f  ur ine,  4.8-7.5; o f  gastr ic  ju ice,  

approximately 1 .4;  and of  cerebrospina l  f lu id,  7 .35-7.40.  The concept o f pH was 

in t roduced by Sörensen in  the ear ly 1900s.  Alka l in i ty is  the negat ive logari thm of 

[OH - ]  and is  inversely re la ted to  acidi ty.  

3.  The answer is  B  [see  IV.A.2.d ] .  

Osmot ic  pressure is  an example of  a  col l igat ive property.  The osmot ic  pressure is  

the magnitude of  pressure needed to  s top osmosis  across a semipermeable 

membrane between a solu t ion and a pure solvent.  The col l igat ive proper t ies  of a  

so lu t ion depend on the to ta l  number of  dissoc iated and undissoc iated so lute 

par t ic les.  These proper t ies  are independent o f  the s ize of the so lu te. Other  

co l l igat ive propert ies  of  so lu tes are reduct ion in the vapor pressure of  the solu t ion,  

e levat ion of i ts  bo i l ing po int,  and depress ion of  i ts  f reezing point .  

4.  The answer is  C  [see  IV.A.1.b ] .  

The col l igat ive proper t ies  of a  solu t ion are rela ted to  the tota l  number of  so lu te 

par t ic les that  i t  conta ins. Examples of co l l igat ive proper t ies are the osmotic  



pressure,  lower ing of  the vapor pressure, e levat ion of  the boi l ing point,  and 

depress ion of  the freezing,  or mel t ing,  po int .  

5.  The answer is  B  [see  IV.A.3.e ] .  

The Henderson-Hasselba lch equat ion for  a weak acid  and i ts  sa l t  is  as  fol lows: 

 

where pKa  is  the negat ive log of  the dissoc iat ion constant  o f  a  weak acid  and 

[sal t ] / [ac id]  is  the ra t io  of  the molar  concentrat ion of  sa l t  and acid  used to  prepare a 

buf fer .  

6.  The answer is  C  [see  V.D.1 ] .  

A l though al l  o f  the mechanisms l is ted can be respons ible,  the chemical  degradat ion 

of  medicinal  compounds, par t icu lar ly es ters  in  l iqu id  formulat ions,  is  usual ly caused 

by hydro lys is .  For  th is  reason,  drugs that have ester  funct ional  groups are 

formulated in dry form whenever poss ible . Oxidat ion is another  common mode of  

degradat ion and is min imized by including ant ioxidants  (e .g. ,  ascorbic ac id) in  drug 

formulat ions.  Photolys is  is  reduced by packaging suscept ib le  products  in  amber or  

opaque containers . Decarboxylat ion, which is  the removal  of  COOH groups,  a f fects  

compounds that inc lude carboxyl ic  ac id.  Racemizat ion neutra l izes the effec ts o f an 

opt ical ly ac t ive compound by conver t ing ha l f  o f  i ts  molecules in to  the i r mir ror- image 

conf igurat ion.  As a resul t ,  the dext rorotatory and levorotatory forms cancel  each 

other out .  Th is  type of degradat ion af fects  only drugs that  are character ized by 

opt ical  isomerism. 

7.  The answer is  C  [see  V.E.3.d ] .  

Test ing of a  drug formulat ion to  determine i ts  shel f  l i fe  can be accelerated by 

apply ing the Arrhenius equat ion to data obta ined at  higher  temperatures.  The 

method involves determin ing the rate constant (k )  va lues for  the degradat ion of  a  

drug at  various e levated temperatures. The log of k  is  p lot ted against  the rec iprocal  

o f  the absolute temperature,  and the k  va lue for  degradat ion at  room temperature is  

obtained by ext rapolat ion. 
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8.  The answer is  E  [see  IV.A.3.g ] .  

The solubi l i ty  o f a  weak ac id  var ies as a funct ion of  pH.  Because pH and pKa  ( the 

d issoc iat ion constant)  are rela ted,  solubi l i ty  is  also re lated to the degree of  

ionizat ion.  Aspi r in  is  a  weak ac id that  is  completely ionized at  a  pH that  is 2  un i ts  

greater  than i ts  pKa .  Therefore,  i t  is  most  soluble at  pH 6.0. 

9.  The answer is  B  [see  VI .B.7 ] .  

A luminum acetate and a luminum subacetate so lu t ions are ast r ingents  that are used 

as ant iperspi rants and as wet  dress ings for contact  dermati t is .  St rong iod ine 

so lut ion and benzalkonium chlor ide are topica l  ant ibacter ial  solu t ions.  Acet ic  acid  is 

added to  products  as an ac id i f ier.  Aromat ic  ammonia spi r i t  is  a respira tory 

s t imulant .  

10.  The answer is  A  [see  IV.B.1.a ] .  



A suspens ion is  a  two-phase system that consists  o f  a  f ine ly powdered so l id  

d ispersed in  a  l iqu id  vehic le .  The part ic le s ize of  the suspended sol id should be as 

smal l  as  poss ib le to  min imize sedimentat ion,  but  i t  is  usual ly > 0.5 µm. 

11.  The answer is  C  [see  VI .E.3.a ] .  

Levigat ion is  the process of  blending and grinding a substance to  separate the 

par t ic les,  reduce thei r  s ize,  and form a paste.  Levigat ion is performed by adding a 

smal l  amount  o f  su i table levigat ing agent  (e .g. ,  glycer in)  to  the sol id and b lending 

the mixture wi th  a  mortar and pest le .  

12.  The answer is  A  [see  VI .D.3 ] .  

Acac ia,  or gum arabic,  is  the exudate obta ined f rom the s tems and branches of  

var ious spec ies of  Acacia,  a  woody p lant  nat ive to  Afr ica.  Acacia is a  natura l  

emulsi fy ing agent  that  provides a s table emulsion o f  low viscosi ty.  Emuls ions are 

droplets  of  one or  more immisc ib le l iquids  dispersed in another  l iqu id.  Emulsions 

are inherent ly unstable: the droplets  tend to coalesce in to  larger  and larger  drops.  

The purpose of  an emulsi fy ing agent is  to keep the droplets d ispersed and prevent  

them f rom coalesc ing.  Polysorbate 20,  po lysorbate 80,  and sorb i tan monopalmi ta te 

are also emulsi f iers ,  but  are synthet ic ,  not natural ,  substances. 

13.  The answer is  D  [see  VI .E.2 ] .  

Ointments  are typ ica l ly used as emol l ients  to  sof ten the skin , as  protect ive barr iers , 

or  as  vehic les  for  medicat ion.  A var iety o f  o intment  bases are avai lab le .  Vanishing 

cream, an emuls ion type of  ointment  base, is  an o i l - in-water  emuls ion that  contains  

a h igh percentage of  water .  Stearic  acid  is used to  create a thin  f i lm on the sk in  

when the water evaporates. 

14.  The answer is  B  [see  VI .F.2.a ] .  

By convent ion,  a  rec ta l  suppos i tory for  an adult  weighs approximate ly 2  g. 

Supposi tor ies  for  in fants and ch i ldren are smal ler.  Vaginal  suppos i tor ies  typ ical ly 

weigh approximate ly 5 g. Recta l  suppos i tor ies  are usual ly shaped l ike an elongated 

bul le t  (cyl indrica l  and tapered at one end) .  Vagina l  suppos i tor ies  are usual ly ovoid. 

15.  The answer is  A  [see  VI .F.4.c ] .  

In  the fusion method of  making suppos i tor ies , molds  made of  aluminum, brass,  or  

n ickel -copper a l loys are used.  Fine ly powdered drug mixed wi th  mel ted cocoa but ter 

is  poured in to  a mold that  is lubr icated very l ight ly wi th  mineral  oi l .  

16.  The answer is  B  [see  VI .G;  Table 3-8 ] .  

The USP def ines a very f ine chemical  powder as one that  completely passes 

through a s tandard #120 s ieve,  which has 125-µm openings. The USP c lass i f icat ion 

for  powdered vegetable and animal  drugs d i f fers  f rom that  for  powdered chemicals .  

To be classi f ied as very f ine,  powdered vegetable and animal  drugs must pass 

completely through a #80 sieve,  which has 180-µm openings. 

17.  The answer is  C  [see  VI .G.1.c. (3 . (b) ] .  

Pu lver izat ion by in tervent ion is  the mi l l ing technique that  is  used for  drug 

substances that  are gummy and tend to  reagglomerate or  resist  gr ind ing (e.g. ,  

camphor,  iodine) .  In  th is sense,  in tervent ion is the addi t ion of a  smal l  amount o f  

mater ial  that a ids mi l l ing and can be removed eas i ly a f ter  pu lver izat ion is complete.  

For  example, camphor can be reduced readi ly i f  a  smal l  amount  o f vo lat i le  so lvent  

(e .g.,  alcohol )  is  added. The solvent  is then a l lowed to  evaporate. 
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18.  The answer is  D  [see  VI .G.2.c ] .  

The pharmacis t  uses geometr ic  di lu t ion to  mix potent  substances wi th a large 

amount o f  d i luent .  The potent  drug and an equal  amount o f  d i luent  are f i rs t  mixed in 

a  mortar by t r i turat ion. A vo lume of  di luent  equal  to  the mixture in  the mortar  is  

added,  and the mix is  again t r i turated. The procedure is repeated,  and each t ime,  

d i luent  equal  in  vo lume to  the mixture then in  the mortar  is added,  unt i l  a l l  o f  the 

d i luent  is  incorporated. 

19.  The answer is  A  [see  VI .G.3.b. (4) ] .  

Hygroscopic  and vo lat i le drugs are best  protected by waxed paper, which is  

waterproof.  The packet  may be double-wrapped wi th  a  bond paper to  improve the 

appearance of the completed powder. 

20.  The answer is  A  [see  VI .H.2.c . (1) ] .  

Hard capsules are numbered f rom 000 ( largest )  to  5  (smal les t ) .  Thei r  approximate 

capaci ty ranges from 600 to  30 mg;  however,  the capac i ty of  the capsule depends 

on the dens i ty o f  the contents . 

21.  The answer is  A  [see  VI .H.3.a and  b ] .  

The shel ls  o f  soft  ge lat in capsules are p las t ic ized by the addi t ion of a  po lyhydr ic 

a lcohol  (po lyol ) ,  such as g lycer in or  sorb i to l .  An ant i fungal  preservat ive can also be 

added.  Both hard and sof t  gelat in capsules can be f i l led wi th  a  powder or  another  

dry substance. Soft  ge lat in  capsules are also usefu l  dosage forms for  f lu ids  or 

semiso l ids . 

22.  The answer is  C  [see  VI .H.4.a ] .  

A content  un i formi ty tes t is  a  test  o f potency.  To ensure that  each tab let  or  capsule 

conta ins the in tended amount  o f  drug substance,  the USP provides two tes ts :  weight  

var ia t ion and content uni formi ty.  The content  un i formity tes t  can be used for  any 

dosage uni t ,  but  is  required for  coated tab lets ,  for  table ts  in  which the act ive 

ingredient makes up < 50% of  the tab le t ,  for suspens ions in s ingle-uni t  containers  or  

in  sof t  capsules,  and for  many sol ids  that conta in added substances.  The weight  

var ia t ion tes t  can be used for l iquid- f i l led sof t  capsules,  for  any dosage form unit  

that  contains  at  least  50 mg of  a s ingle  drug i f  the drug makes up at least 50% of  

the bu lk ,  for  sol ids  that  do not  contain  added substances,  and for  f reeze-dr ied 

so lu t ions. 

23.  The answer is  A  [see  V.A and  V.B ] .  

The react ion veloc i ty,  or  degradat ion rate, o f  a  pharmaceut ical  product is  a f fec ted 

by severa l  factors ,  inc lud ing temperature,  so lvents ,  and l ight.  The degradat ion rate 

increases two to three t imes wi th  each 10° increase in temperature. The ef fec t  o f  

temperature on react ion ra te is g iven by the Arrhenius equat ion: 

k  =  Ae - Ea /RT  

where k  is  the react ion ra te constant,  A  is  the f requency fac tor ,  Ea  is  the energy of  

ac t ivat ion,  R  is  the gas constant ,  and T  is  the absolute temperature. 

24.  The answer is  D  [see  V.B.2.a ] .  



In  zero-order  degradat ion,  the concentrat ion of  a drug decreases over  t ime.  

However,  the change of  concentrat ion wi th  respect  to  t ime is  unchanged.  In  the 

equat ion: 

 

the fact  that  dC /d t  is  negat ive s ign i f ies  that the concentrat ion is decreasing.  

However,  the veloc i ty o f  the concentrat ion change is  constant .  

25.  The answer is  B  [see  V.B.2.b.(2) ] .  

The hal f - l i fe  ( t1 / 2 )  is  the t ime requi red for the concentrat ion of a  drug to  decrease by 

one hal f .  For  a  f i rs t-order  degradat ion: 

 

Because both k  and 0.693 are constants,  t1 / 2  is  a  constant .  
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26.  The answer is  D  [see  VI .F.3 ] .  

A sat isfac tory suppos i tory base should remain f i rm at room temperature.  Preferably,  

i t  should not  mel t  <  30°C to  avoid premature sof ten ing dur ing s torage and inser t ion.  

I t  should a lso be iner t ,  nonsens i t iz ing,  nonir r i ta t ing,  and compatib le  wi th  a  var iety o f  

drugs.  Moreover ,  i t  should mel t  jus t  below body temperature and should d isso lve or  

d is in tegrate rapidly in  the f lu id o f the body cavi ty in to  which i t  is  inser ted. 

27.  The answer is  E  [see  VI .F.3.c . (1) ] .  

Cocoa but ter  is  a fat  that is  obta ined f rom the seed of  Theobroma cacao.  

Chemical ly,  i t  is  a  mixture of  s tearin ,  palmi t in ,  and other  g lycer ides that  are 

inso lub le in  water  and f ree ly so luble in  e ther  and chloroform.  Depending on the 

fusion temperature, cocoa but ter can crys ta l l ize in to  any one of  four  c rys ta l  forms.  

Cocoa but ter  is  a good base for rec tal  supposi tor ies ,  a l though i t  is  less than ideal  

for  vaginal  or  urethra l  suppos i tor ies . 

28.  The answer is  C  [see  VI . I .5 ] .  

To sat is fy the USP standards,  tab le ts  are required to  pass one of  two tes ts .  A 

weight  var ia t ion tes t  is  used i f  the act ive ingredient  makes up the bu lk  o f the tab le t .  

A content  un i formi ty tes t is  used i f  the tab let  is  coated or i f  the act ive ingredient  

makes up < 50% of  the bu lk o f  the tab let .  Many tab lets  for  ora l  admin is t ra t ion are 

requi red to meet  a  dis in tegrat ion tes t.  Dis integrat ion t imes are spec i f ied in  the 

indiv idual  monographs. A d isso lut ion tes t may be requi red ins tead i f  the act ive 

component  o f the tab le t  has l imited water  so lub i l i ty .  Hardness and f r iab i l i ty  would 

af fec t  the d is in tegrat ion and d isso lut ion ra tes,  but  hardness and fr iab i l i ty  tes ts  are 

in-house qual i ty control  tes ts ,  not  o f f ic ial  USP tests .  

29.  The answer is  D  ( I I ,  I I I )  [see  VI .A.1 ] .  

Water for in jec t ion USP is  water  that has been pur i f ied by d is t i l la t ion or  by reverse 

osmosis.  Th is  water  is  used to  prepare parenteral  so lut ions that  are subject  to  f inal  



steri l izat ion.  For  parentera l  solu t ions that are prepared asept ical ly and not  

subsequent ly s ter i l ized, s ter i le  water  for  in jec t ion USP is  used.  Ster i le  water  for 

in jec t ion USP is  water for  in jec t ion USP that  has been ster i l ized and sui tab ly 

packaged.  This water  meets  the USP requi rements  for  ster i l i ty .  Bacterios tat ic  water  

for  in jec t ion USP is  s ter i le  water  for  in ject ion USP that  conta ins  one or  more 

ant imicrob ia l  agents .  I t  can be used in  parentera l  solu t ions i f  the ant imicrob ia l  

addi t ives are compat ible wi th  the other  ingredients  in  the solu t ion,  but  i t  cannot be 

used in  newborns.  Puri f ied water  USP is not  used in parenteral  preparat ions. 

30.  The answer is  E  ( I ,  I I ,  I I I )  [see  IV.B.2 ] .  

An ideal  suspens ion would have par t ic les of uni form s ize,  min imal  sedimentat ion,  

and no in teract ion between par t ic les.  Al though these ideal  c r i ter ia are rare ly met ,  

they can be approximated by keeping the par t ic le s ize as smal l  as  possible ,  the 

dens i t ies  of  the so l id  and the dispers ion medium as s imi lar as  poss ible,  and the 

d ispers ion medium as viscous as poss ib le. 

31.  The answer is  D  ( I I ,  I I I )  [see  IV.B.2 ] .  

As Stokes 's law ind icates,  the sedimentat ion ra te o f  a suspens ion is s lowed by 

reduc ing i ts densi ty,  reduc ing the size of the suspended part ic les ,  or  increasing i ts  

v iscosi ty by incorporat ing a th ickening agent.  Sodium benzoate is an ant i fungal  

agent  and would not  reduce the sedimentat ion rate o f a  suspens ion. 

32.  The answer is  C  ( I ,  I I )  [see  VI .C.3 ] .  

Acac ia and methylcel lu lose are common suspending agents.  Acacia is a  natural  

product,  and methylce l lu lose is  a  synthet ic  po lymer.  By increas ing the viscos i ty of  

the l iqu id ,  these agents  enable part ic les  to  remain suspended for a  longer period. 

33.  The answer is  E  ( I ,  I I ,  I I I )  [see  VI .D.3 ] .  

Emuls i fy ing agents  provide a mechanica l  barr ier  to  coalescence.  They also reduce 

the natura l  tendency of  the droplets  in  the in terna l  phase (o i l  or water)  of the 

emulsion to coalesce. Three mechanisms appear to  be invo lved.  Some emulsi f iers  

promote s tabi l i ty  by forming s t rong,  pl iab le  in terfac ia l  f i lms around the droplets.  

Emuls i fy ing agents  a lso reduce in ter facia l  tension.  Final ly,  ions (f rom the emuls i f ier )  

in  the in ter fac ia l  f i lm can lead to  charge repuls ion that causes droplets  to repel  one 

another ,  thereby prevent ing coalescence. 

34.  The answer is  B  ( I I I )  [see  VI.D.3 ] .  

A l l  o f  the substances l is ted are emulsi fy ing agents ,  but  on ly sorb i tan esters  are 

nonionic synthet ic agents .  Tragacanth,  l ike acac ia,  is  a natura l  emuls i fy ing agent.  

Sodium lauryl  su l fa te  is  an an ion ic  sur factant .  Sorb i tan esters (known co l loquia l ly 

as  Spans because of  thei r  t rade names) are hydrophobic  and form water- in-o i l  

emulsions. The polysorbates (known co l loquial ly as  Tweens)  are a lso nonionic ,  

synthet ic  sorbi tan der ivat ives. However,  they are hydrophi l ic  and therefore form oi l -

in-water  emulsions. Sodium lauryl  su l fa te,  as  an a lka l i  soap,  is  a lso hydrophi l ic  and 

thus forms oi l - in-water  emuls ions. 
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35.  The answer is  C  ( I ,  I I )  [see  VI .F.1 and  2 ] .  



Rectal  suppos i tor ies are usefu l  for del ivering systemic  medicat ion under cer tain  

c i rcumstances.  Absorpt ion of  a  drug f rom a rectal  supposi tory invo lves re lease of  

the drug f rom the suppos i tory vehic le ,  d i f fusion through the rectal  mucosa,  and 

t ransport  to  the c i rcula t ion through the rectal  ve ins .  The rectal  ve ins bypass the 

l iver ,  so this  route avoids rap id hepat ic degradat ion of  cer ta in drugs ( f i rs t-pass 

ef fec t ) .  The recta l  route is  a lso useful  when a drug cannot  be g iven oral ly (e .g.,  

because of  vomi t ing) .  However,  the extent  o f  drug re lease and absorpt ion is  

var iable .  I t  depends on the proper t ies of  the drug,  the supposi tory base,  and the 

envi ronment  in  the rectum. 

36.  The answer is  E  ( I ,  I I ,  I I I )  [see  VI .G.1.c ] .  

Mi l l ing is the process of  mechanica l ly reducing the part ic le s ize of  so l ids  before 

they are formulated into  a f ina l  product .  To work  e f fec t ively,  a lubr icant  must  coat  

the surface of  the granulat ion or powder. Hence f ine par t ic le s ize is  essent ia l .  

Decreasing the par t ic le  s ize increases the sur face area and can enhance the 

d issolut ion ra te.  Thermolabi le  drugs may undergo degradat ion because of  the 

bu i ldup of  heat  during mi l l ing. 

37.  The answer is  D  ( I I ,  I I I )  [see  VI .G.2.a. (2) ] .  

Some so l id  substances (e.g. ,  asp ir in,  phenylsal icyla te ,  phenacet in,  thymol ,  

camphor)  l iquefy or  form eutect ic mixtures when in  c lose,  prolonged contact  wi th  

one another .  These substances are best insulated by the addi t ion of  l ight 

magnes ium oxide or  magnesium carbonate. Other iner t  di luents  that  can be used are 

kaol in ,  s tarch,  and bentoni te.  

38.  The answer is  B  ( I I I )  [see  VI.G.2.b ] .  

When powders  are mixed,  i f  comminut ion is  espec ial ly important ,  a  porce la in  or  

ceramic  mortar  that  has a rough inner  surface is  preferred over  the smooth work ing 

sur face of a  g lass mortar.  Because a glass mortar c leans more easi ly a fter use,  i t  is  

preferred for chemicals  that  may s tain  a porce lain  or  ceramic mortar as  wel l  as for 

s imple mixing of  substances that  do not  requi re  comminut ion. 

39.  The answer is  A  ( I )  [see  VI .G.3.a and  b ] .  

Powders  for  ora l  use can be d ispensed by the pharmacis t in bulk form or  d iv ided 

in to premeasured doses (d iv ided powders).  Div ided powders  are t radi t ional ly 

d ispensed in  fo lded paper packets  (char tulae) made of  parchment ,  bond paper,  

g lassine,  or waxed paper.  However,  ind iv idual  doses can be packaged in  meta l  fo i l  

or  smal l  p las t ic bags i f  the powder needs greater protect ion f rom humid i ty or  

evaporat ion. 

40.  The answer is  C  ( I ,  I I )  [see  VI . I .2 .b ] .  

Tablets  for  ora l  ingest ion usual ly conta in  exc ipients  that  are added to  the 

formulat ion for  the ir  spec ial  funct ions.  Binders and adhes ives are added to  promote 

granulat ion or compact ion.  Di luents  are f i l le rs that  are added to make up the 

requi red tab let  bu lk .  They can a lso a id  in  the manufactur ing process.  Dis in tegrants  

a id  in  table t d is in tegrat ion in gast ro intest ina l  f lu ids .  Lubricants ,  ant iadherents , and 

g l idants  a id  in  reduc ing fr ic t ion or  adhes ion between par t ic les  or  between tablet and 

d ie . For example,  lubricants  are used in  the manufacture of  table ts  to  reduce fr ic t ion 

when the tablet  is  ejec ted f rom the d ie  cavi ty.  Lubr icants  are usual ly hydrophobic  

substances that  can affec t  the d isso lut ion ra te of the act ive ingredient .  



41.  The answer is  E  ( I ,  I I ,  I I I )  [see VI .2 .b. (3) ] .  

Dis in tegrants are added to  tab le t  formulat ions to faci l i ta te  dis in tegrat ion in  

gast ro in test inal  f lu ids.  Dis in tegrat ion of the tab let  in the body is  cr i t ica l  to i ts 

d issolut ion and subsequent  absorpt ion and b ioavai lab i l i ty .  The binder  and the 

compress ion force used dur ing table t  manufactur ing af fec t  the hardness of  the 

tab le t  as  wel l  as  tab le t  dis in tegrat ion and drug d isso lut ion. 

42.  The answer is  B  ( I I I )  [see  VI. I .3 .a .(4) ] .  

An enteric -coated tab let  has a coat ing that remains in tac t in the stomach, but  

d issolves in the in tes t ines to y ie ld  the table t ingredients  there.  Enter ic  coat ings 

include various fa ts ,  fa t ty ac ids , waxes,  and shel lacs.  Cel lu lose acetate phthalate 

remains in tac t in the stomach because i t  d isso lves on ly when the pH > 6. Other  

enteric-coat ing materia ls inc lude povidone (po lyvinylpyrro l idone),  po lyvinyl  acetate 

phthalate, and hydroxypropyl  methylce l lu lose phthalate. 

43.  The answer is  A  [see  VI . I .4 ] .  

44.  The answer is  D  [see  VI . I .4 ] .  

45.  The answer is  B  [see  VI . I .4 ] .  
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46.  The answer is  A  [see  VI . I .4 ] .  

St ick ing is adhes ion of  tab le t  mater ial  to  a d ie  wal l .  I t  may be caused by excess ive 

mois ture or  by the use of ingredients  that  have low mel t ing temperatures.  Mot t l ing is 

uneven co lor  dis t r ibut ion.  I t  is  most o f ten caused by poor mixing of the table t  

granulat ion but  may also occur  when a degraded drug produces a colored 

metabol i te .  Capping is  separat ion of  the top or  bot tom crown of a  table t  f rom the 

main body.  Capping impl ies that  compressed powder is  not cohes ive. Reasons for  

capping include excessive force of  compress ion, use of  insuff ic ient  b inder,  worn 

tab le t  tool ing equipment ,  and entrapment  o f  ai r  dur ing process ing.  Picking is  

adherence of  table t sur face materia l  to a  punch. I t  can be caused by a granulat ion 

that  is too damp,  by a scratched punch,  by s ta t ic  charges on the powder,  and 

par t icular ly by the use of a  punch t ip  that  is  engraved or embossed. 

47.  The answer is  A  [see  VI .G.1.c;  VI .G.2 ] .  

48.  The answer is  D  [see  VI .G.1.c;  VI .G.2 ] .  

49.  The answer is  C  [see  VI .G.1.c;  VI .G.2 ] .  

Comminut ion is the process of reducing the par t ic le s ize of a  powder to  increase i ts  

f ineness.  Severa l  comminut ion techniques are sui table  for  smal l -scale use in a  

pharmacy.  Tr i turat ion is used both to  comminute and to  mix dry powders.  I f  

comminut ion is  des i red,  the substance is rubbed in  a mortar that  has a rough inner  

sur face.  Pulver izat ion by in tervent ion is  of ten used for substances that tend to  

agglomerate or  res is t  gr ind ing.  A smal l  amount  o f eas i ly removed (e.g. ,  vola t i le) 

so lvent  is  added.  Af ter  the substance is  pu lver ized,  the solvent is  al lowed to  

evaporate or  is  o therwise removed.  Levigat ion is o f ten used to  prepare pastes or  

o in tments .  The powder is  reduced by adding a su i tab le  nonsolvent  ( levigat ing agent)  

to  form a paste and then e i ther  rubbing the paste in  a  mortar  wi th  a pest le or  

rubbing i t  on an o in tment  s lab wi th a  spatula .  Spatu la t ion and tumbl ing are 



techniques that  are used to  mix or  b lend powders,  not to reduce them. Spatu la t ion 

is  b lending smal l  amounts  of powders  by s t i r r ing them wi th  a spatula  on a sheet  o f  

paper or a  p i l l  t i le.  Tumbl ing is  blending large amounts  of  powder in  a  large rotat ing 

conta iner .  

50.  The answer is  B  [see  VI .K.3.e ] .  

51.  The answer is  E  [see  VI .K.3.a ] .  

52.  The answer is  C  [see  VI .K.3. f ] .  

53.  The answer is  D  [see  VI .K.3.d ] .  

Control led-re lease dosage forms are des igned to re lease a drug s lowly for  

pro longed act ion in  the body.  A varie ty of  pharmaceut ica l  mechanisms are used to  

provide the control led release. Ion-exchange resins  may be complexed to  drugs by 

pass ing a cat ionic drug so lut ion through a co lumn that conta ins  the res in.  The drug 

is  complexed to  the res in  by rep lacement  o f  hydrogen atoms.  Release of  drug f rom 

the complex depends on the ionic envi ronment  wi th in  the gast ro intest ina l  t rac t and 

on the proper t ies  of the res in .  Coated beads (e.g.,  Thorazine Spansule capsules)  or  

granules produce blood leve ls s imi lar to those obta ined wi th mul t ip le  dosing.  The 

var ious coat ing th icknesses produce a sustained-re lease ef fec t .  

Matr i x devices may use insoluble p las t ics , hydrophi l ic  polymers,  or  fa t ty 

compounds.  These components are mixed wi th  the drug and compressed in to  a 

tab le t .  The primary dose,  or  the port ion of  the drug to  be released immediately,  is  

p laced on the tab le t  as  a layer  or  coat .  The remainder o f  the dose is released slowly 

f rom the matr ix.  Relat ively inso luble tannate-amine complexes provide for  a  

pro longed gastroin test ina l  absorpt ion phase and sus tained systemic  concentrat ions 

of  the weak bases.  Osmot ic  systems employ osmot ic  pressure to  contro l  the release 

of  the act ive ingredient from the formulat ion.  Osmotic  table t formulat ions provide a 

semipermeable membrane as a coat ing that  surrounds the osmotica l ly act ive core.  

The coat ing a l lows water to  di f fuse in to the core but  does not  a l low drug to  d i f fuse 

out .  As water f lows in to  the tab le t ,  the drug d issolves.  The laser-dr i l led ho le in the 

coat ing al lows the drug so lut ion wi th in  the tab le t  to  f low to  the outside at a ra te that  

is  equiva lent  to  the ra te of  water  f low in to  the table t .  The osmot ic  pressure gradient  

and a zero-order  drug-release rate wi l l  be maintained as long as excess osmot ical ly 

ac t ive so lu te (e .g. ,  e lec tro lyte)  remains in the tab le t core. 
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Biopharmaceutics and Drug Delivery Systems 
Lawrence H.  Block 

I. INTRODUCTION 
A. Biopharmaceutics  is  the s tudy of the rela t ion of  the physica l  and chemical  

proper t ies of  a  drug to  i ts  bioavai lab i l i ty ,  pharmacok inet ics ,  and pharmacodynamic 

and toxico log ic  e f fec ts .  

1.  A drug product  is  the f in ished dosage form (e.g. ,  table t ,  capsule ,  solu t ion)  that 

conta ins the act ive drug ingredient in associat ion wi th  nondrug (usual ly inact ive)  

ingredients  (excipients )  that  make up the vehicle,  or formulat ion matrix.  

2.  The phrase drug del ivery  system  is  o ften used in terchangeably wi th  the terms 

drug product  or  dosage form.  However,  a  drug del ivery system  is  a  more 

comprehens ive concept ,  which includes the drug formulat ion and the dynamic  

in teract ions among the drug,  i ts  formulat ion matr ix,  i ts  container ,  and the pat ient.  

3.  Bioavai labi l i ty is  a  measurement  of  the ra te and extent  (amount)  o f  sys temic  

absorpt ion of the therapeut ical ly ac t ive drug. 

B. Pharmacokinetics  is  the s tudy of  the t ime course of  drug movement  in  the body 

dur ing absorpt ion,  d is t r ibut ion, and el iminat ion (excret ion and bio transformation).  

C. Pharmacodynamics  is  the s tudy of  the re la t ion of  the drug concentra t ion or 

amount a t  the s i te o f  act ion ( receptor)  and i ts  pharmacologic  response as a funct ion 

of  t ime. 

II. DRUG TRANSPORT AND ABSORPTION 
A. Transport  of  drug molecules  across  cel l  membranes.  Drug absorpt ion requi res 

the drug to be t ransported across various cel l  membranes.  Drug molecules may 

enter the bloodstream and be t ransported to the t issues and organs of  the body.  

Drug molecules may cross addi t ional  membranes to  enter  ce l ls .  Drug molecules may 

a lso cross an in tracel lu lar  membrane,  such as the nuc lear  membrane or 

endoplasmic  re t iculum, to  reach the si te o f ac t ion.  F igure 4-1 demonstrates some of  

the key t ransport  processes invo lved in drug absorpt ion. 

 

Figure 4-1. The key drug transport processes in 
intestinal epithelial cells. 1, Transcellular passive 
(diffusion and partitioning); 2, paracellular 
transport (diffusion and convection); 3, carrier-
mediated transport; 4, P-glycoproteinmediated 
efflux. [Modified from Brayden DJ, Pharm News 
4(1);1997:11-15.] 
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1.  General  principles  

a.  A cel l  membrane  is  a semipermeable st ruc ture composed pr imari ly of  l ip ids  and 

proteins . 

b.  Drugs may be t ransported by passive di f fusion,  parti t ioning,  carrier-mediated 

transport ,  paracel lular transport ,  or vesicular transport .  

c .  Usual ly,  proteins,  drugs bound to proteins,  and macromolecules  do not  eas i ly 

c ross cel l  membranes. 

d.  Nonpolar l ipid-soluble drugs  t raverse ce l l  membranes more easi ly than do 

ionic  or  polar water-soluble drugs.  

e.  Low molecular weight drugs  d i f fuse across a ce l l  membrane more easi ly than 

do high molecular weight drugs.  

2.  Passive di f fusion and part i t ioning  

a.  Within  the cytoplasm  or  in  intersti t ial  f luid,  most  drugs undergo t ransport  by 

s imple di f fusion. 

b.  Fick's law of  di f fusion.  Simple passive di f fusion  involves the t ransfer  o f  drugs 

f rom an area of  high concentrat ion (C1 )  to  an area of  lower concentrat ion (C2 )  

according to F ick 's  law of  d i f fus ion: 

 

where dQ /d t  is  the ra te of  drug di f fusion,  D  is  the d i f fusion coef f ic ient  for  the drug, 

A  is  the sur face area of  the plane across which t ransfer  occurs ,  h  is  the thickness of 

the reg ion through which d i f fusion occurs,  and (C1  -  C2 )  is  the di f ference between 

the drug concentrat ion in  area 1 and area 2,  respect ive ly.  

c .  Pass ive drug t ransport  across  cel l  membranes invo lves the success ive 

part i t ioning  o f  a  solu te between aqueous and l ip id  phases as wel l  as diffusion  

wi th in  the respect ive phases.  Modi fy ing Fick 's  law of  di f fusion to accommodate the 

par t i t ion ing of  drug g ives the fol lowing: 

 

The rate of  drug di f fusion,  dQ /d t ,  now ref lects  i ts d i rec t dependence on K,  the oi l  to  

water  par t i t ion coef f ic ient  o f  the drug,  as  wel l  as  on A  and (C1  -  C2 ) .  

d.  Ionizat ion of  a  weak electrolyte  is  a f fec ted by the pH of  the medium in  which 

the drug is  dissolved as wel l  as by the pKa  of  the drug.  The nonionized spec ies is  

more l ip id  so lub le than the ionized spec ies,  and i t  part i t ions more readi ly across ce l l  

membranes. 

3.  Carrier-mediated transport  

a.  Active transport  o f  the drug across a membrane is  a  carr ier -mediated process 

that  has the fo l lowing character is t ics . 

(1)  The drug moves against  a  concentrat ion gradient .  

(2)  The process requi res energy. 



(3)  The carr ier  may be se lect ive for cer tain  types of  drugs that resemble natura l  

substrates or  metabol i tes  that  are normal ly ac t ive ly t ransported. 

(4)  The carr ier  system may be saturated at  a  high drug concentrat ion. 

(5)  The process may be compet i t ive ( i .e . ,  drugs wi th  s imi lar  s t ruc tures may compete 

for  the same carr ier) .  

b.  Faci l itated dif fusion  is  a lso a carr ier -mediated t ransport  system. However,  

faci l i ta ted d i f fus ion occurs  wi th  ( i .e. ,  in  the d i rec t ion of )  a  concentrat ion gradient  

and does not requi re  energy. 

4.  Paracel lular transport .  Drug t ransport  across t ight  (narrow) junct ions between 

ce l ls or  t ransendothel ia l  channels o f cel ls  is  known as paracel lular transport .  I t  

invo lves both d i f fus ion and the convective  (bulk) f low of  water and accompanying 

water-so luble drug molecules through the paracel lular  channels . 

5.  Vesicular transport  is  the process of  engul f ing part ic les  or  dissolved mater ials 

by a ce l l .  Vesicular t ransport  is  the on ly t ransport  mechanism that  does not  requi re  

a drug to  be in  an aqueous solut ion to  be absorbed.  Pinocytosis  and phagocytosis  

are forms of  ves icu lar  t ransport .  

a.  Pinocytosis  is  the engul fment  o f  smal l  so lute or  f lu id  vo lumes. 
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b.  Phagocytosis  is  the engul fment  of  larger  par t ic les,  or macromolecules,  general ly 

by macrophages. 

c .  Endocytosis  and exocytosis  are the movement  o f macromolecules in to  and out  

o f  the ce l l ,  respect ively.  

6.  Other transport  mechanisms: transporter proteins.  Var ious transporter 

proteins  (e.g .,  P-glycoprotein )  are embedded in the l ip id b i layer o f  cel l  membranes 

in  tandem in α-hel ica l  t ransmembrane reg ions or domains.  These proteins  are 

adenosine t r iphosphate-  (ATP;  energy)  dependent  “pumps,”  which can faci l i ta te the 

ef f lux of  drug molecules f rom the ce l l .  Because these t ransmembrane ef f lux pumps 

are of ten found in  conjunct ion wi th  metabol iz ing enzymes such as cytochrome P450 

3A4,  thei r  net  ef fec t  is  to  substant ia l ly  reduce int racel lu lar  drug concentrat ions.  

Thus they determine,  to  a  large extent ,  the pharmacokinet ic  d ispos i t ion and 

c i rcu la t ing p lasma concentrat ions of  drugs (e.g. ,  cyc lospor in ,  n i fed ip ine,  d igoxin)  

that  are substrates for these prote ins. 

B. Routes of drug administration  

1.  Parenteral  administrat ion  

a.  Intravenous bolus inject ion.  The drug is  in jec ted di rec t ly in to  the bloodstream, 

d ist r ibutes throughout the body,  and acts  rap id ly.  Any s ide ef fects ,  inc luding an 

in tense pharmacologic  response,  anaphylaxis ,  or over t  toxic i ty,  also occur  rapid ly.  

b.  Intra-arteria l  inject ion.  The drug is in jec ted in to  a spec i f ic  ar tery to ach ieve a 

h igh drug concentrat ion in  a  speci f ic  t issue before drug dist r ibut ion occurs  

throughout  the body.  Int ra-ar ter ial  in ject ion is  used for d iagnost ic  agents  and 

occasional ly for chemotherapy. 

c .  Intravenous infusion.  The drug is  g iven in t ravenous ly a t a  constant input  ra te.  

Constantrate in t ravenous in fus ion mainta ins  a rela t ively constant  plasma drug 



concentrat ion once the in fus ion rate is approximate ly equal  to  the drug 's  e l iminat ion 

ra te f rom the body ( i .e . ,  once s teady state is  reached). 

d.  Intramuscular inject ion.  The drug is  in jec ted deep in to  a ske leta l  musc le.  The 

rate of  absorpt ion depends on the vascular i ty o f  the muscle s i te ,  the l ip id so lubi l i ty  

o f  the drug,  and the formulat ion matr ix.  

e.  Subcutaneous inject ion.  The drug is  in jec ted beneath the skin .  Because the 

subcutaneous reg ion is less vascular  than muscle t issues,  drug absorpt ion is  less 

rap id.  The fac tors  that a ffec t absorpt ion f rom in t ramuscular  depots a lso af fect  

subcutaneous absorpt ion.  

f .  Miscel laneous parenteral  routes  

(1)  Intra-art icular injection.  The drug is  in jected in to  a join t.  

(2)  Intradermal ( intracutaneous) inject ion.  The drug is  in jec ted in to  the dermis  

( i .e . ,  the vascular reg ion of  the skin below the epidermis) .  

(3)  Intrathecal injection.  The drug is  in jec ted in to  the sp ina l  f lu id.  

2.  Enteral  administrat ion  

a.  Buccal and subl ingual  administration.  A table t  or  lozenge is  p laced under the 

tongue (subl ingual )  or  in  contact wi th  the mucosal  (buccal )  surface of  the cheek.  

This  type of admin is t rat ion al lows a nonpolar ,  l ip id-so lub le drug to  be absorbed 

across the ep i thel ia l  l in ing of  the mouth. Af ter  buccal  or  subl ingual  adminis t rat ion,  

the drug is  absorbed di rec t ly in to  the systemic c ircu la t ion, bypass ing the l iver  and 

any f i rs t -pass ef fec ts .  

b.  Peroral  (oral )  drug administrat ion.  The drug is  admin is tered oral ly,  is  

swal lowed,  and undergoes absorpt ion f rom the gastro intest ina l  t rac t  through the 

mesenter ic  c i rcula t ion to the hepat ic  porta l  ve in in to  the l iver and then to  the 

systemic  c i rcula t ion.  The perora l  route is the most  common route of  adminis t ra t ion. 

(1)  The perora l  route is  the most  convenient  and the safest  route. 

(2)  Disadvantages of  this  route inc lude the fol lowing.  

(a)  The drug may not be absorbed f rom the gastro in test ina l  t rac t  consis tent ly or 

completely.  

(b)  The drug may be d igested by gast roin test ina l  enzymes or decomposed by the 

ac id  pH of  the s tomach. 

(c)  The drug may i r r i ta te mucosal  ep i the l ia l  ce l ls  or  complex wi th  the contents  of the 

gast ro in test inal  t ract .  

(d)  Some drugs may be incomplete ly absorbed because of  f i rs t -pass ef fec ts  or 

presystemic  el iminat ion (e .g. ,  the drug is metabol ized by the l iver before systemic 

absorpt ion occurs).  

(e)  The absorpt ion rate may be errat ic  because of  de layed gastr ic  emptying or  

changes in  in test ina l  moti l i ty .  
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(3)  Most  drugs are xenobiot ics  or  exogenous  molecules and,  consequent ly,  are 

absorbed f rom the gastro in test ina l  t rac t  by passive di f fusion  and parti t ioning.  

Carrier-mediated transport ,  paracel lular transport ,  and vesicular transport  p lay 

smal ler ,  but c r i t ical ,  ro les ,  par t icu lar ly for endogenous molecules. 



(4)  Drug molecules are absorbed throughout  the gast ro in test inal  t ract ;  but  the 

duodenal region,  which has a large sur face area because of  the v i l l i  and microvi l l i ,  

is  the pr imary absorpt ion s i te .  The large b lood supply provided by the mesenter ic  

vessels al lows the drug to  be absorbed more ef f ic ient ly (see I I .A.2) .  

(5)  Altered gastr ic  emptying  a f fects  arr ival  of  the drug in  the duodenum for  

systemic  absorpt ion.  Gastric  emptying t ime  is  af fected by food content ,  emot ional  

s ta te,  and drugs that  a l ter  gast ro in test inal  t rac t moti l i ty  (e .g . ,  ant ichol inerg ics , 

narcot ic  analgesics ,  prokinet ic agents) .  

(6)  Normal  in tes t inal  moti l i ty  f rom peristalsis  br ings the drug in  contact  wi th  the 

in tes t inal  ep i thel ia l  ce l ls.  A suf f ic ient  per iod of  contact  ( res idence t ime) is  needed to  

permi t  drug absorpt ion across the ce l l  membranes f rom the mucosal  to  the serosal  

sur face. 

(7)  Some drugs, such as cimetidine  and acetaminophen,  when g iven in  an 

immediate-release perora l  dosage form to fasted subjects  produce a systemic  drug 

concentrat ion t ime wi th  two peaks.  Th is  double-peak phenomenon  is  a tt r ibuted to  

var iabi l i ty  in s tomach emptying,  var iab le  in tes t inal  mot i l i ty ,  and enterohepat ic  

cyc l ing. 

c .  Rectal administration.  The drug in  solu t ion (enema) or  suppos i tory form is  

p laced in  the rectum. Drug di f fusion f rom the solut ion or release f rom the 

suppos i tory leads to  absorpt ion across the mucosal sur face of  the rectum. Drug 

absorbed in  the lower two thi rds  of  the rectum enters the systemic  c i rcu lat ion 

d i rec t ly,  bypassing the l iver  and any f i rs t -pass effec ts .  

3.  Respiratory tract  administrat ion  

a.  Intranasal administrat ion.  The drug contained in a  solu t ion or  suspens ion is  

adminis tered to the nasal  mucosa,  ei ther  as  a spray or  as  drops.  The medicat ion 

may be used for local  (e .g . ,  nasal  decongestants , in t ranasal  s tero ids)  or  systemic 

ef fec ts .  

b.  Pulmonary inhalat ion.  The drug, as  l iquid or  so l id  par t ic les ,  is  inhaled peroral ly 

(wi th  a  nebul izer or  a  metered-dose aerosol )  in to  the pu lmonary t ree. In  genera l ,  

part ic les  >  60 µm  are pr imari ly deposi ted in  the trachea.  Part ic les  >  20 µm  do not  

reach the bronchioles ,  and part ic les  <  0.6 µm  are not  depos i ted and are exhaled.  

Par t ic les  between 2 and 6 µm  can reach the alveolar ducts,  a l though only par t ic les 

of  1-2 µm are retained in the alveoli .  

4.  Transdermal and topical  administrat ion  

a.  Transdermal (percutaneous)  drug absorpt ion is  the placement o f the drug ( in a  

lo t ion, o in tment ,  c ream, paste,  or  patch)  on the sk in sur face for  systemic 

absorpt ion.  An occlus ive dressing or  f i lm improves systemic  drug absorpt ion f rom 

the skin . Smal l  l ip id-so lub le molecules,  such as ni t rog lycer in,  nicot ine,  scopolamine,  

c lon id ine,  fentanyl ,  and s tero ids  (e .g. ,  17-β-est rad io l ,  tes tosterone) ,  are readi ly 

absorbed f rom the skin . 

b.  Drugs (e.g. ,  ant ibacter ia ls ,  local  anesthet ic  agents)  are appl ied topically to  the 

skin  for  a  loca l  e f fec t .  

5.  Miscel laneous routes of  drug administ ra t ion inc lude ophthalmic, ot ic ,  urethral,  

and vaginal  admin is t ra t ion.  These routes of admin ist ra t ion are genera l ly used for  

loca l  therapeut ic  act iv i ty.  However,  some systemic  drug absorpt ion may occur .  



C. Local  drug act ivi ty versus systemic drug absorption.  The route of  

adminis t ra t ion, absorpt ion s i te ,  and bioavai labi l i ty  o f  the drug f rom the dosage form 

are major  factors  in  the design of a  drug product.  

1.  Drugs in tended for local  act ivi ty,  such as topical  ant ib io t ics,  ant i - in fec t ives,  

ant i fungal  agents , and loca l  anesthet ics  are formulated in  dosage forms that  

minimize systemic  absorpt ion.  The concentrat ion of  these drugs at  the appl icat ion 

s i te  a ffec ts the i r  act iv i ty.  

2.  When systemic absorption  is  des i red, the bioavai lab i l i ty  o f  the drug f rom the 

dosage form at  the absorpt ion s i te  must  be cons idered (e.g. ,  a  drug g iven 

in t ravenously is 100% bioavai lable  because a l l  of  the drug is  p laced di rec t ly in to  the 

systemic  c i rcula t ion) .  The amount ,  or  dose,  o f  drug in  the dosage form is based on 

the extent  o f  drug absorpt ion and the des i red systemic  drug concentrat ion.  The type 

of  dosage form (e.g.,  immediate release,  control led release)  af fec ts  the ra te of  drug 

absorpt ion. 
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III. BIOPHARMACEUTIC PRINCIPLES 
A. Physicochemical  propert ies  

1.  Drug dissolut ion.  For most  drugs wi th l imited water  solubi l i ty ,  the ra te at  which 

the sol id drug enters  in to  so lut ion ( i .e . ,  the ra te  of  dissolut ion) is  of ten the ra te-

l imi t ing s tep in  b ioavai lab i l i ty .  The Noyes-Whitney equat ion describes the d i f fus ion-

contro l led rate of  drug d isso lut ion (dm /d t ;  i .e. ,  the change in  the amount  o f  drug in  

so lu t ion wi th respect  to  t ime): 

 

where D  is  the di f fusion coef f ic ient  o f  the solute,  A  is  the sur face area of  the so l id  

undergoing disso lut ion, δ  is  the th ickness of  the d i f fusion layer,  C s  is  the 

concentrat ion of  the so lvate at  saturat ion,  and Cb  is  the concentrat ion of the drug in  

the bu lk  solu t ion phase at  t ime t .  

2.  Drug solubi l i ty in  a  saturated so lut ion (see Chapter  3,  IV) is  a  s ta t ic  

(equi l ibr ium) property.  The dissolut ion ra te of  a drug is  a  dynamic  proper ty re la ted 

to  the ra te of  absorpt ion. 

3.  Partic le size  and surface area  are inversely re la ted. As sol id  drug part ic le  s ize 

decreases,  par t ic le  surface area increases. 

a.  As descr ibed by the Noyes-Whi tney equat ion,  the dissolut ion ra te is  d i rec t ly 

propor t ional  to  the sur face area.  An increase in  sur face area al lows for  more 

contact  between the sol id  drug par t ic les  and the so lvent ,  resu l t ing in  a fas ter 

d issolut ion ra te (see I I I .A.1) .  

b.  W ith  certa in  hydrophobic drugs,  excess ive par t ic le  s ize reduct ion does not  

a lways increase the disso lut ion rate.  Smal l  part ic les tend to  reaggregate in to  larger  

par t ic les to reduce the h igh sur face f ree energy produced by par t ic le  s ize reduct ion. 



c.  To prevent the format ion of  aggregates,  smal l  drug part ic les  are molecular ly 

d ispersed in  po lyethylene g lyco l  (PEG),  po lyvinylpyrro l idone (PVP; povidone),  

dext rose,  or  o ther  agents .  For  example, a  molecular d ispersion of gr iseofu lv in  in  a  

water-so luble carr ier such as PEG 4000 (e.g. ,  Gris -PEG) enhances i ts  disso lut ion 

and b ioavai labi l i ty .  

4.  Parti t ion coeff icient and extent of ionizat ion  

a.  The part i t ion coeffic ient  of  a  drug is  the ra t io o f  the solubi l i ty  o f the drug,  a t  

equi l ibr ium, in  a  nonaqueous so lvent  (e .g.,  n -octanol )  to that  in  an aqueous solvent  

(e .g.,  water ;  pH 7.4 buf fer  so lut ion) .  Hydrophi l ic  drugs wi th  h igher  water so lubi l i ty  

have a fas ter d isso lut ion ra te than do hydrophobic  or l ipophi l ic  drugs,  which have 

poor  water so lub i l i ty .  

b.  Extent of  ionizat ion.  Drugs that  are weak e lect ro lytes  (acids  or bases)  exis t  in  

both an ion ized form and a nonionized form in so lu t ion.  The extent  of  ion izat ion 

depends on the pKa  o f  the weak elec t ro lyte  and the pH of  the so lut ion.  The ion ized 

form is  more polar ,  and therefore more water  solub le,  than the nonionized form.  The 

Henderson-Hasselbalch equation  descr ibes the re lat ion between the ion ized and 

the nonionized forms of  a  drug as a funct ion of  pH and pKa .  W hen the pH of  the 

medium equals the pKa  of  the drug,  50% of the drug in  so lu t ion is nonion ized and 

50% is ion ized,  as  can be shown f rom the fo l lowing equat ions: 

(1)  For weak acids:  

 

(2)  For weak bases:  

 
5.  Salt  formation  

a.  The choice of  sa l t  form for  a  drug depends on the des i red physica l ,  chemical ,  or  

pharmacologic proper t ies .  Certa in  sa l ts are des igned to provide s lower disso lut ion, 

s lower bioavai lab i l i ty ,  and longer durat ion of ac t ion.  Other  sal ts are se lected for  

greater  s tab i l i ty ,  less  loca l  i r r i ta t ion at  the absorpt ion s i te,  or  less systemic  toxic i ty.  

(1)  Some solub le sa l t  forms are less stable than the nonionized form.  For  example, 

sodium aspi r in  is  less s tab le than aspi r in  in  the ac id form. 

(2)  A so l id dosage form conta in ing buf fer ing agents  may be formulated wi th  the f ree 

ac id  form of  the drug (e.g. ,  buf fered aspi r in) .  
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(a)  The buf fer ing agent  forms an alka l ine medium in  the gast ro intest ina l  t rac t ,  and 

the drug d isso lves in  s i tu .  

(b)  The dissolved sal t  form of  the drug d i f fuses in to  the bulk  f lu id  o f  the 

gast ro in test inal  t ract ,  forms a f ine precip i ta te  that redisso lves rap id ly,  and becomes 

avai lab le  for  absorpt ion. 

b.  Effervescent granules  or  tablets  containing the ac id  drug in  addi t ion to  sodium 

b icarbonate,  tar tar ic  ac id ,  c i t r ic  acid , or  o ther  ingredients  are added to  water  jus t  

before ora l  admin is t rat ion.  The excess sodium b icarbonate forms an a lkal ine 



solut ion in  which the drug d isso lves.  Carbon dioxide is a lso formed by the 

decomposi t ion of carbonic  acid . 

c .  For  weakly acidic drugs,  potass ium and sodium sal ts are more solub le than 

d iva lent  cat ion sa l ts  (e .g. ,  ca lc ium, magnesium) or  t r ivalent  cat ion sa l ts  (e .g. ,  

a luminum). 

d.  For weak bases,  common water-so lub le sa l ts  inc lude the hydrochlor ide,  sul fate , 

c i t ra te,  and g luconate sal ts .  The esto late,  napsyla te,  and stearate sa l ts  are less 

water  soluble. 

6.  Polymorphism  is  the ab i l i ty  of  a drug to  exis t  in  more than one crys tal l ine form. 

a.  Di f ferent  polymorphs have di f ferent  phys ical  propert ies ,  inc lud ing mel t ing po int  

and d isso lut ion ra te. 

b.  Amorphous,  or  noncrystal l ine,  forms  o f  a  drug have fas ter d isso lut ion ra tes 

than do crysta l l ine forms.  

7.  Chiral i ty is  the ab i l i ty o f  a drug to  exis t  as optical ly act ive stereoisomers  or  

enantiomers.  Indiv idual enant iomers may not  have the same pharmacokinet ic  and 

pharmacodynamic act iv i ty.  Because most  ch ira l  drugs are used as racemic  mixtures, 

the resul ts  o f  s tud ies wi th  such mixtures may be mis leading because the drug is 

assumed to  behave as a s ing le  ent i ty.  For  example,  ibuprofen exis ts  as  the R -  and 

S -enant iomers;  on ly the S -enant iomer is  pharmacolog ica l ly ac t ive. W hen the 

racemic  mixture of  ibuprofen is  taken ora l ly,  the R -enant iomer undergoes 

presystemic  inversion in  the gut  to  the S -enant iomer. Because the rate and extent  o f  

inversion are s i te  spec i f ic  and formulat ion dependent,  ibuprofen act iv i ty may vary 

cons iderably.  

8.  Hydrates.  Drugs may exis t  in  a  hydrated,  or  solvated,  form  or  as  an anhydrous 

molecule.  Disso lut ion rates d i f fer  for  hydrated and anhydrous forms. For example, 

the anhydrous form of  ampic i l l in  d isso lves fas ter and is  more rapidly absorbed than 

the hydrated form. 

9.  Complex formation.  A complex  is  a spec ies formed by the revers ible  or  

i r revers ible  assoc iat ion of  two or  more in teract ing molecules or ions.  Chelates  are 

complexes that  typica l ly invo lve a r ing-l ike s t ruc ture formed by the in teract ion 

between a par t ia l  r ing of a toms and a metal .  Many b io logica l ly important molecules 

(e .g.,  hemoglobin,  insu l in ,  cyanocobalamin)  are chelates.  Drugs such as te t racyc l ine 

form chelates wi th  d iva lent  (e.g . ,  Ca+ + ,  Mg+ + )  and t r iva lent (e .g . ,  Al+ + + ,  Bi+ + + )  meta l  

ions.  Many drugs adsorb s t rongly on charcoal  or c lay (e .g. ,  kaol in ,  bentoni te)  

par t ic les by forming complexes.  Drug complexes wi th  prote ins , such as albumin or  

α1 -ac id  glycoprote in ,  of ten occur .  

a.  Complex format ion usual ly a l ters the phys ical  and chemical  character ist ics  of  the 

drug. For example: 

(1)  The chelate of  te t racyc l ine wi th  calc ium is  less water  so luble and is  poor ly 

absorbed. 

(2)  Theophyl l ine complexed wi th  ethylenediamine to  form aminophyl l ine is  more 

water  soluble and is  used for parenteral  and recta l  adminis tra t ion. 

(3)  Cyc lodextr ins  are used to  form complexes wi th  many drugs to increase the i r  

water  solubi l i ty .  



b.  Large drug complexes,  such as drug-prote in complexes,  do not  c ross cel l  

membranes easi ly.  These complexes must  d issociate to f ree the drug for  absorpt ion 

at  the absorpt ion s i te or  to  permi t  t ransport  across ce l l  membranes or g lomerular 

f i l t ra t ion before the drug is  excreted in to  the ur ine. 

B. Drug product and del ivery system formulat ion  

1.  General  considerat ions  

a.  Design of  the appropriate dosage form  or  del ivery system  depends on the 

(1)  Physica l  and chemical  proper t ies of  the drug 

(2)  Dose of  the drug 

(3)  Route of  administ ra t ion 

(4)  Type of drug del ivery system des i red 

(5)  Des i red therapeut ic  ef fect 

(6)  Physiologic re lease of  the drug from the del ivery system 

(7)  B ioavai lab i l i ty  o f the drug at  the absorpt ion s i te 

(8)  Pharmacokinet ics  and pharmacodynamics of the drug 
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b.  Bioavai labi l i ty.  The more compl icated the formulat ion of  the f in ished drug 

product (e .g. ,  contro l led-re lease tab let ,  enter ic -coated tab let ,  t ransdermal  patch) ,  

the greater  the potent ial  for  a b ioavai lab i l i ty  problem. For  example,  the release  o f  a  

drug f rom a peroral  dosage form and i ts  subsequent  b ioavai labi l i ty  depend on a 

success ion of  rate  processes (F igure 4-2) .  These processes may inc lude the 

fo l lowing: 

(1)  Attr i t ion,  disintegrat ion,  or  disaggregation  o f  the drug product 

(2)  Dissolut ion  o f  the drug in  an aqueous envi ronment 

(3)  Convection  and diffusion  o f  the drug molecules to  the absorbing surface 

(4)  Absorption  of  the drug across ce l l  membranes in to  the systemic  c i rcu la t ion 

c .  The rate- l imiting step  in the bioavai lab i l i ty  o f a  drug f rom a drug product  is the 

s lowest step in a  series  of  k inet ic  processes. 

(1)  For  most  convent ional  so l id  drug products  (e.g. ,  capsules,  table ts) ,  the 

d issolut ion ra te is  the s lowest ,  or ra te- l imi t ing, step for  b ioavai labi l i ty .  

(2)  For  a  control led-  or  susta ined-re lease drug product ,  the release of  the drug f rom 

the del ivery system is  the ra te- l imi t ing s tep. 

2.  Solut ions  are homogeneous mixtures of  one or  more solu tes d ispersed 

molecular ly in  a  d isso lv ing medium (so lvent) .  

a.  Compared wi th  other  ora l  and perora l  drug formulat ions,  a  drug d isso lved in  an 

aqueous so lut ion is in the most b ioavai lab le and cons is tent  form.  Because the drug 

is  a l ready in   
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so lu t ion, no d isso lut ion step is  necessary before systemic  absorpt ion occurs . 

Peroral  drug solut ions are of ten used as the reference preparat ion for so l id  peroral  

formulat ions. 



 

Figure 4-2. The processes involved in drug 
release from peroral dosage forms. GI, 
gastrointestinal. 

b.  A drug d isso lved in  a  hydroalcohol ic  so lu t ion (e .g . ,  el ixi r )  a lso has good 

b ioavai lab i l i ty .  A lcohol  aids drug so lubi l i ty .  However,  when the drug is di lu ted by 

gast ro in test inal  t ract  f lu id  and other gut  contents (e .g. ,  food) ,  i t  may form a f inely 

d iv ided prec ipi tate  in  the lumen of  the gast ro in test inal  t ract .  Because of  the 

extens ive dispers ion and large sur face area of  such f ine ly div ided precipi ta tes,  

red isso lut ion and subsequent absorpt ion occur rap idly.  

c .  A v iscous drug solut ion (e .g. ,  syrup)  may inter fere wi th  d i lu t ion and mixing wi th 

gast ro in test inal  t ract  contents .  The solut ion decreases the gastr ic  emptying rate and 

the rate of  t ransfer  of  drug so lut ion to  the duodenal  region,  where absorpt ion is  

most  ef f ic ient.  

3.  Suspensions  are d ispers ions of  f inely d iv ided so l id  par t ic les  of  a drug in  a  l iqu id  

medium in  which the drug is  not  readi ly so lub le.  The l iqu id  medium of a  suspens ion 

compr ises a saturated so lut ion of the drug in  equi l ibr ium wi th  the sol id drug. 

a.  The bioavai labi l i ty  o f  the drug f rom suspensions may be simi lar  to that  o f  a  

so lu t ion because the f ine ly d iv ided par t ic les  are d ispersed and provide a large 

sur face area for  rapid  d isso lut ion.  On the other  hand, a  s low d isso lut ion ra te 

decreases the absorpt ion ra te. 

b.  Suspending agents  are often hydrophi l ic  col lo ids (e .g. ,  cel lu lose derivat ives,  

acac ia,  xanthan gum) added to  suspensions to  increase viscos i ty,  inh ibi t  

agglomerat ion,  and decrease the rate at  which par t ic les  set t le .  Highly v iscous 

suspensions may pro long gastr ic emptying t ime,  s low drug dissolut ion,  and 

decrease the absorpt ion ra te. 

4.  Capsules  are sol id  dosage forms wi th  hard or  sof t  gela t in  shel ls  that  contain  

drugs,  usual ly admixed wi th  exc ip ients.  Coating  the capsule shel l  or  the drug 

par t ic les wi th in the capsule can af fec t  b ioavai labi l i ty .  

a.  Hard gelat in capsules  are usual ly f i l led wi th  a  powder b lend that  conta ins  the 

drug. Typical ly,  the powder blend is  s impler and less compacted than the b lend in  a  

compressed tab let .  After ingest ion,  the gelat in  sof tens,  swel ls ,  and begins to  

d issolve in  the gast roin test inal  t ract .  Encapsulated drugs are re leased rap idly and 

d ispersed easi ly,  and b ioavai lab i l i ty  is  good.  Hard ge lat in  capsules are the preferred 

dosage form for  ear ly c l in ica l  t r ia ls  o f new drugs. 



b.  Soft gelat in capsules  may contain  a nonaqueous so lut ion, a  powder, or  a drug 

suspension.  The vehic le  may be water  miscib le  (e.g. ,  PEG).  The cardiac glycoside 

d igoxin,  d ispersed in  a  water-miscible  vehic le (Lanoxicaps) ,  has bet ter 

b ioavai lab i l i ty  than a compressed tab let  formulat ion (Lanoxin) .  However,  a  sof t  

ge la t in  capsule that conta ins  the drug d isso lved in  a  hydrophobic  veh ic le (e .g. ,  

vegetable o i l )  may have poorer  bioavai lab i l i ty  than a compressed tab let  formulat ion 

of  the drug. 

c .  Aging  and storage condit ions  can affec t  the mois ture content  of  the ge lat in  

component  o f the capsule shel l  and the b ioavai lab i l i ty  o f the drug. 

(1)  At  low moisture levels ,  the capsule shel l  becomes bri t t le  and is  easi ly ruptured. 

(2)  At  h igh mois ture levels ,  the capsule shel l  becomes mois t,  sof t ,  and d is torted.  

Mois ture may be t ransferred to  the capsule contents , par t icular ly i f  the contents  are 

hygroscopic . 

5.  Compressed tablets  are so l id  dosage forms in  which h igh pressure is used to  

compress a powder b lend or  granulat ion that  conta ins  the drug and other  

ingredients ,  or  exc ip ients ,  in to a sol id mass. 

a.  Excipients,  includ ing d i luents  (f i l le rs) ,  b inders,  d is in tegrants,  lubr icants ,  

g l idants , sur fac tants ,  dye,  and f lavoring agents ,  have the fo l lowing proper t ies . 

(1)  They permi t  the ef f ic ient  manufacture of  compressed tab lets .  

(2)  They affect  the phys ica l  and chemical  character ist ics of  the drug. 

(3)  They affect  bioavai lab i l i ty .  The h igher  the ra t io  o f  exc ip ient  to  act ive drug,  the 

greater  the l ikel ihood that  the exc ipients a f fect  bioavai lab i l i ty .  

b.  Examples  

(1)  Disintegrants  (e.g . ,  s tarch, c roscarmel lose,  sodium starch g lyco late) vary in  

ac t ion,  depending on thei r  concentrat ion,  the method by which they are mixed wi th  

the powder formulat ion or  granulat ion, and the degree of  table t compact ion.  

Al though tab let  dis in tegrat ion is  usual ly not  a  problem because i t  o f ten occurs  more 

rap id ly than drug dissolut ion,  i t  is  necessary for  disso lut ion in  immediate-re lease 

formulat ions.  Inabi l i ty  to  d is in tegrate may in ter fere wi th  bioavai lab i l i ty .  

P.91 

 

 

(2)  Lubricants  are usual ly hydrophobic ,  water- inso luble substances such as s tearic  

ac id ,  magnes ium stearate,  hydrogenated vegetable oi l ,  and ta lc .  They may reduce 

wet t ing of  the surface of  the sol id drug par t ic les ,  s lowing the dissolut ion and 

b ioavai lab i l i ty  ra tes of  the drug.  W ater-so lub le lubr icants , such as L- leuc ine,  do not  

in ter fere wi th  dissolut ion or  bioavai lab i l i ty .  

(3)  Gl idants  (e .g . ,  col lo ida l  s i l icon dioxide)  improve the f low propert ies of  a  dry 

powder blend before i t  is  compressed.  Rather than pos ing a potent ia l  problem wi th  

b ioavai lab i l i ty ,  g l idants  may reduce tablet -to- table t  variabi l i ty  and improve product  

e f f icacy. 

(4)  Surfactants  enhance drug d isso lut ion ra tes and bioavai lab i l i ty  by reduc ing 

in ter fac ial  tens ion at  the boundary between so l id drug and l iqu id and by improving 

the wet tab i l i ty  (contact )  o f  so l id  drug par t ic les  by the solvent.  



c.  Coated compressed tablets  have a sugar coat ,  a  f i lm coat ,  or  an enteric  coat  

wi th  the fo l lowing propert ies : 

(1)  I t  protects the drug f rom mois ture,  l ight ,  and ai r .  

(2)  I t  masks the tas te or odor  o f  the drug. 

(3)  I t  improves the appearance of  the table t.  

(4)  I t  may af fec t the release rate of  the drug. 

d.  In addi t ion,  enteric coatings  min imize contact  between the drug and the gastr ic  

reg ion by resist ing d issolut ion or  a t t r i t ion and prevent ing contact  between the 

under ly ing drug and the gastr ic  contents  or  gast r ic  mucosa.  Some enteric coat ings 

minimize gastr ic  contact  because they are inso lub le  at  acid ic  pHs. Other coat ings 

res is t  a t tr i t ion and remain whole long enough for  the table t  to  leave the gastr ic 

area. By res is t ing d isso lut ion or a tt r i t ion,  enteric coat ings may decrease 

b ioavai lab i l i ty .  Enter ic  coat ings are used to 

(1)  Min imize i r r i ta t ion of  the gast r ic  mucosa by the drug 

(2)  Prevent  inact ivat ion or  degradat ion of the drug in the stomach 

(3)  Delay release of  the drug unt i l  the tab le t  reaches the smal l  in test ine,  where 

condi t ions for  absorpt ion may be opt imal 

6.  Modified-release dosage forms  are drug products  that  a l ter  the ra te or  t iming of  

drug re lease. Because modi f ied-release dosage forms are more complex than 

convent ional  immediate-re lease dosage forms,  more s t r ingent  qual i ty contro l  and 

b ioavai lab i l i ty  tes ts are requi red.  Dose dumping,  or  the abrupt ,  uncontrol led 

re lease of a  large amount  o f  drug,  is  a  problem. 

a.  Extended-release dosage forms  include control led-release,  sustained-act ion,  

and long-acting drug del ivery systems.  These del ivery systems a l low at  least a  

twofo ld  reduct ion in dos ing f requency compared wi th  convent ional  immediate-

re lease formulat ions. 

(1)  The extended, s low re lease of contro l led-re lease drug products  produces a 

re lat ive ly f la t ,  susta ined p lasma drug concentrat ion that  avo ids toxic i ty ( from h igh 

drug concentrat ions)  or  lack of e f f icacy (f rom low drug concentrat ions) .  

(2)  Extended-release dosage forms provide an immediate ( in i t ia l )  release of  the 

drug, fol lowed by a s lower susta ined release. 

b.  Delayed-release dosage forms  re lease act ive drug at  a t ime other  than 

immediate ly af ter admin is t rat ion at  a  des i red s i te in  the gast ro intest ina l  t rac t .  For 

example, an enter ic -coated drug product  does not  a l low for  d isso lut ion in  the acid  

envi ronment  o f  the s tomach but ,  ra ther ,  in  the less  acidic  envi ronment  o f the smal l  

in tes t ine. 

7.  Transdermal drug del ivery systems,  or  patches,  are contro l led-re lease devices 

that  contain  the drug for  systemic  absorpt ion af ter  topica l  appl icat ion to  the sk in  

sur face.  Transdermal  drug del ivery systems are avai lab le  for  a  number of drugs 

(n i t rog lycer in ,  n icot ine,  scopolamine, c lonidine,  fentanyl ,  17-β-est rad io l ,  and 

tes tosterone).  Al though the formulat ion matr ices of  these del ivery systems di f fer  

somewhat ,  they al l  d i f fer f rom convent ional  top ica l  formulat ions in  the fo l lowing 

ways:  

a.  They have an impermeable occlusive backing f i lm  that  prevents  insens ib le  

water  loss f rom the skin  beneath the patch.  Th is  f i lm causes increased hydrat ion 



and sk in temperature under the patch and enhanced permeat ion of  the skin  by the 

drug. 

b.  The formulat ion matr ix o f  the patch maintains  the drug concentrat ion gradient  

wi th in  the device af ter appl icat ion so that  drug de l ivery to  the in ter face between the 

patch and the sk in  is  susta ined. As a resul t ,  drug par t i t ion ing and d i f fus ion in to  the 

skin  pers is t ,  and systemic  absorpt ion is  maintained throughout  the dos ing in terva l .  

c .  Transdermal  drug del ivery systems are kept in p lace on the sk in  sur face by an 

adhesive layer,  ensuring drug contact  wi th  the sk in and cont inued drug del ivery. 

8.  Targeted (si te-specific)  drug del ivery systems  are drug carr ier  systems that  

p lace the drug at  or near the receptor  s i te .  Examples include macromolecular drug 

carr iers  (protein  drug  

P.92 

 

carr iers) ,  par t icu late drug del ivery systems (e.g. ,  l iposomes,  nanopart ic les) ,  and 

monoclonal  ant ibodies.  W ith targeted drug del ivery,  the drug may be del ivered to 

a.  The capi l lary bed of  the act ive s i te 

b.  A spec ia l  type of  ce l l  (e .g .,  tumor ce l ls )  but not  to  normal  ce l ls 

c .  A speci f ic  organ or t issue by complexing wi th a  carr ier  that  recognizes the target 

9.  Inserts,  implants,  and devices  are used to  control  drug del ivery for  local ized or  

systemic  drug effects.  The drug is impregnated in to  a biodegradable or  

nonbiodegradable mater ia l  and is released slowly.  The inser ts,  implants,  and 

devices are inserted into a var ie ty o f cavi t ies  (e .g. ,  vagina, buccal cavi ty)  or  t issues 

(e.g.,  sk in) .  For  example,  the leupro l ide acetate implant,  Viadur ,  is  inser ted beneath 

the skin  of  the upper arm.  I t  provides pa l l ia t ive treatment  of  advanced prostate 

cancer for 1  year .  
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STUDY QUESTIONS 
Direct ions:  Each quest ion,  s tatement ,  or  incomplete s ta tement  in  th is  sect ion can 

be correct ly answered or completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

1.  Which statement best describes bioavai labil i ty?  

(A)  re la t ion between the phys ical  and the chemical  proper t ies of  a  drug and i ts  

systemic  absorpt ion 

(B)  measurement  of  the ra te and amount  o f  therapeut ica l ly act ive drug that  reaches 

the systemic  c irculat ion 

(C) movement  of  the drug into  body t issues over  t ime 

(D) d isso lut ion of  the drug in the gastro in test inal  t ract 

(E)  amount  of  drug destroyed by the l iver  before systemic  absorpt ion f rom the 

gastro in test inal  t ract  occurs 

View Answer1.  The answer is  B[see] .2.  The route of drug administration 

that  gives the most rapid onset of  the pharmacologic effect  is 

(A)  int ramuscular in jec t ion. 



(B)  int ravenous in jec t ion.  

(C)  in tradermal  in jec t ion. 

(D)  perora l  admin is t ra t ion. 

(E)  subcutaneous injec t ion. 

View Answer2.  The answer is  B[see] .3.  The route of drug administration 

that  provides complete (100%) bioavai labil i ty is  

(A)  int ramuscular in jec t ion. 

(B)  int ravenous in jec t ion.  

(C)  in tradermal  in jec t ion. 

(D)  perora l  admin is t ra t ion. 

(E)  subcutaneous injec t ion. 

View Answer3.  The answer is  B[see] .4.  After peroral  administrat ion,  

drugs general ly are absorbed best from the 

(A)  buccal  cavi ty.  

(B)  s tomach. 

(C)  duodenum. 

(D) i leum. 

(E)  rec tum. 

View Answer4.  The answer is  C[see] .5.  The characterist ics of  an act ive 

transport  process include all  of the fol lowing except  for which one? 

(A)  Act ive t ransport  moves drug molecules against  a concentrat ion gradient .  

(B)  Act ive t ransport  fo l lows Fick 's  law of  di f fusion. 

(C)  Act ive t ransport  is  a carr ier -mediated t ranspor t  system. 

(D)  Act ive t ransport  requi res energy. 

(E)  Act ive t ransport  of  drug molecules may be saturated at  high drug 

concentrat ions. 

View Answer5.  The answer is  B[seeand] .6.  The passage of  drug 

molecules from a region of  high drug concentrat ion to a region of  low drug 

concentration is  known as 

(A)  act ive t ransport .  

(B)  b ioavai lab i l i ty .  

(C)  b iopharmaceutics . 

(D)  s imple d i f fus ion. 

(E)  p inocytosis.  

View Answer6.  The answer is  D[see] .7.  Which equation describes the rate 

of  drug dissolut ion from a tablet? 

(A)  F ick 's  law 

(B)  Henderson-Hasselbalch equat ion 

(C) Law of  mass act ion 

(D) Michael is-Menten equat ion 

(E)  Noyes-W hitney equat ion 

View Answer7.  The answer is  E[see] .8. Which condit ion usual ly increases 

the rate of drug dissolut ion from a tablet? 

(A)  increase in  the par t ic le  s ize of  the drug 

(B)  decrease in  the sur face area of the drug 



(C)  use of  the f ree acid  or  f ree base form of  the drug 

(D) use of  the ionized,  or  sal t ,  form of  the drug 

(E)  use of  sugar coat ing around the table t 

View Answer8.  The answer is  D[seeand] .9.  Dose dumping is  a problem in 

the formulat ion of 

(A)  compressed tab lets .  

(B)  modif ied-release drug products . 

(C)  hard ge lat in capsules. 

(D)  sof t  ge la t in  capsules.  

(E)  supposi tor ies . 

View Answer9.  The answer is  B[see] .10.  The rate- l imit ing step in the 

bioavai labi l i ty of  a  l ipid-soluble drug formulated as an immediate-release 

compressed tablet  is the rate of 

(A)  d is in tegrat ion of the tab le t  and re lease of  the drug. 

(B)  d isso lut ion of  the drug. 

(C)  t ransport  o f  the drug molecules across the intest inal  mucosal cel ls .  

(D)  b lood f low to  the gast ro in test inal  t rac t.  

(E)  b io t ransformation,  or metabol ism,  of  the drug by the l iver before systemic  

absorpt ion occurs. 

View Answer10. The answer is  B[see] .P.94 

 

 

11.  The extent of  ionizat ion of a  weak electrolyte drug depends on the 

(A)  pH of  the media and pKa  of  the drug. 

(B)  o i l  to  water  par t i t ion coef f ic ient  o f  the drug. 

(C)  par t ic le  s ize and sur face area of  the drug. 

(D)  Noyes-W hitney equat ion for the drug. 

(E)  polymorphic  form of the drug. 

View Answer11. The answer is  A[see] .12.  The rate of drug bioavai labi l i ty 

is  most rapid when the drug is  formulated as a 

(A)  contro l led-re lease product .  

(B)  hard ge lat in  capsule. 

(C)  compressed tab let .  

(D)  solu t ion. 

(E)  suspens ion. 

View Answer12. The answer is  D[see] .13.  The amount of  drug that  a  

transdermal patch ( i .e. ,  t ransdermal drug del ivery system) del ivers within a 24-

hr period depends on the 

(A)  patch composi t ion,  which includes an occlus ive back ing and an adhesive f i lm in  

contact  wi th  the sk in. 

(B)  a f f in i ty o f  the drug for  the formulat ion matr ix re la t ive to  i ts  a f f in i ty for  the 

s t ratum corneum. 

(C) ra te of drug par t i t ioning and/or  d i f fus ion through the patch to the sk in surface. 

(D)  surface area of the patch. 

(E)  Al l  o f  the above 



View Answer13. The answer is  E[see] .P.95 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [see  I .A.3 ] .  

B ioavai lab i l i ty  is  the measurement o f  the ra te and extent  (amount)  o f therapeut ical ly 

ac t ive drug that reaches the systemic  c irculat ion.  The re la t ion of  the physica l  and 

the chemical  proper t ies of  a  drug to  i ts  systemic  absorpt ion ( i .e . ,  b ioavai lab i l i ty)  is  

known as i ts b iopharmaceut ics .  The movement  of a  drug in to  body t issues is  an 

aspect  o f pharmacokinet ics ,  which is  the s tudy of drug movement  in  the body over  

t ime.  The d isso lut ion of  a  drug in  the gast roin test inal  t ract  is  a phys icochemical  

process that a ffects b ioavai lab i l i ty .  Signi f icant  dest ruct ion of  a  drug by the l iver  

before i t  is  systemica l ly absorbed (known as the f i rst -pass effec t  because i t  occurs  

dur ing the f i rs t  passage of  the drug through the l iver)  decreases b ioavai lab i l i ty .  

2.  The answer is  B  [see  I I .B.1.a ] .  

When the act ive form of  the drug is  given in t ravenous ly,  i t  enters  the systemic  

c i rcu la t ion d i rect ly.  The drug is del ivered rapid ly to  al l  t issues,  including the drug 

receptor  s i tes .  For  a l l  o ther  routes of  drug adminis t ra t ion, except  in t ra-arter ial  

in jec t ion,  the drug must  be systemical ly absorbed before i t  is  dis tr ibuted to  the drug 

receptor  s i tes .  For  th is  reason, the onset  of  pharmacolog ic  e f fec ts  is  s lower.  I f  the 

drug is a  prodrug that  must  be conver ted to  an act ive drug,  ora l  admin is t ra t ion,  not  

in t ravenous injec t ion,  may not  provide the most rap id onset  of  ac t iv i ty i f  conversion 

to  the act ive form takes p lace in  the gast ro intest ina l  t rac t  or  l iver .  

3.  The answer is  B  [see  I I .C.2 ] .  

When a drug is  given by in t ravenous injec t ion,  the ent i re dose enters  the systemic  

c i rcu la t ion. W ith  other  routes of admin is t ra t ion,  the drug may be los t before i t  

reaches the systemic  c ircu la t ion. For example,  wi th  f i rs t -pass ef fec ts ,  a  por t ion of  

an ora l ly admin is tered drug is  e l iminated, usual ly through degradat ion by l iver  

enzymes,  before the drug reaches i ts  receptor  s i tes . 

4.  The answer is  C  [see  I I .B.2.b. (4) ] .  

Drugs g iven ora l ly are wel l  absorbed f rom the duodenum. The duodenum has a large 

sur face area because of  the presence of  v i l l i  and microvi l l i .  In addi t ion,  because the 

duodenum is wel l  per fused by the mesenteric b lood vessels,  a concentrat ion 

gradient  is  maintained between the lumen of  the duodenum and the blood.  

5.  The answer is  B  [see  I I .A.2 and  3 ] .  

F ick 's  law of  d i f fusion describes passive di f fus ion of  drug molecules moving f rom a 

h igh concentrat ion to a  low concentrat ion.  Th is process is  not  saturable and does 

not  requi re energy. 

6.  The answer is  D  [see  I I .A.2 ] .  

The t ransport  o f  a drug across a ce l l  membrane by pass ive d i f fus ion fo l lows Fick 's  

law of  di f fus ion: The drug moves wi th a concentrat ion gradient  ( i .e . ,  f rom an area of 

h igh concentrat ion to an area of  low concentrat ion) .  In  contrast ,  drugs that  are 

act ive ly t ransported move against a  concentrat ion gradient .  

7.  The answer is  E  [see  I I I .A.1 ] .  



The Noyes-Whi tney equat ion descr ibes the rate at  which a so l id  drug disso lves.  

F ick 's  law is s imi lar  to the Noyes-W hitney equat ion in that  both equat ions descr ibe 

drug movement  caused by a concentrat ion gradient .  Fick 's law general ly re fers  to  

pass ive d i f fus ion,  or  pass ive transport ,  o f  drugs. The law of  mass act ion descr ibes 

the ra te of  a  chemical  react ion,  the Michael is -Menten equat ion involves enzyme 

k inet ics ,  and the Henderson-Hasselbalch equat ion g ives the pH of  a  buffer  solu t ion. 

8.  The answer is  D  [see  I I I .A.1 and  3 ] .  

The ionized, or  sal t ,  form of a  drug has a charge and is  general ly more water  

so luble and, therefore,  disso lves more rap idly than the nonionized ( free ac id or  f ree 

base)  form of  the drug.  The dissolut ion ra te is  d i rec t ly propor t ional  to  the sur face 

area and inverse ly propor t ional  to  the part ic le s ize.  An increase in  the part ic le  s ize 

or  a  decrease in the sur face area s lows the d issolu t ion ra te. 

9.  The answer is  B  [see  I I I .B.6 ] .  

A modi f ied-re lease, or  control led-re lease,  drug product  contains  two or  more 

convent ional  doses of  the drug.  An abrupt  re lease of  the drug,  known as dose 

dumping,  may cause intoxicat ion. 
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10.  The answer is  B  [see  I I I .B.1.c ] .  

For  l ip id-so luble drugs, the rate of  d issolut ion is  the s lowest ( i .e . ,  ra te- l imit ing)  step 

in  drug absorpt ion and thus in b ioavai lab i l i ty .  The d is in tegrat ion rate of  an 

immediate-release or  convent ional  compressed tab let  is  usual ly more rapid than the 

ra te of  drug d isso lut ion. Because the cel l  membrane is a  l ipoprotein  s t ructure, 

t ransport  of  a  l ip id-so luble drug across the cel l  membrane is  usual ly rapid.  

11.  The answer is  A  [see  I I I .A.4.b ] .  

The extent  o f ion izat ion of  a  weak elec t rolyte  is descr ibed by the Henderson-

Hasselba lch equat ion,  which rela tes the pH of  the so lut ion to  the pKa  of  the drug. 

12.  The answer is  D  [see  I I I .B.2.a ] .  

Because a drug in  so lu t ion is  a l ready dissolved, no dissolut ion is  needed before 

absorpt ion.  Consequently,  compared wi th other  drug formulat ions,  a drug in  so lu t ion 

has a h igh rate of  bioavai lab i l i ty .  A drug in  aqueous solut ion has the h ighest  

b ioavai lab i l i ty  ra te and is  o ften used as the reference preparat ion for o ther  

formulat ions.  Drugs in hydroalcohol ic so lut ion (e.g . ,  e l ixi rs )  a lso have good 

b ioavai lab i l i ty .  The rate of  drug b ioavai labi l i ty  f rom a hard ge lat in capsule,  

compressed tab let ,  or  suspension may be equal to  that  of  a solut ion i f  an opt imal  

formulat ion is  manufactured and the drug is  inherent ly rap id ly absorbed. 

13.  The answer is  E  [see  I I I .B.7 ] .  

Drug del ivery f rom a t ransdermal  drug del ivery system depends on al l  o f  the fac tors 

c i ted—that is ,  on the presence of  an occ lusive backing ( to mainta in  skin  hydrat ion 

and e levate skin temperature s l ight ly)  and an adhesive f i lm to maintain  contact  o f  

the formulat ion matr ix wi th  the skin  to  enable drug t ransfer  from the patch in to  the 

skin .  I f  the drug 's  a f f in i ty for  the formulat ion matr ix is  greater  than i ts  a ff in i ty for  the 

s t ratum corneum, the drug 's  escaping tendency from the patch wi l l  be reduced,  

minimizing the gradient  for  drug transfer  in to  the skin .  The microviscos i ty o f  the 



formulat ion matr ix,  the presence of  a  membrane between the drug reservo i r  in  the 

patch and the sk in  sur face,  and in teract ion of the drug wi th  the formulat ion matr ix 

a f fec t  the ra te and extent  o f  d i f fus ion and/or  par t i t ioning of the drug through the 

patch to  the skin  sur face.  F ina l ly,  the extent  o f  drug del ivery f rom the patch is  

d i rec t ly propor t ional  to  the sur face area of  the patch in  contact  wi th  the skin  

sur face. 
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Extemporaneous Prescription Compounding 
Loyd V.  Al len Jr.  

I. INTRODUCTION 
A. Defini t ions  

1.  Compounding vs manufacturing  

2.  I t  is  important ,  but o f tent imes d i f f icu l t ,  to  dis t inguish between compounding and 

manufactur ing. 

3.  Compounding  has been def ined by the Nat ional  Associat ion of  Boards of  

Pharmacy as the preparat ion,  mixing, assembl ing,  packaging,  or  label ing of  a drug 

or  device ( i )  as the resul t  o f  a  pract i t ioner 's prescr ipt ion drug order  or  in i t ia t ive 

based on the pharmacist/pat ient /prescr iber  re la t ionship in  the course of  professional  

pract ice or  ( i i )  for  the purpose of ,  as  an inc ident to  research,  teaching, or  chemical  

analys is  and not for  sale or  dispens ing. Compounding also includes the preparat ion 

of  drugs and devices in  ant ic ipat ion of prescr ip t ion drug orders based on rout ine,  

regular ly observed pat terns. 

4.  Manufacturing  has been def ined as the product ion,  preparat ion,  propagat ion, 

convers ion or  process ing of  a  drug or  device,  e i ther  di rec t ly or  indi rec t ly,  by 

ext ract ion f rom substances of  natura l  or ig in  or independently by means of chemical  

or  bio log ical  synthesis ,  and includes any packaging or repackaging of  the 

substance(s)  or label ing or  relabel ing of  i ts  container,  and the promotion and 

market ing of such drugs or  devices.  Manufactur ing a lso inc ludes the preparat ion 

and promotion of commerc ial ly ava i lab le  products f rom bulk  compounds for  resa le 

by pharmacies,  pract i t ioners,  or o ther  persons. 

5.  The purpose of pharmaceut ical  compounding is  to prepare an indiv idual ized drug 

t reatment  for  a pat ient  based on an order  f rom a du ly l icensed prescr iber .  The 

fundamenta l  d i f ference between compounding and manufactur ing is  the exis tence of 

a  pharmacist /prescr iber /pat ient rela t ionship that contro ls  the compounding of  the 

drug preparat ion.  Compounded drugs are not  for  resale but,  rather,  are personal  

and responsive to the pat ient 's  immediate needs. They are prepared and 

adminis tered by the pat ient ,  caregiver  or pat ient 's  healthcare professionals ,  which 

a l lows for  the monitor ing of  pat ient outcomes. On the other  hand,  drug 

manufacturers  produce batches cons is t ing of  tens or  hundreds of  thousands of  

dosage uni ts ,  such as tab le ts  or  capsules,  for  resa le, us ing many personnel  and 

large-scale manufactur ing equipment .  These products  are dist r ibuted through the 

normal  channels  o f  in ters tate commerce to ind iv iduals  unknown to  the company.  

Manufacturers  are not  requi red to ,  and do not ,  provide oversight  of  ind iv idual  

pat ients .  I t  is  a lso acceptable and rout ine pract ice for pharmacists  to  compound for  

“o f f ice use”  those preparat ions that  are not  commerc ia l ly ava i lable . These 

preparat ions are “For  Off ice Use Only”  and are not  for  resa le or to  be g iven to  the 

pat ients  to  take home;  they are to  be adminis tered at  the off ice. 

6.  The Uni ted States Pharmacopeia  (USP) uses the term preparat ion  to  refer  to  

compounded prescript ions and the term products  to  re fer to  manufactured 

pharmaceut icals .  Also, for  stabi l i ty  purposes,  compounded preparat ions are 



ass igned a “beyond-use” date and manufactured products  are ass igned an 

“expi ra t ion date. ” 

B. Regulat ion  

1.  Current good manufacturing pract ices (cGMPs)  are the s tandards of pract ice 

used in  the pharmaceut ica l  industry and are regulated by the Food and Drug 

Admin is t ra t ion (FDA). 
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2.  Good compounding pract ices (GCPs)  are the s tandards of  pract ice deta i led in  

the USP, chapter  <1075>.  Community pharmacists  must  comply wi th  s ta te board of  

pharmacy laws,  regulat ions,  and guide l ines to  ensure a qual i ty preparat ion,  which 

includes us ing proper  materia ls ,  weigh ing equipment ,  documented techniques, and 

d ispens ing and storage ins t ruc t ions. 

3.  Legal considerat ions  

a.  Extemporaneous compounding by the pharmacis t  or  a  prescr ipt ion order  f rom a 

l icensed pract i t ioner ,  as  wi th  the d ispensing of any other  prescr ip t ion, is  contro l led 

by the s ta te boards of pharmacy. 

b.  The legal  r isk  ( l iab i l i ty)  o f  compounding is  no greater  than the r isk  of  f i l l ing a 

prescrip t ion for a  manufactured product  because the pharmacis t must  ensure that  

the correct  drug, dose, and di rec t ions are provided.  The pharmacis t  is  a lso 

respons ib le for preparing a qual i ty pharmaceut ica l  preparat ion,  providing proper  

inst ruc t ions regard ing i ts s torage,  and advis ing the pat ient  o f  any adverse ef fec ts .  

4.  Food and Drug Administration.  The FDA has developed a l is t  o f  preparat ions 

that  should not  be extemporaneously compounded.  This l is t  was developed primar i ly 

f rom commerc ia l  products  that  have been removed f rom the market  owing to  safety 

and/or  ef f icacy concerns.  Th is  is a  lengthy l is t  and must be read careful ly because,  

in  some cases,  on ly cer ta in  dosage forms of  a spec i f ic  drug are inc luded on the l is t  

and others are not .  The l is t  is  too extensive to  inc lude here but  can be accessed at  

www.fda.gov/cder /pharmcomp/pcwd. txt .  

C. Stabil i ty and qual i ty control of  compounded preparat ions  

1.  Beyond-use dates.  The ass ignment  o f  a  beyond-use date is  one of  the most 

d i f f icu l t  tasks requi red of a  compounding pharmacis t .  Chapters  <795> and <797> of  

the USP provide guidel ines for  th is  task.  Chapter  <795> invo lves nonsteri le  

preparat ions, and chapter  <797> invo lves s ter i le  preparat ions. For nonster i le 

preparat ions, current  USP cr i ter ia  for  nonaqueous l iquids  and sol id  formulat ions ( for  

which a manufactured drug product is  the source of  ac t ive ingredients)  include a 

beyond-use date not  la ter  than 25% of  the t ime remain ing unt i l  the product 's  

exp i ra t ion date or  6  months, whichever  is  earl ier.  W hen a USP or  Nat ional 

Formulary  (NF )  substance is  the source of ac t ive ingredient,  the beyond-use date is  

not  la ter  than 6 months.  For  water-conta in ing formulat ions (prepared f rom 

ingredients  in  sol id form),  the beyond-use date is not  la ter  than 14 days when 

s tored at  cold  temperatures. For a l l  other formulat ions,  the beyond-use date is  not  

la ter  than the intended durat ion of  therapy or 30 days,  whichever is  ear l ier .  These 



beyond-use dates may be exceeded when there is  support ing va l id  scient i f ic  

s tab i l i ty  in format ion that  is  d i rec t ly appl icable to the spec i f ic  preparat ion. 

For  s ter i le preparat ions,  i f  a s ter i l i ty  test ing program is  not in place,  the fol lowing 

can be used provided the preparat ion is properly packaged and s tored. 

Low-Risk  Level  Compounded Steri le  Preparat ions:  Not  more than 48 hours  at 

contro l led room temperature, not  more than 14 days at a  cold  temperature 

( re f r igerator) and for  45 days f rozen at  -20°C or  co lder .  

Medium-Risk Level  Compounded Ster i le  Preparat ions:  Not  more than 30 hours  at  

contro l led room temperature, not  more than 9 days at  cold  temperature ( re f r igerator)  

and for  45 days f rozen at  -20°C or  colder .  

High-Risk  Level  Compounded Steri le  Preparat ions:  Not  more than 24 hours  at 

contro l led room temperature, not  more than 3 days at  cold  temperature ( re f r igerator)  

and for  45 days f rozen at  -20°C or  colder .  

I f  a  s ter i l i ty  tes t ing program is  in  p lace,  the beyond-use dates for nonsteri le  

preparat ions apply.  As in nonster i le  compounding,  these beyond-use dates for  

s ter i le  compounding may be exceeded when there is  support ing va l id  scient i f ic  

s tab i l i ty  in format ion that  is  d i rec t ly appl icable to the spec i f ic  preparat ion. 

2.  Quali ty control .  Qual i ty contro l  is  becoming one of  the fas test  growing aspects 

of  pharmacy compounding.  Pharmacists  are becoming more involved in  the f ina l  

tes t ing of compounded preparat ions or are sending them to contract  laborator ies  for  

tes t ing.  For  example, the fo l lowing qual i ty control  tests can be cons idered for  the 

respect ive compounded dosage forms: 
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a.  Ointments,  creams, and gels.  Theoret ical  weight  compared to  actual  weight ,  pH,  

spec i f ic  gravi ty,  ac t ive drug assay,  phys ical  observat ions (color ,  c lar i ty,  texture-

sur face,  texture-spatula  spread, appearance,  fee l) ,  and rheologica l  propert ies . 

b.  Hard gelat in capsules.  Weight  overa l l ,  average weight ,  indiv idual  weight  

var ia t ion, disso lut ion of  capsule shel l ,  d is in tegrat ion of capsule contents , ac t ive 

drug assay,  physica l  appearance (co lor ,  un i formi ty,  extent  o f  f i l l ,  locked) ,  and 

phys ical  s tabi l i ty  (discolorat ion, changes in  appearance).  

c .  Special  hard gelat in capsules.  Weight  overal l ,  average weight,  ind iv idual  weight 

var ia t ion, disso lut ion of  capsule shel l ,  d is in tegrat ion of capsule contents , ac t ive 

drug assay,  physica l  appearance (co lor ,  un i formi ty o f  appearance,  un i formi ty o f  

extent  o f  f i l l ,  c losures) ,  and physica l  s tab i l i ty  (d isco lorat ion or  o ther  changes).  

d.  Suppositories,  troches,  lol l ipops,  and st icks.  Weight ,  speci f ic  gravi ty,  ac t ive 

drug assay,  physica l  observat ions (co lor ,  c lar i ty,  texture of  surface,  appearance, 

fee l) ,  melt ing tes t,  dissolut ion tes t,  phys ical  stabi l i ty .  

e.  Oral  and topical l iquids.  Weight  to  volume,  pH,  speci f ic  gravi ty,  act ive drug 

assay,  globule s ize range,  rheologica l  proper t ies/pourabi l i ty ,  phys ica l  observat ions 

(co lor ,  c lar i ty) ,  and physical  s tab i l i ty  (discolorat ion,  foreign materials ,  gas 

format ion, mold growth) .  



f .  Parenteral  preparations.  Weight  or  volume,  pH,  speci f ic  gravi ty,  osmola l i ty ,  

assay,  phys ical  observat ions (co lor ,  c lar i ty) ,  par t icu la te mat ter ,  s ter i l i ty ,  and 

pyrogenic i ty.  

3.  Quali ty control  test ing.  Pharmacists have the opt ion of  do ing tes t ing in-house or  

outsourc ing i t  to  laborator ies . 

a.  In-house test ing  can include measurements  such as weight,  vo lume,  pH,  speci f ic  

gravi ty,  osmola l i ty,  phys ica l  observat ions,  ster i l i ty  and endotoxins. 

b.  Out-sourced test ing  can inc lude ster i l i ty ,  endotoxins,  potency,  and d isso lut ion. 

c .  Test results  should be kept  on f i le  wi th  the compounding records for the 

indiv idual  compounded preparat ions. 

II. REQUIREMENTS FOR COMPOUNDING 
A. Sources for chemicals and drugs.  Pharmacis ts can obta in smal l  quant i t ies  of  

the appropria te  chemicals  or drugs f rom wholesalers  or  chemical  supply houses.  

These suppl iers  then may a lso serve as compounding consultants to  the 

pharmacis ts  to a id  in  ensur ing thei r  product 's  pur i ty and qual i ty.  

B. Equipment.  The correct  equipment  is  important  when compounding.  Many s tate 

boards of  pharmacy have a requi red minimum l ist  o f  equipment  for  compounding 

prescrip t ions.  Suggested equipment ,  which varies accord ing to  the amount o f  

mater ial  needed and the type of compounded prescrip t ion (e .g. ,  parenteral ) ,  

includes the fo l lowing: 

1.  E lect ronic balance and/or  c lass A prescr ipt ion ba lance 

2.  Hot p la te 

3.  Magnetic  s t i r rer 

4.  E lect r ic  mixer  

5.  Specia l  conta iners for packaging (e.g. ,  appl icator  t ip  bot t les ,  insuff lators) 

6.  Graduated cyl inders  f rom 10 mL to  1000 mL 

7.  Glass,  Wedgwood,  and porcelain  mortars  and pest les  of  various s izes 

8.  Funnels  o f var ious s izes 

9.  Spatulas  of var ious s izes,  includ ing several  plas t ic  spatulas 

10.  W eighing and f i l ter  papers 

11.  St i r r ing rods (g lass) 

12.  Ointment /pi l l  t i le 

13.  Capsule- f i l l ing machine 

14.  Ointment- f i l l ing machine 

15.  Autoc lave 

16.  Laminar  f low c lean bench 

17.  Spec ial  suppos i tory,  t roche and medicat ion-st ick  molds 
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18.  Record-keeping system (compounding log book) 

19.  Glass beakers  f rom 50 mL to  1000 mL 

C. Location of  compounding area.  Many pharmacies act ively involved in  

compounding have dedicated a separate area in the pharmacy to  th is  process.  The 



idea l  locat ion is  away f rom heavy foot  t ra f f ic  and is  near  a  s ink  where there is  

suf f ic ient  space to  work and s tore a l l  chemicals  and equipment.  For  compounding of 

s ter i le  preparat ions,  a  laminar  ai r - f low hood (min imal ) and a c lean room are current  

pract ice, or  iso lat ion barr ier  technology equipment .  

D. Sources of  information  

1.  L ibrary at  a  co l lege of pharmacy 

2.  References  

a.  A l len Jr LV. The Art ,  Sc ience and Technology of  Pharmaceut ica l  Compounding.  

3rd ed.  W ashington, DC: American Pharmaceut ica l  Associat ion,  2008. 

b.  Anon.  Remington:  The Sc ience and Pract ice of Pharmacy.  21st ed.  Phi ladelphia: 

L ipp incot t  W i l l iams & W ilk ins ;  2006. 

c .  Smi th  A, Heckelman PE,  O'Nei l  M,  Budavar i  S, eds.  Merck Index.  13th ed.  

Whitehouse Stat ion, NJ: Merck & Co, 2001. 

d.  The  USP Pharmacis ts '  Pharmacopeia.  2nd Edit ion Rockvi l le ,  MD: U.S.  

Pharmacopeial  Convent ion,  Inc. ,  2008. 

e.  A l len LV Jr ,  Popovich NG, Ansel  HC. Ansel 's  Pharmaceutica l  Dosage Forms and 

Drug Del ivery  Systems.  9 th  Edi t ion Media,  PA:  Lipp incot t  W i l l iams & W ilk ins ,  2008. 

3.  Journals  

a.  Internat ional  Journal  o f  Pharmaceutica l  Compounding  

b.  U.S.  Pharmacis t  

c .  Pharmacy Times  

d.  Lippincott 's  Hospi tal  Pharmacy  

e.  American Journal  o f Heal th-System Pharmacis ts  

4.  Manufacturers '  drug product  in format ion inser ts ;  compounding spec ia l ty suppl iers 

5.  Web si tes  

a.  Compounding Today:  www.CompoundingToday.com 

b.  Internat ional  Journal  o f  Pharmaceutica l  Compounding:  www. i jpc .com 

c.  Paddock Laborator ies , Inc. :  www.paddocklabs.com 

III. COMPOUNDING OF SOLUTIONS 
A. Defini t ion.  USP 30 def ines solut ions  as  l iqu id  preparat ions that  conta in  one or  

more chemical  substances d isso lved ( i .e . ,  molecular ly d ispersed)  in  a  su i tab le  

so lvent  or  mixture of mutual ly misc ible  solvents .  A l though the un i formi ty o f  the 

dosage in a  solu t ion can be assumed,  the s tab i l i ty ,  pH,  so lub i l i ty  o f  the drug or 

chemicals,  tas te ( for  ora l  solu t ions) ,  and packaging need to be considered. 

B. Types of  solut ions  

1.  Steri le  parenteral  and ophthalmic solut ions  requi re special  cons iderat ion for  

the ir  preparat ion (see XI) .  

2.  Nonsterile  solutions  include ora l ,  top ical ,  and ot ic  so lu t ions. 

C. Preparat ion of  solut ions.  So lut ions are the eas iest  o f the dosage forms to  

compound extemporaneous ly,  as long as a few general  rules  are fo l lowed. 

1.  Each drug or chemical  is  d isso lved in  the so lvent  in  which i t  is  most  so lub le.  Thus 

the solubi l i ty  character ist ics  of  each drug or  chemical  must be known. 



2.  I f  an a lcohol ic so lut ion of  a  poorly water-so luble  drug is used,  the aqueous 

so lut ion is added to the a lcohol ic  solu t ion to  main ta in  as h igh an alcohol  

concentrat ion as possib le . 
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3.  The sa l t  form of  the drug—not  the f ree-acid  or  base form, which both have poor  

so lubi l i ty—is used. 

4.  Flavor ing or  sweetening agents are prepared ahead of  t ime. 

5.  When adding a sa l t  to a  syrup,  d isso lve the sal t  in  a few mi l l i l i ters  of  water  f i rs t ;  

then add the syrup to  volume. 

6.  The proper  vehic le  (e .g. ,  syrup, e l ixi r ,  aromatic  water ,  puri f ied water) must  be 

se lected. 

D. Examples  

1.  Example 1  

a.  Medicat ion order  

Triamcinolone acetonide 100 mg 

Menthol 50 mg 

Ethanol 10 mL 

Propylene glycol 30 mL 

Glycerin 20 mL 

Sorbitol 70% solution, qs 100 mL 

Sodium saccharin 100 mg 

Sodium metabisulfite 20 mg 

Disodium EDTA 100 mg 

Purified water 5 mL 
 

b.  Compounding procedure.  Tr iamcinolone acetonide 0.1% mouthwash so lut ion is  

prepared by dissolv ing the t r iamcinolone acetonide and menthol  in  the ethanol .  Add 

the propylene glycol ,  glycer in ,  and about 10 mL of  the 70% sorb i to l  and mix wel l .  



Dissolve the sodium saccharin , sodium metabisu l f i te,  and disodium EDTA in  the 

pur i f ied water .  Add the aqueous so lut ion to  the drug mixture and mix wel l .  Add 

suf f ic ient  70% sorb i to l  so lu t ion to vo lume and mix wel l .  

How much of  the triamcinolone base is  present in this prescription?  The 

molecular  weight  o f t r iamcinolone is  394.4 and that  o f  t r iamcinolone acetonide is  

434.5. 

 

2.  Example 2  

a.  Medicat ion order  

Potassium chloride 1 mEq/mL 

Preserved flavored, oral vehicle, qs 100 mL 
 

b.  Calculat ions.  The molecular  weight  o f potassium chlor ide is 74.5  (K = 39;  Cl  = 

35.5).  One mi l l iequivalent  (mEq) weighs 74.5 mg. 

100 mL × 74.5 mg/mL = 7450 mg or 7 .45 g of KCl  requi red 

What is  the molar concentrat ion of  this prescript ion?  

7 .45 g per  100 mL or 74.5 g per  1000 mL 

1 mole of  KCl  weights 74.5 g 

I t  is  a 1  molar  solu t ion 

c .  Compounding procedure.  The solub i l i ty  of  potassium chlor ide is  1  g in  2.8  mL 

water .  Therefore, d isso lve the 7.45 g KCl in 21 mL of  puri f ied water.  Add suf f ic ient  

preserved f lavored oral  vehic le  to vo lume and mix wel l .  

3.  Example 3  

a.  Medicat ion order  



Salicylic acid 2% 

Lactic acid 6 mL 

Flexible collodion, ad 30 mL 
 

b.  Compounding procedure.  Pharmacis ts  must  use caut ion when preparing th is  

prescrip t ion because f lexib le  col lod ion is ext remely f lammable.  A 1-oz.  appl icator-

t ip  bott le is  ca l ibrated,  us ing ethanol,  which is  poured out and any remain ing alcohol  

a l lowed to   

P.102 

 

evaporate, resu l t ing in  a dry bot t le .  Sal icyl ic  ac id (0 .6 g)  is added d irect ly in to  the 

bot t le ,  to  which is  added the 6 mL of  lac t ic  ac id .  The bot t le is  agi ta ted or  a  g lass 

s t i r r ing rod is  used to  disso lve the sal icyl ic  ac id . F lexib le co l lodion is  added up to  

the cal ibrated 30-mL mark on the appl icator- t ip  bot t le .  

4.  Example 4  

a.  Medicat ion order  

Iodine 2% 

Sodium iodide 2.4% 

Alcohol, qs 30 mL 
 

b.  Compounding procedure.  Iodine (0.6 g) and sodium iodide (0.72 g)  are 

d issolved in  the a lcohol,  and the f ina l  so lut ion is  p laced in  an amber bot t le .  A 

rubber or plast ic  spatula  is  used because iodine is  corrosive.  

IV. COMPOUNDING OF SUSPENSIONS 



A. Defini t ion.  Suspensions  are def ined by USP 30 as l iqu id  preparat ions that 

cons is t  o f  sol id part ic les d ispersed throughout  a  l iqu id phase in  which the par t ic les  

are not  soluble. 

B. General  characteristics  

1.  Some suspens ions should conta in an ant imicrob ia l  agent  as  a preservat ive. 

2.  Part ic les  sett le in suspens ions even when a suspending agent  is  added;  thus 

suspensions must  be wel l  shaken before use to  ensure the d is t r ibut ion of par t ic les 

for  a uni form dose. 

3.  Tight  conta iners  are necessary to ensure the stab i l i ty  o f  the f ina l  preparat ion. 

4.  Pr inciples  to keep in mind when compounding inc lude the fol lowing: 

a.  Insolub le powders  should be smal l  and uni form in  s ize to  decrease set t l ing. 

b.  The suspension should be viscous. 

c .  Topical  suspensions should have a smooth, impalpable texture. 

d.  Ora l  suspens ions should have a pleasant  odor and tas te. 

C. Formation of  suspensions.  Suspens ions are easy to  compound;  however,  

phys ical  s tabi l i ty  a fter  compounding the f ina l  preparat ion is  problematic.  The 

fo l lowing s teps may min imize s tab i l i ty  problems. 

1.  The par t ic le  s ize of  a l l  powders used in the formulat ion should be reduced. 

2.  A th ickening (suspending) agent  may be used to  increase viscosi ty.  Common 

th ickening agents  include a lg in ic  ac id ,  bentoni te , VEEGUM, methylce l lu lose,  and 

t ragacanth. 

3.  A levigat ing agent  may a id  in  the ini t ia l  d ispers ion of  inso lub le par t ic les .  Common 

levigat ing agents inc lude g lycer in,  propylene g lyco l ,  a lcohol ,  syrups, and water .  

4.  Flavor ing agents  and preservat ives should be se lected and added i f  the 

preparat ion is  in tended for  ora l  use.  Common preservat ives inc lude methylparaben,  

propylparaben,  benzoic  ac id ,  and sodium benzoate.  Flavoring agents  may be any 

f lavored syrup or  f lavor  concentrate (Table 5-1).  

5.  The source of the act ive ingredients  (e .g. ,  bu lk powders versus table ts  or  

capsules)  must  be cons idered;  i f  commercia l  dosage forms are used,  the inact ive 

ingredients  must  be cons idered and only immediate-re lease tab lets  or  capsules 

should be used and not  modi f ied re lease. 

D. Preparat ion of  suspensions  

1.  The inso lub le powders  are t r i turated to  a f ine powder. 

2.  A smal l  por t ion of  l iquid  is  used as a levigat ing agent ,  and the powders  are 

t r i turated unt i l  a  smooth paste is  formed. 

3.  The vehic le  containing the suspending agent  is  added in  div ided por t ions.  A high-

speed mixer  great ly increases the dispers ion. 
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Table 5-1. Selected Flavor Applications 



Drug Category Preferred Flavors 

Antibiotics Cherry, maple, pineapple, orange, raspberry, banana-
pineapple, banana-vanilla, butterscotch-maple, 
coconut custard, strawberry, vanilla, lemon custard, 
cherry custard, fruit-cinnamon 

Antihistamines Apricot, black currant, cherry, cinnamon, custard, 
grape, honey, lime, loganberry, peach-orange, peach-
rum, raspberry, root beer, wild cherry 

Barbiturates Banana-pineapple, banana-vanilla, black currant, 
cinnamonpeppermint, grenadine-strawberry, lime, 
orange, peach-orange, root beer 

Decongestants 
and expectorants 

Anise, apricot, black currant, butterscotch, cherry, 
coconut custard, custard mint-strawberry, grenadine-
peach, strawberry, lemon, coriander, orange-peach, 
pineapple, raspberry, strawberry, tangerine 

Electrolyte 
solutions 

Cherry, grape, lemon-lime, raspberry, wild cherry, 
black currant, grenadine-strawberry, lime, Port wine, 
Sherry wine, root beer, wild strawberry 

 

4.  The preparat ion is  brought to  the requi red volume using the vehic le . 

5.  The f ina l  mixture is  t ransferred to  a “ t ight ” bott le  for  d ispensing to the pat ient.  

6.  A l l  suspensions are d ispensed wi th  a “shake wel l ”  label .  

7.  Suspens ions are not  f i l tered. 

8.  The water-soluble ingredients ,  inc lud ing f lavoring agents,  are mixed in  the 

vehic le  before mixing wi th  the inso lub le ingredients . 

E. Examples  

1.  Example 1  

a.  Medicat ion order  



Propranolol HCI 4 mg/mL 

Disp 30 mL 

Sig: 1 mL p.o. t.i.d. 
 

b.  Calculat ions.  Propranolo l  HCl:  4 mg/mL × 30 mL = 120 mg. Propranolo l  HCl is  

ava i lab le  as a powder or in  immediate-re lease and extended-release ( long-act ing)  

dosage forms.  Only the powder or  the immediate-re lease tab lets  are used for  

compounding prescr ip t ions;  therefore,  some combinat ion of  propranolol  HCl  tab lets  

that  y ie lds  120 mg act ive drug (e.g. ,  3  × 40 mg tab lets)  may be used. 

c .  Compounding procedure.  The propranolo l  tab le ts  are reduced to  a f ine powder 

in  a mortar.  The powder or  the comminuted tablets  are levigated to a smooth paste, 

us ing a 2% methylcel lu lose solut ion.  To this mixture,  about  10 mL of  a  sui table  

f lavoring agent  is added. The mixture is t ransferred to  a cal ibrated container  and 

brought  to  the f ina l  vo lume wi th  puri f ied water or sui tab le suspending vehic le .  A 

“shake wel l ”  label  is  a t tached to  the prescrip t ion conta iner .  

2.  Example 2  

a.  Medicat ion order  

Zinc oxide 10 

Ppt sulfur 10 

Bentonite 3.6 

Purified water, ad 90 mL 

Sig: Apply t.i.d. 
 

b.  Compounding procedure.  The powders  are reduced to a f ine un i form mixture in  

a  mortar.  The powders  are mixed to  form a smooth paste us ing water  and 

t ransferred to   
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a  ca l ibrated bott le.  The f inal  vo lume is  at tained wi th  puri f ied water .  A “shake wel l ”  

label  is  a t tached to  the prescr ip t ion container.  

3.  Example 3  

a.  Medicat ion order  

Rifampin suspension 20 mg/mL 

Disp 120 mL 

Sig: u.d. 
 

b.  Calculat ions.  Ri fampin:  20 mg/mL × 120 mL = 2400 mg.  Ri fampin is  ava i lab le  in  

150-mg and 300-mg capsules.  Hence,  8 capsules conta in ing 300 mg of  r i fampin in 

each capsule or  16 capsules conta in ing 150 mg of  r i fampin per  capsule are needed. 

c .  Compounding procedure.  The contents  of  the appropr iate  number of r i fampin 

capsules are empt ied in to  a mortar  and comminuted wi th  a pest le .  Th is powder is  

levigated wi th  a smal l  amount  o f  1% methylce l lu lose so lut ion. Then 20 mL of  s imple 

syrup are added and mixed.  The mixture is brought  to the f inal  vo lume wi th  s imple 

syrup.  “Shake wel l ”  and “ re f r igerate” labels  are at tached to the prescr ip t ion 

conta iner .  

V. EMULSIONS 
A. Defini t ion.  Emuls ions are two-phase systems  in  which one l iquid  is  d ispersed 

throughout  another  l iquid  in the form of  smal l  drop lets (see Chapter  3 .VI.D) .  

B. General  characteristics.  Emulsions can be used external ly as  lot ions and 

creams or internally to  mask the tas te of medicat ions. 

1.  The two l iquids  in  an emulsion are immisc ib le  and requi re the use of  an 

emulsifying agent.  

2.  Emuls ions are c lassi f ied as e i ther  oi l - in-water (o/w)  or water- in-oil  (w/o);  there 

can a lso be mul t ip le  emuls ions,  such as oi l -in-water- in-oi l  (o/w/o)  and water- in-

oi l - in-water (w/o/w),  as  wel l  as emuls ion-gels ,  in which the external  phase of  an o i l  

in  water  emuls ion is  th ickened wi th  a ge l l ing agent .  

3.  Emuls ions are unstable  by nature,  and the fo l lowing steps should be taken to  

prevent the two phases of  an emulsion f rom separat ing into  two layers after  

preparat ion. 

a.  The correct proport ions  o f  oi l  and water  should be used during preparat ion.  The 

in ternal  phase should represent 40%-60% of  the to tal  vo lume. 



b.  An emuls i fy ing agent  is  needed for emuls ion format ion. 

c .  A hand homogenizer,  which reduces the s ize of  globules of  the in ternal  phase, 

may be used;  i f  smal l  quant i t ies  are compounded,  two 60-mL syr inges at tached wi th  

a Leur-Lock adapter can be used and the materials  pushed back and for th between 

the two syr inges. 

d.  Preservat ives  should be added i f  the preparat ion is intended to las t  longer than 

a few days.  General ly,  a combinat ion of methylparaben (0.2%) and propylparaben 

(0.02%) may be used. 

e.  A “shake wel l”  label  should be p laced on the f inal  preparat ion. 

f .  The preparat ion should be protected  f rom l ight  and ext reme temperature.  Both 

f reezing and heat  may have an ef fect  on stabi l i ty .  

C. Emulsifying agents  

1.  Gums,  such as acacia or  t ragacanth,  are used to  form o/w emuls ions.  These 

emulsi fy ing agents are for  genera l  use,  especial ly for  emulsions in tended for  

in ternal  admin is t ra t ion (Table 5-2) .  

a.  Use 1 g of  acac ia powder for  every 4 mL of  f ixed oi l  or  1  g  to  2  mL for  a  vo lat i le  

o i l .  

b.  I f  using t ragacanth in  p lace of  acacia,  0 .1 g of  t ragacanth is  used for  every 1 g of  

acac ia. 

2.  Methylcel lulose and carboxymethylcel lulose  are used for o /w emulsions.  The 

concentrat ions of  these agents vary,  depending on the grade that  is used.  

Methylce l lu lose is  avai lab le  in  severa l  v iscos i ty grades,  ranging f rom 15 to  4000 and 

designated by a cent ipo ise number,  which is  a uni t  of  v iscos i ty.  
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Table 5-2. Agents Used in Prescription Compounding 

Ointments 

Oleaginous or hydrocarbon bases Hydrous emulsion bases (w/o) 

 Anhydrous  Hydrous 

 Nonhydrophilic  Will absorb water 

 Insoluble in water  Insoluble in water 

 
Not water removable 
(occlusive)  

Not water removable 
(occlusive) 



 Good vehicles for antibiotics Examples 

Example  Cold cream 

 Petrolatum  Hydrous lanolin 

Absorption bases Emulsion bases (o/w) 

 Anhydrous  Hydrous 

 Will absorb water  Hydrophilic 

 Insoluble in water  Insoluble in water 

 
Not water removable 
(occlusive)  

Water removable 

Examples  Can absorb 30-50% of weight 

 Hydrophilic petrolatum Examples 

 Lanolin USP (anhydrous)  Hydrophilic ointment USP 

   Acid mantle cream 

  Water soluble 

   Anhydrous or hydrous 

   Soluble in water 

   Water removable 

   Hydrophilic 



  Example 

   Polyethylene glycol ointment 

Suspending Agents 

Acacia 10% Methylcellulose 1%-7% 

Alginic acid 1%-2% Sodium alginate 1%-2% 

Bentonite 6% Tragacanth 1%-3% 

Carboxymethylcellulose 1%-5% VEEGUM 6% 

Preservatives 

Methylparaben 0.02%-0.2% Propylparaben 0.01%-0.04% 

Emulsifying Agents 

Hydrophilic colloids Surfactants, nonionic 

 Acacia Concentrations used (1-30%) 

 Tragacanth Tweens (e.g., polysorbate 80) 

 Pectin; favor o/w Spans 

 Carboxymethylcellulose   

 Methylcellulose   

Proteins Soaps 

 Gelatin  Triethanolamine 

 Egg whites; favor o/w  Stearic acid 



Inorganic gels and magmas Others 

 Milk of magnesia  Sodium lauryl sulfate 

 Bentonite; favor o/w  Dioctyl sodium sulfosuccinate 

   Cetyl pyridinium chloride 

o/w, oil-in-water; w/o, water-in-oil 
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3.  Soaps  can be used to prepare o/w or  w/o emuls ions for external  preparat ions. 

4.  Nonionic emulsifying agents  can be used for  o /w and w/o emuls ions. 

D. Formation and preparat ion of  emulsions.  The procedure for  prepar ing an 

emulsion depends on the des i red emulsi fy ing agent  in  the formulat ion. 

1.  A mortar  and pestle  are f requent ly al l  the equipment  that  is  needed. 

a.  A mortar  wi th  a  rough surface  (e .g. ,  Wedgwood) should be used. This  rough 

sur face al lows maximal  d ispers ion of  globules to produce a f ine par t ic le  s ize. 

b.  A rapid motion  is  essent ia l  when t r i turat ing an emuls ion us ing a mortar and 

pest le.  

c .  The mortar  should be able to hold at  least  three t imes the quanti ty be ing made.  

Tr i turat ion seldom requi res more than 5 min to create the emulsion. 

2.  Electr ic  mixers  and hand homogenizers  are usefu l  for  producing emuls ions af ter  

the coarse emulsion is  formed in  the mortar .  

3.  The order  of  mixing of  ingredients in an emulsion depends on the type of  

emulsion being prepared ( i .e. ,  o/w or  w/o)  as wel l  as  the emuls i fy ing agent  chosen. 

Methods used for  compounding inc lude the fol lowing: 

a.  Dry gum  (cont inental )  method is  used for  forming emulsions using natura l  

emulsi fy ing agents and requi res a speci f ic  order  o f  mixing. 

b.  Wet gum  (Engl ish)  method is  used for  forming emuls ions us ing natura l  

emulsi fy ing agents and requi res a speci f ic  order  o f  mixing. 

c .  Bottle  method  is  used for forming emuls ions us ing natural  emulsi fy ing agents  

and requi res a spec i f ic  order  o f  mixing. 

d.  Beaker method  is  used to  prepare emulsions us ing synthet ic  emuls i fy ing agents 

and produces a sat is fac tory preparat ion regard less of  the order  of  mixing.  

4.  Preservat ives.  I f  the emulsion is  kept  for  an extended per iod of  t ime,  

re f r igerat ion is  usual ly suf f ic ient.  The preparat ion should not be f rozen.  I f  a  

preservat ive is  used,  i t  must  be so luble in  the water  phase to  be ef fect ive. 



5.  Flavoring agents.  I f  the addi t ion of  a f lavor  is needed to mask the taste of  the o i l  

phase, the f lavor  should be added to  the external  phase before emuls i f icat ion (Table 

5-3) .  

E. Examples  

1.  Example 1  

a.  Medicat ion order  

Mineral oil 18 mL 

Acacia qs 

Distilled water, qs ad 90.0 mL 

Sig: 1 tablespoon q.d. 
 

b.  Compounding procedure.  W ith  the dry gum method,  an in i t ia l  emuls ion (pr imary 

emulsion)  is  formed, us ing 4 parts (18 mL) of  oi l ,  2  par ts  (9  mL) of water ,  and 1 par t  

(4 .5  g)  of  powdered acacia.  The minera l  o i l  is  t r i turated wi th  the acacia in a  

Wedgwood mortar.  The 9 mL of  water is  added al l  a t  once and, wi th  rap id tr i turat ion,  

form the primary emuls ion,  which is  t r i turated for  about  5 min.  The remain ing water  

is  incorporated in smal l  amounts  wi th  t r i turat ion.  The emuls ion is  transferred to  a 

90-mL prescrip t ion bot t le,  and a “shake wel l ”  label  is  at tached to  the container.  

Table 5-3. Flavor Selection Guide 

Taste Masking Flavor 

Salt Butterscotch, maple 

Bitter Wild cherry, walnut, chocolate mint, licorice 

Sweet Fruit, berry, vanilla 

Acid Citrus 
 

P.107 

 

 



2.  Example 2  

a.  Medicat ion order  

Olive oil 30 mL 

Zinc oxide 8 g 

Calamine 8 g 

Lime water 30 mL 
 

b.  Compounding procedure.  The o l ive oi l  is  p laced in a  sui tab ly s ized beaker .  

Us ing an elec t r ic  mixer ,  the z inc  oxide,  the calamine, and the l ime water are added 

in  that order .  Th is  y ie lds a w/o emuls ion. Th is  procedure is  known as the nascent  

soap method. The ol ive o i l  reacts  wi th  the calc ium hydroxide so lut ion ( l ime water) 

and forms a soap.  For  this  react ion to  occur ,  f resh l ime water  (ca lc ium hydroxide 

so lut ion)  is requi red. A smal l  quant i ty o f  oleic acid  can a lso be added to  fur ther  

s tab i l ize the emuls ion. 

3.  Example 3  

a.  Medicat ion order  

Mineral oil 50 mL 

Water, qs 100 mL 

Sig: 2.5 mL p.o. h.s. 
 

b.  Compounding procedure.  Us ing a combinat ion of  nonionic  emuls i fy ing agents ,  

such as Span 40 and Tween 40, the correct  hydrophi l ic - l ipophi l ic  balance (HLB) is  

obtained.  Next ,  the minera l  o i l  is  warmed in  a  water  bath to  about  60°C, and the 

Span 40 is d isso lved in  the heated minera l  o i l .  The water  is  warmed to  about  65°C,  

and the Tween 40 is  d isso lved in  the heated water .  Th is  mixture is added to  the 



mineral  oi l  and d isso lved Span 40 and s t i r red unt i l  coo led. An “external  use only”  

label  is  added to  the conta iner .  

VI. POWDERED DOSAGE FORMS 
A. Defini t ion.  Powders  are in t imate mixtures of dry,  f ine ly d iv ided drugs and/or  

chemicals that  may be intended for  in ternal  (oral  powders)  or  external  ( top ica l  

powders)  use.  The major types are powder papers ,  bu lk  powders , and insuf f la t ions. 

B. General  characteristics  

1.  Powder dosage forms are used when drug stabi l i ty or  solubi l i ty is  a  concern. 

These dosage forms may a lso be used when the powders  are too bulky to make in to  

capsules and when the pat ient  has di f f icul ty swal lowing a capsule. 

2.  Some disadvantages  to  powders  inc lude unpleasant- tas t ing medicat ions and,  

occasional ly,  the rap id deteriorat ion of  powders . 

3.  Blending  of  powders  may be accompl ished by using t r i turat ion in  a mortar ,  

s t i r r ing wi th  a spatu la,  and s i f t ing.  Geometr ic  d i lu t ion should be used i f  needed.  

When heavy powders  are mixed wi th  l ighter  ones,  the heavier powder should be 

p laced on top of  the l ighter  one and then blended.  W hen mixing two or more 

powders , each powder should be pulverized separately to about the same part ic le 

s ize before b lending together.  

a.  The mortar  and pest le method is  preferred when pulverization  and a thorough 

mixing of  ingredients  are des i red (geometr ic  di lut ion) .  A W edgwood mortar is  

preferable, but  glass or  porce la in may a lso be used. 

b.  L ight  powders  are mixed best  by us ing the sif ting method.  The s i f t ing is  

repeated three to  four t imes to ensure thorough mixing of  the powders . 

C. Preparat ion of  powder dosage forms  

1.  Bulk powders,  which may be used internal ly or  topica l ly,  inc lude dust ing 

powders , douche powders ,  laxat ives,  antacids ,  and insuf f la t ion powders. 

2.  Af ter  a bulk powder has been pulverized and b lended,  i t  should be dispensed in 

an appropr ia te conta iner.  

a.  Hygroscopic  or  effervescent  sal ts  should a lways be placed in a  t ight ,  wide-

mouth jar .  

b.  Dusting  powders  should be p laced in  a conta iner  wi th  a  s i f ter  top. 
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3.  Eutect ic  mixtures  o f  powders  can cause problems because they may l iquefy.  

One remedy is to  add an iner t  powder,  such as magnes ium oxide,  to  separate the 

eutect ic  materia ls .  

4.  Powder papers  are a lso cal led div ided powders . 

a.  The ent i re  powder is  in i t ia l ly  b lended. Each dose is  then indiv idual ly weighed. 

b.  The dosage should be weighed,  then t ransferred onto a powder paper and fo lded.  

This  technique requi res pract ice. Hygroscopic ,  de l iquescent,  and ef fervescent  

powders  requi re the use of  glassine paper as an ins ide l in ing.  Plast ic  bags or 

envelopes wi th  snap-and-seal  c losures offer  a  convenient  a l ternat ive to  powder 

papers . 



c.  The fo lded papers  are d ispensed in  a  powder box or  o ther  su i table  conta iner ;  

however,  these conta iners  are not  chi ld res is tant.  

D. Examples  

1.  Example 1  

a.  Medicat ion order  

Camphor 100 mg 

Menthol 200 mg 

Zinc oxide 800 mg 

Talc 1.9 g 

M foot powder  

Sig: Apply to feet b.i.d. 
 

b.  Compounding procedure.  The camphor and menthol  are t r i turated together  in  a 

g lass mortar,  where a l iqu id  eutect ic  is  formed. The zinc  oxide and talc are b lended 

and mixed wi th  the eutect ic ,  us ing geometr ic  di lut ion. Th is mixing resul ts  in  a  dry 

powder,  which is  passed through a wi re  mesh sieve.  The f inal  preparat ion is  

d ispensed in  a conta iner wi th  a  s i f ter  top. 

2.  Example 2  

a.  Medicat ion order  

Citric acid 0.3 g 

Sodium bicarbonate 0.25 
g 

Psyllium mucilloid 2 g 

Powdered flavor, qs  

M. Ft d.t.d. charts v  



Sig: Empty the contents of one chart into a glass of water and take 
h.s. 

 

 

b.  Calculat ions.  Calcu late for  one ext ra  powder paper:  

Citric acid 0.3 g × 6 doses = 1.8 g 

Sodium bicarbonate 0.25 g × 6 doses = 1.5 g 

Psyllium mucilloid 2 g × 6 doses = 12 g 

Total wight = 15.3 g 

15.3 g/6 doses = 2.55 g/dose 
 

Note:  Also cons ider  the weight  of  the powdered f lavor .  

c .  Compounding procedure.  The ingredients  are f i rs t  pulver ized and weighed.  The 

c i t r ic  ac id and sodium bicarbonate are mixed together f i rs t ;  the psyl l ium muci l lo id  is  

then added a long wi th  the powdered f lavor ,  us ing geometr ic  di lut ion.  Each dose 

(2.55 g)  o f  the resul tant  mixture is  weighed and placed in to  a powder paper.  Th is  

preparat ion is  an ef fervescent  powder.  W hen disso lved in  water,  the c i t r ic  ac id  and 

sodium bicarbonate react  to  form carbonic  acid , which y ields  carbon d ioxide, making 

the solu t ion more palatab le. 

VII. CAPSULES 
A. Defini t ion.  Capsules  are sol id dosage forms in  which the drug is  enc losed wi th in 

e i ther  a hard or  sof t  so lub le container  or shel l .  The shel ls  are usual ly made f rom a 

su i table  gelat in .  Hard gelat in  capsules may be manual ly f i l led for extemporaneous 

compounding. 
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Table 5-4. Approximate Amount of Powder Contained in Capsules 

Capsule SizeRange of Powder Capacity (mg) 

No. 5 60-130 

No. 4 95-260 

No. 3 130-390 

No. 2 195-520 

No. 1 225-650 

No. 0 325-910 

No. 00 390-1300 

No. 000 650-2000 
 

B. Capsule sizes  

1.  A l is t  of  capsule s izes and the approximate amount o f  powder that may be 

conta ined in the capsule appear on the side of  the capsule box (Table 5-4) .  

2.  Capsule s izes for  ora l  administ ra t ion in  humans range f rom no.  5 ,  the smal les t ,  to  

no.  000,  the largest.  

3.  No. 0  is  usual ly the largest  ora l  s ize su i tab le  for  human pat ients . 

4.  Capsules for  veter inarians are avai lab le  in  no.  10,  no.  11, and no.  12,  containing 

approximately 30, 15,  and 7.5 g, respect ive ly.  

C. Preparat ion of  hard and soft  capsules  

1.  As wi th  the bu lk  powders , a l l  ingredients  are t r i turated and blended,  using 

geometr ic d i lu t ion. 

2.  The correct s ize capsule must  be determined by t ry ing d i f ferent  capsule s izes, 

weigh ing them, and then choos ing the appropria te  s ize. 

3.  Before f i l l ing capsules wi th  the medicat ion,  the body and cap of  the capsule are 

separated. F i l l ing is  accompl ished by using the “punch”  method (Al ternat ive ly,  smal l  

capsule machines are commonly used to  prepare up to  300 capsules at  a t ime,  

extemporaneously) .  

a.  The powder formulat ion is  compressed wi th a spatula  on a pi l l  t i le or  paper sheet  

wi th  a  un i form depth of  approximate ly ha l f  the length of  the capsule body. 



b.  The empty capsule body is  repeatedly pressed in to  the powder unt i l  fu l l .  

c .  The capsule is  then weighed to  ensure an accurate dose.  An empty tare capsule 

of  the same s ize is p laced on the pan contain ing the weights . 

4.  For  a  large number of capsules,  capsule-f i l l ing machines can be used for  smal l -

sca le use to  save t ime.  Most  commonly,  capsules machines are used capable of 

prepar ing 100 to  300 capsules at  a  t ime. 

5.  The capsule is wiped c lean of  any powder or  oi l  and d ispensed in  a  su i tab le  

prescrip t ion v ia l .  

D. Examples  

1.  Example 1  

a.  Medicat ion order  

Rifampin 100 mg 

dtd #50  

Sig: 1 cap p.o. q.d. 
 

b.  Calculat ions.  Compound th is  prescrip t ion us ing the commercial ly avai lable  300-

mg capsules as the drug source.  Calcu la te for  a t  least  one ext ra  capsule. 

51 caps × 100 mg/cap = 5100 mg rifampin 

5100 mg rifampin ÷ 300 mg/cap = 17 caps 
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c.  Compounding procedure.  Use 17 r i fampin capsules,  each conta in ing 300 mg 

r i fampin.  The content  o f  each capsule is  empt ied, and the powder is  weighed.  The 

powder equivalent  to 100 mg r i fampin is  p laced in  a  capsule (e .g. ,  i f  the to ta l  

contents  of  one capsule weigh 360 mg;  then 100/300 = x /360;  x  = 120 mg of  ac t ive 

drug powder requi red f rom the capsule contents to  provide 100 mg act ive drug) and 

suf f ic ient  lactose added to  f i l l  the capsule.  The to ta l  f i l led capsule contents  weigh 

200 mg.  The weight  of  the act ive drug powder is  subtracted f rom 200 mg to  obtain  

the amount  o f lac tose requi red per  capsule,  which is  200 mg -  120 mg = 80 mg.  This  

is  mul t ip l ied by 51 capsules.  Enough lactose (51 capsules × 80 mg/cap = 4.08 g)  is 

added to  make a tota l  o f  10.2 g of  powder.  The powders  are combined,  using 

geometr ic d i lu t ion,  and 50 capsules can be punched out .  Each capsule should weigh 

200 mg (10.2 g/51 caps).  

2.  Example 2  

a.  Medicat ion order.  This  order  is  for  veter inary use only.  

Castor oil 8 mL 

Disp 12 caps 

Sig: 2 caps p.o. h.s. 
 

b.  Calculat ions.  No ca lcu la t ions are necessary. 

c .  Compounding procedure.  A no.  11 veterinary capsule is  used. Us ing a 

ca l ibrated dropper or  a  pipette , 8  mL of  the o i l  is  carefu l ly added to the ins ide of  

each capsule body.  Next ,  the lower ins ide por t ion o f  the cap is  mois tened, using a 

g lass rod or  brush. The cap and body are jo ined together,  us ing a twis t ing mot ion,  

to  form a t ight  seal .  The capsules are placed on a p iece of  f i l ter  paper and checked 

for  s igns of  leakage. The capsules are d ispensed in  the appropria te  s ize and type of 

prescrip t ion v ia l .  They can be s tored in  a  ref r igerator  i f  des i red. 

VIII. MOLDED TABLETS (TABLET TRITURATES) 
A. Defini t ion.  Tablet  t r i turates are smal l ,  usual ly cyl indrical  molded or compressed 

tab lets .  They are made of  powders  created by mois ten ing the powder mixture wi th  

a lcohol  and water or  by the process of  s inter ing.  They can be used for  compounding 

potent  drugs in  smal l  doses and for  preparat ion of  a  rapidly d is integrat ing/d isso lv ing 

dosage form. 

B. Formulat ion and preparat ion of tablet  tri turates using moistened powders  



1.  Tablet  t r i turates are made in  specia l  molds cons is t ing of  a pegboard and a 

corresponding per forated p la te. 

2.  In addi t ion to the mold,  a  d i luent ,  usual ly a  mixture of  lac tose and sucrose 

(80:20) ,  and a moistening agent,  usual ly a  mixture of  e thyl  a lcohol  and water  

(60:40) ,  are requi red. 

3.  The di luent  is  t r i turated wi th  the act ive ingredients . 

4.  A paste is then made, using the alcohol  and water  mixture. 

5.  Th is paste is  spread in to  the mold; the tab le ts are punched out and remain on the 

pegs unt i l  dry.  

C. Example  

1.  Medicat ion order  

Atropine sulfate 0.4 mg 

Disp #500 TT 

Sig: u.d. 
 

2.  Calculat ions.  For  500 TT:  500 × 0.4 mg = 200 mg at rop ine su l fa te 

3.  Compounding procedure.  The mold prepares 70-mg tablets .  The 200 mg of  

a t ropine su l fa te,  6.8  g of sucrose, and 28 g of  lactose are weighed and mixed by 

geometr ic d i lu t ion.  The powder is wet  wi th  a  mixture of  40% puri f ied water  and 60% 

ethyl  a lcohol  (95%).  The paste that  is  formed is spread onto the tab let  t r i turate 

mold;  the table ts  are then punched out  o f the mold and al lowed to  dry on the pegs.  

This  procedure is  repeated unt i l  the requi red number of tab let  t r i turates has been 

prepared. 
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D. Formulat ion and preparat ion of tablet  tri turates using sintering  

1.  These tab let  t r i turates are made in  specia l  molds consis t ing of materia ls  that  can 

to lerate heat  to  about  100°C. 

2.  In addi t ion to the mold,  a  d i luent ,  usual ly a  mixture of  ac t ive drug and d i luent ,  

which make up approximate ly 65% of  the tab let  weight ,  are b lended together .  

Manni to l  is  good to  use in  combinat ion wi th lac tose for  par t ic le  s izes of  60-80 mesh 

f ract ion. 

3.  The mixture is  t r i turated wi th  po lyethylene g lyco l  3350 wi th a par t ic le  s ize of  80-

100 mesh f rac t ion. 



4.  The powder mixture is p laced in to appropr iate  molds and l ight ly tamped.  

5.  The molds conta ining the powder are placed in an oven at  about  90°C for  10-20 

min,  removed and a l lowed to  cool .  Depending on the molds used,  the table ts  can be 

d ispensed in  the molds or  removed f rom the molds and packaged and labeled. 

E. Example  

6.  Medicat ion order  

Homatropine hydrobromide 300 mg 

Mannitol 3.5 g 

Lactose 3.47 g 

Flavor (dry powder type), qs  

Polyethylene glycol 3350 3.5 g 
 

7.  Calculat ions.  As presented,  th is  formula is  for 100 rapid-d isso lv ing table t  

t r i turates. 

8.  Compounding procedure.  Blend the homatrop ine hydrobromide, manni tol ,  

lactose,  and dry f lavor  together  unt i l  f ine and uni formly mixed.  Separately,  reduce 

the par t ic le  s ize of  the po lyethylene g lyco l  3350 to  100-200 mesh f rac t ion. L ight ly 

b lend in  the polyethylene g lyco l  3350 in to  the previous ly blended powders .  Place 

100 mg of  the powder in to  the cavi t ies of  a  mold (some b l is ter  packs work  wel l ;  

o therwise,  obta in a tablet  t r i turate mold or  a specia l  mold for  preparing these 

tab lets) .  Place the mold conta in ing the powder in an oven at  80-90°C for  15-20 min. 

The t ime depends on the mold,  formulat ion,  oven, e tc.  Remove f rom the oven and 

p lace in  a  ref r igerator  for  approximate ly 5  min.  Remove f rom the ref r igerator  and le t  

set  a t  room temperature. Package and label .  

IX. OINTMENTS, CREAMS, PASTES, AND GELS 
A. Defini t ions  

1.  Ointments,  creams, and pastes  are semisol id  dosage forms in tended for  topica l  

appl icat ion to  the sk in  or mucous membranes. Ointments  are character ized as 

be ing o leaginous in  nature;  creams  are genera l ly o /w or  w/o emuls ions,  and pastes  

are character ized by their  h igh content  of  so l ids (about  25%). 

2.  Gels  (sometimes cal led jel l ies)  are semiso l id  systems consis t ing of suspens ions 

made up of  ei ther  smal l  inorganic  par t ic les  or large organic  molecules 

in terpenetrated by a l iquid . 

B. General  characteristics.  These dosage forms are semisol id preparat ions 

genera l ly appl ied external ly.  Semisol id  dosage forms may conta in act ive drugs 

in tended to : 



1.  Act  so le ly on the sur face of  the sk in  to produce a loca l  e f fect  (e.g . ,  ant i fungal  

agent ;  topica ls) 

2.  Release the medicat ion,  which,  in  turn, penetrates  in to  the sk in  (e.g. ,  

hydrocor t isone cream) 

3.  Release medicat ion for  systemic absorpt ion through the skin  (e .g.,  ni t rog lycerin ;  

t ransdermals) 

C. Types of  ointment bases  

1.  Hydrophobic  bases fee l  greasy and conta in  mixtures  of  fa ts ,  o i ls ,  and waxes.  

Hydrophobic  bases cannot  be washed of f  using water .  
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2.  Hydrophi l ic  bases are usual ly emuls ion bases.  The o/w-type emuls ion bases can 

be easi ly washed of f  wi th  water ,  but  the w/o type is  s l ight ly more di f f icul t  to  remove. 

D. Preparat ion of  ointments, creams, pastes,  and gels  

1.  Mixing can be done in a  mortar  or on an o in tment  s lab or  t i le or  using an oin tment  

mi l l .  

2.  L iquids are incorporated by gradual ly adding them to an absorpt ion- type base and 

mixing. 

3.  Insolub le powders  are reduced to  a f ine powder and then added to  the base,  

us ing geometr ic  di lu t ion. 

4.  Water-soluble substances are dissolved wi th  water  and then incorporated in to the 

base. 

5.  The f ina l  preparat ion should be smooth ( impalpable)  and f ree of  any abrasive 

par t ic les. 

E. Examples  

1.  Example 1  

a.  Medicat ion order  

Sulfur 

Salicylic acid, aa 600 mg 

White petrolatum, ad 30 g 

Sig: Apply t.i.d. 
 

b.  Compounding procedure.  The part ic le s izes of  the su l fur  and sa l icyl ic  ac id  are 

reduced separate ly in  a  Wedgwood mortar and then blended together.  Using a p i l l  

t i le,  the powder mixture is  levigated wi th  the base.  Us ing geometr ic  di lu t ion,  the 



base and powders are b lended to  the f ina l  weight.  An o intment  jar or  p las t ic  tube is  

used for  dispens ing, and an “external  use only”  label  is  placed on the conta iner .  

c .  Alternate method.  Suppose you have su l fur  5% in whi te  petro latum oin tment  and 

a sa l icyl ic  acid  5% ointment .  How can you prepare the prescription using these 

and di luting with white petrolatum?  

 

However,  s ince we are us ing two di f ferent 5% ointments,  2 parts  o f  each,  th is  

leaves 1 part  for  the whi te  petro la tum. A total  o f  5 par ts  is  to  be used to  make 30 g 

(6  g per  part ) :  2 par ts (12 g)  o f  the sul fur 5%, 2 par ts (12 g)  o f  the sal icyl ic  ac id  5%, 

and 1 par t  (6  g) o f the whi te petrola tum could be used.  To check: 

12 g × 0.05 = 600 mg of sulfur 

12 g × 0.05 = 600 mg of salicylic acid 

12 g + 12 g + 6 g = 30 g 
 

2.  Example 2  

a.  Medicat ion order  



Methylparaben 0.25 g 

Propylparaben 0.15 g 

Sodium lauryl sulfate 10 g 

Propylene glycol 120 g 

Stearyl alcohol 250 g 

White petrolatum 250 g 

Purified water 370 g 

Disp 60 g 

Sig: Apply u.d. 
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b.  Calculat ions.  The quant i ty o f  each ingredient  requi red to prepare 60 g is  

obtained as fo l lows.  The medicat ion order  is  for  1000 g; therefore, the mul t ip l icat ion 

fac tor  is  60/1000 = 0.06. 

0.25 g × 0.06 = 0.15 g methylparaben 

0.15 g × 0.06 = 0.009 g propylparaben 

10 g × 0.06 = 0.6 g sodium lauryl sulfate 

120 g × 0.06 = 7.2 g propylene glycol 

250 g × 0.06 = 15 g stearyl alcohol 



250 g × 0.06 = 15 g white petrolatum 

370 g × 0.06 = 22.2 g purified water 
 

Since the 0.009 g of propylparaben is  too smal l  to  accurate ly weigh,  a  d i lu t ion can 

be prepared as fol lows,  assuming a min imum weighable quant i ty o f 120 mg.  Weigh 

120 mg of  propylparaben and add to  40 mL of  propylene glyco l ,  resul t ing in  a  

propylparaben concentrat ion of 3  mg/mL.  Take 3 mL of  th is  so lu t ion to  obta in  the 

propylparaben and subtract  the 3 mL f rom the quant i ty o f  propylene glycol  requi red 

in  the formula. 

c .  Compounding procedure.  The s tearyl  a lcohol  and the whi te  petrola tum are 

melted on a s team bath and heated to about  75°C.  The other  ingredients, previously 

d issolved in  puri f ied water  a t about 78°C,  are added. The mixture is  s t i r red unt i l  i t  

congeals.  An o in tment  jar  is  used for  d ispens ing,  and an “external  use only”  label  is  

p laced on the jar .  

3.  Example 3  

a.  Medicat ion order  

Scopolamine hydrobromide 0.25% 

Soy lecithin 12 g 

Isopropyl palmitate 12 g 

Pluronic F-127 20% gel, qs 100 mL 

Sig: Apply 0.1 mL t.i.d. 
 

b.  Calculat ions.  The quant i ty o f  scopolamine hydrobromide requi red for  the 

prescrip t ion wi l l  be 

0.0025 × 100 mL = 0.25 g or  250 mg 



c.  Compounding procedure.  Mix the soy leci th in  wi th  the isopropyl  pa lmi ta te.  

Disso lve the scopolamine hydrobromide in  about  3  mL of pur i f ied water  and add to  

about  70 mL of  the Pluronic F-127 gel .  Add the soy lec i th in- isopropyl  pa lmi ta te 

mixture,  and mix wel l .  Add suf f ic ient  Pluronic  F-127 gel  to vo lume,  and mix wel l  

us ing a shear ing technique.  Package and label .  

X. SUPPOSITORIES 
A. General  characteristics  

1.  Suppos i tor ies are sol id bodies  o f  various weights  and shapes,  adapted for  

in t roduct ion in to  the recta l ,  vagina l ,  or  urethral  or i f ices of the human body.  They are 

used to  de l iver drugs for thei r  loca l  or  systemic  ef fects.  

2.  Suppos i tor ies di f fer in size  and shape  and inc lude 

a.  Rectal  

b.  Vagina l  

c .  Urethra l  

B. Common suppository bases  

1.  Cocoa butter  ( theobroma o i l ) ,  which mel ts a t body temperature,  is  a  fa t -so lub le 

mixture of  t r ig lycer ides that  is  most o f ten used for  recta l  supposi tor ies .  Wi tepsol  is  

a  synthet ic t r ig lycer ide.  Fat ty ac id  bases inc lude Fat t ibase. 

2.  Polyethylene glycol  (PEG, carbowax) der ivat ives are water-so lub le bases 

su i table  for  vagina l  and recta l  suppos i tor ies.  Polybase is  an example. 

3.  Glycerinated gelat in  is  a  water-miscib le  base of ten used in  vaginal  and rectal  

suppos i tor ies . 
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C. Suppository molds  

1.  Suppos i tory molds can be made of  rubber,  p las t ic ,  brass,  sta in less s tee l ,  or  other 

su i table  mater ia l .  

2.  The formulat ion and vo lume of  the base depend on the size of  the mold used,  

less the d isplacement caused by the act ive ingredient .  

D. Methods of preparing and dispensing suppositories  

1.  Molded suppositories  are prepared by f i rs t  mel t ing the base and then 

incorporat ing the medicat ions un i formly in to the base.  This mixture is  then poured 

in to the suppos i tory mold ( fus ion method).  

2.  Hand-rol led suppositories  requi re a specia l  technique. W ith  proper  technique,  i t  

is  possib le  to  make a preparat ion equal  in  qual i ty to  the molded supposi tor ies . 

3.  Containers for the suppositories  are determined by the method and base used 

in  preparat ion.  Hand-ro l led and molded suppos i tor ies should be d ispensed in  

spec ia l  boxes that  prevent  the suppos i tor ies  f rom coming in  contact  wi th  each other .  

Supposi tor ies  made us ing p last ic  st r ip  molds are easi ly dispensed in  various types 

of  packages. 

4.  Storage condit ions.  I f  appropr iate ,  a  “ re f r igerate”  label  should appear on the 

conta iner .  Regardless of the base or  medicat ion used in  the formulat ion, the pat ient  

should be ins t ructed to  store the supposi tor ies  in  a  cool ,  dry p lace. 



E. Examples  

1.  Example 1  

a.  Medicat ion order  

Naproxen suppository 500 mg 

Disp #12 

Sig: Insert u.d. into rectum 
 

b.  Calculat ions.  Each standard adul t  suppos i tory should weigh 2 g,  but  i t  depends 

on the mold used and should be ca l ibrated before compounding. Also, the 

d isp lacement  must  be determined for  the added powder.  

2  g  (to ta l  weight)  -  0 .540 g (weight  of  base d isplaced by the 500-mg tablet)  per  

suppos i tory 

= 1.46 g cocoa butter per suppository × 13 suppositories 

= 18.98 g cocoa butter 
 

c.  Compounding procedure.  The 13 naproxen 500-mg tab lets  are t r i turated to  a  

f ine powder, us ing a W edgwood or porce lain  mortar .  The 18.98 g cocoa but ter base 

is  mel ted in  a beaker ,  using a water  bath.  The temperature of  the water  bath should 

not  exceed 36°C.  The powder is  then added and s t i r red unt i l  mixed.  The mixture is  

poured in to  an appropr iate  rec ta l  suppos i tory mold (about 2  g per  suppos i tory)  and 

p laced in to  a ref r igerator unt i l  the supposi tor ies  congeal.  Any excess is scraped 

f rom the top of  the mold, and a suppos i tory box is  used for dispens ing.  A 

“ re f r igerate” label  is  placed on the box.  

2.  Example 2  



a.  Medicat ion order  

Progesterone 50 mg 

Disp #14 

Sig: 1 per vagina once daily on days 14-28 of cycle 
 

b.  Calculat ions.  Tota l  weight  of  each vaginal  suppos i tory is  1.9 g.  Assuming 50 mg 

progesterone d isp laces 50 mg PEG base: 

50 mg progesterone/supposi tory × 15 = 750 mg progesterone 

1.9 g ( to tal  weight)  -  0 .050 g progesterone 

= 1.85 g PEG × 15 suppos i tor ies 

= 27.75 g PEG total  
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c .  Compounding procedure.  The PEG is  melted to  55-57°C,  and 750 mg 

progesterone is  added.  This  mixture is  poured into  a vagina l  supposi tory mold,  

a l lowed to  cool ,  c leaned, and d ispensed. 

XI. PARENTERAL PREPARATIONS 
A. General  requirements.  The extemporaneous compounding of s ter i le  preparat ions 

occurs  in  many pharmacy envi ronments ,  includ ing communi ty,  home heal thcare,  

hospi ta l ,  and nuclear .  Min imum requi rements  include 

1.  Proper  equipment  and suppl ies 

2.  Proper  fac i l i t ies ,  includ ing a laminar- f low c lean bench and a c lean room or 

isola t ion barr ier  technology equipment 

3.  Proper  documentat ion of  al l  preparat ions made 

4.  Qual i ty control ,  inc luding batch s ter i l i ty  test ing 

5.  Proper  s torage both at  the fac i l i ty  and in t ransport  to  the pat ient 's  home 

6.  Proper  label ing of the prescrip t ion preparat ion 

7.  Knowledge of product 's /preparat ion 's  stabi l i ty  and incompat ibi l i t ies 

8.  Knowledge of a l l  anci l lary equipment  involved in  compounding or  de l ivery of  the 

medicat ions 

B. Compounding of  parenteral  preparations  



1.  Compounding of  ster i le  preparat ions,  inc lud ing in t ravenous admixtures, requi res  

spec ia l  sk i l ls  and t ra ining.  Compounding parentera l  preparat ions or  provid ing this 

service wi thout  proper  t ra ining should not  be at tempted. 

2.  These preparat ions must  be compounded in  a  c lean envi ronment ,  us ing asept ic  

technique ( i .e . ,  work ing under contro l led condi t ions to  minimize contaminat ion) .  

3.  Dry powders  of  parentera l  drugs for reconst i tu t ion are used for  drug products  or  

preparat ions that  are unstable as so lu t ions.  I t  is  important  to  know the correct 

d i luents  that  can be used to  y ie ld  a  solu t ion. 

4.  Solut ions of  drugs for  parentera l  administ ra t ion may also be fur ther  di luted before 

adminis t ra t ion. I f  fur ther d i lu t ion is  requi red,  then the pharmacis t must  know the 

s tab i l i ty  and compat ib i l i ty  o f  the drug in  the d i luent .  

C. Reconsti tut ion of  a  dry powder from a vial  

1.  Work takes place in  a  c lean-a i r  envi ronment ,  observing asept ic technique. 

2.  The manufacturer 's  ins t ruc t ions should be checked to  determine the requi red 

vo lume of  di luent.  

3.  The appropria te  needle s ize and syr inge are chosen, keeping in mind that  the 

capaci ty o f the syr inge should be s l ight ly larger than the vo lume requi red for  

reconst i tu t ion. 

4.  Using the correct d i luent ,  the sur face of  the container  is  c leaned,  using an 

a lcohol  prep pad,  a f ter  which the a lcohol  is  permit ted to  evaporate. 

5.  The syr inge is  f i l led wi th  the d i luent  to  the proper  vo lume. 

6.  The sur face of  the v ial  conta ining the s ter i le  powder is c leaned,  us ing an alcohol  

prep pad,  af ter which i t  is  permi t ted to  dry. The di luent  is in jec ted in to the v ia l  

conta in ing the dry powder. 

7.  The vial  is  gent ly shaken or  ro l led,  and the powder is  a l lowed to d isso lve.  

8.  Af ter  the powder has d issolved, the v ial  is  inver ted and the des i red volume is  

wi thdrawn.  

9.  The vehic le  is prepared by swabbing the medicat ion por t  o f  the bag or  bot t le  wi th  

an alcohol  prep pad. 
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10.  The solut ion in  the syr inge is in jec ted in to the vehic le .  I f  a p last ic  conta iner  is 

used,  care must  be taken not  to puncture the s ide wal ls o f  the conta iner  wi th  the t ip 

o f  the needle. 

11.  The container  should be shaken or  kneaded or  ro tated to ensure thorough 

mixing of  the contents . 

12.  The contents  of the container  should be checked for part icu la te mat ter .  

13.  A s ter i le  seal  or  cap is  appl ied over  the por t  o f  the conta iner.  

14.  Al l  needles and syr inges should be proper ly discarded. 

15.  The bag is  labeled. 

D. Removing the f luid contents from an ampule  

1.  The ampule is  he ld upr ight  to open i t ,  and the top is  tapped to  remove any 

so lut ion t rapped in  this area. 

2.  The neck of  the ampule is  swabbed wi th an a lcohol  swab. 



3.  The ampule is  grasped on each side of  the neck wi th the thumb and index f inger 

o f  each hand and quickly snapped open. 

4.  A 5-µm f i l ter  needle is a t tached to  a syr inge of the appropr iate  s ize. 

5.  The ampule is  t i l ted, and the needle is  inser ted.  

6.  The needle is  posi t ioned near  the neck of the ampule,  and the so lut ion is  

wi thdrawn f rom the ampule. 

7.  I f  the so lu t ion is  for  an int ravenous push (bo lus in jec t ion),  the f i l ter  needle is  

removed f rom the syr inge and rep laced wi th  a cap. 

8.  I f  the so lu t ion is  for  an int ravenous in fus ion, then the f i l ter needle is  removed and 

rep laced wi th  a new needle of  the appropr iate  s ize.  The drug is  in jec ted in to  the 

appropr ia te vehic le . 

9.  A l l  mater ials should be d iscarded proper ly,  and the f inal  product or  preparat ion 

should be labeled. 

E. Removing drug solution from a vial  

1.  The tab around the rubber c losure on the via l  is  removed,  and th is  surface is  

swabbed wi th  an alcohol prep pad. 

2.  An equiva lent amount  o f  ster i le a i r  is  in jec ted in to  the v ia l  to  prevent  a negat ive 

vacuum f rom being created and to  a l low the drug to  be removed. 

3.  Using the appropr ia te needle s ize and syr inge, the needle is  inser ted into  the 

rubber c losure. 

4.  The plunger is  pushed down,  and ai r  is  re leased into  the v ia l ;  when the p lunger is  

pu l led back,  the solu t ion is  wi thdrawn. 

5.  The so lut ion is then injected into  the appropr iate  vehic le . 

F.  Examples  

1.  Example 1  

a.  Medicat ion order  

Progesterone 5 g 

Benzyl alcohol 10 mL 

Sesame oil, qs 100 mL 
 

b.  Compounding procedure.  Dissolve the progesterone in the benzyl  alcohol .  Add 

suf f ic ient  sesame o i l  to make 100 mL.  Ster i l ize by f i l t ra t ion through a s ter i le  0 .2-µm 

f i l ter  or  by dry heat  (170°C for  1 .5 hr) .  Package in  s ter i le  v ia ls  and label .  

2.  Example 2  

a.  Medicat ion order  



Fentanyl (as the citrate) 2 mg 

Bupivacaine hydrochloride 125 mg 

0.9% sodium chloride injection, qs 100 mL 
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b.  Calculat ions.  Since 157 µg fentanyl  c i t rate  is  equiva lent  to  100 µg fentanyl ,  the 

quant i ty o f  fentanyl  c i t rate  required is  (157/100) × 2 mg = 3.14 mg fentanyl  c i t ra te .  

Th is  is  the quant i ty o f  fentanyl  c i t rate  that would be requi red i f  compounding as a 

h igh-r isk preparat ion f rom bulk  powders .  I t  would a lso requi re 125 mg bupivacaine,  

and the remainder is  the 0.9% sodium chlor ide inject ion.  However,  commerc ia l  

products  are avai lable  so we can ca lcu la te how much of  each might  be requi red 

us ing fentanyl  50 µg/mL in jec t ion and bupivacaine hydrochlor ide 0.5% in jec t ion. 

 

Bupivacaine hydrochlor ide 0.5% injec t ion contains  500 mg/100 mL; therefore, 

 

I f  40 mL of  fentanyl  in ject ion is  used,  and 25 mL of  bupivacaine hydrochlor ide 

in jec t ion is  used,  then 40 + 25 = 65 mL;  the quant i ty of  0.9% sodium chlor ide 

in jec t ion required is  100 mL - 65 mL = 35 mL. Note:  I f  the order is  to be fi l led in a 

20-mL pump with del ivery for 30 days,  what is  the del ivery rate in  µL /hr?  

 
c .  Compounding procedure.  Us ing commercial ly ava i lab le  in jec t ions,  accurate ly 

measure the volume of  each and f i l l  into  a ster i le ambulatory pump reservo i r .  An ai r  

bubble can be in jec ted and used to  thoroughly mix the so lu t ion. Remove the ai r  f rom 

the reservo i r ,  and t ight ly seal /c lose the out le t .  Label .  

3.  Example 3  

a.  Medicat ion order  



Morphine sulfate 5 g 

Citric acid 100 mg 

Sodium chloride, qs to isotonic  

Methylparaben 150 mg 

Sterile water for injection, qs 100 mL 
 

b.  Calculat ions.  Us ing a sodium chlor ide equiva lent  o f  0.09 for a  5% morphine 

su l fa te  so lu t ion,  0 .18 for c i t r ic  ac id ,  1 for sodium chlor ide,  and ignoring the 

methylparaben,  the ca lcu la t ions can be made as fo l lows: 

5  g morphine sul fate  is equivalent  to 450 mg sodium chlor ide (5  g × 0.09 = 450 mg).  

100 mg ci t r ic  acid  is  equiva lent  to  18 mg sodium ch lor ide (100 mg × 0.18 = 18) 

450 mg + 18 mg = 468 mg 

To be isotonic ,  the so lu t ion needs the equiva lent o f  900 mg of  sodium chlor ide in  

the 100 mL:  900 mg -  468 mg = 432 mg sodium chlor ide needs to  be added. 

c .  Compounding procedure.  Dissolve the methylparaben in about 90 mL of  s ter i le  

water  for  in ject ion.  A smal l  amount  of  heat  may be requi red. Cool  the so lut ion to 

room temperature; then add the morphine su l fa te,  c i t r ic  ac id ,  and sodium chlor ide.  

Add suf f ic ient  s ter i le  water  for in jec t ion to  volume and mix wel l .  Ster i l ize by 

f i l t ra t ion through a s ter i le  0 .2-µm f i l ter  in to  a ster i le v ia l  or  reservo i r.  Package and 

label .  

4.  Example 4  

a.  Medicat ion order  

Mefoxitin 1 g 

Diluent to final concentration of 125 mg/mL  
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b.  Calculat ions.  A 1-g v ia l  o f  Mefoxin  (cefoxi t in  for  in jec t ion) is  reconst i tuted wi th  

10 mL of  di luent  to provide for  approximate wi thdrawal  o f  10.5 mL and an 

approximate average concentrat ion of  95 mg/mL. What quanti ty of  di luent should 

be added to provide an approximate average concentrat ion of 125  mg/mL? 

 
c .  Compounding procedure.  Asept ical ly,  wi thdraw 7.5 mL of  di luent and in ject  in to 

the v ia l  to  be reconst i tu ted,  using an appropr iate vented needle. Gently swi r l  unt i l  

d issolved. 
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STUDY QUESTIONS 
Direct ions for questions 1-3:  Each quest ion or  incomplete s ta tement in th is 

sect ion can be correct ly answered or  completed by one  o f  the suggested answers or  

phrases.  Choose the best  answer.  The fo l lowing medicat ion order  is  g iven to  the 

pharmacis t  by the phys ic ian. 

Olive oil 60.0 mL 

Vitamin A 60,000 units 

Water 120.0 mL 

Sig: 15 mL t.i.d. 
 

1.  The f inal  dosage form of this prescript ion wi l l  be 

(A)  a  so lu t ion. 

(B)  an e l ixi r .  

(C)  an emuls ion. 

(D)  a  suspension. 

(E)  a  lo t ion. 

View Answer1.  The answer is  C[see] .2.  When preparing this prescript ion,  

the pharmacist  needs to add 

(A)  Tween 80. 

(B)  acacia. 

(C)  g lycer in .  



(D)  a lcohol.  

(E)  propylene glycol .  

V iew Answer2.  The answer is  B[see] .3.  Which of  the fol lowing caution 

labels should the pharmacist  aff ix to the container when dispensing this 

preparat ion? 

(A)  Do not  re f r igerate. 

(B)  Shake wel l .  

(C)  For  external  use only.  

(D)  No preservat ives added. 

View Answer3.  The answer is  B[see] .For 1-3:Direct ions for questions 4-9:  

Each quest ion or s ta tement  in  th is  sect ion can be correct ly answered or completed 

by one or more  of  the suggested answers or phrases.  Choose the correct  answer,  

A-E:  

4.  Which statements about the following prescript ion are correct? 

Morphine 1 mg/mL 

Flavored vehicle, qs ad 120 mL 

Sig: 5-20 mg p.o. q 

 3-4 hours prn pain 
 

I .  The amount of  morphine needed is  240 mg. 

I I .  Powdered morphine alkaloid should be used when compounding this 

prescript ion. 

I I I .  The final  dosage form of this prescript ion is  a solution. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer4.  The answer is  B[see] .5.  When preparing the following 

prescript ion,  the pharmacist should 



Podophyllum 5% 

Salicylic acid 10% 

Acetone 20% 

Flexible collodion, ad 30 mL 

Sig: Apply q h.s. 
 

I .  t r i turate 1.5 g  of  podophyl lum with the 8 mL  of  acetone. 

I I .  add 3 g  of  sal icyl ic  acid to the col lodion with tr i turation. 

I I I .  af f ix an “external  use only” label  to the container. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer5.  The answer is  B[see] .P.120 

 

 

6.  Which statements about the following prescript ion are correct? 

Sulfur 6 g 

Purified water  

Camphor water, aa qs ad 60 
 

I .  Precipi tated sulfur can be used to prepare this prescript ion. 

I I .  The sulfur can be tr iturated with glycerin before mixing with other 

ingredients. 

I I I .  A “shake well”  label should be aff ixed to the bottle . 

A  i f  I  only is  correct 



B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer6.  The answer is  E[seeand].7.  Which statements about the 

fol lowing prescript ion are correct? 

Starch 10% 

Menthol 1% 

Camphor 2% 

Calamine, qs ad 120 
 

I .  The powders should be blended together in a mortar,  using geometric  

di lut ion. 

I I .  The prescript ion should be prepared by dissolving the camphor in a 

suff icient amount of  90% alcohol .  

I I I .  A eutect ic  mixture should be avoided. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer7.  The answer is  A[see] .8.  When preparing the following 

prescript ion,  the pharmacist should 



Salicylic acid 3 g 

Sulfur ppt 7 g 

Lanolin 10 g 

White petrolatum 10 g 
 

I .  reduce the part ic le size of  the powders,  using a mortar and pestle  or using 

the pil l  t i le  with a spatula. 

I I .  p lace on an ointment t i le  and levigate the ingredients, using geometric  

di lut ion. 

I I I .  package the ointment in an ointment jar  or tube. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer8.  The answer is  E[seeand].9.  An equal  volume of a ir  is  

injected when removing drug solut ions from 

I .  via ls. 

I I .  ampules. 

I I I .  syringes. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer9.  The answer is  A[see] .P.121 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [see  V.B.1. ] .  

2.  The answer is  B  [see  V.B.2; V.C.1 ] .  

3.  The answer is  B  [see  V.B.3 ] .  

For 1-3:  Because ol ive oi l  and water are two immisc ible  l iqu ids,  the i r  incorporat ion 

requi res a two-phase system in  which one l iqu id  is  d ispersed throughout  another  

l iqu id in the form of  smal l  drop lets.  To accompl ish this ,  an emuls i fy ing agent  is  



necessary.  Acac ia is  the most  sui tab le emuls i fy ing agent when forming an o i l - in-

water  emuls ion that  is intended for  in ternal  use. 

Emuls ions are phys ical ly unstab le,  and they must be protected against  the ef fects  o f  

microbial  contaminat ion and physica l  separat ion. Shak ing before use redis t r ibutes 

the two layers of emuls ion.  Because l ight ,  ai r ,  and microorganisms a lso af fect  the 

s tab i l i ty  o f an emuls ion, preservat ives can be added. 

4.  The answer is  B  ( I I I )  [see  I I I .A.C.3 ] .  

The concentrat ion of  morphine needed for the prescr ipt ion descr ibed in  the quest ion 

is  1  mg/mL, and because 120 mL is  the f ina l  volume,  120 mg of  morphine is  needed 

to  compound this  prescrip t ion.  Morphine a lkalo id  has poor  so lubi l i ty ;  therefore, one 

of  the sa l t  forms should be used.  Because morphine is d isso lved in  the vehic le , 

resul t ing in a  l iqu id preparat ion, the f inal  dosage form is  a so lut ion. 

5.  The answer is  B  ( I I I )  [see  I I I .C.1. ;  I I I .C.5;  I I I .D.3 ] .  

Calcu lat ing for  the amount  o f each ingredient  o f  the prescrip t ion in the quest ion 

requi res 1.5 g of podophyl lum, 3 g of  sa l icyl ic ac id ,  and 6 mL of  acetone.  The 

correct procedure would be to  t r i turate the podophyl lum wi th  the acetone, then add 

the tr i turated sal icyl ic  acid  to  a cal ibrated bott le conta in ing the podophyl lum and 

acetone.  Flexib le co l lodion is  then added up to the 30-mL ca l ibrat ion. An “external  

use only”  label  should be af f ixed to  the container .  

6.  The answer is  E  ( I ,  I I ,  and I I I )  [see  IV.B.2;  IV.C.5;  IV.D.1 and  2 ] .  

Whi le  prec ipi tated su l fur can be used to prepare the prescrip t ion descr ibed in the 

quest ion, i t  is  di f f icul t  to t r i turate;  therefore,  i t  must  f i rs t  be levigated wi th  a sui tab le 

levigat ing agent  (e .g.,  glycer in) .  A l l  suspensions, owing to  the i r  ins tab i l i ty,  requi re  

shak ing before use to  red ist r ibute the inso lub le ingredients . 

7.  The answer is  A  ( I )  [see  VI.C.3; VI .D.1 ] .  

The proper  procedure for  compounding the prescr ip t ion descr ibed in  the quest ion is  

to  f i rs t  form a l iquid  eutect ic .  Th is  is  done by t r i turat ing the menthol  and camphor 

together in a  mortar .  Th is  eutect ic  is  then blended wi th  the powdered s tarch and 

ca lamine,  us ing geometr ic  d i lu t ion. 

8.  The answer is  E  ( I ,  I I ,  and I I I )  [see  IX.D.1 and  3 ;  IX.E.1 ] .  

The proper  procedure for  prepar ing the prescr ip t ion given in  the quest ion is  to  

reduce the part ic le  s ize of  each powder and mix them together,  us ing geometr ic 

d i lu t ion.  This  ensures the proper b lending of the powders . Next ,  th is  powdered 

mixture is  incorporated, geometr ica l ly,  wi th  the petrola tum. Then,  the lanol in  is  

added geometr ica l ly.  

9.  The answer is  A  ( I )  [see  XI .E.2 ] .  

An equal  vo lume of a ir  must  be injec ted when removing a drug so lut ion f rom a vial .  

Th is  is  done to prevent  the format ion of  a  vacuum wi th in  the v ial .  Th is  problem does 

not  occur  wi th ampules and syr inges conta ining drug so lut ions;  therefore,  i t  is  

unnecessary to in jec t  any a i r  when removing them. 
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I. PHARMACOKINETICS 
A. INTRODUCTION  

1.  Pharmacokinetics  is  the quant i ta t ive measurement  o f drug absorpt ion, 

d ist r ibut ion,  and el iminat ion ( i .e . ,  excret ion and metabol ism) and includes 

the ra te processes for drug movement in to  the body,  wi th in  the body,  and 

out  o f  the body. 

2.  Commonly used uni ts  in  pharmacok inet ics  are tabula ted in  Table 6-1. 

3.  Rates and orders of  react ions.  The rate  of  a chemical  react ion or  

pharmacok inet ic  process is  the ve loc i ty wi th  which i t  occurs . The order  o f  a  

react ion is  the way in  which the concentrat ion of a  drug or  reactant in a  

chemical  react ion af fec ts the ra te. 

a.  Zero-order react ion.  The drug concentrat ion changes wi th  respect to 

t ime at a  constant ra te,  according to the fol lowing equat ion: 

 

Table 6-1. Common Units in Pharmacokinetics 

Pharmacokinetic 
Parameter Abbreviation 

Fundamental 
Units Units Example 

Area under the 
curve 

AUC Concentration 
X time 

µg X hr/mL 

Total body 
clearance 

ClT Volume/time Liters/hr 

Renal clearance ClR Volume/time Liters/hr 

Hepatic clearance ClH Volume/time Liters/hr 

Apparent volume 
of distribution 

VD Volume Liters 

Volume of 
distribution at 

Vss Volume Liters 



steady state 

Peak plasma drug 
concentration 

Cmax Concentration mg/L 

Plasma drug 
concentration 

Cp Concentration mg/L 

Steady-state drug 
concentration 

Css or Cav Concentration mg/L 

Time for peak 
drug concentration 

Tmax Time hr 

Dose Do Mass mg 

Loading dose DL Mass mg 

Maintenance dose DM Mass mg 

Amount of drug in 
the body 

DB Mass mg 

Rate of drug 
infusion 

R Mass/time mg/hr 

First order rate 
constant for drug 
absorption 

ka 1/time 1/hr or hr-1 

Zero order rate 
constant for drug 
absorption 

ko Mass/time mg/hr 

First order rate 
constant for drug 
absorption 

K (sometimes 
referred to as 
kel) 

1/time 1/hr or hr-1 



Elimination half-
life 

t½ Time hr 

Fraction of drug 
absorbed 

F (no units) Ranges 
from 0 to 1 
(0 to 100%) 
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where C  is  the drug concentrat ion and k 0  is  the zero-order rate constant  

expressed in  un i ts  o f  concentrat ion per  t ime (e.g. ,  mi l l ig rams per  mi l l i l i ter 

per  hour).  In tegrat ion of  th is  equat ion y ields  the l inear  (s t raight - l ine) 

equat ion: 

C  =  -k0 t  + C0  

where k 0  is  the s lope of  the l ine (see Figure 3-5)  and C0  is  the y  in tercept ,  

or  drug concentrat ion,  when t ime ( t )  equals zero. The negat ive s ign 

indicates that  the s lope is  decreas ing. 

b.  First-order react ion.  The change in  drug concentrat ion wi th  respect  to  

t ime equals the product  o f  the ra te constant  and the concentrat ion of  drug 

remaining,  according to the fo l lowing equat ion: 

 

where k  is  the f i rs t -order ra te constant ,  expressed in uni ts  o f rec iprocal  

t ime,  or  t ime - 1  (e .g . ,  1 /hr or  hr - 1 ) .  

(1)  Integrat ion of  th is  equat ion y ie lds  the fol lowing mathemat ical ly 

equiva lent  equat ions: 

 
(2)  A graph of  the equat ion in  Figure 6-1 shows the l inear  re la t ion of  the log 

of  the concentrat ion versus t ime.  In  Figure 6-1, the s lope of  the l ine is  

equal  to  -k /2.3 ,  and the y  in tercept  is  C0 .  The values for C  are plo t ted on 

logar i thmic coordinates,  and the va lues for  t  are shown on l inear  

coord inates. 



(3)  The half- l i fe  (t½ )  o f  a  react ion or  process is  the t ime required for the 

concentrat ion of  a  drug to  decrease by one hal f .  For  a f i rs t -order  react ion 

or  process,  the hal f - l i fe is  a  constant  and is  re la ted to  the f i rst -order  ra te 

constant ,  accord ing to  the fol lowing equat ion: 

 

2.  Models and compartments  

a.  A model  is  a  mathemat ic  descr ip t ion of  a  bio log ic  system and is  used to  

express quant i ta t ive relat ionships. 

b.  A compartment  is  a  group of  t issues wi th  s imi lar  blood f low and drug 

af f in i ty.  A compartment  is  not  a rea l  phys io log ic  or  anatomic  region. 

3.  Drug distribution  

a.  Drugs d is t r ibute rap id ly to  t issues wi th  h igh blood f low and more s lowly 

to  t issues wi th  low b lood f low.  

b.  Drugs rapid ly cross capi l lary membranes in to  t issues because of  passive 

di f fusion  and hydrostat ic  pressure.  Drug permeabi l i ty across capi l lary 

membranes var ies. 

(1)  Drugs eas i ly c ross the capi l lar ies  of  the g lomeru lus of  the k idney and 

the s inusoids of  the l iver.  

(2)  The capi l lar ies of the brain  are surrounded by g l ia l  cel ls  that c reate a 

blood-brain barrier,  which acts  as a th ick  l ip id membrane.  Polar and ionic  

hydrophi l ic  drugs cross th is barr ier s lowly.  

(3)  In d isease s tates,  membranes may become more permeable to drugs.  

For  example, in meningi t is ,  the blood bra in barr ier  becomes more 

permeable to  the penetrat ion of  drugs in to brain . 

c .  Drugs may accumulate in t issues  as  a resul t  o f  thei r  phys icochemical  

character is t ics  or  spec ial  a f f in i ty o f the t issue for the drug. 

(1)  L ip id-so lub le drugs may accumulate in adipose ( fat )  t issue because of 

par t i t ion ing of  the drug. 

(2)  Tet racyc l ine may accumulate in  bone because complexes are formed 

wi th  calc ium. 
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d.  Plasma protein binding  o f  drugs affects drug d ist r ibut ion. 

(1)  A drug bound to a prote in  forms a complex that  is  too large to  cross ce l l  

membranes. 

(2)  Albumin  is  the major p lasma prote in involved in  drug protein  b ind ing.  

α1 -Glycoprotein,  a lso found in  p lasma, is  important  for  the b ind ing of  such 

basic drugs as propranolo l .  

(3)  Potent drugs,  such as phenytoin,  that  are h igh ly bound (> 90%) to 

p lasma proteins  may be d isp laced by other  high ly bound drugs. The 

d isp lacement  o f  the bound drug resul ts  in  more free (nonbound) drug,  which 



rap id ly reaches the drug receptors  and causes a more intense 

pharmacologic response. 

(4)  A few hormonal  drugs bind to  speci f ic  p lasma prote ins . For example,  

prednisone binding to t ranscort in (and albumin)  resul ts  in  dose-dependent  

pharmacok inet ics  of  prednisone.  This  nonl inear pharmacok inet ics  is  due to  

saturable prote in  binding.  Transcor t in has high aff in i ty and low capaci ty 

whi le  albumin has low aff in i ty and a h igh capac i ty.  

B. One-compartment model  

1.  Intravenous bolus inject ion.  The ent i re drug dose enters  the body 

rap id ly,  and the ra te of  absorpt ion is neglected in calcu lat ions (F igure 6-1) .  

The ent i re  body acts  as a s ingle  compartment ,  and the drug rap idly 

equi l ibrates wi th  al l  o f  the t issues in  the body. 

a.  Drug el imination  is  a f i rs t -order k inet ic process, accord ing to  the 

equat ions in I .A.1.b. 

(1)  The f i rst -order  e l iminat ion rate constant (k  or  k e l )  is  the sum of  the ra te 

constants  for  removal  of  drug f rom the body,  inc lud ing the rate constants  

for  renal  excret ion and metabol ism (biotransformation )  as  described by 

the fo l lowing equat ion: 

k  =  k e  +  km  

where k e  is  the rate constant  for  renal  excret ion and km  is  the ra te constant  

for  metabol ism.  This equat ion assumes that  a l l  rates are f i rs t -order  

processes. 

 

Figure 6-1. Generalized pharmacokinetic model 
for a drug administered by rapid intravenous 
bolus injection. , extrapolated drug concentration; 
VD, apparent volume of distribution; DB, amount 
of drug in the body; k, elimination rate constant; 
t1/2, elimination half-life. [Adapted with 
permission from Gibaldi M, Perrier D. 
Pharmacokinetics, 2nd ed. New York, Marcel 
Dekker, Inc., 1982. Copyright © 1982 
Routledge/Taylor & Francis Group, LLC.] 
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(2)  The el imination half- l i fe  (t1 / 2 )  is  given by the fo l lowing equat ion: 

 



b.  Apparent volume of  distr ibution  (VD )  is  the hypothet ical  vo lume of  

body f lu id  in  which the drug is  d isso lved.  This  va lue is  not  a  t rue anatomic 

or  phys ica l  vo lume. 

(1)  VD  is  needed to est imate the amount o f  drug in  the body re la t ive to  the 

concentrat ion of  drug in  the p lasma,  as shown in  the fo l lowing: 

VD  ×  Cp  =  DB  

where VD  ( l i ters)  is  the apparent  volume of  d is t r ibut ion,  Cp  (mg/ l i ter )  is  the 

p lasma drug concentrat ion,  and DB  (mg) is  the amount  o f  drug in the body.  

(2)  To ca lcu la te the VD  af ter  an in t ravenous bolus in ject ion,  the equat ion is  

rearranged to  give: 

 

where is the dose (DB )  of  drug given by int ravenous bolus and is  the 

ext rapolated drug concentrat ion at zero t ime on the y  axis ,  a f ter  the drug 

equi l ibrates (F igure 6-1) .  

(3)  Accord ing to  the equat ion,  VD  is  increased and is  decreased when the 

drug is d is t r ibuted more ext ravascular ly in to  the t issues.  W hen more drug is  

conta ined in the vascular  space or p lasma,  is  increased and VD  is  

decreased. 

2.  Single oral dose.  I f  the drug is g iven in  an ora l  dosage form (e.g. ,  

tab le t ,  capsule) ,  the drug is  genera l ly absorbed by f i rs t -order  k inet ics . 

El iminat ion of  the drug also fol lows the pr incip les of  f i rst -order  k inet ics  

(F igure 6-2) .  

a.  The fo l lowing equat ion descr ibes the pharmacok inet ics  of  f i rst-order 

absorption and elimination:  

 

where kA  is  the f i rs t -order  absorpt ion ra te constant  and F  is  the fract ion of  

drug b ioavai lab le.  Changes in  F,  D0 ,  VD ,  kA ,  and k  a f fec t the plasma drug 

concentrat ion. 

b.  The t ime for  maximum, or  peak,  drug absorption  is  given by the 

fo l lowing equat ions: 

 

where tma x  depends only on the ra te constants  kA  and k,  not on F,  D0 ,  or  VD .  



 

Figure 6-2. Generalized plot for a one-
compartment model showing first-order drug 
absorption and first-order drug elimination. 
[Adapted with permission from Shargel L, Wu-
Pong S, Yu ABC. Applied Biopharmaceutics and 
Pharmacokinetics, 5th ed. New York, McGraw-
Hill, 2005.] 
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c .  After  tma x  is  obtained,  the peak drug concentrat ion (Cma x)  is  ca lcula ted,  

us ing the equat ion in I .B.2.a and subst i tu t ing tma x  for  t .  

d.  The area under the curve (AUC) may be determined by integrat ion of  

CPd t  using the t rapezoida l  ru le or  by the fol lowing equat ion: 

 

changes in  F,  D0 ,  k,  and VD  a f fec t the AUC. Minor changes in kA  do not  

a f fec t  the AUC. 

e.  To obtain  ,  obta in  the [AUC] f rom 0 to t  by the t rapezoida l  ru le and add 

on the ext rapolated sect ion of  AUC, which is  the las t  measurable drug 

concentrat ion at  t ime t  d iv ided by the s lope of  the terminal  e l iminat ion 

curve,  as shown in the fo l lowing equat ion: 

 
f .  Lag t ime  occurs  at  the beginn ing of  systemic  drug absorpt ion.  For  some 

indiv iduals ,  sys temic  drug absorpt ion is delayed af ter oral  drug 

adminis t ra t ion because of  de layed s tomach emptying or o ther  fac tors . 

3.  Intravenous infusion  

a.  Int ravenous in fus ion is  an example of  zero-order  absorpt ion and f i rs t-

order e l iminat ion (F igure 6-3) .  

b.  A few ora l  control led-re lease drug products  re lease the drug by zero-

order k inet ics  and have zero-order systemic absorption.  

c .  The p lasma drug concentrat ion at  any t ime af ter  the s tar t  o f  an 

in t ravenous in fusion is  given by the fo l lowing equat ion: 

 



where R  is  the zero-order  ra te of infus ion given in  uni ts  as  mi l l ig rams per 

hour  or  mi l l ig rams per  minute. 

d.  I f  the int ravenous in fus ion is  d iscont inued, the p lasma drug 

concentrat ion decl ines by a f i rs t -order process.  The el iminat ion hal f - l i fe ,  or  

e l iminat ion ra te constant,  k,  may be obta ined f rom the decl in ing plasma 

drug concentrat ion versus t ime curve. 

e.  As the drug is infused,  the plasma drug concentrat ion increases to a 

p la teau,  or steady-state concentrat ion (CS S ) .  

 

Figure 6-3. Generalized semilogarithmic plot for 
a drug showing zero-order absorption and first-
order elimination. Css, steady-state concentration; 
k, elimination rate constant. [Adapted with 
permission from Gibaldi M, Perrier D. 
Pharmacokinetics, 2nd ed. New York, Marcel 
Dekker, Inc., 1982. Copyright © 1982 
Routledge/Taylor & Francis Group, LLC.] 
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(1)  Under s teady-state condi t ions,  the frac t ion of drug absorbed equals the 

f ract ion of  drug e l iminated f rom the body. 

(2)  The plasma concentrat ion at  steady s tate (C s s )  is  g iven by the fo l lowing 

equat ion: 

 

Where,  ClT  is  to ta l  body c learance (see Sect ion I .E. )  

(3)  The rate of  drug in fus ion (R )  may be ca lcula ted f rom a rearrangement o f  

the equat ion i f  the des i red C s s ,  the VD ,  and the k  are known.  These va lues 

can of ten be obta ined f rom the drug l i terature.  To ca lcu la te the rate of  

in fus ion, the fol lowing equat ion is  used: 

R  =  C s s  VDk  =  C s s  ClT  

where C s s  is  the desi red ( target)  p lasma drug concentrat ion and ClT  is  to ta l  

body c learance. 

f .  A loading dose (DL )  is  given as an ini t ia l  in t ravenous bolus dose to  

produce the C s s  as rapidly as  poss ib le.  The in t ravenous in fusion is  s tar ted 

at  the same t ime as the DL .  



(1)  The t ime to  reach C s s  depends on the e l iminat ion hal f - l i fe o f  the drug.  

Reaching 90%, 95%, or  99% of  the C s s  wi thout  a DL  takes 3.32, 4 .32,  or  

6 .65 hal f - l ives,  respect ive ly.  Thus,  for  a drug wi th  an e l iminat ion t1 / 2  o f  8  hr ,  

i t  wi l l  take 3.32 × 8 hr,  or  26.56 hr ,  to  reach 90% of  C s s  i f  no loading dose 

is  g iven. 

(2)  The DL  is  the amount o f  drug that ,  when d issolved in  the apparent  VD ,  

produces the des i red C s s .  Thus DL  is  ca lcula ted by the fo l lowing equat ion: 

 
g.  An in travenous in fus ion provides a rela t ive ly constant  plasma drug 

concentrat ion and is part icular ly useful  for  drugs that  have a narrow 

therapeut ic  range.  The IV in fusion keeps the p lasma drug concentrat ion 

between the min imum toxic  concentrat ion (MTC) and the min imum ef fec t ive 

concentrat ion (MEC).  

4.  Intermittent intravenous infusions  

a.  Intermi t tent  in t ravenous in fusions are in fusions in  which the drug is 

in fused for  short  per iods to  prevent  accumulat ion and toxic i ty.  

b.  Intermi t tent  in t ravenous in fusions are used for a  few drugs,  such as the 

aminoglycos ides.  For  example, gentamic in  may be g iven as a 1-hr  in fus ion 

every 12 hr .  In  th is  case, s teady-state drug concentrat ions are not 

achieved. 

c .  The peak drug concentrat ion in  the p lasma for a  drug given by 

in termi t tent  in t ravenous in fus ion may be ca lcu la ted by the fo l lowing 

equat ion: 

 

where Cp ,n  is  the peak drug concentrat ion,  R  is  the ra te of  drug in fusion,  Cl  

is  to tal  body c learance,  k  is  the dosage in terval ,  n  is  the number of  

in fus ions,  t  is  the t ime for  the infus ion,  and τ  is  the dosage in terva l .  

5.  Mult iple doses.  Many drugs are g iven in termi t tent ly in a  mul t ip le-dose 

reg imen for  cont inuous or  prolonged therapeut ic  ac t iv i ty.  Th is  reg imen is  

o f ten used to t reat  chronic  d isease. 

a.  I f  drug doses are g iven f requent ly before the previous dose is  completely 

e l iminated,  then plasma drug concentrat ions accumulate and increase to a 

s teady-s tate level .  

b.  At  steady state,  p lasma drug concentrat ion f luc tuates between a 

maximum ()  and a min imum () va lue (Figure 6-4) .  

c .  When a mul t ip le-dose reg imen is  ca lcula ted, the superposit ion principle  

assumes that  previous drug doses have no ef fect on subsequent  doses.  

Thus the predicted p lasma drug concentrat ion is the to ta l  p lasma drug 

concentrat ion obtained by adding the res idual  drug concentrat ions found 

af ter each previous dose.  

d.  W hen a mult ip le-dose regimen is  des igned,  only the dosing rate  (D0 / τ )  

can be adjusted easi ly.  



(1)  The dosing rate is  based on the size of  the dose  (D0 )  and the interval  

(τ)  between doses,  or the frequency of  dosing.  
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Figure 6-4. Generalized plot showing plasma 
drug concentration levels after administration of 
multiple doses and levels of accumulation when 
equal doses are given at equal time intervals. τ, 
time interval between doses (t), or the frequency 
of dosing. [Adapted with permission from Shargel 
L, Wu-Pong S, Yu ABC. Applied 
Biopharmaceutics and Pharmacokinetics, 5th ed. 
New York, McGraw-Hill, 2005] 

(2)  The dosing rate is  g iven by the fo l lowing equat ion: 

 
(3)  As long as the dosing rate is  the same,  the expected average drug 

concentration at  steady state  ( )  is  the same (Figure 6-4) .  

(a)  For  example,  i f  a  600-mg dose is  g iven every 12 hr,  the dosing rate is  

600 mg/12 hr ,  or  50 mg/hr .  

(b)  A dose of  300 mg every 6 hr or  200 mg every 4 hr a lso g ives the same 

dosing rate (50 mg/hr) ,  wi th  the same expected .  However,  the and va lues 

wi l l  be d i f ferent .  

(c)  For  a  larger  dose g iven over a  longer interva l  (e .g. ,  600 mg every 12 

hr) ,  the is h igher  and the lower compared wi th  a smal ler dose g iven more 

f requent ly (e .g. ,  200 mg every 4 hr).  

e.  Cer ta in  ant ib iot ics are g iven by mult iple rapid intravenous bolus 

inject ions.  

(1)  The peak,  or  maximum, serum drug concentrat ion  a t  s teady s tate may 

be est imated by the fo l lowing equat ion: 

 

(2)  The minimum serum drug concentrat ion  ( )  a t  steady s tate is  the drug 

concentrat ion af ter the drug decl ines one dosage in terva l .  Thus is 

determined by the fo l lowing equat ion: 



 

(3)  The average drug concentrat ion  ( )  a t  s teady s tate is  es t imated wi th  

the equat ion used for  mul t ip le  oral  doses: 

 

For  in t ravenous bolus in jec t ions,  F  =  1 . 
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f .  Ora l ly admin is tered drugs g iven in  immediate-release dosage forms  

(e .g .,  so lu t ions,  convent ional  tab le ts,  capsules)  by mul t ip le  oral  doses are 

usual ly rapid ly absorbed and slowly e l iminated kA  ≥  k ) .  and for  these drugs 

are approximated by the equat ions shown in I .B.5.e. (1) and (2) .  

(1)  For  more exact  ca lcula t ions of  and af ter  mul t ip le  oral  doses, the 

fo l lowing equat ions are used: 

 

(2)  The ca lcula t ion of is  the same as for mul t ip le  in t ravenous bolus 

in jec t ions, us ing the equat ion shown in  I .B.5.e. (3) .  

(3)  The term 1/ (1  -  e - k τ )  is  known as the accumulat ion rate.  

(4)  The f ract ion of  drug remaining in the body ( f )  a f ter a  dosage in terval  is  

g iven by the fol lowing equat ion: 

f  =  e - k τ  

g.  Loading dose.  An ini t ia l  loading dose (DL )  is  given to  obtain  a 

therapeut ic  s teady-s tate drug level  qu ickly.  

(1)  For  mul t ip le  oral  doses,  DL  is  ca lcula ted by: 

 

where DM  is  the maintenance dose. 

(2)  I f  DM  is  g iven at a  dosage in terval  equal  to  the e l iminat ion ha l f - l i fe  o f  

the drug,  then DL  equals twice the maintenance dose. 

C. Mult icompartment models  

1.  Drugs that  exh ib i t  mult icompartment  pharmacok inet ics  dis tr ibute into  

d i f ferent  t issue groups at  d i f ferent  ra tes. Tissues wi th  h igh b lood f low 

equi l ibrate wi th  a  drug more rap id ly than t issues wi th  low b lood f low.  Drug 

concentrat ion in  various t issues depends on the phys ical  and chemical  



characteris t ics  of  the drug and the nature of  the t issue.  For  example,  highly 

l ip id-so luble drugs accumulate s lowly in  fa t  ( l ip id)  t issue. 

2.  Two-compartment model  ( intravenous bolus inject ion)  

a.  Af ter  an in t ravenous bolus in jec t ion,  the drug dis t r ibutes and equi l ibrates 

rap id ly in to h igh ly per fused t issues (central  compartment )  and more s lowly 

in to peripheral  t issues ( t issue compartment ) .  

 

b.  The in i t ia l  rap id  decl ine in  plasma drug concentra t ion is  known as the 

distr ibution phase.  The s lower ra te of  dec l ine in drug concentrat ion a fter 

complete equi l ibrat ion is achieved is  known as the el imination phase  

(F igure 6-5) .  
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Figure 6-5. Generalized plot showing drug 
distribution and equilibration for a two-
compartment model (intravenous bolus injection). 
The distribution phase is the initial rapid decline 
in plasma drug concentration. The elimination 
phase is the slower rate of decline after complete 
equilibration of the drug is achieved. [Adapted 
with permission from Shargel L, Wu-Pong S, Yu 
ABC. Applied Biopharmaceutics and 
Pharmacokinetics, 5th ed. New York, McGraw-
Hill, 2005.] 

c.  The plasma drug concentration  a t  any t ime is the sum of  two f i rs t-order  

processes,  as g iven in  the fol lowing equat ion: 

Cp  =  Ae - a t  +  Be - b t  



where a  and b  are hybrid f i rs t -order ra te constants  and A  and B  are y  

in tercepts . 

(1)  The hybrid f i rst-order rate constant  b  is  obta ined f rom the s lope of  

the e l iminat ion phase of  the curve (F igure 6-5)  and represents  the f i rs t -

order e l iminat ion of  drug f rom the body af ter the drug equi l ibrates wi th  a l l  

t issues. 

(2)  The hybrid f i rst-order rate constant  a  is  obta ined f rom the s lope of  the 

res idual  l ine of  the d is t r ibut ion phase after  the e l iminat ion phase is  

subtracted. 

d.  The apparent volume of  distr ibution  depends on the type of 

pharmacok inet ic  calcu lat ion. Volumes of d is t r ibut ion include the volume of 

the central  compartment  (Vp ) ,  the volume of  dist r ibut ion at  s teady s tate 

(V s s ) ,  and the volume of  the t issue compartment  (V t ) .  
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3.  Two-compartment model  (oral drug administrat ion)  

a.  A drug wi th  a rapid d is t r ibut ion phase may not show two-compartment  

character is t ics  af ter ora l  administ ra t ion.  As the drug is  absorbed, i t  

equi l ibrates wi th  the t issues so that  the e l iminat ion ha l f - l i fe  o f  the 

e l iminat ion port ion of  the curve equals  0 .693/b.  

b.  Two-compartment  character is t ics  are seen i f  the drug is absorbed rap id ly 

and the d is t r ibut ion phase is  s lower. 

4.  Models with addit ional  compartments  

a.  The addi t ion of  each new compartment  to  the model  requi res  an 

addi t ional  f i rst -order  p lot.  

b.  The addi t ion of  a thi rd compartment suggests  that  the drug slowly 

equi l ibrates into  a deep t issue space.  I f  the drug is  given at  f requent 

in terva ls,  the drug begins to accumulate in to  the th i rd  compartment .  

c .  The terminal  l inear  phase genera l ly represents the e l iminat ion of  the 

drug f rom the body af ter  equi l ibrat ion occurs.  The rate constant  f rom the 

e l iminat ion phase is  used to  calcu la te dosage reg imens. 

d.  Adequate pharmacokinet ic  descrip t ion of mul t icompartment  models  is 

o f ten di f f icul t  and depends on proper  plasma sampl ing and determinat ion of  

drug concentrat ions. 

5.  El imination rate constants  

a.  The el iminat ion ra te constant ,  k,  represents  drug el iminat ion f rom the 

centra l  compartment .  

b.  The terminal  e l iminat ion rate constant (λ or  b  in  the two-compartment  

model )  represents  drug e l iminat ion af ter  drug d ist r ibut ion is  most ly 

completed. 

D. Nonl inear pharmacokinetics  are a lso known as capaci ty- l imi ted,  dose-

dependent ,  or  saturat ion pharmacok inet ics .  Nonl inear  pharmacokinet ics  do 

not  fo l low f i rs t -order  k inet ics  as the dose increases (F igure 6-6).  Nonl inear  



pharmacok inet ics  may resul t  f rom the saturat ion of  an enzymeor carr ier-

mediated system. 

1.  Characterist ics of  nonl inear pharmacokinetics  include 

a.  The AUC is  not proport ional  to  the dose. 

b.  The amount o f  drug excreted in  the ur ine is  not  propor t ional  to  the dose. 

c .  The e l iminat ion ha l f - l i fe  may increase at h igh doses. 

d.  The rat io  o f metabol i tes  formed changes wi th  increased dose. 

2.  Michaelis-Menten kinet ics  descr ibe the veloc i ty o f  enzyme react ions.  

Michael is -Menten kinet ics  are used to descr ibe nonl inear  pharmacok inet ics . 

 

Figure 6-6. Generalized plot showing plasma 
drug concentration versus time for a drug with 
Michaelis-Menten (nonlinear) elimination 
kinetics. For this one-compartment model 
(intravenous injection), the doses are 1 mg, 10 
mg, and 100 mg; and the apparent in vivo rate 
constant (kM) is 10 mg. The maximum velocity of 
the reaction (Vmax) is 0.2 mg/min. [Adapted with 
permission from Gibaldi M, Perrier D. 
Pharmacokinetics, 2nd ed. New York, Marcel 
Dekker, Inc., 1982. Copyright © 1982 
Routledge/Taylor & Francis Group, LLC.] 
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a.  The Michael is-Menten equation  descr ibes the ra te of  change (ve loc i ty)  

o f  plasma drug concentrat ion af ter an int ravenous bolus in ject ion,  as  

fo l lows: 

 

where Vma x  is  the maximum veloc i ty of  the react ion,  Cp  is  the substrate or  

p lasma drug concentrat ion,  and kM  is  the Michael is constant  equal  to  the Cp  

a t  0 .5  Vma x .  

b.  At  low Cp  va lues,  where Cp  << kM ,  th is  equat ion reduces to  a f i rst -order 

ra te equat ion because both kM  and Vma x  are constants . 

 

c .  At h igh Cp  va lues,  where Cp  >> kM ,  the Michael is-Menten equat ion is  a  

zero-order  ra te equat ion, as  fo l lows: 



 

3.  Drugs that  fo l low nonl inear  pharmacok inet ics  may show zero-order  

e l iminat ion ra tes at  h igh drug concentrat ions,  f ract ional -order  el iminat ion 

ra tes at  in termediate drug concentrat ions,  and f i rs t -order  e l iminat ion ra tes 

at  low drug concentrat ions (F igure 6-6).  

E. Clearance  is  a  measurement  o f  drug e l iminat ion f rom the body.  Units  for  

c learance are vo lume per  t ime (e.g. ,  l i ters  per hour) .  

1.  Total  body clearance (ClT )  is  the drug e l iminat ion ra te div ided by the 

p lasma drug concentrat ion.  According to the concept  o f c learance, the body 

conta ins an apparent  volume of  d is t r ibut ion in  which the drug is d isso lved.  

A constant por t ion of  th is  vo lume is  c leared,  or  removed,  f rom the body per  

un i t  t ime. 

a.  The fo l lowing equat ions express the measurement  o f  tota l  body 

c learance: 

 

b.  For drugs that  fo l low f i rs t -order  ( l inear) pharmacok inet ics ,  to ta l  body 

c learance is  the sum of  a l l  the c learances in  the body,  as  shown in  the 

fo l lowing equat ion: 

CLT  = CLR  + ClN R  

where CLR  is  renal  c learance and ClN R  is  nonrenal  c learance.  Nonrenal 

c learance,  ClN R ,  is  of ten equated wi th  hepat ic  c learance, ClH .  

c .  The re la t ion between ClT  and t1 / 2  is  obtained by subst i tu t ing 0.693/ t1 / 2  for  

k  in  the equat ion in  I .E.1 a to obta in  the fo l lowing expression: 

 

where VD  and ClT  are cons idered independent  var iables,  and t1 / 2  is  

cons idered a dependent  var iable . 

d.  As c learance decreases (e.g. ,  in  renal  disease) ,  t½  increases. Changes 

in  VD  a lso cause proport ional  changes in  t½ .  

2.  Renal  drug excret ion  is  the major  route of  drug e l iminat ion for  po lar  

drugs,  water-soluble drugs,  drugs wi th low molecular weight  (< 500),  and 

drugs that are b io t ransformed slowly.  The rela t ion between the drug 

excret ion ra te and the p lasma drug concentrat ion is  shown  
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in  Figure 6-7. Drugs are excreted through the kidney into  the ur ine by 

g lomeru lar f i l t ra t ion,  tubular reabsorpt ion,  and ac t ive tubular  secret ion. 



 

Figure 6-7. Generalized plot showing the 
excretion rate versus plasma drug concentration 
for a drug with active tubular secretion and for a 
drug secreted by glomerular filtration only. 
[Adapted with permission from Shargel L, Wu-
Pong S, Yu ABC. Applied Biopharmaceutics and 
Pharmacokinetics, 5th ed. New York, McGraw-
Hill, 2005.] 

a.  Glomerular f i l t rat ion  is  a  pass ive process by which smal l  molecules and 

drugs are f i l tered through the glomerulus of  the nephron. 

(1)  Drugs bound to  p lasma prote ins  are too large to  be f i l tered at  the 

g lomeru lus. 

(2)  Drugs such as creat inine and inul in  are not ac t ive ly secreted or  

reabsorbed.  They are used to  measure the glomerular f i l t ration rate 

(GFR).  

b.  Tubular reabsorption  is  a  passive process that  fol lows Fick 's  law of  

d i f fusion. 

(1)  L ip id-so lub le drugs are reabsorbed f rom the lumen of  the nephron back 

in to the systemic  c i rcula t ion. 

(2)  For  weak e lec t ro lyte drugs,  ur ine pH affects the rat io o f nonion ized and 

ionized drug. 

(a)  I f  the drug exis ts  pr imar i ly in  the nonionized or  l ip id-so lub le form,  then 

i t  is  reabsorbed more eas i ly from the lumen of  the nephron. 

(b)  I f  the drug exis ts  pr imar i ly in  the ionized or  water-so luble form,  then i t  

is  excreted more easi ly in  the ur ine. 

(c)  Depending on the pKa  o f  the drug,  a l terat ion of  ur ine pH a l ters the rat io  

o f  ion ized to  nonionized drug and affec ts the rate of  drug excret ion.  For  

example, a lkal in izat ion of  the ur ine by the adminis t rat ion of  sodium 

b icarbonate increases the excret ion of  sa l icyla tes (weak ac ids)  into  the 

ur ine. 

(3)  An increase in  ur ine f low caused by s imultaneous admin is t rat ion of  a 

d iuret ic  decreases the t ime for  drug reabsorpt ion.  Consequent ly,  more drug 

is  excreted i f  g iven wi th  a d iuret ic.  

c .  Active tubular secretion  is  a  carr ier -mediated act ive t ransport  sys tem 

that  requi res  energy. 

(1)  Two act ive tubular  secret ion pathways exis t  in the k idney:  one system 

for  weak acids and one system for weak bases. 

(2)  The act ive tubular  secret ion system shows compet i t ion effects.  For  

example, probenecid  (a  weak acid) competes for the same system as 



penic i l l in ,  decreasing the ra te of  penic i l l in  excre t ion, resu l t ing in  a  longer 

penic i l l in  t1 / 2 .  

(3)  The renal  c learance of  drugs that  are act ive ly secreted, such as p -

aminohippurate (PAH),  is  used to  measure effect ive renal blood flow 

(ERBF).  

3.  Renal  c learance  is  the vo lume of  drug conta ined in  the p lasma that is  

removed by the k idney per  uni t  t ime.  Units for renal  clearance  are 

expressed in  vo lume per t ime (e.g.,  mi l l i l i ters per minute or l i ters  per  hour) .  

a.  Renal c learance may be measured by d iv id ing the ra te of drug excret ion 

by the p lasma drug concentrat ion,  as shown in  the fol lowing equat ion: 
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b.  Measurement  o f  renal c learance may also be expressed by the fo l lowing 

equat ion: 

ClR  =  k eVD  

where k e  is  the f i rst -order  renal  excret ion rate constant  and 

 

where is the tota l  amount  o f  parent  (unchanged) drug excreted in the ur ine. 

c .  Renal  c learance is  measured wi thout regard to the physiologic 

mechanism of  renal  drug excret ion.  The probable mechanism for renal 

c learance is  obtained wi th  a clearance ratio,  which re lates drug c learance 

to  inu l in  c learance (a measure of  GFR). 

(1)  I f  the c learance rat io is  < 1.0,  the mechanism for  drug clearance may 

resul t  f rom f i l t ra t ion p lus reabsorpt ion. 

(2)  I f  the ra t io is  1 .0,  the mechanism may be f i l t ra t ion on ly.  

(3)  I f  the ra t io is  > 1.0,  the mechanism may be f i l t ra t ion p lus  act ive tubular  

secret ion. 

4.  Hepatic clearance  is  the volume of  plasma conta in ing drug that  is  

c leared by the l iver  per  un i t  t ime. 

a.  Measurement of  hepatic clearance.  Hepat ic  c learance is  usual ly 

measured ind i rec t ly,  as  the di f ference between tota l  body c learance and 

renal  c learance,  as  shown in the fol lowing equat ion: 

ClH  =  ClT  -  ClR  

where ClH  is  the hepat ic  c learance.  Hepatic c learance is  general ly 

cons idered to  be equiva lent  to  ClN R ,  or nonrenal drug c learance.  Hepat ic  

c learance can a lso be calcula ted as the product of  the l iver blood f low 

(Q )  and the extraction rat io (ER),  as  shown in  the fo l lowing equat ion: 

ClH  =  Q (ER) 



(1)  The extract ion rat io  is  the f rac t ion of  drug that  is  i r revers ib ly removed 

by an organ or t issue as the p lasma-conta in ing drug per fuses that t issue. 

(2)  The ext ract ion rat io is  obtained by measur ing the p lasma drug 

concentrat ion entering the l iver  and the p lasma drug concentrat ion exi t ing 

the l iver :  

 

where Ca  is  the ar ter ial  p lasma drug concentrat ion entering the l iver  and C v  

is  the venous p lasma drug concentrat ion exi t ing the l iver .  

(3)  Values for  the ER range f rom 0 to  1.  For  example,  i f  the ER is  0 .9,  then 

90% of  the incoming drug is  removed as the p lasma per fuses the l iver .  I f  

the ER is 0 , then no drug is  removed by the l iver.  

b.  Blood f low, intrinsic clearance,  and protein binding  af fec t  hepat ic  

c learance. 

(1)  Blood f low  to  the l iver  is  approximately 1 .5 L/min and may be al tered 

by exerc ise,  food,  disease,  or drugs. 

(a)  B lood enters  the l iver through the hepat ic  por ta l  ve in  and hepat ic  ar tery 

and leaves through the hepat ic ve in. 

(b)  Af ter  ora l  drug adminis t ra t ion, the drug is absorbed f rom the 

gastro in test inal  t ract  in to  the mesenter ic  vessels and proceeds to  the 

hepat ic  por tal  ve in ,  l iver ,  and systemic  c i rcu la t ion.  

(2)  Intrinsic clearance,  Cl i n t  descr ibes the ab i l i ty  o f  the l iver  to  remove the 

drug independently o f b lood f low. 

(a)  Int r insic  drug clearance pr imari ly occurs because of  the inherent  abi l i ty  

o f  the biotransformation enzymes  (mixed- funct ion oxidases)  to  metabol ize 

the drug as i t  enters  the l iver .  

(b)  Normal ly,  basal  leve l  mixed- funct ion oxidase enzymes b io t ransform 

drugs.  Levels  o f  these enzymes may be increased by var ious drugs (e.g. ,  

phenobarb i tal )  and envi ronmenta l  agents  (e.g. ,  tobacco smoke).  These 

enzymes may be inh ibi ted by other drugs and envi ronmental  agents  (e .g. ,  

c imetid ine, acute lead poisoning).  
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(3)  Protein binding.  Drugs that are bound to prote in  are not eas i ly c leared 

by the l iver or  k idney because only the f ree,  or  nonplasma protein-bound, 

drug crosses the ce l l  membrane in to  the t issue. 

(a)  The free drug  is  avai lable  to  drug-metabol iz ing enzymes for  

b io transformat ion. 

(b)  A sudden increase in f ree-drug plasma concentrat ion resul ts in more 

avai lab le  drug at  pharmacologic  receptors,  produc ing a more in tense ef fec t  

in  the organs (e.g. ,  k idney,  l iver) involved in  drug removal.  



(c)  Blood f low (Q ) ,  intr insic clearance (Cl i n t ) ,  and f ract ion of  f ree drug in  

p lasma ( f )  are re la ted to hepat ic  c learance as shown in  the fo l lowing 

equat ion: 

 
(1)  The hepat ic  c learance of  drugs that  have high ext ract ion ra t ios  and h igh 

Cl i n t  va lues (e.g.,  propranolo l )  is  most a f fected by changes in  blood f low 

and inh ibi tors  o f  the drug metabol ism enzymes. 

(2)  The hepat ic  c learance of  drugs that  have low ext ract ion rat ios  and low 

Cl i n t  va lues (e.g.,  theophyl l ine)  is  most  a f fec ted by changes in  Cl i n t  and is 

a f fec ted only s l ight ly by changes in  hepat ic  b lood f low.  

(3)  Only drugs that are highly p lasma prote in  bound ( i .e . ,  >  95%) and have 

a low int r ins ic  c learance (e.g.,  phenytoin) are affec ted by a sudden shi f t  in 

protein  b ind ing. Th is shi f t  causes an increase in  f ree-drug p lasma 

concentrat ion. 

c .  Biliary drug excret ion,  an act ive t ransport  process,  is  a lso inc luded in  

hepat ic  c learance.  Separate act ive secret ion systems exis t  for  weak ac ids 

and weak bases. 

(1)  Drugs that  are excreted in  bi le  are usual ly h igh molecular  weight  

compounds ( i .e. ,  > 500)  or  polar drugs,  such as reserp ine,  d igoxin ,  and 

var ious glucuronide conjugates. 

(2)  Drugs may be recycled by the enterohepatic circulat ion.  

(a)  Some drugs are absorbed f rom the gastroin test ina l  t rac t  through the 

mesenter ic  and hepat ic por tal  ve ins,  proceeding to  the l iver .  The l iver  may 

secrete some of  the drug (unchanged or  as  a g lucuronide metabol i te) in to  

the b i le .  

(b)  The bi le  and drug are s tored in  the ga l lb ladder and wi l l  empty in to the 

gast ro in test inal  t ract  through the bi le  duct and then may be reabsorbed. 

(c)  I f  the drug is  a  glucuronide metabol i te,  bacter ia in the gast ro in test ina l  

t ract  may hydrolyze the g lucuronide moiety,  a l lowing the re leased drug to  

be reabsorbed. 

d.  First-pass effects (presystemic el imination)  occur  wi th drugs given 

ora l ly.  A por t ion of  the drug is  e l iminated before systemic  absorpt ion 

occurs . 

(1)  Fi rs t-pass effects general ly resul t  f rom rapid drug b io t ransformation by 

l iver  enzymes.  Other  mechanisms include metabol ism of  the drug by 

gast ro in test inal  mucosal ce l ls,  in tes t inal  f lora,  and b i l iary secret ion. 

(2)  Fi rs t-pass effects are usual ly observed by measuring the absolute 

bioavai labi l i ty (F )  o f  the drug (see Chapter 7) .  I f  F  < 1 ,  then some of  the 

drug was e l iminated before systemic  drug absorpt ion occurred. 

(3)  Drugs that  have a high hepatic extract ion rat io,  such as propranolol  

and morphine,  show f i rs t-pass ef fec ts .  

(4)  To obta in  bet ter  systemic  absorpt ion of  a  drug that  demonstrates high 

f i rst -pass effec ts,  then ei ther 



(a)  The drug dose could be increased (e.g. ,  propranolo l ,  penic i l l in ) 

(b)  The drug could be given by an al ternate route of  admin is t rat ion (e.g.,  

n i t rog lycer in  subl ingual ,  insu l in  subcutaneous, est radio l  t ransdermal) 

(c)  The dosage form could be modi f ied as a de layed-re lease drug product  

(e .g.,  enter ic -coated aspi r in,  mesalamine) so that the drug may be absorbed 

more d is ta l ly in  the GI  t rac t 

F.  Noncompartment methods.  Some pharmacokinet ic parameters  for  

absorpt ion,  dist r ibut ion,  and e l iminat ion may be es t imated wi th  

noncompartment methods.  These methods usual ly require  compar ison of  

the areas under the curve. 

1.  Mean residence t ime  

a.  Mean residence t ime (MRT)  is  the average t ime for  the drug molecules 

to  res ide in  the body.  MRT is  a lso known as the mean t rans i t  t ime  and mean 

sojourn t ime.  

b.  The MRT depends on the route of  admin is t ra t ion and assumes that  the 

drug is e l iminated f rom the centra l  compartment .  
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c .  The MRT is  the tota l  res idence t ime for a l l  molecules in  the body div ided 

by the to ta l  number of molecules in  the body,  as  shown in  the fo l lowing 

equat ion: 

d.  MRT after IV bolus inject ion  

(1)  The MRT af ter  a  bo lus in t ravenous in ject ion is calcu lated by the 

fo l lowing equat ion: 

 

where AUMC is  the area under the f i rst  moment versus t ime curve f rom t  =  

0  to  t  =  inf in i ty and AUC0 - ∞  is  the area under the p lasma drug concentrat ion 

versus t ime curve f rom t  =  0  to  t  =  in f in i ty.  AUC0 - ∞  is  a lso known as the zero 

moment  curve. 

(2)  The MRT I V  is  re la ted to  the el iminat ion ra te constant  by the fol lowing 

express ion: 

MRT I V  =  1 /k  

(3)  During MRT I V ,  62.3% of  the in t ravenous bolus dose is  e l iminated. 

(4)  The MRT for  a  drug given by a noninstantaneous input is  longer than the 

MRT I V .  

2.  Mean absorption time (MAT)  is  the d i f ference between MRT and MRT I V  

a f ter an ext ravascular  route is  used. 

MAT = MRTe v  =  MRT I V  



When f i rs t -order  absorpt ion occurs ,  MAT = 1/ka.  

3.  Clearance  is  the vo lume of  plasma c leared of drug per uni t  t ime and may 

be ca lcula ted wi thout  cons iderat ion of  the compartment  model.  

 

Af ter  an IV dose,  F  =  1. 

4.  Steady-state volume of  distr ibution (Vs s )  

a.  The s teady-state vo lume of  dist r ibut ion is  the ra t io  o f the amount  o f  drug 

in  the body at  s teady state and the average s teady-s tate drug 

concentrat ion. 

b.  Af ter  an in t ravenous bolus in jec t ion,  V s s  is  ca lcu la ted by the fol lowing 

equat ion: 

 

II. Clinical Pharmacokinetics 
i s  the appl icat ion of  pharmacokinet ic  pr inc ip les  for  the ra t ional  des ign of  an 

indiv idual ized dosage reg imen. The two main object ives are maintenance 

of  an optimum drug concentrat ion at  the receptor si te  to  produce the 

desi red therapeut ic  response for  a speci f ic  period and minimizat ion of  any 

adverse or toxic effects  o f  the drug. 

III. Toxicokinetics 
i s  the appl icat ion of  pharmacokinet ic  pr inc ip les  to the des ign,  conduct,  and 

in terpretat ion of  drug safety evaluat ion s tudies. 

A. Toxicokinet ics  is  also used to  val idate dose-re la ted exposure in  

an imals . Toxicok inet ic  s tud ies are performed in an imals  dur ing prec l in ical  

drug development  to  aid  in  predic t ion of human drug toxic i ty.  Toxicok inet ic 

(nonc l in ical )  s tud ies may cont inue af ter  the drug has been tested in 

humans. 

B. Cl inical toxicology i s  the s tudy of  adverse effec ts  o f  drugs and toxic  

substances (poisons)  in  the human body.  The pharmacok inet ics  of  a drug in  

an overmedicated ( in toxicated)  pat ient  may be very d i f ferent  f rom the 

pharmacok inet ics  of  the same drug g iven in  therapeut ic doses.  For  

example, a  very high toxic  dose may show nonl inear  pharmacok inet ics  due 

to  saturat ion k inet ics   
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compared to  the drug given at  lower therapeut ic  doses in  which the drug leve ls  

fo l low l inear  pharmacok inet ics . 

IV. Population Pharmacokinetics 
i s  the s tudy of sources and corre lates of var iab i l i ty  in  drug concentrat ions among 

indiv iduals  who are the target pat ient  populat ion. Populat ion pharmacok inet ics  is 



most  of ten appl ied to the c l in ical  pat ient who is  receiv ing relevant  doses of  a  drug 

of  in terest .  Both pharmacok inet ic  and nonpharmacok inet ic  data may be cons idered,  

includ ing gender,  age,  weight ,  c reat in ine c learance,  and concomi tant d isease. 
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STUDY QUESTIONS 
Direct ions:  Each quest ion,  s tatement  or incomplete s tatement  in  th is  sect ion can be 

correct ly answered or  completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

1.  Creat inine clearance is  used as a measurement of 

(A)  renal  excret ion ra te. 

(B)  g lomerular  f i l t ra t ion ra te (GFR). 

(C)  act ive renal  secret ion. 

(D)  passive renal  absorpt ion. 

(E)  drug metabol ism rate.  

View Answer1.  The answer is  B[see] .For questions 2-5:  A new 

cephalosporin  ant ib io t ic  was g iven at  a  dose of 5 mg/kg by a s ingle  in t ravenous 

bolus injec t ion to  a 58-year-old  man who weighed 75 kg.  The ant ib io t ic  fol lows the 

pharmacok inet ics  of  a  one-compartment  model and has an e l iminat ion hal f - l i fe  o f  2  

hr .  The apparent  vo lume of  dist r ibut ion is  0 .28 L/kg,  and the drug is 35% bound to  

p lasma proteins . 

2.  What is  the ini t ial  plasma drug concentrat ion ( )  in this pat ient? 

(A)  0 .24 mg/L 

(B)  1 .80 mg/L 

(C) 17.9 mg/L 

(D) 56.0 mg/L 

(E)  1339 mg/L 

View Answer2.  The answer is  C[see] .3.  What is  the predicted plasma drug 

concentration (Cp )  at  8 hr after the dose? 

(A)  0 .73 mg/L 

(B)  1 .11 mg/L 

(C) 2 .64 mg/L 

(D) 4 .02 mg/L 

(E)  15.10 mg/L 

View Answer3.  The answer is  B[see I .A.1.b. (1); ] .4.  How much drug 

remains in the pat ient 's  body (DB )  8  hr after the dose? 

(A)  15.3 mg 

(B)  23.3 mg 

(C) 84.4 mg 

(D) 100.0 mg 

(E)  112.0 mg 

View Answer4.  The answer is  B[see] .5.  How long after the dose is  exactly 

75% of the drug el iminated from the pat ient 's  body? 



(A)  2  hr 

(B)  4  hr 

(C)  6  hr 

(D)  8  hr 

(E)  10 hr 

View Answer5.  The answer is  B[see] .CDCVtFor questions 6-11:  A 35-year-

o ld  man who weighs 70 kg and has normal renal  funct ion needs an int ravenous 

in fus ion of  the ant ibio t ic carbenic i l l in .  The desi red s teady-s tate p lasma drug 

concentrat ion is  15 mg/dL.  The phys ic ian wants  the ant ib io t ic  to  be in fused into  the 

pat ient for 10 hr .  Carbenic i l l in  has an el iminat ion ha l f- l i fe  ( t1 / 2 )  o f  1  hr  and an 

apparent  vo lume dis t r ibut ion (VD )  of  9 L  in  th is  pat ient .  

6.  Assuming that  no loading dose was given,  what rate of  intravenous infusion 

is  recommended for this patient? 

(A)  93.6 mg/hr 

(B)  135.0 mg/hr 

(C)  468.0 mg/hr 

(D)  936.0 mg/hr 

(E)  1350.0 mg/hr 

View Answer6.  The answer is  D[see] .7.  Assuming that  no loading 

intravenous dose was given,  how long after the ini t iation of  the intravenous 

infusion would the plasma drug concentration reach 95% of the theoret ic  

steady-state drug concentrat ion? 

(A)  1 .0 hr 

(B)  3 .3 hr 

(C)  4 .3 hr 

(D)  6 .6 hr 

(E)  10.0 hr 

View Answer7.  The answer is  C[see] .P.139 

 

 

8.  What is  the recommended loading dose? 

(A)  93.6 mg 

(B)  135.0 mg 

(C) 468.0 mg 

(D) 936.0 mg 

(E)  1350.0 mg 

View Answer8.  The answer is  E[see] .9. To infuse the antibiot ic as a 

solut ion containing 10 g  drug in 500 mL  5% dextrose,  how many mil l i l i ters per 

hour of the solut ion would be infused into the pat ient? 

(A)  10.0 mL/hr 

(B)  46.8 mL/hr 

(C)  100.0 mL/hr 

(D)  936.0 mL/hr 

(E)  1141.0 mL/hr 



View Answer9.  The answer is  B[see] .10.  What is  the total  body clearance 

rate for carbenici l l in in this pat ient? 

(A)  100 mL/hr 

(B)  936 mL/hr 

(C)  4862 mL/hr 

(D)  6237 mL/hr 

(E)  9000 mL/hr 

View Answer10. The answer is  D[see] .11.  I f  the pat ient 's renal  clearance 

for carbenici l l in is  86 mL /min, what is  the hepatic clearance for carbenici l l in? 

(A)  108 mL/hr 

(B)  1077 mL/hr 

(C)  3840 mL/hr 

(D)  5160 mL/hr 

(E)  6844 mL/hr 

View Answer11. The answer is  B[see] .CRkVCCCCDClClClClClClClCl12.  

The earl iest  evidence that  a drug is  stored in t issue is 

(A)  an increase in  plasma prote in  bind ing. 

(B)  a  large apparent  vo lume of  dist r ibut ion (VD ) .  

(C)  a  decrease in  the ra te of  formation of metabol i tes  by the l iver .  

(D)  an increase in  the number of s ide ef fects  produced by the drug. 

(E)  a  decrease in the amount o f  f ree drug excreted in the ur ine. 

View Answer12. The answer is  B[see] .V13.  The intensity of  the 

pharmacologic act ion of  a  drug is  most dependent on the 

(A)  concentrat ion of  the drug at  the receptor  s i te .  

(B)  e l iminat ion ha l f - l i fe  ( t1 / 2 )  o f  the drug. 

(C)  onset t ime of  the drug af ter  ora l  admin is t ra t ion. 

(D)  min imum toxic  concentrat ion (MTC) of  the drug in p lasma. 

(E)  min imum ef fec t ive concentrat ion (MEC) of  the drug in the body. 

View Answer13. The answer is  A[see] .14.  Drugs that  show nonlinear 

pharmacokinetics have which property? 

(A)  A constant  ra t io  of  drug metabol i tes is  formed as the admin is tered dose 

increases. 

(B)  The el iminat ion hal f - l i fe  ( t1 / 2 )  increases as the administered dose increases. 

(C)  The area under the plasma drug concentrat ion versus t ime curve (AUC) 

increases in  di rec t  propor t ion to an increase in  the admin is tered dose. 

(D)  Both low and high doses fol low f i rs t -order  el iminat ion k inet ics . 

(E)  The steady-s tate drug concentrat ion increases in  di rec t  propor t ion to  the dosing 

rate. 

View Answer14. The answer is  B[see] .15.  The loading dose (DL )  of a  drug 

is  usually based on the 

(A)  to ta l  body c learance (ClT )  o f  the drug. 

(B)  percentage of  drug bound to p lasma prote ins. 

(C)  f rac t ion of  drug excreted unchanged in  the ur ine. 

(D)  apparent  volume of  dis t r ibut ion (VD )  and desi red drug concentrat ion in p lasma. 

(E)  area under the plasma drug concentrat ion versus t ime curve (AUC). 



View Answer15. The answer is  D[see] .DDV16. The renal  c learance of 

inul in is used as a measurement of 

(A)  e f fect ive renal  blood f low.  

(B)  ra te of renal drug excret ion. 

(C)  in tr ins ic  enzyme act iv i ty.  

(D)  act ive renal  secret ion. 

(E)  g lomerular  f i l t ra t ion ra te (GFR). 

View Answer16. The answer is  E[see] .P.140 

 

 

17.  Al l  of  the fol lowing statements about plasma protein binding of  a drug are 

true except  which one? 

(A)  Disp lacement  o f  a  drug f rom p lasma prote in  binding si tes  resul ts  in  a transient  

increased vo lume of d is tr ibut ion (VD ) .  

(B)  Disp lacement  o f  a  drug f rom p lasma prote in  binding si tes  makes more f ree drug 

avai lab le  for  glomerular f i l t ra t ion. 

(C)  Disp lacement  o f  a potent  drug that  is normal ly > 95% bound may cause toxic i ty.  

(D)  Albumin is  the major  protein  involved in  prote in  b inding of  drugs. 

(E)  Drugs that are h ighly bound to  p lasma prote ins  genera l ly have a greater  VD  

compared wi th drugs that  are h ighly bound to  t issue proteins . 

View Answer17. The answer is  E[see] .V18.  The onset t ime for a  drug 

given oral ly is  the time for the drug to 

(A)  reach the peak p lasma drug concentrat ion. 

(B)  reach the minimum ef fect ive concentrat ion (MEC).  

(C)  reach the min imum toxic  concentrat ion (MTC).  

(D)  begin to  be e l iminated f rom the body.  

(E)  begin to be absorbed f rom the smal l  intes t ine. 

View Answer18. The answer is  B[see] .19.  The ini t ia l  distribution of  a  

drug into t issue is  determined chief ly by the 

(A)  ra te of b lood f low to  t issue. 

(B)  g lomerular  f i l t ra t ion ra te (GFR). 

(C)  s tomach emptying t ime. 

(D)  a f f in i ty o f  the drug for  t issue. 

(E)  p lasma prote in  binding of  the drug. 

View Answer19. The answer is  A[see] .20.  Which t issue has the greatest  

capacity to biotransform drugs? 

(A)  brain 

(B)  k idney 

(C) l iver 

(D)  lung 

(E)  sk in 

View Answer20. The answer is  C[see] .21.  The principle of  superposit ion 

in designing mult iple-dose regimens assumes that 

(A)  each dose af fec ts  the next  subsequent dose, causing nonl inear  el iminat ion. 

(B)  each dose of  drug is  e l iminated by zero-order e l iminat ion. 



(C)  s teady-s tate plasma drug concentrat ions are reached at approximate ly 10 hal f -

l ives. 

(D)  early doses of  drug do not  a ffec t  subsequent  doses. 

(E)  the f rac t ion of drug absorbed is  equal  to  the frac t ion of drug el iminated. 

View Answer21. The answer is  D[see] .ClFor questions 22-24:  A new 

cardiac glycos ide is developed for  oral  and in t ravenous admin is t ra t ion. The drug 

has an e l iminat ion ha l f - l i fe  ( t1 / 2 )  o f  24 hr  and an apparent  vo lume of d is t r ibut ion (VD )  

o f  3  L /kg. The effec t ive drug concentrat ion is 1 .5 ng/mL. Toxic  e f fec ts  of  the drug 

are observed at  drug concentrat ions > 4 ng/mL.  The drug is  bound to  plasma 

proteins  at  approximately 25%. The drug is  75% bioavai lab le  af ter an oral  dose. 

22.  What is  the oral  maintenance dose, i f  given once a day,  for a  68-year-old 

man who weighs 65 kg and has congestive heart  fa i lure (CHF) and normal renal 

function? 

(A)  0 .125 mg 

(B)  0 .180 mg 

(C) 0 .203 mg 

(D) 0 .270 mg 

(E)  0 .333 mg 

View Answer22. The answer is  D[see] .23.  What is  the loading dose (DL)  

for this patient? 

(A)  0 .270 mg 

(B)  0 .293 mg 

(C) 0 .450 mg 

(D) 0 .498 mg 

(E)  0 .540 mg 

View Answer23. The answer is  E[see]24. I f  the drug is  avai lable in tablets 

of  0 .125 mg  and 0.250 mg ,  what is  the pat ient 's  plasma drug concentrat ion i f  he 

has a dosage regimen of  0 .125 mg  every 12 hr? 

(A)  1 .39 ng/mL 

(B)  1 .85 ng/mL 

(C) 2 .78 ng/mL 

(D) 3 .18 ng/mL 

(E)  6 .94 ng/mL 

View Answer24. The answer is  A[see] .DFVkFkVDFDkVCCDP.141 

 

 

Direct ions for question 25:  The quest ion in  th is sect ion can be correct ly answered 

by one or more  of  the suggested answers.  Choose the correct  answer,  A-E.  

25.  Which equation is  true for a  zero-order react ion rate of  a drug? 



 
A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer25. The answer is  A[see ] .AtkAktAtP.142 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [see  I .E.2.a ] .  

A substance that  is  used to  measure the GFR must  be f i l tered but  not  reabsorbed or  

ac t ive ly secreted.  Al though inul in c learance g ives an accurate measurement  o f GFR, 

creat inine c learance is  genera l ly used because no exogenous drug must  be given. 

However,  c reat in ine formation depends on muscle mass and musc le metabol ism, 

which may change wi th age and various d isease condi t ions. 

2.  The answer is  C  [see  I .B.1.b. (2) ] .  

3.  The answer is  B  [see I .A.1.b. (1) ;  I .B.1 ] .  

4.  The answer is  B  [see  I .B.1.a. (2) ] .  

5.  The answer is  B  [see  I .B.1.a. (2) ] .  

Subst i tu t ing the data for  th is  pat ient  in the equat ion for  the in i t ia l  plasma drug 

concentrat ion ( )  g ives 

 

To obtain  the pat ient 's  p lasma drug concentrat ion (Cp )  8 hr  a f ter  the dose, the 

fo l lowing calcula t ion is  per formed: 

 

The amount  o f drug in  the pat ient 's body at  8  hr is  ca lcula ted as fo l lows: 

DB  =  CpVD  =  (1 .11)(0.28)(75)  = 23.3 mg 

For any f i rs t -order  el iminat ion process,  50% of the ini t ia l  amount  of  drug is  

e l iminated at  the end of  the f i rs t  ha l f- l i fe ,  and 50% of  the remain ing drug ( i .e . ,  75% 



of  the or iginal  amount)  is  el iminated at  the end of  the second hal f - l i fe .  Because the 

drug in  the current  case has an e l iminat ion ha l f - l i fe  ( t½ )  of  2  hr ,  75% of the dose is  

e l iminated in  two hal f- l ives,  or  4  hr .  

6.  The answer is  D  [see  I .B.3.e. (3) ] .  

7.  The answer is  C  [see  I .B.3.c ] .  

8.  The answer is  E  [see  I .B.3. f . (2) ] .  

9.  The answer is  B  [see  I .B.3.e. (3) ] .  

10.  The answer is  D  [see  I .B.3.e. (3) ;  I .E.1.a ] .  

11.  The answer is  B  [see  I .E.4.a ] .  

The equat ion for  the p lasma concentrat ion at s teady s tate (C s s )  provides the formula 

for  ca lcula t ing the rate of  an int ravenous in fus ion (R ) .  The equat ion is 

 

where k  is  the f i rs t -order e l iminat ion rate constant  and VD  is  the apparent  vo lume of  

d ist r ibut ion.  Rearranging the equat ion and subst i tu t ing the data for  this pat ient  give 

the fo l lowing calcu lat ions: 
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The t ime i t  takes for  an in fused drug to  reach the C s s  depends on the el iminat ion 

ha l f- l i fe  o f  the drug.  The t ime requi red to reach 95% of  the C s s  is  equal  to 4 .3 t imes 

the ha l f - l i fe ,  whereas the t ime requi red to reach 99% of  the C s s  is  equal  to 6 .6 t imes 

the ha l f - l i fe .  Because the hal f - l i fe  in  the current  case is  1  hr,  the t ime to  reach 95% 

of  the C s s  is  4 .3  × 1 hr,  or  4 .3  hr.  

The loading dose (DL)  is  ca lcula ted as fol lows: 

 

The answer to  quest ion 6 shows that  the in fusion ra te should be 936 mg/hr .  

Therefore,  i f  a drug so lut ion containing 10 g in  500 mL is  used,  the requi red infus ion 

rate is 

 

The pat ient 's  to tal  body c learance (ClT )  is  calcu la ted as fol lows:  

 

The hepat ic  c learance (ClH )  is  the di f ference between to tal  c learance (ClT )  and renal  

c learance (ClR ) :  

ClH  =  ClT  -  ClR  

ClH  =  6237 -  (86 mL/min × 60 min/hr)  = 1077 mL/hr  

12.  The answer is  B  [see  I .B.1.b. (1) ] .  

A large apparent  vo lume of  dist r ibut ion (VD )  is  an early s ign that  a  drug is not  

concentrated in the plasma,  but is  dist r ibuted wide ly in  t issue.  An increase in  



plasma protein  b ind ing suggests  that the drug is located in the plasma rather  than in 

t issue.  A decrease in hepat ic  metabol ism,  an increase in  s ide ef fec ts ,  or  a  decrease 

in  ur inary excret ion of  f ree drug is caused by a decrease in  drug e l iminat ion. 

13.  The answer is  A  [see  I .A.3.d. (3) ] .  

As more drug is  concentrated at the receptor s i te,  more receptors interact wi th  the 

drug to  produce a pharmacologic e ffec t .  The intens i ty o f  the response increases 

unt i l  i t  reaches a maximum. W hen al l  o f  the avai lab le  receptors  are occupied by 

drug molecules,  addi t ional  drug does not produce a more intense response. 

14.  The answer is  B  [see  I .D ] .  

Nonl inear  pharmacok inet ics  is  a term used to  indicate that  f i rs t -order e l iminat ion of  

a  drug does not  occur  a t a l l  drug concentrat ions.  W ith some drugs,  such as 

phenyto in,  as  the p lasma drug concentrat ion increases,  the el iminat ion pathway for  

metabol ism of  the drug becomes saturated and the hal f - l i fe  increases.  The area 

under the plasma drug concentrat ion versus t ime curve (AUC) of the drug is  not 

propor t ional  to  the dose; ne i ther is  the ra te of  metabol i te  format ion. The metabol ic  

ra te is re la ted to  the ef fec ts o f the drug. 

15.  The answer is  D  [see  I .B.1.b. (2) ;  I .B.5.g. (1) ] .  

A loading dose (DL)  o f  a  drug is g iven to  obtain  a therapeut ic  plasma drug leve l  as 

rap id ly as  poss ib le .  The DL  is  ca lcu la ted on the bas is  o f  the apparent  vo lume of  

d ist r ibut ion (VD )  and the desi red plasma leve l  o f  the drug. 

16.  The answer is  E  [see  I .E.3.c ] .  

Inu l in  is nei ther  reabsorbed nor  act ive ly secreted.  Therefore,  i t  is  excreted by 

g lomeru lar f i l t ra t ion on ly.  The inu l in  c learance rate is  used as a standard measure 

of  the GFR, a test  that  is  useful  both in  a  c l in ical  s i tuat ion and in  the development  

o f  new drugs. 

17.  The answer is  E  [see  I .A.3.d ] .  

Drugs that  are h igh ly bound to  p lasma prote ins  di f fuse poor ly in to t issue and have a 

low apparent  vo lume of d ist r ibut ion (VD ) .  

18.  The answer is  B  [see  I .B.3.g ] .  

The onset  t ime is the t ime f rom the admin is t ra t ion of  the drug to the t ime when 

absorbed drug reaches  
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the MEC. The MEC is  the drug concentrat ion in  the plasma that  is proport ional ,  but 

not  necessar i ly  equal ,  to the min imum drug concentrat ion at  the receptor  s i te  that  

e l ic i ts  a  pharmacologic  response. 

19.  The answer is  A  [see  I .A.3.a ] .  

The in i t ia l  d is t r ibut ion of a  drug is ch ief ly determined by b lood f low,  whereas the 

af f in i ty o f  the drug for t issue determines whether the drug concentrates at that s i te.  

The GFR af fec ts  the renal  c learance of a  drug,  not  i ts  in i t ia l  d is t r ibut ion.  The gastr ic  

emptying t ime and degree of  p lasma prote in  binding af fec t  drug dis t r ibut ion but  are 

less important than the ra te of  blood f low to  t issue. 

20.  The answer is  C  [see  I .E.4.b. (2) ] .  



The k idney,  lung,  sk in,  and in test ine a l l  have some capac i ty to  b iot ransform, or  

metabol ize, drugs;  but  the brain  has l i t t le  capac i ty for  drug metabol ism.  The l iver  

has the highest  capac i ty for  drug metabol ism. 

21.  The answer is  D  [see  I .B.5.c ] .  

The superposi t ion pr incip le , which underl ies  the design of mul t ip le-dose reg imens, 

assumes that  ear l ier drug doses do not  a f fec t subsequent  doses.  I f  the el iminat ion 

ra te constant or  to ta l  body c learance of  the drug changes during mul t ip le  dosing,  

then the superpos i t ion pr inciple  is no longer va l id .  Changes in  the tota l  body 

c learance (ClT )  may be caused by enzyme induct ion,  enzyme inhibi t ion, or 

saturat ion of an e l iminat ion pathway.  Any of  these changes would cause nonl inear  

pharmacok inet ics . 

22.  The answer is  D  [see  I .B.5.e. (3) ] .  

23.  The answer is  E  [see  I .B.5.g. (1) ]  

24.  The answer is  A  [see  I .B.5.d. (2) ;  I .B.5.e. (3) ] .  

The oral  maintenance dose (Do)  should mainta in  the pat ient 's  average drug 

concentrat ion at  the ef fec t ive drug concentrat ion. The b ioavai lab i l i ty  o f the drug (F) ,  

the apparent  vo lume of  dis t r ibut ion (VD ) ,  the dosage in terval  (τ ) ,  and the excret ion 

ra te constant (k )  must  be cons idered in  ca lcula t ing the dose.  The equat ion used is 

 

For  th is  drug, F  = 0 .75,  k  =  0 .693/24 hr ,  VD  =  3 L/kg × 65 kg,  τ  = 24 hr ,  and = 1.5 

ng/mL,  or  1 .5 µg/L. Therefore,  by subst i tut ion,  Do  =  270 µg,  or 0 .270 mg.  When the 

maintenance dose is  given at  a  dosage f requency equal  to  the ha l f- l i fe ,  then the 

loading dose is  equal  to  twice the maintenance dose,  in  this case 540 µg, or  0.540 

mg.  To determine the plasma drug concentrat ion for  a  dosage regimen of 0 .125 mg 

every 12 hr ,  the formula is  used.  This  t ime,  F  =  0.75,  Do  =  0 .125 mg,  k  =  0 .693/24 

hr ,  VD  =  3  L/kg × 65 kg,  and τ  = 12 hr .  Therefore, = 1.39 ng/mL.  For  cardiac  

g lycos ides,  the peak (Cma x)  and t rough (Cmi n )  concentrat ions are calcu lated,  and 

p lasma drug concentrat ions are monitored af ter dosing.  The loading dose (DL )  may 

be given in  smal l  increments  over  a  spec i f ied period, accord ing to  the dosage 

reg imen suggested by the manufacturer .  

25.  The answer is  A  ( I )  [see I .A.1.a ] .  

The f i rs t  equat ion in  the quest ion describes a zero-order  react ion (dA /d t)  in  which 

the react ion ra te increases or  decreases at a  constant  ra te (k ) .  A zero-order  

react ion produces a graph of  a  s t raight  l ine wi th  the equat ion of  A  =  -  kt  + Ao  when 

A is p lo t ted against  t ime ( t ) .  The other  equat ions in  the quest ion represent f i rs t -

order react ions. 

 



7 
Bioavailability and Bioequivalence 
Leon Shargel 

I. BACKGROUND 
A. Bioavai labil i ty and bioequivalence studies  are important  for  the development  

o f  both new drug products  (new drug appl icat ion [NDA])  and generic drug products  

(abbrevia ted new drug appl icat ion [ANDA]) 

B. Bioavai labil i ty studies  are used for  es tab l ishing dosage reg imens of  new drug 

products 

C. Bioequivalence studies  can be usefu l  during the invest igat ional  new drug ( IND) 

development or  NDA development  period to  establ ish l inks between 

1.  Early and la te c l in ica l  t r ia l  formulat ions 

2.  Formulat ions used in c l in ical  t r ia l  and s tab i l i ty s tud ies, i f  d i f ferent 

3.  Cl in ical  t r ia l  formulat ions and to-be-marketed drug product 

D. Bioequivalence studies  are a cr i t ica l  component  o f  ANDA submiss ions 

1.  The purpose of these s tud ies is  to  demonstrate b ioequivalence between a 

pharmaceut ical ly equivalent  gener ic  drug product and the corresponding reference 

l is ted drug (usual ly the brand drug product).  

2.  Together wi th  the determinat ion of pharmaceut ica l  equiva lence,  establ ish ing 

b ioequiva lence al lows a regulatory conclus ion of  therapeut ic  equiva lence. 

E.  Scale-up and post-approval  changes  (SUPAC)—After  market  approval ,  a  drug 

product may make a manufactur ing change. A bioequiva lence study may be needed 

to  show that  the new formulat ion or  new method of  manufacture ( test  product)  and 

the pr ior  formulat ion or method of  manufacture (re ference product)  are equivalent .  

II. DEFINITIONS1 
A. Bioavai labil i ty is  a  measurement  of  the ra te and extent  (amount)  to  which the 

act ive ingredient  or  ac t ive moiety becomes avai lab le  at  the s i te  o f  ac t ion.  

Bioavai lab i l i ty  is  a lso cons idered a measure of the ra te and extent  o f therapeut ical ly 

ac t ive drug that is  systemica l ly absorbed.  For  drug products  that are not  in tended to  

be absorbed in to  the bloodstream, b ioavai lab i l i ty may be assessed by 

measurements  in tended to  ref lec t  the ra te and extent  to  which the act ive ingredient  

or  ac t ive moiety becomes avai lab le  at the s i te o f ac t ion. 

B. Bioequivalent drug products.  A generic  drug product  is considered 

b ioequiva lent  to  the reference l isted drug (RDL) product  i f  both products  are 

pharmaceut ical  equivalents  and the gener ic  drug product 's  ra te and extent  o f  

sys temic  drug absorpt ion (bioavai lab i l i ty)  do not  show a s tat is t ical ly s ign i f icant  

d i f ference when admin is tered in  the same molar  dose of  the act ive ingredient ,  in the 

same chemical  form,  in  a  s imi lar  dosage form,  by the same route of  admin ist ra t ion,  

and under the same exper imenta l  condi t ions.  The RDL is  general ly the brand 

product.  
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C. Generic drug product  

1.  The gener ic  drug product  requi res  an abbreviated new drug appl icat ion  (ANDA) 

for  approval  by the U.S.  Food and Drug Admin is t ra t ion (FDA) and may be marketed 

af ter patent  exp i ra t ion of the re ference drug product  (see Chapter  1) .  

2.  The gener ic  drug product  must  be a therapeutic equivalent  to  the re ference drug 

product but  may d i f fer in certa in  character is t ics ,  inc luding shape,  scor ing 

conf igurat ion,  packaging,  and exc ipients  (such as colors ,  f lavors ,  preservat ives, 

exp i ra t ion date, and minor  aspects  of  label ing) .  

3.  FDA bel ieves that products  c lass i f ied as therapeut ica l ly equiva lent  can be 

subst i tu ted wi th the ful l  expectat ion that  the subst i tu ted product wi l l  produce the 

same c l in ical  ef fec t  and safety prof i le  as  the prescr ibed product .  

D. Pharmaceutical  equivalents  are drug products  that  contain  the same 

therapeut ical ly ac t ive drug ingredient(s) ;  conta in the same sa l t ,  es ter,  or chemical  

form;  are of  the same dosage form; and are ident ical  in  s t rength,  concentrat ion,  and 

route of admin is t rat ion.  Pharmaceutica l  equiva lents  may d i f fer  in  character ist ics 

such as shape,  scor ing conf igurat ion,  re lease mechanisms,  packaging, and 

exc ip ients ( inc luding co lors , f lavor ing,  and preservat ives).  

E. The reference l isted drug product  is  usual ly the current ly marketed,  brand-

name product wi th  a  fu l l  new drug appl icat ion (NDA)  approved by the FDA. The 

RLD is the reference drug product  ident i f ied by FDA (see “Elect ronic Orange Book”  

a t  www.fda.gov/cder /ob/defaul t .h tm). 

F.  Therapeutic equivalent drug products  are pharmaceut ical  equiva lents that can 

be expected to  have the same c l in ical  ef fec t  and safety prof i le  when admin istered to  

pat ients  under the same condi t ions speci f ied in  the label ing.  Therapeut ic  equivalent  

drug products have the fo l lowing cr i ter ia :  

1.  The products  are safe and ef fect ive. 

2.  The products  are pharmaceut ica l  equiva lents  that  contain  the same act ive drug 

ingredient in the same dosage form,  given by the same route of  adminis t ra t ion;  meet  

compendia l  or  o ther  appl icable standards of  s t rength,  qual i ty,  pur i ty,  and ident i ty;  

and meet  an acceptable in  v i t ro  s tandard. 

3.  The drug products  are b ioequiva lent in that  they do not  present a  known potent ial  

problem and are shown to  meet  an appropriate  bioequiva lence s tandard. 

4.  The drug products  are adequate ly labeled. 

5.  The drug products  are manufactured in  compl iance wi th  current good 

manufactur ing pract ice regulat ions. 

G. Pharmaceutical  a l ternat ives  are drug products  that  contain  the same 

therapeut ic  moiety but  are d i f ferent sa l ts ,  es ters ,  or  complexes (e.g. ,  te t racyc l ine 

hydrochlor ide versus tet racycl ine phosphate) or  are  di f ferent dosage forms (e.g. ,  

tab le t  versus capsule; immediate-release dosage form versus control led-re lease 

dosage form) or  s t rengths. 

III. BIOAVAILABILITY AND BIOEQUIVALENCE. 
These may be determined d irect ly us ing pharmacok inet ic s tudies (e .g. ,  p lasma drug 

concentrat ion versus t ime prof i les,  ur inary drug excret ion s tud ies),  measurements  of 

an acute pharmacodynamic effec t ,  comparat ive c l in ical  studies,  or  in  v i t ro  s tudies.  



The choice of  s tudy used is  based on the s i te  o f  ac t ion of  the drug and the abi l i ty  o f 

the s tudy des ign to  compare drug del ivered to  that  s i te by the two products . 

A. Acute pharmacodynamic effects,  such as changes in hear t  ra te,  blood 

pressure,  e lec t rocardiogram (ECG), c lo t t ing t ime, or  forced expi ra tory vo lume in 1  

sec (FEV1 )  can be used to  measure b ioavai lab i l i ty when no assay for  p lasma drug 

concentrat ion is  avai lable  or  when the plasma drug concentrat ion does not  rela te  to  

the pharmacolog ica l  response (e.g. ,  a bronchodi la tor   
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such as a lbutero l  g iven by inhalat ion) .  Quant i ta t ion of  the pharmacologica l  ef fec t  

versus t ime prof i le  can be used as a measure of  b ioavai lab i l i ty  and/or  

b ioequiva lence (Figure 7-1) .  

 

Figure 7-1. Generalized plasma drug 
concentration versus time curve after oral drug 
administration. MEC, minimum effective 
concentration; MTC, minimum toxic 
concentration. [Adapted with permission from 
Shargel L, Wu-Pong S, Yu ABC: Applied 
Biopharmaceutics and Pharmacokinetics, 5th ed. 
New York, McGraw-Hill, 2005, p. 6.] 

1.  Onset t ime.  As the drug is  systemica l ly absorbed, the drug concentrat ion at  the 

receptor  r ises to  a minimum effect ive concentrat ion  (MEC) and a pharmacolog ical  

response is in i t ia ted.  The t ime f rom drug admin ist ra t ion to  the MEC is known as the 

onset  t ime. 

2.  Intensity.  The in tensi ty o f  the pharmacological  e f fect  is  propor t ional  to the 

number of  receptors occupied by the drug up to  a maximum  pharmacological  ef fec t .  

The maximum pharmacolog ical  e f fec t  may occur  before,  a f ter ,  or  a t peak drug 

absorpt ion. 

3.  Duration of  act ion.  As long as the drug concentrat ion remains above the MEC, 

pharmacologica l  act iv i ty is  observed.  The durat ion of  act ion is  the t ime for  which the 

drug concentrat ion remains above the MEC. 

4.  Therapeutic window.  As the drug concentrat ion increases,  o ther  receptors  may 

combine wi th the drug to exer t  a  toxic  or  adverse response.  This drug concentrat ion 

is  the minimum toxic concentrat ion  (MTC).  The drug concentrat ion range between 

the MEC and the MTC is the therapeut ic window. 

B. Plasma drug concentrat ion.  The plasma drug concentrat ion versus t ime curve is 

most  of ten used to measure the systemic b ioavai lab i l i ty  of  a drug f rom a drug 

product (F igure 7-2) .  



1.  Time for peak plasma drug concentrat ion  (Tma x)  re la tes to the rate constants  

for  systemic  drug absorpt ion and el iminat ion.  I f  two ora l  drug products conta in  the 

same amount o f ac t ive drug but  d i f ferent  exc ip ients , the dosage form that  y ie lds  the 

fas ter  ra te of  drug absorpt ion has the shor ter  Tma x .  

2.  Peak plasma drug concentrat ion  (Cma x) .  The p lasma drug concentrat ion at  Tma x  

re lates to the in tensi ty of  the pharmacolog ical  response.  Ideal ly,  Cma x  should be 

wi th in  the therapeut ic  window. 

3.  Area under the plasma drug concentration versus t ime curve  (AUC) re la tes to  

the amount  or extent  of  drug absorpt ion. The amount o f  systemic drug absorpt ion is  

d i rec t ly re la ted to the AUC. The AUC is  usual ly ca lcula ted by the trapezoidal rule  

and is expressed in uni ts o f  concentrat ion mult ip l ied by t ime (e.g.,  ) .  

C. Urinary drug excret ion.  Measurement o f  ur inary drug excret ion can determine 

b ioavai lab i l i ty  f rom a drug product .  Th is  method is  most  accurate i f  the act ive 

therapeut ic  moiety is  excreted unchanged in s igni f icant  quant i ty in the ur ine (Figure 

7-3) .  
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Figure 7-2. Generalized plasma drug 
concentration versus time curve, showing peak 
time and peak concentration. AUC, area under the 
curve; MEC, minimum effective concentration; 
MTC, minimum toxic concentration. [Adapted 
with permission from Shargel L, Wu-Pong S, Yu 
ABC: Applied Biopharmaceutics and 
Pharmacokinetics, 5th ed. New York, McGraw-
Hill, 2005, p. 7.] 



 

Figure 7-3. These corresponding plots show the 
relationship of the plasma drug concentration 
versus time curve to the cumulative amount of 
drug in the urine versus time curve. [Adapted 
with permission from Shargel L, Wu-Pong S, Yu 
ABC: Applied Biopharmaceutics and 
Pharmacokinetics, 5th ed. New York, McGraw-
Hill, 2005, p. 463.] 
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1.  The cumulat ive amount of  active drug excreted in the urine  ()  is  direc t ly 

re lated to  the extent  of  sys temic drug absorpt ion. 

2.  The rate of drug excret ion in the urine  (dDU /d t )  is  d i rec t ly re la ted to  the rate of  

systemic  drug absorpt ion. 

3.  The t ime for the drug to be completely excreted  ( t∞ )  corresponds to  the to tal  

t ime for  the drug to  be systemica l ly absorbed and complete ly excreted after  

adminis t ra t ion. 

D. Comparat ive cl inical tr ia ls  to a  drug can be used to  measure bioavai labi l i ty  

quant i ta t ively.  Cl in ical  s tud ies are h igh ly variable and less precise than other  

methods because of  indiv idual  di f ferences in  drug pharmacodynamics and subject ive 

measurements . 

E. In vi tro measurements of  bioequivalence.  Bioequiva lence may sometimes be 

demonstrated us ing an in  v i t ro b ioequivalence s tandard,  espec ial ly when such an in  

v i t ro  tes t has been correla ted wi th  human in v ivo b ioavai lab i l i ty  data.  For  example, 

the ra te of  drug dissolut ion in  v i t ro  for  cer ta in drug products  correla tes wi th  drug 

b ioavai lab i l i ty  in  v ivo.  I f  the d isso lut ion tes t in v i t ro  is  cons idered s tat is t ica l ly 

adequate to  predic t  drug b ioavai labi l i ty ,  then, in some cases,  dissolut ion may be 

used in  place of  an in  v ivo b ioavai labi l i ty  s tudy. 

IV. RELATIVE AND ABSOLUTE BIOAVAILABILITY 
A. Relat ive bioavai labi l i ty (RBA) is  the systemic avai labi l i ty  o f  the drug from a 

dosage form as compared to  a re ference s tandard g iven by the same route of  

adminis t ra t ion. Relat ive b ioavai lab i l i ty  is  ca lcu la ted as the ra t io  o f  the AUC for  the 

dosage form to the AUC for  the re ference dosage form given in  the same dose.  A 

re lat ive bioavai labi l i ty  o f 1  (or 100%) impl ies  that drug b ioavai lab i l i ty  f rom both 

dosage forms is  the same but  does not  indicate the completeness of  systemic  drug 



absorpt ion.  The determinat ion of  re lat ive b ioavai labi l i ty  is  important  in  gener ic  drug 

s tud ies (e .g. ,  bioequiva lence s tudies) .  Bioequivalence is a  re lat ive b ioavai lab i l i ty  

s tudy.  

 

B. Absolute bioavai labil i ty (F )  is  the f rac t ion of  drug systemica l ly absorbed f rom 

the dosage form. F  is  calcu la ted as the ra t io  of  the AUC for the dosage form given 

ora l ly to  the AUC obta ined af ter int ravenous ( IV) drug admin is t ra t ion (ad justed for  

dose) .  A parenteral  drug solut ion g iven by IV administ ra t ion is  cons idered to  have 

100% systemic  absorpt ion ( i .e . ,  F  = 1) .  An F  va lue of  0 .80 (or  80%) ind icates that  

on ly 80% of  the drug was systemical ly avai lab le f rom the ora l  dosage form. 

 

V. BIOEQUIVALENCE STUDIES FOR SOLID ORAL DRUG 

PRODUCTS 
A. Object ive of  bioequivalence studies.  The object ive of  a b ioequivalence s tudy is  

to  measure and compare formulat ion per formance between two or  more 

pharmaceut ical ly equivalent  drug products . 

B. Design of bioequivalence studies  

1.  The FDA's  Div is ion of  Bioequivalence,  Of f ice of  Generic Drugs provides gu idance 

for  the per formance of  in v i t ro  d isso lut ion and in  v ivo b ioequiva lence s tudies.  These 

guidances are avai lab le  at  www.fda.gov/cder /gu idances. 

2.  Fast ing study.  B ioequiva lence s tud ies are usual ly evaluated by a s ingle-dose,  

two-per iod,  two- t reatment ,  two-sequence,  open- label ,  randomized crossover  des ign, 

comparing equal  doses of  the tes t  (gener ic )  and reference (brand)  products  in  

fas ted, adul t ,  heal thy subjects . 

a.  Both men and women may be used in the s tudy.  

b.  B lood sampl ing is performed just  before the dose (zero t ime) and at  appropria te  

in terva ls a fter  the dose to  obta in  an adequate descrip t ion of the plasma drug 

concentrat ion versus t ime prof i le .  
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3.  Food intervention study.  I f  the b ioavai labi l i ty  o f  the act ive drug ingredient  is  

known to be affected by food,  the gener ic  drug manufacturer must  include a s ing le-

dose,  randomized, c rossover ,  food ef fects  s tudy comparing equal  doses of  the tes t  

product and reference products  given immediate ly a f ter  a  s tandard high- fa t -content 

breakfast .  

4.  Other study designs.  Crossover  s tud ies may not  be pract ical  in  drugs wi th  a  

long hal f - l i fe  in  the body,  and a para l le l  s tudy des ign may be used ins tead.  

Al ternate study methods, such as in v i t ro s tudies or  equivalence s tudies wi th  c l in ical  

or  pharmacodynamic end points ,  are used for  drug products  where p lasma 



concentrat ions are not  usefu l  to  determine del ivery of  the drug substance to  the s i te  

o f  ac t iv i ty (such as inhalers , nasal  sprays,  and top ica l  products appl ied to the sk in) .  

5.  Waiver of  an in vivo bioequivalence study (Biowaiver)  

a.  A comparat ive in  v i t ro d isso lut ion (drug-re lease)  study between the test  and the 

re ference products  may be used in  l ieu of an in v ivo b ioequivalence s tudy for  some 

immediate-release (convent ional )  oral  drug products. 

b.  No b ioequiva lence s tudy is  requi red for  cer ta in drug products  given as a so lut ion 

such as oral ,  parentera l ,  ophthalmic,  or o ther  solu t ions because bioequiva lence is  

se l f -evident.  In  this case,  the drug is  in  a  pure aqueous solut ion and there is  no 

drug d isso lut ion ra te cons iderat ion. 

c .  Immediate release ( IR)  sol id  ora l  drug products  that  meet  biopharmaceut ic  

c lass i f icat ion (BCS) system c lass 1 drugs,  i .e . ,  h igh ly water  soluble, rapidly 

d issolv ing,  and rapid permeat ion of  ce l lu lar  membranes may obta in a b iowaiver .  

d.  Drug products  conta ining a lower dose s t rength (e .g. ,  200 mg,  100 mg, and 50 mg 

IR tablets) .  The drug product  must  be in  the same dosage form,  lower s t rength,  and 

is  propor t ionately s imi lar in  i ts  ac t ive and inact ive ingredients . 

B. Pharmacokinetic evaluat ion of the data.  Pharmacok inet ic  analys is  inc ludes 

ca lcula t ion for each subject  o f  the AUC to the last  quant i f iab le  concentrat ion (AUCO -

t )  and to  in f in i ty (AUC0 - ∞) ,  Tma x ,  and Cma x .  In  addit ion,  the el iminat ion ra te constant 

(k ) ,  the e l iminat ion ha l f - l i fe  ( t1 \ 2 ) ,  and other  parameters may be est imated. 

C. Stat ist ical  evaluation of  the data  

1.  The s tat is t ical  methodology for  analyzing b ioequivalence s tud ies is  ca l led the two 

one-s ided tes t  procedure.  Two s i tuat ions are tes ted wi th  th is  s ta t ist ica l  

methodology. 

a.  The f i rst  of  the two one-s ided tes ts  determines whether  a  generic product  ( test ) ,  

when subst i tuted for a  brand-name product  ( reference)  is  s ign i f icant ly less 

b ioavai lab le . 

b.  The second of the two one-s ided tes ts  determines whether a  brand-name product  

( re ference)  when subst i tu ted for a  gener ic  product  ( test )  is  s ign i f icant ly less 

b ioavai lab le . 

c .  Based on the op in ions of  FDA medical  exper ts ,  a  di f ference of  > 20% for  each of  

the above tes ts  was determined to  be s ign i f icant  and, therefore, undes i rab le for  a l l  

drug products. 

2.  An analysis  o f  variance (ANOVA) should be per formed on the log t ransformed 

AUC and Cma x  va lues obta ined f rom each subject .  The 90% conf idence in terva ls for 

both pharmacokinet ic  parameters ,  AUC and Cma x ,  must  be ent i rely wi th in  the 80% to 

125% boundar ies based on log t ransformat ion of  the data.  The rat io  of  the means of 

the s tudy data (tes t  to  reference)  should l ie  in  the center o f  the 90% conf idence 

in terva l ,  or  c lose to  100% (equivalent  to a  tes t  to  re ference rat io  o f  1)  (Table 7-1) .  

3.  Di f ferent  s ta t is t ical  c r i ter ia  are somet imes used when bioequiva lence is  

demonstrated through comparat ive c l in ica l  t r ia ls ,  pharmacodynamic s tudies,  or  

comparat ive in v i t ro methodology.  

4.  The bioequiva lence methodology and cr i ter ia  descr ibed above simul taneous ly 

contro l  for both d i f ferences in  the average response between tes t  and reference 

products  as wel l  as  the prec is ion wi th which the average response in  the populat ion 



i s  es t imated.  This  prec is ion depends on the wi th in-subject (normal  volunteer  or  

pat ient ) var iab i l i ty  in  the pharmacok inet ic parameters  (AUC and Cma x)  o f  the two 

products  and on the number of  subjects in the s tudy.  The width of  the 90% 

conf idence in terva l  is  a  re f lec t ion in part  of  the wi th in-subject var iab i l i ty  o f the tes t  

and reference products in  the bioequiva lence study.  
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Table 7-1. Bioavailability Comparison of a Generic (TEST) and Brand 
(Reference) Drug Product 

LN-Transformed Data 

     

90 % 
Confide

nce 
   

  Geometric Mean Interval    

PK 
Variabl

e Units Test 
Referenc

e 

% 
Ratio 
T/R 

(Lower 
Limit, 
Upper 
Limit) 

P-
values 

for 
Product 
Effects 

Power 
of 

ANOV
A 

ANOVA 
% CV 

Cma

x 
ng/
mL 

344.
79 

356.
81 

96.
6 

(89.
5, 

112
) 

0.3
586 

0.8
791 

17.9
0% 

AU
C0-t 

ng 
hr/
mL 

265
9.12 

267
4.92 

99.
4 

(95.
1, 

104
) 

0.8
172 

1.0
000 

12.6
0% 

AU
Cinf 

ng 
hr/
mL 

270
8.63 

271
8.52 

99.
6 

(95.
4, 

103
) 

0.8
865 

1.0
000 

12.2
0% 

Tma

x hr 4.29 4.24 
10
1 

    

keli

m 
1/h
r 

0.09
61 

0.09
80 

98.
1 

    



t1/2 hr 8.47 8.33 
10

1.7     

AUC, area under the curve; Cmax, peak plasma drug concentration; Tmax, time 
for peak plasma drug concentration. 

The results were obtained from a two-way crossover, single-dose, fasting 
study in 36 healthy adult volunteers. Mean values are reported. No statistical 
differences were observed between AUC and Cmax values for the test and 
reference products. 
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VI. BIOEQUIVALENCE ISSUES 
A. Problems in determining bioequivalence  include lack of  an adequate s tudy 

design;  inabi l i ty  to accurate ly measure the drug analytes,  inc lud ing metabol i tes and 

enant iomers (chi ral  drugs) ;  and lack of systemic  drug absorpt ion (Table 7-2. ) 

B. Bioequivalence studies  for  which object ive blood drug concentrat ions cannot  be 

obtained requi re  e i ther a pharmacodynamic study,  a  c l in ical  t r ia l ,  or an in v i t ro  

s tudy that  has been corre la ted wi th human in  v ivo b ioavai lab i l i ty  data. 

1.  Pharmacodynamic measurements  are more di f f icu l t  to  obta in ,  and the data tend 

to  be var iab le ,  requi r ing a larger number of  subjec ts compared to  the 

b ioequiva lence s tud ies for  systemica l ly absorbed drugs. 

a.  A b ioequiva lence s tudy us ing pharmacodynamic measurements  t r ies  to  obtain  a 

pharmacodynamic effect  versus t ime prof i le  for  the drug in  each subject .  

b.  The area under the effec t versus t ime prof i le ,  peak ef fec t ,  and t ime for peak 

ef fec t  are obta ined for  the tes t  and reference products  and are then s tat ist ica l ly 

analyzed. 

2.  Comparat ive c l in ica l  t r ia ls  are more di f f icu l t  to run, do not  have eas i ly 

quant i f iab le observat ions,  and are qui te cost ly.  

3.  In v i t ro s tudies may requi re  the development  o f a  rel iab le  surrogate marker  that  

may be correla ted wi th human in  v ivo b ioavai labi l i ty  data.  For  example,  the 

penetrat ion of drug in to  layers  of  skin  wi th  respect  to  t ime 

(dermatopharmacokinet ics )  has been suggested as a method for  measur ing the 

b ioequiva lence of  top ical  drug products  in tended for  loca l  act iv i ty.  

VII. DRUG PRODUCTION SELECTION 
A. Generic drug substitut ion  

1.  Generic drug substi tut ion  is  the process of  dispens ing a generic drug product  in  

p lace of  the prescr ibed drug product (e .g. ,  generic  product  for  brand-name product ,  

gener ic  product  for  another  gener ic  product,  brand-name product  for  gener ic 



product) .  The subst i tuted product  must  be a therapeut ic  equivalent  to  the prescribed 

product.  

2.  Gener ic  drug products that are c lassi f ied as therapeut ic  equiva lents  by the FDA 

are expected to  produce the same c l in ica l  e f fec t and safety prof i le as the prescribed 

drug. 

Table 7-2. Problem Issues in the Determination of Bioequivalence 

Problem Issues Example 

Drugs with highly variable 
bioavailabilitya 

Propranolol, verapamil 

Drugs with active metabolites Selegiline 

Chiral drugs Ibuprofen, albuterol 

Drugs with nonlinear 
pharmacokinetics 

Phenytoin 

Orally administered drugs that are 
not systemically absorbed 

Cholestyramine resin, sucralfate 

Drugs with long elimination half-
lives 

Probucol 

Variable-dosage forms Dyazide, conjugated estrogens 

Nonoral drug delivery  

 Topical drugs Steroids, antifungals 

 Transdermal delivery systems Estrogen patch 

 
Drugs given by inhalation 
aerosols 

Bronchodilators, steroids 

 Intranasal drugs Intranasal steroids 

Biotechnology derived drugs Erythropoietin, interferon 



Bioavailable drugs that should not 
reach peak drug levels 

Potassium supplements, hormone 
replacement therapy 

Target population used in the 
bioequivalence studies 

Pediatric patients; renal disease 

a These drugs have high intrasubject variability. 
 

P.153 

 

 

3.  Prescribabi l i ty re fers to  the measurement  of  average bioequivalence in  which 

the compar ison of  populat ion means of  the tes t  and reference products  fal ls  wi th in 

acceptable s tat is t ical  c r i ter ia .  Prescr ibabi l i ty  is  the current  bas is  for  FDA approval  

o f  therapeut ic  equivalent gener ic  drug products . 

4.  Switchabi l i ty re fers  to  the measurement  o f  ind iv idual b ioequivalence,  which 

requi res knowledge of  ind iv idual var iab i l i ty  ( in t rasubject  variabi l i ty)  and subject -by-

formulat ion ef fec ts .  Swi tchabi l i ty  ensures that  the subst i tu ted gener ic  drug product  

produces the same response in  the indiv idual pat ient .  

B. Therapeutic substi tut ion  

1.  Therapeut ic  subst i tu t ion is  the process of d ispensing a therapeut ic  a l ternat ive in 

p lace of  the prescr ibed drug product.  For  example,  amoxic i l l in  is  d ispensed for  

ampici l l in.  

2.  The subst i tuted drug product is  usual ly in  the same therapeut ic  c lass (e .g. ,  

ca lc ium channel b locker) and is  expected to  have a s imi lar  c l in ical  prof i le .  

C. Formulary issues  

1.  A formulary is  a  l is t  of  drugs.  A positive  formulary l is ts a l l  the drugs that  may be 

subst i tu ted, whereas a negative  formulary l is ts  drugs for which the pharmacis t  may 

not  subst i tute .  A restr ictive  formulary l is ts  on ly those drugs that  may be re imbursed 

wi thout  jus t i f icat ion by the prescriber;  for  drugs not  l is ted in  the restr ic t ive 

formulary,  the prescr iber must  jus t i fy the need for the nonl is ted drug. 

2.  Many s tates have legal  requi rements that  address the issue of drug product  

se lect ion.  States may provide in format ion and guidance in  drug product  se lect ion 

through pos i t ive,  negat ive,  or res t r ic t ive formular ies . 

3.  The FDA annual ly publ ishes Approved Drug Products  wi th  Therapeut ic  

Equivalence Evaluat ions  ( the “Orange Book”) .  This  publ icat ion is  also reproduced in  

the Uni ted States Pharmacopeia  (USP),  DI  Vol .  I I I ,  Approved Drug Products  and 

Legal  Requi rements ,  publ ished annual ly by the USP Convent ion.  The “Elect ron ic  

Orange Book”  may be found at  h t tp: / /www.fda.gov/cder /ob/defaul t .htm. 



a.  The “Orange Book”  provides therapeut ic  evaluat ion codes for  drug products  

(Table 7-3) .  

Table 7-3. Therapeutic Equivalence Evaluation Codes 

A 
Codes 

Drug products that are considered to be therapeutically equivalent 
to other pharmaceutically equivalent products 

AA Products in conventional dosage forms not presenting 
bioequivalence problems 

AB Products meeting bioequivalence requirements 

AN Solutions and powders for aerosolization 

AO Injectable oil solutions 

AP Injectable aqueous solutions 

AT Topical products 

B 
Codes 

Drug products that the FDA does not at this time consider to be 
therapeutically equivalent to other pharmaceutically equivalent 
products 

BC Extended-release tablets, extended-release capsules, and extended-
release injectables 

BD Active ingredients and dosage forms with documented 
bioequivalence problems 

BE Delayed-release oral dosage forms 

BN Products in aerosol-nebulizer drug delivery systems 

BP Active ingredients and dosage forms with potential bioequivalence 
problems 

BR Suppositories or enemas for systemic use 

BS Products with drug standard deficiencies 



BT Topical products with bioequivalence issues 

BX Insufficient data 

FDA, U.S. Food and Drug Administration. 
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(1)  “A-“ ra ted”  drug products are drug products  that  conta in  act ive ingredients  and 

dosage forms that  are not  regarded as present ing e i ther ac tua l  or  potent ia l  

b ioequiva lence problems or  drug qual i ty s tandards issues.  However,  a l l  ora l  dosage 

forms must  meet  an appropr ia te  in v i t ro  b ioequivalence s tandard that  is  acceptable 

to  the FDA to be approved as therapeut ical ly equiva lent  and may be interchanged. 

(2)  “B“- ra ted”  drug products are drug products  for which actua l  or  potent ial  

b ioequiva lence problems have not  been resolved by adequate evidence of 

b ioequiva lence.  These products  often have spec i f ic  dosage form problems rather 

than a problem wi th  the act ive ingredients  (e .g.,  two d i f ferent  nicot ine patches) .  “B-

“ ra ted”  drug products are not  cons idered therapeut ica l ly equivalent  to o ther  

pharmaceut ical ly equivalent  products  and are not  in terchangeable. 

(3)  Cer ta in  products  present  spec ial  s i tuat ions that  deserve a more complete 

explanat ion than can be provided by the two-codes used in  the “Orange Book.”  

These drugs have par t icu lar prob lems wi th  s tandards of ident i ty,  analyt ica l  

methodology,  or b ioequiva lence that  are cons idered indiv idual ly.  For these drugs,  

consul t  the “Orange Book.” 

b.  For some drug products ,  b ioequiva lence has not  been estab l ished or  no generic  

product is  current ly avai lab le . 

4.  Various hospitals ,  ins t i tu t ions, insurance p lans,  heal th  maintenance organizat ions 

(HMOs),  and other thi rd-par ty plans may have a formulary that provides gu idance 

for  drug product  subst i tut ion. 
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STUDY QUESTIONS 



Direct ions for questions 1-3:  Each of  the quest ions,  sta tements ,  or  incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  The parameters used to describe bioavailabil i ty are 

(A)  Cma x ,  AUC0 - t ,  and AUC0 - ∞ .  

(B)  Cma x ,  AUC0 - t ,  AUC0 - ∞ ,  and Tma x .  

(C)  Cma x ,  AUC0 - t ,  AUC0 - ∞ ,  and t1 \ 2 .  

(D)  Cma x  and AUC0 - t .  

(E)  Cma x ,  AUC0 - t ,  AUC0 - ∞ ,  and Tma x ,  and t1 \ 2 .  

V iew Answer1.  The answer is  B[see] .CTt2. To determine the absolute 

bioavai labi l i ty of  a  drug given as an oral  extended-release tablet ,  the 

bioavai labi l i ty of  the drug must be compared to the bioavai labi l i ty of  the drug 

from 

(A)  an immediate-re lease oral  table t  containing the same amount o f ac t ive 

ingredient.  

(B)  an oral  so lu t ion of  the drug in  the same dose. 

(C)  a  parentera l  solu t ion of  the drug given by in t ravenous (IV)  bo lus or  IV in fus ion. 

(D)  a  reference (brand)  extended-re lease tab let  that  is  a  pharmaceut ical  equiva lent .  

(E)  an immediate-re lease hard ge lat in  capsule containing the same amount  o f  ac t ive 

drug and lac tose. 

View Answer2.  The answer is  C[see] .F3. A single-dose, two-way 

crossover,  fast ing,  comparative bioavai labi l i ty study was performed in 24 

healthy,  adult  male subjects.  Plasma drug concentrations were obtained for 

each subject ,  and the results shown in Table 7-Q3  were obtained. The relat ive 

bioavai labi l i ty of  the drug from the generic tablet  compared to the reference 

tablet is 

Table 7-Q3 

Drug Product Dose (mg) Cmax (µg/mL)Tmax (hr)AUC0-∞ (µg hr/mL)

IV bolus injection 100   1714 

Oral solution 200 21.3 1.2 3143 

Generic tablet 200 17.0 2.1 2822 

Reference tablet 200 16.5 1.9 2715 

IV, intravenous. 
 

(A)  82.3%. 

(B)  69.8%. 

(C) 91.7%. 



(D)  96.2%. 

(E)  103.9% 

View Answer3.  The answer is  E[see] .Direct ions for questions 4-6:  The 

quest ions and incomplete s ta tements  in  this sect ion can be correct ly answered or  

completed by one or more  o f  the suggested answers.  Choose the answer,  A-E.  
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4.  For two drug products,  generic ( test)  and brand (reference), to be 

considered bioequivalent 

I .  there should be no stat ist ical di f ference between the extent of  bioavai labi l i ty 

of  the drug from the test  product compared to the reference product. 

I I .  the 90% confidence intervals about the rat io of  the means of  the Cma x  and 

AUC values for the test product to reference product must be within 80%-125% 

of the reference product.  

I I I .  there should be no stat ist ical  di f ferences between the mean Cm a x  and AUC 

values for the test  product compared to the reference product. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer4.  The answer is  E[see] .TC5.  For which of  the following 

products is  measuring plasma drug concentrat ions not appropriate for 

est imating bioequivalence? 

I .  metered-dose inhaler containing a bronchodi lator 

I I .  ant i fungal agent for the treatment of  a  vaginal  infect ion 

I I I .  enteric-coated tablet  containing a nonsteroidal  ant i - inf lammatory agent 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer5.  The answer is  C[see] .6.  Bioequivalence studies compare 

the bioavai labi l i ty 

I .  of  the generic drug product to the brand drug product. 

I I .  of a  reformulated brand drug product to the original formulation of  the brand 

product. 

I I I .  of  a  to-be-marketed brand product to the drug product used in the cl inical 

tr ia ls . 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 



View Answer6.  The answer is  E[seeand].P.157 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [see  I I I .B ] .  

AUC re lates to the extent  o f  drug absorpt ion.  Cma x  and Tma x  re la te  to  the ra te of  

drug absorpt ion. The el iminat ion t1 / 2  o f  the drug is  usual ly independent  of  the route 

of  drug administ ra t ion and is  not  used as a measure of  bioavai lab i l i ty .  For  the FDA, 

on ly the Cma x  and AUC parameters  must  meet  90% conf idence in tervals of  80-125% 

of  the re ference (brand)  product (Table 7.1) .  

2.  The answer is  C  [see  IV.B ] .  

Af ter  an IV bo lus in ject ion or  IV in fus ion,  a l l  the dose is  absorbed in to the body.  The 

rat io  o f the AUC of  the drug given oral ly to  the AUC of  the drug g iven by IV injec t ion 

is  used to  obtain  the absolute bioavai lab i l i ty  (F )  of  the drug. 

3.  The answer is  E  [see  IV.A ] .  

The re la t ive b ioavai labi l i ty  is  determined f rom the rat io  of  the AUC of  the gener ic  

( test )  product to  the AUC of  the re ference s tandard.  Thus the re la t ive b ioavai labi l i ty  

can exceed 100%, whereas the absolute bioavai lab i l i ty  cannot exceed 100%.  

4.  The answer is  E  [see  V.C ] .  

A l though Tma x  is  an indicat ion of  rate  of  drug absorpt ion, i t  is  a  d iscrete 

measurement and usual ly too variable  to  use for s ta t ist ica l  comparisons in  

b ioequiva lence s tud ies.  Stat is t ica l  compar isons use AUC and Cma x  va lues f rom test  

and reference drug products  as the bas is  of  bioequivalence. 

5.  The answer is  C  [see  V.A ] .  

A l though some systemic  absorpt ion may be demonstrated af ter  admin is ter ing a 

metered dose inhaler  conta in ing a bronchodi la tor or  a vagina l  ant i fungal  agent,  

b ioequiva lence can be determined only by us ing a c l in ica l  response measurement.  

6.  The answer is  E  [see  I .A,  B,  C,  D and  E ] .  

B ioequivalence s tudies compare the b ioavai lab i l i ty  o f  a  drug f rom one drug product  

to  another  drug product  conta in ing the same act ive ingredient .  Drug products  such 

as capsules that are used in c l in ica l  t r ia ls  should be b ioequiva lent  to  the marketed 

drug product  which may be a tab let .  Gener ic  drug products  and the corresponding 

brand drug product  must be b ioequiva lent .  For any change a formulat ion, the 

manufacturer  (brand or  generic ) must demonstrate that  the formulat ion change does 

not  a f fec t the bioavai lab i l i ty  compared to  the or ig ina l  product .  
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Functional Group Chemistry and Biochemistry 
Marc W. Harrold 

I. FUNCTIONAL GROUP CHEMISTRY 
A. Introduction.  Drug molecules can be viewed as a co l lec t ion of  funct ional  groups 

( i .e . ,  groups of  atoms present  wi thin  the drug that  confer  spec i f ic  chemical  and 

phys ical  proper t ies  [F igure 8-1] ) .  Funct ional  groups determine such character ist ics  

as ionizat ion, so lub i l i ty  in  aqueous and l ip id  environments  (aka polar i ty) ,  react iv i ty,  

chemical  s tab i l i ty ,  and in v ivo metabol ic  s tab i l i ty .  Addi t ional ly,  these funct ional  

groups are capable of forming specific  bonds  (pr imar i ly noncovalent)  wi th  thei r  

receptors  and are thus ext remely important  in  drug act iv i ty and potency. 

1.  Funct ional  groups that impart hydrophi l ici ty are l ike ly to increase the drug 's  

water  solubi l i ty ,  whi le funct ional  groups that  impart  l ipophi l ic i ty (hydrophobic i ty)  

are l ike ly to  increase the drug 's  tendency to  cross ce l lu lar  membranes through 

pass ive d i f fus ion.  See Chapter  12 VII I  B 1 for  a fur ther  discussion of water  and l ip id  

so lubi l i ty .  

a.  Acidic and basic  funct ional  groups a l low for  drug ionizat ion  and,  in  most  cases,  

impart  enhanced water  so lub i l i ty  to the molecule. One notable except ion to  this  is 

seen in  amphoteric drugs  ( i .e . ,  those compounds possessing both acid ic and bas ic  

funct ional  groups).  As exempl i f ied by ampici l l in in F igure 8-2, amphoter ic  

compounds can form zwitterions,  or  internal  salts.  S ince the zwi t ter ion form of  

ampici l l in has a net  overa l l  charge of zero, i t  has d i f f icu l ty d isso lv ing in  aqueous 

envi ronments  such as the gast ro intest ina l  (GI)  t rac t .  

b.  Neutral  funct ional  groups ( i .e . ,  those that  are incapable of  ionizat ion) can 

enhance ei ther  water  or  l ip id  so lub i l i ty  depending on the i r abi l i ty  to form hydrogen 

bonds with water.  Hydrogen bonding is  the pr imary mechanism for  increas ing the 

water  solubi l i ty  o f nonelect ro lytes  ( i .e . ,  compounds that do not  possess ac idic,  

basic,  or quaternary ammonium funct ional  groups) .  

2.  Funct ional  group react ivi ty a f fec ts drug shelf l i fe ,  stabi l i ty,  and storage.  There 

are a number of  funct ional  groups that  wi l l  degrade,  pr imari ly through a i r  oxidat ion 

and hydrolys is ,  under normal environmental  condit ions.  Two examples of  this  

la t ter  concern are seen wi th  aspi r in  and n i troglycer in .  Both compounds are subject  

to  rap id hydro lysis  i f  exposed to  mois t  envi ronments . 

3.  Funct ional  groups a lso af fect  in vivo stabi l i ty and the durat ion of drug act ion.  

The suscept ibi l i ty  o f  a  given drug to  metabol ic  bio t ransformat ion depends in  par t  

upon the funct ional  groups that are present  (see Chapter  17 I I ,  I I I ) .  

a.  Drugs that  conta in  a large number or percentage of  hydrophi l ic  funct ional  groups 

are of ten el iminated f rom the body unchanged or  wi th  min imal  metabol ism. 

b.  Drugs that  conta in  a large number or percentage of  l ipophi l ic  funct ional  groups 

of ten require  extens ive metabol ism. 



 

Figure 8-1. Ibuprofen, a nonsteroidal anti-
inflammatory agent, is comprised of an ionizable, 
hydrophilic carboxylic acid and three 
hydrophobic functional groups: an isobutyl alkyl 
chain, an ethyl alkyl group, and an aromatic ring. 
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Figure 8-2. Ampicillin is an amphoteric 
compound. It contains an acidic carboxylic acid 
and a basic amine and exists in vivo as a 
zwitterion. The proton from the carboxylic acid 
binds to the basic amine, producing a molecule 
with an overall net charge equal to zero. 

B. Acidic functional  groups  

1.  Types.  Shown in  F igure 8-3 are examples of the s ix most  common ac id ic 

funct ional  groups. In  genera l ,  carboxyl ic  acids  tend to  be more acidic  than any of  

the other  f ive funct ional  groups. The te t razole r ing provides the best  charge 

delocal izat ion s ince resonance a l lows the charge to  be equal ly shared among a l l  

f ive atoms in  the r ing. 

2.  Common attr ibutes  

a.  Acidic funct ional  groups impart hydrophi l ic ity to  a drug molecule due to  the i r  

potent ia l  for  ion izat ion. 

b.  Acidic  funct ional  groups can form ionic,  ion-dipole,  and hydrogen bonds  wi th  

receptors , enzymes, t ransport  proteins ,  and other macromolecules. 

c .  Ac idic funct ional  groups can form salts when combined with bases.  



d.  Carboxyl ic  acids  are of ten esterif ied  for the purposes of  prodrug formation (see 

Chapter  17,  sect ion VI  for  addi t ional  in format ion).  They can a lso undergo ac id-  or  

enzymecatalyzed decarboxylat ion  react ions. 

e.  Metabol ism.  Acid ic  funct ional  groups can undergo conjugation  wi th  glucuronic  

ac id ,  g lycine,  and g lutamine. 

 

Figure 8-3. Examples of drugs that contain an 
acidic functional group as part of their chemical 
structure. 
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C. Basic functional groups  

1.  Types  

a.  Al iphatic  and al icycl ic  amines  are the most  common bas ic  funct ional  groups. As 

shown in  Figure 8-4,  these amines can be primary,  secondary,  or tert iary,  

depending on the number of  subst i tuents  at tached to  the n i t rogen. 

b.  Aromatic amines,  such as that  seen in  procainamide (Figure 8-4) ,  are much less 

basic and for  al l  in tents  and purposes can be cons idered neutra l .  

c .  Aromatic,  heterocycl ic  ni trogens  vary in  the ir  bas ic i ty,  but in genera l  are much 

less bas ic  than a l iphat ic  and a l icycl ic  amines (Figure 8-5) .  

d.  Addi t ional  bas ic  funct ional  groups inc lude imines,  hydrazines, amidines,  and 

guanidines  (F igure 8-6).  Imines tend to be less bas ic  than al iphat ic and al icyc l ic  

amines,  whereas guanid ines tend to  be much more bas ic .  The bas ic i ty o f  the other 

two funct ional  groups l ies  somewhere in  between.  

2.  Common attr ibutes  

a.  Bas ic  funct ional  groups impart  hydrophi l ic i ty to  a  drug molecule due to thei r  

potent ia l  for  ion izat ion and the i r abi l i ty  to form hydrogen bonds. 

b.  Bas ic  funct ional  groups can form ionic,  ion-dipole, and hydrogen bonds  wi th  

receptors , enzymes, t ransport  proteins ,  and other macromolecules. 

c .  Bas ic  funct ional  groups can form salts when combined with acids.  

d.  Metabol ism.  Common metabol ic  pathways for  pr imary amines are oxidative 

deamination, acetylat ion,  and N-oxidat ion.  Common pathways for  secondary and 

ter t iary amines are acetylat ion  (secondary amines only) ,  oxidative N-dealkylat ion,  

and N-oxidat ion.  Aromat ic  amines can be acetylated,  whi le  aromatic heterocyc l ic  



ni t rogens can undergo N-oxidat ion or N-dealkylat ion.  Imine,  hydrazine,  amid ine,  

and guanid ine groups can undergo s imi lar  react ions as those l is ted for  pr imary,  

secondary,  and ter t iary amines.  Addi t ional ly,  amines can be glucuronidated,  

sulfated,  and methylated  by phase I I  conjugation  react ions. 

D. Addit ional  hydrophi l ic  functional groups  

1.  S imi lar  to  amines, hydroxyl  groups (or a lcohols)  may be c lass i f ied as primary,  

secondary,  or tert iary,  depending on the number of  subst i tuents  at tached to  thei r  

respect ive carbons.  A good example of  th is  is  seen wi th  the glucocor t ico id 

f ludrocor t isone (F igure 8-7) .  

a.  Hydroxyl  groups can form ion-dipole and hydrogen bonds  wi th  receptors , 

enzymes,  t ransport  proteins,  and other  macromolecules. 

 

Figure 8-4. Examples of drugs that contain a 
primary, secondary, tertiary, or aromatic amine as 
part of their chemical structure. Whenever an 
amine is part of a nonaromatic ring (e.g., 
ticlopidine), it is referred to as an alicyclic amine. 
Whenever an amine amino is part of a side chain 
or is attached to a nonaromatic ring, it is referred 
to as an aliphatic or alkyl amine. Whenever an 
amine is directly attached to an aromatic ring 
(e.g., procainamide), it is referred to as an 
aromatic amine. 
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Figure 8-5. Examples of drugs that contain 
aromatic, heterocyclic nitrogens as part of their 
chemical structure. 

b.  Hydroxyl  groups enhance water solubi l i ty due to  thei r  ab i l i ty  to  form hydrogen 

bonds wi th  water.  



c.  Hydroxyl  groups are of ten esteri f ied  in  order to  produce prodrugs. See Chapter  

17 VI for  addi t ional  in formation on prodrugs. 

d.  Metabol ism.  Pr imary hydroxyl  groups are in i t ia l ly  oxidized to aldehydes  and 

then to  carboxyl ic  acids.  Secondary hydroxyl  groups are oxidized to ketones,  

whi le  tert iary hydroxyl  groups are not  usual ly oxid ized. Hydroxyl  groups may also 

undergo phase I I  glucuronide or sulfate conjugation.  

 

Figure 8-6. Examples of drugs that contain a 
basic imine, hydrazine, amidine, or guanidine 
functional group as part of their chemical 
structure. 
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Figure 8-7. Examples of drugs that contain a 
hydroxyl group, phenol, catechol, or quaternary 
ammonium functional group as part of their 
chemical structure. Fludrocortisone contains a 
primary, secondary, and tertiary hydroxyl group. 
This designation is similar to that used for amines 
and depends on the number of substituents 
attached to the respective carbons. As illustrated 
with levodopa, a catechol is simply two phenol 
groups that are ortho to one another. 

2.  Phenols,  as  exempl i f ied by est radio l  (F igure 8-7) ,  are hydroxyl  groups that  are 

d i rec t ly a t tached to  an aromat ic  r ing. 

a.  Due to resonance s tab i l izat ion of  the aromatic r ing,  phenols  can be ionized in  

basic envi ronments;  however,  most  phenols  are primari ly unionized  at  

phys io log ical  pH and as such should be t reated as neutral,  nonionizable funct ional  

groups. 



b.  S imi lar  to  a lcohols ,  phenols pr imar i ly form ion-dipole and hydrogen bonds.  

They can a lso enhance water solubil i ty and be ester i f ied to form prodrugs (see 

Chapter  17 VI).  

c .  Drug molecules contain ing phenols  or catechols  (see levodopa  in  Figure 8-7)  

are suscept ib le  to  air oxidat ion  and to  oxidation on contact  with ferr ic  ions.  

d.  Metabol ism.  Phenols  undergo sulfat ion,  glucuronidation,  aromatic 

hydroxylat ion,  and O -methylat ion.  

3.  Quaternary ammonium salts,  as  exempl i f ied by iprat rop ium bromide (F igure 8-

7) ,  are ne i ther acidic nor bas ic  but  conta in  a permanent positive charge.  

a.  These sa l ts  enhance water solubil i ty;  however,  due to  the permanence of  the 

posi t ive charge,  compounds containing this funct ional  group of ten have diff iculty 

passing through l ipid membranes.  

b.  S imi lar  to  amines,  quaternary ammonium sal ts  can par t ic ipate in ionic  and ion-

dipole bonds.  

c .  Quaternary ammonium sal ts are genera l ly not metabol ized;  however,  N-

dealkylat ion  cou ld occur  in  some cases. 

E. Functional  groups with intermediate polari ty  

1.  Ketones  are less prevalent  than a lcohols  and phenols  in  the s t ruc tures of  drug 

molecules. One example is  seen in  the ora l  hypoglycemic  agent ,  acetohexamide,  

shown in  Figure 8-8. 

a.  Ketones are pr imar i ly l ip id  soluble; however,  they are able to  form hydrogen 

bonds  wi th  alcohols and certa in  amines.  They can a lso form ion-dipole  bonds. 
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Figure 8-8. Examples of drugs that contain a 
ketone, ester, amide, lactone, or lactam as part of 
their chemical structure. 

b.  Metabol ism.  Ketones are very s tab le.  Thei r pr imary route of  metabol ism is  

reduction to an alcohol.  

2.  Compounds containing esters, amides  and the i r  respect ive cycl ic  forms, 

lactones,  and lactams  can be seen in  Figure 8-8.  

a.  These funct ional  groups are capable of  forming hydrogen bonds  wi th receptors , 

enzymes,  t ransport  proteins,  o ther macromolecules,  and water .  Simi lar  to ketones, 



esters  and lac tones can funct ion as hydrogen-bond acceptors,  whi le amides and 

lactams can funct ion as e i ther  hydrogen-bond donors or acceptors.  

b.  Metabol ism.  Enzymatic  hydrolysis  is  the pr imary route of  metabol ism for  these 

funct ional  groups. Esters and lac tones are hydro lyzed to  alcohols and carboxyl ic  

ac ids,  whi le amides and lactams are hydrolyzed to  amines and carboxyl ic  ac ids.  

Esters  and lac tones are more suscept ib le to  hydro lys is  than are amides and 

lactams. Addi t ional ly,  some lac tams may undergo N-dealkylat ion  pr ior to  or  in  place 

of  hydro lyt ic  c leavage. 

F.  Lipophi l ic functional groups  

1.  Alkyl  groups  are saturated hydrocarbon chains, l inks, and r ings  that  can vary 

in  s ize from sing le-carbon methyl  and methylene  groups to large chains. Simi lar to  

the des ignat ions previous ly given for  amines,  the des ignat ion alicycl ic  re fers to  

a lkyl  groups that  are part  o f  a  nonaromatic  r ing,  whi le  the designat ion al iphatic  

re fers  to  those that are par t  of  a  s ide chain or  that  funct ion to connect,  or br idge,  

o ther funct ional  groups.  Examples of  a lkyl  groups are i l lus t ra ted in  Figure 8-9. 

a.  A lkyl  groups can par t ic ipate in van der Waals interact ions  ( i .e . ,  induced dipo le-

induced dipo le bonds)  and hydrophobic bonding.  

b.  Metabol ism.  Oxidat ion is  the major  route of  metabol ism.  Alkyl  s ide chains are 

usual ly oxid ized at  ei ther  the terminal  (ω) or  penult imate (ω-1)  carbon atoms. 

2.  Alkenes,  a lso known as olef ins,  are unsaturated  analogs of  alkyl  groups (see 

Figure 8-9) .  

a.  The bind ing abi l i ty  of  a lkenes is s imi lar to that o f  saturated a lkyl  groups. 
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Figure 8-9. Examples of drugs that contain alkyl 
groups and alkenes as part of their chemical 
structure. For the sake of clarity, only certain 
functional groups have been highlighted. 

b.  Metabol ism.  A lkenes are somewhat  more react ive than a lkyl  groups and are 

subject  to  metabol ic  hydrat ion, epoxidat ion,  peroxidat ion,  and reduction.  

3.  Most  aromatic hydrocarbons  are analogs of  e i ther  benzene  or naphthalene  

(see F igure 8-10 for  examples).  When at tached to  a drug molecule, benzene is 

re ferred to  as a phenyl  group.  



a.  S imi lar  to  a lkyl  groups and a lkenes,  aromatic  hydrocarbons can par t ic ipate in  van 

der Waals interactions  and hydrophobic bonding.  Addi t ional ly,  aromat ic  r ings can 

par t ic ipate in  charge-transfer interact ions.  E lect ron-r ich aromat ic  r ings ( i .e . ,  those 

wi th  e lec t ron-donat ing groups)  can form d ipo le- l ike  interact ions wi th  e lec tron-poor 

aromat ic  r ings ( i .e . ,  those wi th  elec t ron-wi thdrawing groups) .  

b.  Metabol ism.  Oxidat ion is  the pr imary route of  metabol ism for aromat ic  

hydrocarbons,  wi th  hydroxylat ion,  epoxidat ion,  and diol formation  compr is ing the 

three most common pathways.  

4.  Ether  funct ional  groups contain  an oxygen atom bound on both s ides by e i ther  

a lkyl  or  aromatic carbons.  They can be present  as  ei ther  a terminal  funct ional  

group,  such as the methoxy group  o f  naproxen,  or  as  par t  o f  a centra l  

chain/backbone,  such as that seen in gemfibrozi l  (F igure 8-10) .  

a.  The contr ibut ion of  e thers to drug bind ing is  min imal ;  however,  these funct ional  

groups can par t ic ipate in dipole- induced dipole interact ions  and can serve as 

hydrogen-bond acceptors.  

b.  Metabol ism.  Methyl  and ethyl  e thers  can undergo O -dealkylat ion,  whi le  those 

larger  do not  general ly undergo metabol ism.  Whi le  e thers  used as organic solvents  

(e .g.,  die thyle ther)  can form peroxides and may explode,  th is property is  genera l ly 

not  present  in  drug molecules. 

5.  Alkyl  and aromatic hal ides  are electron-withdrawing  funct ional  groups.  They 

are of ten used to “ lock”  a  drug molecule in  a  desi red conformat ion and/or to  

decrease aromatic oxidat ion of the drug.  F luor ine is  the smal les t halogen, wi th  i ts  

s ize very s imi lar  to  that o f  hydrogen.  Chlor ine is  the second smal lest ,  fo l lowed by 

bromine and iodine,  respect ive ly.  See Figure 8-10 for speci f ic  examples. 
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Figure 8-10. Examples of drugs that contain an 
aromatic hydrocarbon, ether, and/or alkyl or 
aromatic halide as part of their chemical structure. 
For the sake of clarity, only certain functional 
groups have been highlighted. 

a.  W ith  the except ion of  f luor ine,  which can serve as  a hydrogen-bond acceptor,  

ha l ides do not  d i rec t ly par t ic ipate in  the bind ing of  drugs to  the i r  receptors  or o ther  

macromolecules. 



b.  Metabol ism.  Aromatic ha l ides are not normal ly metabol ized.  Alkyl  hal ides can 

undergo oxidative dehalogenation  to form aldehydes. 

II. BIOCHEMISTRY 
A. Introduction.  B iochemis t ry is  the s tudy of  chemical  pr inc ip les  that support l i fe  

processes.  I t  in f luences drug metabol ism,  therapeut ic  e f fec t iveness,  and 

b io transformat ion.  Biochemical ly s ign i f icant molecu les inc lude amino ac ids,  

carbohydrates,  l ip ids ,  pyr imid ines,  pur ines,  and biopolymers—prote ins  and 

enzymes,  which are bu i l t  f rom amino acids;  po lysaccharides, which are bui l t  f rom 

carbohydrates;  and nuc le ic ac ids ,  which are bui l t  f rom pyr imid ines and pur ines. 

B. Amino acids  are the monomer ic  un i ts  o f  proteins and enzymes and have the 

fo l lowing general  formula: 

 
1.  W ith  the except ion of  g lyc ine, natural ly occurr ing amino acids are L,  α-amino 

ac ids.  Prote ins are made up of  the 20 d i f ferent  amino ac ids,  which d i f fer in  the s ide 

chain (R) a ttached to  
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the α-carbon. The 20 di f ferent s ide chains vary in s ize, shape,  charge,  hydrogen-

bonding capaci ty,  and chemical  react iv i ty.  A protein  can be hydrolyzed in to  i ts  

component  α-amino ac ids by ac ids,  bases, or  enzymes. 

a.  Amino ac ids wi th acidic side chains  inc lude aspart ic  ac id  and g lutamic acid . 

b.  Amino ac ids wi th basic side chains  inc lude arg inine,  lys ine,  and h is tamine. 

c .  Amino ac ids wi th  polar,  nonionic side chains  inc lude g lycine,  ser ine, cysteine,  

threonine,  tyrosine,  asparagine,  and glu tamine. 

d.  Amino ac ids wi th nonpolar, hydrophobic side chains  include alanine,  va l ine, 

leuc ine,  iso leucine,  phenyla lan ine,  meth ion ine, pro l ine,  and t ryptophan. 

2.  Amino ac ids have a zwitterion structure,  which accounts  for  the i r  h igh mel t ing 

po int  and low water  so lub i l i ty .  Amino ac ids in so lu t ion have the fo l lowing genera l  

formula: 

 

3.  Ionizat ion  of  amino ac ids to  the zwi t ter ion form or o ther  forms depends on pH 

(F igure 8-11) .  

C. Carbohydrates.  These are polyhydroxy a ldehydes or  ketones.  Three major  

c lasses of carbohydrates exis t .  

1.  Monosaccharides  (s imple sugars),  such as g lucose or  fruc tose, consis t  of  a 

s ing le  po lyhydroxy a ldehyde or  ketone uni t .  

a.  Aldehydic  monosacchar ides are reducing sugars . 



b.  Monosaccharides can be l inked together  by glycosidic bonds,  which are 

hydro lyzed by acids  but  not  by bases. 

2.  Ol igosaccharides,  such as sucrose,  mal tose,  and lac tose,  cons is t  o f  shor t  

chains of  monosaccharides jo ined covalent ly.  

a.  Sucrose  cannot  be absorbed by the in test ine unt i l  i t  is  conver ted by sucrase in to  

i ts  components ,  g lucose and f ruc tose. 

b.  Maltose  is  hydrolyzed by mal tase into  two molecules of  glucose. 

c .  Lactose  (or  mi lk sugar)  cannot  be absorbed by the in test ine unt i l  i t  is  converted 

by lac tase in to  i ts  components ,  galactose and g lucose. 

3.  Polysaccharides,  such as cel lulose  and glycogen,  cons is t  of  long chains of  

monosacchar ides. 

D. Pyrimidines and purines.  These are bases that ,  when bonded wi th  r ibose,  form 

nucleos ides,  which when subsequently bonded to phosphoric  acid  form 

nucleot ides—the st ruc tura l  bu i ld ing b locks of  nuc le ic ac ids . 

1.  Pyrimidine bases  include: 

a.  Cytosine  (C) ,  found in  deoxyr ibonucleic  acid  (DNA) and r ibonucle ic  acid  (RNA) 

b.  Uraci l  (U) ,  found in RNA only 

c .  Thymine  (T) ,  found in DNA only 

 

Figure 8-11. Amino acid ionization in solution. 
The carboxyl and amino groups are either in 
ionized or unionized form depending on the pH of 
the solution. 
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2.  Purine bases  inc lude: 

a.  Adenine  (A) ,  found in DNA and RNA 

b.  Guanine  (G),  found in DNA and RNA 

3.  Pyr imidines and pur ines exhib i t  tautomerism  (a  form of  s tereoisomer ism) and 

can exis t  in  ei ther  keto  ( lactam) or enol  ( lac t im) forms. 

E. Biopolymers  

1.  Proteins  are polymers of amino ac ids that  are l inked together by peptide bonds  

( i .e . ,  l inks  between carbonyl  carbons and amino n i t rogens [F igure 8-12]).  Proteins  

have four  s t ruc tural  leve ls .  



a.  Primary s t ruc ture re fers  to  the sequence of  amino acids and locat ion of d isu l f ide 

bonds in  the prote in . 

b.  Secondary s t ruc ture re fers  to  the spat ial  arrangement o f  sequenced amino acids 

( for  example, α-conformat ion [he l ica l  coi l ]  or  β-conformat ion [p leated sheet ] ) .  

c .  Tert iary s t ruc ture re fers  to  the three-d imensional  s t ructure of  a  s ing le  protein . 

d.  Quaternary s t ruc ture re fers  to  the arrangement  o f  ind iv idual subuni t  chains in to 

complex molecules. 

2.  Enzymes  are prote ins capable of  ac t ing as cata lys ts  for  biologic react ions.  They 

may be simple or  complex and may requi re  cofactors  or  coenzymes for b iologic  

act iv i ty.  

a.  An enzyme enhances the ra te of  a  spec i f ic  chemical  react ion by lower ing the 

activat ion energy o f  the react ion. I t  does not  change the react ion 's  equi l ibr ium 

point ,  and i t  is  not  used up or permanent ly changed by the react ion. 

b.  A cofactor  may be an inorganic component  (usual ly a  meta l  ion) or  a  

nonprotein organic molecule.  A cofactor may be b io log ical ly inact ive wi thout  an 

apoenzyme (the prote in  por t ion of  a  complex enzyme).  A cofactor f i rmly bound to 

the apoenzyme is ca l led a prosthetic  group.  An organic  cofactor  that  is  not  f i rmly 

bound but  is ac t ively invo lved during catalys is  is  ca l led a coenzyme.  

c .  A complete,  cata lyt ical ly ac t ive enzyme system is  re ferred to as a holoenzyme.  

d.  Enzymes fa l l  in to  s ix major  c lasses. 

(1)  Oxidoreductases  (e .g . ,  dehydrogenases,  oxidases,  peroxidases) are important  

in  the oxidat ive metabol ism of  drugs. 

(2)  Transferases  cata lyze the t ransfer  of  groups,  such as phosphate and amino 

groups. 

(3)  Hydrolases  (e .g . ,  proteolyt ic  enzymes,  amylases,  esterases)  hydrolyze thei r  

substrates. 

(4)  Lyases  (e .g. ,  decarboxylases,  deaminases)  cata lyze the removal  o f  funct ional  

groups by means other  than hydrolys is .  

(5)  Ligases  (e .g. ,  DNA l igase,  which binds nuc leot ides together  during DNA 

synthesis)  cata lyze the coupl ing of  two molecules.  

(6)  Isomerases  cata lyze var ious isomer izat ions, such as the change from D to  L 

forms or  the change f rom cis isomers to t ransisomers . 

3.  Polysaccharides  (a lso ca l led g lycans)  are long-chain po lymers of  carbohydrates 

and may be l inear  or  branched. They are c lass i f ied as homopolysacchar ides or  

heteropolysacchar ides. 

a.  Homopolysaccharides  (e .g . ,  s tarch,  g lycogen,  cel lu lose) conta in only one type 

of  monomer ic  un i t .  

(1)  Starch  (a  reserve food mater ial  of  plants) is  composed of two g lucose 

polymers—amylose ( l inear  and water  soluble) and amylopect in (h ighly branched and 

water  inso luble) .  I t  y ie lds  main ly mal tose (a glucose d isaccharide)  a fter  enzymat ic  

hydro lysis wi th  sa l ivary or  pancreat ic amylase; on ly g lucose af ter  complete 

hydro lysis by st rong ac ids. 



 

Figure 8-12. Peptide bond formation occurs as a 
result of the condensation of the carboxyl group 
of one amino acid with the amino group of 
another. Water is eliminated during this process. 
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(2)  Glycogen,  l ike amylopect in,  is  a h ighly branched, compact  chain of  D-g lucose. 

The main s torage polysacchar ide of  an imal  ce l ls,  i t  is  found most ly in  l iver  and 

muscle and can be hydrolyzed by sa l ivary or  pancreat ic  amylase in to mal tose and 

D-g lucose. 

(3)  Cellulose  (a  water- inso luble s t ruc tural  po lysacchar ide found in  p lant  ce l l  wal ls ) 

is  a  l inear ,  unbranched chain of D-g lucose.  I t  cannot  be d igested by humans 

because the human in test inal  t ract  secretes no enzyme capable of  hydrolyzing i t .  

b.  Heteropolysaccharides  (e.g .,  heparin , hya luronic  ac id)  conta in  two or more 

types of  monomer ic  un i ts .  

(1)  Heparin  (an acid  mucopolysacchar ide)  cons is ts o f sul fate  derivat ives of  D-

g lucuronate,  D-g lucosamine and L-iduronate. I t  can be isola ted f rom lung t issue and 

is  used medica l ly to  prevent  b lood c lo t  formation. 

(2)  Hyaluronic acid,  a component  o f  bacteria l  cel l  wal ls  as  wel l  as  of the v i t reous 

humor and synovia l  f lu id,  consists  o f  a l ternat ing un i ts  o f  N -acetyl -D-glucosamine 

and N -acetyl -muramic  acid . 

4.  Nucleic acids  are l inear  po lymers of nuc leot ides—pyr imidine and pur ine bases 

l inked to r ibose or  deoxyr ibose sugars  (nucleosides)  and bound to phosphate 

groups. The backbone of the nuc le ic  ac id  cons is ts  o f a l ternat ing phosphate and 

pentose uni ts  wi th  a  pur ine or pyr imid ine base at tached to  each. 

a.  Nuc le ic  ac ids  are c lose ly associated wi th  cellular cat ions  and such bas ic  

proteins  as histones  and protamines.  

b.  The two main types of nuc leic ac ids  are DNA  and RNA.  RNA exis ts  in  three 

forms. 

(1)  Ribosomal  RNA (rRNA) funct ions as a f ramework to  bind both messenger and 

t ransfer RNA. I t  is  comprised of  numerous subunits  wi th  the 40S and 60S being the 

most  wel l  known.  

(2)  Messenger  RNA (mRNA) serves as the template for  prote in synthes is  and 

spec i f ies  a po lypept ide 's amino ac id sequence. 



(3)  Transfer  RNA ( tRNA) carr ies  act ivated amino acids to the r ibosomes,  where the 

amino acids are incorporated into  the growing polypept ide chain. 

c .  In  both DNA and RNA, the successive nuc leot ides are joined by phosphodiester 

bonds  between the 5 ′ -hydroxy group of  one nuc leot ide 's  pentose and the 3 ′ -hydroxy 

group of the next  nuc leot ide 's  pentose. 

d.  DNA di f fers  f rom RNA in  that  i t  lacks a hydroxyl  group  a t  the pentose 's  C2 '  

posi t ion, and i t  conta ins  T ra ther  than U. 

e.  DNA st ructure consis ts  o f two α-hel ica l  DNA strands co i led around the same axis  

to  form a double hel ix.  The s t rands are ant ipara l le l—the 5 ′ ,  3 ′ - in ternucleot ide 

phosphodiester  l inks  run in  opposi te d i rect ions. 

(1)  Hydrogen bonding  between spec i f ic  base pairs  A-T and C-G holds the two DNA 

st rands together.  The s t rands are complementary ( the base sequence of  one s t rand 

determines the base sequence of  the other) .  

(2)  The hydrophobic bases  are on the ins ide of  the he l ix;  the hydrophi l ic  

deoxyr ibose-phosphate backbone is  on the outs ide. 

III. BIOCHEMICAL METABOLISM 
A. Overview.  B iochemical  metabol ism is  the review of  pathways that  lead to  the 

synthesis  or  breakdown of  compounds important  to  the l i fe  o f an organism. 

1.  Control  of metabol ism.  Metabol ism is contro l led by substrate concentrat ion,  

enzymes (const i tu t ive or induced),  a l los ter ic  ( regu latory)  enzymes, hormones,  and 

compartmentat ion. 

2.  Catabolism  is  the sum of degradat ion react ions that usual ly release energy for  

usefu l  work  (e.g. ,  mechanica l ,  osmot ic ,  b iosynthet ic ).  

3.  Anabol ism  is  the sum of  biosynthet ic  (bui ld-up)  react ions that  consume energy to 

form new b iochemical  compounds (metabol i tes) .  

4.  Amphibol ic pathways  are those that  may be used for  both catabol ic  as  wel l  as  

anabol ic purposes.  Krebs cycle  breaks down metabol i tes pr imar i ly to  re lease 90% 

of  the to tal  energy of  an organism. I t  a lso draws of f  metabol i tes to form compounds 

such as amino ac ids (e .g. ,  aspar t ic ,  g lutamic ,  alan ine) .  Hemoglobin has i ts  heme 

moiety formed f rom succinyl  coenzyme A (succ inyl  CoA) and g lycine fol lowed by a 

complex set  of  react ions.  
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B. Bioenergetics  

1.  Substrate level  phosphorylat ion  entai ls  the format ion of  one uni t  of  adenos ine 

t r iphosphate (ATP) per  un i t  o f  metabol i te  t ransformed (e.g. ,  succ inyl  CoA to  

succinate,  phosphoenolpyruvate to pyruvate) .  These react ions do not  need oxygen.  

2.  Oxidat ive phosphorylat ion  entai ls  the format ion of  one-and-a-hal f  or  two-and-a-

hal f  uni ts  o f ATP per  uni t  o f  metabol i te  t ransformed by oxidoreductase enzymes 

(e.g.,  dehydrogenases);  these enzymes use f lavin  A dinuc leot ide (FAD) formed f rom 

the vi tamin r ibof lavin , or n icot inamide A d inuc leot ide (NAD+ )  f rom the vi tamin 

n icot inamide as cofactors .  The react ions are coupled to the elec t ron t ransport  

sys tem, and the energy re leased is  used to  form ATP in  the mi tochondr ia. 



C. Carbohydrate metabol ism  

1.  Catabolism.  Th is  process re leases stored energy f rom carbohydrates.  

a.  Glycogenolysis  is  the breakdown of g lycogen in to  glucose phosphate in  the l iver  

and skeletal  musc le.  I t  is  control led by the hormones g lucagon and epinephr ine. 

b.  Glycolysis  is  the breakdown of  sugar phosphates (e.g. ,  g lucose,  fructose,  

g lycero l )  into  pyruvate (aerobica l ly)  or  lac tate (anaerobical ly) .  

2.  Anabol ism.  Th is process consumes energy to  bu i ld  up complex molecules f rom 

s impler  molecules. 

a.  Glycogenesis  is  the format ion of  glycogen in the l iver  and musc les from glucose 

consumed in  the diet ;  i ts  synthesis is  contro l led by the pancreat ic  hormone insul in .  

b.  Gluconeogenesis  is  the format ion of  g lucose from noncarbohydrate sources,  

such as lac tate,  a lan ine, pyruvate, and Krebs cycle  metabol i tes;  fat ty ac ids  cannot  

form g lucose. 

D. Krebs cycle.  Th is  pathway is  also known as the c i t r ic  acid  cyc le ,  serves both 

breakdown and synthet ic purposes,  and occurs  in the mitochondria l  compartment.  

1.  Catabolism.  Th is  pathway conver ts  pyruvate (g lycolys is ) ,  acety l  CoA ( fa t ty ac id  

degradat ion) ,  and amino acids to carbon dioxide and water wi th  a  re lease of  energy.  

The cyc le  is  s t r ic t ly oxygen-dependent  (aerobic) .  Mature red b lood cel ls  lack 

mi tochondr ia ;  hence, there is  no Krebs cycle  act iv i ty.  

2.  Anabol ism.  Th is pathway forms amino ac ids such as asparta te and g lutamate 

f rom cycle  in termediates;  a lso, the porphyr in  r ing of  heme (e.g.,  hemoglobin, 

myoglob in,  cytochromes) is  formed f rom a cyc le in termediate. 

3.  Anaplerot ic  react ions.  Because metabol i tes  are used to  make amino ac ids or  

heme (e.g.,  succ inyl  CoA),  the metabol i te  must  be rep laced by in termediates f rom 

other sources (e.g. ,  glu tamate from the breakdown of  prote in  forms α-ketoglutarate) .  

4.  Electron transport .  The elec t ron t ransport  system accepts  elec t rons and 

hydrogen f rom the oxidat ion of  Krebs cyc le  metabol i tes and couples the energy 

re leased to  synthesize ATP in  the mi tochondr ia. 

E. Lipid metabol ism  

1.  Catabolism. Triglycerides  ( t r iacylg lycero ls)  stored in fat  ce l ls  (adipocytes)  are 

hydro lyzed by hormone-sens i t ive l ipases into  three fa t ty ac ids  and glycero l .  

a.  Fatty acids  are broken down by beta oxidat ion to  acetyl  CoA ( two carbon uni ts ) ,  

which enter the Krebs cyc le to  complete the oxidat ion to  carbon d ioxide and water  

wi th  re lease of  cons iderable energy.  Too rap id breakdown of fa t ty acids  leads to  

ketone bodies (ketogenes is)  as  in  d iabetes mel l i tus . 

b.  Glycerol  enters  glycolys is  and is  oxid ized to  pyruvate and,  v ia  the Krebs cyc le ,  

to  carbon d ioxide and water .  

c .  Steroids  may be conver ted to other  compounds such as b i le  ac ids,  v i tamin D,  or  

s tero ida l  hormones (e.g.,  cor t isone,  est rogens,  androgens) ;  they are not broken 

down complete ly.  

2.  Anabol ism. Biosynthesis  forms fat ty ac ids ,  s tero ids , and other  terpene-re la ted 

metabol i tes. 

a.  Fatty acids  are formed in the cytop lasm, and unsaturat ion occurs  in  the 

mi tochondr ia   
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or  endoplasmic  re t icu lum. Humans cannot  make l ino le ic  ac id ;  thus,  i t  is  important  

that  i t  be inc luded in  the d iet  (essent ial  fa t ty ac id) .  

b.  Terpene compounds  are der ived f rom acetyl  CoA via  mevalonate and include: 

(1)  Cholestero l  and other  s tero ids 

(2)  Fat -so lub le v i tamins ( i .e . ,  A,  D,  E,  K) 

(3)  B i le  acids 

c .  Sphingol ipids  conta in  sphingenine formed f rom palmi toyl  CoA and serine. 

Sphingenine forms a ceramide backbone when joined to fa t ty acids .  The addi t ion of 

sugars,  s ial ic  ac id ,  or  chol ine phosphate forms compounds such as cerebros ides,  

gangl iosides,  or  sphingomyel in  found in  nerve t issues and membranes. 

d.  Phosphatidyl  compounds,  such as phosphat idyl  chol ine ( leci thin) ,  phosphat idyl  

ser ine, or  e thanolamine, are also important  par ts  o f  membranes. 

F.  Nitrogen metabolism.  Ni t rogen metabol ism invo lves amino acid  metabol ism and 

nucleic  acid  metabol ism (see Chapter 9  for  a  discuss ion of  the nucleic  acid  role  in  

ce l l  ac t iv i ty) .  

1.  Catabolism  

a.  Amino acids.  The amino group is  removed by a t ransaminase enzyme.  The 

carbon skeleton is  broken down to acetyl  CoA (ketogenic  amino ac ids)  or to  c i t r ic  

ac id  cyc le  in termediates (g lycogenic  amino acids) and oxid ized to  carbon d ioxide 

and water for energy.  Glycogenic  amino acids form glucose as needed via 

g luconeogenesis;  some amino acids are both ketogenic and glycogenic (e.g. ,  

tyros ine) .  

b.  Purines  are salvaged (90%),  and the remain ing 10% are degraded in  a sequence 

that  inc ludes xanthine oxidase forming uric  acid  in  humans. 

c .  Pyrimidines  are catabol ized to  β-alan ine,  ammonia, and carbon d ioxide. 

2.  Anabol ism  

a.  Amino acids  are formed f rom the ci t r ic  acid  cyc le intermediates (see I I I  D 2) ;  

o thers  must  be eaten dai ly in  d ietary proteins .  The lat ter are ca l led essent ia l  amino 

ac ids (phenyla lan ine,  val ine, t ryptophan [PVT] ;  threonine,  isoleuc ine, meth ion ine 

[TIM] ;  h ist id ine,  arg in ine in  in fants ,  lys ine, leucine [HALL]) .  

b.  Purines  are formed by complex react ions us ing carbamoyl phosphate, aspar tate, 

g lu tamine,  glyc ine, carbon dioxide,  and formyl  tet rahydrofola te. 

c .  Pyrimidines  are formed f rom asparta te and carbamoyl  phosphate in  a mul t is tep 

process. 

G. Nitrogen excretion.  Excess ni t rogen must  be e l iminated because i t  is  toxic .  

Humans pr imari ly excrete urea but  a lso excrete ur ic  acid . 

1.  Urea synthesis.  The Krebs-Henselei t  pathway is  used to  form urea pr inc ipa l ly 

in  the l iver .  The ammonia is  removed f rom amino acids by amino acid  t ransferases 

( t ransaminases)  that  use pyr idoxal  phosphate (v i tamin B6 )  as  a coenzyme. 

Glutamine  is  formed f rom glutamate (an intermediate)  and ammonia;  glu tamine and 

carbon d ioxide form carbamoyl phosphate,  which enters  the urea cyc le and af ter  

several  s teps forms urea.  

2.  Uric acid synthesis.  A l though most  pur ines are sa lvaged, humans excrete  the 

remaining purines as ur ic  ac id . 
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STUDY QUESTIONS 
Direct ions:  Each of  the numbered i tems or  incomplete s ta tements  in  this  sect ion is  

fo l lowed by answers or  by complet ions of the sta tement .  Select the one  let tered 

answer or complet ion that  is  best  in  each case. 

1.  Which of  the fol lowing functional groups can react  with hydrochloric acid to 

form a salt? 

(A)  Ter t iary amines 

(B)  Carboxyl ic  acids 

(C) Amides 

(D) Ethers 

(E)  Secondary alcohols 

View Answer1.  The answer is  A[] .2.  The compound shown contains al l  of  

the fol lowing functional  groups EXCEPT: 

 

(A)  a  phenol 

(B)  a  subst i tuted phenyl  r ing 

(C) an ester 

(D)  an a l icycl ic  ni t rogen 

(E)  a  ketone 

View Answer2.  The answer is  C[] .3.  Which of the following functional 

groups is  most susceptible to hydrolysis? 

(A)  R—CO—R 

(B) R—COOR 

(C) R—O—R 

(D) R—NH—CH3  

(E)  R—COOH 



View Answer3.  The answer is  B[] .4.  Monomer units of  proteins are known 

as 

(A)  monosaccharides 

(B)  prosthet ic  groups 

(C) amino ac ids 

(D) purines 

(E)  nuc leos ides 

View Answer4.  The answer is  C[] .5.  Which of the following formulas 

represents the zwitterion form of an amino acid? 

 

V iew Answer5.  The answer is  D[] .6.  Glucose is a carbohydrate that  

cannot be hydrolyzed into a simpler substance.  I t  is  best described as 

(A)  a  sugar 

(B)  a  monosacchar ide 

(C) a  disacchar ide 

(D) a  po lysacchar ide 



(E)  an o l igosaccharide 

View Answer6.  The answer is  B[] .7.  Al l  of the fol lowing carbohydrates 

are considered to be polysaccharides EXCEPT 

(A)  heparin 

(B)  s tarch 

(C) g lycogen 

(D) mal tose 

(E)  cel lu lose 

View Answer7.  The answer is  D[] .8.  Which of the following compounds 

are considered the bui lding blocks of  nucleic acids? 

(A)  Nucleot ides 

(B)  Nucleosides 

(C) Monosacchar ides 

(D) Pur ines 

(E)  Amino ac ids 

View Answer8.  The answer is  A[] .P.172 

 

 

9.  Which of  the fol lowing terms best describes a cofactor that  is  f i rmly bound 

to an apoenzyme? 

(A)  Holoenzyme 

(B)  Prosthet ic  group 

(C) Coenzyme 

(D) Transferase 

(E)  Heteropolysacchar ide 

View Answer9.  The answer is  B[and] .O10.  Enzymes that  uncouple peptide 

l inkages are best classif ied as 

(A)  hydrolases 

(B)  l igases 

(C) oxidoreductases 

(D) t ransferases 

(E)  isomerases 

View Answer10. The answer is  A[] .11. The sugar that  is  inherent in the 

nucleic acids RNA and DNA is 

(A)  g lucose 

(B)  sucrose 

(C) r ibose 

(D) d ig i toxose 

(E)  mal tose 

View Answer11. The answer is  C[] .Directions:  Each i tem below conta ins 

three suggested answers of  which one or more  is  correct .  Choose the answer.  

12.  Which of the fol lowing functional groups can form a hydrogen bond? 

I .  An aromatic amine 

I I .  A tert iary hydroxyl  

I I I .  An aromatic hydrocarbon 



A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer12. The answer is  C[] .13. Which of  the fol lowing functional  

groups commonly undergoes conjugation with glucuronic acid? 

I .  A carboxyl ic  acid 

I I .  A primary amine 

I I I .  A phenol 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer13. The answer is  E[] .Questions 14-16  

The fo l lowing quest ions re fer  to  the drug molecule shown below.  

 

14.  The functional  groups that  enhance this compound's abil i ty to cross cel l  

membranes include: 

I .  the phenyl  r ings 

I I .  the central  a lkyl  chain 

I I I .  the secondary and tert iary hydroxyls  

A i f  I  only is  correct 

B i f  I I I  only is  correct 

C i f  I  and I I  are correct 

D i f  I I  and I I I  are correct  

E i f  I ,  I I ,  and I I I  are correct 

15.  Based upon the functional  groups present, this drug would be expected to 

be able to form: 

I .  van der Waals interact ions 



I I .  ionic bonds 

I I I .  hydrogen bonds 

A i f  I  only is  correct 

B i f  I I I  only is  correct 

C i f  I  and I I  are correct 

D i f  I I  and I I I  are correct  

E i f  I ,  I I ,  and I I I  are correct 

16.  Possible metabol ic pathways for this drug include: 

I .  reduction of the carboxyl ic  acid 

I I .  hydrolyt ic  cleavage 

I I I .  aromatic oxidat ion 

A i f  I  only is  correct 

B i f  I I I  only is  correct 

C i f  I  and I I  are correct 

D i f  I I  and I I I  are correct  

E i f  I ,  I I ,  and I I I  are correct 

View Answer14-16.  The answers are: 14-C[] ,15-E ( I ,  I I ,  and I I I )[ ] ,16-B 

( I I I )[ ] .P.173 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  A  [ I  C 2 c ] .  

Substances that react wi th  ac ids  to  form sa l ts  must  be bases.  Only organic  

compounds that conta in the n i t rogen-conta in ing amine group are bases.  Whi le  

amides conta in  ni t rogen, the adjacent  carbonyl  group decreases the bas ic i ty;  

therefore,  they are essent ial ly  neutra l .  

2.  The answer is  C  [Figures 8-4,  8-7,  8-8, 8-10 ] .  

As shown in  F igure 8-8,  es ters  have a carbonyl  atom d i rect ly bonded to  an oxygen 

atom. This  s t ruc tura l  feature is not  present  in  this  compound. However,  the 

compound does have three subst i tu ted phenyl  r ings,  two phenols , a  ter t iary a l icyc l ic  

n i t rogen,  a ketone,  and an ether.  

3.  The answer is  B  [ I  E 2 b ] .  

Hydro lys is  is  a  double decomposi t ion react ion in which water  is one of  the 

reactants . Esters ,  par t icu lar ly s imple esters ,  commonly undergo hydro lys is .  Certa in  

types of  e thers such as g lycos ides also undergo hydro lysis,  but  they usual ly requi re  

s t rongly a lka l ine condi t ions or  a catalys t  such as an enzyme.  Ketones,  amines,  or  

carboxyl ic  ac ids  do not  undergo hydro lys is .  

4.  The answer is  C  [ I I  B 1,  I I  E 1 ] .  

Proteins  are large molecules wi th  molecular  weights  ranging f rom 5000 to more than 

1 mi l l ion da l tons.  Al l  prote ins  are composed of  cha ins of  amino ac ids and can be 

hydro lyzed to  y ie ld a  mixture of  thei r  respect ive amino ac ids.  There are 20 α-amino 

ac ids,  which are commonly found in prote ins.  Al l  the natural ly occurr ing amino acids 

in  proteins  are L-enant iomers,  wi th  the except ion o f  glyc ine. Al l  have at least  one 

amino group and one carboxyl  group. The amino ac ids are l inked together through 



the amino group of  one amino acid  and the carboxyl  group of  another  amino acid  

wi th  the spl i t t ing out  o f  a water  molecule to  form an amide l inkage, which in  a 

protein  is re ferred to  as a pept ide. Monosaccharides are s imple,  nonhydro lyzable 

sugars.  Purines and pyr imidines are organic  bases,  whi le  a  prosthet ic group is a  

cofactor  that is  f i rmly bound to  an apoenzyme. 

5.  The answer is  D  [ I  A 1 a,  I I  B 2,  3 ,  I I  E 1,  Figures 8-2,  8-11, 8-12 ] .  

A zwi t ter ion is  a  s ingle  species conta in ing both negat ive and pos i t ive charges.  I t  

sometimes is re ferred to  as an in ternal  sa l t .  Amino ac ids have an amino group and a 

carboxyl  group in  the same molecule.  The amino group,  which is  bas ic ,  at t rac ts the 

proton f rom the carboxyl  group and becomes posi t ive ly charged,  whi le  the carboxyl  

group becomes negat ively charged when i t  donates i ts proton to the amino group. 

Amino ac ids exis t  as  zwi t ter ions at  near  neutra l  pH such as occurs  wi thin  a  ce l l  or  in  

the b loodstream. 

6.  The answer is  B  [ I I  C 1 ] .  

Whi le  glucose is a  sugar,  i t  is  more speci f ical ly a s imple sugar that  cannot  be 

hydro lyzed in to  more simple sugars—thus, i t  is  c lass i f ied as a monosaccharide.  

Sugars  may be simple,  such as glucose,  or  complex,  such as sucrose,  and are 

c lass i f ied as disacchar ides or  ol igosacchar ides,  respect ive ly.  Polysaccharides 

cons is t  o f  long chains of monosacchar ides such as cel lu lose and g lycogen. 

7.  The answer is  D  [ I I  C 2 b, 3 , E 3 a,  b ] .  

Po lysaccharides are long-chain po lymers of  sugars . As the pref ix “po ly”  ind icates,  

there are many sugar uni ts  in the molecule. Mal tose is  composed of two molecules 

of  glucose and is  c lassi f ied as a disacchar ide or an ol igosacchar ide. 

8.  The answer is  A  [ I I  D,  E 4 ] .  

Nuc le ic  ac ids  are l inear  po lymers of  nuc leot ides that  consist  o f  three d i f ferent 

molecules that  are covalent ly l inked to  form one un i t :  (1) an organic base of  ei ther  a  

pur ine or  a pyr imidine;  (2)  a  5-carbon sugar (e .g.,  pentose);  and (3)  a phosphor ic  

ac id  group.  A nuc leoside consis ts  o f  the organic  base and the pentose. A 

monosacchar ide is  a  s imple nonhydrolyzable carbohydrate, which may be 

cons idered a bui ld ing block of polysaccharides. Pur ines are heterocycl ic  bases.  

Adenine and guanine are the two purines found in deoxyr ibonucle ic  ac id  (DNA) and 

r ibonuc leic ac id (RNA).  Amino ac ids are the bu i ld ing blocks of  protein . 
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9.  The answer is  B  [ I I  E 2 b, c and  d ] .  

Complex,  or  conjugated, enzymes conta in  a nonprotein  group ca l led a cofactor ,  

which is  requi red for  bio log ic  act iv i ty.  In  many cases,  the cofactor  is qui te f i rmly 

bound to  the prote in.  In  o thers , the binding occurs  on ly dur ing the react ion that  the 

enzyme cata lyzes. Cofactors that  are f i rmly bound to  the protein  are known as 

prosthet ic  groups, whereas those that  are act ive ly bound to  the protein  on ly during 

cata lysis  are re ferred to as coenzymes. 

A holoenzyme is  a  complete,  cata lyt ica l ly ac t ive enzyme system. A t ransferase is  an 

enzyme that catalyzes the t ransfer  o f  groups f rom one substance to another ,  such 

as catechol-O -methyl  t ransferase (COMT).  A heteropolysaccharide is  a  



polysacchar ide that conta ins  two or  more d i f ferent  monomeric uni ts,  such as 

hepar in. 

10.  The answer is  A  [ I I  E 2 d ] .  

A pept ide l inkage is  an amide funct ional  group formed f rom the loss of  a  molecule of  

water  f rom two amino acids.  Uncoupl ing this l inkage is the reverse of  th is react ion, 

a  hydrolys is  react ion. A hydro lase is  an enzyme that  cata lyzes hydrolys is  react ions.  

More spec i f ic  terms for an enzyme that  cata lyzes the hydro lys is  o f proteins  are 

amidase or  pept idase.  A l igase catalyzes the coupl ing of  two molecules.  An 

oxidoreductase catalyzes oxidat ion react ions.  A transferase catalyzes the t ransfer  

o f  groups f rom one substance to  another .  An isomerase catalyzes the 

in terconversion of one isomer to another .  

11.  The answer is  C  [ I I  E 4 ] .  

Nuc le ic  ac ids  are b iopolymers consist ing of  long chains of  nucleot ides. Nuc leot ides 

conta in  a pentose monosaccharide as one of  thei r  three const i tuents .  RNA contains ,  

as  the name suggests ,  the monosacchar ide r ibose,  whereas DNA contains  

deoxyr ibose.  The only d i f ference between these two sugars  is  the absence of  

oxygen in  the 2 pos i t ion of  the r ibose r ing.  Glucose,  a lso known as dext rose,  is a  

hexose.  Dig i toxose is  a  deoxyhexose present  in  the d igi tal is  glycos ides.  Sucrose 

and mal tose are d isacchar ides. 

12.  The answer is  C  ( I ,  I I )  [ I  C 2 b,  D 1 a, F 3 a ] .  

Hydrogen bonds are a special ized type of  d ipo le bond in  which a hydrogen atom 

serves as a br idge between two e lec t ronegat ive atoms. Hydrogen-bond donors  

include hydroxyl  groups, phenols , amines,  and amides.  Hydrogen-bond acceptors  

include hydroxyl  groups, phenols , unionized n i trogen atoms,  ketones,  and ethers.  

Hydrocarbons, regardless i f  they are a l iphat ic ,  a l icyc l ic ,  or  aromatic,  are not  

capable of  forming hydrogen bonds. 

13.  The answer is  E  ( I ,  I I ,  and I I I )  [ I  B 2 e, C 2 d, D 2 d ] .  

Glucuronide conjugat ion is  the most common phase I I  metabol ic  pathway for  two 

reasons:  (1)  The body has a readi ly avai lab le supply of  glucuronic  ac id ,  and (2)  

there are a large number of  funct ional  groups that  can react  wi th  th is  compound.  

Included among these funct ional  groups are carboxyl ic  acids ,  pr imary,  secondary 

and ter t iary amines,  and phenols . 

14-16.  The answers are: 14-C  ( I ,  I I )  [ I  A 1,  D 1 b,  F 1,  3 ] ,  15-E ( I ,  I I ,  and I I I )  [ I  B 2 

b,  C 2 b,  D 1 a,  F 1 a,  3 a ] ,  16-B ( I I I )  [ I  B 2 e,  E 2 b,  F 3 b ] .  

L ipophi l ic  funct ional  groups increase a drug 's  abi l i ty  to  cross ce l l  membranes.  The 

three aromat ic  phenyl  r ings,  as wel l  as  the a l iphat ic  butyl  chain connect ing the 

centra l  phenyl  r ing to  the n i t rogen of  the p iperadine r ing,  are a l l  l ipophi l ic  ( i .e. ,  

hydrophobic) and contr ibute to  the drug 's  passage through ce l l  membranes.  The 

hydroxyl  groups,  as  wel l  as  the acidic  carboxyl ic  ac id  and the bas ic  al icycl ic amine,  

are al l  hydrophi l ic  and enhance the overa l l  water solubi l i ty  o f the compound. 

The phenyl  r ings,  as  wel l  as  the centra l  a lkyl  chain and the methyl  groups, are 

capable of  forming van der  W aals  in teract ions wi th  aromat ic  and a l iphat ic  

hydrocarbon reg ions on receptor  molecules.  The carboxyl ic  ac id and the bas ic  

n i t rogen are capable of  forming both ionic  and hydrogen bonds, whi le  the hydroxyl  

groups are a lso capable of  forming hydrogen bonds. 



Of the metabol ic  pathways l is ted,  aromatic oxidat ion is  the on ly plausib le choice.  

The two unsubst i tu ted phenyl  r ings are very suscept ible  to  hydroxyla t ion,  

epoxidat ion, and/or  dio l  format ion.  Carboxyl ic  acids  are not normal ly reduced,  but  

ra ther  conjugated wi th  ei ther  g lucuronic acid,  glyc ine or g lu tamine. Esters,  amides 

and thei r  cyc l ic derivat ives,  lac tones and lac tams,  are the primary funct ional  groups 

that  undergo hydro lysis.  None of  these funct ional  groups are present  in  the 

compound shown.  
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Microbiology 
Gail  Goodman-Snitkoff 

I. SCOPE OF MICROBIOLOGY. 
Microbiology is  the study of  organisms f rom three domains as wel l  as  acel lu lar  

ent i t ies  that are not  considered to  be l iv ing in  the b iolog ica l  sense. 

A. Domains of  l iving organisms  

1.  Archaea  inc lude prokaryotes wi th  ce l l  wal ls  that  are biochemical ly di f ferent f rom 

bacter ia  and that  inhabi t  ext reme envi ronments  of  heat ,  cold , pH,  or  sa l ts .  Archaea 

are not  a  medica l ly important domain of  microorganisms. 

2.  Eukarya  conta ins  some microorganisms—for example,  fungi  (yeasts  and molds) ,  

protozoa,  and a lgae—along wi th  macroscopic  organisms such as mushrooms, 

p lants,  and animals.  Dimorphic fungi  are those that  can exis t  in  e i ther  the 

un icel lu lar  (yeast)  or  the f i lamentous (mold)  phase,  depending on the incubat ion 

temperature (e .g. ,  Histop lasma  and Blastomyces ) .  

a.  Fungi  are c lass i f ied in to  phyla based on the type of  reproduct ive st ructures 

observed or  the lack of  observable sexual  reproduct ive st ruc tures. 

(1)  Ascomycota  (ascus) (e .g. ,  Candida  and Histop lasma )  

(2)  Basidiomycota  (bas id ium) (e .g.,  Cryptococcus )  

(3)  Zygomycota  (zygote)  (e .g. ,  Rhizopus )  

(4)  Deuteromycota  (asexual ,  a lso cal led fungi  imperfect i )  (e .g .,  Coccidio ides ) .  

Recent ly,  some sexual  reproduct ive s ta tes have been ident i f ied in fungi  c lass i f ied 

as be longing to Deuteromycota. 

b.  Protozoa,  un icel lu lar ,  nonphotosynthet ic  eukaryotes character ized by mode of  

moti l i ty ,  include the fo l lowing:  

(1)  Mastigophora  ( f lagel la tes)  (e .g. ,  Giardia )  

(2)  Sarcodina  (amoebae) (e .g. ,  Entamoeba )  

(3)  Ci l iophora  (c i l iates)  (e .g.,  Balant idium )  

(4)  Sporozoa  (nonmoti le)  (e .g. ,  Plasmodium )  

3.  Bacteria  conta in a wide var ie ty of  prokaryotes,  inc lud ing gram-posi t ive and gram-

negat ive bacteria .  Sect ions I I -VI I  character ize bacteria  in  more detai l .  

B. Nonl iving,  but medical ly signif icant enti t ies  are the fol lowing 

1.  Viruses  (see VI I I ) ,  which are c lassi f ied by:  

a.  Capsid structure,  which is  the prote in coat ing around the nuc le ic  ac id 

b.  Type and strandedness of nucleic acid,  which could be DNA or  RNA, e i ther  

s ing le  or  double s t randed 

c .  Presence or  absence of  a  l ip id envelope  surrounding the prote in capsid 

d.  Presence of enzymes,  which may be e i ther  incorporated in to the l ip id  envelope 

or  found in the caps id near  the nucle ic  acid 

2.  Prions,  infect ious proteins,  are impl icated in some spongi form 

encephalopath ies (e .g. ,  mad cow d isease,  Creutzfe ld t -Jakob disease,  and kuru) .  

II. TAXONOMY AND NOMENCLATURE OF BACTERIA 



A. Taxonomy is  c lass i f icat ion or order ing in to  groups based on degree of  

re latedness. Bacteria  are prokaryotes  that  be long to  the Bacter ia  domain and the 

Eubacteria  k ingdom and are grouped and named pr imar i ly by morphology, 

b iochemical  and metabol ic  d i f ferences,  and immunologic  and genet ic  re la t ionships.  

DNA technology has led to  the reclassi f icat ion of some organisms based on DNA 

sequences and homology.  Bacter ia  are named us ing the Linnaean  or binomial  

sys tem as a genus and species (e.g.,  Homo sapiens  is  the genus and species for 

humans).  
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B. Morphology is  the c lass i f icat ion of  bacteria  by shape and s t ructure. 

1.  Cultural  morphology is  based on the s ize,  shape, and texture of  colon ies that  

are grown in  pure cu l ture on an agar  pla te.  Each colony or iginates f rom a colony-

forming unit  (CFU),  cons is t ing of  a s ingle  cel l  or group of  adherent ce l ls .  

2.  Microscopic morphology describes bacteria  on the basis  o f  the s ize,  shape,  and 

arrangement  o f the ce l ls (see I I .C and D). 

C. Stains.  Because of  the i r  smal l  s ize and re la t ive t ransparency, bacter ia must  be 

s tained to  be vis ible  under the l ight  microscope.  Sta ining is  also used as a 

c lass i f icat ion system. The major types of  s tain ing react ions are the fo l lowing: 

1.  Simple stain.  A s ing le  dye (e.g. ,  Gent ian v iole t ,  saf ranin)  that co lors  the ce l ls.  

2.  Gram stain.  A d i f ferent ial  s tain ing procedure that  d iv ides bacter ial  ce l ls  in to  

e i ther  gram-pos i t ive (purp le) or  gram-negative (p ink) .  

3.  Acid-fast  stain.  A procedure that  sta ins ce l ls  that  have an outer  layer  o f  a  waxy 

l ip id  (acid fast )  but  not  ce l ls  that lack that  layer  (non-acid- fas t) .  

4.  Spore stain.  A procedure that  uses heat to he lp dye enter the spore. 

5.  Capsule stain.  Two dyes are used to s ta in  the cel l  and the background,  a l lowing 

visual izat ion of the unsta ined capsular materia l .  

D. Bacteria l cel l  shape and arrangement  

1.  Cocci  are spherica l  and exis t  in  chains (Streptococcus pyogenes ) ,  pa irs  or 

d iplococc i  (Streptococcus pneumoniae,  Neisser ia gonorrhoeae ) ,  c lusters  

(s taphylococc i ) ,  and packets  of  four  or  eight  (sarc inae) .  

2.  Baci l l i  are cyl indr ica l  and rod-shaped organisms (pseudomonads,  Escher ichia ) .  

3.  Coccobacil l i  are short  rounded rods (Brucel la ) .  

4.  Spirochetes and spiri l la  are hel ica l ,  l i ke a corkscrew (Treponema pal l idum ) ;  

sp i r i l la  are r ig id  hel ices,  whereas spi rochetes are f lexib le hel ices. 

5.  Fusobacteria  have tapered ends and are s l ight ly curved ( i .e . ,  fusi form; 

Fusobacter ium mort i ferum ) .  

6.  Filamentous  organisms are branching organisms and are assoc iated wi th  mold-

l ike bacter ia  (Actinomyces bov is ) .  

7.  Vibrios  are comma shaped rods (Vibrio  cholerae ) .  

8.  Pleomorphic  organisms exis t  in  var ied forms (Haemophi lus , Legionel la ,  

Corynebacter ia ) .  

E. Other classif ication parameters  

1.  Presence or absence  o f  



a.  Spores  used for  surviva l  (Baci l lus  anthrac is ) .  

b.  Capsules  or  slime layers  used for  adherence.  Capsules are also ant iphagocyt ic  

(Streptococcus pneumoniae, Neisser ia  meningi t id is ) .  

2.  Moti l i ty and the type of  f lagella  

a.  Monotrichous.  A s ingle  f lagel lum 

b.  Lophotrichous.  A tuf t  o f  f lagel la  a t  one pole 

c .  Amphitr ichous.  A f lagel lum at both po les 

d.  Peri trichous.  F lagel la  d is t r ibuted evenly over the ent i re ce l l  

e.  Axial  f i laments.  Per ip lasmic f lagel la  wrapped around spi rochetes 

f .  Gl iding moti l i ty.  As demonstrated by s l ime molds 
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III. STRUCTURE OF THE PROKARYOTIC CELL 
A. Overview.  Prokaryot ic  ce l ls  (bacter ia) are small  and re la t ively simple  (F igure 9-

1) .  They have the fo l lowing character is t ics : 

1.  Contain no internal  membrane bound organel les  but  have complex ce l l  wal l  

s t ruc tures 

2.  Lack a t rue nucleus,  a nuc lear  membrane, and in t racytop lasmic  membranous 

organel les  (e.g.,  plas t ids,  endoplasmic re t icu lum, vacuoles) 

3.  Mul t ip ly asexual ly by binary f ission  ra ther than by mi tosis or  meios is 

4.  Protein synthesis  is  mediated by 70s rather  than by 80s r ibosomes. 

5.  Bacter ial  genet ic  in formation is  arranged on a s ing le  superco i led c i rcular  st rand 

of  double-s t randed DNA; the nucleoid  is  the area of  the cel l  contain ing the t ight ly 

co i led chromosome. 

6.  Some bacter ia contain s torage granules,  or  inclusion bodies, the s tain ing of  these 

granules may also be usefu l  in ident i fy ing the bacteria .  

B. External  structures  

1.  Capsule and sl ime layer  

a.  The capsule  is  an adherent ,  surface coat  made up of  long chain repeats  of  

carbohydrates or pept ides.  The capsule d i f fers  in  composit ion among bacter ia o f  

d i f ferent  genus and species.  Ant igenic  d i f ferences among capsules can be used to  

ident i fy s t ra ins  wi thin  a  s ing le  spec ies of  bacteria  (Streptococcus pneumoniae ) .  

Capsules are usual ly polysacchar ide in  nature;  however,  the capsule of Baci l lus  is  

po lypept ide. The capsule has severa l  funct ions: 

(1)  Increases the virulence  (degree of  organism pathogenic i ty)  o f a  microorganism 

(2)  Prevents phagocytosis  o f  the organism by macrophages and neutrophi ls 

(3)  A ids  in adherence  o f  the organism to host ce l ls 

b.  I f  the polysaccharide is  nonadherent,  i t  is  ca l led a sl ime layer.  



 

Figure 9-1. Structure of a procaryote cell. 
[Adapted with permission from Winn WC Jr, 
Allen SD, Janda WM, et al. Koneman's Color 
Atlas and Textbook of Diagnostic Microbiology, 
6th ed. Philadelphia: Lippincott Williams & 
Wilkins, 2006.] 
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c .  Transformation  f rom smooth to rough colon ies on media indicates capsule loss.  

Concurrent ly,  there is  a  loss of v i rulence. This capsular  materia l  is  immunogenic,  

thereby induc ing the product ion of  antibodies,  which act  as opsonins to  enhance 

phagocytosis  (opsonization ) .  

2.  Flagel la  are prote inaceous,  he l ica l ly coi led organs used for  movement  that  

extend outward f rom the cytoplasm through the ce l l  wal l  in to  the environment  

(F igure 9-2) .  F lagel la  rotate e i ther  c lockwise or  counterclockwise,  al lowing a series  

of  runs and tumbles in  response to chemicals  in  the envi ronment .  The di rec t ion of  

movement  is  contro l led by a complex mechanism involv ing chemoreceptors  and an 

in t racel lu lar  cascade of  methyla t ion and phosphoryla t ion react ions,  caus ing bacter ia  

to  move toward nutr ient  chemoat t rac tants  and away f rom repel lants. 

a.  Structure  

(1)  Flagel la  are composed of  f lagel l in,  a  protein  ca l led Hantigen,  which is  

ant igenica l ly d is t inc t  f rom other f lagel la  in  eucaryotes. 

(2)  Flagel la  have three parts:  

(a)  Basal  body 

( i )  At taches the f lagel la  to  the cytop lasmic  membrane and ce l l  wal l  



 

Figure 9-2. Structure of a procaryote flagella 
from a Gram-negative organism. [Adapted with 
permission from Winn WC Jr, Allen SD, Janda 
WM, et al. Koneman's Color Atlas and Textbook 
of Diagnostic Microbiology, 6th ed. Philadelphia: 
Lippincott Williams & Wilkins, 2006.] 
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( i i )  The number of  r ings that  make up the basal  body d i f fer in gram-posi t ive ( two)  

and gram-negat ive (four) organisms.  The L and P r ings are absent  in  Gram-pos i t ive 

organisms. 

(b)  Hook  

(c)  Filament  

b.  Periplasmic f lagella ,  a lso cal led axial  f i laments,  occur  in spi rochetes and are 

embedded in to  the cel l  wal l 's  outer  membrane.  Because they cause a corkscrew 

type of mot ion on contract ion,  these organisms are not  hindered by the v iscosi ty o f  

media. 

3.  Pi l i  ( f imbriae )  are prote inaceous, hai r - l ike extensions that  are shorter  than 

f lagel la  and composed of  regular ly arranged prote in  subuni ts  ca l led pi lin  or  

f imbri l in.  They are more common in  gram-negat ive organisms but  can be found in  

gram-pos i t ive organisms.  There are two morpholog ical  and funct ional  varie t ies: 

a.  Common  (a t tachment)  p i l i  

(1)  Appear in greater  numbers than sex p i l i  

(2)  Have adhesive proper t ies ,  which are important  in the format ion of  bio f i lms 

(3)  Are lec t ins ,  which are responsible  for  t rophism, the ab i l i ty  o f  the organism to 

b ind to spec i f ic  receptors  on host ce l ls 

b.  Sex  (conjugat ive or  F) p i l i  

(1)  Are longer than common p i l i  

(2)  Form in  groups of < 10 

(3)  Are involved in  the t ransport  o f  DNA between donor  and recip ient ce l ls 

C. The cel l  wall ,  periplasmic space,  and cytoplasmic membrane  

1.  The cel l  wal l  is  r ig id.  Al though i t  provides the genera l  shape of  the ce l l ,  i ts  

funct ion is  to  protect  the cel l  f rom osmot ic  shock. I f  the cel l  wal l  is  destroyed,  the 

bacter ia l  cel ls  are suscept ible  to  a l terat ions in  the ton ic i ty of  the envi ronment .  The 

wal l  is  composed of  a  bas ic  peptidoglycan layer ,  which in  turn is  composed of  

repeat ing d isacchar ide un i ts  (a polymer of  N-acetylglucosamine  and N -



acetylmuramic acid ) ,  wi th  a  four-amino-ac id  s ide chain that  is  covalent ly l inked to 

amino acids f rom neighbor ing disacchar ide un i ts ,  fo rming a s table cross-l inked 

s t ruc ture.  Most  bacter ia are designated as e i ther gram-posi t ive or  gram-negative,  

based on fundamenta l  d i f ferences in the components  of the ce l l  wal l .  Owing to  the 

un iqueness and the importance of  the cel l  wal l  to bacter ia l  v iabi l i ty ,  i t  is  the target 

o f  many ant ib io t ic  agents . 

a.  Gram-posit ive organisms  have a th ick  cel l  wal l ,  which is  90% pept idoglycan,  

wi th  extens ive cross- l inking that  is  approximately 40 layers  th ick  and forms a 

layered network  around the cytoplasmic  membrane.  W ithin  the cel l  wal l ,  a var ie ty of  

e lements serve to s tabi l ize the cel l  wal l ,  maintain i ts associat ion wi th  the 

cytoplasmic  membrane,  and act  as  receptors  and ant igenic  determinants.  These 

e lements inc lude proteins ,  po lysacchar ides and te ichoic  acid  (g lycerol  or r ib i to l  

phosphodiesters) .  

(1)  Teichoic acids  (g lycero l  or  r ib i tol  phosphodiesters) 

(a)  Membrane-associated teichoic acids  ( l ipote ichoic  acid)  are covalent ly l inked to  

g lycol ip ids  of  the cytoplasmic  membrane. 

(b)  Wal l -associated teichoic acids  are covalent ly l inked to  the g lycan chain of 

pept idoglycan. 

b.  Gram-negative organisms'  ce l l  wal ls  are mult i layered wi th  a th in pept idoglycan 

layer  that has no te ichoic  ac ids . External  to  th is  is  the outer membrane,  a  complex 

ce l l  wal l  layer ,  which is  l inked to  the pept idoglycan layer  by the l ipoprotein  layer .  

The outer  membrane acts  as a hydrophobic  d i f fus ion barr ier  and consists o f 

(1)  Phosphol ipid,  a  bi  layer  s imi lar  to the cytop lasmic  membrane wi th  prote in  

channels,  ca l led porins,  for  nut r ient  t ransport .  The phosphol ip id  layer  of  the outer  

membrane faces the cytop lasmic  membrane. 

(2)  The l ipopolysaccharide (LPS)  component  pro jec ts  f rom the ce l l  sur face and is  

both toxic  and ant igenic  (O antigen ) .  In  a  gram-negative organism, the LPS blocks 

dif fusion  o f  low molecular  weight substances in to  the ce l l ,  so ant ib io t ics  and 

chemicals that  at tack the cel l  wal l  (e .g . ,  lysozyme,  penic i l l in )  cannot eas i ly pass 

through. LPS, a lso known as endotoxin,  is  toxic  to  humans and is  composed of  

three par ts:  

(a)  Lipid A:  toxic  por t ion that can e i ther  s lough of f  in tac t  cel ls  or be re leased into  

c i rcu la t ion upon lys is  of  the cel l ,  causing nonspec i f ic  inf lammation,  including 

d iarrhea,  fever ,  and sept ic  shock 
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(b)  Core polysaccharide:  s imi lar  wi th in  genera 

(c)  O-specific  s ide chain:  spec ies spec i f ic  

(3)  Protein  

2.  The periplasmic space,  an area between the ce l l  wal l  and the cytoplasmic  

membrane, conta ins  a ge l  of  several  types of  molecu les (e .g. ,  hydro lyt ic  enzymes,  

per ip lasmic-b inding prote ins)  that process molecules before they enter the 

cytoplasm. I t  a lso contains  prote ins  that ac t  as  chemoreceptors  for  chemotaxis ,  



others  that  ac t  as  carr iers  o f nut r ients  (s imi lar  to  carr iers  in  the cytoplasmic  

membrane),  and ant ib io t ic - inact ivat ing enzymes. 

3.  The cytoplasmic membrane  is  a phosphol ip id  b i layer  matr ix o f  a fa t ty ac id  core 

(hydrophobic) and glycero l  phosphate (hydrophi l ic ) .  In  the presence of  prote ins 

embedded in  the matr ix,  these membranes are act ive ly and passive ly engaged in  

several  cel lular functions.  

a.  Transportat ion  of  nutr ients  through 

(1)  Passive di f fusion 

(2)  Fac i l i ta ted d i f fusion 

(3)  Act ive t ransport  ( th is method is  the on ly one that  ac t ive ly uses energy because 

molecules are moving in to  the ce l l  against  a  concentrat ion gradient) 

b.  The s i te  o f respirat ion proteins  used for  electron transport  and energy 

format ion 

c .  Enzymes  invo lved in  the assembly of  the cel l  wal l  components 

d.  Secret ion of exotoxins  and other  substances for  the breakdown of  

macromolecules 

D. Internal  structures  

1.  Storage granules  are inc lus ion bodies used for  food or energy s torage (e.g.,  

po lyphosphate complexes,  carbohydrate).  

2.  Ribosomes  are ce l lu lar  uni ts  that  synthes ize protein  by the t rans lat ion of  

messenger RNA (mRNA) base sequences in to  amino acid  prote in  sequences.  These 

r ibosomes,  un l ike those in  eukaryot ic  ce l ls ,  are 70s uni ts  and are not  assoc iated 

wi th  membranes such as mitochondr ia  or  rough endoplasmic re t icu lum. 

3.  The nuclear region  of  bacter ia is  a  condensed area (a nucleoid)  conta ining the 

bacter ia l  chromosome, which lacks a nuc lear  membrane and cons is ts o f a  long, 

double-s t randed, superco i led,  c i rcular DNA molecule . 

4.  Some organisms conta in  plasmids,  c i rcular double-s t randed pieces of DNA that  

are found outs ide of  the bacter ia l  chromosome. These s t ruc tures are autonomous 

(not  control led by the bacterial  chromosome), conta in  in format ion for  heavy meta l  

and ant ibio t ic  resistance,  are conjunct ive, and carry genet ic  elements ca l led 

transposons.  

IV. MICROBIAL PHYSIOLOGY 
A. Nutri t ional types  

1.  Autotrophs  use carbon d ioxide as the i r so le or main carbon source. 

a.  Photoautotrophs  use l ight  as an energy source. 

b.  Chemoautotrophs  oxid ize organic  or  inorganic  compounds to  produce energy. 

2.  Heterotrophs  use organic  compounds as thei r main carbon source. 

a.  Photoheterotrophs  use l ight  as  an energy source. 

b.  Chemoheterotrophs  oxid ize organic  and inorganic  compounds to  produce 

energy.  

3.  Prototrophs  are parent  ce l ls  that  have no spec ial  nut r i t ional  requi rements . They 

requi re  the same nutr ients  as the major number of  the natura l  members of the 

spec ies. 



4.  Auxotrophs  are mutated so that  they cannot  synthes ize the same essent ial  

nut r ients  (usual ly amino ac ids) as  the i r parent ce l l .  

5.  Subsets  

a.  Holophytic.  Organisms whose nutr ients  must  be in a  soluble, d i f fus ib le form 

b.  Holozoic.  Organisms that  need complex nutr ients , o f ten sol id  mater ials that are 

ingested and then broken down 

c .  Saprophytic.  Organisms whose nutr ients are obtained f rom dead or  decaying 

organic  mat ter 
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d.  Parasit ic .  Organisms whose nutr ients  are obtained f rom and at the expense of  a  

l iv ing organism (human pathogens) 

B. Nutri t ional requirements.  Bacteria  use a wide var iety o f  nut r ients to obtain  

energy and to construct  new ce l lu lar  components.  The six e lements  used as the 

main components  of  carbohydrates,  l ip ids ,  prote ins ,  and nucle ic  acids are carbon,  

oxygen,  hydrogen, n i t rogen,  phosphorus, and su l fur .  Severa l  minor and t race 

e lements as wel l  as  cat ions p lay var ious ro les in the microorganisms. 

C. Temperature relat ions  

1.  Psychrophi le ,  an organism that  grows wel l  at  0°C,  has opt imal  growth at  15°C or 

less,  and a maximum growth temperature of  20°C 

2.  Mesophi le:  an organism wi th opt imal growth at  20°-45°C, min imum growth 

temperatures between 15° and 20°C,  and a maximum growth temperature of  

approximately 45°C (human pathogens) 

3.  Thermophile:  an organism that can grow at  55°C or  greater ,  wi th a  minimum 

growth temperature of  approximate ly 45°C. 

D. Oxygen requirements.  How organisms use oxygen can be a major  fac tor in the i r  

c lass i f icat ion. 

1.  Aerobes  have the abi l i ty  to  grow in  the presence of  atmospheric oxygen. 

a.  Obl igate aerobes  depend complete ly on oxygen for growth.  Oxygen serves as 

terminal  e lec t ron acceptor  in  aerobic respira t ion. 

b.  Facultat ive aerobes  have the ab i l i ty  to  grow wi th  or  wi thout  molecular oxygen.  

2.  Anaerobes  have the ab i l i ty  to  grow wi thout  oxygen. 

a.  Obl igate anaerobes  do not  to lerate oxygen at  a l l  and d ie in i ts  presence.  Many 

s t rains  lack cata lase and superoxide d ismutase,  which protect  cel ls  f rom the 

destruct ive oxid iz ing capabi l i t ies  of hydrogen peroxide and superoxide ions,  which 

are normal ly produced under aerobic  condit ions. 

b.  Facultat ive anaerobes  do not  require  oxygen but  grow bet ter  in  i ts presence. 

3.  Microaerophi les  requi re  oxygen leve ls  be low normal  a tmospher ic  pressures for  

growth (e .g. ,  Helicobacter  py lor i )  

4.  Capnophi les  requi re  h igher  leve ls  o f  carbon dioxide than are found at  normal  

a tmospheric pressures for  growth (e .g. ,  Neisseria  sp.  and Streptococcus 

pneumoniae ) .  

E. Bacteria l growth curve.  Bacter ia l  growth is  def ined as an increase in  the 

number of  cel ls  present.  Because bacter ia  reproduce by binary f ission,  growth can 



be plo tted as the log of  the ce l l  number versus t ime to  produce a curve wi th  four 

d ist inc t  phases (F igure 9-3) .  

1.  Lag phase.  A t ransi t ion per iod dur ing which the bacter ia  are rep l icat ing DNA and 

the enzymes needed for  the new envi ronment are be ing induced. The ce l ls  are 

increas ing in  s ize but not  in number.  Dur ing th is  phase of  growth,  the cel ls  are most  

permeable. 

2.  Logari thmic ( log) phase.  Div is ion occurs at constant  and maximal ra te,  and the 

number of  cel ls  increases in  a  geometr ic  progress ion.  The generat ion t ime,  which 

var ies among spec ies, is  usual ly 15-20 minutes (Escher ichia ) ,  but  may be hours  

(Mycobacterium ) .  Because the cel l  wal l  is  be ing synthesized so rapid ly,  bacter ial  

ce l ls are most suscept ib le  to  cel l  wal l  inh ib i tors  dur ing this phase. 

3.  Stationary phase.  The growth ra te tapers  off  and growth and death rates are 

nearly equal.  A fa i r ly constant  populat ion of  v iable  ce l ls resu l ts.  During th is phase,  

ce l lu lar  metabol i tes  are po l lu t ing the envi ronment .  

4.  Death phase.  W hen the concentrat ion of  v iab le  ce l ls  decreases because of  the 

accumulat ion of  toxic  wastes and auto lyt ic  enzymes. 

V. METABOLISM AND ENERGY PRODUCTION. 
Microorganisms der ive energy f rom nutr ients  by a ser ies  of  chemical  react ions by 

which the energy s tored in  chemical  bonds is t ransferred to  newly formed chemical  

bonds to  provide energy s torage in a  useful  form, such as adenos ine t r iphosphate 

(ATP).  
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Figure 9-3. Growth curve of bacterial culture. 
[Reprinted with permission from Winn WC Jr, 
Allen SD, Janda WM, et al. Koneman's Color 
Atlas and Textbook of Diagnostic Microbiology, 
6th ed. Philadelphia: Lippincott Williams & 
Wilkins, 2006.] 

A. ATP generat ion  

1.  Substrate- level phosphorylat ion  releases energy through di rec t  t ransfer  of  

h igh-energy phosphate groups f rom an intermediate metabol ic  compound to  

adenosine diphosphate (ADP).  No molecular  oxygen or  other  inorganic  f ina l  e lec t ron 

acceptor  is  requi red. 



2.  Oxidat ive phosphorylat ion  removes elec t rons f rom organic  compounds and 

passes these e lec t rons through a ser ies  of  e lec t ron acceptors  along an elec t ron 

t ransport  chain, wi th  molecular  oxygen or  some other  inorganic  compound as the 

f inal  acceptor .  

B. Fermentat ion  re fers to  energy-produc ing oxidat ive sequences, in which organic  

compounds serve as both e lect ron donors  and acceptors .  Th is  process occurs  in  the 

absence of  external  e lect ron acceptors . 

1.  Glycolysis  is  the f i rs t  s tep in  fermentat ion and respi ra t ion and causes the 

oxidat ion of g lucose to  pyruvic  ac id  wi th  a y ie ld  of  two moles of ATP.  There are 

d i f ferent  pathways for  pyruvic  acid  product ion in  microorganisms: 

a.  The Embden-Meyerhof (glycolyt ic)  pathway is  the major pathway.  

b.  The Entner-Doudoroff  pathway is  an a l ternate. 

c .  The hexose monophosphate shunt  used wi th the g lyco lyt ic  pathway is an 

a l ternat ive. 

2.  Secondary fermentation process.  Many bacter ia use pyruvate to  oxid ize 

reduced nicotinamide adenine dinucleotide (NADH),  produced in g lycolys is ,  to  

manufacture a var ie ty o f f inal  products . 

a.  Lact ic  acid fermentat ion.  The simplest  process, which conver ts  pyruvate to  

lactate (Lactobaci l lus,  Streptococcus ) .  

b.  Alcohol fermentat ion.  Pyruvate is conver ted to  ethanol  and carbon dioxide 

(Saccharomyces ) .  

c .  Mixed acid fermentation.  A combinat ion of  lac t ic ,  formic ,  and acet ic  ac ids  is  

produced wi th  ethanol ,  hydrogen,  and carbon dioxide (Escherich ia col i ) .  

d.  Butanediol  fermentation.  Pyruvate is  conver ted to  aceto in ,  which is  reduced to 

2,3-butanediol  (Enterobacter ) .  

e.  Butyric acid fermentat ion.  Butanol ,  isopropanol ,  and acetone are produced 

(Clost r id ium ) .  
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f .  Propionic acid fermentat ion.  Pyruvate is  conver ted to  oxaloacetate wi th  the 

addi t ion of  carbon d ioxide and then to  propion ic  ac id  (Propionibacter ium ) .  

C. Respirat ion  refers  to  energy-producing oxidat ive sequences, in which inorganic  

compounds act as  the las t  elec t ron acceptor  in  a  ser ies of react ions.  Th is  process 

includes glycolysis,  the tr icarboxyl ic  acid (TCA) cycle,  and the electron 

transport  system,  which y ie lds ATP when coupled wi th  oxidat ive phosphoryla t ion. 

1.  Aerobic respirat ion.  Oxygen serves as the f ina l  elec t ron acceptor .  

a.  Pyruvate is  converted to  acetyl  coenzyme A  and carbon d ioxide and water  

through the TCA cycle.  

b.  The electron transport  system  p lays a role  in the t ransport  o f  e lec t rons along a 

ser ies of carr iers  found in  the cytop lasmic  membrane, each wi th  successive ly h igher  

oxidat ion potent ials.  Major  components  of  the e lec t ron t ransport  sys tem inc lude 

(1)  Cytochromes 

(2)  Flavoproteins 

(3)  Ubiquinones 



2.  Anaerobic respirat ion.  An inorganic  elec t ron acceptor  o ther  than oxygen (e.g.,  

n i t ra te , su l fa te , carbonate)  serves as the f inal  elec t ron acceptor .  

VI. GENETICS 
A. Defini t ion and terms.  Genet ics  is the study of  what  genes are,  how they carry 

in format ion,  and how they are rep l icated and passed on. 

1.  Chromosomes  are bodies composed of DNA that  contain  genet ic  in formation.  

Bacter ia  have only one chromosome—a s ingle,  cont inuous (c losed) ,  double-

s t randed,  c i rcular  p iece of  DNA. 

a.  Dupl icat ion  occurs  by semiconservat ive rep l icat ion,  in  which the two s t rands of 

the he l ix separate (origin )  and at  this point ( two repl icat ion forks )  new st rands are 

synthesized,  b idi rec t ional ly,  wi th  the or ig ina ls  serving as templates. 

b.  Structure.  The ce l l  membrane is  at tached to  the chromosome; as the ce l l  grows,  

i t  separates the daughter  chromosomes. Therefore,  each daughter ce l l  has one 

or iginal  and one new s t rand. 

2.  Genes  are DNA segments  that  are processed in  two s teps to produce var ious 

proteins .  A normal  bacter ia l  ce l l  is  haploid.  

B. Regulat ion and expression of genetic information  

1.  DNA  has many functions.  

a.  I t  is  dupl icated  for  t ransfer  to  progeny dur ing cel l  d iv is ion. 

b.  I t  is  transcribed  in to  RNA, which can be t ransla ted in to a prote in . 

c .  I t  conta ins  control  signals,  which ul t imate ly control  the synthesis o f prote in .  

d.  I t  can be mutated  to  a l ter  spec i f ic  character ist ics  encoded by genes. 

e.  I t  can be dupl icated and t ransferred to  other bacteria l  cel ls  in  processes other  

than ce l l  d iv is ion (e .g. ,  conjugat ion) .  

2.  DNA repl icat ion,  transcript ion,  and translat ion  a f fec t  ce l lu lar  growth and 

development.  

a.  Bacter ial  repl icat ion  invo lves accurate dupl icat ion of chromosomal  DNA, which 

enables the formation of two ident ica l  daughter  ce l ls .  

b.  Transcript ion  o f  information f rom DNA to RNA is  the f i rs t  o f  two s teps needed to  

produce necessary proteins.  One gene can be t ranscr ibed in to  many copies of RNA. 

Simpl is t ical ly,  RNA polymerase locates the beginn ing of  the gene (promotor) ,  and 

th is  area undergoes local ized unwinding to  a l low RNA polymerase to  transcribe  

RNA (cal led mRNA)  f rom the DNA template.  The RNA is  not processed,  as  in  

eukaryotes.  There are no int rons and exons,  no capping of  the 5 ′  end,  and no 

polyadenine tai ls  added to  the 3 ′  end. 

c .  Translat ion  is  the processing of  genet ic  in formation to  synthes ize prote ins .  

Before t ranscrip t ion is  completed, a  r ibosome wi l l  a t tach to  the 5 ′  end of  the 

message. The 70s  
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bacter ia l  ribosome  is  composed of  two subuni ts ,  30s and 50s. The r ibosome 

translates  the message in to protein  by reading the tr iplet  codon  ( three 

nucleot ides)  which code for  a speci f ic  amino ac id.  Th is  amino ac id is  carr ied to  the 

s i te  by transfer RNA (tRNA)  and pai rs wi th  the codon by an anticodon.  Amino 



ac ids are joined,  and the r ibosome moves to  the next  codon.  This  cont inues unt i l  the 

complete prote in  is  synthesized. 

3.  Regulation.  The products  of  ce l lu lar  growth must  be produced in correct  

propor t ions for  the ce l l  to  l ive and funct ion.  The two most common mechanisms of 

metabol ic  and genet ic  regulat ion are as fo l lows: 

a.  Feedback inhibition  o f  enzyme act iv i ty (metabol ic  regulat ion)  inhibi ts  the 

synthesis  o f  the cel l  growth product .  The product b inds wi th  an al los ter ic  s i te  on the 

enzyme,  thereby inact ivat ing the act ive s i te.  

b.  Repression  o f  enzyme act iv i ty (genet ic  regulat ion)  inh ib i ts  the synthesis  o f  the 

enzyme at  the transcr ipt ional  leve l .  

c .  Induction  o f  enzyme act iv i ty ac t ivates the synthes is  o f the enzyme at  the 

t ranscrip t ion leve l .  

C. Other methods of  DNA transfer.  Microorganisms can change the i r  genet ic 

const i tu t ion by the transfer  o f genet ic materia l  f rom a donor chromosome to a 

rec ip ient  chromosome (recombinat ion) .  Recombinat ion occurs  between homologous 

segments ( those that  have s imi lar  nuc leot ide sequences) .  There are three general  

mechanisms: 

1.  Transformation  invo lves the rec ip ient  cel l  taking up cel l - f ree,  f ragmented ( i .e. ,  

naked) DNA and recombin ing genet ic elements . 

a.  Th is process is  primitive  and occurs  natural ly wi th in  on ly a few genera. 

b.  Requi rements  include competent  rec ip ient  cel ls  (exh ib i t ing DNA receptors)  or  a 

“leaky” bacteria l cel l  wal l ,  so that  DNA can be in t roduced in to  the cel l .  

c .  I t  is  genera l ly associated wi th  recombinant DNA technology or  cloning,  a 

technique to ampl i fy a  speci f ic  gene in  preparat ion for  analys is .  In  th is  process,  the 

bacter ia l  cel l  wal ls  are made leaky by chemical  t reatment .  

(1)  Clon ing invo lves spl ic ing a gene in to  a p lasmid DNA (vector ) .  Al l  vectors  share 

several  common character ist ics: 

(a)  Typ ical ly smal l ,  wel l -character ized molecules of  DNA 

(b)  Conta in  at  least  one rep l icon and can be rep l icated wi thin  the host  even when 

the vectors  contain  foreign DNA 

(c)  Code for  a phenotyp ic  t ra i t  that  can be used to  detect  the presence of foreign 

DNA, which can often be used to  dist inguish parenta l  f rom recombinant vectors 

(2)  Selectable markers  are used to  f ind cel ls  that  contain  these vectors.  

(3)  Plasmids  cannot  mainta in  s tab i l i ty  un less they are benef ic ial  to  the host ,  so the 

p lasmid should conta in  a gene essent ial  for  ce l lu lar  surviva l—ei ther  an enzyme 

requi red in  a  metabol ic  pathway or  a  gene that res is ts cer tain  ant ibio t ics  (see 

I I I .D.4) .  

2.  Conjugation  is  an important  means of gene t ransfer ,  part icu lar ly among gram-

negat ive organisms. This  process invo lves two mating types—the donor (F+ )  and 

rec ip ient  (F - )  ce l ls—and the ext rachromosomal  piece known as the sex or  fer t i l i ty  

fac tor  (F factor ) .  The F fac tor  (e.g. ,  F p lasmid or  ep isome) is not  under the contro l  

o f  the chromosome and can repl icate autonomously.  Plasmid-mediated exchange of  

genet ic  in format ion can occur  on ly through the express ion of  t ransfer  genes.  The 

genes encoded on the p lasmid resul t  in  the transfer  o f a  s ing le  s t rand of  DNA 

through the sex p i lus  in to  the rec ip ient  cel l .  The F fac tor has severa l  genes that 



code for  format ion and aid  in  donor a ttachment  of sex p i l i .  Dur ing th is  process, a  

copy is  made, a  s ing le  s trand is t ransferred,  and the rec ip ient  becomes F+ .  R 

p lasmids also exis t ,  which encode for  resistance to  cer tain  ant ib io t ics  or heavy 

meta ls .  When an F p lasmid integrates in to  the ce l lu lar chromosome, the bacter ia l  

s t rain  is sa id to  be a high-frequency recombination (Hfr)  s t ra in .  During the 

conjugal t ransfer  invo lv ing an Hfr  s t ra in ,  depending on the amount  o f t ime,  the 

whole bacter ia l  chromosome may be t ransferred. Ant ib iot ic - res is tance genes are 

of ten par ts  o f transposons  (see I I I .D.4) ,  which are responsible  for  addi t ions,  

de le t ions,  and invers ions of  large (4-80 ki lobases)  sequences.  W hen d i f ferent  

t ransposons “ jump” in to  transferable plasmids,  contagious resistance to  mul t ip le  

ant ib io t ics can occur .  

3.  Transduction  is  the t ransfer  o f  genet ic  mater ial  by bacteriophages  (v i ruses that 

in fec t  bacter ia).  Such vi ruses can be classi f ied into  two groups: 
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a.  Lyt ic  phages  enter  the ce l l ,  rep l icate, and package the i r DNA; they then lyse the 

ce l l  to  release mature in fec t ive v i r ions. 

b.  Lysogenic ( temperate)  phages  can a l ternate between two pathways: 

(1)  The lyt ic pathway 

(2)  The lysogenic  pathway- in tegrat ing in to the host  DNA and remaining dormant 

(a)  The vi ra l  DNA does not  rep l icate but is  in tegrated into  the host  genome and is  

known as prophage.  

(b)  The prophage suppresses the lyt ic  s tate by synthes iz ing a protein  known as a 

repressor ,  which protects  the ce l l  f rom further infec t ion by a v irus. 

(c)  Some prophages can change the cel l 's  phenotype (phage  or  lysogenic 

conversion ) ,  which a l lows the organism to e laborate materials  (exotoxins or 

v i ru lence fac tors) that  are detr imenta l  to the human host .  Lysogenic  convers ion 

thereby increases the vi ru lence or  the symptoms of  a  speci f ic  pathogen—for 

example, Corynebacterium d iphtheriae  (diphther ia  toxin) ,  Streptococcus pyogenes  

(erythrogenic toxin  in  scar let  fever) ,  and Clost r id ium tetani  ( te tanus toxin) .  

VII. EXAMPLES OF UNIQUE BACTERIA 
A.  Chlamydia  are ob l igate in t racel lu lar parasi tes that 

1.  Lack the abil i ty to generate ATP;  hence they must  obtain  i t  f rom the host  cel l  

2.  Have a two-phase l i fe  cycle  

a.  The in fect ious form,  or  elementary body,  is  a  dense, nonrepl icat ing cel l  that is  

res is tant to  drying in  the envi ronment.  

b.  The reticulate body forms f rom engulfed e lementary body and undergoes b inary 

f iss ion.  Af ter mul t ip le  d ivis ions,  the re t icu late bodies become the dense,  elementary 

bodies,  which are released f rom the host ce l l  (e .g . ,  Chlamydia t rachomat is ,  which 

causes bl indness and sexual ly t ransmi t ted d iseases) .  

B.  Rickettsia,  obl igate in t racel lu lar  parasi tes  t ransmi t ted by ar thropods,  appear to  

have the ab i l i ty  to  generate ATP,  but  ins tead use the host cell  products, including 



ATP, amino acids, nicotinamide adenine dinucleotide (NAD),  and coenzyme A  

(e .g .,  Ricket ts ia  r icket ts i i ,  which causes Rocky Mounta in  spotted fever).  

C.  Mycoplasma,  the smal les t bacter ia,  are un ique in that 

1.  They lack a cel l  wal l .  

2.  The plasma membrane conta ins  sterols  for  added s t rength (e .g. ,  Mycoplasma 

pneumonia,  which causes an atypica l  or  walk ing pneumonia) .  

VIII. VIRUSES 
A. Viral  structure  

1.  The basic s truc ture of a  v i rus  is  the vir ion  or  nucleocapsid.  Th is  s t ruc ture is  

composed of a  prote in  coat ,  which surrounds the vi ra l  genome. The shape of  the 

nucleocapsid is one component  that  determines the c lass i f icat ion of  the vi rus.  As 

noted in  I .B.1.b,  the v ira l  genome is  composed of  e i ther  RNA or  DNA and may be 

s ing le  or  double s t randed.  The nucleocapsid of  vi ruses that  in fec t humans has two 

basic shapes. 

a.  Icosahedral .  A regular  geometric  st ruc ture wi th  12 or more faces;  resembles a 

soccer  ba l l  

b.  Helical .  The prote ins  that  make up the st ruc ture wrap in  a  hel ica l  fashion.  Hel ical  

caps ids of ten have cone or  bul le t  shapes. 
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Table 9-1. The Multiplication of Animal Viruses 

Number Step Action(s) 

1 Attachment 
(adsorption) 

Virus attaches to a protein or polysaccharide 
molecule (receptor) on the surface of a cell 

2 Penetration Entire virus enters the cell, in some cases 
because it was phagocytized by the cell 

3 Uncoating Viral nucleic acid escapes from the capsid 

4 Biosynthesis Viral genes are expressed, resulting in the 
production of pieces or parts of viruses (i.e., 
viral DNA and viral proteins) 

5 Assembly Viral pieces are assembled to create complete 
virions 

6 Release Complete virions escape from the bacterial 



cell by lysis or budding 

Reprinted by permission from Burton GRW, Engelkirk PG. Microbiology 
for the Health Sciences, 7th ed. Philadelphia: Lippincott Williams & 
Wilkins, 2004. 

 

2.  The vi r ion may have a l ip id envelope,  which is  produced when the virus  buds 

f rom the host ce l l .  The envelope is  composed of  the host  ce l l  p lasma membrane and 

vi ra l ly coded g lycoproteins . 

B. Viral  repl ication.  V i ruses are nonl iv ing ent i t ies  that must enter  a  host cel l  to  

repl icate.  Once in  the host  cel l ,  the v i rus  is  able to  rep l icate i ts  genome and 

produce more viruses,  which wi l l  in fect  o ther ce l ls .  The s teps in the mult ip l icat ion of 

an imal  v i ruses are out l ined in  Table 9-1 and involve:  

1.  The vi rus  at taches (attachment )  to  the host  cel l  us ing vira l  prote ins or  

g lycoprote ins , which b ind to  receptors  on the host  ce l l  sur face. 

2.  The vi r ion then enters (penetrat ion)  the host  ce l l .  Entry may be accompl ished by 

fusion of  a  v i ra l  envelope wi th  the ce l l  membrane or  by uptake of  the v i r ion in to an 

endocyt ic  ves ic le.  I f  the v i rus  enters the ce l l  through an endocyt ic  ves ic le,  there are 

several  ways for i t  to  leave the endocyt ic ves ic le  and enter  the cytoplasm of  the 

host  ce l l .  

3.  Once in  the host  cel l ,  the v i rus uncoats,  and the nucleic  acid  is re leased f rom 

the capsid.  The f ree nucle ic ac id then is  able to  begin the process of  reproduct ion. 

4.  Protein synthesis  occurs  in  two stages. Early proteins  are necessary for  the 

synthesis  o f  a  new vi ra l  genome and are synthesized immediate ly af ter infec t ion.  

Late proteins  are synthes ized af ter the v i ral  genome has been copied;  these are 

the prote ins  necessary for  the assembly of  the capsid, g lycoproteins  for  the 

envelope, and any enzymes included in  the nuc leocaps id. 

a.  For  v i ruses wi th  a  single-stranded RNA genome,  the RNA may be a plus (+)  

s t rand or  a minus ( -)  st rand. Plus-s t rand RNA genomes are mRNAs and are 

t rans lated d irec t ly to  prote ins .  Minus-st rand RNA genomes have an RNA-dependent  

RNA polymerase that  copies the genome in to a st rand of mRNA for  transcr ip t ion. 

b.  Double-stranded RNA genomes  use an RNA-dependent  RNA polymerase to  

t ranscribe the minus s t rand of  RNA in to a message for t ransla t ion. 

c .  Some p lus-s t rand RNA vi ruses are members of  the retrovirus  fami ly (e .g. ,  human 

immunodef ic iency v i rus).  These viruses have an enzyme ca l led reverse polymerase,  

which t ranscribes the RNA to double-s t randed DNA. The double-s t randed DNA is 

in tegrated in to  the host  ce l l  chromosome (a provirus )  and then t ranscribed to  



mRNA us ing host  ce l l  enzymes.  The vira l  mRNA is  then t ransla ted in to v i ra l  

proteins . 

d.  In v i ruses wi th  a DNA genome,  the DNA may be double s t randed or  s ing le  

s t randed.  In  ei ther  case, the DNA is  t ranscribed to  mRNA and then t rans la ted into  

proteins . 

5.  Af ter  genome and prote in  synthesis,  the v i rus is  assembled  in to new vir ions. 

6.  Af ter  assembly,  the v ir ions are released  f rom the host  ce l l .  For  nonenveloped 

vi ruses,  the v i r ions are re leased when the host  ce l l  lyses.  Enveloped vi ruses are 

re leased from the host  ce l ls  by budding out  o f  the host  cel l  membrane. 
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IX. TRANSMISSION OF INFECTIOUS AGENTS 
A.  In fec t ious agents  are found in  a number of  di f ferent environments,  ca l led 

reservoirs.  

1.  Humans  are reservoirs  for  d iseases that  are ob l igate human pathogens,  which 

include a lmost  al l  v i ra l  in fec t ions and many bacter ial  diseases.  When humans are 

the reservo i r  for  the d isease,  they are sa id to be carriers.  

a.  Asymptomatic carriers  harbor  an in fect ion but  have no symptoms.  Some 

asymptomatic carr iers  carry the infect ious agent as  part  o f  the i r  normal  f lora 

(Streptococcus pyogenes ) .  

b.  Symptomatic carriers  have obvious signs and symptoms of d isease. 

2.  An animal reservoir  exis ts  when the pr imary host  is  an an imal .  Such an imals  

may be wi ld  (e .g.,  foxes,  raccoons)  or domesticated ( l ivestock and pets).  

3.  Environmental  reservoirs  inc lude soi l ,  lakes, and p lants . 

B.  The transmission of infectious agents  depends on the source of  in fec t ion.  For  

d iseases wi th  human reservo i rs ,  the mechanisms of  t ransmiss ion inc lude 

1.  Contact  

a.  Direct  contact  requi res  physical  contact  between an in fected ind iv idual  and a 

suscept ib le  ind iv idual  (sexual ly t ransmi tted d iseases) .  

b.  Indirect  contact  invo lves a suscept ible  indiv idual  coming in  contac t  wi th  a  

contaminated sur face (many vi ruses and bacteria) .  Fomites  are sur faces that  can 

be and f requent ly are contaminated wi th  microorganisms (door  knobs,  counters  and 

other sur faces,  computer keyboards,  toys).  

2.  Droplet  transmission.  In fected droplets are formed when an in fected ind iv idual  

coughs or sneezes.  The in fected droplets  t ransmit  the disease to  a suscept ible  

indiv idual  when they come in  contact  wi th  the mucous membranes of  the indiv idual 's  

nose,  mouth, or  eyes (measles) .  

3.  Airborne transmission.  W hen smal l  contaminated dust  par t ic les  or  the res idue 

f rom dr ied droplets (droplet  nuc lei )  remain suspended in  the ai r  for  long per iods of  

t ime,  they can t ransmi t disease ( in f luenza,  pneumonia, tubercu losis).  These smal l  

nuclei  can in fect  both the upper and the lower resp i ra tory t rac t .  

4.  Food and water contamination.  Food or  water  contaminated wi th  bacter ia f rom 

human or  an imal  feces leads to  t ransmiss ion of  d isease through the fecal -oral  route. 



C. Vectors  are an imals capable of  t ransmi t t ing diseases.  The most  common vector  

for  disease is the mosqui to  (malaria) ,  but  o ther insects  ( f leas, t icks  and f l ies)  are 

a lso vectors  (Rocky Mounta in  spot ted fever) .  In  addi t ion,  mammals  (dogs, mice and 

rats) can be vectors  for  d isease. 

D. Entry into a host.  Bacteria  can enter a  host  through ingest ion of  food or  water ,  

inhalat ion of  drop lets  or dust  par t ic les,  in jec t ion by an insect  vector ,  or  by 

contaminat ion of  a  wound. 

X. MECHANISMS OF PATHOGENICITY 
A.  Microorganisms cause d isease in  di f ferent  ways.  Al though s igns and symptoms of  

the d isease are of ten the resul t  of  the host  response,  microorganisms can damage 

t issue through the product ion of  exotoxins and endotoxins,  and by d irec t  e f fec ts .  In  

addi t ion,  microb ia l  v i ru lence fac tors  contr ibute to the abi l i ty  o f  a  microorganism to 

in fec t  a  host  and cause d isease. 

1.  Virulence factors  are the character is t ics of  an organism that  a l low i t  to e i ther  

damage the host or  evade host  defenses. 

a.  Exotoxins  are toxins  that  are secreted by the microorganism e i ther into  the 

envi ronment  or  af ter co lon izat ion of a  host .  

(1)  Exotoxins secreted into  food or  water  that  are then ingested by a host cause 

in toxicat ion (botul ism and s taphylococcal  food poisoning) .  

(2)  Exotoxins produced af ter infec t ion and colon izat ion inter fere wi th ce l l  funct ion or  

phys ical ly damage the ce l l  (Bordetel la  per tuss is ,  Corynebacter ium d iphther iae,  

Vibr io  cholera ) .  
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Table 9-2. Important Human Pathogens and Their Diseases 

Infectious Agent Typical Infection 

Bacteria  

 Gram-positive cocci  

  
Staphylococcus aureus Abscess, skin infections, toxic 

shock 

  
Streptococcus pyogenes Strep throat, erysipelas, 

rheumatic fever 

  Streptococcus pneumoniae Pneumonia 



 Gram-positive rods  

  Bacillus Anthrax 

  Clostridium Gas gangrene, tetanus 

  Corynebacterium Diphtheria 

 Acid-fast rods  

  Mycobacterium tuberculosis Tuberculosis 

  Mycobacterium leprae Leprosy 

  Nocardia Nocardiosis 

 Gram-negative cocci  

  Neisseria gonorrhoeae Gonorrhea 

  Neisseria meningitidis Meningitis 

 Gram-negative rods  

  Bordetella Pertussis 

  Brucella Brucellosis 

  
Escherichia coli Sepsis, diarrhea, urinary tract 

infection 

  Haemophilus influenzae Meningitis 

  Legionella Legionnaires disease 



  
Pseudomonas Opportunistic lung and burn 

infections 

  Salmonella Typhoid fever, salmonellosis 

  Shigella Dysentery 

  Vibrio cholerae Cholera 

  Yersinia pestis Plague 

 Spirochetes  

  Borrelia Lyme disease 

  Treponema pallidum Syphilis 

 Mycoplasma Pneumonia, urinary infections 

 Rickettsia Rocky Mountain spotted fever 

 Chlamydia Urethritis, vaginitis 

Fungi  

 Systemic mycoses  

  Aspergillus Aspergillosis 

  Blastomyces Blastomycosis 

  Candida albicans Candidiasis 

  Coccidioides immitis Valley fever 



  Cryptococcus neoformans Cryptococcosis 

  
Pneumocystis (carinii) 
jiroveci 

Pneumonia (PCP) 

  Sporothrix schenckii Sporotrichosis 

 Protozoa  

  Entamoeba histolytica Amoebiasis 

  Giardia lamblia Giardiasis 

  Plasmodium Malaria 

  Toxoplasma gondii Toxoplasmosis 

  Trichomonas vaginalis Trichomoniasis 

  Trypanosoma brucei Sleeping sickness 

 Helminths  

  Ascaris Acariosis 

  Cestodes Tapeworm 

  Schistosoma Schistosomiasis 

  Various fluke infections  

  
Various roundworm 
infections  



Adapted with permission from Cowan MK, Talaro KP. Microbiology: A 
Systems Approach. 1st ed.: McGraw-Hill, 2005. With permission of The 
McGraw-Hill Companies, Inc. 
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Table 9-3. Important Human Virus Families and Their Diseases 

Family Virus Disease 

DNA viruses   

 
Poxviridae Variola and 

vaccinia 
Smallpox, cowpox 

 
Herpesviridae Herpes simplex 1 

virus (HSV-1) 
Fever blister, cold sores 

  
Herpes simplex 2 
virus (HSV-2) 

Genital herpes 

  
Varicella zoster 
virus (VZV) 

Chickenpox, shingles 

  

Human 
cytomegalovirus 
(CMV) 

CMV infections 

 
Adenoviridae Human 

adenoviruses 
Adenovirus infection 



 

Papovaviridae Human 
papillomavirus 
(HPV) 

Several types of warts 

  

JC virus (JCV) Progressive multifocal 
leukoencephalopathy 
(PML) 

 

Hepadnaviridae Hepatitis B virus 
(HBV; of Dane 
particle) 

Serum hepatitis 

 Parvoviridae Parvovirus B19 Erythema infectiosum 

RNA viruses   

 Picornaviridae Poliovirus Poliomyelitis 

  
Coxsackievirus Hand-foot-mouth 

disease 

  
Hepatitis A virus 
(HAV) 

Short-term hepatitis 

  
Human rhinovirus Common cold, 

bronchitis 

 

Calciviridae Norwalk virus Viral diarrhea, 
Norwalk virus 
syndrome 

 
Togaviridae Eastern equine 

encephalitis virus 
Eastern equine 
encephalitis (EEE) 

  
Western equine 
encephalitis virus 

Western equine 
encephalitis (WEE) 



  Yellow fever virus Yellow fever 

  
St. Louis 
encephalitis virus 

St. Louis encephalitis 

  
Rubella virus Rubella (German 

measles) 

 Flaviviridae Dengue fever virus Dengue fever 

  
West Nile fever 
virus 

West Nile fever 

 
Bunyaviridae Bunyamwera 

viruses 
California encephalitis 

  
Sin Nombre virus Respiratory distress 

syndrom 

  
Rift Valley fever 
virus 

Rift Valley fever 

  

Crimean-Congo 
hemorrhagic fever 
virus (CCHF) 

Crimean-Congo 
hemorrhagic fever 

 
Filoviridae Ebola, Marburg 

virus 
Ebola fever 

 
Reoviridae Colorado tick fever 

virus 
Colorado tick fever 

  
Human rotavirus Rotavirus 

gastroenteritis 

 
Orthomyxoviridae Influenza virus, 

type A (Asian, 
Influenza, flu 



Hong Kong, 
swine) 

 
Paramyxoviridae Parainfluenza 

virus, types 1-5 
Parainfluenza 

  Mumps virus Mumps 

  Measles virus Measles (red) 

  

Respiratory 
syncytial virus 
(RSV) 

Common cold 
syndrome 

 Rhabdoviridae Rabies virus Rabies (hydrophobia) 

 

Retroviridae Human T-cell 
leukemia virus 
(HTLV) 

T-cell leukemia 

  HIV (1 and 2) AIDS 

 Arenaviridae Lassa virus Lassa fever 

 

Coronaviridae Infectious 
bronchitis virus 
(IBV) 

Bronchitis 

  
Enteric corona 
virus 

Coronavirus enteritis 

  
SARS virus Severe acute 

respiratory syndrome 

Adapted with permission from Cowan MK, Talaro KP. Microbiology: A 
Systems Approach. 1st ed.: McGraw-Hill, 2005. With permission of The 
McGraw-Hill Companies, Inc. 
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b.  Endotoxins  (see I I I .C.1.b) are integra l  parts  of  the outer  membrane of gram-

negat ive bacteria .  Dur ing an infect ion,  endotoxins are ab le to induce fever  and 

shock in  the host .  

c .  Capsules  (see I I I .  B.1)  are used for  adherence to  host  sur faces and help the 

bacter ia  evade phagocytos is  by the host  cel ls .  

2.  Mechanisms of  disease.  There are three main pat terns by which microorganisms 

cause d isease: 

a.  Intoxicat ion  [see X.A.1.a.(1) ]  

b.  Infect ion  is  suf f ic ient to  cause d isease for  some microorganisms, espec ia l ly for  

d iseases such as pneumonia,  in  which the capsule surrounding the bacteria  

s t imulates a s t rong in f lammatory response. This response is responsible  for  many of  

the symptoms of  the d isease.  In  some cases,  in fec t ion may be fo l lowed by toxin  

product ion (see X.A.1.a.(2)) ,  as  in  d iphther ia . 

c .  Invasion of  host t issues  and then growth in  the t issue is  the mechanism of  

d isease in fect ion by v i ruses and bacteria  such as Mycobacteria .  Some bacteria  

(e .g.,  Shigel la  sp. )  are ab le to  produce toxins  after  the invasion of host  t issue. 

XI. DISEASES CAUSED BY INFECTIOUS AGENTS 
A. Diseases caused by bacteria ,  fungi ,  protozoa,  and helminths  (Table 9-2) 

B. Diseases caused by viruses  (Table 9-3) 
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STUDY QUESTIONS 
Direct ions for questions 1-12:  Each quest ion,  sta tement ,  or  incomplete s ta tement 

in  th is  sect ion can be correct ly answered or  completed by one  o f  the suggested 

answers or  phrases.  Choose the best  answer. 

1.  Cell  wal ls  of both gram-posit ive and gram-negative bacteria are composed of  

complex macromolecules.  Which of the fol lowing statements describes both 

types of  cell  wal ls? 

(A)  They contain  s ign i f icant  amounts  of  te ichoic  ac id . 

(B)  They contain  pores made f rom prote ins. 

(C)  Thei r  ant igenic  spec i f ic i ty is  determined by the polysaccharide O ant igen. 

(D)  They contain  pept idoglycan. 

View Answer1.  The answer is  D[see] .2.  Which of  the fol lowing 

descript ions best characterizes sex pi l i? 

(A)  They enable DNA t ransport  between bacter ia dur ing conjugat ion. 

(B)  They p lay a role  in  the adhes ion of  bacter ia  to thei r  target  ce l ls.  

(C)  They are numerous on the bacter ia l  cel l  surface. 

(D)  They are found only on gram-pos i t ive organisms. 

View Answer2.  The answer is  A[see] .3.  The mode of  gene transfer in 

which naked DNA is taken up is called 

(A)  t ransformation. 



(B)  t ransduct ion. 

(C)  conjugat ion. 

(D)  cel l  fus ion. 

View Answer3.  The answer is  A[see] .4.  Bacteria  that make ei ther a 

fermentat ive or respiratory set  of  enzymes are known as 

(A)  obl igate anaerobes. 

(B)  obl igate aerobes. 

(C)  microaerophi les . 

(D)  facu l ta t ive organisms. 

View Answer4.  The answer is  D[see] .5.  Which of  the fol lowing statements 

describes plasmids? 

(A)  They are s ingle-s t randed DNA molecules. 

(B)  They carry opt ional  genes. 

(C)  They carry genes essent ial  for  growth. 

(D)  They are a lways found in  l inear  form. 

View Answer5.  The answer is  B[see] .6.  Al l  of the following statements 

describe the nuclear body except  which one? 

(A)  I t  is  re ferred to as nuc leo id. 

(B)  I t  is  f ree of r ibosomes. 

(C)  I t  is  composed of  r ibosomes. 

(D)  I t  lacks a nuc lear  membrane. 

View Answer6.  The answer is  C[seeand] .7.  Bacteria  that  grow at  

temperatures as high as 55°C are known as 

(A)  psychrophi les . 

(B)  thermophi les . 

(C)  mesophi les . 

(D)  auxotrophs. 

View Answer7.  The answer is  B[seeand] .8.  Which of  the fol lowing 

organisms can use only molecular oxygen as the f inal  acceptor? 

(A)  obl igate anaerobes 

(B)  facu l ta t ive anaerobes 

(C) obl igate aerobes 

(D) s t r ict  anaerobes 

View Answer8.  The answer is  C[seeand] .9.  Viruses are classif ied by al l  of 

the fol lowing except  by 

(A)  s t ructure of capsid. 

(B)  type of  nucleic acid. 

(C)  oxygen requi rements.  

(D)  presence of l ip id  envelope. 

View Answer9.  The answer is  C[see] .10.  Protozoa are classified by 

(A)  shape. 

(B)  cel l  wal l  type. 

(C)  sexual  reproduct ive s t ruc tures. 

(D)  mode of  moti l i ty .  



View Answer10. The answer is  D[see] .11.  Which of  the following is not  

part  of  the viruse's infect ious cycle? 

(A)  a t tachment 

(B)  unwinding 

(C) repl icat ion of the genome 

(D) prote in  synthes is 

(E)  re lease 

View Answer11. The answer is  B[seeand] .P.192 

 

 

12.  Infect ious agents are transmitted to people from reservoirs.  These 

reservoirs include 

(A)  droplets.  

(B)  animals . 

(C)  fomi tes . 

(D)  contaminated food. 

View Answer12. The answer is  B[seeand] .Directions for questions 13-20:  

The quest ions and incomplete s ta tements  in  th is  sect ion can be correct ly answered 

or  completed by one or more  o f  the suggested answers.  Choose the correct  answer,  

A-D.  

13.  Gram-negative and gram-positive cell  walls  share which of  the fol lowing 

characterist ics? 

I .  peptide cross-links between polysaccharides 

I I .  hydrolysis by l ysoz yme 

I I I .  r igid polysaccharide framework 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I  and I I I  are correct 

View Answer13. The answer is  E[seeand].14.  A decl ining growth rate 

occurs during which of the fol lowing phases of  bacterial  cel l  growth? 

I .  lag phase 

I I .  exponential  phase 

I I I .  death phase 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I  and I I I  are correct 

View Answer14. The answer is  B[seeand] .15. The peptidoglycan 

backbone of  a  bacteria l cel l  contains 

I .  dipeptide chains. 

I I .  N -acetylmuramic acid. 

I I I .  N -acetylglucosamine. 



A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I  and I I I  are correct 

View Answer15. The answer is  D[see] .NN16. Enti t ies that are acel lular do 

not f i t  the classical  defini t ion of  l iving things. They are  

I .  viruses. 

I I .  fungi .  

I I I .  prions. 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I  and I I I  are correct 

View Answer16. The answer is  C[seeand] .17. Dimorphic fungi  have 

I .  a  yeast phase. 

I I .  a sexual  phase. 

I I I .  a  mold phase. 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I  and I I I  are correct 

View Answer17. The answer is  C[seeand] .Blastomyces, 

Coccidioides,Histoplasma18.  Transmission of  an infectious disease by 

the fecal-oral route occurs when 

I .  infect ious agents are deposited on surfaces such as door knobs. 

I I .  an individual  coughs or sneezes and droplets with infect ious agents are 

expel led. 

I I I .  food or water is  contaminated with human or animal feces. 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I  and I I I  are correct 

View Answer18. The answer is  B[seeand] .19. Virulence factors that  

enhance microbial  pathogenici ty include 

I .  capsules. 

I I .  endotoxins. 

I I I .  exotoxins. 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 



E  i f  I ,  I I  and I I I  are correct 

View Answer19. The answer is  E[see] .20.  On Friday,  January 13,  a  

number of  patrons of Mom's Diner became i l l  2-6 hr after eat ing at  the 

restaurant.  The health department was called in to investigate.  During the 

investigat ion,  i t  was found that  a l l  the individuals who became i l l  had eaten 

banana cream pie,  Mom's special i ty,  but had not eaten anything else in 

common. The investigators found no viable pathogens in the pie,  but tests 

indicated the presence of  staphylococcal  contamination of  the cream pie. 

I l lness result ing from this contamination would be considered an 

I .  infect ion. 

I I .  invasion. 

I I I .  intoxicat ion. 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I  and I I I  are correct 

View Answer20. The answer is  B[see] .Staphylococcus aureusP.193 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  D  [see  I I I .C.1 ] .  

The cel l  wal l  o f  gram-pos i t ive bacter ia  is  a  thick  layer  of  pept idoglycan with  a large 

amount o f  te ichoic  ac ids (sur face ant igens) .  Gram-negat ive bacteria have only a 

smal l  amount  o f  pept idoglycan,  no te ichoic  ac id,  and an outer  membrane composed 

of  l ipoprote in  and l ipopolysacchar ide,  o f  which the polysaccharide makes up the O 

ant igen. 

2.  The answer is  A  [see  I I I .B.3.b ] .  

Sex p i l i  are found only on gram-negat ive organisms and in  very smal l  numbers (< 

10) .  They act as  f rag i le  transport  tubes for  DNA exchange.  Common pi l i  are 

adhes ions. 

3.  The answer is  A  [see  VI .C.1 ] .  

Of  the three methods of  DNA t ransfer ,  on ly t ransformat ion takes up DNA wi thout  an 

in termediary. 

4.  The answer is  D  [see  IV.D.1.b ] .  

Facul ta t ive organisms can grow wi thout  ai r  and make e i ther a  fermentat ive or  a 

respi ratory set  o f  enzymes,  depending on the condi t ions. 

5.  The answer is  B  [see  I I I .D.4;  VI .C.2 ] .  

The chromosome carr ies a l l  o f  the genes essent ia l  for  growth,  whereas p lasmids are 

ext rachromosomal,  double-st randed,  c i rcular  p ieces of  DNA that carry opt ional  

genes that  add ext ra  proper t ies. 

6.  The answer is  C  [see  I I I .D.2 and  3 ] .  

Ribosomes are found in  the cytoplasm, not  in  the nuc leo id (a  long,  c ircu lar ,  double-

s t randed DNA wi thout  a  nuclear  membrane). 



7.  The answer is  B  [see  IV.C.1,  2  and  3 ] .  

Thermophi les  grow at  55°C and are found in hot  spr ings and compost pi les .  

Mesophi les grow at  approximate ly 37°C,  psychrophi les  grow at  15°C and lower,  and 

auxotrophs are mutant  organisms. 

8.  The answer is  C  [see  IV.D.1 and  2 ] .  

Obl igate aerobes requi re oxygen and lack an a l ternat ive fermentat ive pathway.  

Obl igate anaerobes are s t r ic t  anaerobes that  cannot  l ive in  the presence of  oxygen.  

Facul ta t ive anaerobes can use oxygen as the f ina l  acceptor  or  to  provide an 

a l ternate fermentat ive pathway.  

9.  The answer is  C  [see  I .B.1;  VI I I .A ] .  

V i ruses are c lassi f ied by the s t ructure of the caps id,  the type and s t randedness of  

the nuc leic ac id,  the presence of  a  l ip id  envelope,  and the presence of enzymes. 

Vi ruses do not  generate the ir  own energy,  hence there is  no need for oxygen.  

Vi ruses use the energy in  the host ce l l .  

10.  The answer is  D  [see  I .A.2.b ] .  

Protozoa are un ice l lu lar ,  nonphotosynthet ic  eukaryotes that  are c lass i f ied by thei r  

mode of  mot i l i ty  or  lack of  mot i l i ty .  The types of  moti l i ty  are f lagel la ,  c i l ia,  and 

amoeboid movement .  

11.  The answer is  B  [see  VI I I .B.1,  2 , 3 ,  4 ,  5  and  6 ] .  

The vi ra l  in fect ious cycle consis ts  o f  at tachment ,  ent ry,  uncoat ing (not  unwinding),  

protein  synthes is ,  genome repl icat ion, assembly,  and release. 

12.  The answer is  B  [see  IX.A.1,  2  and  3 ] .  

In fec t ious agents can be found in  many d i f ferent  envi ronments ,  inc lud ing people,  

an imals , and the natura l  envi ronment .  Animals are a  resevoi r ;  fomi tes,  drop lets and 

contaminated food or  water  are mechanisms of  t ransmission. 

13.  The answer is  E  ( I ,  I I ,  I I I )  [see  I I I .C.1 and  2 ] .  

Pept idoglycan is  the basic  layer  o f  the cel l  wal l  in  both gram-pos i t ive and gram-

negat ive organisms. I t  provides a r ig id  f ramework that is  suscept ib le  to the act ion of  

lysozyme. Gram-pos i t ive cel ls  are def ic ient in l ip ids ;  however,  gram-negative ce l ls  

are r ich in  complex l ip ids  (e.g. ,  l ipopolysacchar ide) .  Both types of  ce l l  wal ls  have 

cross-l inks between polysacchar ides. 
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14.  The answer is  B  ( I I I )  [see  IV.E.1,  2 , 3  and  4 ] .  

Dur ing the lag phase,  the ce l ls  prepare for  growth,  so there is  no actua l  growth.  

Growth is  maximal  dur ing the exponent ia l  phase and levels  out during the s tat ionary 

phase wi th  no net increase in  cel l  number.  There is  a  decl ine in  organism number 

dur ing the death phase because there are more organisms dying than are be ing 

produced. 

15.  The answer is  D  ( I I ,  I I I )  [see  I I I .C.1 ] .  

The cel l  wal l  o f  both gram-pos i t ive and gram-negat ive organisms is  composed of  

repeat ing d isacchar ide un i ts .  These uni ts contain N -acetylglucosamine and N -

acetylmuramic  ac id ,  to  which te t rapept ide chains are cross-l inked.  Only gram-

posi t ive organisms have te ichoic ac id. 



16.  The answer is  C  ( I ,  I I I )  [see  I .B.1 and  2 ] .  

V i ruses are basical ly prote ins  and nuc le ic  ac ids , whereas pr ions are proteins,  

ne i ther  o f  which are cel ls .  Bacter ia  are prokaryot ic  cel ls ,  and fungi  are eukaryot ic  

ce l ls.  

17.  The answer is  C  ( I ,  I I I )  [see  I .A.2.a. (1) ,  (2),  (3)  and  (4) ] .  

Dimorphic  fungi  l ike Blastomyces,  Coccid io ides,  and Histop lasma  can be grown in  

e i ther  a yeast  (un icel lu lar)  or  mold (f i lamentous)  phase, depending on the 

temperature of incubat ion.  Fungi  are placed in phyla based on the type of  sexual  

reproduct ion observed:  ei ther  ascus, bas id ium, or zygote.  Fungi  imperfect i  consis t  

o f  spec ies wi thout observable sexual  reproduct ive s tructures. 

18.  The answer is  B  ( I I I )  [see  IX.B.1,  2 , 3  and  4 ] .  

The fecal -oral  route of  t ransmission invo lves contaminat ion of food or  water  wi th  

an imal  feces. 

19.  The answer is  E  ( I ,  I I ,  I I I )  [see  X.A.1 ] .  

Capsules act as  v i rulence fac tors  by inh ibi t ing phagocytosis and act ing to a t tach 

microorganisms to  host sur faces. Exotoxins are secreted by microorganisms and 

e i ther  al ter  ce l l  funct ions or  cause cel l  death. Endotoxins induce shock in 

mammal ian hosts  through the l ip id  A component  o f  the molecule.  Pept idoglycan is  

the backbone of the bacter ial  ce l l  wal l .  

20.  The answer is  B  ( I I I )  [see  X.A.1.a. (1) ;  X.A.2 ] .  

Staphy lococcus aureus  can produce an exotoxin ,  which resul ts  in  gastro intest ina l  

d isease. W hen there is  disease in  the absence of in fec t ion or invas ion of  the t issues 

by a l ive organism, the disease is  cal led an in toxicat ion. 
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Gail  Goodman-Snitkoff 

I. THE PHYSIOLOGY OF THE IMMUNE 

SYSTEM 
A. Immunogens,  ant igens,  and haptens  

1.  Immunogens  are chemical  compounds that  cause a spec i f ic  

immune response. 

2.  Antigens  are chemical  compounds that  b ind to products  of  an 

immune response. W hen the ant igens are recognized by ant ibody 

or  ac t ivated cel ls ,  they can be el iminated by a spec i f ic  immune 

response. 

3.  Immunogen-antigens.  Compounds assoc iated wi th  or  secreted 

by paras i t ic  bacter ia ,  protozoa,  fungi ,  and vi ruses and of  molecular  

weight  (mol wt)  > 5000 dal tons may act  as  both immunogens and 

ant igens. 

a.  Molecular complexi ty is  as  important  as molecular weight  in  

determin ing the s ta tus of a  compound as an immunogen.  For  a  

molecule to be immunogenic ,  i t  must  contain  prote in  or  pept ide.  

Therefore,  prote ins ,  g lycoprote ins , l ipoprote ins , and nucleoprote ins 

are the most  potent immunogen-ant igens. 

b.  Drugs of  suff ic ient  molecular  weight  (e.g. ,  insul in) can act as  

immunogen-ant igens. The ce l ls  o f  another ind iv idual  and the ce l ls 

o f  one 's own body (see I I I )  can act  as  immunogen-ant igens.  

Immunogen-ant igens can be contacted envi ronmenta l ly  (e .g. ,  

po l lens) .  

4.  Haptens  are low molecular  weight  compounds that  act  as  

immunogens after  covalent ly binding to a larger  molecule or  cel l  

sur face.  After  they s t imulate the immune system in  this  complex,  

these compounds can act  as ant igens in  the unbound or  bound 

s tate. 

a.  Haptens may be present  in  the envi ronment (e .g. ,  

pentadecacatechol  of  poison ivy) .  

b.  Severa l  types of drugs act  as  haptens (e.g. ,  penic i l l in ) .  

5.  Tolerogens  are chemical  compounds that  e l ic i t  speci f ic  

nonrespons iveness. Th is speci f ic  nonrespons iveness may be 

caused by the ab i l i ty  o f  the compound to  be broken down by the 

body or by the route of admin is t rat ion of  the compound (e.g.,  ora l  

adminis t ra t ion of ten causes spec i f ic  nonresponsiveness) .  

6.  In this chapter ,  the term ant igen  is  used for compounds and ce l ls  

that  are both immunogens and ant igens. 

B. Cel ls  of  the immune system  



1.  B lymphocytes and  T lymphocytes  are the primary cel ls  of  

spec i f ic  immune responses.  Al l  B and T lymphocytes are ant igen 

spec i f ic  because they have speci f ic  ant igen receptors embedded in  

the ir  plasma membranes.  In  th is  chapter ,  the terms B cel l  and T 

ce l l  are used instead of  B lymphocyte and T lymphocyte. 

2.  Antigen receptors of B cells  are ant ibody molecules. 

a.  B cel ls  have thousands of ident ica l  ant ibodies in  the ir  

membranes that  a l low them to bind to a smal l  group of  chemical ly 

re lated ant igens.  This  group def ines the ant igen spec i f ic i ty of  each 

B cel l .  Di f ferent  B cel ls  have di f ferent  ant igen spec i f ic i t ies ,  but  

each B cel l  has on ly one speci f ic i ty.  B ce l ls  that  recognize spec i f ic  

ant igens d iv ide to  form new B ce l ls  (memory B cel ls )  and plasma 

cel ls  (ant ibody-forming cel ls) ,  which secrete free,  soluble 

(humoral )  ant ibody molecules into  ext racel lu lar  f lu ids  (Figure 10-1) .  

b.  V i rg in B ce l ls have not  responded to  an ant igen since thei r  

re lease in to  the c i rcu la t ion f rom bone marrow.  Thei r membrane 

ant ibodies are of  the immunoglobul in  M ( IgM) and D ( IgD) c lasses 

(see I .D) .  

c .  Memory B cel ls  are der ived by cel l  d iv is ion f rom another  B ce l l  

that  has responded to  an ant igen.  Thei r  membrane ant ibodies are 

of  immunoglobul in  c lasses A ( IgA),  E (IgE), or  G ( IgG;  see I .D) .  
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Figure 10-1. B cells: antigen specificity and 
activation. 

3.  Antigen receptors of  T cel ls  have two membrane prote ins  (α 

and β or  γ  and δ) ,  which def ine the ant igen speci f ic i ty o f  each T 

ce l l ,  and severa l  o ther  integral  membrane prote ins  known as CD3 

complex.  Therefore,  T ce l ls  are CD3+ .  Each T cel l  has thousands 

of  ident ica l  ant igen receptors  in  i ts  membrane.  Di f ferent T ce l ls o f 

d i f ferent  ant igen spec i f ic i t ies  d i f fer  in  the conformation of  thei r  

ant igen receptors . 



a.  Major histocompatibil i ty complex (MHC) proteins.  The ant igen 

receptors  of  T ce l ls  do not  recognize ant igens alone. Rather ,  they 

normal ly recognize peptide epitopes  ( f ragments  of  ant igen) that  

are chemical ly combined wi th  MHC prote ins  on the sur face of  o ther  

body ce l ls (F igure 10-2) .  MHC prote ins  are div ided into  two major 

classes: 

(1)  Class I  proteins,  which are present  on the sur faces of  a lmost  

a l l  body cel ls 

(2)  Class I I  proteins,  which are present only on the surfaces of 

spec ia l  antigen-presenting cel ls  (APCs)  

b.  Thymus gland.  T cel ls  do not  enter the c i rcu la t ion di rec t ly f rom 

bone marrow but f i rs t  enter  the thymus g land to  mature. Most  

develop ing T ce l ls  d ie  in the thymus. The ce l ls that  die  e i ther  do 

not  recognize normal  sel f -ant igens or  produce a response against  

normal  sel f -ant igens. 

(1)  T cel ls  that  are re leased f rom the thymus in to the c ircu lat ion 

are virgin  T cel ls .  

(2)  T cel ls  that  or ig inate through cel l  d iv is ion from the responses of  

o ther T cel ls  are memory T  cel ls  or effector  T cel ls .  

c .  Glycoproteins.  Most  T ce l ls  can be classi f ied by the presence of 

a  membrane glycoprote in  known as CD4—the helper,  or  TH  cell—or 

the presence of  CD8—the cytotoxic  T lymphocyte (CTL),  or TC  

cel l .  

(1)  TH  cells  can be d iv ided in to two funct ional  groups:  TH1  and TH2.  

These cel ls  have di f ferent  funct ions in the immune response and 

regulate immune responses through the product ion of  in ter leuk ins 

( IL ;  a lso cal led lymphokines),  which are proteins  that  act  on ce l ls  in 

an autocr ine, paracr ine,  or  endocr ine manner. 
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Figure 10-2. Helper T cell (TH cell) antigen 
recognition. MHC, major histocompatibility 
complex; APC, antigen-presenting cell. 

(a)  TH1 cel ls  act ivate other  ce l ls,  including some TH  ce l ls ,  TC  ce l ls,  

and macrophages.  In  addi t ion, they can decrease ant ibody (Ab)  

product ion by inhib i t ing the format ion of  TH2 ce l ls.  

(b)  TH2 cel ls  act ivate B ce l ls to  d iv ide and produce Ab.  They can 

a lso inhib i t  the format ion of  TH1 ce l ls.  

(2)  TC  cells  are ab le to  k i l l  cel ls  that are infec ted by v i ruses. They 

do th is  through d i rec t b ind ing wi th  the infected ce l l  or  through the 

re lease of cytotoxins . 

(3)  T r  cel ls ,  or  T regulatory cel ls ,  have recent ly been descr ibed. 

Most  o f  these ce l ls are CD4+ ,  a l though there is a  CD8+  subset  as  

wel l .  A l l  o f  these ce l ls  suppress immune responses through the 

secret ion of IL-10 and t ransforming growth fac tor β (TGF-β) ;  in  

addi t ion,  cel ls  designated CD4+CD25+  are a lso ab le to  inhibi t  other  

T ce l ls  through d i rect  contact .  

(4)  Inter leuk ins are part  o f  a  larger  network of regulatory 

cytokines.  Th is  network inc ludes secret ions of  other  cel l  types in  

addi t ion to  those of  lymphocytes. Table 10-1 l is ts the sources and 

act ions of  important  cytok ines that  regulate the immune system and 

in f lammat ion. 

4.  Natural  k i l ler  (NK) cel ls  are large,  granular  lymphocytes wi thout 

a  spec i f ic  T or B ce l l  ant igen receptor.  Thei r cytotoxic i ty is  s imi lar  

to  that  o f  CTL (TC )  ce l ls .  NK cel ls  recognize and destroy tumors, 

and are important  for control l ing v i ra l  in fect ions pr ior to  the 

development o f adapt ive immuni ty.  

5.  APCs  are essent ia l  for  most  immune responses and are found in  

the s i tes at which these responses originate. 

a.  The best  unders tood APCs are the macrophages  and dendri t ic  

cel ls  o f  the lymph nodes,  spleen,  and other lymphoid t issue.  

Most  immune responses wi th in  these organs begin when these ce l ls 

present epi topes bound to  the i r  surface MHC c lass I I  molecules to 

TH  ce l ls  and secrete cytok ines as accessory s ignals (F igure 10-2) .  



APCs,  especial ly macrophages, are able to  contro l  the type of  

immune response generated.  They do this by secret ing d i f ferent 

cytokines in  response to d i f ferent  types of  pathogens (e.g. ,  

ext racel lu lar  bacter ia ,  int racel lu lar  bacter ia ,  v i ruses) .  
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Table 10-1. Major Cytokines and Their Actions 

Cytokine Sources of Secretiona Major Actions 

IL-1 Macrophages, APCs, 
others 

T and B cell activation, 
pyrogenic, proinflammatory 

TNF-α, 
TNF-β 

Macrophages, TH1 
cells, TC cells 

Similar to IL-1, but including 
cytotoxicity 

IL-2 TH0 cells, TH1 cells T cell, B cell, and NK cell 
activation 

IFN-γ TH1 cells Induction of MHC, activation of 
macrophages and NK cells, 
formation of memory B cells, 
antiviral 

IFN-α, 
IFN-β 

Leukocytes, 
fibroblasts 

Induction of MHC, antiviral, and 
growth inhibition 

IL-3 Macrophages, TH 
cells 

Proliferation of multilineage 
marrow stem cells 

IL-4 TH2 cells B cell activation and memory B 
cell formation, increased mast 
cell precursors, activation of 
mast cells 

IL-5 TH2 cells Memory B cell formation, 
eosinophil production 

IL-6 TH2 cell, other types Plasma cell maturation, others 
similar to IL-1 



IL-7 Bone marrow stroma Lymphocyte maturation 

IL-8 
(CXCL8) 

Monocytes, 
macrophages, 
endothelial, 
fibroblasts cells 

Chemokine, attraction and 
activation of neutrophils, 
attraction of T cells 

IL-9 TH1 cells Proliferation and differentiation 
of bone marrow cells and 
thymocytes 

IL-10 Macrophages, TH2 
cells CD8+ T cells, B 
cells 

Increased humoral (antibody) 
immunity, decreased cell-
mediated immunity, mast cell 
growth 

IL-11 Bone marrow stroma Proliferation and differentiation 
of bone marrow cells and 
thrombocytes 

IL-12 Macrophages, B cells Promotion of cell-mediated 
immunity, activation of TC and 
NK cells, suppression of 
humoral immunity 

IL-13 TH cells IL-4-like effects on B cells, 
inhibition of production of 
inflammatory cytokines by 
monocytes 

IL-14 TH cells Important for the generation of B 
memory cells 

IL-15 Endothelial cells, 
epithelial monocytes, 
muscle cells 

IL-2-like effects 

GM-CSF TH1 cells, 
macrophages 

Marrow proliferation of myeloid 
precursors 



G-CSF Fibroblasts, 
endothelial cells 

Proliferation and survival of 
neutrophil precursors 

M-CSF Fibroblasts, 
endothelial cells 

Survival of monocyte 
macrophages 

APC, antigen-presenting cell; G-CSF, granulocyte colony-stimulating factor; 
GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN, 
interferon; IL, interleukin; M-CSF, macrophage colony-stimulating factor; 
MHC, major histocompatibility complex; NK cell, natural killer cell; TCcell, 
T cytotoxic cell; THcell, T helper cell; TNF, tumor necrosis factor. 

a Not all sources are listed. 
 

b.  Any ce l l  in  the body can act  as an APC for  immune responses 

invo lv ing CTL ce l ls.  Nuc leated ce l ls can present  fragments  of  

ant igens bound to  thei r  sur face MHC c lass I  molecules to  Tc  (CD8+ )  

lymphocytes. 

c .  Both T and B cel ls  cont inual ly c i rcu la te f rom the blood through 

the lymph nodes,  spleen,  and other secondary lymphoid t issue and 

then back in to  the b lood. I f  there is  ant igen present  in  the 

secondary lymphoid t issue that  b inds spec i f ica l ly to  the receptor  on 

the T or  B ce l l ,  then an immune response can begin. 
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6.  Neutrophils , macrophages,  eosinophi ls,  basophils, platelets,  

and mast cel ls  assis t  in e l iminat ing ant igens f rom the body.  Thei r  

funct ions may be phagocyt ic ,  proin f lammatory,  cytotoxic ,  

regulatory,  or a  combinat ion of these. 

C. Humoral  immunity: primary and memory responses that  

produce antibodies  

1.  Overview.  In  most  humoral  immune responses,  ant igens are 

recognized by ant igen-speci f ic  B cel ls  and TH  cel ls (non-ant igen-

spec i f ic  B and TH  ce l ls do not  respond).  In i t ia l ly ,  B and TH2 cel ls  

d iv ide to increase the ir  ce l l  numbers. Responding B cel ls  produce 

both memory B ce l ls  and p lasma cel ls ,  aided by cytok ines secreted 

by TH2 ce l ls.  T-independent responses  to  cer tain  bacter ia l  

po lysacchar ide ant igens do not  requi re TH  ce l ls.  Dur ing T-

independent  responses,  a  subc lass of B ce l ls  (B1 B cel ls )  responds 

a lone and produces plasma cel ls  that  secrete IgM ant ibodies,  but  

no memory B cel ls  are produced. 



2.  Primary immune response.  The f i rs t  t ime a speci f ic  ant igen is  

encountered,  only virgin B cells  and virgin TH  cel ls  are present  to  

respond to the ant igen.  In i t ia l ly ,  the TH  cel ls  become TH  e f fec tor  

ce l ls,  and the B ce l ls  produce plasma ce l ls  that  secrete IgM 

ant ibody.  Later  in  the immune response, p lasma ce l ls produc ing 

other c lasses of  ant ibody develop.  The pr imary immune response is  

detected in  the serum after  4  days and peaks in  7-11 days.  In  a  

pr imary immune response,  IgM is produced f i rs t  and is fol lowed by 

IgG.  Memory B and TH2 ce l ls are a lso produced.  Memory B cel ls  

can a lso be act ivated to  produce the other c lasses of ant ibody in  

subsequent  immune responses. 

3.  Memory immune responses.  The second or  subsequent  

encounter  wi th the same ant igen or a  c lose ly related ant igen 

produces responses by memory B cel ls  and memory TH2 cel ls .  

These responses are more rap id because memory ce l ls  requi re  less 

ant igen for st imulat ion and are of  greater  magni tude because there 

are more ant igen-speci f ic  B and T ce l ls to  respond.  Most  serum 

ant ibody produced is IgG,  wi th  smal ler amounts of  IgA and IgE.  

Signi f icant  amounts  of  ant ibodies are produced as rap idly as  2-3 

days af ter the reencounter  wi th  ant igen,  and the absolute amount  

o f  ant ibody (measured in mi l l ig rams per  deci l i ter  o f  serum) is  

greater  than in  pr imary immune responses. The durat ion of memory 

var ies among ant igens and probably among ind ividuals .  Some, but  

not  a l l ,  memory is  l i fe long. 

4.  Major roles of  ant ibodies  

a.  The f i rst  funct ion of  an ant ibody is  to  act  as an antigen receptor  

for  B cel ls  so that the B ce l ls can recognize and respond to 

ant igens. 

b.  The second funct ion of  an ant ibody is  to  aid  in  the el imination 

of  antigen.  E l iminat ion occurs  through nonspeci f ic  funct ions, such 

as phagocytosis or  complement ac t ivat ion.  The mechanism of  

e l iminat ion depends on the c lass of ant ibody involved. 

c .  The th i rd  funct ion of  an ant ibody is  neutral ization of toxins.  

Neutral izat ion occurs when an ant ibody b inds to  the toxin  and 

prevents  i t  f rom reaching the target  cel l  or  receptor .  

D. Immunoglobul ins: ant igen binding and class-specif ic  

functions.  The terms ant ibody  and immunoglobul in  are used 

in terchangeably. 

1.  Structure.  The standard immunoglobul in  un i t  has four  

po lypept ide chains: two ident ica l  l ight  (L)  po lypept ide chains and 

two ident ica l  heavy (H) po lypept ide chains.  The st ructure is  

represented as H2L2 .  Each chain can be div ided in to  a C-terminal  

constant region  and an N-terminal  variable region  of  amino acids 

(F igure 10-3) .  The N-terminal  variab le reg ion formed f rom the H 

and L var iable  domains is  respons ible  for  ant igen b ind ing by the 



immunoglobul in .  The C-terminal  constant  regions of  the H chain 

determine the class of  the immunoglobul in.  

2.  Class.  There are f ive genera l  heavy-chain, constant- region 

amino acid  sequences.  These determine the f ive general  classes 

of  immunoglobul ins: IgM, IgG, IgE,  IgA,  and IgD.  W ith in  some 

c lasses,  var iants  o f  the heavy-chain sequence yie ld  subclasses: 

IgM1-2,  IgG1-4,  and IgA1-2.  The class of  an immunoglobul in  

def ines i ts  nonspeci f ic  ant igen e l iminat ion or inf lammatory funct ion.  

These funct ions are act ivated only a f ter ant igen-ant ibody 

complexes are formed,  not  by unbound ant ibodies. 

a.  IgM  is  the f i rs t  immunoglobul in secreted dur ing primary immune 

responses.  I t  p lays a minor  ro le in memory responses.  I t  does not 

leave the b lood in s igni f icant  amounts  because of i ts  pentamer ic  

s t ruc ture and large s ize (mol wt  900,000 dal tons).  I t  accounts  for  

approximately 20% of the adul t  serum immunoglobul in.  IgM is the 

most  potent  activator of the complement system  (see I .E.2) .  I ts  

serum half - l i fe  is 9-11 days. 
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Figure 10-3. Immunoglobulin molecule. Fc, 
fragment, crystallizable. 

b.  IgG  is  the predominant  serum immunoglobul in  secreted a t  the end of the 

pr imary immune responses and during memory responses. I t  can di f fuse 

f rom b lood into  other  ext racel lu lar  f lu ids , part icular ly in  in f lamed 

microvasculature,  and i t  c rosses the p lacenta to  enter the fe tal  c i rcu la t ion.  

I t  accounts  for  approximate ly 70% of  adul t  serum immunoglobul in .  I t  

opsonizes antigens  for phagocytosis and act ivates the complement 

system.  I ts  serum hal f- l i fe  is  25-35 days. 

c .  IgE  is  secreted during memory responses and may also be secreted la te  

dur ing a pr imary response.  I t  normal ly accounts  for  < 1% of  serum 

immunoglobul in .  I t  binds to IgE receptors located on the cel l  surfaces of  



blood basophi ls  and on mucosal  and connective t issue mast cells  to  

t r igger  the secret ion of  in f lammatory mediators  from these cel ls  in  the 

presence of  speci f ic  ant igens.  IgE mediates a l lerg ic react ions. I ts  serum 

hal f- l i fe  is  2-3 days,  but  i ts  mast cel l -bound hal f - l i fe  is severa l  months to  

years . 

d.  IgA  is  secreted dur ing memory responses and may also be secreted la te  

dur ing a pr imary response.  I t  accounts  for  10% of serum immunoglobul in.  

However,  i t  is  secreted in large quantit ies across mucosal  surfaces into 

gastrointest inal ,  respiratory,  lachrymal,  mammary,  and genitourinary 

secretions,  where i t  protects mucosa from colonizat ion  by bacter ia  and 

other microorganisms.  I ts  serum hal f- l i fe  is approximate ly 5  days. 

e.  IgD  accounts  for  < 1% of  serum immunoglobul in  and has no known 

funct ion as a secreted immunoglobul in.  

3.  Specific i ty.  The speci f ic i ty o f each immunoglobul in  for  ant igen binding 

res ides in  the two ident ica l  ant igen-b ind ing s i tes,  each formed by the 

combinat ion of the var iab le  regions of  heavy and l ight  chains.  IgG,  IgE,  and 

IgD as wel l  as serum IgA have two ant igen-b inding s i tes .  IgM ant ibodies 

have 10 ident ica l  ant igen-b ind ing s i tes  through the combinat ion of  
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f ive H2L2  un i ts  wi th  a  jo in ing po lypept ide chain to  form a pentamer.  

L ikewise, secreted IgA typ ical ly exis ts  as  a dimer wi th  four  binding si tes . 

4.  Quanti tation of  immunoglobul in: ant igen binding and cross-

reactivi ty.  Between 108  and 101 1  un ique immunoglobul ins  wi th  di f ferent  

ant igen-b inding speci f ic i t ies  are formed by the immune system. 

a.  Each immunoglobul in spec i f ic i ty can b ind to  severa l  di f ferent ,  but c losely 

s t ruc tura l ly rela ted,  ant igens.  This  ab i l i ty  i l lust rates the phenomenon of 

c ross-react iv i ty o f  a  s ingle  ant ibody for  mul t ip le  ant igens.  Each 

immunoglobul in-ant igen in teract ion is  quant i ta ted by i ts  association 

constant (Ka ) .  

b.  Cross-react iv i ty may a lso occur  through the shar ing of  some, but not  a l l ,  

ant igens by two s t ra ins  of  bacter ia,  v i ruses,  or  other  microorganisms. 

c .  Because each microorganism has severa l  ant igens,  each el ic i ts  the 

product ion of mul t ip le  ant ibodies wi th unique spec i f ic i t ies by the immune 

system. This  response is known as a polyclonal  response  and resul ts in a  

combinat ion of ant ibodies known as a polyclonal  ant iserum  and def ines 

the serotype of  the immunizing organism. 

5.  Fragments of  immunoglobul in for cl inical use.  Immunoglobul ins can 

be enzymatical ly c leaved into  f ragments—for example, Fab  and F(ab')2  

(ant igen-binding f ragments),  Fc  (c rys tal l izab le f ragment),  and Fv  (var iable  

reg ion fragment) .  Fab and F(ab ')2  f ragments are c l in ical ly usefu l  because 

they reta in  ant igen spec i f ic i ty,  but  not  c lass-speci f ic  (e.g . ,  in f lammatory)  

funct ions,  and are readi ly excreted renal ly.  Conversely,  th is  character is t ic  

l imi ts  the i r  e f fect iveness in  certa in  s i tuat ions. 



E. Antigen el imination and acute inflammatory mechanisms of humoral  

immunity  

1.  Opsonizat ion  is  the preparat ion of  any ext racel lu lar ant igen for  

phagocytosis  through bind ing of  ant ibody. Neutrophi ls  and macrophages 

have a var iety o f  receptors  for  the constant  region of  IgG ant ibodies (FCγR),  

which bind ant igen-ant ibody complexes.  W hen the ant igen is so lub le,  the 

immune complexes must be suff ic ient ly large to  induce th is  react ion.  This 

b ind ing t r iggers phagocytosis  o f  the ant igen-ant ibody complex and act ivates 

the metabol ism of the phagocyte,  shi f t ing i t  toward the product ion of  

bacter ic idal  oxygen rad ica ls (e .g. ,  superoxide anion,  hydrogen peroxide) .  

2.  Complement  is  a group of  approximate ly 20 serum proteins  that ,  when 

act ivated,  form a proteo lyt ic  cascade simi lar to the c lo t t ing and f ibr ino lyt ic 

sequence.  W ithin  th is  complex of  prote ins,  there are some that inh ib i t  

complement act ivat ion.  Complement  is  respons ib le  for  increasing the 

in f lammatory response, phagocytosis  o f  ant igen, lys is  of  ce l ls (usual ly 

pathogens) ,  and c learance of  immune complexes.  

a.  In the classic activat ion pathway,  immune complexes of  IgM or  IgG 

ant ibodies bound to  ant igen b ind subuni ts o f complement component  1  (C1) 

and t r igger an ini t ia l  ser ies  of  proteo lyt ic  c leavages. 

b.  In the alternat ive activat ion pathway,  the cel l  wal ls o f  cer tain  

microorganisms (e.g.,  gram-negat ive bacteria) are able to  b ind C3b and 

other complement  prote ins  that in i t ia te  a d i f ferent  sequence of  proteo lyt ic 

c leavages,  leading to  the same end point  as  the c lass ic  ac t ivat ion pathway.  

c .  In  the mannose-binding pathway,  mannose-bind ing prote in (MBP) is  

produced by the l iver during the acute-phase response.  MBP b inds to  

mannose on the sur face of  bacter ia  and, in conjunct ion wi th  associated 

serum proteases,  t r iggers  proteo lyt ic  c leavages ident ica l  to  those seen in 

the c lass ic  pathway of  complement .  

d.  C3b,  C4b,  and assoc iated degradat ion products  provide opsonizat ion,  v ia  

complement receptors  on ce l ls  such as macrophages and neutrophi ls,  in  

addi t ion to  that  provided by IgG in  immune complexes.  

e.  Proinf lammatory fragments  of  cer ta in complement  prote ins  act both by 

direct  activi ty on the microvasculature,  promoting ar ter iole  d i la t ion and 

increased vascular  permeabi l i ty ,  and by tr iggering the release of h is tamine 

and other  pro in f lammatory mediators f rom mast  ce l ls  and basophi ls .  

f .  A complex of  complement  prote ins  known as the membrane attack 

complex (MAC)  can inser t  into  any l ip id  bi layer  membrane,  forming a large 

channel  through which ions and water  di f fuse.  Many bacteria ,  enveloped 

vi ruses,  and some human or  mammalian ce l ls  are subject  to this  osmot ic 

lys is .  
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3.  Circulating basophils  and connective t issue mast cel ls  are main ly 

pro in f lammatory ce l ls  that  rap idly in i t ia te  acute in f lammation.  Tr iggers of 



secret ion inc lude mechanica l  and thermal  t rauma and immunologic t r iggers ,  

complement,  and IgE. 

a.  IgE antibodies,  regard less of  ant igen spec i f ic i ty,  equi l ibrate between 

serum and b inding noncovalent ly to  high-af f in i ty IgE receptors  on mast  ce l l  

and basophi l  sur faces. Th is act iv i ty arms the mast  cel ls  and basophi ls,  but  

the tr iggering of  secret ion by these ce l ls requi res that ant igen b ind to  and 

cross-l ink  ant igen-spec i f ic  IgE molecules a l ready a f f ixed to  the i r  receptors . 

b.  Mast  ce l ls  and basophi ls ,  when t r iggered,  immediate ly secrete the 

contents  of  thei r  s torage granules, inc luding h is tamine, tumor necros is  

fac tor  α (TNF-α) ,  proteases,  and chemotact ic  prote ins for neutrophi ls  and 

eosinophi ls .  In  addit ion,  ac t ivat ion of  phosphol ipase A2  re leases 

arachidonic ac id f rom membrane phosphol ip ids  and resul ts  in  the synthesis  

o f  var ious leukotr ienes,  prostaglandins,  and thromboxanes.  The pr imary 

ef fec ts  o f these mediators  are 

(1)  Vascular  di lat ion 

(2)  Increased vascular  permeabi l i ty  

(3)  Contract ion of  resp i ra tory and gastroin test inal  smooth musc le 

(4)  Neutrophi l  and eos inophi l  chemotaxis 

4.  Antibody-dependent cel l -mediated cytotoxici ty is  mediated by ce l ls  

wi th  cytotoxic  potent ial  as  wel l  as  receptors for IgG.  These cel ls ,  NK cel ls ,  

macrophages,  and some TC  ce l ls ,  b ind to  and lyse target ce l ls  coated wi th  

IgG. 

5.  Acute inf lammation  a l lows increased ease of movement  of  crucial  

components  of  the b lood in to  the t issues, including phagocytes (espec ia l ly 

neutrophi ls ) ,  IgG ant ibodies,  complement ,  c lo t t ing prote ins , and kinins .  The 

adapt ive resul t  is  the isola t ion and removal  o f invading microorganisms and 

necrot ic  t issues,  fo l lowed by t issue repai r and regenerat ion. 

F.  Cell -mediated immune  responses (cel l -mediated immunity)  are those 

in  which antibody is  not involved in the el imination of antigen.  

1.  Nonviral intracel lular parasites  o f  macrophages,  such as Mycobacteria ,  

L ister ia ,  and cer tain  protozoa,  are pr imari ly el iminated by T ce l l -

macrophage immuni ty.  CD4+  TH1 cel ls  recognize in fected macrophages and 

secrete lymphokines,  par t icu lar ly in terferon γ  ( IFN-γ) .  These lymphok ines 

act ivate macrophages to produce more bacter ic ida l  oxygen rad icals  (e .g. ,  

superoxide anion, hydrogen peroxide)  and also to  increase the secretory 

funct ion of  the macrophages and inh ib i t  phagocytos is ,  enabl ing the 

macrophages to k i l l  the paras i tes in the extracellular  envi ronment.  

2.  Viruses  must be e l iminated f rom both ext racel lu lar s i tes  and in fected 

ce l ls.  

a.  Antibodies  opsonize v i rus  par t ic les  in  blood and t issue f lu ids  for  

phagocytosis ,  but  ant ibodies are genera l ly inef fec t ive against  in fected ce l ls .  

b.  CTL cells  recognize in fected ce l ls  and di rec t ly k i l l  them in  an ant igen-

spec i f ic  manner,  secret ing lymphokines,  such as TNF-β as wel l  as 

granzymes and granulys ins .  In  addi t ion, CTL can induce apoptosis v ia  FAS 

l igand b inding to  FAS on the target  cel ls .  Of ten, the ce l ls are k i l led before 



in fec t ious v i rus part ic les are assembled.  When k i l led ce l ls  re lease 

in fect ious v i ra l  par t ic les , they may be opsonized by an ant ibody.  Cel l -

mediated immuni ty and humoral  immunity must  funct ion in concer t  to  

provide opt imal  ant iv i ra l  defenses. 

c .  NK cel ls  k i l l  in fec ted (and tumor)  cel ls  in  a  non-ant igen-spec i f ic  manner,  

b ind ing to  MHC-l ike molecules us ing a var ie ty o f receptors.  NK ce l ls k i l l  

the ir  target ce l ls  using mechanisms s imi lar to  those used by CTLs. 

d.  IFN-γ  (secreted by CTL,  NK,  and TH1 cel ls )  and IFN-α  and IFN-β  

(secreted by f ibroblasts  and other  ce l ls)  provide addi t ional  ant iv i ra l  

immuni ty by bind ing to  receptors  on other  ce l ls and inducing synthes is  o f 

k inases and endonuc leases ( i .e . ,  ant iv i ra l  prote ins) ,  which inh ibi t  v i ra l  and 

ce l lu lar  growth.  In terferons a lso upregulate c lass I  MHC prote ins ,  which 

make in fected cel ls  more vis ib le to  CTL cel ls .  

3.  Tumors  are modif ied host  ce l ls  and must  be el iminated by the immune 

system, usual ly by ce l l -mediated immuni ty.  

a.  NK cel ls  are pr imar i ly respons ib le  for  k i l l ing tumor cel ls .  They act  by 

recogniz ing changes in  ce l l -surface prote ins  or  by antibody-dependent 

cel l -mediated cytotoxici ty.  
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b.  CTL cells  recognize tumor ce l ls  in  an ant igen-spec i f ic  manner and ki l l  

them by secret ing lymphok ines,  such as TNF-β,  and by induc ing apoptos is  

through the b inding of  FAS and FAS-l igand. 

c .  Macrophages  a lso k i l l  tumor cel ls  in  a  nonspec i f ic  manner,  through the 

re lease of TNF-α.  

4.  Graft  reject ion  (see V)  

II. Hypersensitivity Reactions are exaggerated, 

inappropriate, or prolonged immune responses 

that cause damage to otherwise normal tissue. 
Four types of hypersensi t iv i ty react ions are recognized, pr imar i ly on the 

basis o f  the mechanisms of  pathogenes is  (Figure 10-4) .  Many d i f ferent  

d iseases are included with in each type. Allergens  are broadly def ined as 

ant igens or  haptens that induce hypersens i t iv i ty react ions,  and they are 

usual ly nonpathogenic,  nontoxic  agents. 



 

Figure 10-4. The four main types of 
hypersensitivity reactions. RBC, red blood cell. 
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A. IgE-mediated type I  hypersensit ivi ty react ion ( immediate 

hypersensit ivi ty)  

1.  A type I  hypersensi t iv i ty react ion is  caused by inappropriate production 

and hypersecret ion of  IgE  to  speci f ic  a l lergens p lus  auxi l iary fac tors,  such 

as increased mucosal  permeabi l i ty  to  i r r i tants  (e .g . ,  SO2 ,  NO2 ,  d iesel  

fumes).  The tendency to hypersecrete IgE is  inheri table;  a  chi ld 's  

probabi l i ty  o f  be ing a hypersecretor  is  50% i f  one parent is  a hypersecretor  

and 75% i f  both parents  are hypersecretors . These indiv iduals  are 

cons idered to  be atopic.  

a.  IgE is  produced loca l ly a f ter  nonsystemic exposure to an ant igen. 

(1)  In normosecretors  (1-10 µg/dL of  IgE), arming of  local  mast  ce l ls occurs  

(see I .B.6) .  

(2)  In hypersecretors  ( typ ica l ly 100 µg-1 mg/dL of  IgE),  IgE sp i l lover 

occurs ,  arming basophi ls and nonlocal  mast  cel ls  and causing increased 

occupancy of  mast  cel l  and basophi l  IgE receptors  by IgE. 

b.  Because there is a  lag period for  IgE synthes is  and cel l  arming,  a type I  

react ion usual ly does not  occur on the f i rst  (or f i rs t  seasonal)  exposure to a  

spec i f ic  al lergen. 

2.  Common al lergens  

a.  Respiratory al lergens  inc lude pol lens of var ious p lants  (e .g.,  ragweed,  

grasses,  t rees) ,  fungi ,  an imal  fur ,  carpet  mi tes , and other  shed al lergens.  

b.  Gastrointest inal  a l lergens  inc lude dai ry products ,  shel l f ish, t ree nuts, 

and peanuts . 

c .  Skin and mouth al lergens  inc lude top ica l ly appl ied drugs (e.g. ,  

procaine) .  

d.  Intravenous allergens  inc lude insect venoms and drugs that  ac t  as  cel l  

or  plasma protein-bound haptens (e.g.,  penic i l l in ,  cephalospor ins ,  



vaccines) .  These drugs may cause type I I  or I I I  hypersens i t iv i ty react ions in  

people who do not hypersecrete IgE in  response to  these drugs. 

3.  Activat ion of  mast cel l  and basophil  secret ion  by an al lergen requi res 

two or  more receptor-bound IgE molecules to  be cross-l inked by a spec i f ic  

a l lergen.  Hapten-s ize drugs that  provoke th is  react ion both sens i t ize the 

immune system and t r igger  mast  ce l ls  when the drug is  bound to  a larger  

molecule (e .g. ,  a  prote in) .  Act ivat ion leads to a t ransient  increase in  the 

cyc l ic  adenos ine monophosphate (cAMP) leve l ,  fo l lowed by an increase in  

the leve l  o f  cycl ic  guanos ine monophosphate (cGMP) re la t ive to  cAMP. This 

is  fo l lowed by phosphol ipase C producing second messengers ,  which lead 

to  a rapid increase in  cytop lasmic  ca lc ium ions (Ca+ + ) .  W ith  the increase in  

cytoplasmic  Ca+ + ,  there is  immediate fus ion of  ves ic les  contain ing 

in f lammatory mediators wi th  the cel l  membrane and re lease of  these 

mediators into  the ext racel lu lar mi l ieu.  In addi t ion,  a f ter  degranulat ion,  

mast  ce l ls produce addi t ional  cytokines,  leukotr ienes,  and prostag landins. 

These act ivate the la te-phase response, which fur ther  act ivates the local  

in f lammatory response. Pro longed increases in  cAMP levels  inhib i t  mast  

ce l l  ac t ivat ion. 

4.  Effects of  mediators secreted from mast cel ls  and basophi ls  

a.  Vasodi la t ion and increased capi l lary permeabi l i ty  are caused by 

h istamine;  the leukotr ienes C4,  D4, and E4;  and prostaglandin D2  (PGD2 )  

secreted by mast  cel ls .  

b.  Gastroin test ina l  and respi ra tory smooth musc le constr ic t ion is  caused 

pr imar i ly by his tamine,  the leukotr ienes C4, D4,  and E4;  PGD2 ;  and 

p la te le t -ac t ivat ing factor secreted by mast ce l ls  and other leukocytes. 

c .  Eos inophi l  and neutrophi l  in f i l t rat ion is  caused by chemotact ic  fac tors  

secreted by mast  cel ls .  

5.  Local symptoms of  pathogenesis  inc lude inf lammation of  the upper 

( rh ini t is )  and lower respira tory t ract  (as thma),  gast roin test ina l  t rac t ,  and 

skin . 

a.  Common c l in ical  symptoms include ur t icaria ,  prur i tus  ( i tch ing),  nasal  

congest ion, bronchoconstr ict ion,  mucus and lachrymal  hypersecret ion,  

laryngeal edema, vomi t ing,  and d iarrhea. 

b.  Symptoms may be conf ined to  the porta l  o f  a l lergen entry (e .g. ,  

respi ratory al lergen:  resp i ratory symptoms) or  may be more widespread as 

a resul t  of  al lergen sp i l lover  in to  the c i rcula t ion (e .g. ,  food a l lergen: 

gast ro in test inal ,  skin,  resp i ra tory symptoms). 

c .  Atopic dermati t is  typical ly includes severe prur i t ic  dermati t is ,  and may 

a lso include rh ini t is  or  as thma, food a l lergies ,  and changes in  the ce l l -

mediated immune system. 

d.  The loca l  in troduct ion of  al lergen sometimes leads to  anaphylaxis .  

e.  Approximate ly 50% of pat ients  wi th asthma hypersecrete IgE.  This 

tendency is probably contr ibutory,  but anc i l lary,  to  the underly ing bronchia l  

hyperreact iv i ty present in  these pat ients  (see Chapter 48) .  
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6.  Systemic anaphylact ic  manifestat ions of pathogenesis.  In  sensi t ized 

indiv iduals ,  in t ravenous in jec t ion of  an a l lergen (e.g. ,  bee venom) or  

absorpt ion across the mucous membranes (e.g. ,  peanuts)  can cause 

systemic  edema and hypovolemic  shock,  wi th  card iac  arrhythmia,  

asphyxiat ion as a resul t  o f  bronchoconstr ic t ion and mucous hypersecret ion,  

and ur t icar ia.  Death usual ly occurs  because of  asphyxiat ion.  Whi le  o ther  

sens i t ized ind iv iduals  may have only mi ld  loca l  symptoms upon 

encountering the al lergen,  these resul ts  demonstrate d i f fer ing host  

responses to  ident ica l  prote ins. 

7.  Time course.  Immediate hypersens i t iv i ty react ions have two phases.  The 

early react ion,  resul t ing f rom mediator  secret ion by mast  cel ls ,  begins 

wi th in  1-2 min after  a l lergen contact  and peaks wi th in  1-2 hr .  The late-

phase react ion  begins 6-12 hr  a fter  contact  wi th the a l lergen and las ts  for  

several  hours .  The late-phase react ions are in i t ia ted by newly synthes ized 

leukotr ienes and prostaglandins a long wi th  cytok ines,  chemokines,  and 

other inf lammatory mediators .  The la te-phase react ion is  character ized by 

increased numbers of eos inophi ls  and is maintained by the products of  

these cel ls .  

8.  Diagnosis.  In scratch tests,  a  varie ty o f  al lergens are injec ted 

in t radermal ly to  screen for  the presence of  a  wheal  and f lare ( i .e. ,  edema 

and erythema) response in  the skin . Radioallergosorbent (RAST)  and 

radioimmunosorbent (RIST) assays  use rad io labeled reagents  to  detect 

serum IgE concentrat ions.  The resul ts  o f  these assays do not  a lways agree 

wi th  each other  or wi th  c l in ica l  mani fes tat ions of  type I  hypersens i t iv i ty.  

9.  Prophylaxis  

a.  Ident i fy ing and avoid ing al lergens is  the most  important  form of  

prophylaxis .  

b.  Hyposensitizat ion (desensit ization)  is  per formed by in jec t ing week ly,  

increas ing doses of a l lergen in t ramuscular ly to  e l ic i t  an al lergen-spec i f ic  

IgG response and decrease the al lergen-spec i f ic  IgE.  Once desensi t izat ion 

has been achieved,  month ly in jec t ions are used to  mainta in  the IgG leve ls.  

IgG is  ab le to  b ind to  the a l lergen and inh ib i t  i ts  binding to  the mast-cel l  

bound IgE. 

10.  Therapy  

a.  Competit ive H1 -antagonis ts  o f h is tamine are usefu l  in  loca l  forms but  do 

not  complete ly reverse the in f lammat ion because h is tamine is  not the on ly 

in f lammatory mediator  in the react ion.  Compet i t ive H1 -antagonists  have 

l i t t le  e f fec t on anaphylaxis .  

b.  Epinephrine  reverses anaphylaxis  through i ts  α-agonist  and β-agonis t  

e f fec ts .  Pat ients  wi th  systemic  al lergies are given epinephrine se l f -

adminis t ra t ion k i ts.  β2 -agonis ts  (e .g. ,  albutero l )  are ab le to promote 

bronchodi la t ion,  and α1 -agonists (e .g. ,  phenylpropanolamine)  decrease 

nasal  congest ion. 



c.  Cromolyn sodium  (c romoglycate) is  a  local ly adminis tered inh ib i tor  o f  

mast  ce l l  degranulat ion.  Glucocort icoids  are able to  b lock the la te  phase 

of  the react ion but  are less ef fec t ive dur ing the ear ly phase.  

Anti leukotriene therapies  are also ab le to b lock the late  phase of  the 

react ion. 

d.  Topical  steroids  inhib i t  in f lammat ion and immune responses.  Topical  

appl icat ion v ia  spray or  inhaler  l imi ts  the s ide ef fec ts  seen when 

g lucocor t ico ids  are admin istered systemical ly.  In  addi t ion to  us ing topica l  

s tero ids  a lone, they are a lso combined wi th  long-ac t ing β2 -agonists  as 

therapy for as thma. 

e.  Anti - IgE therapy is  composed of  a high-af f in i ty monoclonal  ant ibody to 

the Fc region of  IgE. I t  is  ab le to  b ind IgE and prevent  sens i t izat ion of mast  

ce l ls and basophi ls .  Th is therapy is  usefu l  in  highly a top ic  ind iv iduals  and 

is  used for  indiv iduals  wi th  severe asthma for  whom other  therapies have 

proven inef fec t ive. 

B. Non-IgE-mediated type I  hypersensit ivi ty react ions  are probably the 

resul t  o f  severa l  poorly unders tood causes and are somet imes ca l led 

anaphylactoid react ions.  The fo l lowing factors  may contr ibute to  and 

exacerbate non- IgE-mediated type I  react ions. 

1.  Respi ra tory β2 - receptor  unresponsiveness,  which leads to  a d imin ished 

bronchodi la tory effect  of the sympathet ic  nervous system. 

2.  Hyperreact iv i ty o f  mast  cel ls  through H2 - receptor  unresponsiveness.  This  

decreases the negat ive feedback of  histamine on the act ivat ion of mast 

ce l ls.  
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C. Type I I  hypersensit ivi ty react ions  

1.  Pathogenesis.  Ant ibody-mediated cytotoxic i ty occurs  through the 

product ion of IgM and IgG.  These ant ibodies are ab le to b ind to  speci f ic  

a l lergens located on ce l l  surfaces. 

a.  These al lergens may be in t r insic to the ce l l  ( i .e . ,  natura l  ce l l -sur face 

components) or  ext r ins ic compounds ( i .e . ,  drugs) adsorbed to  the cel l  

sur face. 

b.  Cytotoxic i ty may resul t  f rom act ivat ion of  complement,  phagocytos is  o f  

the IgG opsonized ce l l ,  or  both. 

c .  A th ird  cytotoxic  mechanism, known as ant ibody-dependent ,  cel l -

mediated cytotoxic i ty,  invo lves the d i rec t k i l l ing of  ant ibody-coated ce l ls  by 

NK cel ls ,  macrophages,  or  eos inophi ls.  

d.  Type I I  react ions may exhib i t  anaphylact ic  s igns and symptoms i f  enough 

complement is  ac t ivated; however,  they usual ly do not  progress to  this 

s tage. 

2.  Common al lergens.  Type I I  a l lergens are diverse. I t  is  the pathogenic  

mechanism that  is  common to  al l  the react ions. 



a.  Fore ign b lood sur face ant igens may act  as  al lergens to  produce 

transfusion mismatches  or  Rh disease.  

b.  Drug al lergens (or  drug metabol i te a l lergens)  ac t ing as haptens are the 

leading cause of  hemolyt ic  anemia.  

(1)  These al lergens may d i rec t ly adsorb to ce l l  sur faces and be spec i f ica l ly 

bound by ant ibodies (e .g. ,  penic i l l ins,  cephalospor ins,  qu inidine) .  

(2)  A l ternately,  they may form serum-phase immune complexes,  which 

adsorb nonspeci f ical ly to b lood cel l  surfaces.  Th is  makes the ce l l  

suscept ib le  to  lysis owing to  the “ innocent  bystander”  e f fec t  (e .g . ,  r i fampin,  

su l fonamides, chlorpromazine) .  

c .  Self-ant igens  are the a l lergen in  cer ta in  autoimmune d iseases (e .g.  

myasthenia gravis ,  auto immune hemolyt ic  anemia;  see I I I )  Auto immune 

hemolyt ic  anemia is  somet imes associated wi th admin is t rat ion of  α-

methyldopa, which induces autoant ibodies against  the red blood ce l l  

sur face. 

d.  Hyperacute reject ion  o f  t ransplanted t issue (see V) 

3.  Chemical  mediators.  Complement  proteins  produce cytotoxic i ty and 

in f lammat ion,  which s t imulate macrophages and granulocytes  to  secrete 

cytokines and enzymes, which in  turn enhance inf lammat ion. 

4.  Cl inical  symptoms  depend on the type of  ant igen or  a l lergen involved 

(see I I .D.2) .  Hemolyt ic  anemia and thrombocytopenia  are the major  c l in ica l  

s igns of  type I I  hypersens i t iv i ty react ions. In  hyperacute graf t  re jec t ion,  the 

t ransplanted t issue does not  successfu l ly per fuse because of  ant ibody-

mediated cytotoxic i ty to the transplanted vasculature. 

5.  Time course  

a.  In the f i rst  sens i t izat ion to  a  drug al lergen,  the b lood ce l l  lys is and 

in f lammat ion begin 7-10 days af ter in i t ia t ion of  drug therapy.  The second 

exposure to  the drug causes symptoms wi th in  3 days. 

b.  Transfusion mismatch.  Hemolys is  begins 1-2 hr  a fter  t ransfusion.  Peak 

ef fec ts  occur  af ter approximate ly 12 hr.  

c .  Rh disease  does not  occur  in  the f i rs t  RhD+  pregnancy of  an RhD -  

mother .  Maternal  IgG is  produced in  the second and subsequent 

pregnanc ies af ter  t ransplacental  maternal  sens i t iza t ion to  the RhD+  fe ta l  

red blood cel ls .  Th is  sens i t izat ion usual ly takes place in  the th i rd  t r imester .  

Maternal  ant i -RhD IgG crosses the placenta, b inds to  the fe tal  red b lood 

ce l ls,  and act ivates the fe ta l  complement  system prenatal ly,  which leads to  

per inata l  hemolyt ic  anemia. 

6.  Prophylaxis and therapy.  In  drug- induced hypersens i t iv i ty react ions,  

wi thdrawing the drug usual ly reverses the lys is .  Prevent ing recontact  is  the 

best  prophylaxis .  In Rh disease,  ant i -RhD is  admin istered dur ing pregnancy 

and wi thin  72 hr  postpartum for  each Rh+  pregnancy.  The simplest 

exp lanat ion for  the eff icacy of  ant i -RhD is  that  th is  pass ive immunizat ion 

(see VI .B.2.d)  binds to  fe ta l  red blood ce l ls  in the maternal  c i rcu la t ion and 

prevents  sensi t izat ion of the maternal  immune system. 



D. Type I I I  hypersensit ivi ty react ions  invo lve the pers is tence of  immune 

complexes in the c i rcu la t ion or  at  loca l  t issue s i tes  when they are not  

removed af ter product ion of  speci f ic  ant ibodies and ant igen-ant ibody 

complexes.  The subtypes of type I I I  hypersensi t iv i ty react ions have d iverse 

causes,  and only the pathogenic  mechanism is  common to  them a l l .  
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1.  Pathogenesis.  Immune complexes act ivate complement,  cause 

in f lammat ion,  and induce pos i t ive chemotaxis  in  neutrophi ls .  Pers is tence of  

immune complexes may be caused by the fo l lowing: 

a.  A high concentrat ion of  ant igen or ant ibody,  which leads to  a dispari ty 

in  the molar  ra t io  of  ant igen to  ant ibody and the product ion of smal l  immune 

complexes.  

b.  Chronic formation of immune complexes  in the c i rcu la t ion as a resul t  

o f  persistence of antigen  as  wi th  some chronic  in fec t ions. 

c .  Other  factors  that  cause inso luble immune complexes to  form and 

precipi ta te  in t ravascular ly or  on basement  membranes. 

2.  Common al lergens  

a.  Self -antigens in most non-organ-specif ic  ( rheumatologic)  autoimmune 

disorders  (e .g. ,  sys temic  lupus erythematosus,  rheumato id ar thr i t is ) 

b.  Bacterial  or protozoan antigens in persistent or chronic infections  

and in  the ini t ia l  s tages of  v i remia for  cer ta in v i ra l  in fec t ions (e .g. ,  

prodrome of  hepat i t is  B v i rus  in fect ion) .  

c .  Drugs  (e.g .,  penic i l l in,  sul fonamides,  th iourac i l ) .  

d.  Antisera  f rom another  species (e.g. ,  horse) ,  can cause serum sickness 

when used for  pass ive immunizat ion. 

e.  Fungal  and bacteria l spores  in  the loca l  respi ra tory form of  the react ion 

3.  Chemical  mediators.  Complement proteins  cause in f lammat ion and 

stimulate mast cel l  and basophil  secret ions,  which enhance 

in f lammat ion.  The increased vascular  permeabi l i ty  a l lows immune 

complexes to  leave the ci rculat ion and at tach to basement  membranes,  

which underlay the endothel ial  l in ing of  b lood vessels .  The k idney 

g lomeru lus and smal l  ar ter ies  are par t icu lar ly suscept ible . Complement  and 

mast  ce l l  prote ins  at t rac t neutrophi ls ;  these ce l ls  can phagocyt ize immune 

complexes and release enzymes that  damage loca l  t issue,  thus in tensi fy ing 

in f lammat ion.  In  addi t ion,  p la tele t aggregat ion and microthrombus format ion 

may occur .  

4.  Cl inical  symptoms  depend on the severi ty and systemic  or local  nature 

of  immune complex depos i t ion and persistence. 

a.  The f i rst  symptoms of  systemic  react ions are lymphadenopathy,  

sp lenomegaly,  fever,  and rash. These are common in  drug-induced and 

vi remia- induced type I I I  hypersens i t iv i ty react ions. 

b.  More serious symptoms inc lude vascul i t is  and g lomerulonephr i t is ,  both of  

which may become necrot iz ing.  These symptoms of ten occur  wi th systemic  



lupus erythematosus (SLE).  Ar thra lg ia and ar thr i t is  occur  in both systemic 

and local  react ions. 

c .  The most  common types of  loca l  type I I I  hypersens i t iv i ty react ions are 

pneumoni t is f rom inhaled fungi and bacter ia  to  which the pat ient  is  

occupat ional ly exposed (e.g. ,  moldy hay in  farmer's lung )  and react ions to  

spores borne in  aerosol  microdroplets  f rom d ir ty u l t rasonic  humidi f iers 

(e .g.,  humidif ier  lung) .  The cause of these diseases is  not complete ly 

unders tood,  but  both IgE and IgG are invo lved.  IgE causes the ini t ia l  

in f lammat ion and t rapping of  ant igen,  and IgG is respons ib le for the long-

term ef fects .  Symptoms inc lude 

(1)  Nasal congest ion and bronchoconstr ict ion 

(2)  Jo in t  pa in  and in f lammation of  rheumatoid ar thr i t i s  caused by join t -

loca l ized immune complexes invo lv ing rheumato id fac tor  and neutrophi l  

phagocytosis  (see Chapter  49) 

5.  Time course  

a.  Systemic.  In  pat ients wi th  no pr ior  exposure to the a l lergen, the 

symptoms appear in  1-2 weeks (poss ib ly longer)  a f ter exposure.  In  pat ients  

wi th  preexis t ing ant ibodies,  symptoms appear wi th in  severa l  hours  to  1  day 

af ter exposure.  Severe symptoms,  such as g lomeru lonephr i t is ,  usual ly 

requi re  2 weeks or more to  appear. 

b.  Local.  In pat ients  wi th  preexis t ing ant ibodies, hypersens i t iv i ty 

pneumoni t is symptoms appear 6-8 hr a f ter  exposure to  the ant igen. 

6.  Prophylaxis and therapy.  In  drug- induced react ions,  withdrawing the 

drug  usual ly reverses the react ion.  Treatment  inc ludes ant ih is tamines or 

cor t icosteroids .  Trans ient  infect ious forms resolve spontaneous ly as 

immune complexes are removed by phagocytes. 

E. Type IV hypersensit ivi ty react ions  

1.  Pathogenesis.  Type IV react ions include pro longed inappropr iate  and 

appropr ia te immune responses mediated by ant igen-spec i f ic  TH1 cel ls  in  

concert  wi th  act ivated macrophages.   
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The TH1 ce l ls inf i l t rate  t issues in  which the ant igen is  presented and recru i t  

and act ivate macrophages.  The release of  enzymes and cytokines by these 

ce l ls resu l ts in inf lammation and disrupt ion of  t issue s t ruc ture in  the 

absence of  ant ibody.  

a.  Reactions to infections  invo lve a TH1 response against  spec i f ic  

in t racel lu lar  bacter ia l  (e .g . ,  Mycobacteria )  and protozoan paras i tes.  W hen 

the response is  pro longed and ineffec t ive, granuloma format ion wi l l  occur.  

b.  Contact  dermati t is  is  an inappropr ia te sk in  react ion to  haptens (e.g. ,  

pentadecacatechols o f  po ison ivy) ,  which b ind to  ep idermal ce l l  sur faces 

and e l ic i t  a CTL and TH1 cel l  response. 

c .  Tubercul in react ion  is  observed in  the dermis and is  an appropr ia te 

react ion to  mycobacterial  ant igens.  This  react ion indicates a s ta te of  act ive 

TH1 immuni ty (owing to  an act ive in fect ion)  or  T ce l l  memory to  the 



organism. ( In pat ients  who had a posi t ive tubercu l in  react ion,  a subsequent  

negat ive react ion would ind icate immunologic  anergy or  unresponsiveness.)  

2.  Common antigens  

a.  Infectious agents  include Mycobacter ium tubercu losis,  M.  leprae,  

L ister ia  monocytogenes, t rypanosomes,  and vi ruses. 

b.  Hapten al lergens,  such as pentadecacatechols  f rom poison ivy,  po ison 

oak,  chromates,  nickel  ions ( leached f rom watch backs and other  jewel ry) ,  

acrylates,  ha i r dyes that  conta in  p -phenylene d iamine,  para-aminobenzoic  

ac id ,  and cer tain  ant ib io t ic  o intments  (e .g.,  top ical  neomycin),  may induce 

contact  dermati t is.  

c .  Ant igens that induce a tubercu l in  react ion inc lude pur i f ied protein  

der ivat ive (PPD),  tubercu l in  (Mantoux react ion) ,  Candida,  mumps, and other  

ant igens f rom microorganisms. 

3.  Chemical  mediators  are important  in  type IV react ions.  These mediators  

are cytokines produced by act ivated TH1 ce l ls .  The cytokines at t rac t and 

act ivate macrophages to the s i te(s)  where the pathogen/a l lergen is located.  

In  turn,  the act ivated macrophages secrete cytok ines,  which are respons ible 

for  in f lammat ion and cytotoxic i ty (e .g.,  TNF-α) .  

4.  Cl inical  symptoms  depend on the subtype of  react ion. 

a.  Granulomas are local  aggregat ions of  TH1 cel ls ,  macrophages,  and g iant  

ep i thel io id  cel ls  (der ived f rom fus ion of  ac t ivated macrophages) .  They occur  

a t  s i tes  of  chronic  in fec t ion and serve to  rest r ic t  the spread of  the in fect ion. 

b.  In contact sens i t iv i ty,  ce l lu lar  in f i l t ra t ion of  the ep idermis  by CTL,  TH1 

ce l ls,  and macrophages produces microves ic le  format ion wi th  spongiosis.  

c .  Tubercul in  tes ts  cause erythema and indurat ion as a resul t  o f  ce l lu lar  

in f i l t ra t ion of  the dermis , but  no epidermal  spongios is  is  observed. 

5.  Time course  

a.  Granulomas form at  var ious t imes af ter  the onset  o f  a  chronic  immune 

response but genera l ly requi re  a minimum of  2  weeks. 

b.  Contact  sens i t iv i ty may not  occur  wi th  the f i rs t  t rans ient  exposure.  

However,  in  a  sens i t ized indiv idual,  sk in  in f lammat ion wi l l  appear 12-24 hr  

a f ter contact wi th  the ant igen and peaks between 48 and 72 hr  af ter 

exposure. 

c .  Tubercul in  react ions fo l low the same t ime course as contact  sensi t iv i ty.  

Th is  react ion is  o f ten ca l led delayed cutaneous hypersensit ivi ty,  or  

de layed- type hypersensi t iv i ty.  

6.  Prophylaxis and therapy.  Treatment o f granulomas depends on the 

organism involved.  Proper t reatment  to resolve the in fect ion wi l l  a lso aid  in  

resolv ing the chronic  immune response. For contact  sensi t iv i ty,  i t  is  

necessary to  ident i fy the ant igen/al lergen invo lved.  Removal and avoidance 

of  the al lergen is  important  for  prophylaxis .  For  treatment ,  topica l  

cor t icosteroids  suppress T ce l l  and macrophage funct ion.  In  severe cases,  

ora l  cor t icostero id  therapy may be requi red. 

III. Autoimmunity 



i s  a  t issue-damaging immune response d i rec ted spec i f ica l ly and 

inappropr ia tely against  one or more sel f -ant igens.  

A.  The origin  of  autoreact ive immune responses is  not  general ly known,  but  

i t  requi res  loss of  se l f- tolerance and deregulat ion of  the control  networks 

that  normal ly prevent development  of  autoimmune d isease.  Such 

deregulat ion may inc lude lack of regulat ion of  TH  and TC  ce l ls,   
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c ross-react iv i ty wi th  ant igens f rom microorganisms, loss of se l f - to lerance or  

fa i lure to  develop tolerance,  and aberrant presentat ion of  sel f -ant igen on 

spec i f ic  HLA molecules. 

B. Epidemiology 

1.  Familia l  c lustering  is  evident  for  many,  i f  not most ,  auto immune 

react ions represent ing a complex inheri ted predisposi t ion toward 

autoimmuni ty.  In  most  cases,  th is  predispos i t ion is  assoc iated wi th  spec i f ic  

MHC types,  usual ly c lass I I  molecules (e.g. ,  rheumato id arthr i t is  wi th  the 

MHC c lass I I  molecule HLA-DR4). 

2.  These react ions are more common in  women.  The female-to-male ra t io  in  

myasthenia gravis  is  approximate ly 2 :1 and in  SLE is approximate ly 10:1.  In  

contrast ,  Sjögren 's  disease and Goodpasture syndrome are more common 

in  men than in  women. 

C. Pathogenesis  

1.  Overview.  In a specific autoimmune disorder, the primary pathogenic 

mechanism may be humoral (mediated by antibodies with or without a 

contribution by complement), T cell mediated, or involve both humoral and 

cell-mediated components. These diseases are commonly associated with 

exacerbation and remission of the disease. 

2.  Environmental  factors  are thought  to  contr ibute to pathogenesis.  

However,  spec i f ic  associat ions have been found in  only a  few cases;  these 

include Streptococcus  group A pharyngi t is ,  rheumatic  fever ,  exposure to  

organic  so lvents,  Goodpasture syndrome,  ul t ravio le t  i r rad ia t ion, and SLE.  I t  

is  l ike ly that environmenta l  factors  act  in  concer t  wi th  genet ic  

predispos i t ion to  induce d isease. 

3.  Organ-specif ic  and systemic (non-organ-specif ic)  disorders  

a.  Organ-specif ic  disorders  (e .g .,  ant i thyro id  auto immuni ty)  are l imi ted to  

and d i rec ted speci f ical ly against  se l f -ant igen in  a  s ing le  organ.  Lesions and 

c l in ical  symptoms are l imi ted pr imari ly to that  organ. Cel lular  damage may 

be mediated through ant ibody-mediated and complement-mediated 

cytotoxic i ty ( type I I  hypersens i t iv i ty)  and/or  through ce l l -mediated 

cytotoxic i ty ( type IV hypersensi t iv i ty) .  

b.  Systemic disorders  (e .g . ,  SLE) 

(1)  These disorders are a lso known as connect ive t issue, co l lagen vascular ,  

or  rheumato log ic  disorders .  Autoant ibodies are formed against ant igens 



found in  most  or  al l  t issues,  espec ial ly those located in  the nuc le i  o f  ce l ls 

and contain ing DNA, RNA, or  nuc lear-associated prote ins  (antinuclear 

ant ibodies ) .  Patholog ic  changes occur  systemat ica l ly,  pr imar i ly in the 

connect ive t issue and are at  least par t ia l ly  caused by type I I I  

hypersens i t iv i ty react ions.  Symptoms may be seen in the blood vessels,  

k idney glomeru l i ,  sk in ,  jo in ts ,  and serous membranes. 

(2)  Non-organ-speci f ic  disorders are somet imes di f f icul t  to  dist inguish f rom 

one another  because of  the s imi lar i t ies  in  autoant igens and pathogenesis.  

For  example, most pat ients  wi th SLE have c i rcula t ing ant inuc lear  

ant ibodies;  however,  these a lso occur  in  50-65% of  pat ients  wi th  Sjögren 's  

syndrome and rheumato id ar thr i t is  as  wel l  as  in  a smal l  percentage of  

c l in ical ly normal  indiv iduals.  By contrast ,  rheumato id fac tor  (ant i - IgG) is  

seen in  75-90% of  pat ients  wi th  rheumato id ar thr i t i s  or  Sjögren 's  syndrome 

as wel l  as  in  35% of  pat ients  wi th  SLE.  The synovi t is  o f  rheumatoid ar thr i t is  

is  o f ten a c l in ica l  f ind ing in  SLE,  and the vascul i t is  o f  SLE is  found in  

rheumato id arthr i t is  (see Chapter  49) .  

D. Organ-specif ic autoimmunit ies  

1.  Rheumatic fever  is  not  technical ly an autoimmune response because 

ant ibodies are produced against  group A s t reptococc i  and cross-react  wi th 

cardiac  muscle f ibers that  are damaged by complement.  Increased r isk  is 

re lated to  a s t rong immune response to  s t reptococcal  M ant igen. 

2.  Anti thyroid autoimmunit ies  (see Chapter  52).  Aspects of  severa l  

subtypes may occur  in  the same pat ient .  Increased r isk is  associated wi th  

MHC c lass I I  types DR3 and DR5. 

a.  Primary autoimmune myxedema.  Ant ibodies against  the thyro id-

s t imulat ing hormone (TSH) receptor  on thyro id fol l ic le  ce l ls  act  as  

antagonists to  the s t imulat ion of  growth of  the fol l ic le  cel ls  normal ly 

provoked by TSH. The resul t  is  thyro id  atrophy wi th  hypothyroid ism. 
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b.  Hashimoto's thyroidit is .  Ant ibodies against  thyro id  peroxidase on 

fo l l ic le  cel ls  cause cytotoxic i ty and in f lammation through the act ivat ion of 

complement.  Ant ibodies against  thyroglobul in  (col lo id)  a lso may be present .  

Cel l -mediated immunity may cause some cytotoxic  damage.  The resul t ing 

hypothyroidism is  treated wi th  synthet ic  thyroid hormone. 

c .  Grave's disease.  Ant ibodies act  as  agonis ts  of TSH, b inding to  the TSH 

receptor  and s t imulat ing hypersecret ion of  thyro id hormone ( thyro id-

s t imulat ing immunoglobul ins) .  The resul t  is  hyperthyro idism, which is 

t reated by ant i thyro id drugs (e.g. ,  propyl thiouraci l )  or  thyro id ablat ion wi th  

surgery or  radia t ion. 

3.  Myasthenia gravis  

a.  Pathogenesis.  Ant ibodies against  the n icot in ic acetylchol ine receptor on 

ske leta l  musc le plasma membrane at  neuromuscular junct ions act  as  

compet i t ive antagonists  o f  acetylchol ine  b inding.  Th is  act iv i ty causes 



weakness and fat igue in  ske leta l  musc les. In  addit ion to this  d i rec t 

b lockage of neuromuscular  t ransmiss ion,  down regula t ion of  receptors  and 

complement damage to  muscle f ibers  occur.  Many pat ients  have swal lowing 

and respi ra tory muscle dysfunct ion that  may be caused by penic i l lamine 

therapy.  Increased r isk  is  associated wi th MHC c lass I  type B8. 

b.  Therapy.  Ant ichol inesterase therapy (e.g.,  neost igmine) increases 

acetylchol ine synapt ic  concentrat ions (preservat ion of  endogenous 

acetylchol ine) .  Immunosuppress ion wi th  cort icostero ids  is used in severe 

cases;  plasmapheres is  to  remove autoreact ive ant ibodies f rom the b lood is  

a lso he lpful .  Thymectomy helps many pat ients. 

4.  Autoimmune pernicious anemia  

a.  Pathogenesis.  Ant ibodies against  in t r insic factor  are secreted in to  the 

s tomach lumen,  where they inhibi t  the assoc iat ion o f  in t r ins ic  fac tor  wi th  

v i tamin B1 2 .  Thus the absorpt ion of  v i tamin B1 2  is  decreased.  This  condi t ion 

a lso can resul t  f rom ant ibodies against gast r in  receptors  on par ietal  ce l ls  o f  

the s tomach mucosa that b lock st imulat ion of  the ce l ls by gast r in and 

decrease thei r  secret ion of  in t r insic fac tor .  

b.  Therapy is  in t ramuscular in jec t ion of  cyanocobalamin or  ora l  

adminis t ra t ion of  concentrated in t r insic fac tor  preparat ions. 

5.  Goodpasture's syndrome  

a.  Pathogenesis.  Ant ibodies against  glomerular capi l lary basement 

membrane (GBM)  ac t ivate complement  and neutrophi l -mediated damage.  

This  act ivat ion leads to  g lomeru lonephr i t is ,  wi th  rap id deteriorat ion of  renal  

funct ion.  These ant ibodies cross-react  wi th pulmonary capi l lary basement  

membrane, produc ing pulmonary hemorrhage in smokers .  Increased r isk is  

associated wi th MHC c lass I I  type DR2. 

b.  Therapy.  Immunosuppress ive therapy inc ludes cor t icosteroids ,  wi th  

p lasmapheres is  to  remove autoreact ive ant ibodies. 

6.  Autoimmune hemolyt ic  anemia (red blood cel l ) ,  thrombocytopenia 

(platelet),  neutropenia (neutrophi l ) ,  and lymphopenia ( lymphocyte)  

a.  Pathogenesis.  Ant ibodies against  membrane ant igens of  one or  more of  

the indicated ce l l  types may act ivate complement  and opsonize the ce l ls  for  

rap id  sp len ic  phagocytosis .  I t  may also occur  as  par t  o f  the spectrum of 

autoimmuni ty in  non-organ-spec i f ic  d isorders ,  par t icu lar ly SLE.  These 

autoimmune varie t ies  must  be dist inguished f rom those prec ipi tated by 

responses to  external  ant igens (e.g. ,  drugs) but  the c l in ical  e f fec ts are 

s imi lar .  

b.  Therapy.  These d isorders are often acute and sel f - l imi t ing, but  therapy 

is  requi red when they are chronic.  In  adults ,  t reatment  begins wi th  

cor t icosteroids .  Addit ional  opt ions are cyc lophosphamide,  chlorambuci l ,  and 

in t ravenous immune g lobul in  ( IVIG). 

7.  Insul in-dependent diabetes mel li tus  ( IDDM; see Chapter 51).  

Progress ive and u l t imately complete dest ruct ion of  pancreat ic  B- is le t  cel ls  

occurs  in  diabetes.  Al though they are predict ive ly useful ,  ant ibodies against  

insu l in  and sur face cytoplasmic  ant igens of  the B-is le t  cel l  are present  



before c l in ical  onset .  The main cytotoxic  mechanisms appear to  be 

mediated by T ce l ls and macrophages.  This  v iew is  supported by the 

benef ic ia l  e f fec ts  of  cyc lospor ine therapy in  pat ients  wi th early-s tage IDDM 

at  leve ls  that  have l i t t le e f fec t  on ant ibody product ion.  Increased r isk  is  

associated wi th MHC c lass I I  types DR3 and DR4,  and DQ2 and DQ8. 

8.  Mult iple sclerosis (MS)  

a.  Pathogenesis.  T cel ls and macrophages, which are thought  to  be 

cytocida l  for  o l igodendrocytes,  in f i l t rate  the cent ra l  nervous system (CNS) 

and attack the basic protein of   
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myelin  as  an autoant igen.  The immunologic  component  may be secondary 

to  o ther,  unknown ini t ia t ing agents.  CNS demyel inat ion with sclerot ic  

plaques  leads to spast ic i ty.  Increased r isk  is assoc iated wi th  MHC c lass I I  

type DR2.  Gui l la in-Barré syndrome is  a rela ted condi t ion that involves 

per iphera l  nervous system (PNS) demyel inat ion that ,  unl ike MS, can be 

acute. 

b.  Therapy.  Spast ic i ty is t reated wi th  baclofen  wi th  variable ef fect iveness.  

The peripheral  skeleta l  muscle re laxant  dantrolene  is  e f fect ive in  some 

pat ients .  Adrenocort icotropic hormone (ACTH),  ra ther  than 

cor t icosteroids ,  is  the favored immunosuppressive therapy. Recombinant 

IFN-β-1b (Betaseron) ,  IFN-β-1a,  and g la t i ramer acetate are approved by the 

U.S.  Food and Drug Admin is t ra t ion (FDA) as a t reatment  for  MS. 

E. Non-organ-specif ic  autoimmunit ies.  The s imi lar i t ies  and d i f ferences in  

th is  c lass of  d isorders  are shown by a compar ison of  Sjögren 's  syndrome 

and SLE.  Rheumato id arthr i t is  is  discussed in  Chapter 48. 

1.  Sjögren's syndrome  

a.  Diagnosis  is  usual ly based on lymphocyt ic inf i l t ra t ion and the presence 

of  autoant ibodies against  sal ivary g land ant igens and exocr ine glands of 

the eyes, gast ro intest inal  and respi ratory systems,  and vagina.  

Hypergammaglobul inemia (50%) as a resul t  o f  hyperac t ive B ce l ls,  

ant inuc lear  ant ibodies (50-65%),  and rheumatoid fac tors (ant i - IgG;  75-90%) 

are present in  the indicated percentages of  pat ients . 

b.  Pathogenesis.  Pr imary symptoms include inhibi t ion of  exocrine gland 

secretion,  wi th  dryness of  the eyes,  mouth,  and gastro in test inal ,  

respi ratory,  and vagina l  mucous membranes;  and pain  and edema in the 

sa l ivary g lands. Pat ients wi th  hypergammaglobul inemia of ten have type I I I  

hypersens i t iv i ty react ions (e.g. ,  vascul i t is  wi th CNS involvement  and k idney 

d isease; see I I .D) .  

c .  Therapy.  Mi ld  cases are t reated wi th  art i f ic ia l tears  and f requent  

dr ink ing of  water .  For more serious cases (e.g. ,  vascul i t is ) ,  t reatment  is 

s imi lar  to  that  for  SLE (systemic cort icosteroids ) .  

2.  SLE (Systemic Lupus Erythematosus)  

a.  Diagnosis  is  compl icated and depends on the presence of  4  or  more of  

11 cr i ter ia .  The most  usefu l  c r i ter ion is a  h igh concentrat ion of ant inuclear 



ant ibodies di rec ted against  double-st randed DNA and the Smi th (Sm) 

nuclear  ant igen,  both of  which are cons idered spec i f ic  for  SLE.  Other  

d iagnost ic  c r i ter ia  inc lude the presence of  the lupus erythematosus ce l l  (a  

neutrophi l  that  has phagocytosed nuc le i ) ;  a  d iscoid  erythematous fac ia l  

rash;  photosens i t iv i ty;  ora l  ulcers;  arthr i t is ;  pers is tent  prote inur ia ;  and 

ant icard io l ip in ,  ant ierythrocyte, or  ant i leukocyte ant ibodies. 

b.  Pathogenesis  is  that  o f  type I I I  hypersensit ivi ty.  Pat ients  have 

hyperactivi ty of  B cel ls  o f  unknown orig in .  Th is  hyperreact iv i ty causes 

hypergammaglobul inemia,  wi th  c i rcula t ing immune complexes of  DNA and 

other nuc lear ant igens that  prec ipi tate  onto vascular basement  membranes 

and act ivate complement.  

(1)  Mi ld  arthr i t is ,  fever ,  rash,  and fa t igue occur .  

(2)  Progressive necrot iz ing vascul i t is  wi th  CNS involvement  and 

g lomeru lonephr i t is  are the most ser ious consequences,  occurr ing in  

approximately 50% of pat ients . 

(3)  Hypertens ion may develop secondary to  k idney d isease. 

(4)  Hemolyt ic anemia and thrombocytopenia are common. 

(5)  Behaviora l  changes occur  in  approximately 25% of  pat ients . 

(6)  Severa l  drugs (e.g. ,  procainamide,  hydralazine,  quinidine,  

methyldopa,  isoniazid, phenytoin,  chlorpromazine)  provoke a lupus- l ike 

syndrome that  usual ly reso lves when the drug is  wi thdrawn.  The basis  for 

th is  syndrome is not  unders tood.  No renal  d isorder  occurs in drug- induced 

SLE. 

c .  Therapy.  Mi ld  d isease (e.g. ,  low-grade fever,  ar thr i t is)  is  managed wi th  

nonstero ida l  ant i - in f lammatory drugs (NSAIDs).  Therapy for pat ients  wi th 

severe symptoms is  usual ly ora l  methylpredniso lone. Cyc lophosphamide 

may also be used,  and plasmapheresis to remove c i rcula t ing immune 

complexes may be helpfu l .  

F.  Prospects for more specific  immunologic therapies.  Current  therapies 

invo lve approaches that  suppress a l l  immune responses;  however,  current  

c l in ical  t r ia ls  seek to  suppress on ly lymphocytes that  are act ivated—for  

example: 

1.  Feeding autoantigens  to  pat ients to induce immunologic suppress ion 

2.  Vaccinat ion with autoreactive  T cel ls  to  induce immunologic 

suppression 
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3.  Admin is t rat ion of  anti-TH  monoc lonal  ant ibodies (par t icu lar ly ant i -CD4) to  

e l iminate autoreact ive T ce l ls 

4.  Admin is t rat ion of  conjugates of IL-2 and toxins  f rom p lants  or  bacter ia  

to  el iminate autoreact ive T ce l ls  wi thout general ized T ce l l  suppression 

IV. Immunodeficiency 



i s  e i ther  pr imary or  secondary.  Primary immunodeficiencies  are ei ther  

hereditary or  congenital ,  and at  least  one e lement  basic  to  the immune 

system does not  funct ion proper ly or  is  absent.  Secondary 

immunodeficiencies  are the result  of  another systemic  d isorder  or  are 

iatrogenic in pat ients given immunosuppressive therapy.  They usual ly 

develop in  pat ients  who previously showed normal  immune funct ion.  The 

expected c l in ica l  outcome of  an immunodefic iency is  governed by the 

spec i f ic  por t ion of  the immune system that is  a ffec ted (e.g. ,  B and T ce l ls ,  

phagocyt ic  cel ls ,  and complement).  

A. Primary immunodeficiencies  are,  wi th  one except ion,  rare.  Examples 

are the fo l lowing: 

1.  X- l inked agammaglobul inemia  (hypogammaglobul inemia)  is  an inher i ted 

def ic iency in ant ibody product ion (humora l  immuni ty)  in  which T cel l  

funct ion is  re la t ively normal,  but  B cel ls  do not  fu l ly  mature because of  a 

fa i lure of  B ce l l  s ignal ing.  Serum immunoglobul in  leve ls  are low.  Because 

th is  disorder  is  l inked to the X chromosome, i t  occurs  pr imar i ly in men. 

a.  Pathogenesis  occurs  6-9 months after  b i r th  and represents  s i tuat ions in  

which ant ibody funct ion is  def ic ient  but T-ce l l  funct ion is  in tact ,  such as 

recurrent  in fec t ions wi th  ext racel lu lar  pyogenic bacter ia (e .g. ,  s t reptococc i ,  

pneumococc i ,  Haemophi lus ) .  Immuni ty to  fungi  and most v i ruses is  

genera l ly funct ional .  

b.  Cl inical  symptoms  inc lude pneumonia,  s inus i t is ,  o t i t is ,  mening i t is ,  and 

sept icemia. 

c .  Therapy is  passive immunizat ion with human intravenous 

immunoglobulin  ( IVIG;  see VI .B.1.c) .  

2.  Common variable immunodeficiency is  an acqui red def ic iency of  B ce l l  

maturat ion to p lasma cel ls .  I t  can occur  at  any age and in  ei ther  sex.  

Symptoms and t reatment are s imi lar  to  those for  X- l inked 

agammaglobul inemia;  the pathogenesis and origin  vary s igni f icant ly.  

3.  Selective IgA defic iency is  the most  common pr imary immunodef ic iency,  

a f fec t ing approximate ly 0 .5% of  the U.S.  populat ion. I t  appears  to  be 

inher i ted. The low secretory IgA (s IgA) concentrat ion predisposes pat ients  

to  ext racel lu lar  bacter ia l  in fec t ions of  the mucosal  sur faces, leading to  

respi ratory,  urogenital ,  and gastro in test inal  in fec t ions.  Some affec ted 

indiv iduals  are asymptomatic  for  unknown reasons.  Certain  auto immuni t ies  

may be more prevalent .  There is  no spec i f ic  immunologic therapy. 

4.  DiGeorge syndrome  resul ts  f rom developmenta l  fa i lure of  the thymus 

and parathyroid  g lands,  accompanied by card iovascular  and other  

developmenta l  anomal ies .  Pat ients  have a decrease in to ta l  T ce l l  numbers 

but  re lat ively normal  immunoglobul in  leve ls .  

a.  Pathogenesis  in  severe cases ( i .e . ,  l i t t le funct ional  thymic  t issue)  

represents condi t ions invo lv ing T ce l l  def ic iency,  such as recurrent  

in fec t ions of  the skin , lungs,  genitourinary t rac t ,  and b lood wi th 

opportun is t ic  pathogens, par t icu lar ly v i ruses (e.g. ,  herpes vi ruses) ,  fungi  

(e .g .,  Candida ) ,  and protozoa (e.g.,  Pneumocyst is  car in i i ) ;  increased 



inc idence of  cer ta in cancers ; graf t -versus-host  (GVH) d isease (see V.C) 

af ter t ransfusion of whole b lood;  and death in  in fancy or  ear ly ch i ldhood. 

b.  Therapy for  severe T ce l l  def ic ienc ies is bone marrow t ransplantat ion,  

a l though thymus graf ts  may be attempted in  DiGeorge syndrome (see V.C).  

5.  Nezelof  syndrome  is  probably inher i ted and causes lymphopenia and 

thymic  abnormal i t ies  but normal or  e levated serum immunoglobul in  leve ls.  

Gram-negat ive sepsis  may occur  in  addi t ion to  the opportunis t ic infec t ions 

associated wi th T cel l  def ic iency. 

6.  Severe combined immunodeficiency disorders (SCIDs)  are a 

heterogeneous group of inher i ted d isorders  wi th  def ic ienc ies in  T ce l ls ,  B 

ce l ls (var iab le) ,  and serum immunoglobul in .  In fect ions wi th  opportun is t ic  

organisms occur  in  the f i rs t  few months postnata l ly ,  and surviva l  for  longer 

than 1 year  is  rare wi thout  successful  bone marrow t ransplantat ion.  Three 

forms invo lve fai lure of  DNA b iosynthesis or  repai r ,  and a fourth  defect is  

the resul t  o f  def ic iency of  the γ chain of the IL-2 receptor.  
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7.  Chronic granulomatous disease (CGD)  is  a  defect  in  the ab i l i ty  o f  

phagocytes to  k i l l  bacter ia .  The d isease is  caused by a genet ic  defect  in  the 

product ion of oxygen radicals that  are important for  in t racel lu lar and 

ext racel lu lar  k i l l ing of  bacteria .  The defect  can occur  in  any of  the four  

proteins  essent ial  for  produc ing oxygen rad icals ,  but  the most common 

defect  is  X- l inked.  CGD is  character ized by chronic  in fec t ion wi th  organisms 

such as Staphylococcus aureus  and is  usual ly fa ta l .  

8.  Leukocyte adhesion def iciency (LAD)  is  assoc iated wi th  a defect  in  the 

phagocyt ic  cel ls .  These ce l ls lack in tercel lu lar adhes ion molecules, the 

proteins  necessary for  b ind ing to  the endothel ia l  ce l ls o f  the b lood vessels  

and other  ce l l  membranes.  This  defect  leads to an inabi l i ty  o f  phagocyt ic  

ce l ls to  exi t  the b lood and enter  the t issues.  In  addi t ion,  the phagocytes 

have a decreased abi l i ty  to  bind to act ivated components  of  complement  on 

a bacter ial  sur face,  leading to  a decrease in  phagocytos is .  Pat ients  have 

severe bacter ial  in fec t ions,  espec ial ly in  the mouth and gastroin test ina l  

t ract .  

9.  Chédiak-Higashi syndrome  is  a  def ic iency in  the fusion of lysosomes 

wi th  phagocyt ic vesic les . The cause is  unknown,  but  th is  syndrome leads to  

bacter ia l  surviva l  in  the phagocyte,  wi th  an increase in bacter ial  in fec t ions. 

10.  Defects in complement  may be the resul t  o f  defects  in  the act ivat ion 

pathways,  membrane attack complex,  or  regulatory proteins .  Defects  in  the 

act ivat ion pathways and in  the membrane attack complex are associated 

wi th  increased in fect ions owing to  pyogenic  bacter ia  and wi th increased 

rates of  immune complex d iseases,  such as SLE. Defects in regulat ion can 

be observed as angioneurot ic  edema and nocturnal  paroxsysmal 

hemoglobinuria.  



B. Secondary immunodeficiencies  involve decreased immunologic  

respons iveness. 

1.  Cytotoxic drugs  prevent  the d iv is ion of  responding lymphocytes, 

suppress the product ion of  blood ce l ls in bone marrow,  and may d i rect ly k i l l  

ce l ls.  Pat ients  who receive chemotherapy and exhibi t  a s igni f icant  loss of 

neutrophi ls  may be t reated wi th  f i lg rast im or  recombinant  granulocyte 

co lony-st imulat ing fac tor (G-CSF; Neupogen),  to  res tore the whi te  b lood 

ce l l  count  to  normal levels .  Treatment to increase neutrophi l  leve ls  in  these 

pat ients  resul ts  in  decreased morbidi ty ra tes f rom bacter ia l  in fect ion.  

Cort icostero ids  broadly suppress immune system cel ls,  including decreased 

d iv is ion,  cytokine secret ion,  and chemotaxis  (emigrat ion f rom the b lood into  

t issues) .  

2.  Leukemias,  lymphomas,  and myelomas  are associated wi th  decreased 

immune respons iveness, a t  least  some of  which resul ts  f rom destruct ion of  

the arch i tecture of  lymphoid organs (e.g. ,  sp leen, lymph nodes) .  

Mal ignancy-re la ted immunodef ic iency a lso occurs in  o ther  cancers . 

3.  Protein-calorie malnutri t ion  s igni f icant ly decreases immune 

competence, par t icular ly in  chi ldren. 

4.  Aging  is  assoc iated wi th  decreased immunologic  competence. 

5.  Acute infect ions  produce a t ransient  immunodef ic iency. 

6.  AIDS  is  a  secondary immunodefic iency that  is usual ly pers is tent  and is 

an indi rec t  consequence of  in fec t ion by HIV-1  or HIV-2.  HIV-1 is  the more 

common subtype in  the Uni ted States and western Europe. 

a.  Pathogenesis.  The vira l  envelope g lycoprotein  120 (gp120) has a s t rong 

af f in i ty for  CD4 (see I .B.3.c),  al lowing the vi rus  to  d irect ly in fec t  TH ce l ls.  

In  addit ion,  these prote ins  use one of  two chemokine receptors : CCR5 to 

ga in entry to macrophages and dendri t ic  ce l ls and CXCR4 to ga in entry into  

CD4+  T ce l ls .  Because i t  is  a  re t rovi rus,  v i ral  ent ry and uncoat ing release 

the vi ra l  RNA genome and the associated reverse t ranscr iptase enzyme, 

which synthes izes a double-s t randed DNA copy of  the genome (provi rus) .  

The provi ra l  copy is integrated in to the genome of  the in fec ted cel l ,  and the 

vi rus  enters a per iod of  la tency,  dur ing which i t  is  essent ia l ly  h idden f rom 

the immune system. 

(1)  During in i tia l  infect ion,  there may be an acute i l lness that las ts  an 

average of 3  weeks and resembles mononuc leos is ;  some indiv iduals  have 

no symptoms. 

(2)  Seroconversion  ( i .e. ,  the appearance of  ant iv i ra l  ant ibodies)  occurs  3 

weeks to  6 months af ter  the in i t ia l  exposure to  HIV-1.  A period of  

asymptomatic infection  typ ica l ly fo l lows seroconvers ion. 
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(3)  Infec ted TH  cel ls  are k i l led when viral  genes are react ivated from 

latency and vi ruses bud f rom the ce l l .  In  addit ion,  infected TH  cel ls  may 

fuse to form syncyt ia .  This  fusion may hasten the spread of v i rus  to 



uninfected TH  cel ls  and contr ibute to  ce l l  k i l l ing.  A progressive deplet ion 

of  TH  ce l ls occurs (normal  count :  800-1000/mm 3 ) .  However,  even before an 

obvious loss of  CD4+  T ce l ls  occurs ,  there is  evidence of  a  defect  in  CD4+  T 

ce l l  funct ion.  The funct ional  defect  is  a fai lure o f  these cel ls  to respond to 

ant igens to  which they were previously sensi t ized (e.g. ,  te tanus toxo id).  

The defect in responsiveness may be a funct ion of  the CD4+  T ce l ls,  the 

APCs,  or  both. 

(4)  Macrophages may produce new vi rus  wi thout be ing k i l led and may 

spread the vi rus  to  un infected TH  ce l ls  and other  ce l l  types. CD4+  ce l l  l ines 

that  are suscept ible  to  HIV infect ion inc lude neurons,  l iver ,  and f ibroblasts .  

In  di rec t  cel l - to-ce l l  t ransfer o f  the v i rus ,  min imal exposure to  the 

ext racel lu lar  immune system (e.g. ,  ant ibody)  may occur .  

(5)  APCs  are a lso af fec ted by the in fect ion.  There is  a  loss of fol l icular  

dendr i t ic  cel ls  and in terdig i ta t ing cel ls  in  the lymphoid t issue.  This  loss 

leads to  decreased ant igen presentat ion to  the CD4+  T ce l ls.  In addi t ion,  

the cytok ines produced by the APCs may produce CD4+  T cel ls  that 

increase B ce l l  ac t ivat ion but  do not  produce the appropria te  cytokines for  T 

ce l l  pro l i ferat ion. Th is act iv i ty changes the TH  ce l l  ra t ios. 

b.  Cl inical  symptoms  

(1)  Persistent general ized lymphadenopathy (ext ra inguina l)  is  an 

indicator  o f  impending progression to ful l  d isease.  Unexpla ined fever,  night  

sweats , d iarrhea, and other  symptoms known as AIDS-related complex 

(ARC)  may occur .  

(2)  Progression to ful l -b lown AIDS may occur  8  years or  longer a f ter  the 

in i t ia l  in fec t ion.  Deplet ion of  the TH  cel l  leve l  to  < 200/mm 3  and ora l  

candidias is  suggest  imminent  disease. Because CD8+  T ce l ls  are not  

s ign i f icant ly a f fected,  the ra t io  o f  c i rcula t ing CD4+  to  CD8+  ce l ls  is inverted.  

In  addit ion,  the number of  v i rgin  TH  ce l ls  re la t ive to  memory TH  cel ls  

increases.  TH ce l ls  are los t ,  and memory TH  cel ls are los t  in  re lat ively 

larger  numbers.  There is a lso a sh i f t  in  the type of  TH  ce l l  he lp  be ing 

generated. 

(3)  A diagnos is  o f  AIDS invo lves the occurrence of  opportunist ic  

infections  or neoplasms as a result of  the progressive 

immunodeficiency caused by severe deplet ion of  TH  ce l l  (CD4) funct ion.  

Also inc luded in  th is  diagnos is  are the HIV wast ing syndrome and 

encephalopathy. 

(a)  Opportun is t ic  in fec t ions are the major consequence of  AIDS,  par t icular ly 

by P. car in i i  (as  many as 80% of  pat ients) ,  Candida albicans,  

Mycobacterium av ium- in tracel lu lare,  herpes simplex v i rus  (HSV),  

cytomegalovi rus (CMV),  and others.  Tuberculos is occurs  as a react ivat ion 

of  a  latent in fec t ion in  carr iers .  Cumulat ive ly,  these opportunistic  

infections are the primary cause of  death.  

(b)  Kaposi  sarcoma,  an otherwise rare cancer ,  occurs  in  fewer than one 

hal f  o f  pat ients wi th  AIDS.  Non-Hodgk in lymphoma is  a lso more common in  

these indiv iduals  than in the general  populat ion. 



(4)  HIV-associated dementia complex (HADC)  a f fec ts  more than one hal f  

o f  pat ients  wi th  AIDS.  In HADC, macrophages in f i l t ra te  the brain and are 

the most  product ive ly in fec ted cel l  in  compar ison to  neurons or  g l ia .  Some 

pat ients  show demyel inat ion. 

(5)  Other  immune system abnormal i t ies  include polyclonal B ce l l  ac t ivat ion 

and hypergammaglobul inemia wi th  a  concomi tant decreased abi l i ty  to mount  

humoral  immune responses to  spec i f ic  ant igens.  Chemotaxis ,  cytok ine 

secret ion,  and cytotoxic  ab i l i ty  of  monocyte-macrophages are al l  

d iminished.  These problems are consequences of  impai red T cel l  

regulat ion. 

c .  Therapy 

(1)  Current therapy inc ludes prophylact ic use of  ant ib io t ics and ant i fungal  

agents.  Optimal  ant i -HIV therapy is  combinat ion therapy wi th  three 

ant i re t rovi ra l  drugs.  At present ,  there are four c lasses of  ant i re t rovi ral  

drugs approved by the FDA. These are nuc leos ide reverse- transcr iptase 

inhib i tors  (NRTIs ;  e .g. ,  zidovudine-AZT,  lamivudine,  s tavudine,  zalc i tab ine-

ddC, d idanos ine-ddI ,  and abacavi r ) ,  nonnuc leos ide reverse- t ranscr ip tase 

inhib i tors  (NNRTIs;  e .g. ,  nevi rap ine,  delavi rdine,  e favi renz) ,  protease 

inhib i tors  (e.g. ,  saquinavi r ,  indinavi r,  r i tonavi r ,  nel f inavi r )  and integrase 

inhib i tors  (e.g. ,  ral tegravi r ) .  IFN-α is  recommended for the t reatment  of  

Kapos i  sarcoma.  Other  drugs and immunomodulators  are current ly under 

development and tes t ing.  
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(2)  An ef fect ive act ive vacc ine is  necessary to  l imi t  the spread of  HIV 

in fect ion.  Because of v i ra l  ant igenic  var ia t ion, cel l - to-ce l l  t ransmiss ion,  and 

the uncer ta in role  of  ant ibodies in  protect ion, the process of  vaccine 

development is  di f f icu l t .  A l ive, a t tenuated vaccine (see VI .C.2) is  

cons idered too great  a r isk . Tr ia ls  of  subunit  vacc ines are under way. 

V. GRAFT REJECTION 
A. Overview.  Ind iv idual  d i f ferences in  the molecular s t ructures  of  cel ls  and 

t issues occur,  except in ident ica l  twins,  because of  the genet ic  varia t ion 

inherent  in  humans.  Because of  these molecular  d i f ferences, t ransplanted 

t issues or  organs ( i .e . ,  graf ts )  are l ike ly to  be ant igenica l ly d i f ferent f rom 

the recip ient and therefore may s t imulate an immune response. 

1.  A l though MHC c lass I  and I I  g lycoprote ins  p lay an essent ia l  ro le in al l  T 

ce l l  immune responses (see I .B.3.a),  these molecules are part icular ly 

ant igenic  and variant  in  s t ruc ture among d i f ferent  humans (polymorphic) .  

2.  Each person 's  set o f MHC glycoproteins  is  cal led h is  or her  human 

leukocyte antigen (HLA),  or  histocompatibi l i ty type.  Class I  

g lycoprote ins  are known as HLA-A,  -B,  and -C ant igens. Class I I  

g lycoprote ins  are known as HLA-DR, -DP, and -DQ ant igens. Each person 



receives one set  o f  genes (a haplotype)  encoding these prote in  ant igens 

f rom each parent.  

3.  Ident ica l  twins have the same h is tocompat ibi l i ty  type.  For  other  s ibl ings,  

the probabi l i ty  is  approximate ly 25% (0.25)  that  two s ib l ings wi th  the same 

parents are HLA ident ical ,  or matched,  and approximate ly 50% that they are 

one hal f  HLA matched,  or  haploident ical .  Parents and ch i ldren are almost  

a lways haploident ica l .  Some t ransplanted t issues are rejec ted because of  

HLA incompat ib i l i ty .  In  other  cases,  the reason for  re jec t ion is  the resul t  of  

minor  histocompat ibi l i ty  ant igens or  is  unknown.  HLA match ing is  not 

a lways a factor  in  re jec t ion. 

B. Common sol id-organ transplants  are k idney, heart ,  l i ver ,  hear t - lung,  

and pancreas.  Organs are obta ined f rom cadavers  or l iv ing donors .  The 

probabi l i ty  o f  an exact  HLA match in  a cadaver graf t  is  approximate ly 1  in 

10 mi l l ion. 

1.  HLA matching  

a.  The pr imary problem wi th  organ donat ion is  reject ion of  the t ransplanted 

organ by the host 's  immune response.  Donation of  an organ by an HLA-

matched s ib l ing is the best  way to  avoid th is  problem. 

b.  A l though HLA-DR and HLA-B matching decreases the rejec t ion react ion 

in  renal  and card iac grafts ,  re jec t ion does occur  in  HLA-matched s i tuat ions.  

HLA match ing is  not important  in  l iver  t ransplantat ion. 

2.  Types of  reject ion of organ grafts  

a.  Hyperacute reject ion  is  mediated by preexis t ing ant ibody in  the 

rec ip ient ,  usual ly against  ABO mismatches.  Complement  is  ac t ivated,  

c lot t ing occurs ,  and the vasculature of  the t ransplanted organ is  occ luded.  

Reject ion occurs  wi th in  2  days after  t ransplantat ion. An ABO-mismatched 

graf t  is  rare ly at tempted. Reject ion is  essent ial ly  unt reatable. 

b.  Acute rejection  is  a  T ce l l -macrophage-mediated at tack on the graf t  

based on HLA and other  t issue ant igen mismatches.  T ce l ls and 

macrophages inf i l t rate  the graf t  and,  in  10-14 days,  cause ce l lu lar  necrosis  

and in f lammat ion perivascular ly.  The ent i re  graft  begins to  necrose i f  

unt reated. 

c .  Chronic reject ion  occurs  several  months to severa l  years after  

t ransplantat ion. I t  causes f ibros is  and occ lusion of  smal l  ar ter ies  and 

ar ter io les in the k idneys and atherosclerosis  in  the hear t .  I t  is  contro l led by 

immunologic  in jury and mediated pr imari ly by ant ibody and includes the 

re lease of inf lammatory cytokines by macrophages.  Despi te  the h igh 

success rate of  MHC-matched,  pharmacolog ica l ly t reated graf ts in the f i rst  

year  a fter  transplantat ion (85-90% k idney graf ts ),  the rejec t ion ra te af ter  5  

years  is  near ly 50%. This  form of  re jec t ion is  rela t ive ly resistant  to therapy,  

a l though t reatment  wi th  cor t icosteroids  can be help fu l .  

C. Bone marrow transplantat ion  is  somet imes at tempted in  pat ients  wi th 

immunodef ic iency d iseases,  aplast ic  anemias, some leukemias,  and cer tain  

genet ic  diseases.  The graf t  conta ins a  
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h igh proport ion of  donor lymphocytes that  respond to  the host  HLA and 

other ant igens.  This  response causes graf t -versus-host  (GVH) d isease. 

1.  Graft  T cel l  recogni t ion of  the host  is important  in GVH d isease,  as  

shown by the decreased incidence of  GVH disease af ter  procedures that  

purge mature T ce l ls  from the donor marrow. 

2.  Cl inical  symptoms  o f  GVH d isease are seen in  the sk in  (e .g.,  rash,  

desquamat ion) ,  gast roin test inal  t ract  (e.g . ,  pain , vomi t ing,  in tes t inal  

b leeding) ,  and l iver  (e .g.,  necros is  indicated by increased serum b i l i rubin 

leve ls) .  Death commonly occurs . 

3.  HLA match ing is  important in bone marrow t ransplantat ion,  but  the fa i lure 

ra te even of  matched graf ts as  a resul t  o f  GVH disease is  h igh. 

4.  Because the rec ip ient o f  the marrow (host)  is  immunosuppressed,  owing 

to  pr imary immunodefic iency or  by drugs or  rad iat ion,  host  re jec t ion of  

t ransplanted bone marrow is  less important .  

D. Prophylaxis and treatment of  graft  rejection  

1.  Immunosuppression of  the graft recipient  

a.  Cort icosteroids  (e .g .,  methylpredniso lone,  prednisone) are admin is tered 

just  before t ransplantat ion and rapid ly tapered because of the i r  s ide 

ef fec ts .  Cort icostero ids  are used in  combinat ion wi th  azathioprine,  

cyc lospor ine, or  antilymphocyte globul ins/anti thymocyte globulins 

(ALGs/ATGs).  

b.  Azathioprine  is  given before t ransplantat ion.  Maintenance doses are 

g iven af terward. 

c .  Methotrexate  is  used pr imar i ly for bone marrow t ransplantat ion in 

combinat ion wi th  ALG/ATG. I t  is  admin is tered e i ther  a few days before or a t  

the t ime of  t ransplantat ion. 

2.  Specific  suppression of  T cells  

a.  Cyclosporine A  (cyc lospor in)  binds to  an in t racel lu lar protein  known as 

cyc lophi l in  and b locks the t ranscr ip t ion of  cytok ine genes in  a T ce l l  that 

has recognized ant igens.  In  th is  way,  i t  inh ibi ts  TH  cel l  secret ion of  IL-2 and 

product ion of the high-aff in i ty IL-2 receptor and prevents  complete T ce l l  

ac t ivat ion.  I t  is  admin is tered prophylact ica l ly because i t  is  more effec t ive i f  

i t  is  present  before reject ion begins. Cyc lospor ine A is  commonly combined 

wi th  other  agents . The major s ide ef fect  is  nephrotoxic i ty.  

b.  Tacrol imus (FK-506)  is  an immunosuppressive agent that  inhib i ts  TH 

ce l l  funct ion in  the same way as cyclosporine A.  Both drugs funct ion 

through the same pathway and are not  used together .  

c .  Rapamycin  (s i rol imus)  inh ibi ts  TH  cel l  response to  IL-2 and prevents  TH  

ce l l  ac t ivat ion.  I t  works through a di f ferent  pathway than ei ther  cyc lospor ine 

or  tacrol imus and is espec ia l ly e f fec t ive in  combinat ion wi th the other  

drugs. 

d.  ALG  and ATG  are ant isera der ived f rom animals .  They contain  a var ie ty 

o f  ant ibody speci f ic i t ies  against  T cel l  ant igens.  They are used both 



prophylact ical ly and therapeut ical ly in  bone marrow and organ 

t ransplantat ion. 

e.  Muromonab-CD3  (OKT3) is  a  mouse monoc lonal  ant ibody spec i f ic  for  the 

CD3 ant igen,  which is present  on a l l  peripheral  T cel ls .  OKT3 is  used 

therapeut ical ly to hal t  and reverse acute re ject ion as soon as i t  is  

d iagnosed. 

(1)  I ts  main act ion is  the opsonizat ion of  T ce l ls  for  enhanced phagocytosis .  

I t  is  adminis tered dai ly for  10-14 days.  Only one course is  typ ical ly used 

because i t  causes an immune response against  the fore ign mouse ant ibody.  

(2)  Acute s ide effects are common,  probably because of  nonspec i f ic  T cel l  

ac t ivat ion that causes the release of  cytok ines.  Side ef fec ts  inc lude h igh 

fever ,  chi l ls ,  b lood pressure changes, vomi t ing,  diarrhea, and respi ratory 

d ist ress. OKT3 is contra ind icated in  pat ients who have f lu id  over load 

because i t  may cause fa ta l  pu lmonary edema. 

(3)  OKT3 may a lso be used in  v i t ro  to  purge donor bone marrow of  T cel ls  

to  reduce the r isk  of  GVH d isease. 

3.  Investigat ional  agents  being tes ted to  prevent  or  reverse graf t  re ject ion 

include ant i -T cel l  immunotoxins (see VI I .C.1) ,  con jugates of IL-2 and a 

toxin ,  and other monoc lonals  that  prevent  T ce l ls  f rom adhering to  foreign 

graf t  ce l ls .  These agents are administered to  the graf t  rec ipient .  In  addi t ion,  

monoclonal  ant ibodies are used to mask HLA ant igens on the graf t  t issue 

before i t  is  t ransplanted in to the rec ip ient .  
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VI. VACCINATION 
A. Overview  

1.  Passive vaccinat ion  is  the int ramuscular or  int ravenous injec t ion of  

ant ibody preparat ions to enhance a pat ient 's  immune competence.  

Protect ion depends on the serum half - l i fe  o f  the in jec ted ant ibody and is  

l imi ted to  several  weeks to  several  months for each administ ra t ion of human 

sera. 

2.  Active vaccinat ion  is  the int ramuscular,  subcutaneous, or  oral  

in t roduct ion of  one or  more ant igens des igned to s t imulate the immune 

system to produce a spec i f ic  immune response.  This  response generates 

ant ibody,  ac t ivated T ce l ls ,  and spec i f ic  memory.  Protect ion through 

memory var ies wi th  the vacc ine,  but  immuni ty is  long las t ing. 

B. Passive vaccinat ion  (Table 10-2) 

1.  Preparat ions.  Doses of  in t ramuscular  preparat ions are sometimes g iven 

in  un i ts  per  k i logram and sometimes in mi l l i l i ters  per  k i logram. The dose 

var ies wi th  the vaccine and pat ient populat ion.  Int ravenous preparat ions are 

commonly used in  high doses. 



a.  Standard human serum immunoglobulin for intramuscular 

vaccination  is  a  po lyc lonal  ant iserum prepared from pooled plasma of 

donors . I t  contains  165 mg/mL human immunoglobul in,   
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predominant ly the four  subclasses of  IgG.  Side ef fects are rare,  minimal ,  

and usual ly conf ined to  minor  in f lammat ion and pain  at the s i te o f in jec t ion.  

Th is  preparat ion is  unsuitab le  for  in t ravenous injec t ion because ant ibody 

aggregates form and may act ivate complement  and pla te le ts.  

Table 10-2. Passive Vaccines 

Illness Vaccine Rationale 

Intramuscular   

Hepatitis B (HBV) Hepatitis B 
immunoglobulin 
(HBIG) 

Prophylaxis 

Hepatitis A (HAV) Immunoglobulin, 
intramuscular 
(IGIM) 

Prophylaxis 

Non-A, non-B hepatitis IGIM Prophylaxis, therapy 

Measles IGIM Prophylaxis, therapy 

Rabies Rabies 
immunoglobulin 
(RIG) 

Prophylaxis 

Rubella IGIM Fetal prophylaxis in 
exposed mother 

Varicella Varicella zoster 
immunoglobulin 
(VZIG) 

Prophylaxis and 
therapy in 
immunocompromised 
individual 

Tetanus Tetanus 
immunoglobulin 

Prophylaxis 



(TIG) 

Hypogammaglobulinemia IGIM Therapy for antibody 
deficiency 

Rh disease Rho (D) 
immunoglobulin 
(RhoGAM) 

Prophylaxis during 
pregnancy and after 
delivery of Rh+ fetus 
by Rh- mother 

Botulism Botulism 
antiserum 
(equine) 

Prophylaxis, therapy 

Snakebite Polyvalent 
antivenin 
(equine) 

Prophylaxis, therapy 

Black widow bite Black widow 
antivenin 
(equine) 

Prophylaxis, therapy 

Intravenousa   

Hypogammaglobulinemia Intravenous 
immunoglobulin 
(IVIG) 

Therapy for antibody 
deficiency 

Idiopathic 
thrombocytopenic 
purpura (ITP) 

IVIg Therapy 

Chronic lymphocytic 
leukemia 

IVIg Therapy for antibody 
deficiency 

Cytomegalovirus (CMV) 
infection 

CMV IVIG Therapy in renal 
transplant patients 



Acute renal rejection Muromonab-CD3 
(murine) 

Reversal of acute 
rejection 

a U.S. Food and Drug Administration-approved uses; many others currently 
in trials result from vaccine preparation in cells of nonhuman origin. The 
valence of a vaccine indicates the number of strains of organism included 
(e.g., trivalent polio vaccine includes three strains of poliovirus). 

 

b.  Special  intramuscular immunoglobul ins ( IGIMs)  are ind iv idual  sera 

prepared f rom p lasma lots  of  subjects act ively immunized against  or  

recovering f rom speci f ic  d iseases.  Each serum is enriched for  ant ibodies of  

the des i red spec i f ic i ty (e.g. ,  te tanus immunoglobul in  conta ins  more 

ant ibodies against  te tanus toxin  than would be found in  IGIM).  

c .  IVIGs  are prepared f rom pooled human serum and modif ied to  minimize 

ant ibody aggregat ion. Chi l ls ,  nausea, and abdominal  pain  occur  in  

approximately 10% of pat ients . Side ef fec ts  are dimin ished by reducing the 

ra te of  in t ravenous infus ion.  Premedicat ion wi th  cor t icostero ids  is 

recommended,  and in t ravenous epinephr ine is  used i f  anaphylaxis  occurs . 

d.  Animal  ant isera.  Equine (horse) ant isera are used in  cer ta in s i tuat ions 

(Table 10-2).  Mouse monoclonal ant ibody (muromonab-CD3) is  used in  

acute renal  re jec t ion (see V.D.2.e) .  The hal f - l ives  of animal  ant ibodies are 

shorter  in  humans. 

2.  Rationales for passive vaccination  

a.  Prophylaxis of  infectious disease.  Ant ibodies are given 

prophylact ical ly to prevent  c l in ica l  symptoms of a v i ra l  or  bacteria l  

in fec t ious process, part icu lar ly in  a pat ient  wi thout  previous exposure and 

therefore wi thout  immunologic  memory.  The vaccine protects the rec ip ient 

dur ing the incubat ion per iod for  in fect ion.  For  example: 

(1)  Clost r id ium tetani  in fec t ion has an incubat ion period of  approximate ly 5  

days before s ign i f icant  quant i t ies of  te tanus toxin  are produced. A primary 

immune response of  7-10 days is  too s low.  Pass ive vaccinat ion wi th  te tanus 

immunoglobul in  (TIG) binds the toxin  and prevents  disease. 

(2)  Hepati t is  B immunoglobul in (HBIG)  is  admin istered to  ind iv iduals  as 

soon as poss ib le  after  exposure to  prevent  v ira l  in fec t ion. 

b.  Prophylaxis or therapy prevents  or  a ttenuates the ef fec ts  of  in fec t ion in  

spec ia l  populat ions.  Examples are the use of  varicel la  zoster 

immunoglobulin (VZIG)  in  immunocompromised pat ients  and the use of  

IGIM in  pregnant  women who are exposed to  rubel la  and have not  been 

act ive ly vacc inated. 



c.  Treatment of  ant ibody def ic iency.  Ind iv iduals who are def ic ient  in  

ant ibody product ion,  e i ther  because of  pr imary immunodef ic iency (see IV) 

or  as  a resul t  o f  chronic  lymphocyt ic  leukemia,  rece ive int ravenous 

immunoglobul in  ( IVIG) or  IGIM every 2-4 weeks to  mainta in  humoral  

immuni ty.  IVIG is  preferred. 

d.  Other si tuat ions.  IVIG is  used for  id iopath ic  (autoimmune) 

thrombocytopenia purpura.  Int ramuscular  Rh o (D)  immunoglobul in (RhoGAM) 

is  used prophylact ical ly for  Rh d isease (see I I .C.5.c).  Muromonab-CD3 (see 

V.D.2.e)  is  used for  acute renal  graf t  re jec t ion. 

C. Active vaccination  (Table 10-3) is  used for prophylaxis .  

1.  Overview  

a.  Contents.  Act ive vaccines conta in  one or  more subuni ts  o f a  pathogen or  

whole pathogenic  organisms but  may also conta in  preservat ives,  low doses 

of  ant ib iot ics , and other  compounds that do not  af fect  the immune 

response. 

b.  Administrat ion.  Act ive vacc ines are admin is tered subcutaneous ly,  

in t ramuscular ly,  in tradermal ly,  ora l ly,  or  in t ranasal ly.  Some are in t roduced 

adsorbed to  aluminum hydroxide or  aluminum phosphate adjuvants .  An 

adjuvant  increases the ant igenic i ty o f  the vacc ine.  

c .  Seroconversion.  For  most  ac t ive vacc ines,  the success of  the ser ies  of  

vaccinat ions is ind icated by seroconvers ion of  the pat ient .  Seroconversion 

indicates that  a  person who previous ly d id not  have speci f ic  serum 

ant ibodies ( i .e . ,  seronegat ive)  now has these ant ibodies ( i .e. ,  seropos i t ive) .  

Seroconvers ion does not indicate estab l ished immuni ty for  cer tain  vacc ines 

(e.g.,  baci l lus Calmet te-Guér in vacc ine for  tubercu losis).  

d.  A schedule of  act ive vaccinat ion  is  recommended for  in fants  and 

ch i ldren (Table 10-3) .  The f i rs t  vacc inat ion is g iven af ter the in fant  is  6  

weeks old  because responses are normal ly inadequate in  newborns and 

because maternal  ant ibodies remain in  the newborn c i rcula t ion;  some 

vaccines (e.g.,  hepat i t is  B v i rus;  HBV),  however,  may be given immediate ly 

a f ter b i r th .  Some vaccines are in tended for  use pr imar i ly in noninfant  

populat ions. 
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Table 10-3. Commonly Administered U.S. Food and Drug Administration-
Approved Active Vaccines 



Vaccine 
Target 
Populationa 

Number of 
Vaccinations Schedule Notes 

Live, 
attenuate
d viral 

    

Oral polio 
(OPV; 
trivalent) 

Infants, 
children, 
healthcare and 
daycare 
workers 

4 2, 4, 15-18 
months; 1 
at school 
entry 

Approxim
ately 1 in 
2.6 
million 
risk of 
vaccinein
duced 
paralysis; 
no longer 
recomme
nded 
because 
of risks; 
substitute 
killed 
vaccine 

Measles, 
mumps, 
rubella 
(MMR) 

Infants, 
children 

2 15 months 
(< 12 
months if 
high risk); 
1 at school 
entry 

Generally 
affords 
lifelong 
immunity 

Rubella Adolescent 
girls not 
previously 
vaccinated 

1 Postpubert
y 

Protects 
future 
fetus from 
congenital 
rubella 
injury 

Varicella Children, 
other at-risk 
individuals 

1 (if ≥ 13 
years old, 
2) 

1 between 
12 and 18 
months or 
2-3 years; 
after 13 
years old, 

Duration 
of 
immunity 
or effect 
on 
developm



2-4 weeks 
apart 

ent of 
shingles 
unknown 

Influenza 
(trivalent) 

Individuals 
between 5 and 
59 years old at 
risk for 
infection 

1 per year Annually 
for 
maximum 
protection 

Administe
red 
intranasall
y 

Bacterial     

BCG 
tuberculos
is 

Individuals 
exposed to 
sputum-
positive 
tuberculosis 
patients 

Varies Depends 
on success 
or initial 
vaccinatio
n 

Unpredict
able 
effectiven
ess; 
induces 
cell-
mediated 
immunity 

Killed, 
inactivate
d viral or 
viral 
subunit 

    

Influenza 
(trivalent 
or 
polyvalent
) 

Geriatric 
patients, 
healthcare 
workers, 
individuals at 
risk for 
complications 

1 per year Annually 
for 
maximum 
protection 

Variant 
strains 
may 
appear 
each year; 
vaccine 
must be 
updated 
annually 

Hepatitis 
B (HBV) 

All 3 Between 1 
and 2 
months, 2 
and 3 
months, 

Recombin
ant, 
subunit 



after 6 
months 

Inactivate
d polio 
(IPV; 
trivalent) 

All children; 
as booster in 
healthcare and 
day-care 
workers 

4 2, 4, 15-18 
months; 1 
at school 
entry 

No slgA; 
thus 
reduced 
protection
; no 
paralysis 
risk 

Killed, 
inactivate
d viral or 
viral 
subunit 

    

Rabies 
(HDCV) 

Animal-care 
workers 

4 or 5b, 
with 
boosters 

7 days 
apart; 
boosters as 
required to 
maintain 
immunogl
obulin 

Two 
doses to 
exposed, 
already 
immune 
individual 

Bacterial, 
subunit 

    

Diphtheri
a, tetanus, 
pertussis 
(DTP) 

Infants, 
children 

4, with 
boosters 

2,4, 15-18 
months; 1 
at school 
entry 

Tetanus 
toxoid 
(Td) 
booster 
every 10 
years or 
on 
exposure 
through a 
wound 

Tetanus 
and 
diphtheria 

Children ≥ 7 
years old; 
adults with no 

3, with 
boosters 

Second 
dose in 4-8 
weeks; 

Td 
booster 
every 10 



toxoids 
(Td) 

vaccination third dose 
6 months 
later 

years or 
on 
exposure 
through a 
wound if 
more than 
10 years 
or vaccine 
history 
unavailabl
e 

Haemophi
lus b 
(Hib) 

Infants, 
children, HIV-
infected adults 

Depends 
on 
formulati
on 

Depends 
on 
formulatio
n 

Polysacch
aride 
capsule is 
poor 
antigen; 
conjugate 
vaccines 
enhance 
potency 

Pneumoco
ccus 
(polyvale
nt) 

At-risk adults 
or children ≥ 
2 years old 
(e.g., 
immunocompr
omised 
patients, 
geriatric 
patients) 

1 or 1 per 
year 

As 
necessary 
in at-risk 
patients; 
not given 
during 
active 
infection; 
1 per year 
in geriatric 
patients 

Poor 
response 
to 
polysacch
aride 
antigen in 
children < 
5 years 
old 

Meningoc
occus 
(quadrival
ent A, C 
Y, W-
135) 

College 
freshmen 
living in 
dormitories; 
high-risk 
adults or 
children ≥ 2 
years old, 
including 
individuals 

1, 
subcutane
ously 

As 
necessary 
in at-risk 
individuals 
at 3- to 5-
year 
intervals 

Polysacch
aride 
vaccine 
give poor 
response 
in 
children < 
2 years 
old; does 
not 



with 
complement 
component 
deficiencies or 
anatomic or 
functional 
asplenia 

protect 
against 
serotype 
B, which 
accounts 
for 46% 
of cases 

BCG, bacille Calmette-Guérin; HDCV, human diploid cell vaccine; slgA, 
secretory immunoglobulin A. 

a Entire target population is not listed in all cases. 
 
b Five doses to already exposed individuals. 
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e.  Most  vacc ines requi re a series of  vaccinat ions;  o thers  are ef fec t ive 

wi th  a  s ing le vacc inat ion.  For  those that  requi re  a  ser ies , interva ls  between 

vaccinat ions greater than those recommended do not  genera l ly d imin ish 

protect ion.  The durat ion of  memory var ies  wi th each vacc ine,  and booster 

vaccinations  are of ten necessary. 

f .  Side effects  include in f lammation at  the s i te of  vacc inat ion, malaise,  mi ld  

fever ,  chi l ls ,  headache,  myalgia , and arthra lgia . More severe s ide ef fec ts 

include febri le i l lness,  somnolence,  seizures,  or  anaphylact ic  

hypersens i t iv i ty to vacc ine ant igens or  accessory components  (e .g. ,  

ant ib io t ic ,  chicken protein) .  Severe react ions cont ra ind icate cont inuat ion of  

a  ser ies . A person wi th  severe febri le i l lness should not be act ively 

vaccinated unt i l  the i l lness resolves. 

2.  Types of  act ive vaccines  

a.  Live, attenuated vaccines  cons is t  o f  whole organisms (usual ly v i ruses) .  

These organisms mul t ip ly a f ter  vacc inat ion, but  are attenuated to  reduce 

the ir  pathogenic i ty.  

(1)  A smal l  dose produces a st rong immune response because the ant igen 

concentrat ion increases when the organism mult ip l ies . Some vaccines e l ic i t  

l i fe long immuni ty in  two doses—for  example,  the measles,  mumps,  rubel la 

(MMR) vacc ine.  Because of  thei r  rela t ive genet ic  instabi l i ty ,  v i ruses can 

rever t  to  v i rulence and cause the d isease against which the pat ient  is  

vaccinated. This is  a  part icu lar  prob lem wi th  one of  the serotypes of  the 

ora l  pol io vacc ine (OPV).  

(2)  L ive,  at tenuated vi ra l  vaccines are not recommended for pregnant  

women or those in tending to  become pregnant  with in 3  months of  



vaccinat ion.  L ive,  a t tenuated vi ra l  or  bacterial  vaccines are not  g iven to 

immunocompromised indiv iduals .  

b.  Ki l led, inact ivated vaccines  may contain  whole k i l led cel ls  (e.g. ,  

phenol -k i l led Bordete l la per tuss is )  or any ant igenic  frac t ion iso lated f rom 

the organism. They are usual ly g iven adsorbed to  adjuvant .  

c .  Some iso la ted ant igens (subunit  vaccines )  may requi re inact ivat ion 

before they are used in  a  vacc ine —for  example, formaldehyde-modi f ied 

toxin  of  Clost r id ium tetan i ,  known as tetanus toxoid (Td)  a f ter  

modi f icat ion.  Inact ivat ion e l iminates pathogenic i ty ,  but  preserves some 

ant igenic i ty.  Other  subuni t  vaccines inc lude prote ins  and g lycoproteins of  

an organism that  are produced by recombinant  DNA technology in bacter ia ,  

yeast ,  or  mammalian ce l ls  and are then used as the ant igens for  

vaccinat ion.  The HBV vaccine contains  prote ins  produced by recombinant  

genet ic  technologies and is  approved by the FDA for  use in humans. 

(1)  Because no l ive organisms are present,  revers ion to  pathogenic i ty is  not  

a  problem. However,  doses of  ce l ls or  ant igens must  be h igher than in  l ive,  

a t tenuated vacc ines,  and hypersensi t iv i ty react ions to  vacc ine components  

are more common.  Min imum effec t ive doses are usual ly measured in  

numbers of  ce l ls  or  micrograms of  ant igen. 

(2)  Vaccines in  which the ant igenic  f ragment  is a po lysacchar ide (e .g. ,  

Haemophi lus  b)  are usual ly poor  at  el ic i t ing immune responses and 

memory,  probably because they do not  evoke T ce l l  act ivat ion.  These 

vaccines have been improved by conjugat ing the po lysacchar ide to  another  

ant igenic  compound (e.g. ,  Td) .  These are known as conjugate vaccines.  

4.  Experimental  vaccines  include other  subunit  vaccines;  pept ides 

produced by chemical ,  ce l l - f ree synthes is ;  recombinant  DNA vi ruses 

conta in ing genes for  the ant igens of  mul t ip le organisms;  and ant i - id iotype 

ant ibodies used for  ac t ive vacc inat ion. 

5.  Specific  vaccines  in  common use and recommended admin is t ra t ion 

schedules are l is ted in  Table 10-3. 

D. Simultaneous administrat ion of act ive and passive vaccines.  

Somet imes act ive and pass ive vaccines against  a  pathogenic organism are 

adminis tered simul taneous ly to  maximize postexposure prophylaxis .  The 

immunoglobul in  of fers  immediate protect ion, and the act ive vacc ine 

s t imulates an immune response.  These vaccines are given at  separate s i tes  

to  prevent ant ibody (pass ive)  and ant igen (act ive)  f rom react ing and 

inact ivat ing one another .  

1.  Infants wi th  HBV  who are born to  mothers  who have the hepat i t is  B 

sur face ant igen (HBsAg) are s ign i f icant ly protected f rom becoming chronic  

carr iers  by th is  combined prophylaxis .  

2.  Rabies.  Postexposure prophylaxis  typica l ly includes the combined use of  

ac t ive and pass ive vacc ines because of the le thal  nature of the unchecked 

in fect ion.  The except ion is  pat ients  wi th a  previous act ive vaccinat ion who 

have suf f ic ient  exis t ing serum ant ibody concentrat ion. 
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3.  Tetanus.  Combined prophylaxis  is somet imes used,  depending on the 

type of wound and the pat ient 's h is tory of  act ive vaccinat ion.  Recommended 

guide l ines are as fol lows:  

a.  A tetanus-prone wound  is  one that  produces anaerobic condi t ions (e.g. ,  

deep puncture)  or one in which exposure to  Clostr id ium  or  i ts  spores is 

probable (e.g.,  contaminated wi th  an imal feces) .  I f  the pat ient 's  history of 

ac t ive vacc inat ion is  uncer tain  or  includes fewer than three doses,  both TIG 

and Td are administered.  The pat ient  re turns to complete the toxo id ser ies . 

(1)  I f  the wound is tetanus-prone but  the pat ient  received a fu l l  ser ies  of  

ac t ive vacc inat ion,  no t reatment  is  necessary i f  the last  Td dose was 

received wi thin  the las t  5  years . 

(2)  I f  the las t dose was received more than 10 years  ago,  Td,  but  not  TIG, 

is  g iven to  boost memory immuni ty and ant ibody product ion. 

b.  For a  clean,  minor wound,  i f  the pat ient 's h istory of  act ive vaccinat ion 

is  uncer ta in or  inc ludes fewer than three doses,  Td is  admin is tered. 

(1)  I f  the pat ient  rece ived a fu l l  ser ies of  act ive vacc inat ions,  no t reatment  

is  necessary i f  the las t  Td dose was received wi th in  10 years. 

(2)  I f  the las t dose was received more than 10 years  ago,  Td,  but  not  TIG, 

is  g iven to  boost memory immuni ty and ant ibody product ion. 

VII. PROSPECTS FOR IMMUNOMODULATION 
A. Fab antidigoxin antibody preparat ions obta ined f rom sheep are 

approved for  the reversal  o f  toxic i ty assoc iated wi th  toxic  d igoxin  serum 

levels .  The ant ibody binds d igoxin and prevents  i t  f rom b ind ing to  i ts normal 

receptor  s i te.  The Fab-d igoxin complex is  excreted renal ly.  

B. Monoclonal  ant ibodies  are genera l ly produced through the in  v i t ro  

fusion of  a  cancerous plasma cel l  (myeloma) wi th  an act ivated mouse B 

ce l l .  The resul t ing hybridoma  secretes mur ine (mouse) ant ibodies of a  

s ing le  def ined speci f ic i ty and has the immortal i ty character is t ic o f  the 

myeloma.  Techniques for  the product ion of  human monoc lonal  ant ibodies 

and a var ie ty o f hybrid  mouse-human monoclonal ant ibodies are a lso 

avai lab le . 

1.  Monoclonal  ant ibodies—for example,  whole ant ibodies or  Fab or  F(ab ')2  

f ragments—are rout ine ly used for  in  v i t ro  diagnost ic  tes ts  (e .g. ,  b lood group 

and t issue typing for HLA),  screening for  cancer-re lated ant igens (e.g. ,  

carc inoembryonic  ant igen;  CEA),  ur ine tes t ing for  drugs and metabol i tes , 

and tes t ing for  HIV infect ion.  In  these and many other d iagnost ic  

appl icat ions,  monoc lonal ant ibodies are of ten conjugated to enzymes, 

rad io isotopes,  or  f luorescent  dyes. 

2.  Muromonab-CD3  is  used to  t reat  acute graf t  re jec t ion. Other monoc lonal  

ant ibodies are used for  treatment  of  breast  cancer  and leukemia. 

3.  In c l in ica l  t r ia ls ,  the use of  monoclonal  ant ibodies against  T cells  

causes improvement in  cer tain  autoimmune d isorders.  



4.  Monoclonal  ant ibodies against  neoplastic  cel ls  show some success, 

and are useful  in  t reat ing cer tain  leukemias and lymphomas,  as  wel l  as  

breast  and co lon cancers . 

C. Monoclonal  ant ibodies are conjugated to enzymes, drugs,  prodrugs,  

radioisotopes,  or plant and bacteria l toxins  to  provide spec i f ic  del ivery 

of  the conjugated agent  to  one or  more focused in  v ivo s i tes  of  ac t ion.  

Severa l  prob lems are assoc iated wi th  the use of  these agents. 

1.  Immunotoxins  are usual ly produced by the conjugat ion of  a  monoclonal  

ant ibody to  a bio logic  polypept ide toxin  (e.g.,  diphtheria  toxin)  that  is  

modi f ied to  reduce nonspeci f ic  toxic i ty.  

2.  A l though they are being tes ted for  graft  rejec t ion and auto immunity,  

immunotoxins are pr imari ly used as ant ineoplast ic  agents . Cl in ical  t r ia ls  

show moderate success in  t reat ing leukemia and lymphoma, wi th  lower 

success rates against  tumors such as breast carc inoma. 

3.  Monoclonal  ant ibodies conjugated to radioisotopes  (e .g. ,  9 0Y) cause 

remiss ions in pat ients  wi th  Hodgkin d isease and acute T ce l l  leukemia. 

4.  Monoclonal  ant ibodies conjugated to enzymes  that  ac t ivate a prodrug 

to  the act ive drug at  a  speci f ic  t issue s i te  (e.g. ,  neoplast ic  cel l  surface)  are 

in  human t r ia ls.  
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D. Immunostimulation  has been at tempted wi th a var ie ty o f compounds, 

ranging f rom cytok ines to  bacter ial  products  (Table  10-1) .  

1.  IFN-α has many subtypes.  Two are current ly FDA approved. Because i t  

inhib i ts  cel l  growth,  i t  is  used to  t reat  hai ry cel l  leukemia, Kaposi  sarcoma 

in  pat ients  wi th  AIDS,  and geni ta l  war ts .  At low doses,  in ter ferons s t imulate 

immune ce l lu lar  funct ion (e .g. ,  T ce l ls ,  NK ce l ls ,  macrophages) ,  but  a t  high 

doses,  they are immunosuppress ive. The use of  IFN-α against  o ther  

cancers  produces var iable  resul ts .  

2.  IFN-γ provides greater  immunost imulat ion in  the in tact  immune system, 

but  i ts e ffec ts depend on dose and t iming.  The combined use of  IFN-α and 

IFN-γ y ie lds  better  resu l ts .  The most  common s ide ef fects  o f  in ter feron 

therapy are in f luenza-l ike symptoms.  IFN-γ is approved for  use as a 

macrophage-act ivat ing fac tor  in  chronic  granulomatous disease. 

3.  Severa l  protocols  us ing IL-2  show promis ing resul ts ,  wi th  apparent ly 

complete remissions in  some pat ients  wi th  melanoma.  W ith  th is  technique,  

known as adopt ive immunotherapy,  a  pat ient 's  per ipheral  blood 

lymphocytes, or  tumor- inf i l t ra t ing lymphocytes,  are removed.  They are 

cu l tured wi th  IL-2 and rein fused wi th  addi t ional  IL-2.  These IL-2-responsive 

ce l ls are l ikely T cel ls  and NK ce l ls .  Severe capi l lary leakage syndrome,  

occasional ly leading to  death,  is  a problemat ic  s ide ef fec t .  

4.  Hormones of  the thymus  that induce T ce l l  maturat ion and other  

funct ions are used to increase cer ta in ce l l -mediated immune funct ions,  wi th  

var iable  resul ts .  



5.  Sul fur-containing compounds,  such as levamisole  (a  phenyl imidothiazole 

anthelmint ic )  and d ie thyld i thiocarbamate ( Imuthiol ) ,  have 

immunost imulatory act iv i ty.  Thei r  ef fec t  is  greater on cel l -mediated 

immuni ty than on humoral  immuni ty.  Levamisole is  approved as an oral  

agent  for  use in colon cancer in combinat ion wi th f luorouraci l .  

6.  Inosine pranobex  is  l icensed for  use in  many countr ies as an 

immunost imulant.  I t  induces T cel l  d i f ferent ia t ion and augments  ce l l -

mediated immune funct ions,  wi th min imal  toxic i ty.  

7.  As a component  o f  mycobacter ia l  cel l  wal ls ,  muramyl dipeptide (MDP)  

s t imulates macrophage act ivat ion and may be used as  an adjuvant ,  g iven 

wi th  ant igen (see I ) ,  or  given alone as an immunost imulant .  
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STUDY QUESTIONS 
Direct ions:  Each quest ion,  s tatement ,  or  i tem or incomplete s ta tement  in 

th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  A man has symptoms of  a  viral  infect ion of  about 4 days'  durat ion. 

To confirm the diagnosis,  the physician draws a blood sample and 

requests the antibody t i ter  ( level)  for the suspected agent. The f i rst 

blood sample shows a low ti ter of  ant ibody.  A week later,  another blood 

sample is  drawn, and the t i ter  against  the virus is  much higher.  This 

si tuation is  an example of 

(A)  an inf lammatory response to  the v i ral  in fec t ion. 

(B)  a  pr imary immune response to the v i ral  in fec t ion. 

(C)  a  secondary immune response to  the v i ral  in fec t ion. 

(D)  a  ce l lu lar  response to  the v i ral  in fec t ion. 

View Answer1.  The answer is  B[seeand] .2.  Which class of  

ant ibody has the longest serum half -l i fe and opsonizes antigens for 

phagocytosis through two dif ferent pathways? 

(A)  Immunoglobul in  G (IgG) 

(B)  Immunoglobul in  M ( IgM)  

(C) Immunoglobul in  A ( IgA) 

(D)  Immunoglobul in  E ( IgE) 

View Answer2.  The answer is  A[see] .3.  Urticaria that  appears 

rapidly after the ingestion of  food usual ly indicates which type of  

hypersensit ivi ty react ion? 

(A)  Type I  

(B)  Type I I  

(C)  Type I I I  

(D)  Type IV 



View Answer3.  The answer is  A[seeand] .4.  In which autoimmune 

disorder is the mechanism of pathogenesis classified as type I I  

hypersensit ivi ty?  

(A)  Systemic  lupus erythematosus (SLE) 

(B)  Insu l in-dependent  diabetes mel l i tus  (IDDM) 

(C) Grave 's  disease 

(D) Hashimoto 's  thyro id i t is  

View Answer4.  The answer is  C[seeand] .5.  A pat ient receives 

long-term, high-dose therapy with a sulfonamide.  After approximately 3 

weeks of  therapy,  the pat ient has a low-grade fever,  rash,  and muscle 

and joint pain.  Which type of  hypersensit ivi ty accounts for these 

symptoms? 

(A)  Type I  

(B)  Type I I  

(C)  Type I I I  

(D)  Type IV 

View Answer5.  The answer is  C[seeand] .6.  In which type IV 

hypersensit ivi ty react ion is the t issue-damaging disorder considered 

an inappropriate response by the immune system? 

(A)  Poison ivy dermat i t is  

(B)  Chronic  tuberculos is 

(C)  Acute graft  rejec t ion 

(D) Tubercu l in  test 

View Answer6.  The answer is  A[see] .Mycobacterium.7.  Which 

agent is  commonly used to treat  mult iple sclerosis (MS)? 

(A)  Neost igmine 

(B)  Cyanocobalamin 

(C) IFN-β-1b 

(D) Propyl th iouraci l  

V iew Answer7.  The answer is  C[see] .8.  The therapeutic role of  

muromonab-CD3 in acute renal  graft  rejection is  probably based on 

(A)  act ivat ion of T ce l l  funct ion and secret ion of  cytok ines. 

(B)  dest ruct ion of T cel ls by complement .  

(C)  opsonizat ion of  T ce l ls  for  phagocytosis.  

(D)  select ive inh ibi t ion of  TH  ce l l  funct ion. 

View Answer8.  The answer is  C[see] .9.  Which is  a current c linical  

appl icat ion of  intravenous human immunoglobul in ( IVIG)? 

(A)  Prophylaxis  af ter hepat i t is  B v i rus  (HBV) exposure 

(B)  Treatment o f humoral  immunodefic iency 

(C) Prophylact ic  in fant  immunizat ion for  po l io 

(D)  Prophylaxis  for  Rh d isease by infant  immunizat ion 

View Answer9.  The answer is  B[see] .10.  Which cytokine is 

approved for the treatment of  certain forms of  cancer? 

(A)  In ter leuk in 2 (IL-2) 

(B)  In ter feron α ( IFN-α) 



(C)  In ter feron γ  (IFN-γ) 

(D)  Imuthio l  

View Answer10. The answer is  B[see] .P.225 

 

 

For questions 11 and 12:  A 6-year-old  chi ld  has a deep puncture wound. 

The parent  is unsure of  the ch i ld 's his tory of  vaccinat ion. 

11.  If  no other information is  avai lable,  what should the physician 

recommend? 

(A)  No vaccinat ion 

(B)  Tetanus immunoglobul in  (TIG) 

(C)  Tetanus toxo id (Td) 

(D)  Both TIG and Td at  separate s i tes 

View Answer11. The answer is  D[see] .12.  I f  the chi ld received a 

ful l  series of diphtheria,  pertussis,  tetanus (DPT) vaccinat ions,  the last  

at  entry into school ,  what should the physician recommend? 

(A)  No vaccinat ion 

(B)  Tetanus immunoglobul in  (TIG) 

(C)  Tetanus toxo id (Td) 

(D)  Both TIG and Td at  separate s i tes 

View Answer12. The answer is  A[see] .13.  Persistent infect ions by 

opportunistic  pathogens,  such as Candida albicans  and Pneumocystis 

carinii ,  could indicate al l  of the following except  

(A)  inheri ted T cel l  immunodef ic iency. 

(B)  humora l  immunodef ic iency. 

(C)  AIDS. 

(D)  combined immunodefic iency. 

View Answer13. The answer is  B[see] .14.  Which statement about 

HIV infect ion is  not  correct? 

(A)  Indiv iduals  who become in fected wi th HIV-1 always show over t  

symptoms shor t ly af ter in fec t ion. 

(B)  Seroconversion to pos i t ive sta tus for  ant i -HIV-1 ant ibodies is  the 

pr imary cr i ter ion for  diagnosis o f  a  v i ra l  carr ier .  

(C)  The incubat ion per iod for the pathogenes is  of  AIDS is  be l ieved 

to  be 8 years or  longer af ter  the ini t ia l  in fect ion wi th  HIV. 

(D)  CD4+  T cel ls  and macrophages may be able to  spread HIV to  

un infected CD4+  cel ls  wi thout  releas ing any ext racel lular  v i rus 

par t ic les. 

View Answer14. The answer is  A[see] .Directions:  The quest ions 

and incomplete sta tements  in  th is  sect ion can be correct ly answered or  

completed by one or more  o f  the suggested answers.  Choose the answer,  

A-E.  

15.  Which statements about the currently approved sheep Fab fragment 

used to counteract  digoxin overdose are true? 



I .  I t  is  obtained by the immunizat ion of  sheep with a digoxin-protein 

conjugate and subsequent proteolyt ic  cleavage of  the col lected 

antibody.  

I I .  I t  specifical ly binds digoxin,  preventing i ts  act ivi ty.  

I I I .  I t  has a serum half -l i fe  of approximately 3 weeks. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer15. The answer is  C[see] .16.  CD4+  T  cel ls  

specif ical ly recognize antigens in which form? 

I .  Bound to major histocompatibi l i ty (MHC) class I  molecules on the 

surface of any body cel l  

I I .  In free,  soluble form in extracel lular f luids 

I I I .  Bound to MHC class I I  molecules on the surface of  special  ant igen-

presenting cel ls  (APCs) 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer16. The answer is  B[see] .17.  What is  a  normal 

outcome of  the act ivat ion of  the complement system by ei ther the 

classic or al ternat ive pathway? 

I .  Acute inf lammation 

I I .  Opsonizat ion of  immune complexes 

I I I .  Cytolyt ic  act ion 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer17. The answer is  E[see] .18.  In antiviral  immunity,  

what direct ly recognizes and kil ls  viral - infected cells? 

I .  Cytotoxic T  cells  (CTLs) 

I I .  Antiviral  ant ibodies 

I I I .  Interferons 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer18. The answer is  A[see] .P.226 



 

 

19.  A pat ient  is  treated with penicil l in and produces antibodies against  

the drug.  They are st i l l  mostly present.  An emergency si tuat ion 

requires administrat ion of  an intravenous dose of  penici l l in.  I f  the 

pat ient  has a type I  penici l l in hypersensit ivi ty react ion,  which 

pathologic consequence would be expected,  and within what t ime 

course of  c l inical  onset? 

I .  Hemolyt ic  anemia,  with an onset of 1-2 hr after the intravenous dose 

I I .  Anaphylaxis,  w ith an onset of  a  few minutes after the intravenous 

dose 

I I I .  Cutaneous urt icaria and pruri tus,  with an onset of  a few minutes 

after the intravenous dose 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer19. The answer is  D[seeand] .20. Which si tuat ion 

occurs in al l  type IV hypersensit ivi ty react ions? 

I .  Infi l t ration of  the affected tissue by mononuclear cells 

I I .  A delay of  12 hr or longer in the onset of  c linical  symptoms after 

a l lergen contact 

I I I .  Significant beneficial  effect of  the administrat ion of  H1 -antagonists 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer20. The answer is  C[seeand] .21. Which immunologic 

f inding is  not  unique to systemic lupus erythematosus (SLE)? 

I .  Hypergammaglobul inemia 

I I .  The presence of  c irculat ing antinuclear ant ibodies 

I I I .  The presence of  c irculating rheumatoid factors 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer21. The answer is  E[see] .22.  An organ donor who is 

human leukocyte antigen (HLA) matched with the recipient of  a graft is  

sought.  Which individual  is at  least  somewhat l ikely to provide a total  

HLA match? 

I .  A sibl ing of the graft recipient 

I I .  A parent of  the graft recipient 



I I I .  A cadaver 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer22. The answer is  A[see] .23.  Graft -versus-host (GVH) 

disease is  associated primari ly w ith which type of  transplantat ion? 

I .  Kidney 

I I .  Heart 

I I I .  Bone marrow 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer23. The answer is  B[see] .24.  The prophylact ic  use of  

cyclosporine in graft  reject ion is  probably based on i ts abil i ty to  

I .  inhibit synthesis of  ant ibodies,  thereby preventing hyperacute 

rejection. 

I I .  inhibi t  act ivat ion of  T  cel ls , thereby preventing acute reject ion. 

I I I .  block transcript ion of  the interleukin 2 ( IL-2)  gene and synthesis or 

secretion of  IL-2. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer24. The answer is  D[see] .25.  Which is  a val id 

comparison of l ive,  attenuated and ki l led, inact ivated active vaccines? 

I .  Repl icat ion of  the organisms in a l ive, attenuated vaccine increases 

the stimulat ion of the immune system and a lower dose is often 

required. 

I I .  Attenuated vaccines often require mult iple doses. 

I I I .  A ki l led, inact ivated vaccine probably produces l i fe long immunity in 

one or two doses. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer25. The answer is  A[seeand] .26. Which act ive 

vaccine is  recommended for healthcare workers but is  not routinely 

given to infants? 

I .  Measles,  mumps, rubel la  (MMR) vaccine 



I I .  Inf luenza polyvalent 

I I I .  Tetanus toxoid (Td) 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer26. The answer is  D[see] .27.  Which statement about 

pneumococcus and meningococcus vaccines is  true? 

I .  They are composed of  puri f ied polysaccharides. 

I I .  They are recommended for children < 2 years of  age. 

I I I .  The vaccines protect  against a l l  serotypes of  disease causing 

pneumococcus or meningococcus. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer27. The answer is  A[see] .P.227 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [see  1 .C.2 and  3 ] .  

A pr imary immune response to  an in fect ion is  character ized by the ini t ia l  

product ion of IgM, beginn ing about 4  days af ter  ant igen is  encountered.  A 

swi tch to  a  di f ferent  immunoglobul in  isotype ( i .e . ,  IgG,  IgE,  or  IgA) occurs 

before the peak of  ant ibody product ion is reached.  The peak pr imary 

immune response occurs 10-14 days af ter  the ant igen is  encountered,  and 

the serum contains  both IgM and IgG. 

2.  The answer is  A  [see  I .D.2.b;  I .E ] .  

IgG has a serum hal f- l i fe o f  25-35 days,  longer than that  o f  any other c lass,  

a l though mast  cel l -bound IgE has the longest  hal f - l i fe .  In genera l ,  immune 

complexes containing IgG are opsonized for  phagocytosis  through binding 

to  the IgG receptors  on neutrophi ls  and macrophages and addi t ional ly 

through the act ivat ion of complement .  IgM a lso opsonizes,  but  only through 

the act ivat ion of  complement .  

3.  The answer is  A  [see  I I .A.5.a and  b ] .  

Food a l lerg ies  are usual ly type I  react ions.  In  a  pat ient  wi th  preexis t ing 

hypersecreted IgE spec i f ic  to  a food a l lergen and bound to  mast  cel ls ,  the 

a l lerg ic  response usual ly occurs  short ly af ter ingest ion.  Mast cel l  secret ions 

lead to vomi t ing.  Systemic  spi l lover  of  al lergen into  the c i rcula t ion may lead 

to  mi lder  e f fec ts  in  o ther t issues (e.g. ,  ur t icar ia) .  

4.  The answer is  C  [see  I I .C.1 and  2.c;  I I I .D.2.b ] .  



In  Graves '  d isease,  an ant ibody act ing as a TSH agonist  hyperst imulates 

the thyro id .  In  SLE,  persis tent  c ircu lat ing immune complexes are 

respons ib le for much of the pathogenes is  ( type I I I ) .  In  IDDM, T ce l l  

cytotoxic i ty to  beta is le t  ce l ls is  probably responsib le  for  the major  

pathogenes is  ( type IV).  In  Hashimoto 's  thyroid i t is ,  ant ibodies to  thyroid  

peroxidase may in i t ia te  in f lammation but  TH1 ce l ls  and macrophages 

in f i l t ra te  the organ (Type IV) .  

5.  The answer is  C  [see  I I .D.2.c;  I I .D.4.a and  b ;  I I .D.5.a ] .  

One of the most  common causes of  type I I I  hypersens i t iv i ty is  the response 

to  drugs.  Th is  type of react ion is  o ften seen af ter long- term, h igh-dose 

therapy.  The t reatment  of  choice is to d iscont inue t reatment  and subst i tu te 

an unrela ted drug. 

6.  The answer is  A  [see  I I .E.1 ] .  

Po ison ivy contains  a hapten,  pentadecyl  catechol ,  which is  not known to be 

toxic .  Therefore, i ts  capac i ty to  e l ic i t  an immune response is  inappropr iate  

because i t  serves no usefu l  funct ion. In chronic tuberculos is ,  the immune 

response is a t tempt ing, a l though unsuccessful ly,  to  el iminate the 

mycobacteria l  pathogen. Acute graf t  rejec t ion is  a lso appropr ia te,  but  

unfortunate,  because i t  is  a  response against  fore ign t issue.  A tubercu l in  

tes t is  an appropr ia te mani fes tat ion of  the exis tence of  ac t ive immuni ty or  

memory to Mycobacter ium.  

7.  The answer is  C  [see  I I I .D.8.b ] .  

Treatment  wi th  IFN-β-1b lowers  the f requency of  a t tacks by 33-50% at  2  

years  in  MS pat ients . Neost igmine is  used as an ant ichol inerg ic  agent  in  

myasthenia gravis .  Cyanocobalamin is admin is tered in  autoimmune 

pernic ious anemia to  replace nonabsorbed vi tamin B1 2 .  Propyl thiouraci l  is  

used as an ant i thyroid  in Graves '  disease. 

8.  The answer is  C  [see  V.D.2.e ] .  

Muromonab-CD3 is  a  mouse ant i -CD3 monoc lonal  ant ibody that  b inds to al l  

T ce l ls  because CD3 is  a constant part  of  the ant igen receptor  of  each T 

ce l l .  The b ind ing of  muromonab-CD3 opsonizes the T ce l ls for 

phagocytosis .  Therefore, the to ta l  number of T cel ls is  reduced.  Mouse 

ant ibodies are inef f ic ient a t  ac t ivat ing human complement.  Some T ce l l  

ac t ivat ion wi th  cytok ine secret ion occurs , but  i t  is  an undes i rable s ide ef fec t  

o f  muromonab-CD3 admin ist ra t ion. 

9.  The answer is  B  [see  VI .B.1.c;  Table 10-2 ] .  

IVIGs are used to  rep lace ant ibody in  immunodefic ient ind iv iduals.  Hepat i t is  

B immunoglobul in  (HBIG) is admin is tered in tramuscular ly.  Ant i -Rh ant ibody 

is  a lso administered in t ramuscular ly to  the mother  immediately postpar tum 

(sometimes during pregnancy) ,  but not  to  the in fant .  Prophylact ic  in fant  

immunizat ion for  po l io is provided through act ive, not  passive,  vaccinat ion.  
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10.  The answer is  B  [see  VI I .D ] .  



IFN-α is approved for  use in pat ients  wi th  ha i ry ce l l  leukemia and in 

pat ients  wi th  AIDS and Kapos i  sarcoma.  Some of  i ts  benef ic ia l  e f fects 

probably der ive f rom i ts ab i l i ty  to  inh ib i t  growth.  The other  cytokines are in  

var ious s tages of c l in ica l  t r ia ls as  ant ineoplast ic  therapies,  a l though IFN-γ 

is  approved for  use in  pat ients  wi th chronic granulomatous d isease.  

Imuth io l  is  not  a  cytok ine but  a  synthet ic  drug. 

11.  The answer is  D  [see  VI .D.3.a;  Table 10-3 ] .  

A pat ient  wi th  an uncer tain  history of  vacc inat ion and a te tanus-prone 

wound requi res both act ive and passive vaccinat ion.  TIG provides 

immediate protect ion i f  the indiv idual  does not  have memory.  Td begins the 

ser ies that  leads to  the estab l ishment  o f  memory. A te tanus-prone wound in  

an indiv idual  wi th a  fu l l  ser ies  of  ac t ive vacc inat ions requi res no t reatment 

i f  the las t  vaccinat ion in  the series  was adminis tered less than 5 years 

ear l ier .  These recommendat ions are genera l  guide l ines. 

12.  The answer is  A  [see  VI .D.3.a;  Table 10-3 ] .  

13.  The answer is  B  [see  IV.A; IV.B.6 ] .  

Opportun is t ic  in fect ions by fungi ,  v i ruses,  and paras i tes  other than 

ext racel lu lar  pyogenic bacter ia suggest  a  def ic iency of T cel l  funct ion. 

Inheri ted T ce l l  immunodef ic iency and AIDS are inheri ted and acqui red T 

ce l l  def ic ienc ies, respect ive ly.  Combined immunodef ic iency inc ludes both 

humoral  and T ce l l  def ic iency.  Only humora l  immunodefic iency is  a pr imar i ly 

humoral  def ic iency in  which the expected s igns are recurrent infec t ions by 

ext racel lu lar  pyogenic bacter ia.  

14.  The answer is  A  [see  IV.B.6.a. (1) ] .  

I t  is  not  known what  percentage of  indiv iduals  shows over t  symptoms af ter  

in i t ia l  in fec t ion.  Those who do,  however,  genera l ly  show mononucleos is- l ike 

symptoms for  approximate ly 3  weeks.  Some ind ividuals  disp lay no over t  

symptoms. 

15.  The answer is  C  ( I ,  I I )  [see  I .A.4;  I .D.2; I .D.5;  VI I .A ] .  

Digoxin is  a hapten,  a molecule that is  too smal l  to  st imulate responses (be 

an immunogen) in  i ts f ree form,  but can be recognized by ant ibodies.  To 

obtain  sheep ant idigoxin  ant ibodies, the sheep is immunized wi th  digoxin  

that  has been coupled to a larger  molecule,  in  this  case,  a  protein . The 

ant ibodies obtained from the sheep are c leaved wi th  proteo lyt ic enzymes to  

y ie ld  the Fab f ragment .  Th is  f ragment  is  spec i f ic  to  and can bind digoxin, 

b locking i ts  b iolog ic  act iv i ty.  Animal  ant ibodies have a shor ter serum hal f-

l i fe when in jec ted in to  humans,  and al l  Fab f ragments , even human,  have a 

short  ha l f - l i fe  compared to  complete ant ibody molecules. Only complete 

human IgG has a ha l f- l i fe  o f  approximate ly 1  month. 

16.  The answer is  B  ( I I I )  [see  I .B.3;  I .B.5 ] .  

CD4+ ,  or  he lper,  T cel ls  have receptors  that recognize f ragments  (ep i topes)  

o f  immunizing ant igens ( immunogens)  on ly when the fragments are bound 

to  an MHC c lass I I  molecule on the sur face of  APCs.  As a resul t ,  T ce l ls  

cannot be act ivated inappropria te ly by soluble ant igens.  CD8+  T ce l ls  

recognize f ragments  bound to  MHC c lass I  molecules. 



17.  The answer is  E  ( I ,  I I ,  I I I )  [see  I .E.2 ] .  

When complement  is  act ivated,  d i f ferent  prote ins  of  the complement 

sequence have funct ions that lead to  a l l  three act ions.  Acute in f lammat ion 

a l lows greater  movement o f  plasma prote ins  and phagocytes f rom blood to  

t issue.  Opsonizat ion of  immune complexes enhances thei r  phagocytosis .  

Cyto lys is  of  microorganisms of ten resul ts  in  the i r  k i l l ing. 

18.  The answer is  A  ( I )  [see  I .F .2 ] .  

Ant iv i ra l  ant ibodies are probably most  important in  ext racel lu lar  immuni ty to  

v i ruses,  b ind ing virus par t ic les  for  opsonizat ion and prevent ing addit ional  

in fec t ion of  cel ls .  In ter ferons are secreted f rom vi ra l - in fected and other 

ce l ls (e .g. ,  macrophages,  T ce l ls ) and,  a f ter  binding to  receptors ,  induce 

the appearance of  ant iv i ra l  prote ins  in  o ther  ce l ls .  CTLs recognize v i ra l -

in fec ted cel ls  and cause d i rec t  cytotoxic i ty.  

P.229 

 

 

19.  The answer is  D  ( I I ,  I I I )  [see  I I .A.2.d;  I I .A.6 and  7;  I I .C.1.b;  I I .C.5 ] .  

I f  the pat ient produced ant ibodies that  are s t i l l  p resent  and the 

hypersens i t iv i ty react ion is  type I ,  these ant ibodies are IgE,  most ly bound 

to  mast  ce l l  and basophi l  IgE receptors . Thei r hal f - l i fe  is  severa l  months to  

years .  In t ravenous int roduct ion of  penic i l l in  causes rap id act ivat ion of  and 

secret ion by blood basophi ls .  Symptoms of  type I  hypersensi t iv i ty occur 

wi th in  minutes.  These symptoms may be severe (anaphylaxis)  or  less 

severe (cutaneous,  gast ro in test ina l ,  or  resp i ra tory) ,  depending on the 

indiv idual .  Hemolyt ic  anemia is  an expected resul t  o f  a  type I I  

hypersens i t iv i ty react ion to  penic i l l in ,  based on the presence of  IgM or  IgG 

ant ibodies in  the serum. The onset  is delayed by a few hours  in  a  pat ient 

wi th  preexis t ing ant ibodies. 

20.  The answer is  C  ( I ,  I I )  [see  I I .E.3,  4 ,  5  and  6 ] .  

Type IV hypersens i t iv i ty react ions are delayed after  the in t roduct ion of  

a l lergen because a l lergen-speci f ic  T ce l ls  become act ivated and att rac t  

o ther ce l ls ,  such as macrophages,  to  the s i te  o f  a l lergen in t roduct ion (e .g. ,  

the ep idermis  of  the skin in  contact  sensi t iv i ty,  the lungs in  tuberculos is) .  

These s i tes are in f i l t rated by mononuc lear  cel ls .  In f lammation is  pr imar i ly 

caused by t issue disrupt ion and necros is  as  wel l  as  by secret ion of  

cytokines by the in f i l t rat ing ce l ls.  A l though h is tamine secret ion can a lso 

occur  from local  mast  cel ls,  H1 -antagonis ts o f h istamine usual ly do not  have 

s ign i f icant e f fects  because T ce l l  and macrophage act ivat ion,  migrat ion,  

and secret ion are not  great ly a f fec ted by these drugs. 

21.  The answer is  E  ( I ,  I I ,  I I I )  [see  I I I .C.3.b ] .  

A l l  three f indings are common to  more than one non-organ-spec i f ic  

autoimmune d isorder ,  but  they occur in d i f ferent percentages of  pat ients  

wi th  speci f ic  disorders.  For  example, ant inuclear ant ibodies are probably 

present in a l l  pat ients  with  SLE but  are found in  on ly a f rac t ion of  pat ients  

wi th  rheumato id arthr i t is  and Sjögren 's  syndrome. Rheumato id fac tors are 



more common in  rheumato id ar thr i t is  than in  SLE or  Sjögren 's syndrome,  

and hypergammaglobul inemia is  more prevalent  in  SLE than in  Sjögren 's 

syndrome. 

22.  The answer is  A  ( I )  [see  V.A.3;  V.B ] .  

Parents  and ch i ldren are rarely HLA matched but  are  usual ly hal f  matched.  

An HLA match f rom a cadaver-der ived organ is  un l ikely.  The probabi l i ty  that  

two s ibl ings are HLA matched is  25%; the probabi l i ty  that  they are ha l f  

matched is  50%. 

23.  The answer is  B  ( I I I )  [see  V.C.1 ] .  

In  bone marrow t ransplantat ion,  marrow conta ining competent lymphocytes 

is  transplanted to a genera l ly immunosuppressed host .  The greatest  

problem is  an immune response by the graft  against  HLAs and other t issue 

ant igens of  the host .  In  renal  and card iac transplantat ion,  the greatest  

problem is  re jec t ion of  the fore ign organ by the immune system of the host  

(HVG disease) .  

24.  The answer is  D  ( I I ,  I I I )  [see  V.B.2;  V.D.2.a ] .  

Cel l -mediated immune mechanisms are thought  to  be more important in 

acute graft  rejec t ion,  and the inh ib i t ion of T cel l  ac t ivat ion appears  to  be 

the key element  in  immunosuppress ion. Responding T ce l ls requi re  

s ignal ing f rom IL-2 to reach ful l  ac t ivat ion and progress to  cel l  d iv is ion. IL-2 

is  produced by act ivated T ce l ls  and can act in  an autocr ine manner. 

Cyc losporine b locks t ranscrip t ion of the IL-2 gene during T cel l  act ivat ion,  

inhib i ts  the synthes is  of  IL-2, and prevents  fu l l  T ce l l  ac t ivat ion and 

d iv is ion.  I ts  e f fec ts  are l imi ted to  act ivated T cel ls .  Because i t  has no d i rec t  

e f fec t  on ant ibody synthes is ,  i t  is  not  usefu l  in  the hyperacute re ject ion 

phenomena that  are based on ant ibody-mediated mechanisms. Hyperacute 

re jec t ion is essent ia l ly  unt reatable because i t  depends on the presence of  

ant ibodies in  the graft  rec ipient .  

25.  The answer is  A  ( I )  [see  VI .C.2.a and  b ] .  

L ive,  a t tenuated vacc ines in t roduce organisms that  are competent to 

rep l icate. Th is repl icat ion s t imulates the immune response.  For  this and 

probably o ther  reasons,  a  l ive,  at tenuated vacc ine (but  not  a  k i l led,  

inact ivated vacc ine)  probably provides l i fe long immunity in  one or two 

doses. 

26.  The answer is  D  ( I I ,  I I I )  [see  VI .C.1.d;  Table 10-3 ] .  

The MMR vacc ine is  admin is tered to  in fants  wi thin  or  shor t ly a f ter  the 1st  

year  o f l i fe .  A second dose is  recommended at  school  ent ry.  In f luenza 

act ive vacc ine is targeted toward speci f ic  adul t  populat ions.  Healthcare 

workers  are inc luded in  th is target populat ion, as  are in fants  and chi ldren at  

r isk ;  however,  the vacc ine is  not  rout inely admin is tered to  in fants .  Td is  not  

rout inely admin is tered to in fants ,  who ins tead rece ive DTP. Td is  used 

pr imar i ly for in i t ia l  vacc inat ions in  adul ts who were not  previously 

vaccinated and for  10-year  booster  vaccinat ions in  a l l  indiv iduals ,  inc lud ing 

heal thcare workers . 
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27.  The answer is  A  ( I )  [see  VI .C.2;  Table 10-3 ] .  

The pneumococcal  and meningococcal  vaccines are mult ivalent and conta in  

pur i f ied po lysacchar ide from a number of  d i f ferent  serotypes. However,  

these vaccines do not  conta in  po lysacchar ide f rom al l  the re levant 

in fec t ious agents .  Pur i f ied polysaccharides do not s t imulate immune 

responses in  ch i ldren younger than 2 years  of  age.  For  po lysacchar ide 

vaccines to  be ef fec t ive in  young ch i ldren,  the polysacchar ide must  be 

conjugated to  a prote in  as in  the Hib vacc ine. 

 



 



11 
Biotechnology Drug Products 
Godwin W. Fong 
Charles Lee 
I. INTRODUCTION. 
Advances in biotechnology have made many formerly unstable or difficult-to-produce 
biologic products available for therapeutic use. Some life-threatening diseases are 
now treated with biotechnology products. 
A. Interferon (INF) is an example of a drug that was genetically engineered to inhibit 
certain types of cancer cells and some viruses. 
B. Cellular hormones known as interleukins, lymphotoxins, and tumor necrosis factor 
are now used to treat cancer and immunodeficiency diseases. 
C. Monoclonal antibodies (MAbs) can deliver toxins specifically to cancer cells and 
destroy them. MAbs are also used with radioisotopes to diagnose and visualize cancer 
cells. Monoclonal antibodies have been developed to target signaling pathways 
associated with immune response and are being used to treat various immunological 
disorders, such as rheumatoid arthritis, inflammatory bowel disease, psoriasis, and 
moderate to severe asthma. 
D. Many biopharmaceutical products derived from the body tissues (through cell 
lines) are now produced on a large scale. Modified natural products also may be 
further improved. 
E. A synthetic analogue of thyrotropin-releasing hormone prevents paralysis after 
spinal cord injuries in animal studies. 
F. Superoxide dismutase may be useful in preventing damage to tissues that are 
deprived of oxygen. 
G. New biotechnologic treatments have been developed for emphysema, congestive 
heart failure, ulcers, atherosclerosis, and an increasing number of medical conditions. 
Table 11-1 lists the biotechnology products that are approved for human use. 
II. BASIC TERMINOLOGY 
A. An antigen is a substance that stimulates the production of antibodies. 
B. An antibody is an immunoglobulin produced by the body in response to 
stimulation from an antigen. 
C. Antisense DNA is a complementary strand of DNA that is specifically synthesized 
to attach to the sense DNA and prevent genetic transcription. The sense DNA that 
carries the information that affects the disease process is usually elucidated before an 
antisense drug is designed. 
D. Colony-stimulating factors (CSFs) are a class of glycoprotein hormones. CSFs 
regulate the differentiation and formation of blood cells from precursor cells. 
E. Cytokines are a group of special proteins (nonantibodies) released by cells to 
trigger action in other cells. 
F. DNA is the molecule that contains the genetic instructions of a cell. DNA consists 
of deoxyribose, phosphate, and repeating bases as building blocks. The four bases are 
adenine, guanine, thymine, and cytosine. 
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Table 11-1. Approved Recombinant Therapeutics and Vaccines 
Drug (Trade Name) Indication(s) Company; Year 

Introduced 
Human insulin (Humulin) Diabetes Eli Lilly, 

Genentech; 1982 
Somatrem for injection 
(Protropin) 

Human growth hormone deficiency in 
children 

Genentech; 1985 

Interferon α-2a (Roferon-
A) 

Hairy cell leukemia Hoffmann-La 
Roche; 1986 

Interferon α-2b (Intron A) Hairy cell leukemia Schering-Plough, 
Biogen; 1986 

 

Extension of therapy for chronic 
hepatitis C from 6 months to 18-24 
months 

1997 

 
Follicular lymphoma in conjunction 
with chemotherapy 

1997 

Hepatitis B vaccine 
recombinant (Recombivax 
HB) 

Prevention of hepatitis B Merck, Chiron; 
1986 

Muromonab-CD3 
(Orthoclone OKT3) 

Reversal of acute kidney transplant 
rejection 

Ortho Biotech; 
1986 

Somatropin for injection 
(Humatrope) 

Human growth hormone deficiency in 
children 

Eli Lilly; 1987 

Alteplase (Activase) Acute myocardial infarction Genentech; 1987 
 Acute pulmonary embolism 1990 

 

Restoration of function to central 
venous access devices (as assessed by 
the ability to withdraw blood) 

2001 

Interferon α-2a (Roferon-
A) 

AIDS-related Kaposi sarcoma Hoffmann-La 
Roche; 1988 



Interferon α-2b (Intron A) AIDS-related Kaposi sarcoma Schering-Plough, 
Biogen; 1988 

 Genital warts  
 Hepatitis C 1991 
Interferon n3 (Alferon N 
injection) 

Genital warts Interferon Sciences; 
1989 

Hepatitis B vaccine 
(Engerix-B) 

Hepatitis B prevention SmithKline 
Beecham, Biogen; 
1989 

 Chronic hepatitis C infection 1998 
Erythropoietin (Epogen) Anemia associated with chronic renal 

failure 
Amgen, Johnson & 
Johnson, Kirin; 
1989 

Erythropoietin (Procrit) Anemia associated with AIDS or 
zidovudine administration 

Amgen, Ortho 
Biotech; 1990 

 
Anemia associated with chronic renal 
failure 

1990 

 
Chemotherapy-associated anemia in 
patients with nonmyloid malignancy 

1993 

 
Anemia associated with cancer and 
chemotherapy 

1993 

PEG-adenosine 
(ADAGEN) 

ADA-deficient severe combined 
immunodeficiency 

Enzon, Eastman 
Kodak; 1990 

Interferon γ-1b 
(Actimmune) 

Management of chronic granulomatous 
disease 

Genentech; 1990 

 

Delaying time to disease progression in 
patients with severe, malignant 
osteopetrosis 

InterMune 
Pharmaceuticals 
(2000) 

CMV immunoglobulin 
(CytoGam) 

Prevention of CMV in kidney 
transplant recipients 

Medimmune; 1990 

Filgrastim; G-CSF Chemotherapy-induced neutropenia Amgen; 1991 
 Acute myeloid leukemia 1998 
Glucocerebrosidase 
(Ceredase) 

Type I Gaucher diseasea Genzyme; 1991 

Glucocerebrosidase 
(Cerezyme) 

Type I Gaucher diseasea Genzyme; 1994 

Sargramostim (GM-CSF) 
(Prokine) 

Autologous bone marrow 
transplantation 

Hoechst-Roussel, 
Immunex; 1991 

Sargramostim (GM-CSF) 
(Leukine) 

Neutrophil recovery after bone marrow 
transplantation 

Immunex, Hoechst-
Roussel; 1991 

Antihemophilic factor 
(Mononine) 

Hemophilia B Armour; 1992 

Antihemophilic factor 
(Recombinate) 

Hemophilia A Genetics Institute, 
Baxter Healthcare; 
1992 

Interleukin 2 (Proleukin) Renal cell carcinoma Chiron; 1992 
 Metastatic melanoma 1998 
111Indium-labeled 
antibody (OncoScint 
CR103) 

Detection, staging, and follow-up of 
colorectal cancer 

Cytogen, Knoll; 
1992 



111Indium-labeled 
antibody (OncoScint 
OV103) 

Detection, staging, and follow-up of 
ovarian cancer 

1992 

Interferon β-1b 
(Betaseron) 

Relapsing/remitting multiple sclerosis Chiron, Berlex; 
1993 

DNase alfa (Pulmozyme) Cystic fibrosis Genentech; 1993 
Factor VIII (Kogenate) Hemophilia A Genentech, Miles; 

1993 
Filgrastim (G-CSF) 
(Neupogen) 

Bone marrow transplant Amgen; 1994 

PEG-l-asparaginase 
(Oncaspar) 

Refractory childhood acute 
lymphoblastic leukemia 

Enzon; 1994 

Human growth hormone 
(Nutropin) 

Short stature caused by human growth 
hormone deficiency 

Genentech; 1994 

Abciximab (ReoPro) Antiplatelet prevention of blood clots Centocor; 1994 

 

Treatment of a broader range of 
patients undergoing percutaneous 
coronary intervention; revised dosage 
and patient management to reduce 
bleeding 

 

 

Unstable angina that does not respond 
to conventional medical therapy when 
percutaneous coronary intervention is 
planned within 24 hr 

 

Live varicella virus 
vaccine (Varivax) 

Active immunization of persons 12 
months of age and older 

Merck; 1995 

RSV immunoglobulin 
(RespiGam) 

Prevention of serious lower respiratory 
tract infection in children younger than 
24 months old 

Massachusetts 
Public Health 
Biologic Labs; 
1996 

Inactivated hepatitis A 
vaccine (Vaqta) 

Immunization against hepatitis A in 
children older than 6 years of age 

Merck; 1996 

Interferon β-1a (Avonex) Multiple sclerosis Biogen; 1996 
Human antihemophilic 
factor 

Hemophilia A Centeon; 1996 

Haemophilus b conjugate 
(meningococcal protein 
conjugate) and hepatitis B 
(recombinant vaccine) 
(Comvax) 

Immunization of individuals 6 weeks 
to 15 months of age born of HBsAg-
negative mothers 

Merck; 1996 

Cryoprecipitated 
antihemophilic factor A 

Control of bleeding associated with 
Factor VIII deficiency 

Blood Bank of the 
Redwoods; 1996 

Reteplase (Retavase) Acute myocardial infarction in adults Boehringer 
Mannheim; 1996 

DTaP vaccine (Infanrix) Primary and booster immunization of 
infants and children except as a fifth 
dose in children who previously 
received four doses of DTaP 

SmithKline 
Beecham; 1997 

Recombinant coagulation 
Factor IX (BeneFix) 

Control and prevention of hemorrhagic 
episodes in patients with hemophilia B, 

Genetics Institute; 
1997 



including perioperative management of 
patients with hemophilia B who are 
undergoing surgery 

Autologous cultured 
chondrocytes (Carticel 
SM Service) 

Repair of clinically significant, 
symptomatic, cartilaginous defects of 
the femoral condyle (medial, lateral, or 
trochlear) caused by acute or repetitive 
trauma 

Genzyme Tissue 
Repair; 1997 

Interferon alfacon-1 
(Infergen) 

Treatment of chronic HCV infection in 
patients 18 years of age or older who 
have compensated liver disease and 
anti-HCV serum antibodies or HCV 
RNA 

Amgen; 1997 

 

Subsequent treatment of HCV-infected 
patients who tolerated an initial course 
of interferon therapy 

1997 

Rabies vaccine 
(RabAvert) 

Preexposure and postexposure 
immunization of children and adults 

Chiron; 1997 

Oprelvekin (Neumega) Prevention of severe thrombocytopenia 
and reduction of the need for platelet 
transfusions after myelosuppressive 
chemotherapy in patients with 
nonmyeloid malignancies who are at 
high risk for severe thrombocytopenia 

Genetics Institute; 
1997 

Rituximab (Rituxan) Treatment of patients with relapsed or 
refractory low-grade or follicular B cell 
non-Hodgkin lymphoma 

Genentech; 1997 

Daclizumab (Zenapax) Prophylaxis of acute organ rejection in 
patients receiving renal transplants; 
part of an immunosuppressive regimen 
that includes cyclosporine and 
corticosteroids 

Hoffman-La 
Roche; 1997 

Becaplermin (Regranex) Lower-extremity diabetic neuropathic 
ulcers that extend into the 
subcutaneous tissue or beyond and 
have an adequate blood supply 

OMJ 
Pharmaceuticals; 
1997 

HTLV-I and -II 
(Vironostika HTLV-I and 
-II MicroELISA System) 

Detection of antibodies to HTLV-I and 
-II in human serum or plasma 

Organon Teknika; 
1998 

Fibrin sealant (Tisseel VH 
kit) 

Adjunct to hemostasis in surgeries that 
involve cardiopulmonary bypass 

Osterreichisches 
Institut fur 
Haemoderivate; 
1998 

 

Treatment of splenic injuries caused by 
blunt or penetrating trauma to the 
abdomen when control of bleeding by 
conventional surgical techniques, 
including suture, ligature, and cautery, 
is ineffective or impractical 

 

 Closure of colostomies  



Pooled plasma, solvent 
detergent treated 
(VIPLAS/SD) 

Documented deficiencies of 
coagulation factors for which there are 
no concentrate preparations available, 
including congenital single-factor 
deficiencies of Factors I, V, VII, XI, 
and XIII and acquired multiple 
coagulation factor deficiencies 

V.I. Technologies; 
1998 

 Reversals of warfarin effect  
 Thrombotic thrombocytopenic purpura  
Basiliximab (Simulect) Prophylaxis of acute organ rejection in 

patients undergoing renal 
transplantation 

Novartis; 1998 

 

Part of an immunosuppressive regimen 
that includes cyclosporine and 
corticosteroids 

 

 

Use in renal transplantation in 
combination with triple 
immunosuppressive therapy 

2001 

 Use in pediatric renal transplantation  
 Use of an IV bolus injection  
Palivizumab (Synagis) Prophylaxis of serious lower 

respiratory tract disease caused by 
RSV in pediatric patients at high risk 
of RSV disease 

Medimmune; 1998 

Sacrosidase (Sucraid) Congenital sucrose isomaltase 
deficiency 

Orphan Medical; 
1998 

Eptifibatide (Integrilin) Acute coronary syndrome COR Therapeutics; 
1998 

 
Treatment of patients undergoing 
percutaneous coronary intervention 

 

Diphtheria and tetanus 
toxoids and acellular 
pertussis vaccine 
adsorbed (Certiva) 

Active immunization of individuals 6 
weeks to 7 years of age (before the 7th 
birthday) 

North American 
Vaccine; 1998 

Infliximab (Remicade) Treatment of moderately to severely 
active Crohn disease to reduce the 
signs and symptoms in patients who 
have an inadequate response to 
conventional therapies 

Centocor; 1998 

 

Treatment of patients with fistulizing 
Crohn disease to reduce the number of 
draining enterocutaneous fistula(s) 

 

 

For reduction in signs and symptoms 
of rheumatoid arthritis in patients who 
have had an inadequate response to 
methotrexate 

1999 

 

Inhibition of progression of structural 
damage in patients with rheumatoid 
arthritis who have had an inadequate 
response to methotrexate 

2000 



 

Improving physical function in patients 
with moderately to severely active 
rheumatoid arthritis who have had an 
inadequate response to methotrexate 

2002 

 

Reducing signs and symptoms, and 
inducing and maintaining clinical 
remission in patients with moderately 
to severely active Crohn disease who 
have had an inadequate response to 
conventional therapy 

2002 

 

Reducing the number of draining 
enterocutaneous and rectovaginal 
fistulas and maintaining fistula closure 
in patients with fistulizing Crohn 
disease 

2003 

 

Improving physical function in patients 
with moderately to severely active 
rheumatoid arthritis who have had an 
inadequate response to methotrexate 

2003 

Rotavirus vaccine, live, 
oral, tetravalent 
(RotaShield) 

Primary immunization of infants at 2, 
4, and 6 months of age 

Wyeth-Ayerst 
Laboratories; 1998 

Trastuzumab (Herceptin) Metastatic breast cancer in patients 
whose tumors overexpress the HER-2 
protein and who have received one or 
more chemotherapy regimens for 
metastatic disease 

Genentech; 1998 

 Median survival 2001 
(Etanercept) Enbrel Reduction in signs and symptoms of 

moderately to severely active 
rheumatoid arthritis in patients who 
have had an inadequate response to one 
or more DMARDs 

Immunex; 1998 

 

Reducing the signs and symptoms and 
delaying structural damage in patients 
with moderately to severely active 
rheumatoid arthritis, including those 
who have not previously failed 
treatment with a DMARD 

2000 

 

Reducing signs and symptoms of 
active arthritis in patients with psoriatic 
arthritis 

2002 

Recombinant OspA 
(LYMErix) 

Active immunization against Lyme 
disease in people 15-70 years old 

SmithKline 
Beecham; 1998 

Vitravene (Fomivirsen) Local treatment of CMV retinitis in 
patients with AIDS who are intolerant 
of or have a contraindication to other 
treatments for CMV retinitis or who 
were insufficiently responsive to 
previous treatments 

Isis 
Pharmaceuticals, 
Ciba Vision; 1998 



Antithymocyte globulin 
(Thymoglobulin) 

Acute rejection in renal transplant 
patients 

Pasteur-Mérieux 
Serums et 
Vaccines—France; 
1998 

Denileukin diftitox 
(Ontak) 

Treatment of patients with persistent or 
recurrent cutaneous T cell lymphoma 
whose malignant cells express the 
CD25 component of the interleukin 2 
receptor 

Seragen; 1999 

Hepatitis B 
immunoglobulin (Nabi-
HB) 

Treatment of acute exposure to 
HBsAg, perinatal exposure of infants 
born to HBsAg-positive mothers 

Nabi; 1999 

 
Sexual exposure to HBsAg-positive 
individuals 

 

 

Household exposure of infants to 
people with acute hepatitis B virus 
infection 

 

Recombinant coagulation 
factor VIIa (NovoSeven) 

Treatment of bleeding episodes in 
hemophilia A or B with inhibitors to 
Factor VIII or Factor IX 

Novo Nordisk 
A/S— Denmark; 
1999 

Interferon α-n1, 
lymphoblastoid 
(Wellferon) 

Chronic HCV infection in patients 18 
years of age or older who do not have 
decompensated liver disease 

GlaxoWellcome; 
1999 

Antihemophilic factor/von 
Willebrand factor 
complex (Humate-P) 

Used in adult patients for treatment and 
prevention of bleeding hemophilia A 
(classic hemophilia) 

Centeon Pharma—
Germany; 1999 

 

Used in adult and pediatric patients for 
treatment of spontaneous and trauma-
induced bleeding episodes in severe 
von Willebrand disease 

 

 

Used in mild and moderate von 
Willebrand disease when use of 
desmopressin is known or suspected to 
be inadequate 

 

Hetastarch (Hextend) Plasma volume expander for treatment 
of hypovolemia during surgery 

BioTime; 1999 

Pneumococcal 7-valent 
conjugate vaccine 
(diphtheria CRM197 
protein) (Prevnar) 

Immunization of infants 2, 4, 6, and 
12-15 months of age to prevent 
invasive pneumococcal disease 

Lederle 
Laboratories 
Division American 
Cyanamid; 2000 

 

Immunization of infants and toddlers 
against otitis media caused by vaccine 
serotypes 

2002 

Antihemophilic factor 
(recombinant) (ReFacto) 

Control and prevention of hemorrhagic 
episodes and for short-term routine and 
surgical prophylaxis in patients with 
hemophilia A 

Genetics Institute; 
2000 

BCG, live (PACIS) Treatment of CIS in the absence of 
associated invasive cancer of the 
bladder 

BioChem 
Pharma—Canada; 
2000 



Tenecteplase (TNKase) Reduction of mortality associated with 
AMI 

Genentech; 2000 

Crotalidae polyvalent 
immune Fab (ovine) 
(CroFab) 

Treatment of minimal and moderate 
North American Crotalidae 
envenomation 

Protherics; 2000 

Botulinum toxin type B 
(MYOBLOC) 

Treatment of cervical dystonia to 
reduce the severity of abnormal head 
position and neck pain 

Elan 
Pharmaceuticals; 
2000 

Botulinum toxin type A 
(BOTOX or BOTOX 
COSMETIC) 

Treatment of cervical dystonia Allergan; 2002 

 

Temporary improvement in the 
appearance of moderate to severe 
glabellar lines associated with 
corrugator and/or procerus muscle 
activity in adult patients ≥ 65 years of 
age 

 

Peginterferon α-2b (PEG-
Intron) 

Treatment of chronic hepatitis C in 
patients not previously treated with 
interferon-α who have compensated 
liver disease and are at least 18 years of 
age 

Schering; 2001 

Alemtuzumab (Campath) Treatment of patients with B cell 
chronic lymphocytic leukemia who 
have been treated with alkylating 
agents and who have failed fludarabine 
therapy 

Millennium and 
ILEX Partners; 
2001 

Hepatitis A inactivated 
and hepatitis B 
(recombinant) vaccine 
(TWINRIX) 

Active immunization of people 18 
years of age or older against disease 
caused by hepatitis A virus and 
infection by all known subtypes of 
hepatitis B virus 

SmithKline 
Beecham 
Biologicals; 2001 

Digoxin immune Fab 
(ovine) (DigiFab) 

Treatment of patients with life-
threatening or potentially life-
threatening digoxin toxicity or 
overdose 

Protherics; 2001 

Darbepoetin α (Aranesp) Treatment of anemia associated with 
chronic renal failure, including patients 
on dialysis and patients not on dialysis 

Amgen; 2001 

 

Treatment of anemia in patients with 
nonmyeloid malignancies when anemia 
is the result of the effect of 
concomitantly administered 
chemotherapy 

2002 

Hepatitis B 
immunoglobulin (human) 
(Nabi-HB) 

Treatment of acute exposure to HBsAg 
after acute exposure to blood 
containing HBsAg, perinatal exposure 
of infants born to HBsAg-positive 
mothers, sexual exposure to HBsAg-
positive persons, and household 

Nabi; 2001 



exposure of infants to people with 
acute hepatitis B virus infection 

Anakinra (Kineret) Reduction in signs and symptoms of 
moderately to severely active 
rheumatoid arthritis, in patients 18 
years of age or older who have failed 
one or more DMARD 

Amgen; 2001 

Drotrecogin α (activated) 
(Xigris) 

Reduction of mortality in adult patients 
with severe sepsis (sepsis associated 
with acute organ dysfunction) who 
have a high risk of dying from sepsis, 
as measured by a scoring system based 
on their general health and the severity 
of their illness (e.g., by APACHE II) 

Eli Lilly; 2001 

Pegfilgrastim (Neulasta) To decrease the incidence of infection, 
as manifested by febrile neutropenia, in 
patients with nonmyeloid malignancies 
receiving myelosuppressive anticancer 
drugs associated with a clinically 
significant incidence of febrile 
neutropenia 

Amgen; 2002 

Ibritumomab tiuxetan 
(Zevalin) 

Treatment of patients with relapsed or 
refractory low-grade, follicular, or 
transformed B-cell non-Hodgkin 
lymphoma, including patients with 
rituximab (Rituxan) refractory 
follicular non-Hodgkin lymphoma 

IDEC 
Pharmaceuticals; 
2002 

 

The therapeutic regimen includes 
rituximab, 111indium ibritumomab 
tiuxetan, and 90yttrium ibritumomab 
tiuxetan 

 

Interferon β-1a (Rebif) Treatment of patients with relapsing 
forms of multiple sclerosis to decrease 
the frequency of clinical exacerbations 
and delay the accumulation of physical 
disability 

Serono; 2002 

DTaP vaccine adsorbed 
(DAPTACEL) 

Active immunization of infants and 
toddlers at 2, 4, 6, and 17-20 months of 
age against diphtheria, tetanus, and 
pertussis 

Aventis Pasteur—
Canada; 2002 

Rasburicase (Elitek) Initial management of plasma uric acid 
levels in pediatric patients with 
leukemia, lymphoma, and solid tumor 
malignancies who are receiving 
anticancer therapy expected to result in 
tumor lysis and subsequent elevation of 
plasma uric acid 

Sanofi-Synthelabo; 
2002 

Peginterferon α-2a 
(PEGASYS) 

Treatment of adults with chronic 
hepatitis C who have compensated 
liver disease and who have not been 

Hoffman-La 
Roche; 2002 



previously treated with interferon α 

 

Combination therapy with ribavirin, 
USP (Copegus), for the treatment of 
chronic HCV infection 

2002 

Peginterferon α-2a co-
packaged with ribavirin 
(Pegasys Copegus 
Combination Pack) 

Prefilled syringes of Pegasys 
(peginterferon α-2a) for the treatment 
of chronic hepatitis C, as a 
subcutaneous injection taken once a 
week 

2004 

Urokinase (Abbokinase) For adults for the lysis of acute 
massive pulmonary emboli, defined as 
obstruction of blood flow to a lobe or 
multiple segments 

Abbott 
Laboratories; 2001 

 

For the lysis of pulmonary emboli 
accompanied by unstable 
hemodynamics (i.e., failure to maintain 
blood pressure without supportive 
measures) 

 

Adalimumab (Humira) For reducing signs and symptoms and 
inhibiting the progression of structural 
damage in adult patients with 
moderately to severely active 
rheumatoid arthritis who have had an 
inadequate response to one or more 
DMARDs 

Abbott 
Laboratories; 2002 

 

Can be used alone or in combination 
with methotrexate (MTX) or other 
DMARDs 

 

Laronidase (Aldurazyme) For patients with Hurler and Hurler-
Scheie forms of MPS-I and for patients 
with the Scheie form who have 
moderate to severe symptoms 

Biomarin 
Pharmaceutical; 
2003 

Alefacept (Amevive) Treatment of adult patients with 
moderate to severe chronic plaque 
psoriasis who are candidates for 
systemic therapy or phototherapy 

Biogen; 2003 

Agalsidase beta 
(Fabrazyme) 

For use in patients with Fabry disease 
to reduce GL-3 deposition in capillary 
endothelium of the kidney and certain 
other cell types 

Genzyme; 2003 

Tositumomab and 
131iodine tositumomab 
(Bexxar) 

Treatment of patients with CD20 
positive, follicular, non-Hodgkin 
lymphoma, with and without 
transformation, whose disease is 
refractory to rituximab and has 
relapsed after chemotherapy 

Corixa; 2004 

Omalizumab (Xolair) For adults and adolescents (≥ 12 years 
of age) with moderate to severe 
persistent asthma who have a positive 
skin test or in vitro reactivity to a 

Genentech; 2004 



perennial aeroallergen and whose 
symptoms are inadequately controlled 
with inhaled corticosteroids 

Bevacizumab (Avastin) First-line treatment for patients with 
metastatic colorectal cancer 

Genentech; 2004 

Cetuximab (Erbitux) A monoclonal antibody that targets the 
protein EGFR 

Imclone Systems; 
2004 

99mTechnetium 
fanolesomab 
(NeutroSpec) 

For scintigraphic imaging of patients 
with equivocal signs and symptoms of 
appendicitis aged 5 years or older 

Palatin 
Technologies; 2004 

Natalizumab (Tysabri) Treatment of patients with relapsing 
forms of multiple sclerosis to reduce 
the frequency of clinical exacerbations 

Biogen Idec; 2004 

Palifermin (Kepivance) Decreases the incidence and duration 
of severe oral mucositis in patients 
with hematologic malignancies 
receiving myelotoxic therapy requiring 
hematopoietic stem cell support 

Amgen; 2004 

Galsufase (Naglazyme) Treatment of patients with MPS-VI Biomarin 
Pharmaceuticals; 
2005 

Alglucosidase alpha 
(Myozyme) 

Infantile-onset Pompe disease (GAA 
deficiency) 

Genzyme; 2006 

Ranibizumab injection 
(Lucentis) 

For the treatment of neovascular (wet) 
age-related macular degeneration 
(AMD) 

Genentech; 2006 

Panitumumab (Vectibix) For the treatment of patients with 
EGFR-expressing colorectal carcinoma 
with disease progression on or 
following fluoropyrimidine-, 
oxaliplatin-, and irinotecan-containing 
chemotherapy regimens 

Amgen; 2006 

Eculizumab (Soliris) For the treatment of patients with 
paroxysmal nocturnal hemoglobinuria 
(PNH) to reduce hemolysis 

Alexion 
Pharmaceuticals; 
2007 

ADA, adenosine deaminase; AMI, acute myocardial infarction; CIS, carcinoma-in-situ; 
CMV, cytomegalovirus; DMARD, disease-modifying antirheumatic drug; DTaP, 
diphtheria and tetanus toxoids and acellular pertussis; EGFR, epidermal growth factor 
receptor; G-CSF, granulocyte colony-stimulating factor; GL, globotriaosylceramide; 
GM-CSF, granulocyte-macrophage colony-stimulating factor; HBsAg, hepatitis B 
surface antigen; HCV, hepatitis C virus; HER-2, human epidural growth receptor 2; 
HTLV, human T lymphotropic virus; MPS, mucopolysaccharidosis; PEG, 
polyethylene glycol; RSV, respiratory syncytial virus. 
a Gaucher disease is an autosomal dominant or recessive disorder caused by an excess 
of glucocerebroside in the reticuloendothelial cells because of the lack of the 
metabolic enzyme cerebrosidase. Proliferation of abnormal cells leads to 
splenomegaly, hepatomegaly, skeletal lesions, and other symptoms. Data from 
Biotechnology in the U.S. Pharmaceutical Industry. Research Triangle Park, NC, 
Institute for Biotechnology Information, 1995; and www.fda.gov.  
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G. DNA ligase is an enzyme that seals single-stranded nicks between nucleotides in 
double-stranded DNA. DNA ligase enables DNA fragments from different sources to 
be joined. 
H. DNA polymerase is an enzyme that catalyzes the synthesis of DNA. It uses a 
single strand of DNA as the template and nucleotides as the substrates. 
I. An enzyme is a protein that catalyzes a substrate during its conversion to a product. 
J. A gene is a segment of DNA that codes for a specific polypeptide. 
K. A genome is the genetic information content of a cell. 
L. A hormone is an endogenous substance that is secreted by one type of cell and acts 
on another type of cell. 
M. A hybridoma is a hybrid cell produced by the fusion of a myeloma cell and a 
specific antibodyproducing B lymphocyte. A single hybridoma produces a single type 
of antibody. 
N. Interferon (INF) is any of a class of glycoproteins produced by animal cells in 
response to viral infection. 
O. Interleukin is a group of proteins synthesized by macrophages and T lymphocytes 
in response to antigen and other stimulation. 
P. A lymphokine is any of a class of soluble proteins produced by some white blood 
cells. These proteins stimulate other white blood cells as part of the immune response. 
Q. A plasmid is a circular piece of duplex DNA that is not part of a chromosome and 
can replicate independently. Plasmids are used as vectors for the transfer of DNA in 
recombinant DNA technology. 
R. RNA is a macromolecule that contains information for protein synthesis. The three 
types of RNA are ribosomal (rRNA), transfer (tRNA), and messenger (mRNA). RNA 
is also the genetic material of some viruses. 
S. Recombinant DNA (rDNA) is a hybrid DNA that is formed when pieces of DNA 
from different sources are joined. The process is also known as gene splicing. 
T. A restriction endonuclease is an enzyme that cleaves DNA at sequence-specific 
sites. 
U. Tumor necrosis factor (TNF) is a lymphokine produced by macrophages. It can be 
activated to kill tumor cells. 
V. Reverse transcriptase is an enzyme present in RNA viruses that catalyzes the 
formation of DNA from the viral RNA. 
III. PROTEINS AND PEPTIDES. 
Proteins and peptides play essential roles in all aspects of cellular function. Many 
endogenous substances synthesized in the body are essential proteins. Many enzymes 
that catalyze vital reactions in the body are proteins. 
A. Hemoglobin (Hb) is a large protein involved in oxygen transport. 
B. Globulins are special proteins in the plasma that are involved in immunogenic 
response and antibody formation. 
C. Albumin is a plasma protein that binds to many drugs and is used as a carrier for 
new drugs. 
D. Other well-known proteins include insulin and the enzymes involved in digestion. 
P.242 
 
 

Table 11-2. Immunoglobulin Applications 
Gammaglobulinemia 



Hepatitis A prophylaxis 
Measles and rubella prophylaxis 
Multiple myeloma with specific antibody deficiency 
Prophylaxis in infants and children with HIV exposure 
Chronic inflammatory demyelinating neuropathy 
Acquired hemophilia 
Orphan drug for the treatment of juvenile rheumatoid arthritis 
Respiratory tract infections 
Immune thrombocytopenic purpura 
Orphan drug for the treatment of polymyositis and acute myocarditis 
Acute exposure to hepatitis B surface antigen 
Kawasaki disease in conjunction with high-dose aspirin  
E. Protein is an important component of keratin in hair and myosin in muscles. 
F. Albumin (human) 5% USP is used to reverse hypovolemia in shock patients, burn 
patients, and those with chronic hypoalbuminemia. 
IV. Immunoglobulin (Ig) 
is an important class of globulin proteins involved in immunity and the allergic 
response. IgG is used therapeutically to modulate or replace antibody in various 
immunodeficiency and disease states. Intramuscular and intravenous preparations are 
available from a variety of manufacturers (Tables 11-2 and 11-3). Most of these 
products must be stored under refrigeration (2-8°C) and have a limited shelf life. 
V. RECOMBINANT HUMAN GRANULOCYTE COLONY-STIMULATING 
FACTOR (G-CSF) 
A. CSFs are glycoproteins that regulate the production of many types of blood cells 
and components in the body. These include macrophages, eosinophils, neutrophils, 
basophils, and platelets. Natural and modified CSFs are used to treat a number of 
congenital disorders and several forms of cancer. 
B. Lenograstim is a recombinant human granulocyte CSF (rhG-CSF) derived from 
Chinese hamster ovary cells. It is glycosylated at the same site as natural hG-CSF 
(threonine-133) and consists of 174 amino acids. 
C. Filgrastim is an Escherichia coli-derived glycoprotein. It is not glycosylated, and it 
differs in structure from natural hG-CSF. Like natural hG-CSF and filgrastim, 
lenograstim selectively promotes the proliferation, differentiation, and maturation of 
blood cell precursors. Dose-related  
P.243 
 
increases in blood neutrophil counts are observed after lenograstim administration. 
Lenograstim reduces the duration of neutropenia and the severity of infection in 
patients who are receiving cytotoxic chemotherapy for nonmyeloid malignancy. 
Colony-forming assays show that lenograstim is approximately three times as potent 
as filgrastim. These agents were similarly potent in cell-proliferation assays. Both 
natural and recombinant G-CSF products stimulate the release of mature neutrophils 
from hematopoietic tissue, prolong their survival, and enhance their phagocytic and 
cytotoxic activity. 
Table 11-3. Immunoglobulin Products
Gamimune-N Nabi-HB 
Gammagard RespiGam 
Polygram Sandoglobulin 
Gammar Polygam 
Iveegam Venoglobulin  



D. Other actions of rhG-CSF include synergism with interleukin 3 (IL-3) to induce 
megakaryocyte formation and with granulocyte-macrophage CSF (GM-CSF) to 
stimulate granulocyte- macrophage colonies. 
VI. GLYCOPROTEINS 
A. Many special proteins acquire biologic activity as a result of their covalent linking 
with a polymer of sugar or carbohydrate. The covalently linked protein-carbohydrate 
molecule is a glycoprotein. Glycoproteins form natural structural membranes in the 
cells of unicellular (e.g., bacteria) and multicellular (e.g., humans, animals) 
organisms. 
B. N-acetylglucosamine (NAG) forms the cell membrane in bacteria. It is an example 
of a carbohydrate chain linked to a protein through a chain of amino acids. Bacterial 
resistance to penicillin is linked to the integrity of NAG in the cell membrane. 
C. The extent and site of glycosylation of a protein molecule may affect the 
physicochemical properties, stability, and specificity of a surface receptor in a cell. 
Glycoproteins on the surface of red blood cells are involved in recognizing the 
specific blood type. 
D. The charge at the site of a glycoprotein molecule may play a role in the orientation 
and interaction of the receptor. The charge may be modified by sialic acid, sulfate, 
and phosphate groups. The protein molecule presents potential sites for N-
glycosylation and O-glycosylation. Change in glycosylation is a powerful tool for use 
in engineering the preferred configuration and stability when designing recombinant 
glycoprotein for therapeutic use. 
E. Carbohydrates contribute to activities in a number of ways, including recognition 
of the terminal sialic acids of glycoproteins by various viruses and bacteria, 
recognition of polylactosamines on erythrocytes by autoimmune antibodies, and 
recognition of sialylated, fucosylated lactosaminoglycans on leukocytes by E-selectin 
of endothelial cells. 
VII. DNA 
A. DNA is the genetic material of all organisms except some viruses, whose genetic 
material is in the form of RNA. Most organisms have double-stranded DNA. Some 
viruses contain single-stranded DNA. This type of virus replicates itself by entering a 
host cell, where it makes a complementary copy of itself and temporarily forms a 
double strand. 
B. All DNA molecules consist of many covalently linked subunits called nucleotides. 
The nucleotides consist of deoxyribose, phosphate, and one of the nitrogen-containing 
bases (adenine, guanine, thymine, or cytosine). DNA encodes information to produce 
all of the proteins needed by the organism. The DNA sequence may be modified or 
recombined with new strands. This recombinant technology may be used to correct 
genetic defects in living organisms. 
VIII. ANTISENSE DRUGS 
A. Many diseases occur because of genetic defects or errors in the gene involved in 
producing essential enzymes or proteins. Genetic information resides in chromosomes 
that house helical strands of DNA within the nucleus. The Human Genome Initiative 
was created several years ago to study all human genes. This national effort is now 
yielding information on many serious  
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diseases that involve congenital defects, cancer, infection, AIDS, and other disorders 
of the immune system. 



B. Strategies are now available to moderate many disease processes by altering or 
blocking the transcription of DNA. If the DNA sequence is altered so that the 
complementary strand is transcribed instead of the normal “sense” gene, then the 
DNA cannot make a copy of the normal RNA that participates in protein synthesis. 
The aberrant copies of RNA may pair up (hybridize) with other RNA strands that 
complement it and thereby block protein synthesis. This technique involves targeting 
DNA or RNA with antisense drugs. 
C. Many oligonucleotides are designed to target viral disease and cancer cells. To 
further stabilize the drug, phosphodiesters are chemically converted to 
phosphothioates. 
D. Antisense drugs against cytomegalovirus (CMV), HIV, and other viruses are in 
various phases of clinical trials. The first antisense drug, Vitravene, was approved by 
the U.S. Food and Drug Administration (FDA) in 1998. Vitravene is a potent 
biotechnology drug that is indicated for the local treatment of CMV retinitis in 
patients with AIDS who are intolerant of other treatments, who have a 
contraindication to other treatments, or who were insufficiently responsive to previous 
treatments. The recommended labeled dosage is an induction dose on days 1 and 15, 
followed by a monthly intravitreal injection of 330 µg. 
E. When the nucleotide base sequence of a gene that controls a specific body function 
is known, the antisense DNA strand can be synthesized. If necessary, the DNA strand 
can be modified to provide increased stability and potency. These strands can then be 
introduced into cells, where they attach themselves to the complementary sense DNA 
strands and depress transcription of these genes. This technique was performed 
successfully in cell culture for the gene that produces human squamous cell carcinoma 
of the larynx. 
F. If a duplicate copy of a gene is inserted into a chromosome in reverse orientation to 
the normal gene, then the antisense DNA strand of this gene is transcribed. This 
process yields an antisense mRNA strand that is complementary to the mRNA strand 
transcribed for the normal gene. The two complementary RNA strands bind to each 
other, thereby preventing the translation of the normal RNA strand that may control 
protein synthesis. 
IX. GENE THERAPY. 
The first example of human gene therapy is from 1990, when the FDA approved 
PEG-ADA (Enzon) for adenosine deaminase deficiency. This rare, but serious, 
genetic disorder weakens the immune system and causes increased susceptibility to 
infection. Two girls were reinfused with their own genetically altered white blood 
cells. The altered cells live and function normally, and the two girls were living a 
relatively normal life after 5 years. 
X. MISCELLANEOUS BIOTECHNOLOGIC PRODUCTS 
A. Alteplase (Activase, Genentech) is a thrombolytic agent formerly known as tissue-
plasminogen activator. Intravenous alteplase effectively produces recanalization of 
occluded coronary arteries after acute myocardial infarction. Intravenous alteplase is 
also effective in the treatment of acute massive pulmonary embolism. Adverse effects, 
including bleeding complications, reperfusion arrhythmias, and reinfarction, are the 
primary concerns with this therapy. Systemic fibrinolysis is less than that seen with 
streptokinase. The recommended dose to produce recanalization after myocardial 
infarction is 100 mg in divided doses. The recommended dose to treat pulmonary 
embolism is 100 mg infused intravenously over 2 hr. 
B. Antithrombin III (heparin cofactor, human antithrombin III, ATnativ, Pharmacia) 
is designated an orphan product. It is used as replacement therapy to prevent or treat 



thromboembolic episodes in congenital deficiency states. The amount of intravenous 
antithrombin III concentrate to be administered is based on antithrombin III levels. In 
patients who have congenital or acquired antithrombin III deficiency, the goal is to 
maintain levels between 80% and  
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120% of normal. Once-daily doses of antithrombin III should maintain serum levels 
above 80% of normal. Levels should be monitored twice daily until they stabilize, 
then daily thereafter immediately before the next dose is administered. 
C. IL-3 is a hematopoietic growth factor used to treat patients with bone marrow 
failure. Recombinant human IL-3 (rhIL-3) alone improves neutrophil and platelet 
counts in patients who have chemotherapy-related bone marrow failure and 
myelodysplastic syndromes. However, only minimal improvements in hematopoiesis 
are seen in patients who have aplastic anemia. Enhanced responses are seen with the 
sequential combined use of rhIL-3 and other hematopoietic growth factors (e.g., GM-
CSF). Recombinant human IL-3 is given subcutaneously or intravenously. 
Intravenous doses range from 30 to 1000 µg/m2/day infused over 4 hr. 
D. Aldesleukin, a lymphokine, is a hrIL-2 product that is used to treat metastatic renal 
cell carcinoma. The starting dose is 0.037 mg/kg every 8 hr by a 15-min intravenous 
infusion. Aldesleukin is absorbed erratically after intramuscular or subcutaneous 
injection. It follows two-compartment pharmacokinetics, with an α-half-life of 13 min 
and a β-half-life of 85 min. It is eliminated renally. The principal side effects are 
hypotension and flulike symptoms. Most adverse effects are dose related. 
E. Abciximab (c7E3 Fab, ReoPro) is a chimeric monoclonal antibody Fab fragment 
that is specific for platelet glycoprotein IIb-IIIa receptors. Abciximab is extremely 
effective in reducing fatalities (> 50%) in subjects who have unstable angina after 
they undergo angioplasty. The recommended dosage is an intravenous bolus of 0.25 
mg/kg administered 10-60 min before the start of angioplasty, followed by a 
continuous infusion of 10 µg/min for 12 hr. Platelet aggregation is almost completely 
inhibited 2 hr after the initiation of abciximab therapy. The major complication of 
abciximab infusion is dose-related bleeding. 
F. Campath-1 is a MAb that targets human lymphocytes and monocytes. It is used for 
immunosuppression in patients who undergo organ transplant. The intravenous dose 
is 25 mg once or twice daily. Campath-1 is also used to treat refractory autoimmune 
disorders, including rheumatoid arthritis. It is used experimentally to treat vasculitis. 
Campath-1 antibodies are used to prevent graft-versus-host disease and to treat 
lymphoid malignancy caused by immunosuppression in patients who undergo organ 
transplant. 
G. Edobacomab is an immunoglobulin directed against gram-negative bacterial 
endotoxins. For septic shock, single doses of 2-15 mg/kg intravenously every 24 hr 
are used. The volume of distribution ranges from 4 to 8 L. The elimination half-life is 
10-18 hr. The main side effects are hypersensitivity reactions and antibody 
production. The drug is also being investigated for the treatment of gram-negative 
sepsis and septic shock. 
H. Muromonab-CD3 is an immunosuppressive agent with specific targeting. It is 
effective in reversing acute renal allograft rejection. The usual dose is 5 mg/day 
intravenously for 10-14 days after the initial signs and symptoms of rejection. The 
volume of distribution is approximately 6.5 L, and the half-life is 18 hr. Side effects 
include flulike symptoms, which appear to be associated with the release of cytokines. 
Symptoms may be self-limiting or severe and life threatening. 



I. Nebacumab is an immunoglobulin directed against gram-negative bacterial 
endotoxins. The drug is being investigated for the treatment of gram-negative sepsis 
and septic shock. Signs and symptoms of septic shock usually resolve during the first 
7 days after treatment. Its half-life is 15.9 hr, and the volume of distribution is 48.5 
mL/kg. 
J. Satumomab pendetide is an MAb conjugate produced from the murine MAb B72.3. 
It requires radiolabeling to form 111indium chloride satumomab pendetide. It is used 
as a diagnostic imaging agent in the staging of patients with known colorectal and 
ovarian carcinoma. The metabolic fate of this agent is unclear. The antibody 
conjugate is cleared slowly. It has a terminal half-life of approximately 56 hr. 
Approximately 10% of an administered dose appears in the urine. 
K. Zolimomab aritox (Orthozyme-CD5, Xoma/Ortho Biotech) is an immunoconjugate 
of monoclonal anti-CD5 murine IgG and the ricin A-chain toxin. Its primary use is in 
the treatment  
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of steroid-resistant graft-versus-host disease after allogeneic bone marrow transplant 
for hematopoietic neoplasms (e.g., acute myelogenous leukemia). Other potential uses 
include the treatment of rheumatoid arthritis and insulin-dependent diabetes mellitus. 
After therapeutic doses, peak serum levels range from 1 to 5 µg/mL. The serum half-
life is 1.5-4 hr. The dose varies, depending on the indications. 
L. Betaseron (INF-β, Berlex Laboratories) is a glycoprotein with antiviral, 
antiproliferative, and immunomodulatory activity. Many of its effects are similar to 
those of INF-α. Its uses include the treatment of multiple sclerosis, AIDS, malignant 
melanoma, herpesvirus, and papillomavirus infections. It is also recommended at a 
dose of 8 million units subcutaneously every other day to reduce exacerbations in 
patients who have relapsing-remitting multiple sclerosis. It is administered 
intravenously, intramuscularly, subcutaneously, intrathecally, topically, or 
intralesionally for a variety of indications. Its biologic activity is evident in the 
absence of detectable serum levels. Serum concentrations are not consistently 
detectable after subcutaneous or intramuscular administration. Interferon β may cross 
the disrupted blood-brain barrier. The compound does not appear in urine after 
systemic administration. Adverse effects include flulike symptoms, bone marrow 
suppression, neurotoxic effects with high doses, anorexia and other gastrointestinal 
symptoms, and elevations of liver enzymes and serum creatinine. 
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STUDY QUESTIONS 
Directions: Each of the questions, statements, or items or incomplete statements in 
this section can be correctly answered or completed by one of the suggested answers 
or phrases. Choose the best answer. 
1. Which type of cell contains double-stranded DNA? 
(A) Human cells 
(B) Bacteria cells 
(C) HIV cells 
(D) Viruses 
View Answer  
1. The answer is A [see VII.A]. 



Human cells contain double-stranded DNA, whereas lower organisms (e.g., bacteria, 
viruses) do not. 
2. Which enzyme is used by the human immunodeficiency virus (HIV) to form DNA 
in the host cell? 
(A) Restrictive endonuclease 
(B) DNA-directed polymerase 
(C) Reverse transcriptase 
(D) Both A and B 
(E) None of the above 
View Answer  
2. The answer is C [see II.V]. 
Reverse transcriptase is the enzyme that a virus uses to assemble its DNA from RNA. 
Unlike higher organisms, viral particles have genetic material in the RNA and need a 
host cell for reproduction. 
3. Gammaglobulin is considered to be 
(A) DNA. 
(B) RNA. 
(C) a protein. 
(D) None of the above 
View Answer  
3. The answer is C [see III.C; Table 11-2]. 
Gammaglobulin is a subclass of immunoglobulin protein involved in immunity and 
allergic response. 
4. Glycoprotein is considered to be a protein linked to 
(A) a carbohydrate. 
(B) a hormone. 
(C) a lipid. 
(D) DNA. 
(E) None of the above 
View Answer  
4. The answer is A [see III.B; VI]. 
Glycoprotein consists of a carbohydrate linked to a protein. 
5. An enzyme that cleaves DNA at a specific site is called a 
(A) restriction endonuclease. 
(B) restrictive ribonuclease. 
(C) trypsin. 
(D) None of the above 
View Answer  
5. The answer is A [see II.T]. 
A restriction endonuclease is an enzyme that specifically cleaves DNA molecules. 
Ribonuclease will cleave RNA only, and trypsin is a digestive enzyme found in the 
gastrointestinal tract. 
6. An example of a cytokine is 
(A) interleukin. 
(B) insulin. 
(C) gonadotropin. 
(D) thyroxine. 
(E) None of the above 
View Answer  
6. The answer is A [see II.O;, X.C]. 



Interleukin is a “messenger” substance synthesized by the cell (cytokine) to 
communicate and trigger cellular response. 
7. A common storage condition for most biotechnology products after reconstitution 
is 
(A) at room temperature. 
(B) in a cool place. 
(C) in a warm place. 
(D) no excessive heat. 
(E) in a freezer. 
View Answer  
7. The answer is B [see I]. 
Most biologic compounds are heat labile and must be stored at low temperature. 
8. What drug is used to prevent embolism in the lung and during myocardial 
infarction? 
(A) Alteplase 
(B) Human growth hormone 
(C) Granulocyte-macrophage colony-stimulating factor (GM-CSF) 
(D) Epogen (EPO) 
(E) None of the above 
View Answer  
8. The answer is A [see X.A; Table 11-1]. 
Alteplase is a thrombolytic agent formerly known as tissue-plasminogen activator. 
9. What base is found in DNA? 
(A) Cytosine 
(B) Adenine 
(C) Guanine 
(D) Thymine 
(E) All of the above 
View Answer  
9. The answer is E [see VII.B]. 
All DNA molecules consist of nucleotides, which consist of deoxyribose, phosphate, 
and one of the following nitrogen-containing bases: adenine, guanine, thymine, and 
cytosine. 
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ANSWERS AND EXPLANATIONS 
1. The answer is A [see VII.A]. 
Human cells contain double-stranded DNA, whereas lower organisms (e.g., bacteria, 
viruses) do not. 
2. The answer is C [see II.V]. 
Reverse transcriptase is the enzyme that a virus uses to assemble its DNA from RNA. 
Unlike higher organisms, viral particles have genetic material in the RNA and need a 
host cell for reproduction. 
3. The answer is C [see III.C; Table 11-2]. 
Gammaglobulin is a subclass of immunoglobulin protein involved in immunity and 
allergic response. 
4. The answer is A [see III.B; VI]. 
Glycoprotein consists of a carbohydrate linked to a protein. 
5. The answer is A [see II.T]. 



A restriction endonuclease is an enzyme that specifically cleaves DNA molecules. 
Ribonuclease will cleave RNA only, and trypsin is a digestive enzyme found in the 
gastrointestinal tract. 
6. The answer is A [see II.O;, X.C]. 
Interleukin is a “messenger” substance synthesized by the cell (cytokine) to 
communicate and trigger cellular response. 
7. The answer is B [see I]. 
Most biologic compounds are heat labile and must be stored at low temperature. 
8. The answer is A [see X.A; Table 11-1]. 
Alteplase is a thrombolytic agent formerly known as tissue-plasminogen activator. 
9. The answer is E [see VII.B]. 
All DNA molecules consist of nucleotides, which consist of deoxyribose, phosphate, 
and one of the following nitrogen-containing bases: adenine, guanine, thymine, and 
cytosine. 
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I. INTRODUCTION. 
Pharmacodynamics is  a  branch of  pharmacology that  focuses on the s tudy of  the 

b iochemical  and physiolog ical  e f fec ts o f  drugs and the mechanisms by which they 

produce such ef fec ts .  Analys is  o f  drug act ion provides the basis  for  ra t ional  design 

of  therapeut ic  agents  and provides insight  in to the regulat ion of  ce l lu lar  funct ions. 

II. EFFECTS OF DRUGS 
A. Perturbation of  normal  physiological  processes.  The act ions of drugs are the 

consequences of  the dynamic  in teract ions between drug molecules and cel lu lar  

components . Such in teract ions lead to  a l terat ion in  the funct ions of  these 

components , ca l led receptors.  The resul t ing biochemical  and phys iolog ic  changes 

form the basis  o f  the cel lu lar response to the drug.  Drugs act  by modulat ing the 

ongoing processes inside the ce l ls .  

B. Agonists and antagonists  

1.  Potent ial ly ,  any macromolecular  component may act  as  a drug receptor.  For  

example, c -Ki t  tyrosine kinase can be inh ib i ted by imatinib  mesylate (Gleevec) ,  

cyc looxygenase-2 is  b locked by celecoxib (Celebrex) ,  and chromosomal  DNA is  

cross-l inked by c ispla t in  (Plat inol ) .  

2.  Cer ta in  drug receptors  normal ly serve as receptors  for  endogenous l igands and 

thus are physiological  receptors.  For  example,  adrenergic receptors  are 

phys io log ical  receptors  for  catecholamines;  es trogen receptors for es t rad io l .  

3.  Drugs whose responses resemble the effec ts o f  the endogenous molecules are 

receptor  agonists.  For  example,  bethanechol d irec t ly s t imulates chol inerg ic 

receptors  and is  thus an agonist .  

4.  Pharmacological  antagonists  are drugs that  lack intr insic activi ty and produce 

ef fec ts  by competi t ively or  noncompeti t ively inh ibi t ing the act ion of  the 

endogenous molecules at  the receptor .  

a.  A competi tive antagonist  ac ts  by in ter fer ing wi th  b ind ing of  the endogenous 

l igand to  the receptor  in  a  revers ib le manner.  For example,  propanolo l  competes 

wi th  catecholamines for  b ind ing wi th  adrenerg ic  β-receptors ; tamoxi fen competes 

wi th  est rogen receptors for  binding wi th  est rad io l .  

b.  A noncompeti t ive antagonist  ac ts  by in teract ing wi th the nonl igand b ind ing s i te  

o f  the receptor  (e.g. ,  through covalent  modi f icat ion) ,  such that  normal  b ind ing of the 

endogenous l igand to the receptor  is i r reversib ly inhibi ted.  For  instance,  monoamine 

oxidase (MAO) inhibi tors such as t ranylcypromine (Parnate) in i t ia l ly  interact  wi th  

MAO in  a reversible  manner but  then form covalent  adducts  that  i r reversib ly inh ib i t  

MAO. 



5.  Partia l  antagonists  inh ib i t  the endogenous l igand f rom b ind ing the receptor  but 

possess some in t r insic ac t iv i ty.  Nalorphine is  a par t ia l  antagonis t  for  the op iate 

receptor .  

6.  Physiological antagonism  occurs  when the drugs act  independent ly a t d i f ferent  

receptor  s i tes ,  o f ten y ie ld ing oppos ing act ions. For  example,  ep inephr ine and 

acetylchol ine act  on the sympathet ic  and parasympathet ic  autonomic nervous 

system, respect ively,  and the i r  e f fec ts  are antagonis t ic  to  each other.  
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7.  Neutral iz ing antagonism  occurs  when two drugs b ind wi th  each other  to  form an 

inact ive compound.  For  example, d igoxin-b inding ant ibody used in d igoxin  overdose 

acts  by sequester ing the drug,  resul t ing in  the formation of  an inact ive complex.  

III. MECHANISMS OF DRUG ACTION 
A. Cel l  surface receptors  

1.  Receptors  can be proteins or glycoproteins.  For  example, cel lu lar  determinants 

such as CD20 ant igen on B lymphocytes can bind wi th  r i tuximab (Ri tuxan) ,  a  

ch imeric monoc lonal  ant ibody targeted against the CD20 ant igen. 

2.  The bind ing of  drugs to  receptors  is  h igh ly spec i f ic  and can involve a var iety o f  

in teract ions,  including hydrophobic  in teract ions and van der  Waals  forces wi th  ionic ,  

hydrogen,  and covalent  bonds. The type of  in teract ion and the b ind ing aff in i ty can 

in f luence the durat ion and revers ib i l i ty  o f the drug act ion. 

3.  The in teract ion and b ind ing af f in i ty are re la ted to  the chemical  s t ruc ture of  both 

the drug and the l igand.  Chemical  modi f icat ion of the s t ructure of the drug molecule 

can change the pharmacolog ica l  and pharmacok inet ic  proper t ies  of drugs.  

4.  Through s t ruc ture-act iv i ty re lat ionship studies, synthet ic  drug analogs can be 

developed to achieve a h igh se lect iv i ty o f drug act ion—a des irable ra t io  o f  

therapeut ic  to  toxic  e f fect  wi th  a  better- to lerated s ide ef fec t  prof i le .  

B. Signal  transduction by cel l -surface receptors  

1.  Cel l -sur face receptors are composed of  ext racel lu lar domains that b ind the 

l igands (drugs or  phys io log ical  molecules) .  For  example,  ep idermal  growth fac tor  

(EGF) receptor  normal ly b inds EGF and t ransforming growth fac tor  α,  and i t  is  the 

target  of  the monoclonal ant ibody cetuximab (Erbi tux) ,  which competi t ively b inds to  

the EGF receptor .  

2.  The l igand b inding serves as a t r igger ing s ignal  that  can be propagated in  the 

target  ce l l  through in tracel lu lar regulatory molecules,  known as second 

messengers  or  effectors.  For  example,  isoproterenol  binds wi th  the β-adrenerg ic  

receptor ,  which is  funct ional ly coupled to adenylate cyc lase via the st imulatory G 

protein  (G s ) .  As a resul t ,  adenylate cyc lase is  ac t ivated,  and the cycl ic  adenos ine 

monophosphate (cAMP) leve l  increases. 

3.  L igand b ind ing of  receptors  of ten leads to  in terac t ion of  the receptors  wi th  the 

cytoplasmic  ef fec tors,  which in  turn become act ivated.  In tegrat ion of  the mult ip le  

s ignal  t ransduc ing events  along the receptor-effec tor system might  change the 

ce l lu lar  phenotype or gene express ion, leading to  new prote in  synthesis .  For  



example, b inding of  the l igands to the EGF receptor  leads to  act ivat ion of the 

tyros ine k inase of  the in tracel lu lar  domain of  the receptor ,  which then act ivates 

downstream signal ing pathways that  resul ts in ce l lu lar  pro l i ferat ion. The monoc lonal  

ant ibody er lo t in ib (Tarceva)  b inds to the adenosine t r iphosphate (ATP) pocket  o f  the 

tyros ine k inase of  the EGF receptor  and inh ibi ts  normal  ATP b ind ing,  thus inh ib i t ing 

the act iv i ty of  the tyros ine kinase. 

C. Signal ing mediated by intracel lular receptors.  Thyro id  hormone, s tero id 

hormones, v i tamin D,  and the ret ino ids act  through bind ing cytop lasmic  receptors ,  

which t rans locate in to  the nuc leus.  These receptors  are soluble,  DNA-bind ing 

proteins  that regulate the t ranscr ip t ion of  speci f ic  genes.  For  example,  al l - t rans-

ret ino ic  ac id  (ATRA; Vesanoid)  b inds to  re t inoic ac id receptor  in  the cytosol ,  

resul t ing in up-regulat ion of  target  gene expression and d i f ferent ia t ion of  leukemic  

promyelocytes. 

D. Target cel l  desensit izat ion and hypersensit izat ion  

1.  Cel ls  have the ab i l i ty  to  respond  to endogenous regulatory molecules or  

exogenous ly added drugs over  a  wide range of  concentrat ions.  However,  protect ive 

mechanisms are avai lab le  for mainta in ing homeostat ic contro l  to  prevent  

overs t imulat ion or  unders t imulat ion of the target ce l ls.  

2.  Cel l  regulat ion  can occur  a t di f ferent levels a long the signal  t ransduct ion 

pathway.  Regulat ion can invo lve changes in  the leve l  of  the receptors  or  a l terat ions 

in  the downstream effec tor  molecules. 
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3.  The express ion of  receptors  is normal ly under homeostat ic  contro l  through 

receptor  in ternal izat ion, recycl ing,  and de novo synthes is .  

4.  Down-regulat ion and desensit izat ion  

a.  Down-regulat ion  o f  receptors  is  caused by cont inuous prolonged exposure of 

receptors  to  drugs that dis rupt  the homeostat ic  equi l ibr ium and resul t  in  al tered 

leve ls  of  the receptors . Th is  dis rupt ion invo lves endocytos is  of  l igand-bound 

receptors , resu l t ing in  sequestrat ion of  receptors  f rom the ce l l  sur face and possib ly 

accelerated degradat ion of  the receptors  or  inact ivat ion of  the receptors . 

b.  Desensit izat ion  is  the resul t  of  down-regulat ion.  The target  cel ls  become 

desens i t ized, and the ef fec t  o f  subsequent exposure to  the same concentrat ion of  

the drug is  reduced.  Therefore,  an increased concentrat ion of the drug is  requi red to 

produce an effec t  of  the same magnitude as the in i t ia l  exposure wi th  a smal ler  drug 

concentrat ion. 

c .  Repeated doses of  bronchodi la tor such as albuterol  inhaler  for the t reatment  o f  

as thma can lead to  down-regulat ion of β-adrenerg ic receptors  in  the bronchia l  cel ls .  

The pat ient  develops tolerance and requi res increased dosage of  the drug to  

achieve re l ie f  o f  the ini t ia l  extent .  In this  case,  the target ce l ls  become desens i t ized 

only to  l igands that  b ind to  those receptors ; this  is  ca l led homologous 

desensitizat ion.  

5.  Heterologous desensit izat ion.  Some forms of desens i t izat ion involve a l terat ion 

of  components  in  the s ignal ing pathway,  such as a G prote in .  W hen cu l tured 



f ib rob lasts  are exposed to  prostag landin E1  (PGE1 ) ,  which normal ly ac t ivates 

adenylate cyclase through a G s ,  the ce l ls  lose respons iveness not  only to  PGE1  but 

a lso to  o ther l igands b ind ing to other  receptors that  ac t through the G s -adenylate 

cyc lase pathway.  

6.  Hyperreactivi ty or  supersensit ivi ty to  receptor  agonis ts  is expected when target  

ce l ls are subject  to long-term exposure to  receptor  antagonis ts  fo l lowed by abrupt  

cessat ion of  adminis t ra t ion of  the drug.  This can invo lve receptor  up-regulat ion  

through synthes is  o f new receptors. 

E. Pharmacological  effects not mediated by receptors.  The ef fec ts  o f  some drugs 

do not  invo lve b ind ing with  spec i f ic  receptors  because of  in teract ion wi th  molecules 

or  ions,  which are not  typ ica l ly def ined as receptors . 

1.  Coll igat ive  drug ef fects  are character ized by a lack of  requi rement  for  h igh ly 

spec i f ic  chemical  st ruc ture. 

a.  Volat i le  genera l  anesthetic  agents  wi th  d iverse s tructures are l ipophi l ic  and 

in teract  wi th  the l ip id b i layer  o f cel l  membranes,  resul t ing in depressed exc i tab i l i ty .  

Examples inc lude ni t rous oxide and desf lurane. 

b.  Cathart ics,  such as magnes ium sul fate  and sorb i to l ,  ac t  by increasing the 

osmolar i ty o f  in tes t ina l  f lu ids  and thus changing the dist r ibut ion of  water.  

2.  Methotrexate,  cytarabine,  and 5- f luorouraci l  are examples of  antimetabol i tes.  

Ant imetabol i tes are st ructural  analogs of endogenous molecules and are 

incorporated in to  ce l lu lar components that  in ter fere wi th  the normal ce l lu lar  

funct ions. 

3.  Cer ta in  drugs in teract wi th  speci f ic  ions normal ly found in body f lu ids .  For  

example, antacids  such as a luminum hydroxide,  ca lc ium carbonate,  and magnes ium 

hydroxide act  by neutral iz ing gast r ic  ac id . 

IV. RELATIONSHIP BETWEEN DRUG CONCENTRATION 

AND EFFECT 
A. Dose-response relat ionship.  In  genera l ,  the larger the drug dose,  the h igher  the 

drug concentrat ion at  i ts  s i te  of  ac t ion and the greater the ef fec t  o f  the drug,  up to  a 

maximum effec t .  Higher  drug concentrat ions (or  doses) wi l l  not  produce an ef fec t  

greater  than the maximum effec t .  

B. A quantal dose-response curve  descr ibes the rela t ionship between the number 

of  pat ients  exhibi t ing a def ined response (e.g. ,  a  50% increase in  peak f low) and the 

spec i f ied dose of  the drug (e.g. ,  min imum dose of a lbutero l  for  50% increase in  

peak f low).  Th is  re la t ionship of ten fol lows a gauss ian (be l l -shaped) d is t r ibut ion 

(F igures 12-1 and 12-2) .  

C. A graded dose-response curve  descr ibes the re la t ionship between the 

magni tude of the effec t  o f  a  drug (e.g. ,  reduct ion of  blood pressure by n i fed ip ine)  in  

an indiv idual  and the dose of  the drug (Figure 12-3) .  
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Figure 12-1. Frequency distribution curve, 
plotting the number of patients showing a quantal 
response to a drug against the minimum dose 
needed to produce the response. 

 

Figure 12-2. Quantal dose-response curve, 
cumulating the data used to plot Figure 12-1. 

 

Figure 12-3. Graded dose-response curves for 
two drugs, A and B. DAand DB, amount (dose) of 
drug A and drug B, respectively, needed to 
produce the drug effect, E1; Emax, maximum 
effect. 
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Figure 12-4. Log dose-response curves for two 
drugs, A and B. ED50, smallest dose showing an 
effect that is 50% of the maximum effect (Emax). 

1.  General ly,  as  the dose of  a  drug increases,  the ef fect  produced wi l l  reach a 

maximum level .  

2.  Graded dose-response curves for  d i f ferent  drugs a l low comparison of  the i r  

e f f icac ies  and potenc ies. 

a.  Eff icacy o f  a  drug is  measured by i ts  maximum effec t  (Ema x) .  

b.  Potency o f  a  drug is  a  rela t ive measure that  compares the d i f ferent  doses (molar  

doses) o f  d i f ferent  drugs needed to produce the same ef fect .  From a c l in ica l  

v iewpoint ,  potency is  cons idered in  drug se lect ion (e .g. ,  t r iazo lam is  preferred for 

the treatment  o f  insomnia ins tead of  d iazepam). 

c .  In  c l in ica l  s i tuat ions,  a  drug wi th  greater  e f f icacy might  be needed to  achieve the 

therapeut ic  outcome (e.g. ,  hydromorphone is  preferred to  acetaminophen for  

contro l l ing bone pain in  a  pat ient  wi th  metastat ic breast cancer) .  

D.  A log dose-response curve  descr ibes the rela t ionship between the drug ef fec t  

and the log of  the dose.  This  curve faci l i ta tes comparison of  potency and ef f icacy 

among d i f ferent  drugs with  the same mechanism of  ac t ion (which thus have the 

same s lopes)  (F igure 12-4) .  

1.  The eff icacy o f  a  drug is  determined by the height  o f  i ts  log dose-response curve 

(Em a x ) ;  the h igher  the curve,  the greater  the Ema x  and ef f icacy. 

2.  The potency o f  two drugs can be compared by determining thei r  ED5 0 .  The ED5 0  

is  the dose  of  each drug producing 50% of  the corresponding maximum effec t (50% 

of  Ema x) .  The smal ler the ED5 0 ,  the greater the potency.  

3.  A competi tive antagonist  shi f ts  the log dose-response curve to  the r ight,  and 

the shi f t  is  paral lel .  A greater concentrat ion of the agonis t is  required to  produce 

the same response than when the compet i t ive antagonist  is  absent .  Even in  the 

presence of  the antagonis t ,  the same Em a x  can be achieved i f  enough agonis t  is  

added (Figure 12-5) .  



 

Figure 12-5. Shift in the log dose-response curve 
that occurs when an agonist is administered in the 
presence of a competitive antagonist. Emax, 
maximum effect. 
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Figure 12-6. Shift in the log dose-response curve 
and lowering of the maximum effect (Emax) that 
occur when an agonist is given in the presence of 
a noncompetitive antagonist. 

4.  A noncompeti t ive antagonist  b inds to  the same receptor  or b inds to  another  s i te  

that  prevents the agonist f rom produc ing a response.  The sh i f t  o f  the log dose-

response curve is  to the r ight  and nonparalle l ,  resul t ing in  a  lower Em a x .  The 

act ion of  the antagonis t cannot be overcome even i f  more agonis t  is  present  (F igure 

12-6).  

V. ENHANCEMENT OF DRUG EFFECTS 
A. Addit ion  occurs  when two d i f ferent  drugs wi th  the same ef fec t  are g iven 

together,  resul t ing in  a  drug ef fec t  that  is  equal  in  magni tude to  the sum of  the 

indiv idual  e f fec ts  o f  the two drugs.  For  example,  t r imethopr im and su l famethoxazole 

inhib i t  d i f ferent  steps in  the synthesis o f  fo l ic  ac id ,  resul t ing in  the suppress ion of  

bacter ia l  growth. 

B. Synergism  occurs when two drugs wi th  the same ef fec t are g iven together ,  

producing a drug ef fect  that  is  greater in magni tude than the sum of  the ind iv idual  



ef fec ts  o f the two drugs.  For  example, penic i l l in  and gentamicin  are synerg ist ic  in  

the ir  ant ipseudomonal  ac t iv i t ies . 

C. Potentiation  occurs  when one drug,  lacking an ef fec t  o f  i ts  own,  increases the 

ef fec t  o f  another drug that  is  ac t ive.  For  example,  carb idopa is  an inact ive analog of  

dopa.  When carb idopa b locks the degradat ion of  dopa and is  g iven wi th  dopa, i t  

pro longs the hal f - l i fe o f  dopa and the durat ion of the ant i -Parkinsonian effec t.  

VI. SELECTIVITY OF DRUG ACTION 
A.  The therapeutic index  and the margin of  safety are the re la t ionship (ra t io)  

between the dose of  a  drug requi red to produce undes i red ef fec ts  ( toxic  or le tha l)  

and the dose requi red to produce the des i red ef fec ts  ( therapeut ic ) .  

1.  The therapeutic index  o f  a  drug is  a  re la t ive measure of  the safety and 

ef fec t iveness in laboratory s tudies. 

2.  The therapeutic index  is  the ra t io  o f the minimum dose that  is  toxic  for  50% of  

the populat ion (median toxic dose; TD5 0 )  to  the minimum dose that  is  e f fec t ive for  

50% of  the populat ion (median effect ive dose; ED5 0 ) .  

B.  In  general ,  the greater  the TD5 0  or  the smal ler the ED5 0 ,  the greater  the 

therapeut ic  index and thus the safer  the drug when used at  the ef fec t ive dosage. 

C.  The margin of  safety is  a  more pract ica l  term to  describe the rela t ive safety and 

ef fec t iveness of  a  drug. The marg in of safety is  the rat io o f the minimum toxic  dose 

for  0.1% of  the populat ion (minimal  toxic dose; TD0 . 1 )  to  the min imum effec t ive 

dose for  99.9% of the populat ion (minimal effective dose; ED9 9 . 9 ) .  
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VII. DRUG SOURCES AND MAJOR CLASSES 
A. Natural  products  are drugs obta ined f rom plant  and animal  sources. 

1.  Alkaloids  are n i t rogen-containing compounds obtained pr imari ly f rom plants  

through ext ract ion and pur i f icat ion,  which possess pharmacological  ac t iv i ty.  The 

major i ty o f  a lka lo ids  are basic compounds (e.g. ,  morphine,  f rom the opium poppy;  

atropine,  f rom the bel ladonna plant ) ;  a l though some are neut ral  amides (e.g.,  

colchicine,  f rom the autumn crocus).  Al l  a lka loids  end in  the suf f ix - ine;  however,  i t  

is  important to  note that  not  a l l  drugs that  end in - ine  are a lkaloids (e .g. ,  

meper id ine) .  

2.  Peptides and polypeptides  are po lymers of  amino ac ids,  are obtained f rom 

e i ther  human or  an imal  sources and are smal ler  than proteins.  The amino acid  

length d is t inct ions between these three classi f icat ions are vague and of ten vary 

f rom one source to  another .  Natura l ly occurr ing pept ides have l i t t le to  no oral  

ac t iv i ty and short  ha l f - l ives (e .g. ,  somatostat in,  a  14-amino ac id  pept ide; 

glucagon,  a  29-amino ac id polypept ide) .  

3.  Steroids  are chemical  derivat ives of  cyclopentanoperhydrophenanthrene and can 

be obtained f rom e i ther  human or  an imal  sources (e.g. ,  estradiol ,  testosterone,  

hydrocort isone ) .  

4.  Hormones  are chemical  substances that  are formed in one organ or part  o f  the 

body and carr ied in  the b lood to  another  organ or  par t .  They are pr inc ipa l ly prote ins  



or steroids  and can be obta ined ei ther  synthet ical ly,  through recombinant  DNA 

technology (e.g. ,  insulin) ,  or  f rom animal sources (e.g. ,  thyroid hormones  and 

conjugated estrogens ) .  

5.  Glycosides  are organic  substances cons is t ing of  a sugar moiety bound to  a 

nonsugar (ag lycone) moiety by means of  a g lycosid ic  bond ( i .e . ,  a  bond between the 

anomeric  carbon of the sugar and a hydroxy group on the ag lycone).  They can be of 

e i ther  plant  (e .g .,  digitoxin )  or  microbial  (e.g . ,  streptomycin,  doxorubicin )  or igin . 

6.  Vitamins  are organic  substances that  are present  in  foods and are essent ia l  to  

normal  metabol ism. 

a.  Water-soluble vi tamins  are th iamine (B1 ) ,  r ibof lavin  (B2) ,  n iac in  (B3 ) ,  pyr idoxine 

(B6 ) ,  cyanocobalamin (B1 2 ) ,  ascorb ic  ac id (C) ,  fo l ic  acid ,  pantothenic  ac id,  and 

b io t in  (H) .  

b.  Lipid-soluble vi tamins  are ret ino l  (A) ,  ergocalc i fero l  (D) ,  α- tocophero l  (E),  and 

phytonadione (K) .  

7.  Polysaccharides  are po lymers of  sugars  that can be obta ined f rom e i ther  human 

or  animal sources.  These compounds can be used e i ther di rec t ly (e .g.,  heparin ) ,  

a f ter part ia l  depolymer izat ion (e.g.,  t inzaparin,  enoxaparin ) ,  or a f ter  s t ruc tura l  

modi f icat ion (e.g.,  sucralfate ) .  

8.  Antibiotics  are chemical  substances produced by microorganisms that  e i ther  

suppress or  k i l l  o ther  microorganisms (e.g.,  penici l l in,  tetracycl ine,  doxorubicin ) .  

B. Synthetic  products  are drugs synthes ized f rom organic compounds. 

1.  Synthet ic  products can have chemical  structures closely resembling those of  

act ive natural  products  (e .g. ,  hydroxymorphone,  which resembles morphine;  

ampici l l in,  which resembles penic i l l in ) .  

2.  Synthet ic  products can conta in s imi lar spac ing of  funct ional  groups but lack the 

genera l  s tructure of a  natural ly occurr ing compound.  Peptidomimetics  are 

molecules wi th no pept ide bonds,  a  molecular weight  < 700,  and act iv i ty s imi lar  to  

the or igina l  pept ide (e .g.,  losartan  is  a  pept idomimetic  and an angiotensin I I  

receptor  antagonis t) .  

3.  Synthet ic  products a lso can be completely new products,  obta ined by screening 

synthesized mater ia ls  for  drug act iv i ty (e .g. ,  barbiturates,  ant ibacterial  

sulfonamides,  thiazide diuret ics, phenothiazine antipsychotics,  benzodiazepine 

anxiolyt ics ) .  

C. Major chemical  and pharmacologic classes of  drugs  (Table 12-1;  F igures 12-

7,  12-8, 12-9,  12-10,  and 12-11) 
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Table 12-1. Major Chemical and Pharmacological Classes of Drugs 

Classificationa 
Acid/Base 
Characterb Examplec (Structure) 

1. Polyhalogenated ethers 
and hydrocarbons 

Nonelectrolyte Isoflurane (1) 

 General anesthetics   

2. Barbiturates Acidic Phenobarbital (2) 

 
Sedative/hypotonics; 
anticonvulsants 

  

3. Benzodiazepines Basic Diazepam (3) 

 
Anxiolytic agents; 
sedative/hypnotics 

  

4. Hydantoins Acidic Phenytoin (4) 

 Anticonvulsants   

5. Succinimides Acidic or 
nonelectrolyte 

Methsuximide (5) 

 Anticonvulsants   

6. Phenothiazines Basic Chlorpromazine 
(6) 

 

Antipsychotics; 
antihistamines; 
antiemetics 

  

7. Thioxanthenes Basic Thiothixene (7) 



 Antipsychotics   

8. Butyrophenones Basic Haloperidol (8) 

 Antipsychotics   

9. Tricyclic antidepressants Basic Imipramine (9) 

 Antidepressant agents   

10. Selective serotonin 
reuptake inhibitors 

Basic Fluoxetine (10) 

 Anxiolytic agents   

11. Benzazepines Basic Olanzapine (11) 

 Atypical antipsychotics   

12. Methylxanthines Basic (weak) Theophylline (12) 

 
CNS stimulants; 
bronchodilators 

  

13. Opioids Basic Codeine (13) 

 
Narcotic analgesics; 
antitussives 

  

14. 4-Phenylpiperidines Basic Meperidine (14) 

 Narcotic analgesics   

15. Phenylpropylamines Basic Methadone (15) 



 Narcotic analgesics   

16. Direct-acting 
cholinergics 

Quaternary 
ammonium 
salt 

Bethanechol (16) 

 

GI smooth-muscle 
stimulant; cataract 
therapy 

  

17. Aminoalkyl esters Basic or 
quaternary 
ammonium 
salt 

Dicyclomine (17) 

 Anticholinergic agents   

18. Aminoalkyl ethers Basic Benztropine (18) 

 

Anticholinergic agents; 
antihistamines (H1-
antagonists) 

  

19. Aminoalcohols Basic or 
quaternary 
ammonium 
salt 

Biperiden (19) 

 Anticholinergic agents   

20. Ethylenediamines Basic Tripelennamine 
(20) 

 
Antihistamines (H1-
antagonists) 

  

21. Alkylamines 
(propylamines) 

Basic Chlorpheniramine 
(21) 



 
Antihistamines (H1-
antagonists) 

  

22. Piperazines Basic Cyclizine (22) 

 

Antihistamines (H1-
antagonists); antivertigo; 
antiemetics 

  

23. Mast cell degranulation 
inhibitors 

Acidic Cromolyn sodium 
(23) 

 Antiallergenics   

24. Phenylethylamines Basic Albuterol (24) 

 

Sympathomimetics (α- 
and β-adrenergic 
agonists) 

  

25. Adrenergic α2-agonists Basic Guanabenz (25) 

 Antihypertensive agents   

26. Adrenergic α1-agonists Basic Terazosin (26) 

 Antihypertensive agents   

27. Aryloxypropanolamines Basic Propranolol (27) 

 β-adrenergic blockers   

28. Prostaglandins Acidic Misoprostol (28) 

 Eicosanoids   



29. Salicylates Acidic Aspirin (29) 

 NSAIDs   

30. Fenamates Acidic Mefenamic acid 
(3) 

 NSAIDs   

31. Pyrazolidinediones Acidic Phenylbutazone 
(31) 

 NSAIDs   

32. Arylacetic acids 
(includes indoleacetic 
acids, pyrrolacetic acids, 
and propionic acids) 

Acidic Tolmetin (32) 

 NSAIDs   

33. Selective COX-2 
inhibitors 

Acidic (weak) 
or 
nonelectrolyte 

Celecoxib (33) 

 NSAIDs   

34. Triptans Basic Sumatriptan (34) 

 5-HT1B/1D agonists   

35. Serotonin 5-HT3 
antagonists 

Basic Ondansetron (35) 

 Antiemetic agents   



36. Coumarins Acidic Warfarin (36) 

 Oral anticoagulants   

37. Sulfated polysaccharides Acidic Heparin (37) 

 Anticoagulants   

38. Benzothiadiazides 
(thiazides) 

Acidic Chlorothiazide 
(38) 

 Diuretics; saluretics   

39. High-ceiling (loop) 
diuretics 

Acidic Furosemide (39) 

 Diuretics; saluretics   

40. Organic nitrates Nonelectrolyte Isosorbide 
dinitrate (40) 

 Antianginal agents   

41. Dihydropyridines Basic (weak) Nifedipine (41) 

 

Antihypertensives; 
antianginal agents; 
antiarrhythmics 

  

42. Angiotensin II receptor 
antagonists 

Acidic Losartan (42) 

 Antihypertensive agents   

43. ACE inhibitors Amphoteric Enalapril (43) 



 Antihypertensive agents   

44. HMG-CoA reductase 
inhibitors 

Acidic Pravastatin (44) 

 
Cholesterol-lowering 
agents 

  

45. Bile acid sequestrants Basic or 
quaternary 
ammonium 
salt 

Cholestyramine 
(45) 

 
Cholesterol-lowering 
agents 

  

46. Fibrates Acidic Gemfibrozil (46) 

 

Cholesterol- and 
triglyceride-lowering 
agents 

  

47. Steroids Nonelectrolyte Dexamethasone 
(47) 

 

Estrogens; progestins; 
androgens; 
adrenocorticoids 

  

48. Selective estrogen 
receptor modulators 

Basic Raloxifene (48) 

 
Estrogen receptor 
agonists and antagonists 

  

49. 5α-Reductase inhibitors Nonelectrolyte Finasteride (49) 



 Antiandrogen   

50. Androgen receptor 
antagonists 

Nonelectrolyte Nilutamide (50) 

 Antiandrogen   

51. Sulfonylureas Acidic Tolbutamide (51) 

 Oral hypoglycemics   

52. Meglitinides Acidic Repaglinide (52) 

 Oral hypoglycemics   

53. Thiazolidinediones 
(glitazones) 

Amphoteric 
(acid stronger 
than base) 

Pioglitazone (53) 

 
Insulin sensitizers; 
antidiabetic agents 

  

54. α-Glucosidase inhibitors Basic Miglitol (54) 

 Antidiabetic agents   

55. H2-receptor antagonists Basic Cimetidine (55) 

 Antiulcer agents   

56. Proton pump inhibitors Basic Omeprazole (56) 

 Antiulcer agents   

57. Nitrosoureas Nonelectrolyte Carmustine (57) 



 Antineoplastic agents   

58. β-Chloroethylamines 
(nitrogen mustards) 

Basic Mechlorethamine 
(58) 

 Antineoplastic agents   

59. Folate antimetabolites Amphoteric Methotrexate (59) 

 

Antineoplastic agents; 
antibacterial agents; 
antifungals 

  

60. Purine antimetabolites Basic 6-Mercaptopurine 
(60) 

 
Antineoplastic agents; 
Antiviral agents 

  

61. Pyrimidine 
antimetabolites 

Basic Cytarabine (61) 

 
Antineoplastic agents; 
antiviral agents 

  

62. Anthracyclines Basic Doxorubicin (62) 

 Antineoplastic agents   

63. Topoisomerase 
inhibitors 

Basic Topotecan (63) 

 Antineoplastic agents   

64. HIV protease inhibitors Basic Saquinavir (64) 



 Antiretroviral agents   

65. Sulfanilamides Acidic Sulfamethoxazole 
(65) 

 Antibacterial agents   

66. Penicillins Acidic Ampicillin (66) 

 Antibacterial agents   

67. Cephalosporins Acidic Cefoxitin (67) 

 Antibacterial agents   

68. Tetracyclines Amphoteric Tetracycline (68) 

 Antibacterial agents   

69. Aminoglycosides Basic Gentamicin (69) 

 Antibacterial agents   

70. Macrolides Basic Erythromycin 
(70) 

 Antibacterial agents   

71. 4-Quinolones Amphoteric Ofloxacin (71) 

 Antibacterial agents   

72. Allylamines Basic Terbinafine (72) 



 Antifungal agents   

73. Polyenes Amphoteric Amphotericin B 
(73) 

 Antifungal agents   

74. Imidazoles Basic Oxiconazole (74) 

 Antifungal agents   

ACE, angiotensin-converting enzyme; COX, cyclooxygenase; 5-HT, 5-
hydroxytryptamine (serotonin), Gl, gastrointestinal; HMG-CoA, β-hydroxy-
β-methylglutaryl coenzyme A; NSAID, nonsteroidal anti-inflammatory drug. 

a Organized according to chemical structure. Not an inclusive list; includes 
only classifications that contain multiple compounds with a similar structure. 
In some instances (e.g., direct-acting cholinergic agonists and H2-receptor 
antagonists), drugs are chemically similar but are usually denoted only by 
pharmacological classifications. 
 
b A general notation; some specific singular agents fall outside these general 
notations (e.g., ampicillin is amphoteric, whereas the penicillins are 
generally acidic). 
 
c Structures are given in Figures 12-7, 12-8, 12-9, 12-10 and 12-11. 
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Figure 12-7. Chemical structures (1-19) 
representing the major chemical classes of drugs 
listed in Table 12-1. 
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Figure 12-8. Chemical structures (20-37) 
representing the major chemical classes of drugs 
listed in Table 12-1. 

VIII. DRUG ACTION AND PHYSICOCHEMICAL 

PROPERTIES 
A. Drug act ion  resul ts  f rom the in teract ion of  drug molecules wi th  ei ther  normal  or  

abnormal  physio log ical  processes.  Drugs normal ly in teract  wi th  receptors , which can 

be ei ther  prote ins ,  enzymes,  ce l l  l ip ids ,  or  pieces of DNA or RNA. 
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Figure 12-9. Chemical structures (38-53) 
representing the major chemical classes of drugs 
listed in Table 12-1. 

1.  Systemica l ly act ive drugs must enter  and be transported by body f luids.  

a.  The drug must pass various membrane barriers,  escape excessive 

distr ibution  in to  s i tes  of loss, and penetrate to the act ive si te .  

b.  At  the act ive s i te ,  the drug molecules must  or ient  themselves and in teract  wi th 

the receptors to  alter function.  
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Figure 12-10. Chemical structures (54-68) 
representing the major chemical classes of drugs 
listed in Table 12-1. 

c.  The drug must  be removed f rom the act ive s i te and metabol ized  to  a  form that  is 

easi ly excreted  by the body. 

2.  Drug absorpt ion,  metabol ism,  ut i l i zat ion,  and excret ion a l l  depend on the drug's 

physicochemical  propert ies  and the host 's physiological  and biochemical  

propert ies.  A drug 's phys icochemical  proper t ies  can be a l tered via the synthes is  o f  

chemical  analogs,  whereas the host 's proper t ies  usual ly cannot  be al tered. 
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Figure 12-11. Chemical structures (69-74) 
representing the major chemical classes of drugs 
listed in Table 12-1. 

B.  Two of  the most  important physicochemical propert ies  o f  a  drug molecule are 

i ts  polar i ty and i ts  acid-base nature. 

1.  Drug polari ty is  a  re la t ive measure of  a drug 's  l ip id  and water so lub i l i ty  and is 

usual ly expressed in  terms of  a  part i t ion coeff ic ient.  

a.  The par t i t ion coef f ic ient  (P )  o f  a  drug is def ined as the ra t io  o f the so lub i l i ty  o f 

the compound in  an organic so lvent  to the so lub i l i ty  o f  the same compound in an 

aqueous envi ronment :  

 

The par t i t ion coef f ic ient  is  o f ten expressed as a log va lue. 

b.  Water solubi l i ty (or  hydrophi l ic i ty)  depends pr imar i ly on two fac tors :  ionic  

character  and hydrogen-bonding capabi l i t ies .  The presence of  oxygen- and ni t rogen-

conta in ing funct ional  groups usual ly enhances water  so lub i l i ty .  W ater  solub i l i ty  is  

requi red for:  

(1)  Disso lut ion in  the gast roin test ina l  (GI)  t rac t 

(2)  Preparat ion of  parentera l  solu t ions (as opposed to  suspens ions) 

(3)  Preparat ion of  ophthalmic so lut ions 

(4)  Adequate ur ine concentrat ions (per tains  pr imar i ly to  ant ib io t ics) 

c .  Lipid solubil i ty (or  l ipophil ic ity)  is  enhanced by nonion izable hydrocarbon 

chains and r ing systems. L ipid  solub i l i ty  is  requi red for :  

(1)  Penetrat ion through the l ip id  b i layer  in  the Gl  t ract 

(2)  Penetrat ion through the blood-bra in  barr ier 

(3)  Preparat ion of  in t ramuscular  ( IM) depot  in jectab le  formulat ions 

(4)  Enhanced pulmonary absorpt ion wi th in  the respi ra tory t rac t 

(5)  Enhanced top ical  potency (seen wi th  many top ica l  g lucocor t icoids) 

(6)  Enhanced plasma prote in  bind ing 

2.  Ion izat ion of acids  and bases  p lays a role  wi th  substances that dissociate into  

ions. 



a.  The ionizat ion constant (Ka )  ind icates the rela t ive s t rength of  the acid or  base.  

An ac id  
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wi th  a  Ka  o f  1  × 10 - 3  is  s tronger (more ion ized)  than one wi th a Ka  o f  1  × 10 - 5 ,  

whereas a base wi th  a Ka  o f  1  × 10 - 7  is  weaker ( less ion ized)  than one wi th  a Ka  o f  1  

× 10 - 9 .  

b.  The negative log  o f  the ionizat ion constant (pKa )  also ind icates the re la t ive 

s t rength of  the ac id  or base.  An acid  wi th a  pKa  o f  5  (Ka  = 1  × 10 - 5 )  is  weaker ( less 

ionized)  than one wi th  a pKa  of  3  (Ka  = 1  × 10 - 3 ) ,  whereas a base wi th  a pKa  o f  9  (Ka  

=  1  × 10 - 9 )  is  st ronger (more ion ized)  than one wi th  a pKa  o f  7  (Ka  =  1  × 10 - 7 ) .  

c .  St rong ac ids—for  example,  hydrochloric acid  (HCl) ,  sul fur ic acid (H2SO4 ) ,  n i t r ic  

ac id  (HNO3 ) ,  hydrobromic  ac id  (HBr) ,  iod ic  ac id  (HIO3 ) ,  and perch lor ic  ac id  

(HClO4 )—are complete ly ionized. Almost  a l l  o ther acids ,  includ ing organic acids ,  are 

weak.  Organic acids  conta in  one or  more of these funct ional  groups: 

(1)  Carboxyl ic  ac id  group (—COOH) 

(2)  Phenol ic  group (Ar—OH) 

(3)  Sul fon ic  ac id  group (—SO3H) 

(4)  Sul fonamide group (—SO2NH—R) 

(5)  Imide group (—CO—NH—CO—) 

(6)  β-Carbonyl  group (—CO—CHR—CO—) 

(7)  Tet razole r ing ( f ive-member CHN4  r ing; see F igure 12-9,  42,  for  example) 

d.  Strong bases—for example, sodium hydroxide (NaOH),  potassium hydroxide 

(KOH),  magnes ium hydroxide (Mg(OH)2 ) ,  calc ium hydroxide (Ca(OH)2 ) ,  bar ium 

hydroxide (Ba(OH)2) ,  and quaternary ammonium hydroxides—are a lso completely 

ionized.  Almost  al l  o ther  bases,  including organic bases,  are weak. 

(1)  Organic bases  contain  a pr imary,  secondary,  or  tert iary a l iphat ic  or  al icyc l ic  

amino group (—NH2 ,  —NHR, or  —NR2 ) .  

(2)  Most  aromat ic  or  unsaturated heterocycl ic  ni t rogens are so weak ly basic  that 

they do not  readi ly form sa l ts  wi th ac ids .  Saturated heterocyc l ic  n i t rogens,  in  

contrast ,  are s imi lar to  al iphat ic  amines. 

(3)  Addi t ional  bas ic  funct ional  groups include imine ni t rogens (—N=C—),  hydrazine 

n i t rogens (—NH—NH2 ) ,  amid ine n i t rogens (—NH—C=N—),  and guanidine n i t rogens 

( four  a tom funct ional  group,  CH4N3 ;  see F igure 12-8,  25,  for example) .  

e.  Weak acids.  Ion izat ion of  a  weak ac id (e .g. ,  acet ic  acid , which has a pKa  o f  4 .76)  

takes p lace as fo l lows:  

 
(1)  W hen a weak ac id (such as acet ic ac id) is  placed in an acid medium,  the 

equi l ibr ium shi f ts  to  the le f t ,  suppress ing ionizat ion.  Th is  decrease in  ion izat ion 

conforms to  Le Chatelier 's  principle,  which s tates that when a s t ress is  p laced on 

an equi l ibr ium react ion,  the react ion wi l l  move in the d i rec t ion that  tends to  rel ieve 

the s t ress. 



(2)  W hen a weak ac id is  p laced in  an alkaline medium,  ion izat ion increases.  The H+  

ions f rom the ac id  and the OH -  ions f rom the alkal ine medium combine to form 

water ,  shi f t ing the equi l ibr ium to the r ight .  

(3)  Weakly acidic drugs  are less ion ized in ac id media than in  alka l ine media.  

When the pKa  o f  an ac idic  drug is greater than the pH of  the medium in  which i t  

exis ts ,  i t  wi l l  be > 50% in  i ts  nonionized (molecular)  form and thus more l ike ly to  

cross l ip id ce l lu lar  membranes. 

f .  Weak bases.  Ionizat ion of  a  weak base is the oppos i te  o f  that for a  weak acid . 

(1)  W eak bases are less ionized in  a  basic (a lkaline)  medium  and more ion ized in  

an acid medium.  

(2)  Weakly basic  drugs are less ionized in  a lkal ine media than in  ac id  media.  When 

the pKa  o f  a bas ic  drug is  less than the pH of  the medium in  which i t  exis ts ,  i t  wi l l  be 

> 50% in  i ts  nonion ized (molecular)  form and thus more l ike ly to  cross l ip id  ce l lu lar  

membranes. 

g.  Percent ionizat ion  can be approximated by us ing the rule of  nines.  I f  the |pH -  

pKa |  =  1,  then a 90:10 rat io  (note that  there is  one n ine in  the ra t io)  exis ts .  I f  the 

|pH -  pKa |  = 2 ,  the ra t io  becomes 99:1 ( two nines in  the ra t io) ,  and i f  the |pH -  pKa |  

=  3 ,  the ra t io  is 99.9:0.1 ( three nines in  the ra t io).  The predominant  form, ionized or  

un ion ized,  in  these rat ios  can eas i ly be determined (see VI I I .B.2.e. (3) ;  

VI I I .B.2. f . (2)) .  

3.  A salt  is  the combinat ion of  an acid  and a base. 

a.  W ith  a few minor  except ions (mercur ic  and cadmium hal ides and lead acetate),  

al l  sal ts  are strong electrolytes.  
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b.  Because the vast  major i ty of  drugs are organic  molecules,  drug sa l ts  can be 

d iv ided in to  two classes based on the chemical  nature of the substance forming the 

sa l t .  

(1)  Inorganic salts  are made by combin ing drug molecules wi th  inorganic  ac ids  and 

bases,  such as hydrochlor ic ac id,  su l fur ic  acid ,  potassium hydroxide,  and sodium 

hydroxide.  The sal t  form of  the drug has increased water  so lub i l i ty  in  compar ison 

wi th  the parent  molecule.  Inorganic  sa l ts  are genera l ly used to  increase the 

aqueous dissolut ion of a compound. 

(2)  Organic salts  are made by combining drug molecules wi th e i ther small ,  

hydrophi l ic  organic  compounds (e.g. ,  succ inic acid ,  c i t r ic  ac id)  or l ipophil ic  

organic  compounds (e.g.,  procaine) .  Water-solub le organic  sal ts  are used to  

increase d isso lut ion and b ioavai lab i l i ty  as wel l  as to  aid in the preparat ion of  

parentera l  and ophthalmic  formulat ions (e .g. ,  t imolol  maleate) .  L ipid-solub le organic  

sa l ts  are pr imari ly used to  make depot in jec t ions (e .g.,  procaine penic i l l in) .  

c .  Amphoteric compounds  conta in  both acidic  and basic funct ional  groups and are 

capable of  forming internal  sal ts,  or  zwi t ter ions, which of ten have dissolut ion 

problems. 

d.  Dissolut ion of  sal ts  can a l ter  the pH of  an aqueous medium. 



(1)  Sal ts o f strong acids  (e .g . ,  HCl ,  H2SO4)  and basic drugs  (e .g. ,  c imet id ine) 

d issoc iate in an aqueous medium to y ield  an acidic solut ion.  

(2)  Sal ts o f strong bases  (e .g . ,  NaOH, KOH) and acidic drugs  (e .g . ,  phenobarb i ta l)  

d issoc iate in an aqueous medium to y ield  a  basic solution.  

(3)  Sal ts o f weak acids  and weak bases  d issociate in  an aqueous medium to y ie ld  

an acidic,  basic,  or  neutral  solut ion,  depending on the respect ive ion izat ion 

constants  invo lved. 

(4)  Sal ts o f strong acids  and strong bases  (e .g. ,  NaCl) do not  s ign i f icant ly a l ter  

the pH of an aqueous medium. 

4.  A neutral izat ion react ion  might  occur when an ac idic so lut ion of  an organic  sal t  

(a  so lut ion of  a sa l t  o f  a  s t rong acid  and a weak base)  is  mixed wi th  a bas ic  so lu t ion 

(a  so lut ion of  a sa l t  o f  a  weak acid  and a s t rong base) .  The nonion ized organic  acid  

or  the nonionized organic  base is  l ike ly to  precipitate  in  th is  case. This react ion is  

the bas is  for  many drug incompatibi l i t ies,  par t icu lar ly when in t ravenous so lut ions 

are mixed.  Neutral izat ion react ions can be avoided by knowing how to predic t  the 

approximate pH of  the aqueous so lut ions of  common drug sa l ts .  

a.  General ly,  a drug 's  salt  form  can be recognized when the gener ic  or t rade name 

cons is ts  of  two separate words,  ind icat ing a cation  and an anion.  

b.  Drugs wi th nitrate,  sulfate,  or  hydrochloride notat ions  (e .g . ,  p i locarpine 

n i t ra te , morphine su l fa te,  meperidine hydrochlor ide)  are sal ts o f  strong acids.  Thus 

these drugs (e.g. ,  pi locarp ine,  morphine, meperid ine)  must  be bases.  

c .  Drugs wi th  sodium  or potassium cations  (e .g .,  war far in sodium, potass ium 

penic i l l in  G) are sa l ts  of  strong bases.  Thus these drugs (e.g. ,  war far in,  penic i l l in  

G) must  be acids.  

d.  Drugs whose cat ion name ends wi th  the suf f ix “-onium”  or “-inium”  and whose 

anion is  a  ch lor ide,  bromide, iod ide,  n i tra te ,  or  sul fa te  (e.g. ,  benzalkonium chlor ide, 

cety lpyr id in ium chlor ide),  are known as quaternary ammonium sal ts  and form 

neutral  aqueous solutions.  

IX. STRUCTURAL FEATURES AND PHARMACOLOGIC 

ACTIVITY. 
Drugs can be c lass i f ied as s t ruc tural ly nonspec i f ic  or  s t ruc tura l ly speci f ic .  

A. Structural ly nonspecif ic drugs  are those for which the drug 's  in teract ion wi th  

the cel l  membrane depends more on the drug molecule 's  phys ical  character ist ics 

than on i ts  chemical  s t ruc ture.  Usual ly,  the interact ion is  based on the cell  

membrane's l ipid nature  and the drug's l ipid attract ion.  Most  general  

anesthetics,  as  wel l  as  some hypnotics  and some bactericidal agents,  ac t 

through th is  mechanism. 

B. Structural ly specif ic drugs  are those for  which pharmacologica l  act ivi ty is 

determined by the drug 's ab i l i ty  to  b ind to  a  specif ic  endogenous receptor.  

1.  Receptor-si te  theory  describes the pharmacologica l  ac t iv i ty o f such drugs. 

a.  The lock-and-key theory postu lates a complete ly complementary re lat ionship 

between the drug molecule and a speci f ic  area on the sur face of the receptor  

molecule ( i .e . ,  the  
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active,  or  catalyt ic ,  s i te) .  Th is  theory does not  account  for conformat ional  changes 

in  ei ther  drug or  receptor  molecules and is  an overs impl i f icat ion of  a  complex 

process. 

b.  The induced-fi t  theory a lso postu lates a complementary rela t ionship between 

the drug molecule and i ts  ac t ive s i te ;  however,  i t  provides for mutual  

conformational changes  between the drug and i ts  receptor .  Conformat ional  

changes in  the receptor  molecule are then t ransla ted into  b iolog ica l  responses.  This 

theory expla ins  many more phenomena (e.g. ,  al losteric inhibitors )  than the lock-

and-key model .  

c .  The occupational  theory of  response  fur ther  postu la tes that,  for  a  s t ruc tura l ly 

spec i f ic  drug, the in tens i ty o f  the pharmacological  e f fect  is  d i rec t ly proport ional  to  

the number of receptors  occupied by the drug. 

2.  Receptor-si te  binding.  The abi l i ty to bind to a specif ic  receptor,  a l though not  

independent  o f  the drug 's  phys ical  character is t ics ,  is  pr imari ly determined by the 

drug 's  chemical structure.  

a.  In such an in teract ion, the drug 's  chemical  react ivi ty p lays an important  role , 

re f lec ted in  i ts  bonding abi l i ty and in  the exactness of  i ts  f i t  to  the receptor .  

b.  Drug interact ion  wi th a  spec i f ic  receptor  is analogous to  the f i t t ing together o f 

j igsawpuzzle pieces.  Only drugs of s imi lar  shape ( i .e . ,  s imi lar  chemical  s t ruc ture)  

can b ind to  a spec i f ic  receptor  and ini t ia te a b iolog ical  response. 

c .  Of ten, only a  cri t ical  port ion of  the drug molecule  ( rather  than the whole 

molecule)  is  invo lved in  receptor-s i te  b ind ing. 

(1)  The funct ional  group making up th is  cr i t ica l  por t ion is  known as a 

pharmacophore.  

(2)  Drugs wi th similar cri t ical  regions  but  di f ferences in  o ther  par ts  may have 

s imi lar  qual i ta t ive (a l though not necessar i ly  quant i ta t ive) pharmacolog ica l  ac t iv i ty.  

d.  In genera l ,  the better a  drug f i ts  the receptor s i te ,  the higher the affini ty 

between the drug and the receptor  and the greater  the observed biologica l  

response. A drug that  binds to  a  receptor  and e l ic i ts  a b io log ical  response is  ca l led 

an agonist .  

e.  Some drugs,  lack ing the spec i f ic  pharmacophore for a  par t icu lar  receptor ,  can 

nonetheless b ind to  that receptor .  Such a drug wi l l  have l i t t le  or  no pharmacologica l  

e f fec t  and might  also prevent  a  molecule having the spec i f ic  pharmacophore f rom 

b ind ing,  b locking the expected b io log ical  response.  A drug that b locks a natura l  

agonist  and prevents i t  f rom b ind ing to  i ts receptor  is  ca l led an antagonist .  

3.  The stereochemistry o f  both the receptor-s i te  sur face and the drug molecule 

he lps determine the nature and ef f ic iency of  the drug-receptor interact ion.  

Stereoisomers can be d iv ided in to  three main groups:  optical  isomers,  geometric  

isomers,  and conformational isomers.  

a.  Optical  isomers  conta in  at  least  one asymmetr ic,  or ch i ral ,  carbon atom ( i .e . ,  a  

carbon atom that is  covalent ly bonded to  four  d i f ferent subst i tuents) .  Each 

asymmetr ic carbon atom can exis t  in  one of  two nonsuper imposable isomer ic forms 

(F igure 12-12) .  



(1)  Enantiomers  are opt ical  isomers that  are mirror  images of one another .  

Enant iomers have ident ica l  phys ica l  and chemical  proper t ies except  that one rotates 

the p lane of  po lar ized l ight  in  a c lockwise d i rect ion (dextrorotatory;  des ignated D 

or  +)  and the other in a  counterc lockwise d i rect ion ( levorotatory;  des ignated L or  -

) .  

(2)  An equal mixture of  D and L enant iomers is  ca l led a racemic mixture  and is  

opt ical ly inact ive. 

(3)  Enant iomers can have large d i f ferences in  potency,  receptor  f i t ,  b io log ica l  

ac t iv i ty,  t ransport ,  and metabol ism.  These d i f ferences resul t  when the drug 

molecule has an asymmetr ic  in teract ion wi th  a  receptor,  a t ransport  prote in , or  a  

metabol iz ing enzyme.  For  example,  levorphanol  has narcot ic ,  analges ic ,  and 

ant i tussive propert ies , whereas i ts  mi r ror  image,  dextrorphanol ,  has on ly 

ant i tussive act iv i ty.  

(4)  Diastereomers  are stereoisomers,  which are ne i ther  mi r ror  images nor  

super imposable.  A drug must  have at  least  two ch i ral  centers  to exis t  in  

d ias tereomers.  Unl ike enant iomers,  in  which al l  s tereochemical  centers  are 

oppos i te , d iastereomers have  
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some s tereochemical  centers  that  are ident ica l  and some that are oppos i te .  

Diastereomers possess d i f ferent  phys icochemical  propert ies  and thus d i f fer  in  

proper t ies such as so lubi l i ty ,  vo lat i l i ty ,  and mel t ing po int .  

 

Figure 12-12. The two enantiomers of 2-
hydroxybutane. The chiral, or asymmetric, carbon 
is bonded to four different groups: a methyl 
group, an ethyl group, a hydroxy group, and a 
hydrogen. The structures shown are mirror 
images, which cannot be superimposed. 



 

Figure 12-13. Epimerization of tetracycline to 4-
epi-tetracycline. The stereochemistry of the 4-
dimethylamino group is inverted; however, the 
stereochemistry of all other chiral centers remains 
unchanged. 

(5)  Epimers  are a specia l  type of d iastereomers because a l l  epimers  are a lso 

d ias tereomers;  however, the oppos i te  is  not  t rue. Epimers are compounds that are 

s t ruc tura l ly ident ica l  in  al l  respects except  for  the s tereochemistry o f  one ch i ra l  

center .  The process of  epimerization  ( in which the s tereochemist ry of  one ch i ral  

center  is inverted) is  important  in  drug degradat ion and inact ivat ion (Figure 12-13).  

b.  Geometric  isomers (cis-trans  isomers)  occur  as a resul t  o f  rest r ic ted ro tat ion 

around a chemical  bond, owing to  double bonds or  r ig id r ing systems in  the 

molecule. 

(1)  Cis-trans  isomers  are not  mi r ror  images and have d i f ferent  phys icochemical  

proper t ies and pharmacologic  act iv i ty.  

(2)  Because the funct ional  groups of  these isomers are separated by d i f ferent  

d istances,  they general ly do not  f i t  the same receptor  equal ly wel l .  I f  these 

funct ional  groups are pharmacophores,  the isomers wi l l  differ in biological  

act ivi ty.  For  example,  c is -d ie thyls t i l -best rol  has on ly 7% of  the est rogenic  act iv i ty 

o f  t rans -d ie thyls t i lbest rol  (F igure 12-14) .  

c .  Conformational  isomers,  a lso known as rotamers  or  conformers,  are 

nonsuper imposable or ientat ions of  a molecule that  resul t  f rom the rotat ion of  a toms 

around s ing le bonds. Almost  every drug can exis t  in  more than one conformat ion,  

and th is  ab i l i ty  a l lows many drugs to  b ind to  mult ip le  receptors  and receptor  

subtypes.  For  example,  the t rans  conformation of acetylchol ine binds to  the 

muscar inic receptor ,  whereas the gauche  conformation b inds to  the nicot in ic  

receptor  (Figure 12-15) .  

d.  Bioisosteres  are molecules conta in ing groups that are spat ial ly  and 

e lec t ron ical ly equivalent  and thus are in terchangeable wi thout  s ign i f icant ly a l ter ing 

the molecules '  physicochemical  proper t ies.  Isosteric  replacement  o f  funct ional  

groups can increase potency,   
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decrease s ide ef fec ts ,  separate b io log ical  ac t iv i t ies,  and increase the durat ion of  

ac t ion by al ter ing metabol ism.  In addit ion,  isosteric  analogs  may act  

antagonist ica l ly to the parent molecule. 



 

Figure 12-14. The presence of the double bond in 
diethylstilbestrol allows for the formation of cis 
and trans geometric isomers. Only the trans 
isomer has estrogenic activity. 

 

Figure 12-15. The trans (A) and gauche (B) 
conformations of acetylcholine occur as the result 
of rotation around the carbon-carbon single bond. 

(1)  Procainamide,  an amide,  has a longer durat ion of  ac t ion than procaine,  an 

ester ,  because of  the isoster ic replacement  of  the ester  oxygen wi th  a ni t rogen atom 

(F igure 12-16) .  

(2)  Al loxanthine  is  an inh ibi tor o f  xanthine oxidase.  I t  is  a lso an isostere of  

xanthine,  the normal  substrate for  the enzyme (F igure 12-16) .  

X. MECHANISMS OF DRUG ACTION 
A. Interact ion with receptors  (see IX.B.1 and 2) 

1.  Agonists  in teract  wi th speci f ic  ce l lu lar  const i tuents ,  known as receptors ,  and 

e l ic i t  an observable bio log ical  response.  Agonis ts  have both aff ini ty for  the 

receptor  and intr insic act ivi ty.  



 

Figure 12-16. Bioisosteric pairs 
procainamide/procaine and alloxanthine/xanthine. 
The isosteric replacements are boxed. 
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2.  Partia l  agonists  in teract  wi th the same receptors  as ful l  agonis ts but  are unable 

to  el ic i t  the same maximum response.  Part ia l  agonis ts  have lower in t r ins ic  ac t iv i ty 

than ful l  agonis ts ;  however,  the i r  a f f in i ty for  the receptor can be greater  than, less 

than,  or equal to that  of  fu l l  agonis ts .  

3.  Antagonists  inh ib i t  the act ions of agonis ts .  

a.  Pharmacological  antagonists  b ind to  the same receptor  as  the agonis t ,  e i ther  a t  

the same s i te  or  at  an al los ter ic  s i te .  They have af f in i ty for the receptor but  lack 

in t r ins ic  ac t iv i ty.  Pharmacological  antagonis ts can be subdiv ided in to revers ib le ,  

i r revers ible , competi t ive, and noncompeti t ive categories  s imi lar  to  enzyme inh ib i tors 

(see X.B.2) .  

b.  Chemical  antagonists  react wi th  one another,  resu l t ing in  the inact ivat ion of  

both compounds. 

(1)  The ant icoagulant  heparin,  an acidic  polysaccharide,  is  chemical ly antagonized 

by protamine,  a  bas ic  prote in ,  v ia  an ac id-base in teract ion. 

(2)  Chelat ing agents  can be used as antidotes for metal  poisoning.  

Ethylenediaminetetraacetic  acid  (EDTA) chelates calc ium and lead;  penici l lamine  

chelates copper;  and dimercaprol  che lates mercury,  go ld ,  ant imony,  and arsenic.  

c .  Functional  (or physical)  antagonists  produce antagonis t ic physiologica l  ac t ions 

through b ind ing at  separate receptors.  The adrenerg ic  and chol inerg ic  nervous 

systems f requent ly produce this  type of  antagonism. Acetylchol ine  constr ic ts  the 

pupi l  by act ing on receptors  that  contro l  the c i rcular  muscles of the eye,  whereas 

norepinephrine  d i la tes the pupi l  by act ing on receptors  that  cont ro l  ocu lar  d i la tor  

muscles. 

B. Interact ion with enzymes  

1.  Activat ion,  or  increased enzyme act ivi ty,  can resul t  f rom induct ion of  enzyme 

protein  synthes is  by such drugs as barb i turates,  phenyto in and other  ant iep i lept ics , 

r i fampin,  ant ihis tamines, gr iseofu lv in ,  and ora l  contracept ives. 



a.  Al losteric  binding.  A drug can enhance enzyme act iv i ty by al los ter ic  b ind ing,  

which t r iggers a conformat ional  change in  the enzyme system and thus al ters i ts  

a f f in i ty for  substrate b ind ing. 

b.  Coenzymes  p lay a ro le  in opt imizing enzyme act iv i ty.  Coenzymes inc lude 

vitamins  (par t icular ly the vitamin B complex )  and cofactors—mainly meta l l ic  ions 

such as sodium (Na+ ) ,  potassium (K+ ) ,  magnes ium (Mg+ + ) ,  calc ium (Ca+ + ) ,  z inc 

(Zn+ + ) ,  and i ron (Fe+ + ) .  Coenzymes act ivate enzymes by complexat ion and 

s tereochemical  in teract ion. 

2.  Inhibition,  or  decreased enzyme act ivi ty,  can resul t  f rom drugs that  in teract 

wi th  the apoenzyme,  the coenzyme, or  even the whole  enzyme complex.  The drug 

might  modi fy or  dest roy the apoenzyme's prote in  conformation,  react  wi th  the 

coenzyme ( thus reduc ing the enzyme system's  capaci ty to funct ion) ,  or  bind wi th  the 

enzyme complex ( rendering i t  unable to b ind wi th i ts substrate) .  

a.  Reversible inhibit ion  resu l ts  from a noncovalent interact ion  between the 

enzyme and the drug.  The drug is  f ree to  assoc iate and dissoc iate wi th  the enzyme, 

and an equi l ibr ium exis ts between bound and f ree drug. 

b.  I rreversible inhibit ion  resu l ts  f rom a s table,  covalent interaction  between the 

enzyme and the drug.  Once bound to the enzyme,  the drug is  not  ab le  to d issociate. 

c .  Competi t ive inhibit ion  occurs  when there is mutual ly exclusive binding  o f  the 

substrate and the inhib i tor .  Whi le  i t  is  possib le  for  compet i t ive inhibi tors  to  b ind to  

a l los ter ic  s i tes,  these inh ibi tors  are usual ly s t ructural ly s imi lar  to  the natura l  

substrates and compete wi th  the substrates for  common b ind ing s i tes .  Compet i t ive 

inhib i t ion can be overcome by increasing the concentrat ion of  the substrate. 

d.  Noncompeti tive inhibit ion  occurs  when a drug binds to  an al losteric si te  on the 

enzyme.  This  b ind ing induces a conformat ional  change in  the enzyme that  inh ibi ts  

enzyme act ion,  even i f  a substrate is  bound to  the enzyme.  Increas ing substrate 

concentrat ion does not  overcome th is  type of inh ib i t ion. 

C. Interact ion with DNA/RNA formation and function  

1.  Inhibition of  nucleotide biosynthesis  occurs  when fo la te,  pur ine,  and 

pyr imid ine antimetaboli tes  in terfere wi th  the b iosynthes is  o f purine and pyr imidine 

bui ld ing b locks. 

a.  Fol ic  acid analogs  (e.g . ,  methotrexate,  t r imetrexate)  inhibi t  pur ine and 

thymidyla te synthes is  by inhibi t ing d ihydrofola te reductase. 
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b.  Purine analogs  (e .g . ,  6-mercaptopur ine,  th ioguanine) ac t  as  antagonists  in  the 

synthesis  o f  pur ine bases.  These analogs do not ac t  as act ive inh ibi tors  unt i l  they 

are converted to the i r  respect ive nuc leot ides. 

c .  Pyrimidine analogs  (e .g . ,  5- f luorouraci l )  inh ibi t  the synthesis  o f  thymidyl ic ac id 

by inhibi t ing thymid ine synthetase.  As wi th  pur ine analogs,  pyr imid ine analogs are 

not  ac t ive unt i l  they are converted to  thei r  respect ive nucleot ides. 

2.  Inhibition of  DNA or RNA biosynthesis  occurs  when drugs in ter fere wi th  nuc leic 

ac id  synthes is .  These drugs are used pr imar i ly as  ant ineoplast ic agents  for  cancer  

chemotherapy. 



a.  Drugs that  in terfere wi th  DNA repl icat ion and funct ion include in terca lat ing 

agents (e .g. ,  the anthracycl ines,  dact inomycin ) ,  a lkylat ing agents (e .g.,  nitrogen 

mustards, ni trosoureas) ,  and ant imetabol i tes . 

b.  Drugs that  can damage and destroy DNA include compounds that produce f ree 

rad icals  (e .g. ,  bleomycin,  the anthracycl ines )  and compounds that inh ibi t  

topoisomerases (e.g.,  epipodophyl lotoxins,  mitoxantrone, i r inotecan, 

topotecan ) .  

c .  Drugs that  in ter fere wi th  microtubule assembly in  the metaphase of  cel l  mitosis  

include the vinca alkaloids  and pacl i taxel.  

D. Inhibit ion of protein synthesis  

1.  Tetracycl ines  inter fere wi th  protein  synthesis by inhibi t ing transfer  RNA ( tRNA) 

b ind ing to  the r ibosome and b lock ing the re lease of  completed pept ides f rom the 

r ibosome. 

2.  Chloramphenicol  and erythromycin  (which compete for  the same b ind ing s i te)  

b ind to the r ibosome and inhibi t  pept idyl  t ransferase,  blocking formation of  the 

pept ide bond and in terrupt ing format ion of  the pept ide chain. 

3.  Aminoglycosides  decrease the f ide l i ty o f  t ranscrip t ion by binding to the 

r ibosome, which permits  format ion of  an abnormal  in i t ia t ion complex and prohib i ts  

addi t ion of  amino acids to  the pept ide chain.  In  addi t ion,  aminoglycos ides cause 

misreading of  the messenger RNA (mRNA) template,  so that  incorrect amino acids 

are incorporated in to  the growing polypept ide chain . 

4.  Quinuprist in and dalfoprist in,  in  combinat ion,  constr ic t  the exi t  channel  on 

r ibosomal  RNA (rRNA). Th is  act ion prevents newly synthesized polypept ides f rom 

being re leased and in turn inh ib i ts  fur ther  prote in synthesis.  

E. Interaction with cel l  membranes  

1.  Digital is  glycosides  inh ib i t  the ce l l  membrane's  sodium-potass ium pump,  

inhib i t ing the in f lux of  K+  and the out f low of  Na+ .  

2.  Quinidine  af fec ts  the membrane potent ial  o f  myocardial  membranes by 

pro longing both the polar ized and depolar ized states. 

3.  Local anesthetics  b lock impulse conduct ion in  nerve ce l l  membranes by 

in ter fer ing wi th  membrane permeabi l i ty  to  Na+  and K+ .  

4.  Polyene anti fungal  drugs  (e .g .,  amphoter ic in B,  nystat in)  af fec t  cel l  membrane 

permeabi l i ty ,  caus ing leakage of  ce l lu lar  const i tuents . 

5.  Certain antibiot ics  (e.g . ,  polymyxin B,  col is t in)  a f fec t ce l l  membrane 

permeabi l i ty  through an unknown mechanism. 

6.  Acetylchol ine  increases membrane permeabi l i ty  to  cat ions. 

7.  Omeprazole  and lansoprazole  inh ibi t  the H+ /K+  pump ( located in  par ie ta l  ce l l  

membranes) ,  thus decreas ing the ef f lux of  protons in to  the s tomach. 

8.  Severa l  antineoplast ic  agents  exer t  the ir  ac t ions by in i t ia l ly  b inding to  cel lular 

determinants (CDs)  expressed by tumor ce l ls .  

a.  Gemtuzumab ozogamicin  b inds wi th  CD33 expressed by leukemic  ce l ls  and 

immature myelomonocyt ic  ce l ls .  

b.  Alemtuzumab,  a  monoc lonal  ant ibody,  b inds to  the CD52 ant igen expressed on B 

lymphocytes, T lymphocytes,  and var ious other  ce l ls .  
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F.  Nonspecif ic  act ion  

1.  St ruc tural ly nonspec i f ic  drugs form a monomolecular  layer over  ent i re  areas of  

cer ta in ce l ls .  Because they invo lve such large surfaces, these drugs are usual ly 

g iven in  re la t ively large doses. 

2.  Drugs that  ac t  by nonspec i f ic  ac t ion inc lude the volat i le  general  anesthetic 

gases  (e.g .,  e ther,  ni t rous oxide) ,  some depressants  (e .g. ,  e thanol ,  chlora l  

hydrate) ,  and many ant isept ic  compounds (e.g. ,  phenol ,  rubbing alcohol ) .  
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STUDY QUESTIONS 
Direct ions:  Each of  the quest ions,  s tatements , or  incomplete sta tements  in  th is  

sect ion can be correct ly answered or  completed by one  o f  the suggested answers or  

phrases.  Choose the best  answer. 

1.  A 40-year-old man complains of  dysuria and urinary urgency and is  

diagnosed to have uncomplicated gonococcal urethri tis .  He is  given procaine 

penici l l in G intramuscularly.  In addit ion,  probenecid is given to prolong the 

durat ion of action of  penici l l in. This type of  combined drug effect is known as 

(A)  synerg ism. 

(B)  compet i t ive antagonism. 

(C)  addi t ion. 

(D)  potent ia t ion. 

(E)  noncompeti t ive antagonism. 

View Answer1.  The answer is  D[see] .2.  A 40-year-old teacher was 

prescribed lovastat in for the treatment of  hypercholesterolemia.  She wanted to 

know the mechanism of the drug before taking i t .  Her pharmacist  explained to 

her that  lovastat in acts by blocking the substrate-binding si te  of  the enzyme β-

hydroxy-β-methylglutaryl -coenzyme A (HMG-CoA) reductase,  which catalyzes 

the rate- l imit ing step in cholesterol  biosynthesis.  Such drug effect  is  known as 

(A)  addi t ion. 

(B)  synerg ism. 

(C)  noncompet i t ive antagonism. 

(D)  potent ia t ion. 

(E)  compet i t ive antagonism. 

View Answer2.  The answer is  E[see] .3. A 70-year-old man had prolonged 

bleeding during an elect ive knee surgery.  Subsequently,  the pat ient  admitted to 

the surgeon that  he had been self -administering 81 mg  aspir in dai ly.  The 

consultant pharmacist  explained to the patient  that ,  a l though aspir in has a 

short  plasma half -l i fe,  i t  can irreversibly inhibit  platelet function by acetylat ing 

the nonsubstrate-binding si te  of the platelet  cyc looxygenase,  result ing in 

prolonged effect  on platelet  aggregation. This drug effect is  known as 

(A)  potent iat ion. 



(B)  compet i t ive antagonism. 

(C)  synerg ism. 

(D)  addi t ion. 

(E)  noncompeti t ive antagonism. 

View Answer3.  The answer is  E[see] .4. A 65-year-old woman with 

intractable pain secondary to bony metastasis of  breast cancer had been 

receiving escalat ing doses of  morphine sulfate intravenously.  At  10 A.M.,  she 

was found to be unresponsive,  her respiratory rate was 4 breaths per minute,  

and her pupi ls  were pin-pointed.  Naloxone,  a competi t ive antagonist  of  the 

opiate receptor,  was given intravenously and repeated once.  She gradual ly 

became conscious and began to complain of pain unrel ieved by morphine given 

at  the previous dose.  This is  most l ikely because 

(A)  naloxone di rec t ly aggravates the pain caused by the bony metastasis.  

(B)  naloxone reduces the Emax for  morphine. 

(C)  naloxone reduces the ED50 for morphine. 

(D)  naloxone increases the Emax for  morphine. 

(E)  naloxone increases the ED50 for  morphine. 

View Answer4.  The answer is  E[see] .5. Which of  the fol lowing statements 

regarding signal  transduction is incorrect? 

(A)  Thyroxine-bound receptors  act on DNA and regula te spec i f ic  t ranscr ip t ion of  

genes. 

(B)  Cyc l ic  adenos ine monophosphate can act  as a second messenger. 

(C)  The level  of  drug receptors  at  the cel l  surface increases wi th  chronic  st imulat ion 

by receptor  agonists .  

(D)  Bind ing of  l igand to  ce l l -sur face receptors  can lead to  synthesis o f  prote ins. 

(E)  Antacids act  by in teract ing wi th  smal l  ions normal ly found in the gast ro in test ina l  

t ract .  

V iew Answer5.  The answer is  C[see] .6.  A pharmacist  is  consulted about 

select ing a drug that  is relat ively safe and effect ive for treat ing the pat ient.  He 

searches the l i terature and obtains the fol lowing data that  may help guide his 

decision.  The TD0 . 1  and ED9 9 . 9  for drug A are 20 mg  and 0.4 mg ,  respectively;  

whereas the TD0 . 1  and ED9 9 . 9  for drug B are 15 mg  and 0.2 mg ,  respectively.  

Which of  the fol lowing statements is  true? 

(A)  Drug A has a higher  TD0 . 1  and thus should be the drug of  choice. 

(B)  Both drugs have the same marg in of  safety,  so more in format ion is needed. 

(C)  Drug B has a higher  margin of  safety and thus is  preferred to drug A. 

(D)  Drug A is  preferred because i t  has a greater  margin of  safety than drug B. 

(E)  The in formation obtained is i r re levant .  

View Answer6.  The answer is  C[see] .P.273 

 

 

7.  Which of  the fol lowing statements concerning a drug receptor is  true? 

(A)  I t  mediates the nonspeci f ic  ac t ion of vo lat i le  anesthet ics. 

(B)  I ts  express ion is  induced only by exogenous ly added drugs. 

(C)  I t  can b ind endogenous l igand to produce phys iolog ica l  ac t iv i ty.  



(D)  I t  mediates the cathar t ic ac t iv i ty o f  magnes ium ci t ra te . 

(E)  Down-regulat ion of receptor level  can lead to sensi t izat ion of the target  ce l l  to  

the receptor  agonist .  

V iew Answer7.  The answer is  C[seeand] .8.  Which of  the fol lowing 

statements concerning morphine and hydromorphone is true? 

(A)  Hydromorphone is  a  more effect ive analgesic because i t  has a smal ler  ED5 0  than 

morphine. 

(B)  Morphine and hydromorphone are equal ly potent  because they have the same 

E ma x .  

(C)  Morphine has a greater  ED50 and is thus a less ef fec t ive analges ic  than 

hydromorphone. 

(D)  Hydromorphone is  a more potent  analges ic  because i t  has a greater  E ma x  than 

morphine. 

(E)  Hydromorphone has a smal ler ED5 0  and thus is  a  more potent  analgesic  than 

morphine. 

View Answer8.  The answer is  E[seeand].9.  A 72-year-old man with 

hypertension has been taking high-dose propranolol  for 20 years.  He left  home 

for a week and forgot to bring his medicat ion with him. One day,  he was found 

col lapsed on the f loor and was brought to the emergency room. His blood 

pressure was 300/180, heart  rate was 180 beats per minute, and ret inal  

hemorrhage was observed.  Which of  the following best explains this si tuat ion? 

(A)  The β-adrenergic  receptors  in  the card iac muscles underwent  spontaneous 

mutat ion and became hyperact ive. 

(B)  Reduct ion in  the chronic  antagonism of  the β-adrenerg ic  receptor led to  down-

regulat ion of  the β-adrenerg ic  receptor .  

(C)  The propranolo l  that  he had previously ingested remained in  h is  body and acted 

as a receptor agonis t.  

(D)  Long-term admin is t ra t ion of  propranolo l  resul ts  in desensi t izat ion of cardiac  

muscles to endogenous β-adrenergic st imulat ion. 

(E)  Reduct ion in  the chronic  leve l  o f  receptor  blockade resul ts  in  supersens i t iv i ty to  

s t imulat ion wi th  endogenous catecholamines. 

View Answer9.  The answer is  E[see] .10.  A 42-year-old man with chronic 

lymphocytic leukemia undergoing therapy mentioned to his pharmacist  that  his 

doctor had prescribed r i tuximab for treat ing his cancer.  The pat ient  asked what 

r i tuximab is  and how i t works.  His pharmacist  explained to him that  r ituximab 

is  a monoclonal antibody that  

(A)  inh ibi ts  DNA synthesis .  

(B)  b locks ce l l  cycle  progress ion. 

(C)  b inds to ce l l  sur face molecules. 

(D)  boosts  the immune response. 

View Answer10. The answer is  C[see] .11.  A 65-year-old woman 

experienced anginal pain with ST segment elevat ion on EKG. She was treated 

with IV heparin,  ni troglycerin,  and atenolol for acute myocardial  infarct ion. 

Then 2 hr later,  when her nurse replaced her Foley bag,  she noticed frank 

blood draining out of  the Foley catheter.  The physician checked the pat ient 's 



part ia l thrombin t ime which was > 150 s.  The pat ient was then administered 

protamine, which acts by 

(A)  promot ing thrombosis . 

(B)  react ing wi th  heparin and thus neutral iz ing the ef fect  of  heparin . 

(C)  d i rec t ly inh ib i t ing b leeding. 

(D)  enhanc ing secret ion of  procoagulants . 

View Answer11. The answer is  B[see] .12.  A 45-year-old man with acute 

promyelocytic  leukemia is  being treated with al l - trans -retinoic acid (ATRA).  He 

asks the pharmacist i f  ATRA works l ike vi tamin A as a health supplement. The 

pharmacist  explained that  ATRA is a form of vi tamin A that  acts by 

(A)  improving immune funct ions. 

(B)  inh ibi t ing leukemic  ce l l  secret ion. 

(C)  l imi t ing leukemic  ce l l  growth. 

(D)  inducing di f ferent iat ion of  leukemic  ce l ls .  

View Answer12. The answer is  D[see] .13.  A 55-year-old man with a 

history of  heavy smoking had been diagnosed with non-smallcell  lung cancer, 

which was treated with chemotherapy; his disease progressed.  He is now 

receiving erlot inib,  and he asks his pharmacist  how erlot inib works.  The 

pharmacist  explains that  erlot inib acts by 

(A)  inh ibi t ing prote in  tyros ine k inase act iv i ty of  tumor ce l ls .  

(B)  decreasing level  of  protein  tyros ine k inase of  tumor ce l ls.  

(C)  increasing l igand bind ing of prote in  tyros ine k inase of  tumor cel ls .  

(D)  inducing tumor ce l l  d i f ferent ia t ion. 

View Answer13. The answer is  A[see] .P.274 

 

 

14.  Which of the fol lowing drug-action pairs involves specif ic  receptors? 

(A)  Magnesium sul fa te for  t reatment  o f const ipat ion. 

(B)  Calc ium carbonate for  re l ie f  o f  hear tburn. 

(C)  Desf lurane for induc ing sedat ion. 

(D)  Tamoxi fen for  therapy of  breast  cancer.  

(E)  Sorbi tol  for  reduc ing in t racrania l  hyper tens ion.  

View Answer14. The answer is  D[see] .15.  Which of  the following salts 

wi l l  most l ikely yield an aqueous solut ion with a pH < 7? 

(A)  Sodium sal icyla te 

(B)  Potass ium chlor ide 

(C) Magnes ium sul fa te 

(D)  Potass ium penic i l l in 

(E)  Atrop ine su l fa te 

View Answer15. The answer is  E[see] .16.  Which of  the following 

chemical /pharmacological  c lasses of agents is  incorrectly  matched with i ts 

acid-base nature? 

(A)  Adrenerg ic  β2 -agonists :  bas ic 

(B)  Prostag landins:  ac id ic 

(C)  Organic n i t ra tes:  nonelect rolytes 



(D)  Megl i t in ides:  ac id ic 

(E)  4-Quinolones:  basic 

View Answer16. The answer is  E[seeand].17.  Al l  of  the fol lowing 

medicinal  agents are classified as natural  products except  

(A)  a t rop ine. 

(B)  d iazepam. 

(C) d ig i toxin .  

(D)  penic i l l in .  

(E)  morphine. 

View Answer17. The answer is  B[seeand] .18. Al l  of  the fol lowing 

statements about a structural ly specif ic  agonist  are true except  which one? 

(A)  Act iv i ty is  determined more by i ts  chemical  s truc ture than by i ts phys ica l  

proper t ies. 

(B)  The ent i re  molecule is  invo lved in b inding to  a  spec i f ic  endogenous receptor.  

(C)  The drug cannot ac t  un less i t  is  f i rst  bound to a receptor.  

(D)  A minor  st ruc tura l  change in  a  pharmacophore can produce a loss in  ac t iv i ty.  

(E)  The higher  the af f in i ty between the drug and i ts  receptor ,  the greater  the 

b iologica l  response. 

View Answer18. The answer is  B[see] .19.  The dextro (D) form of β-

methachol ine (structure shown) is approximately 500 t imes more active than 

the levo (L)  enantiomer.  The observed dif ference in pharmacological  act ivi ty 

between the two isomers is  most l ikely the result  of  di fferences in 

 
 

(A)  receptor  select iv i ty.  

(B)  d isso lut ion. 

(C)  d is t r ibut ion. 

(D)  in teratomic d is tance between pharmacophore groups. 

(E)  solub i l i ty .  

V iew Answer19. The answer is  A[see] .enantiomer20.  The compound 

shown below can be classified as a 



 
 

(A)  penic i l l in .  

(B)  thiazide. 

(C)  coumar in . 

(D)  phenoth iazine. 

(E)  hydantoin . 

View Answer20. The answer is  B[seeand] .21. Which of  the fol lowing acids 

has the highest degree of  ionizat ion in an aqueous solution? 

(A)  Aspi r in ;  pKa  =  3 .5 

(B)  Indomethacin; pKa  =  4 .5 

(C)  W arfar in ;  pKa  = 5 .1 

(D)  Ibuprofen; pKa  =  5.2 

(E)  Phenobarbi tal ;  pKa  = 7 .4 

View Answer21. The answer is  A[see] .P.275 

 

 

22.  Which of the fol lowing statements concerning the structure shown below is 

not  correct? 



 
 

(A)  The compound is an ac id . 

(B)  The compound can be used to  t reat  arthr i t is .  

(C)  The compound is a  fenamate. 

(D)  The compound increases prostag landin product ion. 

(E)  The compound is a  nonsteroida l  ant i - in f lammatory drug (NSAID). 

View Answer22. The answer is  D[see] .23.  Al l  of  the fol lowing classes of  

drugs are used to treat hypertension except  

(A)  aryloxypropanolamines. 

(B)  thiazides. 

(C)  f ibrates. 

(D)  d ihydropyr id ines. 

(E)  angiotens in-conver t ing enzyme (ACE) inh ib i tors .  

View Answer23. The answer is  C[see] .24.  Flurazepam has pKa  of  8 .2 . 

What percentage of  f lurazepam wil l  be ionized at  a  urine pH of 5 .2? 

(A)  0 .1% 

(B)  1% 

(C) 50% 

(D) 99% 

(E) 99.9% 

View Answer24. The answer is  E[seeand].Directions for questions 25-29:  

The quest ions and incomplete s ta tements  in  th is  sect ion can be correct ly answered 

or  completed by one or more  o f  the suggested answers.  Choose the answer,  A-E.  

25.  Drugs that  act  systemical ly must 

I .  undergo biotransformation into an act ive form after reaching their  act ive 

si te . 

I I .  be in a form capable of  passage through various membrane barriers. 

I I I .  be in or be converted to a form that is readi ly excreted from the body.  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 



D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer25. The answer is  D[seeand] .26. Examples of  strong 

electrolytes ( i .e. ,  completely dissociated in an aqueous solut ion) include 

I .  acet ic  acid. 

I I .  pentobarbital  sodium. 

I I I .  diphenhydramine hydrochloride. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer26. The answer is  D[see] .pentobarbital  

sodiumdiphenhydramine hydrochloride27.  Precipitat ion may occur when 

mixing aqueous solut ions of  meperidine hydrochloride with which of the 

fol lowing solut ions? 

I .  Sodium bicarbonate injection 

I I .  Atropine sulfate inject ion 

I I I .  Sodium chloride inject ion 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer27. The answer is  A[seeand] .28. Drugs classif ied as 

antimetabol i tes include which of  the fol lowing? 

I .  5- fluorouracil  

I I .  sulf isoxazole 

I I I .  digoxin 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer28. The answer is  C[see] .29.  The excret ion of a  weakly 

acidic drug is  general ly more rapid in alkaline urine than in acidic urine.  This 

process occurs because 

I .  a  weak acid in alkaline media wil l  exist  primari ly in i ts  ionized form, which 

cannot be reabsorbed easi ly.  

I I .  a weak acid in alkal ine media wi l l  exist  in i ts l ipophil ic form, which cannot 

be reabsorbed easi ly.  

I I I .  a l l  drugs are excreted more rapidly in an alkal ine urine. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 



D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer29. The answer is  A[see] .P.276 

 

 

Questions 30-33,  re fer to  the drug meperid ine (st ructure shown). 

30.  Functional  groups present in the molecule shown include 

I .  an ester. 

I I .  a tert iary amine. 

I I I .  a  carboxyl ic  acid. 

 
 

View Answer30. The answer is  C[seeand] .31. Meperidine is  classified as 

a 

I .  weak acid. 

I I .  sal t .  

I I I .  weak base. 



 
 

View Answer31. The answer is  B[seeand] .32. Assuming that  meperidine 

is  absorbed after oral  administrat ion and that a  large percentage of  the dose is  

excreted unchanged, the effect  of  alkalinization of  the urine wil l  increase i ts 

I .  durat ion of  act ion. 

I I .  rate of excret ion. 

I I I .  ionization in the glomerular f i l t rate. 

 
 

View Answer32. The answer is  A[seeand] .33. The appropriate chemical  

c lassif icat ion for meperidine is 

I .  phenylpropylamine. 

I I .  p iperazine. 

I I I .  4-phenylpiperidine. 



 
 

View Answer33. The answer is  B[seeand] .Directions for questions 34-38:  

The re la t ionship of  each pai r o f  s t ruc tures shown in  th is  sect ion is  most  c losely 

associated wi th one  o f  the fo l lowing terms. The terms may be used more than once 

or  not  at  al l .  Choose the best  answer,  A-E.  

34. 

 

A  Geometr ic  isomers 

B  Enant iomers 

C  Diastereomers 

D  B io isosteres 

E  Conformat ional  isomers 

View Answer34. The answer is  C[see] .35. 



 

A  Geometr ic  isomers 

B  Enant iomers 

C  Diastereomers 

D  B io isosteres 

E  Conformat ional  isomers 

View Answer35. The answer is  B[see] .P.277 

 

 

36. 

 

A  Geometr ic  isomers 

B  Enant iomers 

C  Diastereomers 

D  B io isosteres 

E  Conformat ional  isomers 

View Answer36. The answer is  A[see] .37. 



 

A  Geometr ic  isomers 

B  Enant iomers 

C  Diastereomers 

D  B io isosteres 

E  Conformat ional  isomers 

View Answer37. The answer is  D[see] .38. 

 

A  Geometr ic  isomers 

B  Enant iomers 

C  Diastereomers 

D  B io isosteres 

E  Conformat ional  isomers 

View Answer38. The answer is  E[see] .P.278 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  D  [see  V.C ] .  



Probenec id a lone is  inact ive against  gonococci .  However,  i t  can compete wi th  

penic i l l in  for  ur inary excret ion.  Thus probenec id can reduce the e l iminat ion ra te of  

penic i l l in ,  whose durat ion of  act ion becomes prolonged.  Therefore,  probenecid 

potent ia tes the act iv i ty of  penic i l l in  when the two are given together .  

2.  The answer is  E  [see  I I .B.4.a;  IV.D.3 ] .  

Lovastat in  reversib ly b inds to  the substrate-b inding s i te  o f the enzyme HMG-CoA 

reductase,  which catalyzes the ra te- l imit ing s tep in  the synthesis o f  cholestero l ,  

thus lower ing the cholestero l  level .  Therefore,  lovastat in  inh ib i ts  the enzyme by 

compet i t ive antagonism. 

3.  The answer is  E  [see  I I .B.4.b;  IV.D.4 ] .  

Aspir in can covalent ly modi fy the p la tele t  cyclooxygenase through acetylat ion of the 

enzyme other  than the substrate-binding si te,  caus ing i r revers ib le  inh ib i t ion of  

p la te le t  aggregat ion.  Therefore,  asp i r in  inhibi ts p la te le t  funct ion by noncompet i t ive 

antagonism of  cyc looxygenase. 

4.  The answer is  E  [see  IV.D.3 ] .  

Naloxone is  a  competi t ive antagonis t o f  opia te receptor .  I f  one compares the log 

dose-response curve of  both morphine and naloxone to  that o f morphine a lone,  the 

morphine-naloxone curve is  sh i f ted to the r ight.  As a resul t ,  the ED5 0  for  morphine is  

increased.  This  means that  a  larger  than previous dose of morphine is  requi red for  

achieving the same analgesic e f fect .  

5.  The answer is  C  [see  I I I .D.4 ] .  

The leve l  o f  drug receptors  at  the cel l  surface usual ly decreases when the target 

ce l ls are chronica l ly s t imulated by receptor  agonis ts.  Down-regulat ion of  receptors  

is  a  protect ive mechanism that  can prevent the target ce l ls  f rom being 

overs t imulated. 

6.  The answer is  C  [see  VI .C ] .  

The marg in of safety o f  the two drugs can be helpfu l  in guiding se lect ion of  a  drug.  

Marg in of  safety is  the ra t io o f TD0 . 1  to ED9 9 . 9 .  Thus the margin of  safety for  drug A 

is  20 mg ÷ 0.4 mg,  or  50,  whereas the margin of  safety for drug B is 15 mg ÷ 0.2 

mg,  or  75.  Because drug B has a greater  margin of  safety than drug A,  drug B is 

re lat ive ly safe at  the dosage g iven to produce the des i red ef fec t .  

7.  The answer is  C  [see  I I .B.2;  I I I .D.4;  I I I .E.1.a and  b ] .  

A drug receptor,  such as muscar in ic  chol inergic  receptor,  which can b ind at ropine,  

normal ly b inds endogenous acetylchol ine to  produce the phys iolog ica l  responses 

contro l led by the parasympathet ic  autonomic nervous system. Volat i le  anesthet ics  

act  col l igat ive ly as  solu tes in  the l ip id b i layer o f  the cel l  membrane.  Drug receptors 

are endogenous ly expressed,  but the i r  level  can be modulated by exogenously 

added drugs.  The cathart ic  act iv i ty o f  magnes ium c i tra te  is  a consequence of  

increase in  the osmolari ty o f  the gastro in test inal  f lu ids.  Down-regulat ion of  receptor  

leve l  can lead to desensi t izat ion, not sens i t izat ion,  o f the target  ce l l  to  the receptor  

agonist .  

8.  The answer is  E  [see  IV.D.1 and  2 ] .  

The ef f icacy of a  drug is  determined by i ts Ema x ,  whereas i ts  potency is  measured by 

the ED5 0 .  Hydromorphone has a smal ler  ED5 0  and thus is a  more potent  analgesic 

than morphine.  Hydromorphone and morphine are both agonis ts  for opia te 



receptors , and they have the same analgesic e ff icacy ( i .e . ,  they have the same 

E ma x)  i f  suff ic ient  amounts  of both drugs are used.  

9.  The answer is  E  [see  I I I .D.6 ] .  

A chronic  leve l  o f  b lock ing the β-adrenerg ic  receptors  by propranolol  resu l ts  in  up-

regulat ion of  the receptor  level .  When the pat ient ceased taking the drug, the 

cardiac  muscles became supersens i t ive to  s t imulat ion wi th  endogenous 

catecholamines.  This  resul ted in  the hypertens ive cr is is  that caused cerebra l  

hemorrhage and loss of  consciousness. 
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10.  The answer is  C  [see  I I I .A.1 ] .  

Ri tuximab is  a  monoc lonal  ant ibody that  spec i f ica l ly binds to  CD20 ant igen on 

mal ignant  and normal B lymphocytes,  leading to  the i r  dest ruct ion. 

11.  The answer is  B  [see  X.A.3.b.(1) ] .  

Protamine is  a  chemical  antagonist  of  heparin  that  ac ts  v ia  an acid-base in teract ion. 

12.  The answer is  D  [see  I I I .C ] .  

ATRA b inds to re t ino ic  ac id receptor  on the ce l l  membrane, leading to  express ion of  

target  genes and resul t ing in  di f ferent ia t ion of  leukemic  promyelocytes. 

13.  The answer is  A  [see  I I I .B.3 ] .  

Er lo t in ib  binds to  the ATP pocket  of  the tyros ine k inase of  the EGF receptor  and 

thus inh ib i ts  tyrosine kinase act iv i ty.  

14.  The answer is  D  [see  I I .B.4.a,  I I I .E. ] .  

Tamoxi fen and i ts metabol i tes b ind to  estrogen receptors ,  and prevent  them from 

b ind ing est rad io l .  Th is resul ts  in  suppress ion of  es t rogen-dependent  growth in 

breast  cancer  ce l ls.  The pharmacologica l  e f fec ts  o f  the other  drugs are not  

mediated by receptors . 

15.  The answer is  E  [see  VI I I .B.3.d ] .  

The solut ion must conta in  an ac idic substance to have a pH < 7.  At rop ine su l fa te  is  

a  sa l t  o f  a  weak base and a s t rong acid ; therefore,  i ts  aqueous solut ion is  ac id ic .  

Sodium sal icyla te and potassium penic i l l in  are both  sal ts o f s t rong bases and weak 

ac ids;  therefore,  the i r  aqueous solut ions are a lkal ine. Magnesium sul fa te  and 

potass ium chlor ide are sa l ts  o f st rong bases and s t rong acids;  therefore,  the i r  

aqueous so lut ions are neutral .  

16.  The answer is  E  [see  Table 12-1;  F igures 12-8,  12-9, and  12-11 ] .  

4-Quinolones are amphoter ic  compounds.  Al l  compounds in  th is  chemical  c lass 

conta in  a carboxyl ic  acid as wel l  as  a bas ic  n i t rogen.  Most  4-quino lones contain  a 

basic p iperazine r ing and bas ic  heterocyc l ic  r ings;  however,  some of the o lder  

compounds in  th is  c lass on ly have the basic heterocycl ic  r ings.  Al l  o ther  compounds 

are correct ly matched wi th  the i r  ac id-base nature.  

17.  The answer is  B  [see  VI I .A and  B ] .  

Diazepam is  a  benzodiazepine anxio lyt ic,  which—al though i t  is  a  heterocyc l ic  

n i t rogen-conta ining molecule—is not  an a lka lo id  and is prepared synthet ica l ly.  

Natural  products  re fer to substances biosynthesized in p lants  or  an imals . Natura l  

products  inc lude a lkalo ids ,  such as at rop ine and morphine;  pept ides,  such as 



glucagon; steroids ,  such as est radiol ;  hormones,  such as insu l in;  glycos ides,  such 

as d igi toxin ;  v i tamins,  such as r ibof lavin ; polysaccharides, such as hepar in ;  and 

ant ib io t ics,  such as penic i l l in .  

18.  The answer is  B  [see  IX.B ] .  

The b ind ing of  a drug to  i ts  receptor  usual ly involves on ly spec i f ic  funct ional  

groups. These groups make up what  is  known as the pharmacophore of  the drug 

molecule.  Al though the ent i re  drug molecule is  present  a t  the receptor  s i te ,  on ly a  

por t ion of  i t ,  the pharmacophore,  is  requi red for  a  b io log ical  response. 

19.  The answer is  A  [see  IX.B.3.a;  Figure 12-12 ] .  

The term enant iomer  and the D and L indicate that  the β-methachol ine has a chi ral  

center  and exhib i ts  opt ica l  isomerism. Because the opt ical  isomers have d i f ferent  

or ientat ions in  space,  one orientat ion wi l l  g ive a bet ter  f i t  than the other and wi l l  

most  l ike ly have greater  b iologica l  act iv i ty than the other.  Disso lut ion,  d is t r ibut ion,  

in teratomic  d is tances, and so lubi l i ty  are a l l  rela ted to  the phys ical  and chemical  

proper t ies of  the two compounds, which are ident ica l  because the compounds are 

enant iomers. 

20.  The answer is  B  [see  Table 12-1;  F igures 12-7,  12-8, 12-9 and  12-10 ] .  

Key s t ruc tural  features of  a  th iazide—a benzoth iad iazine r ing wi th  an elect ron-

wi thdrawing ch lor ide atom and a su l fonyl  group on the benzene r ing—ident i fy this 

compound as a th iazide. 
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21.  The answer is  A  [see  VI I I .B.2.b ] .  

The pKa  ( the negat ive log of  the ac id ion izat ion constant)  ind icates the re la t ive 

s t rength of  an ac idic drug.  The lower the pKa  o f  an ac idic drug,  the s t ronger i t  is  as  

an ac id .  A s t rong ac id  is  def ined as one that  is  completely ion ized or  d issoc iated in 

an aqueous so lut ion; therefore,  the s t ronger the ac id ,  the greater the ion izat ion. 

22.  The answer is  D  [see  Table 12-1;  F igure 12-8 ] .  

The carboxyl ic  ac id  ident i f ies  th is  compound as an ac id.  Other  st ruc tura l  features 

ident i fy i t  as  a fenamate. Fenamates are NSAIDs that  can be used for  in f lammatory 

d isorders (e .g. ,  ar thr i t is ,  burs i t is ).  The mechanism of ac t ion of  NSAIDs is inhibi t ion 

of  cyc looxygenase,  which resul ts in a  decrease in  the product ion of  prostag landins. 

23.  The answer is  C  [see  Table 12-1 ] .  

F ibrates decrease cholestero l  and t r ig lycer ide leve ls .  Al l  o f  the other  chemical  

c lasses can be used to  treat  hyper tens ion.  Aryloxypropanolamines are β-b lockers,  

th iazides are diuret ics ,  dihydropyr id ines are ca lc ium channel  b lockers ,  and ACE 

inhib i tors  decrease the synthes is  o f angiotens in I I ,  a  potent vasoconstr ic tor .  

24.  The answer is  E  [see  VI I I .B.2. f  and  g ;  Table 12-1 ] .  

F lurazepam ( take note of  the suf f ix,  which helps c lass i fy the compound) is  a  

benzodiazepine and thus a basic  compound.  Because the pH is  less than the pKa ,  

f lu razepam is  in  an acid ic  envi ronment  and,  therefore, exis ts pr imar i ly in  the ionized 

form.  The percent ion ized can be easi ly calcula ted by us ing the ru le  of nines.  The 

|pH -  pKa |  is  3 ,  so the rat io  is 99.9%:0.01% in favor  o f the ion ized form. 

25.  The answer is  D  ( I I ,  I I I )  [see  VI I I .A.1 and  2 ] .  



General ly,  drugs must  be l ipophi l ic  to  pass through l ipoprote in  membranes and 

hydrophi l ic  to  be excreted by the k idney.  Drugs do not  have to be conver ted in to an 

act ive form at  thei r  ac t ive s i te ,  al though most  drugs must  be in  thei r  ac t ive form 

when they reach thei r  act ive s i te.  Many drugs are act ive in  the form in  which they 

are adminis tered.  Some drugs,  usual ly re ferred to  as prodrugs,  are bio transformed 

in to the i r  act ive form after  admin is t ra t ion.  Theoret ica l ly,  drugs that  reach thei r  

ac t ive s i te and then are metabol ical ly ac t ivated should be more spec i f ic  in  the i r  

ac t ion and have fewer s ide ef fec ts .  Current ly,  research ef forts  are under way to  

develop s i te-spec i f ic  del ivery systems and processes. 

26.  The answer is  D  ( I I ,  I I I )  [see  VI I I .B.2.c;  VI I I .B.3.a; VI I I .B.4.a ] .  

A lmost a l l  sa l ts  (wi th  very few except ions)  are s t rong e lec t ro lytes ,  and the 

terminology pentobarbi tal  sodium  and diphenhydramine hydrochlor ide  ind icate that  

each compound is  sa l t .  Acet ic  acid  is a  weak ac id ;  therefore,  i t  is  a weak 

e lec t rolyte . 

27.  The answer is  A  ( I )  [see  VI I I .B.3 and  4 ] .  

When meperidine hydrochlor ide so lut ion is  mixed wi th  the a lkal ine solu t ion of  

sodium bicarbonate,  a  neutral izat ion react ion occurs  wi th  the possib le  prec ip i ta t ion 

of  the water- inso luble f ree base meper id ine.  A neut ral izat ion react ion occurs  when 

ac id ic  so lu t ions are mixed wi th  basic  solu t ions, or converse ly.  No react ion, in  terms 

of  ac id-base,  occurs when so lut ions are mixed wi th  other  acid ic  or  neutra l  so lu t ions 

or  when basic solut ions are mixed wi th  other basic  or  neutra l  solu t ions. There 

should be no react ion,  then,  when the meper idine hydrochlor ide solu t ion,  which is  

ac id ic ,  is  mixed wi th  the ac id ic  so lu t ion of  a t rop ine su l fa te  or  the neutral  so lu t ion of 

sodium chlor ide. 

28.  The answer is  C  ( I ,  I I )  [see  IX.B.3.d; X.C.1;  X.E.1 ] .  

Both sul f isoxazole and 5- f luorouraci l  compete wi th  and antagonize isoster ic  normal 

b iologica l  molecules and thus are ant imetabol i tes.  Digoxin is  a  drug that  is  thought  

to  inh ib i t  Na+ /K+ -ATPase or  to  a ffec t  in t racel lu lar  in f lux or  use of  ca lc ium ion (Ca+ + ) .  

Because digoxin is  s teroidal ,  i t  is  not  isoster ic  with  ei ther  an enzyme,  which is  a  

protein , or  an ion;  therefore,  i t  is  not c lassi f ied as an ant imetabol i te .  

29.  The answer is  A  ( I )  [see  VI I I .B.1;  VII I .B.2.e ] .  

A weak ly ac id ic  drug wi l l  be more ion ized in  an alka l ine ur ine;  therefore,  i t  wi l l  be 

more polar and thus more so lub le in  the aqueous ur ine.  I t  would also be less 

l iposolub le,  less l ike ly to undergo tubular  reabsorpt ion,  and thus be more l ikely to  

be excreted. 

30.  The answer is  C  ( I ,  I I )  [see  VI I I .B.2 and  3 ;  F igure 12-7 ] .  

31.  The answer is  B  ( I I I )  [see  VII I .B.2 and  3 ;  F igure 12-7 ] .  
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32.  The answer is  A  ( l )  [see  VI I I .B.2 and  3 ;  F igure 12-7 ] .  

33.  The answer is  B  ( I I I )  [see  VII I .B.2 and  3 ;  F igure 12-7 ] .  

The molecule conta ins a bas ic  ni t rogen,  which is  bonded to  three carbon atoms 

( i .e . ,  a  ter t iary amine),  and an ethyl  carboxylate,  which is  an ester  group.  An ester 

is  the product  of  the react ion of  an alcohol  wi th  a  carboxyl ic  acid  that forms an a lkyl  



carboxylate.  There is  no f ree carboxyl ic  ac id  present .  However,  i f  th is  molecule is 

subjected to  hydro lysis ,  i t  forms a carboxyl ic  ac id and ethyl  alcohol .  

Because meper id ine conta ins  a ter t iary amine,  i t  is  c lass i f ied as a base;  because i t  

is  an organic  base,  i t  is  cons idered weak.  The ni t rogen is  not protonated. I t  is  not  

ionic  and,  therefore,  is  not  a  sal t .  

A lkal in izat ion of  the ur ine decreases the ion izat ion of  meper idine,  making i t  more 

l iposolub le and thus more l ikely to  undergo reabsorpt ion in the k idney tubule. Th is 

resul ts  in  a decreased rate of excret ion and an increased durat ion of ac t ion.  The 

s ix-member, nonaromat ic  r ing is a  p iper id ine r ing that  is  subst i tuted at the 4-

posi t ion (n i t rogen is pos i t ion 1)  wi th a  phenyl  r ing.  The compound does not  contain  

a p iperazine r ing or  a  propyl  group. 

34.  The answer is  C  [see  IX.B.3.a.4; F igure 12-13 ] .  

These molecules are isomers that  have two asymmetr ic carbon atoms. They are not 

super imposable and are not  mi r ror  images;  therefore,  they are known as 

d ias tereomers. 

35.  The answer is  B  [see  IX.B.3.a.1; F igure 12-12 ] .  

These molecules are isomers that  have one asymmetr ic  carbon atom. They are 

nonsuper imposable mir ror  images;  therefore,  they are enant iomers. 

36.  The answer is  A  [see  IX.B.3.b;  Figure 12-14 ] .  

These molecules have d i f ferent  spat ia l  arrangements ;  however,  these molecules do 

not  have an asymmetr ic  center .  The presence of  the double bond, which rest r icts  

the ro tat ion of  the groups on each carbon atom invo lved in  the double bond,  

character izes th is  type of  isomer ism as geometr ic .  

37.  The answer is  D  [see  IX.B.3.d;  Figure 12-16 ] .  

These molecules are nei ther  isomers nor the same compound because one conta ins  

three oxygens,  whereas the other  conta ins  two oxygens and a su l fur .  Because 

oxygen and sul fur are in the same periodic fami ly,  they are isoster ic  and are known 

as b ioisosteres. 

38.  The answer is  E  [see  IX.B.3.c ;  Figure 12-15 ] .  

These s t ruc tures are actua l ly two views of  the same compound.  Rotat ion around the 

s ide chain s ing le  bonds connect ing the r ing ni t rogen to  the ter t iary ni t rogen 

produces these two d i f ferent  conformat ions.  Thus these are conformat ional  isomers. 
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Medicinal Chemistry and Pharmacology: Drugs 
Affecting the Nervous System 
Habiba O.  U.  Vongtau 

Ashiwel  S.  Undieh 

INTRODUCTION. 
Drugs af fect ing the nervous system modulate neurot ransmiss ion in  the central  

nervous system (CNS),  which cons is ts  o f the brain  and the sp ina l  cord,  or  in  the 

peripheral  nervous system (PNS),  which includes the autonomic nervous system 

(ANS)  and the somatic  system that  innervates the skeleta l  muscles.  The ANS, in 

turn, consists o f  sympathet ic  (or  adrenergic)  and parasympathet ic  (or  chol inerg ic)  

branches. Agents  act ing in  the ANS inc lude adrenerg ic  agonis ts and antagonis ts ,  

chol inergic agonis ts  and antagonists,  and indi rec t ly ac t ing agents  that  could af fec t  

one or  both ANS systems.  Drugs affect ing the PNS are useful  for  t reat ing a varie ty 

o f  ai lments  inc lud ing b lood pressure disturbances,  bronchia l  as thma, card iac  

dysfunct ions, anaphylact ic  react ions,  nasal  congest ion,  and skeleta l  musc le 

spast ic i ty.  Drugs af fect ing the CNS provide anesthesia and sedat ion,  re l ieve pain 

and anxiety,  suppress movement  d isorders and epi lept ic  seizures,  and t reat  

psychot ic  and affect ive disorders .  These drugs inc lude general  and loca l  

anesthet ics,  anxio lyt ics  and sedat ive-hypnot ics ,  op io id analgesics ,  ant ipark insonian 

agents,  ant iep i lept ics,  ant ipsychot ics ,  and ant idepressants . 

I. GENERAL MECHANISMS OF DRUG ACTION IN THE 

NERVOUS SYSTEM. 
Drugs act ing in  the nervous system achieve the ir pharmacolog ic  e ffec ts by 

modi fy ing the synapt ic  concentrat ions or receptor  act ions of  neurot ransmit ters .  

Other  drugs modulate the int racel lu lar  response pathways by which the receptor 

ac t ions of  the transmi t ters  are conveyed to y ie ld  the u l t imate physiological  

response. The major  neurot ransmi tters  in  the nervous system, the i r  pr imary receptor 

subtypes,  and the predominant e f fects  o f  receptor  s t imulat ion on neurot ransmission 

are shown in  Table 13-1. Some genera l  mechanisms by which d iverse drugs 

modulate the act iv i ty o f  the nervous system are summarized in  Table 13-2,  wi th  

examples drawn f rom the adrenerg ic  and chol inerg ic components  of  the PNS. In  

addi t ion,  there are various c lasses of  drugs that  modulate neura l  funct ion by 

in teract ing wi th  the pores of ion channels  or  by binding to  a l los ter ic s i tes  on the 

protein  subuni ts  that  const i tu te the channel .  

II. ADRENERGIC AGONISTS 
A. Chemistry  

1.  Direct-act ing adrenergic agonists  interact  d irec t ly wi th  adrenergic  receptors  to 

e l ic i t  a  response.  These agonists inc lude norepinephrine and epinephr ine, which are 

endogenous or  natura l ly occurr ing catecholamines.  The catecholamines are 

b iosynthesized from tyros ine,  an amino ac id (F igure 13-1).  Examples of  other  d i rec t-

ac t ing adrenerg ic  agonists  include naphazol ine,  terbuta l ine,  and dobutamine (Figure 



13-2).  The c lass i f icat ion of  adrenergic agonis ts  and antagonists shown in  Table 13-

3 should provide a broad perspect ive on the variety o f  agents  that  ac t  on th is 

system to produce the i r pharmacologic and therapeut ic e f fects .  

a.  The ethylamine chain common to  these agonis ts  is  essent ial  to  the i r  adrenerg ic  

ac t iv i ty.  

b.  N-subst i tu t ion a l ters  drug act iv i ty.  Smal l  subst i tuents  (e .g. ,  hydrogen, α-methyl  

group)  produce α-receptor  ac t iv i ty,  as  wi th  norepinephr ine; larger subst i tuents  (e .g. ,  

isopropyl  group)  produce β-receptor  ac t iv i ty,  as  wi th  isoproterenol .  

c .  Removal  of  the para  (4)  hydroxyl  group leaves only α-receptor  ac t iv i ty ,  as  wi th 

phenylephr ine. 
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Table 13-1. Major Neurotransmitters in the Nervous System, Their Major 
Postsynaptic Receptors, and Receptor Effects on Ionic Conductance and Second 

Messenger (Signaling) Pathways 

Neurotransmitter 
Primary Receptor 
Subtypes Effects of Receptor Stimulation 

Acetylcholine Muscarinic M1 (and 
M3, M5) 

Excitatory (↑IP3/DAG) 

 
Muscarinic M2 (and 
M4) 

Inhibitory (↓cAMP) 

 
Nicotinic (N1 and N2) Excitatory (↑cation 

conductance) 

Dopamine D1 (and D5) Excitatory (↑cAMP; 
↑IP3/DAG) 

 
D2 (and D3, D4) Inhibitory (↓cAMP; ↑K+ 

conductance) 

GABA GABAA Inhibitory (↑Cl- ion 
conductance) 

 
GABAB Mixed (cAMP modulation; 

↓Ca2+; ↑K+ fluxes) 



Glutamate Ionotropic-NMDA Excitatory (↑Ca2+ ion 
conductance) 

 
Ionotropic-
AMPA/Kainate 

Excitatory (↑cation 
conductance) 

 
Metabotropic Excitatory (↑IP3/DAG; 

modulate cAMP) 

Histamine H1 Excitatory (↑IP3/DAG) 

 H2 Excitatory (↑cAMP) 

Norepinephrine α1 Excitatory (↑IP3/DAG) 

 α2 Inhibitory (↓cAMP) 

 β1 Excitatory (↑cAMP) 

 β2 Inhibitory in ANS (↑cAMP) 

 β3 Excitatory (↑cAMP) 

Serotonin 
(5HT) 

5HT1 Inhibitory (↓cAMP) 

 5HT2 Excitatory (↑IP3/DAG) 

 5HT(3/4/5/6/7) Mixed (type 4,6,7 ↑cAMP) 

Opioid peptides Mu (µ) Mixed (↓cAMP; Ca2+ & K+ 
channel effects) 

 
Delta (δ) Mixed (↓cAMP; Ca2+ & K+ 

channel effects) 



 
Kappa (κ) Mixed (↓cAMP; Ca2+ & K+ 

channel effects) 
 

Table 13-2. Some General Mechanisms of Drug Action in the Nervous System 
Exemplified by the Adrenergic and Cholinergic Neurotransmitter Systems 

Mechanism Adrenergic System Cholinergic System 

1. Ganglionic 
stimulation 

Nicotine 
 

2. Ganglionic blockade Hexamethonium, 
trimethaphan 

 

3. Inhibition of 
neurotransmitter 
synthesis 

Metyrosine, 
carbidopa 

Hemicholinium 

4. Inhibition of 
neurotransmitter 
release 

Bretylium, 
guanethidine 

Botulinum toxin 

5. Facilitation of 
neurotransmitter 
release 

Amphetamine, 
tyramine 

α-Iatrotoxin 

6. Depletion of 
vesicular transmitter 
storage 

Reserpine Vesamicol 

7. Blockade of Cocaine, See notea 



neurotransmitter 
reuptake 

desipramine 

8. Inhibition of 
neurotransmitter 
metabolism 

Clorgyline (inhibits 
MAO-A)b 

Neostigmine and 
other AChE 
inhibitors 

  
Selegiline (inhibits 
MAO-B) 

 

  
Tolcapone (inhibits 
COMT) 

 

9. Direct interaction 
with postsynaptic 
receptors 

Adrenoceptor 
agonists 

Cholinergic 
agonists 

 
Adrenoceptor 
antagonists 

Cholinergic 
antagonists 

a Reuptake is not a major mechanism for termination of acetylcholine's 
action; most of the released transmitter is metabolized by 
acetylcholinesterase (AChE). 
 
b COMT (catechol-O-methyl transferase); MAO-A, MAO-B (monoamine 
oxidase-A, -B). 
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Figure 13-1. Synthesis of catecholamines from 
the amino acid tyrosine. In the presence of 
tyrosine hydroxylase, (A) tyrosine is converted to 
(B) dihydroxyphenylalanine (dopa). Further 
substitutions permit the synthesis of (C) 
dopamine, (D) norepinephrine, and (E) 
epinephrine. 

 

Figure 13-2. Structural formulas of representative 
direct-acting sympathomimetic amines. (A) 
Naphazoline, (B) terbutaline, (C) dobutamine. 
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Table 13-3. Classification of Adrenoceptor Agonists and Antagonists* 



 Class Adrenoceptor Agonist Adrenoceptor Antagonist 

A. Nonselective 

A.1 Indirect-acting Tyramine  

  Ephedrine  

  Amphetamine  

  Cocaine  

A.2 Direct-acting Norepinephrine Labetalol 

  Epinephrine Carvedilol 

B. α-Receptor-Selective 

B.1 Nonselective α Oxymetazoline Phenoxybenzamine 

  Xylometazoline  

  Tetrahydrozoline Phentolamine 

B.2 Selective α1 Phenylephrine Prazosin 

  Methoxamine Terazosin 

  Metaraminol Doxazosin 

   Indoramin 

B.3 Selective α2 Clonidine Rauwolscine 

  Guanabenz Yohimbine 



  Guanfacine Tolazoline 

  Rilmenidine  

  Moxonidine  

  α-Methyldopa  

C. β-Receptor-Selective 

C.1 Nonselective β Isoproterenol Propranolol 

   Nadolol 

   Pindolol 

   Carteolol 

   Timolol 

   Sotalol 

   Penbutolol 

C.2 Selective β1 Xamoterol Acebutolol 

   Atenolol 

   Betaxolol 

   Celiprolol 

   Esmolol 



   Metoprolol 

C.3 Selective β2 Metaproterenol Butoxamine 

  Fenoterol  

  Terbutaline  

  
Albuterol 
(Salbutamol) 

 

  Ritodrine  

  Salmeterol  

  Formoterol  

  Pirbuterol  

  Bitolterol  

C.4 Selective β3 BRL37344; 
CL316243  

* To describe the classification of a particular drug, the receptor selectivity 
class on the left is combined with the receptor activity descriptor on the top 
of the column; for example, tyramine is an indirect-acting adrenoceptor 
agonist, and tolazoline is a selective α2-adrenoceptor antagonist. 
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d.  The meta  (3) hydroxyl  group is  essent ia l  for  d irec t α-  and β-act iv i ty.  However,  

drugs in  which the meta  hydroxyl  is  rep laced by a methoxy group (e.g. ,  

methoxamine)  retain  α-act iv i ty.  

e.  Catecholamines are inact ivated by methyla t ion of  the meta  hydroxyl  group 

(cata lyzed by catechol  O-methyl t ransferase [COMT])  and by oxidat ive deaminat ion 

(cata lyzed by monoamine oxidase [MAO]) .  



2.  Indirect-act ing adrenergic agonists  are chemical ly rela ted to  the 

catecholamines,  but they do not  s igni f icant ly in teract  d i rect ly wi th  adrenerg ic 

receptors . These most ly synthet ic  compounds induce the i r  pharmacolog ica l  ef fec ts  

by enhanc ing the re lease of  the endogenous neurot ransmi tters .  Phys io logical ly,  

therefore,  they have effec ts s imi lar  to the catecholamine neurot ransmit ters ,  hence 

the ir  nickname of sympathomimetic  amines. Examples inc lude amphetamine, 

ephedr ine, phenylephrine,  and tyramine (F igure 13-3).  

a.  Ind i rect -act ing sympathomimet ic  amines may have two,  one,  or  no hydroxyl  

groups. The fewer the hydroxyl  groups,  the h igher the l ipophi l ic i ty,  and the greater  

the absorpt ion and the durat ion of  act iv i ty af ter ora l  administ ra t ion.  Faster  and 

greater  absorpt ion also impl ies  less in tes t ina l  des t ruct ion of  the drug. 

b.  A lkyl  subst i tu t ion at the α-carbon (ad jacent to the amino group)  re tards 

dest ruct ion of  phenol and phenyl  compounds and increases l ipophi l ic  character ,  

contr ibut ing to  prolonged act iv i ty.  

c .  N-subst i tut ion wi th  bu lky groups increases di rec t  β-receptor  ac t iv i ty,  as wi th  the 

d i rec tact ing agents . 

B. Pharmacology 

1.  Adrenergic peripheral  responses  are mediated by both α-  and β-adrenoceptors 

(Table 13-4).  Adrenerg ic (and other  ANS) receptors  may be located at  the ce l l  

membranes of  nerve terminals  (pre junct ional  receptors)  or  at  the membranes of  

post junct ional  ce l ls  which receive the neural  input  f rom the nerve terminals .  

Pre junct ional  and post junct ional  receptors are also cal led presynapt ic and 

postsynapt ic  receptors,  respect ive ly,  where both the pre junct ional  ce l l  and the 

post junct ional  ce l l  are nerve ce l ls  separated by a synapt ic  space. 

a.  α-Receptors  fa l l  in to  two main groups. 

(1)  Postjunctional α1 -adrenergic receptors  are found in  the radial  smooth musc le 

of  the i r is ;  in  the ar ter ies,  ar ter ioles ,  and ve ins ;  in  the pi lomotor  smooth muscle of  

ha i r fo l l ic les;  in  the heart ;  and in  the sphincters of  the gast ro in test inal  (GI)  t rac t .  

Drugs that  are α1 -selective agonists  cause exc i ta tory responses such as 

vasoconstr ic t ion and smooth musc le contract ion, and inc lude phenylephrine and 

methoxamine. 

(2)  Prejunctional  α2 -adrenergic receptors  mediate the inh ibi t ion of  adrenergic  

neurot ransmit ter  re lease.  Drugs that are α2 -select ive agonists  a lso inh ib i t  l ipo lys is  

in  fa t  cel ls and promote p la te le t  aggregat ion.  Examples of  such drugs include 

c lon id ine and guanabenz.  



 

Figure 13-3. Chemical structures of some 
indirect-acting sympathomimetic amines. (A) 
Hydroxyamphetamine (Paredrine), (B) ephedrine 
or pseudoephedrine (Sudafed), (C) 
methamphetamine (Methedrine), (D) tyramine. 
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Table 13-4. Adrenoceptor-Mediated Responses to Adrenergic Agonists 

Organ/Tissue 
Receptor 
Type Response 

Heart β1 Increases conduction velocity (dromotropic) 

 β1 Increases contraction force (inotropic) 

 β1 Increases contraction rate (chronotropic) 

Arterioles α1 Constricts cerebral arterioles 

 α1 Constricts cutaneous arterioles 

 α1 Constricts visceral arterioles 

 β2 Dilates skeletal muscle arterioles 

Eye α1 Contracts iris sphincter muscle, producing 
mydriasis 

Lung β2 Relaxes tracheal and bronchial muscles 



Intestine α, β Decreases peristalsis 

 α1 Contracts sphincters 

Urinary 
bladder 

α1 Contracts trigone and sphincter muscles, 
inhibiting micturition 

Uterus β1 Relaxes detrusor muscle 

 α1 Excites uterine contractions 

 β2 Inhibits uterine contractions 

Adipose 
tissue 

β3 Causes adipolysis; mobilizes fatty acids 

 

b.  β-Receptors  fa l l  in to three main groups. 

(1)  Postjunctional β1 -adrenergic receptors  are found main ly in  the myocardium, 

where thei r  s t imulat ion increases myocaridal  conduct ion speed (dromotrop ic e f fect )  

and the force ( inot rop ic  e f fec t )  and rate (chronotrop ic  ef fec t )  o f  myocardia l  

contract ion. Drugs that are β1 -select ive agonists  inc lude xamoterol  and to  some 

extent  dobutamine. 

(2)  Postjunctional β2 -adrenergic receptors  are found in  the smooth muscle of  the 

vasculature,  bronchio les,  and uterus;  s t imulat ion o f  these receptors  causes smooth-

muscle re laxat ion.  Drugs that are β2 -selective agonists  include albutero l  and 

terbuta l ine. 

(3)  Postjunctional β3 -adrenergic receptors  are expressed on fa t  cel ls ,  and thei r  

s t imulat ion causes l ipolys is .  A number of β3 -agonis ts  are under development  as 

potent ia l  t reatments  for  obes i ty,  non- insul in-dependent  d iabetes mel l i tus,  and 

f requent ur inat ion. 

2.  Direct-act ing adrenergic agonists  (e .g . ,  norepinephr ine,  phenylephr ine,  

c lon id ine,  terbutal ine)  produce thei r  ef fec ts  pr imar i ly by di rec t  s t imulat ion of  

adrenergic receptors .  They may be receptor-se lect ive, as  wi th  the drugs l is ted 

previously,  or  they may be nonselect ive. For  example,  the adrenerg ic  

neurot ransmit ter  norepinephrine af fects  a l l  adrenerg ic  receptors , espec ia l ly α1 - ,  α2 - ,  

and β1 - receptors ,  whereas the adrenal  medul lary hormone epinephr ine affec ts  α1 - ,  

α2 - ,  β1 - ,  and β2 - receptors .  Isoproterenol a f fects  both β1 -  and β2 - receptors  but  not  α-

receptors . 

3.  Indirect-act ing adrenergic agonists  work  through other  pr imary mechanisms,  

which ul t imate ly lead to  receptor  e ffec ts.  For  example,  tyramine acts by re leasing 



norepinephr ine f rom storage s i tes  in  adrenergic  neurons, whi le  cocaine b locks the 

reuptake of  norepinephrine,  thereby increas ing the durat ion and act iv i ty o f the 

t ransmi t ter  at  the synapse. 

4.  Cer ta in  agonists  (e .g. ,  ephedrine,  metaraminol ,  mephentermine) produce the i r  

e f fec ts  through both di rec t  and ind i rec t mechanisms. 

C. Therapeutic indications  

1.  Epinephrine,  an α-  and β-adrenergic agonis t,  is  ind icated to  t reat bronchospasm 

and hypersens i t iv i ty react ions and is  the agent  of  choice for  anaphylact ic  react ions.  

I t  is  used to   
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pro long the act iv i ty o f  loca l  anesthet ic  so lu t ions and to  restore card iac act iv i ty in  

cardiac  arrest .  Epinephr ine is  a lso used topical ly in  the t reatment  o f  g laucoma, 

presumably decreasing in t raocular pressure by enhanc ing the out f low of  aqueous 

humor and through vasoconstr ic t ion- induced decrease in  product ion of aqueous 

humor.  Local appl icat ion of  ep inephr ine is  used to  arrest b lood f low in  ep is taxis  and 

g ing iva l  surgery. 

2.  Phenylephrine,  an α1-se lect ive agonis t ,  is  used to  provide pressor  ac t iv i ty in  

hypotensive emergenc ies,  to  pro long the act iv i ty o f  loca l  anesthet ic  solu t ions,  and 

to  rel ieve paroxysmal  a t r ia l  tachycard ia .  Phenylephr ine or  phenylpropanolamine is 

g iven systemica l ly for  nasal decongest ion.  Oxymetazol ine and xylometazol ine,  a lso 

α-receptor agonis ts ,  are appl ied loca l ly to  re l ieve nasal congest ion. 

3.  Clonidine and related α2 -select ive agonis ts (e .g. ,  methyldopa,  guanfac ine,  

guanabenz)  are used as ant ihyper tens ives based on the i r inh ib i t ion of centra l  

sympathet ic  out f low.  Aprac lonid ine is used topical ly in the eye to  decrease 

in t raocular  pressure dur ing surgery. 

4.  Isoproterenol ,  a  β-adrenerg ic  agonist ,  is  used as a bronchodi la tor  and as a 

cardiac  s t imulant  in  shock and card iac arrest .  

5.  Dobutamine,  a  re la t ive ly β1 -selec t ive agonis t ,  is  used to  improve myocard ia l  

funct ion in  congest ive hear t  fa i lure,  especial ly in emergency s i tuat ions. 

6.  Terbuta l ine and other  β2 -se lec t ive agonists  (e .g. ,  metaproterenol ,  a lbutero l ,  

b i tol tero l ,  sa lmeterol )  are used as systemic  or loca l  bronchodi la tors  in  the t reatment  

o f  bronchospast ic  condi t ions such as asthma. 

7.  The β2 -se lec t ive agonis ts ,  espec ial ly r i todr ine, may be used to  relax uter ine 

smooth musc le in  the treatment  o f  premature labor .  

D. Adverse effects.  Adrenerg ic  agonists  may cause card iac dysrhythmias,  cerebral  

hemorrhage,  pu lmonary hypertension and edema, anxie ty,  headache, and rebound 

nasal  congest ion. 

III. ADRENERGIC ANTAGONISTS 
A. Chemistry  

1.  α-Adrenergic antagonists  (α-b lockers)  have var ied s t ructures and bear  l i t t le  

resemblance to the adrenergic  agonis ts .  Antagonis ts  include the ergot  alka loids  

(e .g.,  ergotamine) ,  the d ibenzamines (e.g. ,  phenoxybenzamine) ,  the benzol ines 

(e .g.,  to lazol ine) ,  and the quinazol ines (e.g. ,  prazos in) (F igure 13-4) .  



2.  β-Adrenergic antagonists  (β-blockers)  are s truc tural ly s imi lar  to  β-agonis ts  

(F igure 13-5) .  The catechol  r ing  can be replaced by a varie ty of  o ther r ing systems 

wi thout  loss of  antagonist ic  act iv i ty.  The length of the s ide chain is  important  and 

the s ide chain hydroxyl ,  as  wel l  as  a propyl  or o ther  bu lky subst i tu t ion on the chain 

n i t rogen,  are essent ial  for  in teract ion wi th  β-receptors . 

B. Pharmacology 

1.  Adrenerg ic  antagonis ts  inh ib i t  or  b lock adrenerg ic receptor-mediated responses. 

 

Figure 13-4. The structural formulas of (A) 
phenoxybenzamine (Dibenzyline) and (B) 
prazosin (Minipress), representative α-blockers. 
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Figure 13-5. The structural formulas of (A) 
propranolol (Inderal); (B) pindolol (Visken); (C) 
atenolol (Tenormin), and (D) timolol (Blocadren), 
representative β-blockers. 

2.  α-Adrenergic antagonists  may be α1 -selec t ive (e .g. ,  prazos in)  or nonselect ive 

(e .g.,  phenoxybenzamine) .  Phenoxybenzamine is  an i r reversible  antagonis t  because 

i t  forms covalent bonds wi th  α-receptors , thereby inact ivat ing the receptors . 

3.  β-Adrenergic antagonists  may be β1 -se lec t ive (e .g. ,  metopro lo l )  or  nonselect ive 

(e .g.,  propranolo l) .  Genera l ly,  however,  β1 -selec t ive agents may lose thei r 

se lect iv i ty at  higher  doses and thus b lock β2 - receptors  as wel l  (a potent ia l  problem 

in  asthmat ics).  

C. Therapeutic indications  

1.  Prazosin  and re la ted α1 -se lect ive antagonis ts  (e .g.,  doxazos in,  terazosin,  

t r imazosin, a l fuzosin) produce vasodi la t ion (by block ing basal  vascular  tone 

maintained by c i rcula t ing catecholamine act ivat ion of  vascular  α1 - receptors) .  They 

are thus important  ant ihyper tensive agents.  They are also usefu l  in the symptomat ic  

t reatment  o f  benign prostat ic  hyperplas ia. 
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Figure 13-6. The structural formula of 
acetylcholine. 

2.  Phenoxybenzamine  and phentolamine  (nonselect ive α-blockers)  can be used to  

re l ieve vasospasm in Raynaud's syndrome and for  acute hypertens ive emergencies 

resul t ing f rom pheochromocytoma or f rom in take of  MAO inh ib i tors or  

sympathomimet ics.  To lazol ine,  a s imi lar  agent ,  is  used to t reat  pers is tent  neonata l  

pu lmonary hypertension. 

3.  Labetalol,  an agent  that  possesses both select ive α1-b lock ing act iv i ty and 

nonselect ive β-b lock ing act iv i ty,  is  used in  the t reatment  o f hypertens ion. 

4.  Propranolol ,  a  nonselect ive β-antagonist ,  is  used for the prophylaxis  of  angina 

pector is ,  supraventr icular  and ventr icu lar  dysrhythmias,  and migra ine headache. I t  

is  a lso used as an ant ihyper tensive,  a  negat ive inot ropic agent in hypert rophic  

obst ruct ive card iomyopathy,  and a negat ive chronotrop ic  agent  in  anxiety and 

hyperthyroidism. 

5.  β1 -Select ive antagonis ts (e .g. ,  metopro lo l ,  betaxolo l ,  atenolo l ,  acebutolo l )  are 

used in  the treatment  o f  hyper tension,  tachyarrhythmias,  and angina. 

6.  Both β1 -selec t ive (betaxolo l )  and nonselect ive ( t imolo l )  b lockers  decrease c i l iary 

body product ion of aqueous humor and may be used in the top ical  t reatment  o f  

g laucoma. 

D. Adverse effects  

1.  Prazosin  can cause sudden syncope wi th  the f i rs t  dose,  or thostat ic  hypotens ion, 

d izziness,  headache,  drowsiness,  pa lp i ta t ions,  f lu id  re tent ion,  and priapism. 

2.  Phenoxybenzamine  can cause or thostat ic hypotens ion, tachycardia ,  inh ibi t ion of  

e jaculat ion,  mios is ,  and nasal  congest ion. 

3.  Propranolol  can cause bradycard ia  and congest ive hear t  fa i lure,  increased 

a i rway res is tance,  increased serum t r ig lycer ides,  decreased high-dens i ty l ipoprote in 

cholestero l ,  b lood dyscras ias,  psorias is ,  depression, hal lucinat ions,  and transient  

hearing loss.  Sudden wi thdrawal  can be cardio toxic  due to  rebound 

sympathomimet ic  ac t iv i ty.  

4.  Metoprolol  has adverse ef fec ts  s imi lar  to  those of  propranolo l ,  except  that  i t  is  

less l ike ly to  increase a irway res istance g iven i ts  β1 -se lec t iv i ty.  

IV. CHOLINERGIC AGONISTS 



A. Chemistry  

1.  Acetylchol ine,  the natural  endogenous mediator  and the most  potent chol inerg ic  

agonist ,  is  an ester  o f  acet ic  ac id  and chol ine—a quaternary amino alcohol  (F igure 

13-6).  Acetylchol ine in  the blood is  unstab le as i t  is  quick ly inact ivated through 

hydro lysis by acetylchol inesterase.  Thus,  i t  is  ext remely shor t  ac t ing and usual ly is 

not  a  sat is fac tory therapeut ic  agent .  

2.  Therapeutical ly useful  chol inergic agonists  may be di rec t  act ing or ind i rec t 

ac t ing. 

a.  Direct-act ing agonists  may be produced by rep lac ing the acetyl  group of  

acetylchol ine wi th  a carbamoyl group or  by subst i tu t ing a methyl  group of  the β-

carbon. These subst i tu t ions produce compounds that  are more resistant to 

acetylchol inesterase  and thus have longer durat ions of  ac t ion.  Such s tab le 

agonists inc lude methachol ine (Provochol ine)  and bethanechol  (Urechol ine)  (Figure 

13-7).  

 

Figure 13-7. Clinically useful direct-acting 
cholinergic agonists include (A) methacholine 
chloride (Provocholine) and (B) bethanechol 
chloride (Urecholine). 
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Figure 13-8. The structural formula of 
neostigmine bromide (Prostigmin), a reversible 
acetylcholinesterase inhibitor. 



b.  Indirect-acting agonists  are general ly acetylchol inesterase inhibi tors  and are 

d iv ided in to  two major c lasses. 

(1)  Reversible (short-act ing) agents  are pr inc ipa l ly carbamates (carbamic  ac id  

esters),  such as physost igmine (Eser ine) ,  neost igmine,  and ambenonium (Metylase)  

(F igure 13-8) .  

(2)  I rreversible ( long-act ing) agents  are pr inc ipa l ly organophosphate esters ,  such 

as echothiophate (Phosphol ine) (F igure 13-9) .  

B. Pharmacology 

1.  Chol inergic responses  are mediated by both muscar inic and nicot in ic  receptors  

(Table 13-5).  

a.  PNS muscarinic receptors  are present  a t parasympathet ic  post junct ional  

neuroef fector  s i tes . 

b.  PNS nicotinic receptors  are present a t  the gangl ia o f  both the parasympathet ic  

and sympathet ic  branches of the ANS and a lso at the neuromuscular junct ions of  

the somatic nervous system. 

2.  Chol inergic agonists act  by mimicking the act ivi ty of  endogenous 

acetylchol ine  at  muscarin ic  and n icot inic  receptor  s i tes . 

a.  Direct-act ing agonists  interact d i rect ly wi th  these receptors . 

b.  Indirect-acting agonists  inhib i t  or b lock the act iv i ty o f  chol inesterase enzymes 

(e.g.,  acetylchol inesterase,  butyry lchol inesterase) ,  which break down endogenous 

acetylchol ine to inact ive metabol i tes.  Thus,  fo l lowing physiologica l  re lease of  

acetylchol ine f rom nerve terminals ,  these agents  a l low the neurot ransmi tter  to 

accumulate at  chol inerg ic  synapses,  thereby enhancing chol inergic  receptor  

s t imulat ion.  Organophosphate chol inesterase inhib i tors ,  such as certa in  agr icu l tural  

insect ic ides and the so-ca l led nerve gases,  can be ext remely toxic  as  they b ind to  

the enzyme to form an i rreversib le  or long-las t ing enzyme inh ibi tor complex.  

C. Therapeutic indications  

1.  Direct-act ing agonists  are ind icated to : 

a.  In i t ia te  mictur i t ion in  acute nonobstruct ive ur inary re tent ion (e .g. ,  bethanechol ) 

b.  Produce miosis  in  the t reatment  o f  glaucoma (e.g. ,  pi locarp ine) 

2.  Ind i rect -act ing agonis ts  are ind icated to: 

a.  Produce miosis in the t reatment  o f  glaucoma (e.g. ,  physost igmine,  echoth iophate) 

b.  A id  in  the di f ferent ia l  d iagnos is  of  myasthenia gravis (a  d isease caused by 

n icot in ic  receptor  hypofunct ion at  the neuromuscular junct ion)  and hyperchol inerg ic  

cr is is  (which produces depolar izat ion blockade of  the neuromuscular  junct ion) .  

Edrophonium is  used for th is  purpose. 

c .  Treat myasthenia gravis  (e .g. ,  ambenonium, neost igmine,  pyr idost igmine)  

d.  Counteract  in toxicat ion or  adverse ef fec ts  from compounds wi th  ant ichol inerg ic  

ac t iv i ty (e .g. ,  physost igmine) 

e.  Improve cogni t ive funct ion in  Alzheimer 's  disease pat ients  (e .g. ,  tacr ine,  

donepezi l ,  ga lantamine,  and r ivast igmine) 

f .  Treat  paralyt ic  i leus or card iac  tarchyarrythmias (e.g. ,  edrophonium). 



 

Figure 13-9. The structural formula of 
isoflurophate (Floropryl), an irreversible 
acetylcholinesterase inhibitor. 
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Table 13-5. Cholinoceptor-Mediated Responses to Cholinergic Agonists 

Organ Response 

Heart  

 
Atrioventricular node Decreased conduction velocity 

(negative dromotropy) 

 
Atria, ventricles Decreased contraction force 

(negative inotropy) 

 
Sinoatrial node Decreased contraction rate (negative 

chronotropy) 

Eye  

 Sphincter muscle Contraction, producing miosis 

 
Ciliary muscle Contraction, accommodates for near 

vision 

Lung  



 Bronchial muscle Contraction (bronchoconstriction) 

 Bronchial glands Increased secretion 

Gastrointestinal tract  

 Intestine Increased motility (peristalsis) 

 Sphincters Relaxation of sphincters 

 Glands Increased secretions 

Urinary bladder  

 Detrusor muscle Contraction 

 Trigone and sphincter Relaxation 

Glands (sweat, salivary, 
nasopharyngeal, lacrimal) 

Increased glandular secretion 

 

D. Adverse effects  

1.  Topical  adverse effects  include congested conjunct ivae,  myopic  accommodat ion, 

and t rans ient lent icular opaci ty.  

2.  Systemic adverse effects  inc lude headache,  syncope, nausea, vomi t ing,  

bradycardia ,  hypotens ion,  bronchospasm, abdominal  cramps,  diarrhea,  epigast r ic  

d ist ress, sa l ivat ion,  sweat ing,  lacr imation,  f lush ing,  and t remors. 

V. CHOLINERGIC ANTAGONISTS 
block the act ions of  acetylchol ine at  muscar inic or  n icot inic  chol inoceptors . 

A. Chemistry  

1.  Atropine,  an a lkaloid  ext racted f rom the bel ladonna plant,  is  the prototyp ical  

chol inergic antagonis t (ant ichol inergic agent).  A por t ion of  the at rop ine molecule is  

s t ruc tura l ly s imi lar  to acetylchol ine (Figure 13-10) ,  permit t ing the molecule to  b ind 

to  post junct ional  receptors .   
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However,  the molecule has no in t r ins ic  ac t iv i ty,and i ts  bulky shape prevents  

acetylchol ine f rom b ind ing to  the receptor .  



 

Figure 13-10. Structural formula of atropine, a 
cholinergic antagonist. 

 

Figure 13-11. Structural formula of propantheline 
bromide (Pro-Banthine), a synthetic cholinergic 
antagonist. 

2.  Synthetic  ant icholinergic agents  (e .g. ,  d icyclomine [Bentyl ] ,  g lycopyrro late 

[Robinu l ] ,  propanthel ine [Pro-Banthine] ,  p i renzepine and t ropicamide)  are a lso 

avai lab le .  These agents , l ike at rop ine,  are bulky analogues of acetylchol ine (Figure 

13-11) .  

3.  An important  fac tor  that  determines the pharmacologic spectrum of  

ant ichol inerg ic  agents is the presence of a  quaternary ni trogen  (as  in  

propanthel ine,  glycopyrro la te,  and iprat rop ium),  which reduces passage across the 

b lood-bra in  barr ier ,  or  a tert iary ni trogen  (as  in  d icyc lomine, p i renzepine,  

t ropicamide, and benztrop ine) ,  which permi ts  a broader vo lume of d is t r ibut ion (or  

access ib i l i ty  to  a wider  range of t issues) .  

B. Pharmacology 

1.  Chol inerg ic  antagonists  competi t ively inhibit  the act iv i ty o f endogenous 

acetylchol ine. 

2.  Antagonis ts  that inh ibi t  muscarin ic  receptor-media ted responses are cal led 

antimuscarinic agents;  those that inh ib i t  n icot inic  receptor-mediated responses at 

the gangl ia  are cal led gangl ionic-blocking agents,  whereas those that  inh ibi t  



nicot in ic  receptor-mediated responses at  the neuromuscular  junct ion are ca l led 

neuromuscular-blocking agents.  

C. Therapeutic indications  

1.  Antimuscarinic agents  are ind icated to : 

a.  Reduce glandular  and bronchiolar  secret ions before anesthes ia (e.g.,  at ropine, 

g lycopyrro la te) 

b.  Induce sedat ion (e .g. ,  scopolamine) 

c .  Al levia te mot ion s ickness (e.g. ,  scopolamine) 

d.  Reduce vagal  s t imulat ion of  the myocardium (e.g. ,  a t rop ine) 

e.  Produce ophthalmic mydr iasis and cyc lop leg ia (e .g. ,  homatrop ine) 

f .  Reduce GI  smooth-muscle spasms (e.g. ,  propanthel ine) 

g.  Treat  bronchospasm associated wi th  chronic  obst ruc t ive pu lmonary disease (e.g.,  

iprat ropium) 

h.  Control  Park inson 's d isease symptoms and some neuro lept ic - induced 

ext rapyramidal react ions (e .g. ,  benztrop ine,  t r ihexyphenidyl)  

i .  Treat  in toxicat ion by chol inerg ic  agonis ts or  by acute mushroom poisoning (e.g.,  

a t ropine) 

2.  Gangl ionic-blocking agents  are indicated to treat  hyper tens ive cr is is  (e .g. ,  

t r imethaphan, mecamylamine,  hexamethonium).  By b locking gangl ion ic  

t ransmiss ion,  these agents  reduce sympathet ic  ac t iv i ty,  resul t ing in  a  hypotensive 

ef fec t .  

D. Adverse effects  

1.  Topical  adverse effects  include hyperopic  accommodat ion and increased 

in t raocular  pressure. 

2.  Systemic adverse effects  inc lude headache,  nervousness,  drowsiness,  

d izziness,  palpi tat ions,  tachycardia , dry mouth,  mydr ias is ,  b lurred vis ion,  nausea,  

vomi t ing,  const ipat ion,  ur inary re tent ion, and fever .  
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Figure 13-12. Structural formula of tubocurarine 
chloride (Tubarine), a competitive 
nondepolarizing agent. 

VI. NEUROMUSCULAR BLOCKING AGENTS 



act  by b lock ing the ef fects  of  acetylchol ine at  the nerve-muscle junct ion of  ske letal  

muscles. 

A. Chemistry  

1.  Neuromuscular blocking agents  can be compet i t ive (as wi th  the prototyp ica l  

curare a lka lo ids)  or  depolar iz ing (as wi th  succ inylchol ine) .  Members of e i ther  

category u l t imately prevent  the act ion of  acetylcho l ine at  n icot inic  receptors  located 

in  the nerve-muscle junct ion. 

2.  The competi t ive nondepolarizing agents  include the natura l ly occurr ing 

a lka lo ids  of  curare,  which are bulky and r ig id molecules,  as  wel l  as  severa l  

synthet ic  analogues. 

a.  The principal active alkaloid  in curare is  tubocurar ine (F igure 13-12).  A c losely 

re lated t r imethyla te der ivat ive is  metocur ine (Metubine) .  Thei r most important 

s t ruc tura l  feature is  the presence of  a  ter t iary-quaternary amine in  which the 

d istance between the two cat ions is  r ig id ly f ixed at  about  twice the length of  the 

cr i t ica l  receptor-bind ing moiety o f acetylchol ine. 

b.  A number of  potent synthetic  analogues  have been developed.  These inc lude 

the s t ruc tural ly s imi lar  isoquinol ines  a t racurium (Tracr ium), doxacurium (Nuromax),  

and mivacurium (Mivacron) ,  as  wel l  as the steroid derivat ives  pancuronium 

(Pavulon) ,  vecuronium (Norcuron),  and pipecuronium (Arduan). 

3.  The noncompeti t ive depolarizing agents  include succ inylchol ine (Anect ine) and 

gal lamine (Flaxedi l )  (F igure 13-13) .  

a.  Unl ike the large, bulky competi t ive agents ,  noncompet i t ive agents are s lender 

a l iphat ic  molecules. 

b.  Succinylchol ine  has a shor t  durat ion of  ac t ion compared wi th  the other  

neuromuscular  b lock ing agents.  Th is resul ts f rom i ts s imple ester funct ional  group,  

which is  rap id ly hydro lyzed by p lasma and l iver pseudochol inesterase 

(butyrylchol inesterase).  I ts  ac t ion may be prolonged,  however,  in  pat ients  wi th  an 

abnormal  genet ic  variant o f  pseudochol inesterase,  which has only about  20% the 

act iv i ty o f normal  pseudochol inesterase. 

B. Pharmacology 

1.  The competi t ive nondepolarizing agents  compete wi th  acetylchol ine for  

n icot in ic  receptors  at  the neuromuscular  junct ion. These agents  decrease the end-

p la te potent ia l  so that  the depolar izat ion threshold is  not  reached.  Compet i t ive 

nondepolariz ing agents  produce  
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a  surmountable b lockade of  neuromuscular  t ransmission in that  adminis tra t ion of  

chol inesterase inh ib i tors or  pre junct ional  release of  a large quant i ty o f acetylchol ine 

can re l ieve the b lockade.  



 

Figure 13-13. Structural formula of 
succinylcholine chloride, a noncompetitive 
depolarizing agent. 

2.  The noncompeti t ive depolarizing agents  desens i t ize the n icot inic  receptors  at 

the neuromuscular  junct ion.  These agents  react  wi th  the n icot inic  receptors , 

decreas ing receptor  sens i t iv i ty in  a  manner s imi lar  to that  of  excess re leased 

acetylchol ine.  They depolar ize the exc i tab le membrane for  a  prolonged per iod (2-3 

minutes) ;  the membrane then becomes unresponsive (desensi t ized) .  

C. Therapeutic indications.  Neuromuscular blocking agents,  which cause only 

ske leta l  musc le para lys is  ( the pat ient  remains consc ious and capable of  sensat ion) ,  

are used to : 

1.  Promote ske letal  musc le relaxat ion and fac i l i ta te  endotracheal  in tubat ion,  as  an 

adjunct  to  surgica l  anesthesia 

2.  L imi t  the t rauma that  could resul t  f rom excessive ske letal  musc le contract ion 

dur ing e lec t roconvuls ive shock therapy 

3.  Relax the ske leta l  muscles and faci l i ta te  bone p lacement  and manipulat ions 

dur ing or thopedic  procedures 

D. Adverse effects  

1.  Competit ive nondepolariz ing agents  can cause respira tory para lysis,  h is tamine 

re lease,  bronchospasm, and hypotens ion (e.g.,  tubocurar ine)  or  respi ra tory 

paralys is ,  tachycard ia ,  and hypertension (e.g. ,  pancuronium). 

2.  Noncompeti tive depolarizing agents  (e .g. ,  succinylchol ine,  ga l lamine) can 

cause respi ra tory para lys is ,  muscle fasc icula t ion wi th  pain,  ext raocular musc le 

contract ion wi th  increased int raocular pressure,  and increased in t ragastr ic pressure. 

In  addit ion,  succinylchol ine may cause muscar in ic  responses such as bradycardia , 

increased glandular  secret ions,  and card iac arrest .  In combinat ion wi th the 

anesthet ic  ha lothane,  succinylchol ine may cause mal ignant  hyper thermia in  

genet ical ly pred isposed ind iv iduals.  

VII. GENERAL ANESTHETICS 
induce a combined s tate of  analges ia,  amnesia,  loss  of consciousness,  inh ibi t ion of  

sensory and autonomic  re f lexes,  and skeleta l  muscle  re laxat ion.  Ideal  general  

anesthet ics induce anesthesia rapid ly and smooth ly and permi t  rapid  recovery of  the 

pat ient once admin is t rat ion of  the agent  ceases. 



A. Chemistry  

1.  Volat i le  or inhalation anesthetics  are drugs inhaled as gases or  vapors .  These 

d iverse drugs are re lat ive ly s imple l ipophi l ic  molecules.  They include the inorganic  

agent  ni t rous oxide (N2O) and the nonflammable  ha logenated hydrocarbons (e.g. ,  

ha lo thane) and ethers  (e.g. ,  methoxyf lurane,  isof lurane,  desf lurane,  sevof lurane) .  

2.  Nonvolat i le  or intravenous anesthetics  are adminis tered in t ravenous ly or 

occasional ly int ramuscular ly and come as aqueous solut ions,  aqueous propylene 

g lycol  so lu t ions,  or  emuls ions. 

a.  The water-soluble  and rela t ive ly shor t-act ing agents inc lude u l t ra-short -act ing 

barbi turates (e .g.,  th iopenta l ,  methohexi ta l ,  th iamyla l ) ,  cyclohexylamines (e.g. ,  

ketamine),  benzo-diazepines (e.g.,  diazepam, midazo lam), butyrophenones (e.g. ,  

droper ido l ),  and opio id  analgesics  (e .g. ,  morphine,  fentanyl ) .  

b.  The imidazole,  e tomidate,  is  prepared as an aqueous propylene glycol  

solut ion,  which is compat ible  wi th many preanesthet ics . 

c .  The d ialkylphenol ,  propofol ,  is  admin is tered as an emulsion,  which should not be 

mixed wi th  o ther  therapeut ic  agents  before adminis t ra t ion (F igure 13-14).  

B. Pharmacology 

1.  General  anesthetics  depress the CNS, produc ing a revers ible loss of 

consciousness and loss of  al l  forms of  sensat ion. 
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Figure 13-14. Structural formulas of nonvolatile 
general anesthetics: (A) thiopental sodium 
(Pentothal), (B) ketamine hydrochloride 
(Ketaject), (C) fentanyl citrate (Sublimaze), (D) 
midazolam (Versed), (E) etomidate (Amidate), 
and (F) propofol (Diprivan). 

2.  Inhalat ional  anesthetics  are absorbed and primar i ly excreted through the lungs. 

Frequent ly,  these drugs are supplemented wi th  analgesics , a  ske letal  muscle 

re laxant ,  and an ant imuscar in ic  agent .  

a.  Analgesics  permi t  a  reduct ion in  the requi red concentrat ion of  inhalat ional  

anesthet ic .  

b.  Skeletal  muscle relaxants  cause adequate musc le re laxat ion during surgery. 

c .  Antimuscarinic agents  decrease buccal  and bronchio lar  secret ions. 



3.  Nonvolat i le  anesthetics  are usual ly admin is tered in travenous ly (e.g. ,  

th iobarb i turates,  benzodiazepines) ,  but  some agents  may a lso be g iven 

in t ramuscular ly (e .g.,  ketamine) .  

C. Therapeutic indications  

1.  Inhalat ional  anesthetics  are indicated to  provide general  surgica l  anesthesia. 

2.  Nonvolat i le  anesthetics  (e .g. ,  th iopental ,  diazepam, midazolam) are ind icated to  

induce drowsiness and provide re laxat ion before the induct ion of  inhalat ional  

genera l  anesthes ia. 
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3.  Use of  some previously popular  vola t i le  anesthet ics  has been discont inued 

because of  serious toxic i ty (e .g.,  ch loroform) or  because of the f lammable and 

explos ive proper t ies  of the compounds (e.g. ,  cyclopropane, d ie thyle ther) .  

D. Adverse effects.  Genera l  anesthet ics  depress respi ra t ion,  c i rcu lat ion,  and the 

CNS. They can also decrease hepat ic  and k idney funct ion (e .g. ,  methoxyf lurane)  

and cause cardiac dysrhythmias as a resul t  o f  increased myocard ia l  sensi t iv i ty to  

catecholamines (e.g. ,  halo thane).  

VIII. LOCAL ANESTHETICS 
A. Chemistry.  Most  local  anesthet ics  are s t ructura l ly s imi lar  to  the a lka lo id  cocaine 

(F igure 13-15) .  These drugs consist  of  a  hydrophi l ic  amino group l inked through an 

ester  or amide connect ing group to  a l ipophi l ic  aromat ic  moiety.  A few phenols  and 

aromat ic  a lcohols  also have local  anesthet ic  ac t iv i ty.  

1.  Ester-type agents are genera l ly shor t  act ing due to  rapid hydrolys is  by p lasma 

esterases.  These agents inc lude cocaine,  procaine,  ch loroprocaine, benzocaine, 

butamben, and te t racaine. 

2.  Amide- type agents  are genera l ly longer act ing and are metabol ized in  the l iver .  

Examples of  the amide- type local  anesthet ics include l idocaine,  dibucaine,  

pr i loca ine,  mepivacaine, bupivacaine,  and et idocaine. 

3.  The drug 's  pKa  (or d issoc iat ion constant)  in f luences i ts  chemical  s ta te, which in  

turn determines the anesthet ic  e f fect iveness of  the compound.  The si te o f  

anesthet ic  ac t ion is  at  the inner  sur face of  the cel l  membrane. At  t issue pH,  the 

drug is in the form of  a  l ipophi l ic ,  uncharged, secondary or  ter t iary amine, and thus 

d i f fuses across connect ive t issue and cel l  membranes and enters nerve ce l ls  where 

i t  is  ionized to  a charged ammonium cat ion.  The cat ionic form of  the drug is  the 

act ive form of  the drug that  b locks the generat ion of  act ion potent ia ls  at  the 

membrane receptor  complex.  Also,  because of  i ts  charged ammonium cat ion, the 

in t racel lu lar  ion ized molecule poor ly penetrates the ce l l  membrane and thus remains 

t rapped wi thin  the ce l l ,  thereby enhanc ing i ts durat ion of  ac t ion. 

B. Pharmacology 

1.  Local  anesthet ics  reversibly block nerve impulse conduction  and produce 

reversible loss of sensation  a t  thei r  adminis tra t ion s i te .  They do not produce a 

loss of  consc iousness. 



a.  Smal l ,  nonmyel inated nerve f ibers , which conduct  pain and temperature 

sensat ions, are affec ted f i rst .  

b.  Local  anesthet ics  appear to  become entrapped wi th in  the nerve membrane or  to  

b ind to spec i f ic  membrane sodium ion (Na+ )  channels , res t r ic t ing Na+  permeabi l i ty  in  

response to  par t ia l  depolar izat ion. 

2.  Local  anesthet ic  solu t ions f requent ly conta in the vasoconstr ic tor  epinephrine,  

which reduces vascular  b lood f low at  the admin ist ra t ion s i te .  This  prolongs the 

durat ion of ac t ion, and reduces systemic  absorpt ion, and hence systemic  toxic i ty.  

 

Figure 13-15. Structural formulas of local 
anesthetics structurally similar to cocaine: (A) 
procaine (Novocaine) and (B) lidocaine 
(Xylocaine). 
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C. Therapeutic indications.  Local  anesthet ics  are ind icated to : 

1.  Produce regional  nerve b lock for  the re l ie f  o f  pa in  when injec ted c lose to  the 

innervat ing nerve 

2.  Provide anesthes ia for  minor  operat ions when in f i l t ra ted around the t issue si te 

3.  Provide anesthes ia for  surgery of  the lower l imbs and pelv is  and for  obstet r ic  

surgery when in jec ted into  the ep idural  space or  the subarachnoid space of  the 

sp inal  cord 

4.  Provide anesthes ia of the skin  and mucous membranes when appl ied loca l ly.  Th is 

includes two miscel laneous loca l  anesthet ics : dyclonine,  used pr imar i ly in throat  

lozenges and sprays,  and pramoxine,  used pr imar i ly in  ant ihemorrhoidal  

preparat ions. 

D. Adverse effects  

1.  Ester-type loca l  anesthet ics  can cause hypersensi t iv i ty react ions in  suscept ib le  

indiv iduals .  

2.  Systemic absorpt ion of  toxic  concentrat ions of  loca l  anesthet ics  can cause 

se izures;  CNS, respi ra tory,  and myocardial  depression;  and c i rcula tory col lapse. 

IX. ANTIPSYCHOTICS. 
The c lass ic  ant ipsychot ic  agents  are the phenothiazines, thioxanthenes,  and 

butyrophenones. Chemical  c lasses of newer compounds having ant ipsychot ic  



act iv i ty inc lude the dihydro indolones (e.g. ,  mol indone), d ibenzoxazepines (e.g.,  

loxapine),  dibenzodiazepines (e.g.,  c lozapine) ,  d iphenylbutylp iperid ines (e .g. ,  

p imozide) ,  and benzisoxazoles (e.g.,  r isper idone).  

A. Chemistry  

1.  Phenothiazines  (e .g .,  chlorpromazine,  t r i f lupromazine, thior idazine,  

prochlorperazine,  t r i f luoperazine,  f luphenazine)  must  have a nitrogen-containing 

side-chain substi tuent  on the r ing n i t rogen for ant ipsychot ic  act iv i ty (Table 13-6).  

The r ing and s ide-chain n i t rogens must  be separated by a three-carbon chain;  

phenothiazines in  which the r ing and s ide-chain ni t rogens are separated by a two-

carbon chain have only ant ih is tamin ic  or sedat ive act iv i ty.  

a.  The s ide chains are ei ther  a l iphat ic ,  p iperazine,  or  p iper id ine der ivat ives.  

Piperazine side chains confer the greatest  potency and the highest  pharmacolog ical  

se lect iv i ty.  

b.  F luphenazine and long-chain alcohols form s tab le,  highly l ipophi l ic  esters  (e .g. ,  

enanthate, decanoate) ,  which possess markedly pro longed act iv i ty.  

2.  Thioxanthenes  (e.g . ,  ch lorprothixene,  th ioth ixene) lack the r ing n i trogen of  

phenothiazines and have a s ide chain at tached by a double bond (F igure 13-16) .  

3.  Butyrophenones  (e .g. ,  haloperidol )  are chemical ly unre la ted to phenoth iazines 

but  have s imi lar  act iv i ty (F igure 13-17) .  

4.  Newer agents  derive from d iverse chemical  c lasses and inc lude clozapine,  

o lanzapine,  loxapine,  p imozide,  mol indone,  quet iapine,  r isper idone,  remoxipr ide,  

z iprasidone and aripiprazole.  

B. Pharmacology 

1.  These agents have general ly similar  pharmacodynamic ef fec ts  in  the treatment  of  

psychot ic  i l lness.  Their  ant ipsychot ic  act ion ( i .e . ,  improvement o f  cogni t ive and 

behavioral  abnormal i t ies)  resu l ts  pr imari ly f rom the i r b lockade of  dopamine 

receptors  in  cort ica l  and l imbic  areas of  the bra in , whereas the i r  adverse 

ext rapyramidal e f fects  such as parkinsonian react ions resul t  f rom antagonism of  

dopamine receptors  in  the basal  gangl ia .  

2.  Other  ef fec ts  vary among the classes of  ant ipsychot ics .  These inc lude ant iemet ic  

ac t iv i ty and blockade of muscar inic,  serotonergic,  α1 -adrenerg ic ,  and H1 -

h istaminergic  receptors . 

3.  The atyp ica l  ant ipsychot ics  (e .g. ,  c lozapine, ar ip iprazole) are newer agents  that  

show s t rong antagonis t ic proper t ies  at seroton in receptors  in  addi t ion to  the i r  

b lockade of dopamine receptors .  Compared to the phenoth iazines, butyrophenones, 

and other  c lass ic  ant ipsychot ic  drugs,  the atyp ical  agents  are ef fec t ive in  

amel iorat ing a wider range of  symptoms,  inc lud ing negat ive symptoms,  and they 

a lso are less l ike ly to  induce ext rapyramidal  s ide ef fects .  
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Table 13-6. Antipsychotic Phenothiazines 



General Phenothiazine Structure* 

 
Drug X-

Substituent 
R-Substituent* 

Chlorpromazine 
(Thorazine) 

-Cl -(CH2)3-N(CH3)2 

Triflupromazine 
(Vesprin) 

-CF3 -(CH2)3-N(CH3)2 

Thioridazine 
(Mellaril) 

-SCH3 

 

Prochlorperazine 
(Compazine) 

-Cl 

 

Trifluoperazine 
(Stelazine) 

-CF3 

 

Fluphenazine 
(Prolixin) 

-CF3 

 

* Antipsychotic phenothiazines have the general structure illustrated in the 
table. Substituents at positions marked X and R result in different drugs. 

 



 

Figure 13-16. Thioxanthenes, similar to 
phenothiazines, have substituents at X and R 
positions that alter drug activity. 
Chlorprothixene (Taractan) has a —Cl 
substituent at X and CH—(CH2)2—N(CH3)2 
at R. Thiothixene (Navane) has a—SO2 
N(CH3)2 substituent at X and the group: 

 

Figure 13-17. Structural formula of haloperidol 
(Haldol), a butyrophenone antipsychotic. 
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Figure 13-18. Structural formulas of (A) 
phenelzine (Nardil), a hydralazine derivative 
monoamine oxidase (MAO) inhibitor, and (B) 
tranylcypromine (Parnate), a cyclopropylamine 
derivative MAO inhibitor. 



C. Therapeutic indications.  Ant ipsychot ics  are ind icated pr imari ly for  the t reatment  

o f  psychosis assoc iated wi th  sch izophrenia (e .g. ,  ha loper ido l ,  ar ip iprazole) ,  

paranoia,  and Tourette 's syndrome (e.g. ,  p imozide) .  Promethazine and other  c lass ic  

agents are used as ant iemetics  based on thei r  blockade of dopamine receptors  in  

the chemoreceptor  t r igger  zone of the medul la  and in  the s tomach. 

D. Adverse effects  

1.  Central ly mediated adverse effects  include drowsiness;  ext rapyramidal  

symptoms such as akathis ia ,  acute dyston ia,  akines ia,  and tard ive dyskines ia;  

a l terat ion of  temperatureregulat ing mechanisms inc luding poik i lothermy;  increased 

appet i te  and weight  ga in;  and al terat ions in  hypothalamic  and endocr ine funct ion 

such as increased re lease of  cor t icot ropin,  gonadotropins,  prolac t in ,  growth 

hormone,  and melanocyte-s t imulat ing hormone. 

2.  Peripheral  adverse effects  inc lude postural  hypotens ion and ref lex tachycard ia ;  

hepatotoxic i ty and jaundice;  fai lure of  e jaculat ion;  bone marrow depress ion;  

photosens i t iv i ty;  xerostomia;  and b lurred vis ion. 

X. ANTIDEPRESSIVE AND ANTIMANIC AGENTS 
may be broadly c lassi f ied into  f ive s t ruc tura l ly and mechanist ica l ly unre la ted 

groups: the MAO inh ibi tors ,  c lass ica l  or  t r icyc l ic ant idepressants ,  selec t ive 

serotonin reuptake inh ibi tors (SSRIs) ,  th i rd-generat ion or a typica l  ant idepressants , 

and ant imanic  ant idepressants  or mood s tabi l izers . 

A. Chemistry  

1.  MAO inhibitors  may be weakly potent hydralazines  (e .g . ,  phenelz ine)  or  

ext remely potent  phenylcyclopropylamines  such as t ranylcypromine which is  a  

r ing-c losed amphetamine derivat ives (F igure 13-18) .  

2.  Tricycl ic  ant idepressants ,  which are used commonly,  are secondary or  tert iary 

amine derivat ives of  molecules that  have a fused three-r ing system. 

a.  The pr inc ipal  t r icycl ic  ant idepressants  are der ivat ives of  d ibenzazepine (e.g. ,  

imipramine,  desipramine,  c lomipramine,  t r imipramine)  and d ibenzocyc loheptadiene 

(e.g.,  ami tr ipty l ine,  nor t r ip ty l ine, prot r ip ty l ine)  (F igures 13-19 and 13-20) .  

 

Figure 13-19. Structural formulas of tricyclic 
antidepressants derived from dibenzazepine: (A) 
imipramine (Tofranil) and (B) desipramine 
(Norpramin). 
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Figure 13-20. Structural formulas of tricyclic 
antidepressants derived from 
dibenzocycloheptadiene: (A) amitriptyline 
(Elavil) and (B) nortriptyline (Aventyl). 

b.  Other  c losely re la ted tr icycl ic  ant idepressants  inc lude doxepin,  a d ibenzoxepine,  

and amoxapine, a  d ibenzoxazepine. 

3.  Atypical  ant idepressants  have varied st ruc tures ranging f rom the s imple 

phenethylamine venlafaxine and the phenylp iperazine nefazodone to  the 

aminoketone bupropion and the complex heterocyc l ics  maprot i l ine and mir tazepine. 

4.  SSRIs  have var ied chemical  s t ruc tures and are rela ted on ly by thei r  

pharmacologica l ly common abi l i ty  to  inh ib i t  the reuptake of  serotonin from the 

synapt ic  c le f t .  These compounds inc lude f luoxet ine,  paroxet ine,  sert ra l ine,  and 

f luvoxamine (Figure 13-21) .  

5.  Li thium  is  an alka l i  meta l  that  is  used in  the form of  the carbonate sa l t  in the 

t reatment  o f  manic depress ion or b ipolar  d isease.  Other  agents  in this  therapeut ic  

category inc lude the organic  compounds valproic acid  and carbamazepine.  

B. Pharmacology 

1.  MAO inhibitors  appear to produce thei r  ant idepressant e f fects  by b locking the 

in t raneuronal  oxidat ive deaminat ion of  bra in  biogen ic  amines (e.g.,  dopamine,  

norepinephr ine,  seroton in) .  Th is  act ion increases the avai labi l i ty  o f b iogenic amines 

at  centra l  aminergic  synapses,  and hence the probabi l i ty  o f interact ion wi th  

postsynapt ic  receptors to  e l ic i t  the des i red therapeut ic e f fects .  Other  biochemical  

events  (e .g. ,  the down-regulat ion of  central  β-adrenerg ic  and serotonerg ic  

receptors)  that  resul t  f rom chronic  inh ib i t ion of  MAO and reuptake b lockade can a lso 

expla in  the therapeut ic  ac t ion of  ant idepressants . Th is  explanat ion is  suggested by 

the la tency period of  MAO inhib i tors ,  which take 2-4 weeks to  become ef fec t ive. 

2.  Tricycl ic  ant idepressants  appear to  act  pr incipa l ly by reducing CNS neuronal 

reuptake of  the biogenic amines norepinephr ine and serotonin. Th is prolongs the 

synapt ic  avai lab i l i ty  of  biogenic amines and hence the i r  act ion at  centra l  aminerg ic  

receptors . 



 

Figure 13-21. Structural formulas of (A) 
trazodone (Desyrel) and (B) fluoxetine (Prozac), 
atypical antidepressants. 
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3.  SSRIs and atypical  ant idepressants have varying ef fec ts  on reuptake of  biogenic  

amines.  The SSRIs select ively inh ibi t  seroton in reuptake in to the nerve terminal ,  

thus pro longing the synapt ic  ac t iv i ty o f  the amine.  Trazodone and other  

heterocyc l ics  also inh ib i t  amine t ransmit ter reuptake.  W hi le  bupropion appears  to  

se lect ive ly inhibi t  dopamine reuptake, i ts  mechanism may involve addi t ional  

current ly unknown act ions s ince some other  inhibi tors o f  dopamine reuptake may 

not  exhib i t  ant idepressive ef fects .  

4.  Li thium  appears to inter fere wi th  transmembrane Na+  exchange, a l ters  the 

re lease of aminergic neurot ransmi tters ,  and b locks inos i to l  metabol ism,  ul t imate ly 

leading to  deplet ion of  ce l lu lar inosi tol  and inh ibi t ion of phosphol ipase C-mediated 

s ignal  t ransduct ion. The re levance of these act ions to  the mood-s tab i l iz ing ef fects  

o f  l i th ium, however,  has not  been estab l ished.  Carbamazepine and valproic acid  

are known to  in terfere wi th  ion ic  conductances in nerve ce l ls,  and to  modulate other  

in t racel lu lar  s ignal ing cascades,  but the contr ibut ions of  these act ions to  the i r  

c l in ical  e f fec t iveness in  b ipo lar d isorder remain unclear .  

C. Therapeutic indications  

1.  MAO inhibitors  are ind icated to  t reat  depression,  phobic  anxiety,  and narco lepsy 

that  has not  responded to  other  t reatments .  However ,  the i r  use is  l imited by thei r  

adverse ef fec ts  (see X.D.1) .  

2.  Tricycl ic  and atypical  ant idepressants  and the SSRIs are the agents of  choice 

for  endogenous depress ion.  Addit ional ly,  imipramine is used to  t reat  enures is ;  

c lomipramine,  f luoxet ine,  and f luvoxamine are used in  obsess ive-compulsive 

d isorder ;  and doxepin,  for  anxie ty.  

3.  Li thium and valproic acid  are ind icated for the t reatment  o f manic-depress ion 

(or  bipolar  d isease) .  The ant iepi lept ic  drug,  carbamazepine,  has a lso been used as 

a mood-s tab i l izer in b ipolar  i l lness. 

D. Adverse effects  



1.  MAO inhibitors  in teract  wi th  sympathomimet ic drugs and wi th  foods that  have a 

h igh tyramine content  such as cheese, wine,  and sausage.  Hypertensive cr ises can 

resul t .  In  addi t ion,  MAO inhib i tors  can cause a wide range of adverse effec ts,  

includ ing: 

a.  CNS ef fec ts ,  such as CNS st imulat ion,  t remors,  ag i ta t ion, overact iv i ty,  

hyperref lexia ,  mania,  and insomnia fo l lowed by weakness, fa t igue,  and drowsiness 

b.  Card iovascular  ef fec ts ,  such as postura l  hypotens ion 

c .  GI  e f fec ts ,  such as nausea,  abdominal  pa in ,  and const ipat ion 

d.  Ant imuscarinic  e f fects,  such as dry mouth, ur inary re tent ion, and const ipat ion 

2.  Tricycl ic  ant idepressants  can cause adverse ef fec ts ,  includ ing: 

a.  CNS ef fec ts ,  such as drowsiness,  d izziness,  weakness, fat igue, and confus ion 

b.  Card iovascular  ef fec ts ,  such as or thostat ic hypotension,  tachycard ia,  and 

in ter ference wi th  at r ioventr icular  conduct ion 

c .  Ant imuscar in ic  e ffec ts,  such as dry mouth, ur inary re tent ion, and const ipat ion 

d.  GI  ef fec ts ,  such as nausea,  vomi t ing,  diarrhea, and anorexia 

e.  Bone marrow depress ion 

f .  Mania precipi ta t ion ( in pat ients  wi th manic-depress ive i l lness) 

3.  Atypical  ant idepressants  can cause adverse ef fects,  including: 

a.  CNS ef fec ts ,  such as d izziness,  nightmares,  confus ion, drowsiness, fat igue,  

headache, insomnia, impai red memory,  akath is ia , numbness,  and ton ic-c lon ic  

se izures 

b.  Card iovascular  ef fec ts ,  such as hypertens ion, hypotension,  tachycard ia ,  chest  

pa in ,  and syncope 

c .  GI  e f fec ts ,  such as nausea,  vomi t ing,  diarrhea, and const ipat ion 

d.  B lurred vis ion and t inn i tus 

e.  Ant imuscar inic e f fects,  such as ur inary re tent ion,  dry mouth,  and const ipat ion 

f .  Bone marrow depression 

g.  Sexual  dysfunct ion and menstrua l  i r regular i t ies 

4.  Li thium  therapy may be associated wi th development o f  f ine hand t remors and 

increased urinat ion;  these side ef fects ,  however,  usual ly d imin ish wi th  cont inued 

therapy. 
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XI. ANXIOLYTICS AND SEDATIVE-HYPNOTICS. 
Ant ianxie ty and sedat ive-hypnot ic agents  in  current  use comprise the h ighly 

e f fec t ive benzodiazepines (e.g. ,  a lprazolam, diazepam, f lurazepam) and the atyp ica l  

azaspi rodecanediones (e.g. ,  buspirone)  and imidazopyr id ines (e .g. ,  zo lpidem). 

Diverse classes of  agents  previous ly used as anxio lyt ics  and sedat ive-hypnot ics  

(e .g.,  barb i turates,  meprobamate,  and hydroxyzine)  are no longer favored because 

of  the i r  l iabi l i ty  to  produce to lerance,  phys ical  dependence, severe wi thdrawal  

react ions,  and serious toxic i ty wi th  overdosage. 

A. Chemistry  



1.  Benzodiazepines  (e.g . ,  alprazolam, d iazepam, ch lordiazepoxide,  c lonazepam, 

c lorazepate, lorazepam, and oxazepam) have varying durat ions of  ac t ion,  which can 

be corre lated wi th  the i r  st ructures in  some cases (Table 13-7).  

a.  Agents  wi th  a  3-hydroxyl  group are eas i ly metabol ized by phase I I  

g lucuronidat ion and are short  ac t ing (see R3-subst i tuent  co lumn in  Table 13-7).  

b.  Agents  lack ing a 3-hydroxyl  group must undergo cons iderable phase I  

metabol ism,  including 3-hydroxyla t ion. These agents  are long act ing.  Most  long-

act ing agents  form the intermediate metabol i te desmethyld iazepam, which has a 

very long hal f - l i fe .  Thus, these agents  can have a cumulat ive act ion. 

c .  Tr iazolobenzodiazepines (e.g. ,  alprazolam) undergo a d i f ferent  pattern of  

metabol ism and are in termediate in  ac t iv i ty.  

d.  Agents  lack ing an amino s ide chain are not bas ic  enough to  form water-so luble 

sa l ts  wi th ac ids .  For  example,  in t ravenous so lut ions of  d iazepam conta in propylene 

g lycol  as  a so lvent .  Precip i ta t ion can occur  i f  these solut ions are mixed wi th  

aqueous so lut ions. 

2.  Azaspirodecanediones or azapirones  (e .g . ,  buspi rone,  gepi rone,  ipsapi rone,  

t iasp irone)  are chemical ly unre la ted to  the benzodiazepines. Represented by 

buspi rone,  these agents have anxio lyt ic act iv i ty resembl ing that o f  the 

benzodiazepines.  Unl ike the benzodiazepines,  buspi rone lacks CNS depressant  

ac t iv i ty and is  considered an atypica l  anxio lyt ic  (F igure 13-22) .  

3.  The imidazopyridine  zo lp idem is  a nonbenzodiazepine sedat ive-hypnot ic  wi th  

act ions general ly resembl ing those of  the benzodiazepines. 

4.  Barbiturates  are 5,5-d isubst i tu ted der ivat ives of  barbi tur ic ac id,  a saturated 

t r iketopyr imidine (Table 13-8).  

a.  Two s ide chains in pos i t ion 5 are essent ia l  for sedat ive-hypnot ic  ac t iv i ty.  

b.  Long-act ing agents  have a phenyl  and an ethyl  group in  posi t ion 5. 

c .  Branched side chains, unsaturated s ide chains,  or  s ide chains longer than an 

ethyl  group increase l ipophi l ic i ty and metabol ism rate. Increased l ipophi l ic i ty leads 

to  a shor ter  onset  of  ac t ion,  a  shorter  durat ion of  ac t ion,  and increased potency.  

d.  Replacement  of  the pos i t ion 2 oxygen wi th  su l fur  produces an ext remely l ipophi l ic  

molecule that  d is t r ibutes rapid ly in to  l ip id  t issues outs ide the brain . 

(1)  These ul t ra-shor t -act ing barb i turates are not  usefu l  as  sedat ive-hypnot ics  but  

are ef fec t ive in  fac i l i ta t ing the induct ion of  anesthes ia (see XI I .C.4) .  The act ion of  

these drugs is  terminated very quick ly.  

(2)  The prototype u l t ra-shor t -ac t ing barb i turate is th iopental  (Pentotha l ) ,  the 2-th io  

isostere of  pentobarb i tal .  

e.  The barbi turates and many of  the ir  metabol i tes  are weak acids,  and changes in  

ur inary pH great ly in f luence the i r  excret ion.  Th is  is  par t icu lar ly t rue wi th  overdoses,  

when a rela t ive ly large amount  o f  unchanged drug appears  in  the g lomerular  f i l t ra te . 

f .  Phenobarbi tal  is  one of  the most  powerful  and versat i le agents  that can induce 

cer ta in enzyme systems (e.g.,  the cytochrome P-450 metabol ic  system).  Th is  

increases the potent ia l  for  drug in teract ions and includes in teract ion wi th  any drug 

metabol ized by th is  system. Other barb i turates have less enzyme- induc ing ef fect ,  

except  when they are used cont inuous ly in  h igher- than-normal  doses. 



5.  Piperidinediones  (e .g . ,  glute thimide,  methyprylon)  and aldehydes  (e .g . ,  

paraldehyde, chlora l  hydrate)  d i f fer  s t ructural ly (F igure 13-23)  and are used less 

commonly than the benzodiazepines as sedat ive-hypnot ics . 

B. Pharmacology 

1.  Benzodiazepines  appear to  produce the i r  calming and hypnot ic  ef fec ts  by 

depress ing the l imbic  system and ret icular format ion through potent ia t ion of  the 

inhib i tory neurot ransmi tter  γ -aminobutyr ic  acid  (GABA).  
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Table 13-7. Benzodiazepine Anxiolytics and Sedative-Hypnotics 

General Benzodiazepine Structure* 

 

Drug R1 R2 R3 
X 
(R2′) Comments 

Diazepam 
(Valium) 

—CH3 =O —H —
H 

 

Chlordiazepox
ide (Librium) 

= (Ring 
double 
bond) 

—
NH
—
CH3 

—H —
H 

—O 
(N-
oxide) 
at 
positi
on 4 

Halazepam 
(Paxipam) 

—CH2CF3 =O —H —
H 

 

Clorazepate 
(Tranxene) 

—H =OH 
(—
OK) 

—
COO
H (—
COO
K) 

—
H 

 



Oxazepam 
(Serax) 

—H =O —OH —
H 

 

Lorazepam 
(Ativan) 

—H =O —OH —
C
l 

 

Alprazolam 
(Xanax) 

R1-
C(CH3)=N
-N=R2 
(Fused R1-
R2 triazolo 
ring) 

—H —H 

  

Flurazepam 
(Dalmane) 

CH2CH2N(
C2 H5)2 

=O —H —
F 

 

Quazepam 
(Doral) 

—CH2CF3 =S —H —
F 

 

Triazolam 
(Halcion) 

R1-
C(CH3)=N
-N=R2 
(Fused R1-
R2 triazolo 
ring) 

—H —H 

  

Temazepam 
(Restoril) 

—CH3 =O —OH —
H  

* Benzodiazepine anxiolytics and sedative-hypnotics have the general 
structure illustrated in the table. Substituents at the positions marked R1, 
R2, R3, R7, and X (R2′) and the ring nitrogen at the position 2 result in 
different drugs and clinical properties. All compounds shown have Cl 
substitution at position R7. Clonazepam, not shown, has an NO2 
substituent at R7 and is used primarily as an anticonvulsant. 

 



 

Figure 13-22. Structural formula of 
buspirone (Buspar), the prototypical 
azaspirodecanedione anxiolytic. 
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Table 13-8. Barbiturate Sedative-Hypnotics 

General Barbiturate Structure* 

 

Drug 

R1-
Substitue
nt R2-Substituent 

Duratio
n of 
Action 

Phen
obar
bital 
(Lu
mina
l) 

—
CH2

CH3 

 

Lon
g 

Amo
barb
ital 
(Am

—
CH2

CH3 

—CH2CH2CH(CH3)2 Inte
rme
diat
e 



ytal) 

Buta
barb
ital 
(But
isol) 

—
CH2

CH3 

Inte
rme
diat
e 

Pent
obar
bital 
(Ne
mbu
tal) 

—
CH2

CH3 

Sho
rt 



Seco
barb
ital 
(Sec
onal
) 

—
CH2

CH
=C
H2 

Sho
rt 

* Barbiturate sedative-hypnotics have the general structure illustrated in the 
table. Substituents at R1 and R2 positions result in different drugs with 
different durations of action. 

 

a.  Anxio lyt ic  ac t iv i ty corre la tes wi th  the drug 's  bind ing af f in i ty to  a macromolecular  

complex consist ing of  GABAA receptors  and chlor ide channels . 

b.  The in teract ion of  benzodiazepines wi th GABA causes an increase in  the 

f requency of  chlor ide channel  opening events ,  leading to  a fac i l i ta t ion of  ch lor ide 

ion conductance,  membrane hyperpolar izat ion,  and ul t imate ly synapt ic  inh ibi t ion. 

 

Figure 13-23. Structural formulas of (A) 
glutethimide (Doriden), a piperidinedione 
sedative-hypnotic and (B) chloral hydrate 
(Noctec), an aldehyde sedative-hypnotic. 
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c.  In  addit ion to  the i r  anxio lyt ic  proper t ies , most benzodiazepines have other  

s ign i f icant CNS act ions,  includ ing hypnot ic ,  anesthet ic ,  ant iconvulsant ,  and musc le 

re laxant  ef fec ts  at  appropr iate  doses. 

d.  Benzodiazepines increase the depressant  ef fec ts o f  a lcohol and other CNS 

depressant  drugs. 

2.  Azaspirodecanediones  have mult ip le  b iochemical  ac t ions,  but  thei r  pr incipa l  

mechanism of  anxio lyt ic  e f fec t  is  s t i l l  unknown.  

a.  Buspirone  b inds to  central  dopamine and serotonin receptors ra ther than to  

GABA-chlor ide ionophore receptor  complexes.  Interac t ions of  azapi rones wi th  

serotonin receptors  may be agonist ic  when act ing at  somatodendri t ic  5-HT1A  

autoreceptors or  antagonist ic  when act ing at postsynapt ic  5-HT1A  receptors . 

b.  Buspi rone possesses no hypnot ic or  ant iconvulsant  proper t ies  and does not  

appear to  enhance the depressant e f fects  o f  a lcohol  or  other  CNS depressant  drugs. 

c .  Buspi rone has minimal  abuse l iab i l i ty  and does not  produce rebound anxiety 

fo l lowing abrupt  d iscont inuat ion. 

3.  The imidazopyridines  have s t rong sedat ive ef fects wi th  minimal  c l in ica l  

anxio lyt ic ac t ions. 

a.  Zolpidem is as effec t ive as the benzodiazepines in  shor ten ing s leep latency and 

in  pro longing tota l  s leep t ime in  pat ients  wi th  insomnia. 

b.  Zolpidem is  rarely assoc iated wi th  phys ical  dependence, rebound insomnia,  or  

respi ratory depress ion even in overdosage. 

4.  Barbiturates  are less select ive than benzodiazepines and produce general ized 

CNS depress ion. 

a.  Barb i turates b ind to  a s i te  that  is  d is t inc t  f rom the benzodiazepine b ind ing s i te  on 

a macromolecular  GABA-chlor ide ionophore receptor  complex.  Barb i turate b inding 

induces an increase in the durat ion of channel  opening events , and thus mimics or  

enhances the inh ib i tory act ions of  GABA. 

b.  Barb i turates have a wide range of  dose-dependent pharmacolog ical  act ions 

re lated to  CNS depression,  inc lud ing sedat ion, hypnosis,  and anesthesia. They a lso 

act  as potent  respi ra tory depressants  and inducers  of  hepat ic  microsomal drug-

metabol iz ing enzyme act iv i ty.  

5.  Piperidinediones,  a ldehydes,  and other  nonbarbi turate sedat ive-hypnot ics  have 

s imi lar  pharmacologica l  ac t ions re lated to CNS depression. 

a.  Chloral  hydrate is  commonly used to  induce sleep in  pediat r ic  or  ger iat r ic 

pat ients .  I ts  low cost is  the major  factor  account ing for  i ts  preferred usage in 

inst i tu t ional  sett ings. 

b.  Chloral  hydrate is  bio transformed to t r ichloroethanol ,  which is responsib le  for  the 

pharmacologica l  act iv i ty o f  the drug.  Chloral  hydrate induces hepat ic  microsomal  

drug-metabol iz ing enzyme act iv i ty.  

C. Therapeutic indications  

1.  Benzodiazepines and the azaspirodecanedione buspirone  are ind icated to  

t reat anxie ty.  Buspi rone is  more ef fec t ive in pat ients  wi th genera l ized anxiety o f  

mi ld  to  moderate sever i ty.  The ant ianxie ty ef fec ts  o f buspi rone may require  up to a 

week to  be establ ished. 



2.  Benzodiazepines and the imidazopyridine  are ind icated to  produce drowsiness 

and promote s leep. 

3.  Benzodiazepines  are indicated for  use as a preanesthet ic medicat ion, as  

ant iconvulsants , and during acute a lcohol wi thdrawal .  

4.  Barbiturates  are no longer cons idered appropr ia te  as anxio lyt ics  or  sedat ive-

hypnot ics  in  v iew of  the avai lab i l i ty  o f  the safer  benzodiazepines.  Long-act ing 

barbi turates cont inue to  be wide ly used as ant iepi lept ics,  whi le the ul t ra-shor t -

ac t ing barb i turates are used for the induct ion of  genera l  anesthes ia and as general  

anesthet ics ( in  combinat ion wi th  an analges ic)  for shor t  surg ica l  procedures. 

5.  Chloral  hydrate  is  ind icated for  use as a pediat r ic  or ger iat r ic  hypnot ic ,  and a lso 

as a preanesthet ic  agent for  minor  surg ical  and dental  procedures. 
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D. Adverse effects  

1.  Adverse ef fects  associated wi th  benzodiazepines  inc lude: 

a.  CNS ef fec ts ,  such as CNS depress ion, drowsiness,  sedat ion,  ataxia ,  confus ion, 

and dysarthr ia 

b.  GI  ef fec ts ,  such as nausea,  vomi t ing,  and d iarrhea 

c .  Psychiat r ic e f fects  are rare and include paradoxica l  exc i tement ,  insomnia,  

paranoia,  and rage react ions 

d.  Potent ial  for  abuse and dependence 

2.  Adverse ef fects  o f  buspirone  are l imi ted to  res t lessness,  d izziness,  headache,  

nausea,  diarrhea,  and paresthes ias. 

3.  Barbiturates  can cause a var ie ty o f adverse ef fects,  including: 

a.  CNS ef fec ts ,  such as drowsiness,  confus ion,  nystagmus,  dysar thr ia ,  depressed 

sympathet ic  gangl ion ic  t ransmission,  hyperalges ia,  impai red judgment ,  impai red f ine 

motor  ski l ls ,  paradoxical  exc i tement ( in  ger iat r ic  pat ients) ,  and potent ia t ion of  o ther 

CNS depressant  drugs. 

b.  Respira tory and cardiovascular  ef fec ts ,  such as respi ra tory depression, 

bradycardia ,  and orthostat ic  hypotension. 

c .  GI  e f fec ts ,  such as nausea,  vomi t ing,  const ipat ion, d iarrhea, and epigast r ic  

d ist ress. 

d.  Exfo l ia t ive dermati t is  and Stevens-Johnson syndrome. 

e.  Headache,  fever ,  hepatotoxic i ty,  and megaloblast ic  anemia (wi th  the chronic  use 

of  phenobarb i ta l ) .  

4.  Trichloroethanol,  the act ive metabol i te  of  chloral  hydrate,  is  metabol ized to  

t r ich loroacet ic  ac id ,  which is  highly toxic  and tends to  accumulate wi th  repeated 

adminis t ra t ion of  chlora l  hydrate.  Use of  ch lora l  hydrate is assoc iated wi th the 

fo l lowing adverse ef fec ts.  

a.  GI  ef fec ts ,  such as GI i r r i ta t ion and upset ,  nausea,  and vomi t ing. 

b.  CNS effec ts ,  such as CNS depress ion, d isorientat ion,  incoherence, drowsiness, 

a taxia ,  headache,  and potent iat ion of  o ther CNS depressants (part icular ly a lcohol ) .  

c .  Leukopenia 



XII. ANTIEPILEPTICS 
A. Chemistry.  Ant iep i lept ics  (ant iconvulsants)  vary wide ly in s truc ture (Figure 13-

24) .  

1.  Older agents,  which are s t i l l  widely used,  include derivat ives of  the long-act ing 

barbi turates (e .g.,  phenobarbi tal ,  mephobarbi tal ,  metharbi tal ,  pr imidone),  

hydanto ins  (e .g. ,  phenyto in , e thoto in),  succin imides (e.g. ,  e thosuximide,  

phensuximide),  oxazol idinediones (e.g. ,  t r imethadione,  d imethadione) ,  and 

d ialkylacetates (e .g. ,  valpro ic  ac id) .  

2.  Newer agents,  which are more st ruc tura l ly d iverse,  include the iminost i lbenes 

(e.g.,  carbamazepine) ,  benzodiazepines (e.g.,  diazepam, c lonazepam, c lorazepate) ,  

GABA analogs (v igabatr in ,  gabapent in,  pregabal in) ,  and the miscel laneous agents  

lamotr ig ine, felbamate,  levet i racetam, zonisamide,  and topi ramate which is  ac tual ly 

a  subst i tu ted monosacchar ide. 

B. Pharmacology 

1.  Ant iep i lept ics  prevent  or  reduce excessive discharge and reduce the spread of  

exc i ta t ion from CNS seizure foci .  

2.  The mechanisms of  act ion of ant iep i lept ics  appear to  be al terat ion of  Na+  

neuronal  concentrat ions by promotion of Na+  ef f lux (e .g. ,  hydantoins)  and 

restorat ion or enhancement  o f  GABA-erg ic  inhibi tory neuronal  funct ion (e .g. ,  

barbi turates,  benzodiazepines, va lpro ic  ac id) .  

C. Therapeutic indications.  These agents  are genera l ly categor ized by the type of 

se izure against  which they are ef fec t ive. 

1.  Drugs that  are indicated for  the treatment  o f  tonic-clonic (grand mal) seizures  

include phenobarbi tal ,  phenytoin , pr imidone,  and carbamazepine. 

2.  Drugs that  are indicated for  the treatment  o f  absence (pet i t  mal)  seizures  

include phenobarbi tal ,  ethosuximide,  t r imethadione,  c lonazepam, and valpro ic  ac id . 
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Figure 13-24. Structural formulas of the 
antiepileptic agents: (A) primidone (Mysoline), 
(B) phenytoin (Dilantin), (C) ethosuximide 
(Zarontin), (D) trimethadione (Tridione), (E) 
clonazepam (Klonopin), (F) carbamazepine 
(Tegretol), and (G) valproic acid (Depakene). 

3.  Clonazepam is  indicated for  the treatment  o f  myoclonic seizures.  



4.  Agents  that are ef fect ive against  part ial  seizures  include c lorazepate,  fe lbamate, 

gabapent in ,  and lamotr igine. 

5.  Phenytoin ,  phenobarbi ta l ,  pr imidone,  and carbamazepine are ef fec t ive against  

psychomotor seizures.  

6.  Int ravenous diazepam, phenytoin ,  and phenobarb i ta l  are ind icated for  the 

t reatment  o f  status epi lept icus.  

7.  Topi ramate has mul t ip le  mechanisms of  ac t ion and exer ts  benef ic ial  ef fec ts  

against  a broad spectrum of se izures. 

D. Adverse effects  

1.  Barbiturates  (see XI I .D.3)  and benzodiazepines  (see XI I .D.1)  used as 

ant iepi lept ics  have the same adverse ef fects  as when used for  anxio lyt ic  or  

sedat ive-hypnot ic  purposes.  In t ravenous use of these agents  could cause 

cardiovascular  co l lapse and respi ra tory depress ion. 
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2.  Ant iep i lept ic agents  genera l ly have the propens i ty to  cause the fol lowing side 

ef fec ts :  

a.  GI  i r r i ta t ion, nausea, and vomit ing 

b.  CNS sedat ion,  d ip lop ia ,  nystagmus,  a taxia ,  d izziness,  and confusion 

c .  Blood dyscras ias,  includ ing aplast ic anemia and b leeding disorders 

d.  A l lergic- type react ions,  includ ing Stevens-Johnson syndrome 

e.  Various organ-system toxic i t ies,  including renal  and l iverfa i lure,  pancreat i t is ,  and 

cardio toxic i ty 

3.  The hydanto ins  (e .g. ,  phenyto in)  can a lso cause spec i f ic  arrhythmias  and 

gingival hyperplasia.  

4.  Ant iep i lept ics  as a c lass a lso have the potent ia l  to  cause various birth defects,  

includ ing c lef t  pa la te (e .g. ,  carbamazepine,  phenyto in)  and neural  tube defects 

(e .g.,  va lpro ic  acid) .  These ef fec ts  present a  un ique problem in  t reat ing pregnant  

women wi th  convuls ive disorders .  Discont inuat ion of  ant iconvulsant  therapy can 

resul t  in  a  se izure s ta te that  could harm the fetus.  However,  cont inued therapy can 

increase the r isk of  b i r th defects  and p lace the mother a t r isk  o f  b leeding d isorders 

dur ing de l ivery.  Moreover ,  pregnancy by i tsel f  can e i ther increase or  decrease 

se izure incidence of  the mother .  Risk /benef i t  evaluat ion of  therapy should be made 

on indiv idual  cases based on the pat ient 's  his tory.  

XIII. ANTIPARKINSONIAN AGENTS 
A. Chemistry.  The pr incipal  ant ipark insonian agents  are ei ther  dopaminergic 

agonists  or  cholinergic antagonists.  

1.  Some antichol inergic antiparkinsonian  agents  are st ruc tura l ly re la ted to  

atropine  (e.g .,  benztrop ine,  tr ihexyphenidyl ) .  Other  ant ipark insonian ant ichol inerg ic  

agents inc lude procycl id ine (Kemadr in) ,  orphenadr ine (Norf lex) ,  and b iperiden 

(Ak ineton) .  

2.  The prototyp ical  dopaminergic  ant iparkinsonian agent  is  the catecholamine 

levodopa  (F igure 13-25),  a  prodrug that  must  be converted in v ivo to dopamine by 



dopa decarboxylase.  Direc t receptor-act ing dopaminerg ics  inc lude ergolines  such 

as bromocr ipt ine (Par lodel )   
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and pergol ide (Permax),  the phenanthrene apomorphine,  and the newer 

nonergol ine dopamine agonis ts  pramipexole  (Mi rapex)  and ropinirole  (Requip) .  

 

Figure 13-25. Structural formulas of 
antiparkinsonian agents: (A) benztropine 
(Cogentin), (B) trihexyphenidyl (Artane), (C) 
ethopropazine (Parsidol), and (D) levodopa 
(Larodopa). 

3.  Severa l  agents  are avai lab le  to  improve the therapeut ic  e f f icacy and safety of  

levodopa. 

a.  Carbidopa,  a  levodopa analogue that  does not c ross the blood-bra in  barr ier ,  is  a  

decarboxylase inhibitor  that d imin ishes the decarboxylat ion and subsequent 

inact ivat ion of  levodopa in  peripheral  t issues.  When coadmin is tered, more 

levodopa is preserved to enter  the CNS. A combinat ion of  levodopa and carb idopa 

(Sinemet)  is  avai lab le  for  c l in ica l  use. 

b.  Selegil ine (deprenyl) ,  is  a  select ive monoamine oxidase-B (MAO-B) inhibitor  

that  inh ibi ts  the in t racerebral  degradat ion of endogenous or  levodopa-derived 

dopamine. 

c .  Tolcapone  or entacapone  are select ive inh ib i tors o f  COMT, thus reduc ing the 

convers ion of  levodopa to  3-O-methyldopa,  an inact ive metabol i te  that  a lso inhibi ts 

levodopa uptake in to the brain .  Addi t ional ly,  inhib i t ion of  dopamine breakdown by 

COMT may pro long the avai lab i l i ty  and act ion of the t ransmi t ter  in  the CNS. 

B. Pharmacology.  Ant ipark insonian agents  act by res tor ing the s t r ia ta l  ba lance of 

dopaminerg ic  and chol inerg ic  neurot ransmiss ion, which is  deranged in  park insonism 

as a resul t  o f  degenerat ion of  dopaminerg ic  neurons that  supply dopamine to  the 

basal  ganglia  (caudate-putamen).  

1.  Levodopa,  which can cross the b lood-bra in barr ier ,  is  the immediate precursor o f 

the s t r ia ta l  neurot ransmit ter  dopamine and is  conver ted to  dopamine in the body. 

2.  Amantadine,  an ant ivi ra l  agent,  appears to  s t imulate the release of dopamine 

f rom intact  s t r ia tal  terminals  of  remain ing dopaminerg ic  neurons.  As the d isease 

progresses and fewer dopaminerg ic  neurons remain, amantadine becomes 

progress ively inef fec t ive.  



3.  Apomorphine,  bromocript ine,  pergol ide,  pramipexole,  and ropinirole,  which 

are di rec t  dopaminergic  receptor  agonis ts ,  mimic the act iv i ty o f  dopamine in  the 

caudate-putamen.  Neverthe less,  the drugs cannot  reproduce the pu lsat i le rhythm of 

endogenous dopamine re lease. 

4.  Selegil ine,  an inhib i tor  o f  the central  MAO-B isoenzyme, blocks the centra l  

catabol ism of  dopamine, increas ing i ts  avai lab i l i ty  in  the caudate-putamen. 

5.  Antichol inergics,  such as t r ihexyphenidyl ,  benztrop ine, and orphenadr ine,  block 

the exc i ta tory chol inerg ic  system, thus reduc ing the funct ional  imbalance between 

dopamine and acetylchol ine in  the s tr iatum. 

6.  The enzyme inhibi tors,  carbidopa and tolcapone,  increase the t ransport  and 

b ioavai lab i l i ty  o f  levodopa in the bra in and are thus g iven as adjunct ive t reatments  

wi th  levodopa. 

C. Therapeutic indications  

1.  Levodopa,  current ly the most  ef fec t ive t reatment  for  park insonism, is  ind icated to  

t reat id iopathic,  postencephal i t ic ,  or  ar ter iosc lerot ic  forms of  the disease.  

2.  Amantadine  is  ind icated to  t reat  id iopathic,  postencephal i t ic ,  or  arter iosclerot ic  

parkinsonism, as wel l  as ext rapyramidal  symptoms (except tard ive dyskines ia) 

induced by ant ipsychot ic drugs. 

3.  Apomorphine  (Apokyn)  has been approved for  t reat ing the r ig id i ty and akines ia 

or  immobi l i ty  assoc iated wi th  Parkinson d isease. 

4.  Bromocriptine  is  ind icated to  t reat id iopath ic  or  postencephal i t ic  park insonism. 

5.  Selegil ine,  ant ichol inergics,  and antihistamines  are ind icated for  use as 

adjunct ive therapy for  al l  types of  park insonism, inc luding drug- induced 

ext rapyramidal symptoms (wi th  the except ion of  tard ive dysk inesia) .  

D. Adverse effects  

1.  Levodopa  is  associated wi th  these adverse effec ts :  

a.  GI  ef fec ts ,  such as GI upset ,  nausea, vomi t ing,  anorexia ,  and excessive 

sa l ivat ion 

b.  Card iovascular  ef fec ts ,  such as or thostat ic hypotension,  tachycard ia,  and 

dysrhythmias 

c .  CNS ef fec ts ,  such as headache, d izziness,  and insomnia 
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d.  Abnormal involuntary movements , such as dysk inesia  and chorei form or  dyston ic  

movements 

e.  Psychiat r ic  e f fec ts ,  such as delusions, hal lucinat ions,  confusion,  psychoses,  and 

depress ion 

2.  Apomorphine  can cause nausea and vomi t ing,  somnolence,  d izziness, and 

hal luc inat ions,  and may exacerbate exis t ing dyskines ia.  The drug has a reasonable 

potent ia l  for  abuse due pr imar i ly to  i ts  perce ived pro-l ib ido effec ts.  

3.  Amantadine  is  associated wi th  these adverse ef fec ts :  

a.  CNS ef fec ts ,  such as drowsiness,  insomnia,  dizziness,  s lurred speech, and 

n ightmares 

b.  Ur inary retent ion and ankle edema 



c.  Livedo ret icu lar is  (mott l ing of  sk in  on the ext remi t ies) 

d.  Psychiat r ic  e f fec ts ,  such as hal luc inat ions and confus ion 

4.  Bromocriptine  and rela ted ergol ines are assoc iated wi th  nausea, hypotens ion,  

psychiat r ic  e ffec ts such as confus ion and hal luc inat ions,  l ivedo ret icu lar is ,  and 

abnormal  invo lunatry movements  such as dysk ines ia and chore i form or  dyston ic  

movements . 

5.  Selegil ine  is  associated wi th  adverse ef fec ts  that  are s imi lar  to  those of  

bromocript ine,  inc lud ing dyskines ias and hal lucinat ions. 

6.  Ant ichol inergic ant ipark insonian agents have the same adverse ef fec ts as other  

chol inergic antagonis ts  (see VI .D) .  

XIV. OPIOID ANALGESICS and ANTAGONISTS. 
Analges ic  op ioids  are opio id  receptor agonis ts  that  cons is t  o f  natura l  opiate 

a lka lo ids  and thei r  synthet ic  der ivat ives. 

A. Chemistry.  The opiate a lkaloids  are der ived f rom opium, which is  considered the 

o ldest drug on record.  Opium  ( the dr ied exudate of  the poppy seed capsule)  

conta ins about 25 d i f ferent  alka loids .  Of  these,  morphine is  the most  important,  both 

quant i ta t ively and pharmacologica l ly (F igure 13-26) .  

1.  Morphine's phenol ic  hydroxyl  group  is  ext remely important for act iv i ty;  

however,  analgesic act ivi ty appears  to  depend on a p -phenyl -N -alkylp iper id ine 

moiety,  in  which the p iper id ine r ing is  in  the chai r form and is  perpendicular  to the 

aromat ic  r ing.  The a lkyl  group is  usual ly methyl .  The morphine molecule  can be 

a l tered in a  varie ty of  ways;  rela ted compounds also can be synthesized from other  

s tart ing mater ials.  

2.  Natural  or synthetic  opioids  may be c lassi f ied into  four chemical  groups (F igure 

13-27) :  

a.  Phenanthrenes  (e .g. ,  morphine and hydromorphone,  codeine and hydrocodone,  

na lbuphine and buprenorphine,  and nalorphine, na l t rexone,  and naloxone).  

Methyla t ion of  the phenol ic (3)-hydroxyl  group wi th  or  wi thout modif icat ion of  the 6-

hydroxyl  group of  morphine yields  agents wi th  reduced agonist  potency but  

enhanced oral  bioavai lab i l i ty  (e .g . ,  codeine,  hydrocodone,  oxycodone). 

b.  Phenylheptylamines  (e .g .,  methadone and propoxyphene) are b isphenyl  

der ivat ives of heptylamine that  have s t rong (methadone) or  moderate 

(propoxyphene) agonis t  potency and excel lent  ora l  b ioavai lab i l i ty .  

c .  Phenylpiperidines  inc lude meperid ine, fentanyl ,  and sufentani l ,  which are s t rong 

agonists that  are more ef fect ive when g iven parenteral ly,  and the moderate agonists  

d iphenoxylate and loperamide. 

d.  The morphinan  levorphanol is  a  s t rong agonis t  wi th  h igh ora l  b ioavai lab i l i ty .  



 

Figure 13-26. Structural formula of morphine. 
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Figure 13-27. Structural formulas of selected 
opioid agonists, including (A) codeine, (B) 
heroin, (C) hydromorphone (Dilaudid), and (D) 
oxycodone (Percodan), morphine analogues; (E) 
meperidine (Demerol) and (F) diphenoxylate 
(Lomotil), piperidine analgesics; and (G) 
methadone (Dolophine) and (H) propoxyphene 
(Darvon), methadone analgesics. 
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3.  Opioid antagonists  are der ived by rep lac ing the methyl  group on the ni t rogen 

atom wi th  more bulky subst i tu t ions. Thus,  na lbuphine and buprenorphine are 

phenanthrene mixed agonist-antagonists;  nal t rexone and naloxone are 

phenanthrene pure antagonists;  and butorphanol  and leva l lorphan are morphinan-

der ived antagonists  (F igure 13-28) .  

4.  Agents  having both a f ree phenol ic  hydroxyl  group and a ter t iary amine funct ion 

(e .g.,  morphine and nalbuphine) are chemical ly amphoteric.  Amphoteric i ty probably 

accounts for the errat ic  absorpt ion of morphine when administered ora l ly.  



5.  Some newer op ioid  analgesic  agents ,  such as tramadol ,  are chemical ly unrela ted 

to  the natura l ,  semisynthet ic ,  and synthet ic  opiate  derivat ives. 

6.  Numerous analogues of  endogenous opio id pept ides have been synthes ized and 

are be ing used in  research. 

B. Pharmacology 

1.  Opioid analgesics  mimic  the act ions of  endogenous opio id  pept ides at  CNS 

opio id receptors ,  ra is ing the pa in threshold and increas ing pain to lerance.  The 

analges ic  act ions are mediated pr imari ly through the µ-subtype of  op io id receptors . 

2.  Other  ac t ions at t r ibutab le to s t imulat ion of  op io id  receptors include induct ion of  

euphor ia ,  sedat ion,  cough suppress ion, and chemoreceptor  t r igger-zone s t imulat ion 

leading to  nausea and vomit ing. 

3.  Tramadol  appears  to  act  v ia  a metabol i te,  which is  select ive for the µ-opio id 

receptor  and also inhib i ts  reuptake of norepinephr ine and serotonin. I ts  nonopiate 

character  appears  to  confer  no c lear  benef i ts  over  the opiates. 

4.  Pure opioid antagonists  such as naloxone block the act ions of  op io id agonis ts .  

Mixed agonist-antagonists  such as nalbuphine, buprenorphine,  butorphanol ,  and 

pentazocine b lock the act ions of  agonis ts a t  some receptors  whi le d irec t ly 

s t imulat ing other  receptors  to  produce agonis t ic ef fects.  

C. Therapeutic indications  

1.  Opio id  analges ics  are indicated to re l ieve moderate to severe pain,  such as the 

pa in associated wi th  myocard ia l  in farct ion,  cancer ,  and labor .  In  the lat ter  use, 

meper id ine is  preferred to  morphine because meper id ine is  less l ike ly to  induce 

neonatal  respiratory depression.  

2.  Opio ids  are used a lso as preanesthetic  medicat ions,  as analgesic adjuncts 

during anesthesia,  and occasional ly as  a pr imary anesthet ic  agent .  

3.  Mi ld  to  moderate agonis t ic  opio ids are used as anti tussives  (e.g .,  codeine and 

dextromethorphan) and as antidiarrheals  (e .g . ,  d iphenoxylate and loperamide) .  

 

Figure 13-28. Structural formulas of opioid 
antagonists: (A) naloxone (Narcan), (B) 
pentazocine (Talwin), and (C) butorphanol 
(Stadol). 
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4.  Pure op io id antagonists  are used as ant idotes to  reverse the adverse ef fects 

(e .g.,  respi ra tory depress ion,  card iovascular  depress ion,  sedat ion) o f opio id  

agonists or  op io id  agonis t -antagonists .  Nalt rexone is  an ora l ly ac t ive compound that  

possesses pure antagonis t ic  ac t iv i ty and is  used in  the t reatment  of  op ioid 

addic t ion. 

D. Adverse effects  

1.  Opioid analgesics  are associated wi th  the fol lowing adverse effects:  

a.  CNS ef fec ts ,  includ ing CNS depression,  mios is,  d izziness,  sedat ion,  confus ion,  

d isor ientat ion,  and coma 

b.  GI  ef fec ts ,  includ ing nausea, vomi t ing,  const ipat ion,  b i l ia ry spasm, and increased 

b i l iary t rac t pressure 

c .  Card iovascular  e f fec ts,  such as orthostat ic  hypotens ion, peripheral  c i rcu la tory 

co l lapse,  dysrhythmias, and card iac arrest 

d.  Respira tory depression 

e.  Bronchoconstr ict ion 

f .  Psychiat r ic  e f fec ts ,  such as euphoria , dysphoria ,  and hal luc inat ions 

g.  Abuse potent ial  and dependence 

h.  Prec ip i ta t ion of  wi thdrawal  symptoms in opio id-dependent pat ients  (when opio id 

agonist -antagonists ,  such as pentazoc ine or  na lbuphine,  are used as analgesics) 

i .  Class ic  op ioid  analgesics  can a lso prompt the re lease of h is tamine,  caus ing 

in tense prur i tus ,  vasodi la t ion,  and bronchoconstr ic t ion,  which can be confused wi th  

a t rue al lerg ic  react ion. 

j .  Tramadol  appears to  have signi f icant ly fewer respi ra tory depressant e ffec ts  than 

the c lass ic  op io ids .  I t  a lso does not  appear to  cause the re lease of  histamine.  I t  has 

fewer card iovascular  ef fec ts  wi th  the except ion of  or thostat ic hypotens ion,  which is 

produced.  Tramadol  does possess the typ ical  µ-receptor-mediated side effec ts  o f  

const ipat ion,  nausea,  vomi t ing,  and sedat ion. 

2.  Opioid antagonists  are associated wi th  the fol lowing adverse ef fects :  

a.  Pure op io id antagonists  can prec ip i ta te a wi thdrawal  syndrome in  opio id-

dependent  pat ients.  Pure antagonis ts ,  g iven in  the absence of  op io id agonis ts  or 

agonist -antagonists ,  produce no cl in ica l ly s igni f icant  e ffec ts.  

b.  In the absence of  op io ids ,  mixed agonist -antagonis ts  produce opioid- l ike ef fec ts ,  

such as respi ra tory depress ion. 

P.315 

 

 

STUDY QUESTIONS 
Direct ions for questions 1-14:  Each of the quest ions,  s ta tements,  or incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  Which of  the fol lowing drugs would most l ikely be used in the treatment of  

bronchospasm that is associated with chronic obstruct ive pulmonary disease? 

(A)  edrophonium 

(B)  iprat rop ium 



(C)  ambenonium 

(D) propanthel ine 

(E)  homatropine 

View Answer1.  The answer is  B[V.C.2.b,  c; VI .C.1.e-g] .2. Al l  of  the 

fol lowing adverse effects are manifestations of  cholinergic agonists except  

(A)  bradycard ia . 

(B)  bronchoconstr ict ion. 

(C)  xerostomia. 

(D)  lacr imation. 

(E)  myopic accommodation. 

View Answer2.  The answer is  C[] .3.  Which of the following drugs is  

considered to be the agent of  choice for anaphylactic  react ions? 

(A)  c lonid ine 

(B)  isoproterenol 

(C)  epinephrine 

(D) phenylephr ine 

(E)  terbuta l ine 

View Answer3.  The answer is  C[] .4.  Which of the following 

neuromuscular blocking agents can cause muscarinic responses such as 

bradycardia and increased glandular secret ions? 

(A)  tubocurarine 

(B)  succ inylchol ine 

(C) pancuronium 

(D) decamethonium 

(E)  gal lamine 

View Answer4.  The answer is  B[VII .D.2] .5. Which of  the fol lowing agents 

would not  be appropriate in the treatment of  glaucoma? 

(A)  a t rop ine 

(B)  p i locarp ine 

(C) physost igmine 

(D) t imolo l  

(E)  epinephrine 

View Answer5.  The answer is  A[and] .6.  Adverse react ions to atropine 

include al l  of  the fol lowing except  

(A)  photophobia. 

(B)  dry mouth. 

(C)  sedat ion. 

(D)  d iarrhea. 

(E)  tachycard ia . 

View Answer6.  The answer is  D[] .7.  Which of the following drugs is  a 

volat i le  substance that is  administered by inhalat ion? 

(A)  thiopenta l  

(B)  halothane 

(C) a lprazolam 

(D) buspirone 



(E)  phenytoin 

View Answer7.  The answer is  B[] .8.  The structure of  prochlorperazine is  

shown. Which of the fol lowing medicat ions,  because of  i ts  chemical  

relat ionship to prochlorperazine, would most l ikely cause similar s ide effects? 

 

(A)  f luphenazine 

(B)  thior idazine 

(C) a lprazolam 

(D) buspirone 

(E)  pentobarbi tal  

V iew Answer8.  The answer is  A[] .9.  The brief durat ion of  act ion of  an 

ultra-short-act ing barbiturate is  the result of  a 

(A)  s low rate of  metabol ism in  the l iver .  

(B)  low l ip id so lub i l i ty ,  resul t ing in  a  minimal  concentrat ion in the bra in . 

(C)  h igh degree of  b ind ing to  p lasma prote ins . 

(D)  rapid ra te of  redist r ibut ion f rom the bra in  owing to  i ts  h igh l iposolub i l i ty .  

(E)  s low rate of  excret ion by the k idneys. 

View Answer9.  The answer is  D[XII .A.4.c, d;] .P.316 

 

 

10.  Which of the fol lowing mechanisms of  act ion is true and most l ikely 

contributes to the treatment of  parkinsonism? 

(A)  The di rec t -act ing dopaminerg ic  agonist  amantadine mimics the act iv i ty o f  s t r ia tal  

dopamine. 

(B)  The ant imuscar in ic  ac t iv i ty o f  d iphenhydramine contr ibutes to the restorat ion of  

s t r ia tal  dopaminerg ic-chol inergic neurotransmi t ter  balance. 

(C)  Str ia tal  H1 - receptors are b locked by the ant ihis tamin ic  tr ihexyphenidyl .  

(D)  The ergol ine bromocr ip t ine s t imulates the re lease of  st r ia tal  dopamine f rom 

in tact  terminals .  



(E)  The abi l i ty  o f dopamine to  cross the b lood-bra in  barr ier  a l lows i t  to res tore 

s t r ia tal  dopaminerg ic-chol inergic neurotransmi t ter  balance. 

View Answer10. The answer is  B[] .11. Al l  of  the fol lowing adverse effects 

are associated with the use of  levodopa except  

(A)  s ia lorrhea. 

(B)  or thostat ic hypotens ion. 

(C)  delusions, confusion, and depression. 

(D)  dyskinesia and dyston ia. 

(E)  l ivedo ret icular is.  

View Answer11. The answer is  E[] .12.  The act ivity of  which of  the 

fol lowing drugs depends on a p -phenyl-N -a lkylpiperidine moiety? 

(A)  phenobarb i ta l  

(B)  chlorpromazine 

(C) d iazepam 

(D) imipramine 

(E)  meperidine 

View Answer12. The answer is  E[XV.A.1, 2;] .pNNp13.  Opioids are used as 

al l  of the following agents except  

(A)  ant i tuss ives. 

(B)  analgesics . 

(C)  ant i - in f lammator ies. 

(D)  ant idiarrheals .  

(E)  preanesthet ic medicat ions. 

View Answer13. The answer is  C[XV.C].14.  Which of  the fol lowing agents 

would not  be an al ternat ive to phenobarbital  in the treatment of  part ial  

seizures? 

(A)  t r imethadione 

(B)  gabapentin 

(C)  fe lbamate 

(D) lamotr igine 

(E)  None of the above 

View Answer14. The answer is  A[] .Directions for questions 15-19:  The 

quest ions and incomplete s ta tements  in  this sect ion can be correct ly answered or  

completed by one or more  o f  the suggested answers.  Choose the answer,  A-E.  

15.  Chol inesterase inhibitors can be used therapeutical ly 

I .  as miot ic agents in the treatment of glaucoma. 

I I .  to increase skeletal  muscle tone in the treatment of  myasthenia gravis. 

I I I .  to decrease gastrointest inal (GI )  and urinary bladder smooth muscle tone. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 



View Answer15. The answer is  C[] .16. Antimuscarinic agents are used in 

the treatment of  Parkinson disease and in the control of  some neuroleptic-

induced extrapyramidal disorders. These agents include 

I .  ipratropium. 

I I .  benztropine. 

I I I .  t r ihexyphenidyl .  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer16. The answer is  D[VI.C.1.g,  h] .17. Certain drugs are 

sometimes incorporated into local  anesthetic  solut ions to prolong their  act ivi ty 

and reduce their  systemic toxici ty.  These drugs include 

I .  dobutamine. 

I I .  phenylephrine. 

I I I .  epinephrine. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer17. The answer is  D[I I I .B.1.b,] .18.  Improper administrat ion of  

local anesthetics can cause toxic plasma concentrat ions that may result  in 

I .  seizures and central  nervous system (CNS) depression. 

I I .  respiratory and myocardial  depression. 

I I I .  c irculatory col lapse.  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer18. The answer is  E[] .P.317 

 

 

19.  In addit ion to their  anxiolyt ic  propert ies, benzodiazepines are indicated for 

use 

I .  as preanesthetic  medicat ions. 

I I .  as anticonvulsants. 

I I I .  during acute withdrawal  from alcohol .  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 



View Answer19. The answer is  E[] .For questions 20-22:  A 58-year-o ld 

whi te  male who has a h is tory of  essent ial  hyper tension and bronchia l  as thma has 

recent ly been diagnosed wi th  prostat ic  hyper t rophy.  His medicat ion history includes 

the fo l lowing drugs: 

Direct ions:  The fol lowing quest ions can be answered by one  o f  the l is ted drugs. 

Choose the best  answer,  A-E.  

20.  Which of these agents and uses could worsen the urinary retention he is 

experiencing as a result  of  his prostate problems? 

(A)  propranolo l ,  for hyper tens ion 

(B)  iprat rop ium, for as thma 

(C) metaproterenol ,  for  as thma 

(D) f inaster ide (Proscar),  for  prostat ic  hyper t rophy 

(E)  prazos in,  for  hyper tens ion 

View Answer20. The answer is  B[] .21. Which agent and use could worsen 

or cause an acute asthma attack? 

(A)  propranolo l ,  for hyper tens ion 

(B)  iprat rop ium, for as thma 

(C) metaproterenol ,  for  as thma 

(D) f inaster ide (Proscar),  for  prostat ic  hyper t rophy 

(E)  prazos in,  for  hyper tens ion 

View Answer21. The answer is  A[IV.D.3] .22.  Which agent acts select ively 

at  β2 -receptors? 

(A)  propranolo l ,  for hyper tens ion 

(B)  iprat rop ium, for as thma 

(C) metaproterenol ,  for  as thma 

(D) f inaster ide (Proscar),  for  prostat ic  hyper t rophy 

(E)  prazos in,  for  hyper tens ion 

View Answer22. The answer is  C[] .For questions 23-25:  A 55-year-o ld 

b lack female has a h is tory of  moderate hypertens ion,  g laucoma, and mi ld 

osteoarthr i t is .  Her  medicat ion history includes the fol lowing drugs: 

Direct ions:  The fol lowing quest ions can be answered by one or more  o f  the l is ted 

drugs.  Choose the best  answers,  A-E.  

23.  Which of her glaucoma medicines acts via an indirect  mechanism? 

(A)  metopro lo l ,  for hypertens ion 

(B)  p i locarp ine gel ,  for glaucoma 

(C) epinephrine drops,  for  glaucoma 

(D) isof lurophate,  for  g laucoma 

(E)  t imolo l ,  for  glaucoma 

View Answer23. The answer is  D[] .24. Which two agents could have an 

addit ive effect  to produce excessive bradycardia? 

(A)  metopro lo l ,  for hypertens ion 

(B)  p i locarp ine gel ,  for glaucoma 

(C) epinephrine drops,  for  glaucoma 

(D) isof lurophate,  for  g laucoma 

(E)  t imolo l ,  for  glaucoma 



View Answer24. The answers are A and E[IV.B.3,  D.4] .25. Which two 

glaucoma agents could lessen the effects of  the other? 

(A)  metopro lo l ,  for hypertens ion 

(B)  p i locarp ine gel ,  for glaucoma 

(C) epinephrine drops,  for  glaucoma 

(D) isof lurophate,  for  g laucoma 

(E)  t imolo l ,  for  glaucoma 

View Answer25. The answers are B and D[] .Direct ions for questions 26-

28:  Each statement  in  this  sect ion describes one  o f  the fo l lowing drugs. Choose the 

best  answer,  A-E.  

P.318 

 

 

26.  An anxiolyt ic  drug that  does not possess ei ther hypnotic or ant iconvulsant 

propert ies 

(A) tranylcypromine 

(B) imipramine 

(C) buspirone 

(D) f luoxetine 

(E)  phenelz ine 

27.  A prototype tr icycl ic  antidepressant with antimuscarinic propert ies that 

make i t  useful  in the treatment of  enuresis 

(A) tranylcypromine 

(B) imipramine 

(C) buspirone 

(D) f luoxetine 

(E)  phenelz ine 

28.  An antidepressant that  inhibits serotonin reuptake and may cause adverse 

effects such as impaired memory,  akathisia,  and menstrual  i rregularit ies 

(A) tranylcypromine 

(B) imipramine 

(C) buspirone 

(D) f luoxetine 

(E)  phenelz ine 

View Answer26-28.  The answers are: 26-C[] ,27-B[] ,28-D[] .Directions for 

questions 29-31:  Each s t ruc ture in  th is  sect ion can be descr ibed by one  o f  the 

fo l lowing pharmacologica l  categories .  Choose the best  answer. 

29. 



 
 

(A)  general  anesthetic 

(B)  local  anesthetic 

(C)  ant idepressant 

(D)  anxiolyt ic  

(E)  opioid antagonist 

30. 

 
 

(A)  general  anesthetic 

(B)  local  anesthetic 

(C)  ant idepressant 

(D)  anxiolyt ic  

(E)  opioid antagonist 

31. 



 
 

(A)  general  anesthetic 

(B)  local  anesthetic 

(C)  ant idepressant 

(D)  anxiolyt ic  

(E)  opioid antagonist 

View Answer29-31.  The answers are: 29-B[] ,30-D[] ,31-C[] .pFor questions 

32-33:  A 38-year-o ld  man has a his tory of a f fect ive d isorders,  including 

sch izophrenia,  depression,  obsess ive-compulsive d isorder ,  and si tuat ional  anxie ty.  

His  past  medicat ions include th io thixene,  ch lorpromazine,  ami t r ip ty l ine, and 

d iazepam. His  current  medicat ion prof i le  inc ludes two of  the fol lowing drugs: 

Direct ions:  The fol lowing quest ions can be answered by one  o f  the l is ted drugs. 

Choose the best  answer,  A-D.  

32.  Which agent is  most l ikely being used to treat  his schizophrenic 

psychosis? 

(A)  c lozapine 

(B)  f luoxet ine 

(C) buspirone 

(D) r isperidone 

View Answer32. The answer is  A[] .33. Which agent is  most l ikely being 

used to treat  depression and obsessive-compulsive disorder? 

(A)  c lozapine 

(B)  f luoxet ine 

(C) buspirone 

(D) r isperidone 

View Answer33. The answer is  B[] .P.319 

 

 

Direct ions for questions 34-40:  Each of  the quest ions,  s ta tements , or  incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

34.  Tyramine exempli f ies the pharmacologic mechanism of 



(A)  gangl ion ic  blockade. 

(B)  inh ibi t ion of  t ransmi tter  release. 

(C)  fac i l i tat ion of  t ransmit ter  re lease. 

(D)  in ter ference wi th  vesicular s torage. 

(E)  b lockade of  t ransmi t ter  reuptake. 

View Answer34. The answer is  C[] .35. Considering the general  chemical  

structures of  sympathomimetic amines,  delet ion of  the 3-hydroxy group on the 

phenyl  r ing of  norepinephrine would l ikely produce 

(A)  increased α-receptor potency.  

(B)  increased β-receptor potency.  

(C)  ind i rec t  sympathomimetic  act iv i ty.  

(D)  decreased t ransport  through the b lood-bra in barr ier .  

(E)  loss of any biologica l  ac t iv i ty in  the nervous system. 

View Answer35. The answer is  C[] .36. Sometimes combination treatment 

of  Parkinson disease is warranted.  Which of  the fol lowing drug combinations 

could work cooperat ively to enhance a cl inical ant iparkinsonian response? 

(A)  amphetamine and reserpine 

(B)  levodopa and carb idopa 

(C) carb idopa and to lcapone 

(D) amantadine and haloper ido l  

(E)  dopamine and tyramine 

View Answer36. The answer is  B[] .37. Terazosin is  able to faci l i tate 

micturi t ion when used in the treatment of  benign prostat ic  hypertrophy (BPH) 

because the drug 

(A)  re laxes the prostate g land. 

(B)  constr ic ts  the neck of  the bladder.  

(C)  prevents peni le  erect ions associated wi th BPH. 

(D)  b locks seminal  f lu id  product ion. 

(E)  b locks prostate cel l  growth. 

View Answer37. The answer is  A[] .38. BRL37344 is  a β3 -agonist .  I t  might 

be of  interest  to develop this agent into a cl inical ly usable drug because of  the 

expectation that  β3 -agonists would 

(A)  constr ic t  b lood vessels  and increase blood pressure in shock pat ients. 

(B)  induce l ipo lysis and decrease l ipocyte mass in  obese pat ients . 

(C)  increase glycogenolys is  and prevent  glycogen s torage in  l iver  c i r rhos is.  

(D)  enhance renal  vasodi la t ion and increase ur inary e l iminat ion of  e thanol  in 

a lcohol ics. 

(E)  cause bronchodi la t ion and counteract  the negat ive ef fec ts  of  as thma t reatment  

agents. 

View Answer38. The answer is  B[I I I .B.1.b] .39. The pharmacologic prof i le  

of  carvedilol  is  most similar to that  of 

(A)  esmolol .  

(B)  labeta lol .  

(C)  metopro lo l .  

(D)  nadolo l .  



(E)  t imolo l .  

V iew Answer39. The answer is  B[IV.C.3;] .40.  Besides both of them being 

phenanthrene derivat ives,  apomorphine and morphine also have the common 

property of  

(A)  s t imulat ing bra in  neurogenes is  and hence ant idepressant  act iv i ty.  

(B)  e l ic i t ing a potent  nerve b lockade and hence anesthet ic  ac t iv i ty.  

(C)  s t imulat ing µ-opio id receptors  and hence analges ic  ef f icacy. 

(D)  improving immobi l i ty  and hence ant iparkinsonian act iv i ty.  

(E)  induc ing rewarding st imul i  and hence addict ion l iabi l i ty .  

V iew Answer40. The answer is  E[XV.A.2, C] .P.320 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [V.C.2.b, c;  VI .C.1.e-g] .  

Iprat ropium is  a newly approved ant imuscar in ic  agent  used to  t reat  bronchospasm. 

Propanthel ine and homatrop ine are ant imuscarinic  agents  used as a gast ro in test ina l  

(GI)  ant ispasmodic  and as a mydria t ic,  respect ive ly.  Edrophonium and ambenonium 

are indi rec t -act ing chol inerg ic  agonis ts and,  as  such,  would be expected to  induce 

bronchospasm. 

2.  The answer is  C  [VI.D ] .  

Xerostomia,  or dry mouth,  resul ts  f rom reduced sa l ivary secret ions and,  therefore,  

is  not  a  mani fes tat ion of  chol inergic agonis t ac t iv i ty.  A l l  o f  the other  e f fec ts  l is ted in  

the quest ion are extensions of  therapeut ic  e f fects  o f chol inerg ic  agonis ts to  the 

po int  of  be ing adverse effec ts .  

3.  The answer is  C  [ I I I .C.1 ] .  

Of  the adrenerg ic  agonists  l is ted in the quest ion, on ly ep inephr ine,  because of  i ts  

broad,  nonselect ive α-  and β-act iv i ty,  is  an agent o f  choice for  anaphylact ic  

react ions.  Epinephrine improves c i rcula tory and respi ratory funct ion and counteracts  

the vascular  e ffec ts o f h is tamine-re lated anaphylaxis .  

4.  The answer is  B  [VI I .D.2] .  

Neuromuscular  blocking agents interact  wi th n icot in ic  receptors at  the skeletal  

neuromuscular  junct ion.  Succ inylchol ine is  also capable of  e l ic i t ing autonomic  

muscar inic responses,  such as bradycard ia ,  increased g landular secret ions,  and 

cardiac arrest .  

5.  The answer is  A  [V.B and  C ] .  

Both d i rec t -act ing (e .g.,  p i locarp ine) and ind irect-act ing (e .g. ,  physost igmine) 

chol inergics  may be used in g laucoma to increase chol inerg ic  ac t iv i ty and faci l i tate  

out f low of  aqueous humor.  Simi lar ly,  both β-agonis ts (e .g. ,  epinephrine) and 

antagonists (e .g. ,  t imolo l)  may be used respect ive ly to  increase out f low and 

decrease product ion of  aqueous humor.  At ropine is  contraindicated in  glaucoma 

because i ts ant ichol inergic  e f fec ts  can b lock the out f low of  aqueous humor and,  

consequent ly,  increase in t raocular pressure. 

6.  The answer is  D  [VI.D ] .  



Class ic  s igns and symptoms of muscarin ic  b lockade, as  wi th  at ropine,  inc lude 

mydr ias is ,  which may cause l ight sens i t iv i ty (photophobia) ;  dry mouth and 

const ipat ion by decreas ing secretory act iv i ty and moti l i ty  in  the GI  t rac t ;  and 

tachycard ia by inh ib i t ing the normal  inhib i tory cho l inergic contro l  o f  the card iac  

system. Diarrhea is  one of  the common s igns of chol inergic agonis ts  (such as 

sa l ivat ion, lacr imat ion or tearing,  ur inat ion,  and diarrhea) .  

7.  The answer is  B  [VII I .A.1 ] .  

The general  anesthet ics are div ided in to  two major  c lasses of  drugs: those that  are 

gases or  vola t i le l iquids , which are administered by inhalat ion,  and those that  are 

nonvolat i le sal ts ,  which are adminis tered as in t ravenous so lut ions.  Halothane is a  

ha logenated hydrocarbon,  which belongs to the former c lass.  I t  has the advantage 

over  o lder vo lat i le  anesthet ics  (e.g. ,  e thyl  e ther,  cyc lopropane) o f  be ing 

nonf lammable.  Th iopenta l  sodium, a lprazolam, buspi rone,  and phenytoin  are al l  

nonvolat i le substances that  are administered oral ly  or  parentera l ly.  Th iopental  is  a  

genera l  anesthet ic  and is  somet imes referred to  as a basal  anesthet ic  because i t  

does not  produce s ign i f icant  thi rd-s tage surg ical  anesthesia. Alprazolam and 

buspi rone are anxio lyt ics,  whereas phenytoin is  an ant iconvulsant.  

8.  The answer is  A  [X.A.1;  Table 13-6 ] .  

F luphenazine,  l ike prochlorperazine,  is a  p iperazinyl  phenoth iazine ant ipsychot ic  

and would be l ike ly to  cause simi lar s ide effec ts.  Whereas thior idazine is a lso a 

phenothiazine ant ipsychot ic ,  i t  is  a  piperidyl  derivat ive rather than a piperazinyl  

der ivat ive.  Alprazolam, phenytoin , and pentobarb i ta l  are not phenoth iazines;  

therefore,  s t ruc tura l ly,  they are not s imi lar to prochlorperazine. 

9.  The answer is  D  [XI I .A.4.c,  d;  Figure 13-8 ] .  

Ul t ra-shor t -ac t ing barb i turates are character ized by having branched or  unsaturated 

5,5-s ide chains and by having a su l fur  a tom in  p lace of  oxygen in  the 2 pos i t ion of  

the barbi tur ic  ac id  molecule. These modi f icat ions o f  barbi tur ic ac id resul t  in  an 

ext remely l iposolub le molecule that  is  very soluble  in l ip id  t issues. Af ter  

adminis t ra t ion, an ul t ra-short -ac t ing barb i turate readi ly c rosses the b lood-bra in  

barr ier  but  then is  qu ickly red is t r ibuted in to  ext racerebral  t issue,  resul t ing in  a  rap id 

loss of  ac t iv i ty.  Whi le  these agents  do remain in the body for  a long t ime and seem 

to have slow rates of  metabol ism and excret ion,  the i r  long retent ion t ime is  due 

more to the i r  s low rate of  leaching out  o f  l ip id  t issue. 
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10.  The answer is  B  [XIV.B ] .  

The H1 -antagonis t  d iphenhydramine possesses ant imuscar inic ac t iv i ty,  which al lows 

i t  to  be of use in  the restorat ion of  s t r ia ta l  dopaminerg ic-chol inergic  

neurot ransmit ter  balance.  Amantadine appears  to s t imulate the re lease of  s t r ia tal  

dopamine; i t  does not  mimic  the act ion of dopamine.  Tr ihexyphenidyl  is  an 

ant imuscar in ic ,  not ant ihis tamin ic ,  agent ;  i t  b locks chol inergic ,  not  H1 ,  receptors . 

Bromocrip t ine is  a  dopaminergic  agonis t  and mimics the act iv i ty o f  s t r ia ta l  

dopamine. The neurot ransmi t ter  dopamine is  not ab le  to  cross the b lood-bra in  

barr ier  and is,  therefore, not  e f fect ive as an ant ipark insonian drug. 



11.  The answer is  E  [XIV.D.1 ] .  

L ivedo ret icu lar is  is  a  c i rcu la tory d isorder  charac ter ized by large,  blu ish areas on 

the ext remi t ies .  I t  is  an adverse ef fec t  assoc iated wi th  the use of  amantadine and 

bromocript ine but  not  wi th  the use of  levo-dopa. 

12.  The answer is  E  [XV.A.1,  2 ;  F igure 13-27E ] .  

The p -phenyl -N -a lkylp iper idine moiety is common to  the st ruc tura l ly speci f ic  op ioid  

analges ics.  Meper id ine is  an op ioid  analgesic  and is  an N -methyl-p -phenylp iper idine 

der ivat ive.  I ts chemical  name is  e thyl  1  -methyl -4-phenylpiper idine-4-carboxylate.  

Phenobarb i ta l  is  a  barb i turate sedat ive.  Chlorpromazine is  a  phenothiazine 

ant ipsychot ic.  Diazepam is  a  benzodiazepine anxio lyt ic .  Imipramine is  a  t r icycl ic  

d ibenzazepine ant idepressant .  

13.  The answer is  C  [XV.C] .  

Unl ike the sal icylates,  op ioids  do not  possess ant i - in f lammatory act iv i ty.  Opio ids do 

suppress the cough ref lex and are preeminent  analgesics .  Opio ids cause 

const ipat ion and are, thus,  ef fec t ive ant idiarrheal  agents .  When used as 

preanesthet ic  medicat ion,  op ioids  permi t  a  reduct ion in the amount  o f  general  

anesthet ic  requi red for  surg ical  anesthesia. 

14.  The answer is  A  [XII I .A.1, C.2 ] .  

Whi le  many analept ics are usefu l  in  control l ing more than one se izure type,  

t r imethadione is  ef fec t ive pr imar i ly against  absence (pet i t  mal )  seizures.  

Addi t ional ly,  i ts  s ide-ef fec t  prof i le is  more extens ive than the newer agents  (e.g. ,  

lamotr ig ine, gabapentin ,  fe lbamate) that  are ef fect ive in  t reat ing part ia l  seizures. 

15.  The answer is  C  [V.C.2 ] .  

Chol inesterase inhib i tors are indi rec t -act ing chol inergic  agonis ts  usefu l  in t reat ing 

myasthenia gravis  and g laucoma. Thei r  ef fec ts  on GI  and urinary b ladder smooth 

muscle would be to increase smooth-muscle tone, not  decrease i t .  

16.  The answer is  D  [VI .C.1.g, h ] .  

A l l  three compounds l is ted in  the quest ion are ant imuscar inic agents ;  however,  on ly 

benztrop ine and t r ihexyphenidyl  are used to  contro l  parkinsonism and some 

neuro lept ic - induced ext rapyramidal  d isorders.  Iprat ropium is  a  newly approved 

agent  for  the t reatment  of  bronchospasm. 

17.  The answer is  D  [ I I I .B.1.b,  C.1,  2 ] .  

Dobutamine is  a  β1 -se lec t ive adrenerg ic  agonis t .  I t  would be inappropriate  to  use 

dobutamine to  decrease b lood f low at  the s i te  o f  local  anesthet ic  administ ra t ion.  

Epinephrine is  a nonselect ive α- and β-agonist ,  and phenylephr ine is  an α1 -selec t ive 

agonist ;  both of these drugs can be used to  l imi t  the systemic  absorpt ion of  loca l  

anesthet ics and pro long the ir  ac t iv i ty.  

18.  The answer is  E  [ IX.D.2 ] .  

Careful  adminis tra t ion of a  loca l  anesthet ic  by a knowledgeable pract i t ioner  is  

essent ial  to  prevent  systemic  absorpt ion and consequent  toxic i ty.  Th is is  especia l ly 

important  when the pat ient  has card iovascular  d isease,  poorly contro l led diabetes,  

thyrotoxicos is ,  or  per iphera l  vascular  disease. 

19.  The answer is  E  [XII.C.1,  2 ,  3 ] .  

Benzodiazepines can serve as induct ion agents for  genera l  anesthes ia;  they a lso 

have anxio lyt ic proper t ies .  In  addit ion,  in t ravenous diazepam is  used to t reat  s tatus 



epi lept icus,  whereas c lonazepam is used oral ly for  myoc lon ic  and absence (pet i t  

mal ) se izures. Benzodiazepines a lso d iminish alcoho l  wi thdrawal  symptoms. 

20.  The answer is  B  [VI.D ] .  

Th is  ant ichol inerg ic ,  i f  absorbed systemical ly,  cou ld cause classic ant ichol inergic 

e f fec ts ,  which include ur inary re tent ion. 
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21.  The answer is  A  [ IV.D.3] .  

Because th is  is  a nonselect ive β-blocker ,  there cou ld be some inh ib i t ion of  β2 -

receptors  in  the bronchial  t ree,  causing bronchoconstr ic t ion and poss ible  

compl icat ion of  the pat ient 's  as thma. 

22.  The answer is  C  [ I I I .C.6 ] .  

Propranolo l  is  a  nonselect ive β-b locker,  and prazos in is  a  se lect ive α1 -blocker .  

Nei ther  iprat ropium nor  Proscar  works through the adrenergic system. 

Metaproterenol  is  a  se lect ive β2 -agonis t.  

23.  The answer is  D  [V.A.2,  C.2 ] .  

P i locarp ine acts  di rec t ly a t  the muscar inic receptor ,  whereas epinephr ine and 

t imolol  both act  di rec t ly a t  β-receptors .  Isof lurophate inh ib i ts  the metabol ism of 

acetylchol ine,  indi rec t ly increasing leve ls  o f the endogenous neurot ransmit ter .  

24.  The answers are A and E  [ IV.B.3,  D.4] .  

Metopro lol ,  a β1 -se lect ive agent,  can cause bradycard ia  alone.  The addi t ion of  

top ical  t imolol ,  whi le  l imit ing systemic  absorpt ion, could have an addi t ive β-b locking 

ef fec t  to  decrease hear t  ra te  (negat ive chronotropy) .  

25.  The answers are B and D  [V.C.1,  2 ] .  

P i locarp ine and isof lurophate could l imi t  the ef fects  of  each other,  because,  

u l t imate ly,  both act v ia  chol inerg ic  receptors . Pi locarp ine acts  d i rec t ly on the 

receptor ,  whi le isof lurophate ind i rec t ly increases acetylchol ine leve ls .  Pi locarp ine 

and acetylchol ine could compete for  each other a t  the receptor  s i te,  ef fec t ively 

decreas ing the ef fec ts  o f both.  Epinephr ine and t imolo l  are β-agonis ts  and β-

antagonists,  respect ive ly.  Al though both agents  are effec t ive in  t reat ing g laucoma 

a lone,  the use of  both concomitant ly could resul t  in  a pharmacolog ical  antagonism, 

ef fec t ively decreasing the ef fects  o f  both. 

26-28.  The answers are: 26-C  [XII .B.2 ] ,  27-B  [XI.C.2 ] ,  28-D  [XI.B.3,  D.3 ] .  

Buspi rone 's mechanism of  anxio lyt ic  act ion is  unknown.  Unl ike the benzodiazepines, 

buspi rone lacks hypnot ic and ant iconvulsant  proper t ies . The t r icycl ic  ant idepressant 

imipramine is useful  in  the t reatment  o f  enuresis,  because the compound b locks 

muscar inic receptors  mediat ing mictur i t ion.  Trazodone is  categorized as an atypica l  

ant idepressant  that  se lec t ively b locks seroton in reuptake. 

29-31.  The answers are: 29-B  [ IX.A;  F igure 13-15 ] ,  30-D  [XII .A; Table 13-7 ] ,  31-C  

[XI.A.2;  Figure 13-19 ] .  

The s t ruc ture shown in  quest ion 29 is  that o f proca ine,  which is  a  die thylaminoethyl  

p -aminobenzoate ester .  I t  contains  a hydrophi l ic  amino group in  the a lcohol  por t ion 

of  the molecule and a l ipophi l ic  aromatic  acid  connected by the ester  l inkage.  The 

procaine molecule is  typica l  o f  ester- type loca l  anesthet ics . 



The s t ruc ture in  quest ion 30 is  that  of  diazepam, which has a benzo-1,4-diazepine 

as i ts base nuc leus.  The widely used benzo-1,4-d iazepine der ivat ives have 

s ign i f icant anxio lyt ic ,  hypnot ic,  and ant iconvulsant  ac t iv i t ies . 

The s t ruc ture in  quest ion 31 is  that  of  desipramine,  which has a dibenzazepine as 

i ts  base nuc leus.  Dibenzazepine der ivat ives that  have a methyl -  or  

d imethylaminopropyl  group at tached to  the r ing ni t rogen have s igni f icant  

ant idepressant  act iv i ty.  Simi lar ly subst i tu ted dibenzocycloheptadienes a lso have 

ant idepressant  act iv i ty.  Together,  these two chemical  c lasses make up the major i ty 

o f  the t r icyc l ic  ant idepressants . 

32.  The answer is  A  [X.C ] .  

Clozapine, whi le  therapeut ica l ly def ined as a genera l  ant ipsychot ic ,  is  used a lmost  

exc lus ively in the t reatment  o f  sch izophrenia. 

33.  The answer is  B  [XI.A.3,  C.2 ] .  

F luoxet ine is  most  l ikely be ing used in  th is  pat ient  in an at tempt  to  t reat depression 

and obsessive-compuls ive d isorder wi th  the same drug.  Cl in ical  t r ia ls  have shown 

f luoxet ine to  improve both condi t ions.  The use of  a  s ingle  agent  for  both condi t ions 

wi l l  min imize the r isk of  drug-drug in teract ions, as  wel l  as  reduce the chances of  

adverse ef fec ts .  

34.  The answer is  C  [ I I I .A.2,  B.3;  Table 13-2 ] .  

Tyramine is an ind i rec t ly ac t ing sympathomimet ic amine that  enters  the nerve 

terminal  and d isplaces norepinephrine f rom the storage ves ic les ,  thus increasing the 

quanta of  the t ransmi tter re leased. 
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35.  The answer is  C  [ I I I .A.1,  2 ] .  

Both aromatic hydroxyl  funct ions are important  for  both alpha and beta receptor  

b ind ing.  However,  removal  of  one or  both of  the groups would increase uptake of 

the resul t ing compound in to  the brain  and adrenerg ic nerve terminals ,  resu l t ing in  

t ransmi t ter  disp lacement f rom vesicu lar  storage and increased t ransmit ter re lease. 

36.  The answer is  B  [XIV.A.2,  3 ] .  

Whi le  levodopa can cross the blood bra in  barr ier  to  ga in access in to the bra in,  a  

s ign i f icant port ion of  an ora l ly admin is tered dose gets  converted into  dopamine and 

norepinephr ine at  per iphera l  s i tes ,  leading to  periphera l  s ide ef fects and decreased 

bra in  bioavai lab i l i ty .  Carb idopa,  a  dopa decarboxylase inh ib i tor  that  does not  c ross 

the b lood brain  barr ier ,  is  coadmin is tered wi th  levodopa to decrease i ts  per ipheral  

convers ion, increase centra l  del ivery of the drug and hence the therapeut ic  

response. 

37.  The answer is  A  [ IV.C.1 ] .  

Terazos in b locks alpha receptors  on the prostate g land to  cause a re laxant  e ffec t ,  

which reduces the pressure exer ted by the prostate on the urethra,  thus easing 

ur inary vo idance. 

38.  The answer is  B  [ I I I .B.1.b] .  

St imulat ion of  beta-3 receptors  induces the metabol ic  breakdown of  fa t  s tores into  

f ree fa t ty acids  that  can be fur ther  catabol ized by the body.  The hope is  that  th is  



category of  pharmacologic  agents  could,  wi th repeated use,  lead to  a decrease in  

the content  and number of  fat  ce l ls,  and hence an ant iobes i ty e f fec t .  

39.  The answer is  B  [ IV.C.3;  Table 13-3 ] .  

L ike labetalo l ,  carvedi lol  is  a  nonselect ive a lpha and beta receptor antagonis t  used 

in  the t reatment  o f  hypertens ion.  Blockade of  vascular  alpha (a lpha-1)  receptors  

would cause vasodi la tat ion and decreased per iphera l  vascular  resis tance, whi le  

b lockade of myocardial  beta (beta-1) receptors  would decrease card iac contract i l i ty .  

The resul tant decrease in  card iac output  would produce a fa l l  in blood pressure 

(b lood pressure = cardiac  output  × peripheral  resis tance) .  

40.  The answer is  E  [XIV.A.2,  D.2;  XV.A.2,  C] .  

Despi te the s imi lar i t ies  in  the i r  names and chemica l  s tructures, these two agents  

have very di f ferent  pharmacolog ical  ef fec ts  and therapeut ic  uses.  The one 

commonal i ty among them is  that both produce reward ing ef fects  and thus abuse 

l iab i l i ty—morphine primar i ly through i ts euphor iant  CNS ef fec ts  and apomorphine 

pr imar i ly through i ts pro-l ib ido (erect i le)  ef fec ts  in  males. 

 



14 
Autacoids and Their Antagonists, 
Nonnarcotic Analgesic-Antipyretics, and 
Nonsteroidal Anti-inflammatory Drugs 
Scott  F.  Long 

I. INTRODUCTION 
A. Autacoids,  a lso ca l led autopharmacologica l  agents  or  loca l  hormones, 

have widely d i f fer ing s t ruc tures and pharmacolog ica l  act ions.  Al though the 

term remains poor ly def ined, the current ly accepted cr i ter ion that def ines a 

substance as an autacoid is  loca l  re lease and act ion l imi ted to a  speci f ic  

s i te .  Two of  most  extensive ly invest igated autacoids are histamine  and the 

prostaglandins.  However,  serotonin,  bradykinin,  and kal l idin  a lso 

funct ion in  a  s imi lar  manner.  W hi le  some autacoids (h is tamine and 

serotonin) funct ion as neurot ransmi t ters , the i r  autacoid funct ion is  the focus 

of  this chapter .  Current ly,  there are no agents  that  speci f ical ly modulate the 

funct ion of  bradykinin  or  ka l l id in;  however,  drugs or  analogs that  mimic ,  

b lock,  or modulate other autacoid funct ions have important  therapeut ic  

ro les . 

B. Nonnarcotic analgesic-antipyret ics  have diss imi lar  s t ruc tures but  

share cer ta in therapeut ic ac t ions, inc luding re l ief  o f  pa in,  fever ,  and 

sometimes in f lammat ion. Mechanis t ica l ly,  these agents  act by inh ib i t ing 

synthesis  o f  prostag landins. 

C. Nonsteroidal  ant i - inflammatory drugs (NSAIDs)  d i f fer in s truc ture and 

act iv i ty f rom the nonnarcot ic  analges ic-ant ipyret ics , but  possess ant i -

in f lammatory proper t ies . In  addit ion,  many of  these agents  a lso exhib i t  

ant ipyret ic  and analges ic act iv i ty.  NSAIDs a lso act  by inh ib i t ion of 

prostaglandin synthes is .  

II. AUTACOIDS AND THEIR ANTAGONISTS 
A. Histamine and antihistaminics  

1.  Chemistry  

a.  Histamine  is  a  b ioamine der ived princ ipa l ly f rom dietary h is t id ine, which 

is  decarboxylated by L-his t id ine decarboxylase (F igure 14-1).  

b.  Antihistaminics  (his tamine antagonis ts)  can be c lass i f ied as H1 -  or H2 -

receptor antagonists.  

(1)  H1 -receptor antagonists,  the c lassic ant ihistamin ic  agents,  are 

chemical ly c lassi f ied as ethylenediamines  (e .g .,  pyr i lamine),  alkylamines  

(e .g .,  brompheni ramine [Dimetapp] ,  chlorpheni ramine [Chlor-Tr imeton]) ,  

ethanolamines  (e .g .,  diphenhydramine [Benadryl ] ,  c lemast ine [Tavis t ] ) ,  

piperazines  (e .g . ,  hydroxyzine [Atarax,  Vis tar i l ] ,  cet i r iz ine  
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[Zyr tec] ) ,  phenothiazines  (e .g . ,  promethazine [Phenergan]) ,  

dibenzocycloheptenes  (cyproheptadine [Periac t in ] ) ,  phthalazinones  



(aze last ine [Opt ivar ,  Aste l in ] ) ,  and piperidines  (e .g . ,  azatadine [Opt imine] ,  

loratadine [Clar i t in ] ,  desloratad ine [Clar inex] ,  and fexofenadine [Al legra] ) .  

Cet i r iz ine, aze last ine,  loratadine,  desloratad ine,  and fexofenadine make up 

the second-generat ion ant ihistaminics ,  which are less sedat ing than the 

o lder ,  f i rst -generat ion drugs,  owing to  thei r  l imi ted abi l i ty  to cross the 

b lood-bra in  barr ier  (Figure 14-2) .  

 

Figure 14-1. Structural formula of histamine, an 
autacoid. 

 

Figure 14-2. Structural formulas of representative 
H1-receptor antagonists. (A) Chlorpheniramine 
(alkylamine). (B) Diphenhydramine 
(ethanolamine). (C) Promethazine 
(phenothiazine). (D) Loratadine (nonsedating 
piperidine). 

(2)  H2 -receptor antagonists  are heterocyc l ic congeners  of  h is tamine.  

These inc lude cimetidine  (Tagamet),  ranit idine  (Zantac),  famotidine  

(Pepcid),  and nizat idine  (Axid)  (F igure 14-3) .  

(3)  Alternat ives  to the H2 - receptor  antagonis ts inc lude omeprazole  

(Pr i losec) ,  lansoprazole  (Prevacid),  rabeprazole  (Ac ipHex) ,  pantoprazole  

(Proton ix) ,  and esomeprazole   
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(Nexium);  specif ic inhibitors of H+ /K+ -ATPase  (proton pump inhib i tors ,  or  

PPIs) ,  the ul t imate mediator  o f  gast r ic  ac id  secret ion.  St ructural ly,  these 



agents are subst i tu ted benzimidazoles  l inked to  a pyr idine r ing by a 

su l f inyl  br idge,  which is  requi red for H+ /K+ -ATPase inhibi t ion. 

 

Figure 14-3. Structural formulas of (A) 
cimetidine, an H2-receptor antagonist, and (B) 
omeprazole, a proton pump inhibitor. 

2.  Pharmacology  

a.  Histamine  has powerfu l  pharmacologica l  act ions,  mediated by two 

spec i f ic  receptor types (Table 14-1).  A th i rd  histamine receptor  has been 

ident i f ied.  I ts  funct ion has yet  to  be eluc idated,  but  i t  is  be l ieved to  act ,  at  

least  in  par t ,  as  an autoreceptor.  

(1)  H1 -receptors mediate  typ ical  al lerg ic  and anaphylact ic responses to  

h istamine,  such as bronchoconstr ic t ion,  vasodi lat ion,  increased capi l lary 

permeabi l i ty ,  and spasmodic  contract ions of gastro intest ina l  (GI)  smooth 

muscle. 

(2)  H2 -receptors mediate  o ther  responses to  histamine, such as increased 

secret ion of gast r ic  acid , peps in,  and Cast le 's  factor  ( in t r ins ic  fac tor) .  

b.  H1 -receptor antagonists  compet i t ive ly block H1 - receptors,  thus l imi t ing 

the h is tamine 's e f fects  on bronchia l  smooth muscle,  capi l lar ies ,  and GI  

smooth musc le.  These antagonis ts  a lso prevent  h istamine- induced pain and 

i tch ing of  the skin  and mucous membranes. 

c .  H2 -receptor antagonists  compet i t ive ly block H2 - receptors,  thus l imi t ing 

the ef fec ts  of  histamine on gastr ic  secret ions. 

d.  The PPIs  i rrevers ibly inhib i t  the proton pump H+ /K+ -ATPase by covalent ly 

b ind ing to  the protein . 

3.  Therapeutic indicat ions  

a.  Exogenous histamine  can be used as a diagnostic agent  for  tes t ing gast r ic  

funct ion.  However,  o ther s t imulants of gast r ic  secret ion (pentagastr in)  are more 

su i table  and safer.  

b.  H1 -receptor antagonists  are used to  provide symptomat ic  re l ie f  o f  al lergic 

symptoms,  such as seasonal  rh in i t is ,  conjunct iv i t is ,  and the symptoms of rh inovi ral  

in fec t ions (common cold) .  Thei r  ant ihis taminic  e ffec ts  a lso make them usefu l  for 

symptomat ic  re l ie f  o f  ur t icar ia .  Agents wi th  a  h igh degree of  ant ichol inerg ic  ac t iv i ty 

(e .g.,  diphenhydramine)  are sometimes used to  treat  nausea and vomi t ing 

associated wi th mot ion s ickness and ver t igo.  In  addi t ion,  promethazine (which also 



has a h igh degree of  ant ichol inerg ic  ac t iv i ty)  is  somet imes used as an ant iemet ic ,  

and hydroxyzine pamoate is  occasional ly employed as  a mi ld  anxio lyt ic .  The 

second-generat ion drugs ( i .e. ,  loratadine,  desloratad ine,  
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fexofenadine,  acr ivast ine,  cet i r iz ine,  and azelast ine) provide the added advantage 

of  l i t t le  to  negl igible  sedat ion,  owing to  the i r  re lat ive inabi l i ty  to cross the b lood-

bra in  barr ier .  

Table 14-1. Selected Actions of Endogenous Histamine 

Site Action 
Receptor 
Type 

Cardiovascular 

Vascular Arterial contraction H1 

 Arteriolar relaxation H1 and H2 

 Venule contraction H1 

 Venule relaxation H2 

 Endothelial cells, release of EDRF H1 

 Endothelial cells, contraction H1 

Heart Increased heart rate H2 

 Increased force of contraction H2 

 Slowed atrioventricular conduction H1 

Respiratory 

 
Bronchiolar smooth-muscle 
contraction 

H1 

Gastrointestinal (GI) 



Gastric mucosa Increased secretion of acid and pepsin H2 

GI smooth 
muscle 

Contraction H1 

Various 

Cutaneous nerves Pain and itch H1 

EDRF, endothelium-derived relaxing factor. 
 

c.  H2 -receptor antagonists  are used to  t reat gastric  hypersecretory condi t ions,  

such as duodenal u lcer and Zol l inger-El l ison syndrome.  They are ef fec t ive in 

reduc ing pain associated wi th  gast roesophageal re f lux d isease,  but  note that  they 

do not  prevent  ac tua l  re f lux.  

d.  The proton pump inhibitors  are used to t reat  duodenal ulcers  and are the 

drugs of  choice for  the t reatment  o f Zoll inger-El l ison syndrome.  

4.  Adverse effects  

a.  Histamine  may cause numerous adverse ef fects  re lated to  i ts  basic  

pharmacology (see I I .A.2.a) .  

b.  H1 -receptor antagonists  are assoc iated wi th  the fo l lowing adverse effects:  

(1)  Central  nervous system (CNS) ef fects ,  such as CNS depress ion, sedat ion,  

fa t igue,  t inni tus ,  hal luc inat ions,  and ataxia 

(2)  GI  ef fec ts ,  such as nausea and vomi t ing 

(3)  Ant imuscar inic e f fects ,  such as dry mouth,  ur inary re tent ion,  and const ipat ion 

(4)  Teratogenic  ef fec ts  (poss ib le wi th  piperazine compounds) 

c .  Nonsedating H1 -receptor antagonists,  because they possess l i t t le  

ant ichol inerg ic  ac t iv i ty and do not  c ross the blood-brain  barr ier ,  are rela t ive ly f ree 

of  s ide effec ts.  

d.  H2 -receptor antagonists  are assoc iated wi th  the fo l lowing adverse ef fec ts :  

(1)  CNS ef fec ts ,  such as confus ion and d izziness 

(2)  Hepat ic  and renal dysfunct ion 

(3)  Inh ib i t ion of the hepat ic  microsomal  drug-metabol iz ing enzyme system (wi th  

c imetid ine) 

(4)  Androgenic  e f fec ts  (wi th  h igh doses of  c imet id ine) ,  such as impotence and 

gynecomastia  in  men and galactorrhea in  women 

e.  The H+ /K+ -ATPase inhibitors  have been repor ted to  cause d iarrhea, GI  pa in,  and 

headache as the i r  most  frequent  adverse ef fec ts .  In  addit ion,  they may in ter fere 

wi th  the metabol ism of  diazepam, warfar in ,  phenyto in,  and theophyl l ine. 

B. Serotonin  

1.  Chemistry  



a.  Serotonin  (5-hydroxyt ryptamine)  is  a b ioamine that is  synthes ized f rom the 

amino acid  t ryptophan by a two-s tep enzymat ic  process catalyzed by t ryptophan 

hydroxylase and L-amino acid  decarboxylase (Figure 14-4).  

b.  Serotonin agonists  

(1)  5-HT1 -receptor agonists  ( i .e. ,  sumatr iptan [ Imi t rex] ,  r izat r ip tan [Maxal t ] ,  

naratr iptan [Amerge] ,  zolmi t r ip tan [Zomig] ,  a lmotr ip tan [Axer t ] ,  e let r ip tan [Relpax] ,  

and f rovatr ip tan [Frova]) are indole der ivat ives s truc tural ly s imi lar  to  seroton in 

(F igure 14-4) .  

(2)  Tegaserod  (Zelnorm),  an indole  derivat ive, ac ts as 5-HT4 - receptor agonis t  

(F igure 14-4) .  

(3)  Ergot alkaloids  (ergotamine [Ergomar])  have some act iv i ty as  a seroton in 

agonist /par t ia l  agonis t .  

c .  Serotonin antagonists  

(1)  Ergot alkaloids  and der ivat ives wi th  antagonis t /par t ia l  agonis t ac t iv i ty inc lude 

ergonovine  (Ergotrate),  dihydroergotamine, methysergide,  and bromocript ine  

(Par lodel ) .  

(2)  5-HT3 -antagonists  may be e i ther  indole  der ivat ives (ondansetron [Zofran])  or  

benzimidazoles  (graniset ron [Kyt r i l ] ) .  Other drugs of  the c lass include dolasetron  

(Anzemet) ,  palonosetron  (A loxi )  and alosetron  (Lot ronex)  (F igure 14-4) .  

2.  Pharmacology  

a.  Serotonin  exer ts  a  wide range of e ffects v ia  a fami ly of  receptors  that  includes at 

least  seven types and severa l  subtypes.  Major  phys io logical  e f fec ts  of  serotonin 

include vasoconstr ict ion (5-HT2 ) ;  p la tele t aggregat ion (5-HT2 ) ;  increased re lease of 

acetylchol ine in the enter ic  region (5-HT4 ) ;  nausea/emesis  (5-HT3 ) ;  and numerous 

behavioral  ac t ions that in f luence anxiety,  depress ion,  aggress ion, impuls iv i ty,  and 

appet i te  (5-HT1 ,  5-HT2 ,  5-HT3 ) .  In  addi t ion,  the 5-HT1 - receptor  acts  as an 

autoreceptor  to  inhib i t  presynapt ic  ac t iv i ty a t both serotonergic and adrenerg ic  

neurones in  the CNS. Fur thermore,  i t  d i rec t ly contr ibutes to  vascular  tone through 

vasoconstr ic t ion.  Seroton in may a lso produce numerous other  e f fec ts ,  including the 

oppos i te  o f  those jus t  s ta ted,  depending on the speci f ic  receptor  that  mediates the 

event .  
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Figure 14-4. Structures of (A) serotonin and 
representative serotonin agonists (B) sumatriptan, 
(C) tegaserod, and (D) the serotonin antagonist 
ondansetron. 

b.  Serotonin agonists  

(1)  5-HT1 -agonists  mimic  the act ions of  serotonin at  this  receptor  to  decrease 

presynapt ic neurotransmi t ter release. Di rect vasoconstr ic t ion,  decreased re lease of 

in f lammatory and vasodi la t ing substances (neurok inin  A,  substance P) ,  and a d i rect  

ant inoc icept ive act iv i t ies are thought  to  contr ibute to  the eff icacy of  these drugs. 

(2)  Tegaserod  act ivates the serotonergic receptor  (5-HT4 ) ,  caus ing the release of  

acetylchol ine,  other neurot ransmi tters ,  and calc i ton in  gene-re la ted pept ide.  These,  

in  turn, increase gastr ic  and in test ina l  mot i l i ty  and tone.  In  addi t ion, di rect  act ions 

on the gastroin test ina l  smooth muscle is thought to  contr ibute i t  i ts  e f fec t,  thus 

account ing for  both the d i rec t  and ind i rect  ac t ions of tegaserod. 

(3)  Ergot alkaloids  produce a wide range of  pharmacolog ical  ef fec ts ,  inc lud ing both 

agonist ic  and antagonis t ic  ac t iv i ty at  adrenergic ,  dopaminerg ic ,  and serotonerg ic  

receptors . Spec i f ic  ac t ions dependent on drug and animal  models . 

c .  Serotonin antagonists  such as ondansetron  and re la ted drugs block the ion-

channel  coupled 5-HT3 - receptor,  thus inh ib i t ing the ab i l i ty  of  serotonin  to cause 

nausea and/or emesis .  Th is act ion appears  to  occur  both loca l ly a t  the GI t rac t  and 

centra l ly in the area postrema.  In  addit ion,  ac t ivat ion of  peripheral  5-HT3 - receptors  

wi l l  increase pain,  abdominal  d is tent ion, and motor  responses of  the in tes t ina l  t rac t .  

B lockade of  these act ions,  thus s lowing GI  mot i l i ty ,  by alosetron  is  respons ib le  for 

i ts  usefulness in  cer ta in cases of i r r i tab le bowel  syndrome ( IBS). 

3.  Therapeutic indicat ions  

a.  Serotonin agonists  

(1)  Numerous CNS act ive drugs use the serotonerg ic system to modulate behavior ,  

such as the anorexiants  (dexfenf luramine) ,  anxio lyt ics (buspi rone) ,  and select ive 

serotonin reuptake inh ibi tors for depression ( f luoxet ine) .  These drugs are act ing 

more on the neurot ransmi tter  funct ion of  seroton in and are discussed here. 

(2)  Some ergot alkaloids,  sumatriptan,  and s imi lar drugs act  to  modulate the 

autacoid funct ion of  seroton in.  They are used to  prevent and t reat pain  associated 

wi th  migra ine headaches by a l ter ing seroton in 's  ac t ions that  resu l t  in changes in 

vascular tone. 
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(3)  In addi t ion,  some ergot alkaloids  are used to prevent  postpartum hemorrhaging 

( through both vasoconstr ic t ive and uter ine contract i le  ac t ions) and to  prevent  

postpartum breast  engorgement (bromocript ine,  through dopaminergic ac t iv i ty) .  

(4)  Tegaserod  is  used in the t reatment o f  IBS that  is const ipat ion predominant.  

b.  Serotonin antagonists.  These agents (e .g. ,  ondansetron,  granisetron,  

dolasetron,  palonosetron )  are used to  prevent  and t reat  nausea and emesis  

secondary to  ant ineoplast ic  therapy by blocking the act ions of  seroton in at  the 5-

HT3 - receptor .  Alosetron  is  used for  the t reatment  o f  IBS that  is d iarrhea 

predominant .  

4.  Adverse effects  

a.  Serotonin agonists  

(1)  5-HT1 -agonists  may produce fee l ings of  warmth, paresthes ias,  dizziness,  and 

t ightness or heaviness in the chest .  Rare ly,  pat ients  may exper ience chest  pain. 

Because these agents may cause coronary vasoconstr ic t ion, they are 

contra indicated in  angina pat ients  and should be used caut iously in  pat ients  wi th 

hyper tension or  o ther  r isk  fac tors for ischemic hear t  disease. 

(2)  Tegaserod  may produce d iarrhea, abdominal  c ramping and pain,  dizziness,  and 

headache as s ide ef fects.  

(3)  Ergot alkaloids  may cause GI  upset  and cold ext remi t ies .  As toxic i ty 

progresses,  the pat ient  may exper ience emesis ,  d iar rhea,  per iphera l  pain secondary 

to  loca l  ischemia,  and hal luc inat ions or  de lus ions. 

b.  Serotonin antagonists.  The 5-HT3 -antagonis ts  wi l l  produce headache, 

const ipat ion,  and d izziness. In addi t ion,  graniset ron has been repor ted to produce 

somnolence and diarrhea.  The use of alosetron  in  pat ients  wi th  d iarrhea-associated 

IBS has resul ted in  some cases of  ischemic  col i t is  and l i fe- threatening 

compl icat ions f rom severe const ipat ion.  Subsequent  to  a ser ies  of  adverse drug 

react ions in this manner, a losetron is  genera l ly prescr ibed only by physic ians who 

have been enro l led in a  prescrib ing programme. 

C. Prostaglandins  

1.  Chemistry  

a.  Prostag landins (PGs) are derivat ives  o f  prostanoic  acid , a  20-carbon fa t ty ac id 

conta in ing a 5-carbon r ing (F igure 14-5) .  In the body,  prostaglandins are pr inc ipa l ly 

synthesized f rom arachidonic  acid , which is formed f rom the membrane 

phosphol ip ids by act ion of  phosphol ipase A2 .  Spec i f ica l ly,  prostaglandins are 

synthesized f rom arachidonic  acid  by the enzyme cyclooxygenase (COX),  which 

exis ts  as  three isozymes:  COX 1,  2 ,  and 3.  COX 1 appears  to  funct ion constant ly.  

I ts  ro le  seems to  be the da i ly synthesis o f prostag landins,  which contr ibute to  

normal  homeostasis,  and inc ludes protect ion of  the gast r ic mucosa through the 

prostaglandins and hemostasis  through the synthesis o f  thromboxane.  COX 2 is  

expressed primar i ly in response to in f lammation or  in jury,  contr ibut ing to  the 

in f lammatory response. I t  is  also important  in  normal (nonin jury)  regulat ion of  

cardiac  and perhaps other  funct ions.  COX 3 is thought  to  be predominant ly ac t ive 

wi th in  the CNS, contr ibut ing to  normal thermoregula tory contro l  and pain percept ion,  



through the synthes is  of  prostaglandins,  centra l ly.  Note that  the products of  

cyc looxygenase are then conver ted in to  e i ther prostag landins by prostag landin 

synthase or  thromboxanes by thromboxane synthase.  The thromboxanes d i f fer  f rom 

the prostag landins main ly by the subst i tut ion of  a te t rahydropyran r ing st ruc ture for  

the pentane r ing found in  prostag landins.  The only c l in ical ly re levant  thromboxane 

current ly ident i f ied is  thromboxane A2  (TxA2 ) ,  which causes p late le t  aggregat ion. 

b.  Classification  o f  prostag landins as prostag landin A (PGA),  prostag landin B 

(PGB),  prostag landin E (PGE),  and so for th re la tes to  the presence or  absence of  

keto or hydroxyl   
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groups at  pos i t ions 9 and 11 (F igure 14-5) .  Subscr ipts re la te to the number and 

posi t ion of  double bonds in  the a l iphat ic  chains (F igure 14-6).  

 

Figure 14-5. Structural formula of prostanoic 
acid, from which the prostaglandins are derived. 

 

Figure 14-6. Structural formula of misoprostol 
(Cytotec), a derivative of prostaglandin E1 
(PGE1). 

2.  Pharmacology  

a.  Endogenous  prostaglandins appear to  a ffec t  numerous body funct ions.  They are 

re leased in  response to  many chemical ,  bacter ial ,  mechanica l ,  and other  insul ts ;  



and they appear to  contr ibute to  the s igns and symptoms of  the in f lammatory 

process,  inc lud ing pain and edema. 

b.  Physiological responses  to  prostag landins inc lude vasodi la t ion in  most  vascular  

beds,  a l though vasoconstr ict ion can occur  in  isola ted areas.  PGI inhibi ts p la te le t  

aggregat ion and s t imulates gast r ic  re lease of  bicarbonate and mucus,  both of  which 

serve to  protect the gastr ic  epi thel ium. The PGEs inhibi t  p la te le t  aggregat ion, relax 

bronchia l  and GI  smooth muscle, contract  u ter ine smooth muscle,  and inh ib i t  gast r ic  

ac id  secret ion.  Al ternat ive ly,  the PGDs and PGFs contract  bronchial  and GI  smooth 

muscle.  Prostaglandins a lso increase renal  b lood f low,  promote diures is ,  

nat r iures is ,  and ka l iures is ;  but  paradoxical ly they increase renin secret ion.  They 

a lso possess d iverse endocrine and metabol ic  e ffec ts .  

3.  Therapeutic indicat ions  

a.  PGE1  analogs  

(1)  Alprostadi l  (Prost in VR Pediat r ic )  is  used for temporary maintenance of  a  

patent  ductus arter iosus when awai t ing correct ive surgery for  congeni tal  hear t  

defects . 

(2)  Alprostadi l  (Caver jec t )  is  used in  t reat ing impotence owing to  erect i le  

dysfunct ion. 

(3)  Misoprostol  (Cytotec)  is  used for  the prevent ion of NSAID- induced GI  u lcers  

(F igure 14-6) .  

b.  PGE2  analogs and derivat ive dinoprostone  (Prost in  E2 ,  Prepid i l ,  Cervid i l )  are 

used for  the i r  abor t i fac ient  e ffec ts and to  induce cervica l- r ipening in pregnancy. 

c .  PGF2 α  analogs  

(1)  Carboprost  (Hemabate) ,  was used for  i ts abor t i fac ient e f fects .  A high incidence 

of  cardiovascular co l lapse caused i ts  removal  f rom the U.S.  market .  

(2)  Latanoprost  (Xalatan) ,  travoprost  (Travatan) ,  bimatoprost  (Lumigan),  and 

unoprostone  (Rescula)  are used top ical ly to  lower in t raocular pressure in  

g laucoma. 

d.  PGI analog epoprostenol  (prostacycl in,  [Flolan] )  is  used pr imari ly for the 

t reatment  o f  emergent  pu lmonary hypertens ion. 

4.  Adverse effects  assoc iated wi th  PGE include the fo l lowing: 

a.  CNS ef fec ts ,  such as CNS i r r i tabi l i ty ,  fever,  seizures,  and headache 

b.  Card iovascular  ef fec ts ,  such as hypotens ion,  dysrhythmias, vasodi la t ion,  

f lush ing, and cardiac arrest 

c .  Respi ra tory effec ts,  such as respi ra tory depression and dist ress 

d.  Hemato log ical  e f fec ts,  such as anemia, thrombocytopenia, and disseminated 

in t ravascular  coagulat ion (DIC) 

e.  Diarrhea 

f .  Decreased renal funct ion 

g.  Spot ty bleeding and menstrua l  i r regular i t ies,  abor t ion,  and peni le  pa in 

D. Leukotrienes  

1.  Chemistry  

a.  Leukotrienes.  The leukotr ienes (LTs) are 20-carbon derivat ives of  the fa t ty acids 

that  are formed via  the enzymat ic  pathway cata lyzed by l ipoxygenase.  Unl ike the 



prostaglandins,  they conta in no r ing s t ruc ture and are covalent ly l inked to  two or  

three amino ac ids.   
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The two important  leukotr ienes ident i f ied to  date (LTC4  and LTD4 )  d i f fer on ly by the 

presence of  g lutamine.  The nomenclature of the leukotr ienes is s imi lar  to that  used 

for  the prostag landins. 

b.  Leukotriene antagonists  

(1)  Lipoxygenase inhibitors  such as zi leuton  (Zyf lo)  are benzoth iophene 

der ivat ives. 

(2)  Leukotriene antagonists  such as zaf ir lukast  (Accolate)  and montelukast  

(S ingulai r )  represent  a  diverse chemical  group that  is  pept idomimet ic - l ike in  i ts  

s t ruc ture. 

2.  Pharmacology  

a.  Leukotrienes  p lay a ro le  in  numerous phys iolog ica l  funct ions.  They have been 

ident i f ied as the s low-react ing substance of anaphylaxis .  Spec i f ic  act ions of the 

leukotr ienes include the fo l lowing: 

(1)  Heart  

(a)  Negat ive inot ropy 

(b)  Smooth-musc le chemotaxis 

(2)  GI  tract .  Neutrophi l  chemotaxis  that has been corre la ted wi th  in f lammatory 

bowel  d isease 

(3)  Pulmonary.  The act ions of  the leukotr ienes wi th in  the pu lmonary system appear 

to  be major .  These act ions are the most important  pharmacolog ical ly.  

(a)  Bronchoconstr ict ion 

(b)  Increased permeabi l i ty  

(c)  Increased mucus secret ion 

(4)  Blood/ lymph.  As noted previously,  the leukotr ienes act  as  chemotact ic  agents  

for  neutrophi ls  and eos inophi ls  and act to  modi fy lymphocyte pro l i ferat ion and 

d i f ferent ia t ion. 

b.  Leukotriene antagonists  

(1)  The l ipoxygenase inhibitor z i leuton  prevents  the synthesis  o f  leukotr ienes by 

inhib i t ing the enzyme responsib le  for  the ir  format ion—namely l ipoxygenase.  This  

act ion prevents  the format ion of  al l  leukotr ienes,  thus prevent ing the i r  contr ibut ion 

to  var ious in f lammatory processes. 

(2)  The leukotr iene antagonis ts  zaf irlukast  and montelukast  nonselect ive ly and 

compet i t ive ly inh ib i t  the endogenous leukotr ienes a t  thei r  var ious receptor s i tes.  

Th is  act ion b locks the effec ts  o f  histamine,  most  notab ly the bronchoconstr ict ion 

and pulmonary edema assoc iated wi th  asthma and a l le rg ic  react ions. 

3.  Therapeutic indicat ions for z i leuton,  zaf ir lukast,  and montelukast  are l imi ted 

to  the t reatment  o f  as thma.  These agents  reduce bronchospasm and assoc iated 

symptoms that are mediated through the leukotr ienes. 

4.  Adverse Effects  



a.  Zileuton  presents  wi th  rela t ive ly few side ef fec ts,  predominant ly gast ro in test ina l  

in  nature ( i .e . ,  dyspepsia and nausea). However,  i t  does cause t rans ient increases 

in  hepat ic  enzymes.  This potent ia l  for hepatotoxic i ty has l imi ted i ts use. 

b.  Zaf i r lukast  may produce GI  upset and l iver  dysfunct ion (not as great  as wi th  

z i leuton) ,  and may inh ib i t  the metabol ism of  theophyl l ine,  warfar in ,  and potent ial ly  

o ther drugs.  Sudden wi thdrawal  o f  cor t icosteroids  in  pat ients  taking zaf i r lukast  has 

precipi ta ted a Churg-Strauss syndrome of eos inophi l ic  vascul i t is .  Pat ients should be 

counseled to  take zaf i r lukast  wi th  food to enhance i ts  absorpt ion. 

c .  Montelukast  presents wi th  a  s ide-ef fec t  prof i le s imi lar  to  that for zaf i r lukast  but  

typ ica l ly wi th  less inc idence than wi th  zaf i r lukast.  Churg-Strauss syndrome has not  

been repor ted; however, th is  may simply re f lec t the rela t ive ly recent  appearance of  

the drug on the market .  Monte lukast  may be taken wi thout  regard to food. 

III. NONNARCOTIC ANALGESIC-ANTIPYRETICS AND 

NSAIDS 
A. Sal icylates  

1.  Chemistry  

a.  Sal icyla tes are derivat ives of  salicyl ic  acid,  which is  found as the g lycos ide 

sa l ic in  in  wi l low bark .  The prototypica l  drug is  aspir in,  the acetyl  ester  o f sal icyl ic  

ac id  (Figure 14-7) .   
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A s imple ester ,  asp i r in  hydro lyzes eas i ly,  is  unstab le in  aqueous media,  and is 

a f fec ted by mois ture. 

 

Figure 14-7. Structural formula of aspirin, the 
prototypical salicylate analgesic-antipyretic. 

b.  More stable  sa l icyla tes inc lude dif lunisa l  (Dolobid)  and the top ical  agent  methyl  

sal icylate  (wintergreen o i l )  (F igure 14-8) .  Other sa l icyla tes  are salsalate  (Disa lc id) ;  

sodium thiosal icylate  (Resolute;  in jectable) ;  chol ine sal icylate  (Tr i l isate;  ora l  

l iqu id);  and the sal icylate derivat ives mesalamine  (Asacol ),  olsalazine  (Dipentum),  

and sulfasalazine  (Azul f id ine) .  

c .  Most  sa l icyla tes are weak acids.  Thei r  excret ion is  in f luenced by changes in 

ur inary pH. 



2.  Pharmacology  

a.  Sal icyla tes inhibi t  the enzyme cyclooxygenase and thus inh ibi t  loca l  

prostaglandin synthes is  (see I I .C.1.a) .  As a resul t ,  they are analgesic for low-

in tensi ty in tegumenta l  pa in , ant ipyret ic ,  and ant i - in f lammatory.  Note that  aspi r in  is  

the on ly sal icyla te that  i rreversib ly inhibi ts cyclooxygenase by covalent acetyla t ion 

of  the enzyme. 

b.  Sal icyla tes a lso block  p late le t  cyc looxygenase and subsequent  format ion of  

thromboxane A2 .  As a resul t ,  they inh ib i t  p la te let  aggregat ion and eventual  

thrombus formation. 

3.  Therapeutic indicat ions  

a.  Sal icyla tes are ind icated for  use as: 

(1)  Analgesics,  for  re l ief  o f  musculoskeleta l  pa in,  headache,  neura lg ias ,  myalgias ,  

and spasmodic  dysmenorrhea 

(2)  Anti - inf lammatory agents,  for  rel ie f  of  var ious ar thr i t is  symptoms and acute 

rheumatic fever 

(3)  Antipyret ic  agents,  for  rel ie f  of  fever .  (Chi ldren wi th  varice l la  or  in f luenza- type 

vi ra l  in fec t ions should not  be given sal icyla tes because of the observed associat ion 

between sal icyla te use in  these si tuat ions and Reye syndrome.) 

b.  Aspir in  is  a lso ind icated for  prophylaxis of  myocardial  infarct ion.  

c .  Methyl  sal icylate  (wintergreen oi l )  is  used top ica l ly as a counterirr i tant .  

d.  Sulfasalazine,  olsalazine,  and mesalamine  are used to reduce the in f lammat ion 

associated wi th inf lammatory bowel  d isease and Crohn d isease. 

4.  Adverse effects  

a.  Sal icylates  are associated wi th  the fo l lowing ef fects:  

(1)  GI  ef fec ts ,  such as nausea; vomi t ing;  and GI  i r r i ta t ion, d iscomfor t ,  ulcerat ion, 

and hemorrhage 

(2)  Increased depth of  resp i ra t ions 

(3)  Excess ive b leeding associated wi th  inhibi t ion of  thromboxane synthesis 

(4)  Uncoupl ing of  oxidat ive phosphorylat ion,  hyperg lycemia, g lycosur ia ,  and reduced 

l ipogenes is 

 

Figure 14-8. Structural formulas of salicylate 
derivatives. A. Diflunisal. B. Methyl salicylate. 
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Figure 14-9. Structural formula of 
acetaminophen, the prototypical p-aminophenol 
derivative. 

(5)  Delayed onset o f  labor  

(6)  Low dai ly doses  of  sa l icyla tes (2  g) decrease renal  urate excret ion and 

increase serum uric  acid leve ls .  High daily doses  (5  g)  have the opposi te  e f fect .  

b.  Sulfasalazine  has a lso been shown to  have male reproduct ive ef fec ts ,  caus ing 

in fer t i l i ty .  

c .  Sal icyl ism  (sal icyla te toxic i ty,  usual ly marked by t inn i tus , nausea, and vomi t ing) 

d.  Ingestion  o f  1  teaspoon of  the top ical  agent  methyl  sal icylate  (wintergreen oi l )  

can cause fatal intoxicat ion.  

B.  p -Aminophenol  derivat ives  

1.  Chemistry.  The prototyp ica l  p -aminophenol  der ivat ive is  acetaminophen  

(Tylenol ) ,  an act ive metabol i te  o f  phenacet in  and acetani l id  (F igure 14-9) .  

2.  Pharmacology  

a.  p -Aminophenol derivat ives inh ibi t  central  prostag landin synthesis (see I I .C. I .a) ,  

presumably through a select iv i ty for  COX 3 wi th  re la t ive ly l i t t le  or  no act iv i ty on 

COX 1 or  COX 2.  They are analges ic  for  low- in tens i ty pain and are ant ipyret ic .  

b.  Because they are less ef fec t ive than sal icyla tes in  blocking peripheral  

prostaglandin synthes is ,  they have no ant i - in f lammatory act iv i ty and do not  a ffec t  

p la te le t  funct ion. 

3.  Therapeutic indicat ions  

a.  Acetaminophen  is  pr imar i ly used for i ts  analgesic  and antipyret ic  activi ty,  

par t icular ly in a  pat ient  unable to  to lerate sa l icy la tes. 

b.  Acetaminophen  may be safe ly used as an alternative antipyret ic  in  ch i ldren 

wi th  var ice l la  or  an in f luenza- type vi ra l  in fec t ion (see I I I .A.3.a. (3)) .  

4.  Adverse effects  

a.  When g iven in  therapeut ic  doses,  adverse ef fec ts  are l imi ted to : 

(1)  Skin  rash 

(2)  Hemolyt ic anemia (with  long-term phenacet in  use) 

(3)  Methemoglobinemia 

(4)  Renal dysfunct ion and tubular  necrosis 



b.  Acute acetaminophen overdose causes severe hepatotoxic i ty wi th  necros is  and 

l iver  fa i lure. 

C. Pyrazolone derivat ives  

1.  Chemistry.  The most important  pyrazolone derivat ives are phenylbutazone,  i ts  

metabol i te  oxyphenbutazone,  and the ur icosuric agent  sulf inpyrazone  (Anturane).  

Phenylbutazone is the prototypica l  agent  (F igure 14-10) .  

 

Figure 14-10. Structural formula of 
phenylbutazone, a pyrazolone derivative. 
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2.  Pharmacology  

a.  Phenylbutazone,  oxyphenbutazone,  and azapropazone  inh ib i t  prostag landin 

synthesis  (see I I .C. I .a)  and s tab i l ize lysosomal membranes. As a resul t ,  they have 

analges ic ,  ant ipyret ic,  and ant i - inf lammatory ef fec ts.  They also have good uricosur ic  

ac t iv i ty.  

b.  Sulfinpyrazone  inh ib i ts  proximal tubular  absorpt ion of  urate and has a ur icosur ic  

e f fec t .  However,  i t  is  devoid of  analgesic ,  ant ipyret ic ,  or  ant i - in f lammatory ef fec ts.  

3.  Therapeutic indicat ions  

a.  Phenylbutazone  and oxyphenbutazone  are used for shor t - term t reatment  o f  

acute rheumato id arthr i t ic  condi t ions and acute gout .  However,  they should be g iven 

only af ter o ther  therapeut ic  measures have fa i led.  

b.  Sulfinpyrazone  is  used to  contro l  hyperur icemia in the t reatment  of  in termi t tent  

and chronic  gout .  

c .  These agents  are rarely used,  having been replaced wi th re la t ively safer  

compounds. 

4.  Adverse effects  

a.  The adverse ef fec ts  of phenylbutazone,  oxyphenbutazone,  and azapropazone  

( to  a much less extent)  of ten l imit  the i r  use and inc lude 

(1)  GI  ef fec ts ,  such as d iscomfor t ,  nausea,  vomit ing,  dyspepsia, and pept ic  

u lcerat ion 

(2)  B lood dyscras ias, such as agranulocytosis,  ap last ic  anemia,  hemolyt ic  anemia,  

thrombocytopenia, and petechiae 



(3)  Card iovascular  ef fec ts ,  such as congest ive hear t  fa i lure wi th edema and 

dyspnea 

(4)  Renal e f fects ,  such as nephrot ic  l i th ias is ,  renal  necrosis,  impai red renal  

funct ion,  and renal fai lure 

(5)  CNS ef fec ts ,  such as drowsiness,  agi ta t ion,  confus ion, headache,  le thargy,  

numbness,  weakness, t inn i tus,  and hearing loss 

(6)  Hyperg lycemia 

(7)  Skin  rash 

b.  Sulfinpyrazone  is  assoc iated wi th  the fo l lowing adverse ef fec ts :  

(1)  GI  ef fec ts ,  such as d iscomfor t  and upset 

(2)  B lood dyscras ias, as  wi th  phenylbutazone and oxyphenbutazone 

(3)  Renal fai lure 

D.  Agents used for the t reatment  o f gout 

1.  Chemistry  

a.  Acute attacks of  gout  resul t  f rom an in f lammatory response to jo in t depos i t ions of  

sodium urate crystals .  Therapeut ic  agents  counter  this response by reduc ing plasma 

ur ic ac id concentrat ions or  inh ib i t ing the in f lammatory response. 

b.  Agents  used for  the t reatment  o f gout  have widely varying s t ruc tures and include 

the pyrazolone derivat ive su l f inpyrazone (see I I I .C.2.b; I I I .C.3.b;  I I I .C.4.b) ;  the 

a lka lo id colchicine;  isopur ines, such as al lopurinol  (Zyloprim);  and benzoic ac id 

der ivat ives,  such as probenecid  (Benemid)  (F igure 14-11) .  

2.  Pharmacology  

a.  Colchicine's  mechanism of  ac t ion is  presumed to  be re la ted to  i ts  ant imi to t ic  

ac t iv i ty.  I t  inh ib i ts  tubul in  synthes is ,  which is  requi red for  the movement  o f  

in f lammatory ce l ls.   
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Through i ts  ab i l i ty  to  prevent  tubul in polymerizat ion,  colch ic ine appears to  inh ib i t  

chemotaxis  o f leukocytes and other  in f lammatory cel ls  in  the af fec ted jo int ,  thus 

reduc ing the in f lammatory response to  deposi ted urate crys tals  by inh ib i t ing 

leukocyte migrat ion and phagocytosis .  I t  a lso in ter feres wi th k in in  format ion and 

reduces leukocyte lact ic  ac id  product ion. 



 

Figure 14-11. Structural formulas of agents used 
in the treatment of gout. A. Allopurinol. B. 
Probenecid. 

b.  Al lopurinol  reduces serum urate levels  by b locking ur ic  acid  product ion.  I t  

compet i t ive ly inh ib i ts  the enzyme xanthine oxidase,  which conver ts  xanthine and 

hypoxanth ine to  ur ic ac id . 

c .  Probenecid,  a ur icosur ic agent,  inh ib i ts  the proximal  tubular reabsorpt ion of ur ic  

ac id ,  increas ing ur ic  acid  excret ion, thus reducing p lasma ur ic  acid  concentrat ions. 

3.  Therapeutic indicat ions  

a.  Colchicine  is  used princ ipal ly for the t reatment  o f  acute gout  at tacks. 

b.  Al lopurinol ,  which reduces ur ic  acid  synthesis  and faci l i ta tes the disso lut ion of 

tophi  (chalky urate depos i ts ) ,  is  used to  prevent  the development  or progress ion of  

chronic  tophaceous gout.  

c .  Probenecid  is  used to t reat  chronic  tophaceous gout .  I t  is  a lso used in smal ler  

doses to  prolong the ef fec t iveness of penic i l l in - type ant ibio t ics  by inh ibi t ing the i r 

tubular  secret ion. 

4.  Adverse effects  

a.  Chronic  use of colchicine  is  associated wi th  these adverse ef fec ts :  

(1)  Agranulocytos is ,  ap last ic  anemia,  myopathy,  ha i r  loss, and per iphera l  neuri t is  

(2)  Nausea,  vomi t ing,  abdominal  pa in ,  and d iarrhea ( indicat ions of impending 

toxic i ty) 

b.  Al lopurinol  is  assoc iated wi th  the fo l lowing adverse ef fects :  

(1)  GI  ef fec ts ,  such as GI  d is t ress,  nausea,  vomi t ing, and diarrhea 

(2)  Skin  rash,  Stevens-Johnson syndrome,  and hepatotoxic i ty 

(3)  Prec ip i ta t ion of  an acute gout  a ttack (wi th  in i t ia l  al lopurino l  therapy owing to  

in i t ia l  mobi l izat ion of  s tored urate) 

c .  Probenecid  is  associated wi th  the fo l lowing adverse ef fects :  

(1)  Headaches, nausea, vomi t ing,  ur inary f requency,  sore gums, and dermat i t is  

(2)  Dizziness,  anemia,  hemolyt ic  anemia,  and renal  l i th iasis 

E. NSAIDs  

1.  Chemistry  

a.  The c lass ic  NSAIDs  consist  o f  many st ruc tura l ly d iverse acids.  These inc lude 

propionic  acid  derivat ives (fenoprofen [Nal fon] ,  f lurb iprofen [Ocufen] ,  ibuprofen 

[Motr in ] ,  ketoprofen [Orudis] ,  naproxen [Anaprox,  Naprosyn] ,  and oxaprozin  



[Daypro] ),  acetic  acid  der ivat ives (d ic lo fenac [Vol taren],  etodolac [Lodine] ,  

indomethac in [ Indocin],  ketoro lac [Toradol ] ,  su l indac [Cl inori l ] ,  and to lmetin  

[To lect in]  and the subclass of  the fenamates or  anthrani l ic  ac id  der ivat ives 

meclofenamate and mefenamic ac id [Ponste l ]) ,  and the enol ic  acid  derivat ives 

(p i roxicam [Feldene] ,  meloxicam [Mobic ],  and nabumetone [Relafen])  (Figure 14-12).  

b.  Selective COX 2 inhibitors celecoxib  (Celebrex)  and rofecoxib  (Vioxx) ,  and 

valdecoxib  (Bextra)  are pyrazole derivat ives (Figure 14-13) .  

2.  Pharmacology  

a.  Nonspecif ic  NSAIDs  have ant i - in f lammatory ef fects,  resul t ing from thei r  ab i l i ty  to 

inhib i t  the cyc looxygenase enzyme system and thus reduce loca l  prostaglandin 

synthesis  (see I I .C.1.a) .  

b.  NSAIDs also have analgesic  and ant ipyret ic  ef fects.  In addi t ion,  some NSAIDs 

have mi ld  ur icosur ic  ac t iv i ty.  Some agents  a lso have weak inhib i tory act iv i ty for  

l ipoxygenase, mi ld se lect iv i ty for COX 2,  and weak to  moderate ab i l i ty  to  inhib i t  

leukocyte pro l i ferat ion and migrat ion and to stabi l ize lysosomal membranes.  The 

c l in ical  relevance of  these secondary act ions has not  been eluc idated. 

c .  COX 2 inhibitors  exer t  ant i - in f lammatory ef fec ts by spec i f ica l ly inh ibi t ing 

prostaglandin synthes is  associated wi th the in f lammatory response. Thei r ab i l i ty  to  

decrease pain and inf lammat ion assoc iated wi th ar thr i t ic  d iseases is  approximate ly 

equal  to  that  produced by the nonselect ive NSAIDs.  Moreover ,  by v i r tue of  the i r  

se lect iv i ty,  thei r  ac t ions on gastr ic  mucosa and pla tele t aggregat ion are theorized to  

be less than the nonselect ive NSAIDs. 
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Figure 14-12. Structural formulas of 
representative nonsteroidal anti-inflammatory 
drugs (NSAIDs). A. Ibuprofen (propionic acid 
derivative). B. Indomethacin (acetic acid 
derivative). C. Mefenamic acid (anthranilic acid 
derivative). D. Piroxicam (enolic acid derivative). 

3.  Therapeutic indicat ions  

a.  NSAIDs,  l i ke aspi r in,  are agents of  choice for  the treatment  o f  rheumato id 

ar thr i t is ,  osteoar thr i t is ,  and ankylosing spondyl i t is .  They may a lso be used as 

secondary t reatments in gouty ar thr i t is .  

b.  COX 2 inhibitors  are approved for  use in both rheumato id ar thr i t is  and 

osteoarthr i t is .  



4.  Adverse effects  

a.  NSAIDs  are associated wi th  the fo l lowing adverse ef fec ts :  

(1)  GI  ef fec ts ,  such as GI  d is t ress and i r r i ta t ion,  erosion of gast r ic mucosa,  nausea,  

vomi t ing,  and dyspepsia 

(2)  CNS ef fec ts ,  such as CNS depression,  drowsiness,  headache,  dizziness, v isual  

d isturbances,  o totoxic i ty,  and confusion 

(3)  Hemato log ic  ef fec ts ,  such as thrombocytopenia,  al tered p latele t  funct ion,  and 

pro longed b leeding t ime 

 

Figure 14-13. Structural formula of celecoxib, a 
COX 2 specific inhibitor. 
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(4)  Skin  rash 

(5)  Nephrotoxic i ty 

b.  COX 2 inhibitors  do not  appear to  cause as great  an inc idence of  GI  ulcerat ion 

or  ant iplate le t  e f fec ts  as the nonselect ive NSAIDs.  The most  commonly repor ted 

s ide ef fec ts  include GI  upset  a t a  lower inc idence leve l .  Despi te  the promise of  

minimal  GI u lcerat ion,  many pat ients  exper ienced gastro intest ina l  b leeding wi th  

these drugs soon af ter the i r  re lease. This  is thought  to  have been an ins tance of  

overuse/overdos ing of  the drug.  This  r isk  of  gast r ic  damage and potent ia l  u lcerat ion 

appears  to increase wi th chronic ,  h igh dose use of  these drugs.  The potent ial  for  

nephrotoxic i ty does exis t  for  these drugs, and pat ients  should be moni tored for 

changes in  renal  funct ion.  More recent  adverse drug react ions assoc iated wi th  these 

drugs include an increased r isk  of  thrombotic events , leading to  myocardia l  

in farc t ion and s t roke,  which could be potent ia l ly  fa ta l .  Th is  is  l ike ly the resul t  o f  an 

inhib i t ion of  cardiovascular  COX 2 and subsequent  c lo t  formation.  Th is  has lead to  

the voluntary removal  of  some of  these drugs from the market and caut ious,  c lose ly 

supervised use of  the others. 
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STUDY QUESTIONS 



Direct ions:  Each of  the quest ions,  s tatements , or  incomplete sta tements  in  th is  

sect ion can be correct ly answered or  completed by one  o f  the suggested answers or  

phrases.  Choose the best  answer. 

1.  A 45-year-old long-haul  trucker suffers from seasonal  a l lergies.  He asks 

advice on which over-the counter product is  best to rel ieve his symptoms. 

Which of  the fol lowing choices is  the best recommendation for this pat ient? 

(A)  d iphenhydramine 

(B)  promethazine 

(C) c lemast ine 

(D) chlorpheni ramine 

(E)  loratad ine 

View Answer1.  The answer is  E[see] .2. Which of  the fol lowing choices 

would be most appropriate in treat ing nausea and vomit ing associated with 

motion sickness? 

(A)  d iphenhydramine 

(B)  brompheni ramine 

(C) ondansetron 

(D) omeprazole 

(E)  rani t id ine 

View Answer2.  The answer is  A[see] .3.  Esomeprazole would be effective 

in the treatment of 

(A)  gast roesophageal re f lux d isease. 

(B)  pept ic  ulcer  d isease. 

(C)  Zol l inger-El l ison syndrome. 

(D)  Al l  o f  the above 

(E)  None of the above 

View Answer3.  The answer is  D[see] .4.  Which of  the fol lowing antiulcer 

medicat ions is  most l ikely to cause drug interact ions and endocrine side 

effects? 

(A)  rani t id ine 

(B)  omeprazole 

(C)  lansoprazole 

(D)  c imet idine 

(E)  famotidine 

View Answer4.  The answer is  D[see] .5.  A patient  has just  been diagnosed 

with recurrent migraine headaches. Which of  the following preexist ing 

condit ions would preclude the use of  sumatriptan for this pat ient? 

(A)  l iver d isease 

(B)  renal  fa i lure 

(C)  ischemic hear t  d isease 

(D) i r r i table  bowel  syndrome ( IBS) 

(E)  gouty ar thr i t is  

View Answer5.  The answer is  C[see] .6.  Which of  the fol lowing is  an 

appropriate indication for the drug tegaserod? 

(A)  a  female pat ient  wi th const ipat ion-re lated i r r i tab le  bowel  syndrome ( IBS) 



(B)  a  female pat ient  wi th d iarrhea-rela ted IBS 

(C) a  male pat ient wi th  Crohn d isease 

(D) a  male pat ient wi th  diarrhea-re lated IBS 

(E)  a  pat ient  wi th  Zol l inger-El l ison syndrome 

View Answer6.  The answer is  A[see] .7.  Which of  the fol lowing 

prostaglandin analogs is  used specif ically for the treatment of  glaucoma? 

(A)  a lprostad i l  

(B)  latanoprost 

(C)  carboprost 

(D)  d inoprostone 

(E)  epoprostenol 

View Answer7.  The answer is  B[see] .8.  The use of  misoprostol  to prevent 

nonsteroidal  ant i - inf lammatory drug-induced ulcers could cause which of  the 

fol lowing side effects? 

(A)  fever 

(B)  gast ro intest ina l  c ramping and diarrhea 

(C) headache/pain 

(D)  Al l  o f  the above 

(E)  None of the above 

View Answer8.  The answer is  D[see] .9.  Which of  the fol lowing asthma 

therapies has been associated with an acute vascular syndrome that is  

associated with sudden withdrawal of  cort icosteroid anti - inf lammatory drugs? 

(A)  zaf i r lukast 

(B)  z i leuton 

(C) montelukast 

(D)  Al l  o f  the above 

(E)  None of the above 

View Answer9.  The answer is  A[see] .10.  Which of  the following asthma 

therapies is  effect ive by decreasing the amounts of released leukotrienes? 

(A)  zaf i r lukast 

(B)  z i leuton 

(C) montelukast 

(D)  Al l  o f  the above 

(E)  None of the above 

View Answer10. The correct  answer is  B[see] .P.339 

 

 

11.  Rizatriptan is effective in treat ing migraine headache by 

(A)  d i rect ly vasoconstr ic t ing involved blood vessels .  

(B)  inh ibi t ing the release of  in f lammatory neurot ransmit ters . 

(C)  d i rec t ly b lock ing pain t ransmission. 

(D)  Al l  o f  the above 

(E)  None of the above 



View Answer11. The answer is  D[see] .12.  Which of  the following drugs, 

based on i ts mechanism of act ion,  is  effect ive in treat ing diarrhea-predominant 

i rr i table bowel  syndrome ( IBS)? 

(A)  tegaserod 

(B)  narat r ip tan 

(C) a losetron 

(D) Al l  o f  the above 

(E)  None of the above 

View Answer12. The correct  answer is  C[see] .13.  Which of  the fol lowing 

sal icylates has been l inked to male reproductive toxici ty w ith chronic dosing? 

(A)  aspi r in 

(B)  d i f lun isa l  

(C)  sodium th iosal icylate 

(D)  o lsalazine 

(E)  sul fasalazine 

View Answer13. The correct  answer is  E[see] .14.  Aspir in exerts i ts  anti -

platelet  effect  by inhibit ing 

(A)  cyclooxygenase (COX) 1.  

(B)  COX 2.  

(C)  COX 3.  

(D)  prostag landin synthes is .  

(E)  leukotr iene synthes is.  

View Answer14. The correct  answer is  A[see] .15.  Acetaminophen has 

advantages over aspir in or other nonsteroidal ant i -inf lammatory drugs by 

virtue of  i ts 

(A)  re la t ive lack of ant i -pla tele t e f fects.  

(B)  re la t ive lack of gast ro in test ina l  u lcerat ive ef fec ts .  

(C)  being a safe al ternat ive for ch i ldren wi th  v i ral  in fec t ions. 

(D)  Al l  o f  the above 

(E)  None of the above 

View Answer15. The correct  answer is  D[see] .16.  Acetaminophen toxici ty 

is  characterized by 

(A)  profound vasoconstr ic t ion and pain. 

(B)  severe abdominal  c ramping and diarrhea. 

(C)  central  nervous system st imulat ion and seizures . 

(D)  profound l iver  damage and fa i lure. 

(E)  Al l  o f  the above 

View Answer16. The correct  answer is  D[see] .17.  Which of  the fol lowing 

antigout medicat ions is specif ical ly used in acute attacks? 

(A)  colch ic ine 

(B)  a l lopur inol  

(C)  probenecid 

(D)  Al l  o f  the above 

(E)  None of the above 



View Answer17. The correct  answer is  A[see]18.  Which of  the following 

antigout medicat ions acts by decreasing serum levels but increasing urine 

levels of  uric  acid, thus increasing the risk of k idney stone development? 

(A)  colch ic ine 

(B)  a l lopur inol  

(C)  probenecid 

(D)  Al l  o f  the above 

(E)  None of the above 

View Answer18. The correct  answer is  C[see]19.  The nonsteroidal  ant i -

inf lammatory drugs,  as a class,  are anti - inf lammatory primari ly through their  

abi l i ty to inhibit 

(A)  cyclooxygenase (COX) 1.  

(B)  COX 2.  

(C)  COX 3.  

(D)  leukotr iene synthes is.  

(E)  thromboxane synthesis .  

View Answer19. The correct  answer is  B[see]20.  The selective 

cyclooxygenase (COX) 2 inhibitors have been associated with which of  the 

fol lowing adverse drug reactions? 

(A)  severe ischemic  col i t is  

(B)  torsade des pointes 

(C) card iovascular  thrombot ic  events 

(D)  acute l iver fai lure 

(E)  Churg-Strauss syndrome 

View Answer20. The correct  answer is  C[see]P.340 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  E  [see  I I .A.1.b. (1) ;  I I .A.3.b ] .  

Diphenhydramine,  promethazine,  and clemast ine a l l  possess moderate to  s t rong 

ant ichol inerg ic  ac t iv i ty.  Th is  wi l l  increase the r isk  of sedat ion,  which could prove 

dangerous in this  pat ient.  Chlorpheni ramine,  whi le  the least  sedat ing of  the f i rs t -

generat ion drugs,  st i l l  may cross the blood-bra in  barr ier  and cause some sedat ion. 

Loratadine,  as  a second-generat ion drug that has min imal ant ichol inergic ac t iv i ty 

and does not c ross the blood-brain barr ier ( thus producing no centra l  e f fec ts) ,  is  

least  l ike ly to  cause sedat ion and thus af fec t  h is  job. 

2.  The answer is  A  [see  I I .A.3.b ] .  

Whi le  ondansetron is  used for  nausea associated wi th  chemotherapy and 

anaesthet ics ,  i t  is  not typ ica l ly used for  nausea associated wi th mot ion or  ver t igo.  

Diphenhydramine,  which possesses a h igh degree of  ant ichol inergic  act ivi ty,  is  

e f fec t ive in reducing nausea and vomi t ing assoc iated wi th  vest ibu locochlear  ac t iv i ty,  

ver t igo,  and mot ion s ickness.  None of the other  choices d i rect ly reduces nausea or  

vomi t ing,  therefore,  diphenhydramine is  the best  choice. 

3.  The answer is  D  [see  I I .A.1.b. (3) ;  I I .A.3.d ] .  



Because al l  three of  these d isease states represent  some act ion of  excessive ac id 

secret ion,  esomeprazole,  which a lso b locks the proton or  acid  pump, would be 

ef fec t ive in reducing the ac id- induced pain and damage assoc iated wi th  

gast roesophageal  re f lux d isease (GERD), pept ic  u lcer  disease (PUD),  and Zol l inger-

El l ison syndrome. 

4.  The answer is  D  [see  I I .A.4.d ] .  

Of  the drugs l is ted,  and spec i f ica l ly,  o f  the H2 -antagonis ts ,  c imetid ine is the on ly 

drug that  inh ib i ts  the hepat ic  microsomal  metabol iz ing system (spec i f ica l ly the 3A4 

isozyme) and the only drug that  exh ib i ts  weak androgenic  act iv i ty.  The former is 

respons ib le for numerous drug in teract ions and some side ef fects ,  whereas the 

la t ter  is  respons ib le  for  endocrine (spec i f ica l ly androgen-l ike) s ide ef fects .  

5.  The answer is  C  [see  I I .B.2.a;  I I .B.4.a. (1) ] .  

Sumatr ip tan (and other  drugs in the c lass)  spec i f ica l ly cause vasoconstr ict ion.  Th is  

e f fec t ,  when present  in  coronory vessels ,  can cause chest t ightness of  pa in  as a 

normal  s ide ef fect  o f the drug.  However,  in  pat ients  wi th ischemic  hear t  disease,  

angina,  or  a  r isk  for  coronary ar tery d isease,  th is  ac t ion could precipi ta te  at tacks of  

angina or  potent ia l ly  cause myocardia l  infarc t ion and should not  be used in  those 

pat ients . 

6.  The answer is  A  [see  I I .B.1.b. (2) ;  I I .B.2.b. (2);  I I .B.3.a. (4) ] .  

Current ly,  drugs are avai lable  speci f ical ly for women wi th  IBS characterized by 

e i ther  const ipat ion or  diarrhea.  The in test inal  s t imulant ac t ion of  tegaserod makes i t  

usefu l  for those pat ients  wi th  const ipat ionassociated IBS.  Al though tegaserod (and 

a losetron) is  (are)  be ing evaluated for use in  men wi th  IBS,  the current  

recommendation is  pr imar i ly for  women.  Tegaserod,  as  a prokinet ic  agent,  would 

worsen IBS that  presents  pr imar i ly wi th  d iarrhea. Because i t  has no ant i -

in f lammatory ef fec t ,  i t  would not  be ef fec t ive in treat ing the primar i ly in f lammatory 

nature of  Crohn d isease. Tegaserod has no ef fec t on gast r ic  acid  secret ion and 

would,  therefore,  not  be usefu l  in Zol l inger-El l ison syndrome. 

7.  The answer is  B  [see  I I .C.3.c. (2) ] .  

A l though most  prostaglandin analogs are nonspec i f ic  in thei r  s i tes of ac t ion and may 

produce simi lar  phys io log ica l  e f fec ts ,  latanoprost is  speci f ical ly formulated and 

marketed for  use in  the treatment  of  glaucoma. I ts  rela t ive se lect iv i ty for  the PGF2 α  

receptor  is  respons ib le for  i ts  ab i l i ty  to  lower int raocular  pressure and, therefore,  i ts  

benef i t  in t reat ing g laucoma. 

8.  The answer is  D  [see  I I .C.2.b; I I .C.4 ] .  

As noted in  the answer to  quest ion 7,  most  prostag landin analogs have act iv i ty a t  

receptors  throughout  the body,  causing a prostaglandin- l ike ef fec t on numerous 

organ systems.  Misoprosto l ,  as a re la t ively nonselect ive agonis t ,  would cause 

contract ion of  gast roin test ina l  smooth musc le,  st imulate pain f ibers,  and reset  the 

thermoregulatory center  o f  the CNS, thus causing a l l  the potent ia l  s ide ef fec ts  

l is ted. 
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9.  The answer is  A  [see  I I .D.4 ] .  



Zaf i r lukast  is  the only drug that  has been associated wi th  Churg-Strauss syndrome,  

a  condi t ion of  eos inophi l ic  vascul i t is  that occurs  when a pat ient who is on both 

zaf i r lukast and cor t icostero id  therapy suddenly discont inues the cor t icostero id .  Th is  

e f fec t  has not  been observed wi th  the pharmacolog ical ly s imi lar  drug monte lukast .  

Note that s low wi thdrawal  of  the cor t icosteroid  (which should be done anyway,  to  

minimize acute adrenal  insuf f ic iency)  wi l l  prevent th is  adverse drug react ion. 

10.  The correct  answer is  B  [see  I I .D.2.b ] .  

Zaf i r lukast  and monte lukast  exer t  thei r  ef fec t  by b locking leukotr ienes at  the ir  

receptor .  Zi leuton,  which acts  by inh ibi t ing l ipo-oxygenase,  wi l l  decrease the 

synthesis  o f  these in f lammatory mediators .  Therefore, i t  is  the on ly drug l is ted that  

wi l l  decrease the synthes is  and,  consequently,  the release of  leukotr ienes.  

11.  The answer is  D  [see  I I .B.1.b. (1);  I I .B.2.b. (1) ] .  

Rizat r iptan (and other  drugs in the c lass) are act ing as 5-HT1 -agonis ts .  This  

mechanism resul ts  in  three dist inc t  and benef ic ial  pharmacodynamic ef fects .  F i rs t ,  i t  

causes di rec t  vasoconstr ic t ion,  which returns the b lood vessel  to  i ts preheadache 

d iameter .  Second,  by act ing on neuronal  receptors ,  i t  inhib i ts  the release of  

addi t ional  vasodi lat ing and pain- t ransmit t ing substances, such as neurok in in  A and 

substance P. Thi rd , this  ac t ion has been shown to  have a d i rec t  ant inocicept ive 

act ion,  prevent ing the f i r ing of  pa in  neurones d i rec t ly.  Therefore a l l  three answers 

correct ly descr ibe the benef i t  of  r izatr iptan. 

12.  The correct  answer is  C  [see  I I .B.1.c . (2) ;  I I .B.2.c;  I I .B.3.b ] .  

A losetron is  the agent usefu l  in t reat ing d iarrhea-predominant  IBS.  By blocking the 

5-HT3 - receptor ,  i t  inhib i ts  the serotonin- induced increase in  in tes t inal  moti l i ty ,  thus 

s lowing per is tals is  and gut  movement.  Tegaserod would worsen diarrhea-

predominant  IBS,  because i ts serotonerg ic  ac t ions are agonis t ic  and would s t imulate 

GI  smooth muscle contract ion.  Naratr iptan,  ac t ing as a 5-HT1 -agonis t ,  has l i t t le 

e f fec t  on GI mot i l i ty .  

13.  The correct  answer is  E  [see  I I I .A.4.b ] .  

Of  the sal icyla tes,  su l fasa lazine has been most  associated wi th  th is  par t icu lar 

toxic i ty.  I t  is  a toxic i ty that  occurs wi th  chronic  use of  the drug in  men wi th Crohn 

d isease or  other in f lammatory condi t ions of  the intes t ine.  W ithdrawal  o f  the drug 

may al low reproduct ive funct ion to  return,  al though th is  is  not  a lways the case.  In  

addi t ion,  i t  may take an extended period of  t ime, a f ter cessat ion of therapy,  for  

funct ion to  re turn. 

14.  The correct  answer is  A  [see  I I .C.1.a;  I I I .A.2.a ] .  

Recal l  that  in  prostaglandin and thromboxane synthes is ,  COX 1 is  respons ible  for  

much of  the da i ly product ion of maintenance e icosanoids. COX 2,  whi le  also 

contr ibut ing to  da i ly product ion of  prostag landins and thromboxanes, is  more 

important  in  in f lammat ion.  COX 3 is the centra l  source of  prostaglandins that  

contr ibute to CNS funct ion of  the eicosanoids.  Also recal l  that  i t  is  thromboxane that  

spec i f ica l ly has p late le t -aggregat ing ab i l i ty .  Therefore,  i t  is  through inh ibi t ion of 

COX 1 and the subsequent  decrease in  thromboxane (not prostaglandin or  

leukotr iene)  synthesis that  the ant ip la tele t e f fect  o f  aspi r in is  ef fec ted. 

15.  The correct  answer is  D  [see  I I .C.1.a;  I I I .B.3 ] .  



The ro les  of  COX 1,  2,  and 3 are reviewed in  the answer to  quest ion 14.  Because,  

mechanis t ical ly,  acetaminophen is thought  to  be re lat ive ly se lect ive for  COX 3,  i t  

would not  possess any ant ipla te le t  ac t iv i ty,  nor  would i t  reduce the synthes is  o f 

gast r ic  cytoprotect ive prostag landins.  Therefore, i t  would not  in ter fere wi th  p la tele t 

funct ion or  other ant ipla te le t therapies and i t  would not  be prone to  cause gastr ic  

u lcerat ion.  In  addit ion,  the rela t ionship between aspi r in  and Reye syndrome in  

ch i ldren wi th  v ira l  infec t ions does not apparent ly exis t  wi th  acetaminophen,  making 

i t  a safe ant ipyret ic to  use in those pat ients . 

16.  The correct  answer is  D  [see  I I I .B.4.b ] .  

Acetaminophen toxic i ty is  character ized by a profound hepatoxic i ty,  which is  

mediated by a react ive in termediary formed on saturat ion and deplet ion of  the 

normal  metabol ic  pathways.  This does not a ffect  the vasculature (as wi th  the ergot 

der ivat ives) ,  thus no vasoconstr ic t ion is observed.  Nei ther is  severe GI upset  

evident  (al though mi ld  GI  upset may occur ear ly in  toxic i ty) .  Nor  does profound CNS 

st imulat ion occur ,  as  i t  does wi th  aspir in toxic i ty .  Therefore answer D is  correct .  
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17.  The correct  answer is  A  [see  I I I .D.1.a;  I I I .D.2.a;  I I I .D.3.a ]  

A l lopurinol  and probenecid,  whi le  ef fec t ive in prevent ing at tacks of  gouty ar thr i t is  by 

lower ing ci rcu lat ing leve ls  o f ur ic  acid , are not  ef fec t ive in  t reat ing the acute 

in f lammatory s i tuat ion that  character izes an acute at tack.  Colchic ine,  by inh ib i t ing 

the migrat ion of proin f lammatory ce l ls in to  the affec ted join t ,  wi l l  reduce the 

in f lammatory process,  thus a l levia t ing the pa in and edema assoc iated wi th  acute 

at tacks of  gouty ar thr i t is .  

18.  The correct  answer is  C  [see  I I I .D.2.c ;  I I I .D.3.c ;  I I I .D.4.c . (2) ]  

Probenec id,  as  a ur icosur ic  and promot ing the excret ion of ur ic  acid ,  wi l l  e f fec t ively 

lower p lasma concentrat ion of  urate.  However,  i t  a lso increases the ur inary leve ls  o f 

ur ic ac id.  I f  th is concentrat ion exceeds the so lub i l i ty  constant  o f ur ic  acid  in  the 

ur ine,  then i t  may crysta l l ize and prec ip i ta te  out,  caus ing s tone formation or  ur inary 

l i th ias is .  For  th is  reason, pat ients  tak ing probenec id should a lways be counseled to  

dr ink  copious amounts of  water .  

19.  The correct  answer is  B  [see  I I .C.1.a;  I I I .E.2 ]  

The ro les  of  COX 1,  2,  and 3 are reviewed in  the answer to  quest ion 14.  I t  is  

through thei r  inhibi t ion of  inf lammatory prostag landin synthes is  by inhibi t ing COX 2,  

that  the NSAIDs exer t  the i r  ant i - inf lammatory act ions. 

20.  The correct  answer is  C  [see  I I I .E.4.b ]  

The pr imary s ide ef fec ts  that  have been assoc iated wi th  the COX 2 spec i f ic  

inhib i tors  are gast ro in test inal  bleeding and,  more recent ly,  potent ial ly  fa tal  

thrombot ic  events.  The la t ter is  thought  to  re f lect a  toxicodynamic ef fec t  that  resu l ts  

f rom inh ib i t ion of  vascular  COX 2,  which contr ibutes to the da i ly control  o f  pla te let  

and/or  vascular funct ion. Severe ischemic  col i t is  has been repor ted wi th  alosetron;  

torsade des points ,  wi th  o lder ,  second-generat ion ant ih is tamin ics ;  and c isapr ide 

which are no longer avai lable  for  use;  acute l iver fa i lure,  wi th  acetaminophen 

overdose; and Churg-Strauss syndrome wi th  zaf i r lukast  and cor t icosteroid 



withdrawal .  None of  these adverse drug react ions has been assoc iated wi th  the COX 

2 spec i f ic  inh ibi tors . 

 



15 
Medicinal Chemistry and Pharmacology: 
Cardiovascular and Diuretic Drugs 
Edward J. Moreton 

I. INTRODUCTION. 
Many categor ies  of  drugs affec t  the card iovascular  (CV) and renal  systems. Certa in 

drugs can be used to  t reat  hear t  fai lure (e .g.,  card iac  glycos ides and d iuret ics),  

re l ieve angina pectoris (e .g. ,  ant ianginal  agents),  and contro l  dysrhythmias (e .g. ,  

ant iarrhythmic  agents) .  Others can reduce hypertens ion (e.g.,  ant ihyper tensives,  

includ ing a var iety o f  d iuret ics,  β-blocking agents,  and arter io lar  smooth muscle 

d i la tors) ,  t reat  the hyper l ip idemias (e .g.,  ant ihyper l ip idemic  agents) ,  reduce clo t t ing 

and t reat  such condi t ions as venous thrombosis  and pulmonary embol ism (e.g. ,  

ant icoagulants,  thrombolyt ics) ,  and t reat  anemias (e .g. ,  ant ianemic  agents) .  

II. CARDIAC GLYCOSIDES AND POSITIVE INOTROPES 
A. Chemistry  

1.  A lmost  a l l  o f  the cardiac  g lycosides (a lso cal led cardiotonics )  are natura l ly 

occurr ing s teroidal  glycos ides obta ined f rom p lant  sources.  Digitoxin  is  obta ined 

f rom Digi tal is  purpurea,  digoxin  f rom Digi tal is  lanata,  and ouabain  f rom 

Strophanthus gratus.  

2.  The card iac g lycos ides are c losely re la ted s t ruc tura l ly,  consist ing of  one or  more 

sugars ( i .e . ,  glycone port ion )  and a s tero ida l  nuc leus ( i .e . ,  aglycon or genin 

port ion )  bonded through an ether (glycosidic)  l inkage.  These agents  also have an 

unsaturated lactone substi tuent (cycl ic  ester)  on the genin por t ion.  The 

prototyp ica l  agent is  digitoxin  (Figure 15-1).  

a.  Digoxin  (Lanoxin)  has an addit ional  hydroxyl  group at pos i t ion 12 (Figure 15-1).  

b.  Ouabain  has a rhamnose g lycone por t ion and addi t ional  hydroxyl  groups at  

posi t ions 1,  5 , 11,  and 19 (F igure 15-1) .  

3.  Removing the g lycone por t ion causes decreased act iv i ty and increased toxic i ty 

f rom changes in  po lar i ty that  cause errat ic  absorpt ion f rom the gastrointest inal  (GI) 

t ract .  

4.  The durat ion of action  o f  a  cardiac  glycos ide is  inversely proport ional  to the 

number of  hydroxyl  groups,  which increase polar i ty.  Increased polar i ty resul ts  in  

decreased protein  b ind ing,  decreased l iver bio t rans format ion, and decreased renal  

tubular  reabsorpt ion. 

a.  Digitoxin  has a long durat ion of ac t ion and may accumulate. 

b.  Ouabain,  in  contrast ,  has an ext remely shor t  durat ion of  act ion and is ef fect ive 

on ly when g iven int ravenously.  



 

Figure 15-1. Structural formula of digitoxin 
(Crystodigin), the prototypical cardiac glycoside. 

P.344 

 

 

 

Figure 15-2. Structural formulas of bipyridine 
derivatives. A. Amrinone (Inocor). B. Milrinone 
(Primacor). 

5.  Amrinone,  inamrinone,  and milr inone  are b ipyr id ine der ivat ives wi th  pos i t ive 

inotropic  act ion (Figure 15-2).  

B. Pharmacology.  Card iac g lycosides increase myocard ia l  contract i l i ty  and 

ef f ic iency,  improve systemic  c i rcu la t ion, improve renal  per fus ion, and reduce 

edema. The elec t rophysio log ica l  e f fects  o f  card iac  glycos ides are summarized in  

Table 15-1. Angiotens in-convert ing enzyme (ACE) inh ibi tors  and perhaps AT1  

angiotensin-receptor  antagonists;  vasodi lators  such as n i tropruss ide, n i t rog lycerin ,  

and hydralazine;  and d iuret ics may be important ad juncts to  card iac  g lycos ides.  

ACE inhibi tors  may be considered as f i rs t - l ine t reatment .  

1.  When g iven in  therapeut ic  doses,  cardiac  glycos ides produce pos i t ive inot rop ic  

e f fec ts  by inhib i t ing membrane-bound Na+ /K+ -ac t ivated adenos ine t r iphosphatase 

(ATPase).  These ef fects  o f  cardiac  glycos ides increase the rate of  tens ion 

development,  the contract i l i ty ,  and the rate of  re laxat ion of  cardiac  musc le.  The 

ef fec ts  include 



a.  Increase in  in t racel lu lar  sodium concentrat ion 

b.  Reduct ion in  ca lc ium transport  f rom the cel l  by the sodium-calc ium exchanger 

c .  Faci l i ta t ion of ca lc ium entry v ia  vo l tage-gated membrane channels 

d.  Increased re lease of  ca lc ium f rom sarcoplasmic  ret icu lum 

2.  Therapeut ic  doses of  cardiac  glycos ides also cause 

a.  A negat ive chronotropic  e f fec t f rom increased vagal  tone of  the s inoatr ia l  (SA) 

node 

b.  Diminished centra l  nervous system (CNS) sympathet ic  out f low f rom increased 

carot id s inus baroreceptor  sens i t iv i ty 

c .  Systemic ar ter io lar  and venous constr ic t ion, which increases venous return and 

thus increases cardiac output 

3.  Amrinone and mi l r inone produce pos i t ive inot rop ic  ef fec ts  and vasodi lat ion v ia  

se lect ive inhibi t ion of  type I I I  phosphodiesterase (PDE) isozyme, leading to  an 

increase in  cycl ic  adenos ine monophosphate (cAMP) in  cardiac  and smooth musc le.  

Inh ib i t ion of type I I I  PDE produces 

Table 15-1. Effects of Cardiac Glycosides on the Heart 

Effects Atria AV Node Ventricles 

Direct Contractility ↑ ERP ↑ Contractility ↑ 

 
ERP ↑ Conduction 

velocity ↓ 
ERP ↓ 

 
Conduction 
velocity ↓  

Automaticity 
↑ 

Indirect ERP ↓ ERP ↑ No effect 

 
Conduction 
velocity ↑ 

Conduction 
velocity ↓ 

 

On 
electrocardiogram 

P changes PR interval ↑ QT ↓ 

   
T and ST 
depressed 

Adverse Extrasystole AV 
depression or 
block 

Fibrillation 



 Tachycardia  Extrasystole 

   Tachycardia 

AV, atrioventricular; ERP, effective refractory period; ↑, increased; ↓, 
decreased. 

Reprinted with permission from Jacob LS, Pharmacology, 3rd ed. Malvern, 
PA, Harwal, 1992:96. 
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a.  Vasodi la t ion and fal l  in  vascular  resistance 

b.  Increased force of  card iac  contract ion 

c .  Increased ve loc i ty o f  cardiac  re laxat ion 

C. Therapeutic indications  

1.  Heart  fa i lure (stage C only) 

2.  At r ia l  f ibr i l lat ion 

3.  At r ia l  f lu t ter 

4.  Paroxysmal  at r ia l  tachycard ia 

5.  Amrinone and mi l r inone are indicated for  short - term t reatment  of  congest ive hear t  

fa i lure only.  

D. Adverse effects  

1.  Early adverse effects  o f  card iac g lycosides represent  the early s tages of 

toxic i ty,  including 

a.  GI  ef fec ts ,  such as anorexia ,  nausea, vomi t ing,  and diarrhea 

b.  CNS effec ts ,  such as headache, v isual  d is turbances (green or  yel low vis ion),  

confus ion,  de l i r ium, neura lgias ,  and muscle weakness 

2.  Later adverse effects  represent in toxicat ion and inc lude such ser ious card iac  

d isturbances as premature ventr icu lar  contract ions,  paroxysmal  and nonparoxysmal  

a t r ia l  tachycard ia ,  at r ioventr icular (AV) d issoc iat ion or b lock, ventr icu lar 

tachycard ia,  and ventr icu lar f ibr i l lat ion. 

III. DRUGS FOR TREATMENT OF MYOCARDIAL 

ISCHEMIA 
A. Chemistry  

1.  Antianginal agents  inc lude nitr ites  ( i .e . ,  organic  esters  of  n i t rous ac id)  such as 

amyl  n i t r i te,  nitrates  ( i .e. ,  organic esters  of  ni t r ic  acid)  such as n i t rog lycer in  and 

isosorb ide,  β-blockers  such as propranolo l ,  and calcium antagonists  such as 

verapamil  and n i fed ip ine (F igure 15-3) .  



a.  Amyl ni tr i te  is  a  vola t i le  and f lammable l iquid  adminis tered by inhalat ion.  I t  

requi res  spec ia l  precaut ions (espec ia l ly rest r ic t ion of  smoking)  dur ing 

adminis t ra t ion. 

b.  Nitroglycerin  is  a lso a vo lat i le  and f lammable l iqu id  and requi res great  care 

dur ing s torage.  I t  must  be d ispensed f rom i ts or iginal  glass containers  and protected 

f rom body heat .  

(1)  W hen g iven in t ravenously,  ni t rog lycer in  requires the use of  spec ia l  p las t ic  

adminis t ra t ion sets to  avoid absorpt ion and loss of  potency. 

(2)  Nitroglycerin  is  metabol ica l ly unstab le and undergoes extens ive f i rs t -pass 

metabol ism. 

2.  Peripheral  vasodi lators  include the d ipiper idino-d ipyrimid ine d ipyridamole  

(F igure 15-3) .  

B. Pharmacology 

1.  Nitr i tes and nitrates  are fast -ac t ing ant iangina l  agents that  di rec t ly relax 

vascular smooth musc le by formation of  the f ree rad ical  ni t r ic  oxide (NO),  which is  

ident ical  to endothel ium-der ived relaxing factor  (EDRF).  NO act ivates guanyly l  

cyc lase to increase synthesis o f  cycl ic  guanosine monophosphate (cGMP) wi th in  

smooth musc le,  resu l t ing in  dephosphorylat ion of  l ight  chain myos in and musc le 

re laxat ion.  Th is  causes per iphera l  pool ing of  the b lood, d imin ished venous return 

( reduced pre load),  decreased systemic  vascular res is tance,  and decreased ar ter ia l  

pressure ( reduced af ter load) .  These vascular e f fec ts :  

a.  Reduce myocard ia l  oxygen demand 

b.  Cause redist r ibut ion of  coronary b lood f low a long the col lateral  coronary ar ter ies,  

improving per fus ion of  the ischemic  myocard ium 

2.  β-Adrenergic blockers  decrease sympathet ic -mediated myocardial  st imulat ion 

(see Chapter 13,  IV.A.2, IV.C.4) .  The resul t ing negat ive inot rop ic  and negat ive 

chronotropic  e f fects  reduce myocardia l  oxygen requi rements . 
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Figure 15-3. Structural formulas of antianginal 
agents. A. Nitroglycerin (Nitrostat). B. Isosorbide 
dinitrate (Isordil). C. Nifedipine (Procardia). D. 
Dipyridamole (Persantine). 



3.  Calcium antagonists  (a lso known as calcium channel  blockers )  block calc ium 

entry through the membranous calc ium ion (Ca+ + )  channels  of  coronary and 

per iphera l  vascular  smooth muscle. 

a.  Peripheral  ar ter io les di la te  and to ta l  peripheral  resistance decreases, reduc ing 

af ter load and reducing myocardial  oxygen requi rements . 

b.  Calc ium antagonis ts  also increase oxygen del ivery to  the myocard ium by d i la t ing 

coronary ar ter ies  and ar ter ioles . 

4.  Dipyridamole  relaxes smooth muscles,  decreas ing coronary vascular res is tance 

and increasing coronary b lood f low.  

C. Therapeutic indications  

1.  Nitr i tes and nitrates  are used to  rel ieve acute angina l  a t tacks, as  prophylaxis  

dur ing ant ic ipat ion of  an acute anginal  at tack,  and for long- term management  o f 

recurrent  angina pectoris .  

2.  β-Adrenergic blockers  are used for adjunct ive prophylaxis  of  chronic  stab le 

angina pector is  in  combinat ion wi th n i t r i tes or  n i t ra tes.  They have also been shown 

to  increase survival  t ime in  heart  fa i lure and after  myocardial  in farc t ion (MI) .  Three 

β-b lockers are proven to reduce mortal i ty in  heart  fai lure and are now c lass I  

recommendations for  hear t  fa i lure. 

3.  Calcium antagonists  are used to  t reat  chronic s tab le angina pectoris and var iant 

(Pr inzmetal )  angina. 

4.  Dipyridamole  is  now used primar i ly as  a p la tele t  aggregat ion inhibi tor.  
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D. Adverse effects  

1.  Nitr i tes and nitrates  are assoc iated wi th : 

a.  CNS ef fec ts ,  such as headache, apprehens ion,  d izziness,  and weakness 

b.  CV ef fec ts ,  such as hypotens ion, tachycardia , pa lp i ta t ions,  and syncope 

c .  Sk in effec ts,  such as rash and dermat i t is  

d.  Methemoglobinemia 

2.  β-Adrenergic blockers  are associated wi th : 

a.  Worsening of  congest ive heart  fa i lure 

b.  Bradycard ia and hypotens ion 

c .  Reduced kidney b lood f low and decreased g lomerular f i l t rat ion 

3.  Calcium antagonists  genera l ly produce only mi ld  adverse ef fec ts .  

a.  When g iven in  conjunct ion wi th  β-adrenerg ic  blockers ,  the CV ef fec ts  of  calc ium 

antagonists may be enhanced,  resul t ing in bradycard ia ,  hypotension,  per ipheral  

edema, congest ive heart  fa i lure,  AV b lock,  and asystole . 

b.  Verapamil  may also cause s leeplessness,  musc le fa t igue,  nystagmus,  and 

emot ional  depress ion.  Dur ing the f i rst  week of  therapy,  verapamil  increases serum 

d igi tal is  concentrat ions and may cause d ig i ta l is  toxic i ty.  

4.  Dipyridamole  is  assoc iated wi th : 

a.  GI  ef fec ts ,  such as nausea,  vomi t ing,  and d iarrhea 

b.  CNS effec ts ,  such as headache and dizziness 

c .  CV ef fec ts ,  such as hypotension (wi th  excess ive doses) 



d.  B leeding 

IV. ANTIARRHYTHMIC AGENTS 
A. Chemistry.  Ant iarrhythmic  agents  have widely d iverse chemical  s t ruc tures. They 

include representat ives of  the fo l lowing groups: 

1.  Cinchona alkaloids—such as qu in id ine (an opt ica l  isomer of  qu inine) 

2.  Amides—such as procainamide (Pronestyl ) ,  f lecainide (Tambocor) ,  and 

d isopyramide (Norpace) 

3.  Xylyl  derivat ives—such as l idocaine (Xylocaine)  and mexi le t ine (Mexi t i l )  

4.  Quaternary ammonium salts—such as brety l ium (Brety lol )  

5.  Di iodobenzyloxyethylamines—such as amiodarone (Cordarone) 

6.  β-Blockers—such as, nadolo l  (Corgard) ,  propranolo l  ( Inderal ) ,  esmolol  

(Brevib loc),  and acebutolo l  (Sectral )  

7.  Calcium antagonists—such as d i l t iazem (Card izem) and verapamil  (Calan) 

8.  Hydantoins—such as phenyto in (Di lant in) 

B. Pharmacology.  Ant iarrhythmic agents  are c lassi f ied accord ing to  the i r  ab i l i ty  to  

a l ter  the act ion potent ial  o f  card iac  cel ls  (Tables  15-2 and 15-3) .  The myocardial  

ac t ion potent ial  curve is  shown in  Figure 15-4. 

1.  Class IA drugs  (e .g .,  qu in idine,  procainamide, d isopyramide) produce s tate-

dependent  sodium channel  blockade to s low the rate of  r ise of phase 0 ( the phase 

of  rap id depolar izat ion and reversal  of  t ransmembrane vo l tage)  and prolong 

repolar izat ion and ef fect ive re f rac tory period. 

2.  Class IB drugs  (e .g .,  l idocaine,  toca in ide,  mexi le t ine,  phenyto in)  have a min imal  

e f fec t  on the ra te of r ise of  phase 0 and shor ten repolar izat ion. 

3.  Class IC drugs  (e .g .,  f leca in ide,  propafenone) have a marked ef fec t in  s lowing 

the ra te of  r ise of  phase 0 and in  s lowing conduct ion. They have l i t t le  e ffec t  on 

repolar izat ion.  Encain ide was wi thdrawn f rom the market but is  avai lab le  on a 

l imi ted basis.  
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Table 15-2. Major Effects of Antiarrhythmic Drugs on Electrocardiogram 



Drug QRS QT PRa 

Quinidine ↑ ↑ →↑ 

Procainamide    

Amiodarone    

Disopyramide ↑ ↑ → 

Lidocaine → ↓ →↑↓ 

Phenytoin    

Tocainide    

Mexiletine    

Propranolol → ↓ →↑ 

↑, increased; ↓, decreased; →, no change. 

a All antiarrhythmic drugs have a variable response, usually with little 
observable effect. However, lidocaine hardly ever affects the PR interval, 
whereas phenytoin and propranolol usually increase the PR interval. 

Reprinted with permission from Jacob LS. Pharmacology, 3rd ed. Malvern, 
PA, Harwal, 1992:102. 

 

Table 15-3. Effects of Antiarrhythmic Drugs on Electrophysiologic Properties of 
the Heart 



 Automaticity 
Effective Refractory 

Period 
Membrane 

Responsiveness 
Drug 
Class 

SA 
Node 

Purkinje 
Fibers AV Node 

Purkinje 
Fibers Purkinje Fibers 

IA →↑ ↓→ ↑→↓ ↑↓ ↓ 

IB → ↓ →↓ ↓ →↓ 

IC → ↓ ↑ ↓ ↓ 

II ↓ ↓ ↑ ↓→↑ ↓ 

III ↑↓ ↑↓ ↓→↑ ↑ → 

IV ↓ →↓ ↑ → → 

↑, increased; ↓, decreased; →, no change. 
 

 

Figure 15-4. Myocardial action potential curve. 
This curve represents ventricular 
depolarization/repolarization. 0, phase 0 (rapid 
depolarization); 1, phase 1 (early rapid 
repolarization); 2, phase 2 (plateau); 3, phase 
(final rapid repolarization); 4, phase 4 (slow 
depolarization). 
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4.  Class I I  drugs  (e .g. ,  propranolol ,  nadolol ,  esmolo l ,  acebutolol )  are β-adrenergic 

antagonists that  compet i t ive ly block catecholamine- induced s t imulat ion of  card iac β-

receptors  and depress depolar izat ion of  phase 4. 



5.  Class I I I  drugs  (e .g . ,  brety l ium, amiodarone,  sota lo l ,  ibut i l ide, dofet i l ide)  

increase act ion potent ia l  durat ion by prolonging repolar izat ion v ia b lockade of  the 

de layed rect i f ier  potass ium current IK r .  

6.  Class IV drugs  (e .g. ,  verapamil ,  d i l t iazem, bepr idi l )  are calc ium antagonis ts  that  

b lock the s low inward current  carr ied by calc ium dur ing phase 2 ( i .e. ,  long-susta ined 

depolar izat ion or  the p lateau of  the act ion potent ia l ) ,  increase the ef fec t ive 

re f rac tory period,  and depress phase 4 depolar izat ion. 

7.  Digoxin and adenosine.  Dig i ta l is  g lycosides (d igoxin)  e l ic i t  a vagotonic  response 

that  increases AV nodal  re f rac tor iness.  Adenosine acts a t  G-prote in-coupled 

adenosine receptors  to  increase AV nodal  re f rac tor iness. 

8.  Moriciz ine  is  a  type I  ant iarrhythmic  but not  A, B,  or C.  I t  exh ib i ts  potent  loca l  

anesthet ic  ac t iv i ty and myocardial  membrane s tab i l i z ing act iv i ty.  Mor ic iz ine reduces 

fas t inward sodium current ,  decreas ing the act ion potent ia l  durat ion and ef fect ive 

re f rac tory period,  and increases the PR, QRS, and QTe  interva l .  

C. Therapeutic indications.  Ant iarrhythmic  agents  are used to  reduce 

abnormal i t ies  of  impulse generat ion (ectop ic  pacemaker automatic i ty)  and to  modi fy 

the d is turbances of  impulse conduct ion wi th in  card iac  t issue.  ( Indicat ions for  

spec i f ic  agents  are g iven in  Table 15-4. ) 

Table 15-4. Use of Antiarrhythmic Drugs in Common Cardiac Arrhythmias 

Arrhythmia Treatment of Choice Alternatives 

I. Supraventricular 

Atrial fibrillation 
or flutter 

Digital to control 
ventricular rate, 
DC shock for 
conversion 

Quinidine to suppress 
recurrences after DC shock 

Paroxysmal atrial 
or nodal 
tachycardia 

Vagotonic 
maneuver; 
digitalis 

Verapamil (quinidine, 
procainamide, disopyramide, 
and β-adrenergic antagonists 
may all be useful, especially 
prophylactically) 

II. Ventricular 

Ventricular 
premature 
depolarization 

Lidocaine Procainamide, quinidine, or 
disopyramide for prolonged 
suppression 

Ventricular DC shock Lidocaine, procainamide, or 



tachycardia mexiletine 

III. Digitalis-induced 

 

Lidocaine or 
phenytoin 

Procainamide is somewhat 
useful; β-adrenergic antagonists 
are useful but have a high 
incidence of adverse effects 

DC, direct current. 

Reprinted with permission from Jacob LS. Pharmacology, 3rd ed. Malvern, 
PA, Harwal, 1992:102. 
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D. Adverse effects  

1.  Class IA drugs  are associated wi th  CV ef fects  (e.g. ,  myocard ial  depression,  AV 

b lock,  ventr icu lar  dysrhythmias,  asysto le ,  and hypotension)  and wi th  GI ef fects 

(e .g.,  GI  upset ,  nausea,  vomi t ing,  and d iarrhea) .  In  addit ion: 

a.  Quinidine  can cause c inchonism, wi th  t inn i tus,  confus ion, photophobia,  

headache, and psychosis .  

b.  Procainamide  can cause systemic  lupus erythematosus-  (SLE-)  l ike syndrome. 

c .  Disopyramide  can cause congest ive heart  fai lure and ant imuscarinic  ef fects.  

2.  Class IB drugs  are associated wi th  CNS ef fec ts ( including CNS depression,  

drowsiness,  d isor ientat ion,  and paresthes ias) ,  CV ef fec ts  ( inc lud ing hypotension 

and c i rcula tory co l lapse),  and hepat i t is .  In addi t ion: 

a.  Lidocaine  can cause se izures and respi ratory arrest .  

b.  Tocainide  can cause pneumoni t is and blood dyscras ias. 

c .  Mexiletine  can cause hepat ic  in jury and blood dyscrasias. 

d.  Phenytoin  can cause nystagmus, decreased mental  funct ion,  and blood 

dyscrasias. 

3.  Class IC drugs  are associated wi th : 

a.  CV ef fec ts ,  inc lud ing worsening of  arrhythmias in  pat ients  wi th  ventr icu lar 

arrhythmias, part icu lar ly pat ients  wi th  a  history of MI .  They can worsen sinus node 

dysfunct ion and heart  fai lure. 

b.  V isual  d is turbances such as blurred or  double v is ion 

4.  Class I I  drugs  are assoc iated wi th : 

a.  CV ef fec ts ,  such as hypotens ion, AV block, and asystole 

b.  Respira tory ef fec ts ,  such as bronchospasm 



5.  Class I I I  drugs  are assoc iated wi th : 

a.  CV ef fec ts ,  such as hypotens ion and ini t ia l ly  increased dysrhythmias 

b.  GI  ef fec ts ,  such as nausea and vomi t ing 

6.  Class IV drugs  are associated wi th  CV adverse ef fec ts ,  such as hypotension,  

bradycardia ,  AV block, congest ive hear t  fai lure,  and asysto le . 

7.  Cardiac glycosides  (see I I .D).  Adenosine  causes asysto le  last ing less than 5 

sec and is  the therapeut ic  ob ject ive. 

8.  Because of i ts  proarrhythmic  act iv i ty,  moriciz ine  is  reserved for  pat ients  wi th  

l i fe- threatening ventr icular  arrhythmias. 

V. ANTIHYPERTENSIVE AGENTS 
A. Chemistry.  Ant ihypertens ive agents vary so widely in  chemical  s t ructure that  

they are usual ly c lass i f ied by mechanism of  ac t ion ra ther  than chemical  c lass (Table 

15-5).  

B. Pharmacology.  Ant ihyper tens ive agents  lower b lood pressure by reducing to ta l  

per iphera l  res is tance or  cardiac  output  through a var ie ty o f  mechanisms (Table 15-

5) .  

1.  Diuret ics  such as th iazides create a negat ive sodium balance,  reduce b lood 

vo lume,  and decrease vascular smooth musc le responsiveness to vasoconstr ic tors  

(see VI .C) .  

2.  Vasodilators  such as d iazoxide and minoxid i l  are potass ium channel  ac t ivators 

that  produce membrane hyperpolar izat ion, whereas hydra lazine may s t imulate 

format ion of  EDRF (NO) to  decrease ar ter ial  res is tance.  Human bra in natr iuret ic  

pept ide (BNP) v ia  receptor  st imulat ion and sodium ni t roprusside via  re lease of  NO 

act ivate guanyly l  cyc lase,  forming cGMP to re lax both ar ter io les  and ve ins.  

3.  Peripheral  sympatholyt ics  in terfere wi th  adrenergic  funct ion by blocking 

postgangl ion ic  adrenergic  receptors  (e .g.,  propranolo l ,  prazos in) ,  l imi t ing the 

re lease of neurot ransmi tters f rom adrenerg ic  neurons (e.g. ,  guaneth id ine),  or  

deplet ing int raneuronal  catecholamine s torage si tes  (e .g. ,  reserp ine) .  

4.  Central  α2 -sympathomimetics  (e .g . ,  c lonid ine,  methyldopa) appear to  mediate 

the ir  e f fec ts by st imulat ing presynapt ic α2 - inh ib i tory receptors,  resul t ing in  a  

negat ive sympathet ic  outf low and lowered per iphera l  res is tance. 
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Table 15-5. Classification of Antihypertensive Agents by Their Mechanism of 
Action 



Mechanism of Action Drug 

Vasodilators  

 Arteriolar Diazoxide (Hyperstat IV) 

  Hydralazine (Apresoline) 

  Minoxidil (Loniten) 

 Arteriolar and venous Nitroprusside (Nipride) 

Peripheral sympatholytics Acebutolol (Sectral) 

  Atenolol (Tenormin) 

  Betaxolol (Kerlone) 

  Bisoprolol (Zebeta) 

  Carteolol (Cartrol) 

  Carvedilol (Coreg) 

  Doxazosin (Cardura) 

  Guanadrel (Hylorel) 

  Guanethidine (Ismelin) 

  Labetalol (Trandate) 

  Metoprolol (Lopressor) 

  Nadolol (Corgard) 



  Penbutolol (Levatol) 

  Pindolol (Visken) 

  Prazosin (Minipress) 

  Propranolol (Inderal) 

  Reserpine (Serpasil) 

  Terazosin (Hytrin) 

  Timolol (Blocadren) 

Central α2-sympathomimetics Clonidine (Catapres) 

  Guanabenz (Wytensin) 

  Guanfacine (Tenex) 

  Methyldopa (Aldomet) 

Calcium channel blockers Amlodipine (Norvasc) 

  Diltiazem (Cardizem) SR 

  Felodipine (Plendil) 

  Isradipine (DynaCirc) 

  Nicardipine (Cardene) 

  Nifedipine (Procardia) SR 



  Verapamil (Calan) 

Angiotensin II receptor antagonists Candesartan (Atacand) 

Irbesartan (Avapro) 

  Losartan (Cozaar) 

  Telmisartan (Micardis) 

  Valsartan (Diovan) 

Angiotensin-converting enzyme inhibitors Benazepril (Lotensin) 

Captopril (Capoten) 

  Enalapril (Vasotec) 

  Fosinopril (Monopril) 

  Lisinopril (Prinivil) 

  Moexipril (Univasc) 

  Perindopril (Aceon) 

  Quinapril (Accupril) 

  Ramipril (Altace) 

  Trandolapril (Mavik) 

Endothelin receptor antagonist Bosentan (Tracleer) 
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5.  Calcium channel  blockers  (e .g . ,  amlodipine,  d i l t iazem, fe lod ip ine,  israd ip ine,  

n icardip ine, n i fedipine,  verapami l )  lower vascular resistance and blood pressure v ia  

b lockade of vo l tage-gated ca lc ium channels .  Arter io les are more sensi t ive than 

ve ins. 

6.  ACE inhibitors  (e .g. ,  captopri l )  b lock the convers ion of  inact ive angiotensin I  to 

the potent  vasoconstr ic tor  angiotensin I I .  The reduced angiotens in I I  concentrat ion 

a lso lowers  aldosterone concentrat ion,  which l imits  sodium retent ion. 

7.  Angiotensin I I  receptor antagonists  (e .g . ,  losar tan)  are nonpeptide antagonis ts  

o f  the AT1 angiotensin I I  receptor  subtype located in vasculature,  myocard ium, 

bra in ,  k idney,  and adrenal  glomeru losa.  They produce vasodi lat ion,  cause loss of  

sa l t  and water  to  decrease p lasma volume,  and decrease myogenic  act iv i ty.  

8.  Endothel in receptor antagonists  (e .g. ,  bosentan) are potent  ora l ly ac t ive 

nonpeptide endothel in  receptor  antagonis ts .  

C. Therapeutic indications  

1.  Ant ihyper tensive agents  are used separate ly or in  combinat ion to  treat  high 

blood pressure.  

2.  These agents may a lso be admin is tered parentera l ly  to  treat  hypertensive 

emergencies  such as mal ignant  hyper tens ion,  ec lampsia,  or  the severe 

hypertension associated wi th  excess catecholamines.  Parenteral  therapy may 

include some combinat ion of  the fol lowing agents:  

a.  Arteriolar and venous vasodilator  such as ni t ropruss ide or  bosentan ( i .e . ,  

pu lmonary arter ia l  hypertens ion) 

b.  Arteriolar vasodi lator  such as d iazoxide or  hydra lazine 

c .  Dual  α-adrenergic-  and β-adrenergic-receptor blockers  such as labeta lo l  

d.  β-Blocking agent  such as propranolo l  

e.  Gangl ionic-blocking agent  such as t r imethaphan 

D. Adverse effects  

1.  Diuret ics ( thiazides)  can cause 

a.  Flu id  and solute imbalances,  such as hypokalemia,  hyperca lcemia,  

hyperuricemia, hypomagnesemia, hyponatremia, and hyperg lycemia 

b.  Increased serum low-dens i ty l ipoprotein  (LDL) cholestero l  and t r ig lyceride 

concentrat ions 

c .  Other  e f fec ts  (see VI .C.4) 

2.  Vasodilators  are assoc iated wi th : 

a.  GI  upset 

b.  CNS effec ts ,  such as headache and dizziness 

c .  CV ef fec ts ,  such as tachycard ia ,  f lu id  re tent ion,  and worsening of  angina 

d.  Other  e ffec ts,  such as nasal congest ion,  hepat i t is ,  g lomeru lonephri t is ,  and SLE-

l ike syndrome 

3.  Peripheral  sympatholyt ics  are assoc iated wi th  a varie ty o f  adverse effec ts ,  

depending on the spec i f ic  agent .  

a.  β-Blockers  (e .g. ,  propranolol )  are assoc iated wi th :  



(1)  CV ef fec ts ,  such as bradycard ia ,  congest ive hear t  fa i lure,  and Raynaud 

phenomenon 

(2)  GI  upset 

(3)  B lood dyscras ias 

(4)  CNS ef fec ts ,  such as depress ion, hal lucinat ions,  organic  brain  syndrome,  and 

t rans ient  hear ing loss 

(5)  Other  ef fec ts ,  such as increased a i rway res is tance,  increased serum tr ig lycer ide 

concentrat ions,  decreased high-densi ty l ipoprotein  (HDL) cholesterol  

concentrat ions,  and psoriasis 

(6)  Card iac arrhythmias i f  wi thdrawal  is  abrupt 

b.  Prazosin  is  assoc iated wi th : 

(1)  CV ef fec ts ,  such as sudden syncope wi th  the f i rs t  dose,  pa lpi tat ions,  and f lu id  

re tent ion 

(2)  CNS ef fec ts ,  such as headache,  drowsiness,  weakness, d izziness,  and ver t igo 

(3)  Ant imuscar inic e f fects  and pr iap ism 
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c .  Guanethidine  is  assoc iated wi th : 

(1)  CV ef fec ts ,  such as bradycard ia ,  or thostat ic  hypotens ion, and sodium and water 

re tent ion 

(2)  Diarrhea 

(3)  Aggravat ion of bronchial  as thma 

d.  Reserpine  is  assoc iated wi th : 

(1)  CNS ef fec ts ,  such as n ightmares, depression, and drowsiness 

(2)  CV ef fec ts ,  such as bradycard ia 

(3)  GI  ef fec ts ,  such as GI  upset and act ivat ion of  pept ic u lcer 

(4)  Nasal stu f f iness 

4.  Central  α2 -sympathomimetics  a lso have adverse effects that  vary wi th  the 

spec i f ic  agent .  

a.  Clonidine  is  assoc iated wi th : 

(1)  CNS ef fec ts ,  such as sedat ion and drowsiness 

(2)  Dry mouth and severe rebound hypertens ion 

(3)  Insomnia, headache,  and card iac dysrhythmias (wi th  sudden wi thdrawal ) 

b.  Methyldopa  is  assoc iated wi th : 

(1)  CV ef fec ts ,  such as or thostat ic  hypotens ion and bradycardia 

(2)  CNS ef fec ts ,  such as sedat ion and fever 

(3)  GI  ef fec ts  such as col i t is  

(4)  Other  ef fec ts ,  such as hepat i t is ,  c i r rhosis ,  Coombs-posi t ive hemolyt ic  anemia,  

and SLE- l ike syndrome 

5.  Calcium channel  blockers  are associated wi th  CV effec ts,  resul t ing in 

hypotension,  dizziness, headache, and f lush ing. When g iven wi th  β-adrenerg ic  

b lockers,  the i r  e f fects  may be enhanced,  resul t ing in bradycard ia ,  hypotens ion, 

per iphera l  edema, congest ive hear t  fa i lure,  AV b lock,  and asystole .  Long-term 

adminis t ra t ion is associated wi th  r isk  of  g ing ival  hyperplas ia and Barret t  esophagus. 



6.  ACE inhibitors  are associated wi th : 

a.  CV ef fec ts ,  such as hypotens ion and syncope 

b.  Hemato log ic  ef fec ts ,  such as neutropenia and agranulocytosis 

c .  Other  e f fec ts ,  such as chronic  cough,  anorexia,  polyur ia,  ol igur ia ,  acute renal  

fa i lure,  cholestat ic jaundice,  and ( rarely)  angioedema 

7.  Angiotensin I I  receptor antagonists  are assoc iated wi th  adverse effects  s imi lar  

to  ACE inhib i tors ,  except that cough and angioedema, which are independent  o f  

angiotensin antagonism, occur  less f requent ly.  

8.  Endothel in  receptor  antagonis ts  (Bosentan)  have the potent ia l  for  serious l iver 

in jury and damage to  a fe tus. 

VI. DIURETICS 
A. Osmotic diuretics  

1.  Chemistry.  Osmot ic  diuret ics  (e .g. ,  mannito l ,  urea, g lycerin ,  isosorbide)  are 

h igh ly po lar,  water-so luble agents wi th  a  low renal  threshold (Figure 15-5).  

 

Figure 15-5. Structural formulas of osmotic 
diuretics. A. Mannitol (Osmitrol). B. Urea 
(Ureaphil). 
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2.  Pharmacology  

a.  Osmotic d iuret ics  are re lat ive ly inert  chemicals that are f ree ly f i l tered at  the 

g lomeru lus and poor ly reabsorbed f rom the renal  tubule. By increasing the 

osmolar i ty o f  the g lomeru lar f i l t rate ,  they l imit tubular reabsorption of water  and 

thus promote diuresis.  

b.  Because these agents increase water ,  sodium, chlor ide, and bicarbonate 

excret ion,  they cause an increase in urinary pH.  

3.  Therapeutic indicat ions.  Osmot ic  d iuret ics  are used to: 

a.  Help prevent  and treat o l iguria  and anur ia 

b.  Reduce cerebral  edema and decrease in t racrania l  pressure 

c .  Reduce in t raocular  pressure 

4.  Adverse effects.  Osmotic  d iuret ics  are associated wi th : 

a.  Headache and b lurred vis ion 



b.  Increased b lood volume that worsens congest ive hear t  fa i lure 

B. Carbonic anhydrase inhibitors  

1.  Chemistry.  Carbonic  anhydrase inh ib i tors are aromat ic  or  heterocyc l ic  

su l fonamides wi th  a prominent thiadiazole nucleus.  Acetazolamide  is  the 

prototyp ica l  agent (F igure 15-6) .  

2.  Pharmacology  

a.  Carbonic anhydrase inh ib i tors  noncompeti tively inhibit  the enzyme carbonic 

anhydrase.  Th is  prevents  the enzyme from provid ing the tubular  hydrogen ions 

needed for  exchange wi th  sodium in the proximal tubule,  resul t ing in  sodium 

b icarbonate d iuresis.  

b.  Because these agents increase water ,  sodium, potass ium, and bicarbonate 

excret ion,  they cause an alkal ine urinary pH.  

3.  Therapeutic indicat ions.  Carbonic  anhydrase inh ib i tors are used to : 

a.  Reduce edema (as adjunct  diuret ic  therapy)  

b.  Reduce in t raocular  pressure ( re tard aqueous humor format ion) 

c .  Alkal in ize the ur ine, enhanc ing excret ion of  acid ic  drugs and thei r  metabol i tes 

d.  Treat  motor  d isorders  such as pet i t  mal  ep i lepsy,  paroxysmal chorea and 

dyston ia,  per iod ic  ataxia ,  and some cases of essent ia l  t remor 

4.  Adverse effects.  Carbonic  anhydrase inhib i tors  are associated wi th :  

a.  CNS ef fec ts ,  such as CNS depress ion, drowsiness,  sedat ion,  fa t igue,  

d isor ientat ion,  and paresthes ia 

b.  GI  ef fec ts ,  such as GI upset ,  nausea, vomi t ing,  and const ipat ion 

c .  Hemato logic  e f fec ts ,  such as bone marrow depress ion,  thrombocytopenia,  

hemolyt ic  anemia,  leukopenia,  and agranulocytos is 

d.  Hyperch loremic  metabol ic  ac idos is 

e.  Sul fonamide- type hypersensi t iv i ty react ions 

C. Benzothiadiazide diuret ics  

1.  Chemistry  

a.  The commonly used th iazide d iuret ics  are pr imar i ly  c lose ly re la ted 

benzothiadiazides with variable substi tuents.  The prototyp ical  agent  is 

ch loroth iazide (F igure 15-7A). 

b.  Opt imal  d iuret ic  ac t iv i ty depends on cer ta in  structural features.  

(1)  The benzene r ing must  have a sulfonamide  group (preferably unsubst i tu ted)  in  

posi t ion 7 and a halogen  (usual ly a ch loro group)  or  a tr i f luoromethyl  group  in  

posi t ion 6 (Figure 15-7) .  

(2)  Saturat ion of the 3,4-double bond  increases potency,  as  wi th 

hydrochloroth iazide (F igure 15-7B). 



 

Figure 15-6. Structural formula of acetazolamide 
(Diamox), the prototypical carbonic anhydrase 
inhibitor. 
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Figure 15-7. Structural formula of (A) 
chlorothiazide (Diuril), the prototypical 
benzothiadiazide diuretic, and (B) 
hydrochlorothiazide (HydroDIURIL). Structural 
formulas of (C) cyclothiazide (Anhydron) and (D) 
quinethazone (Hydromox), related compounds 
with substituents that prolong activity and 
enhance potency. 

(3)  Lipophi l ic  substi tuents  at  posi t ion 3 or methyl  groups  a t  pos i t ion 2 enhance 

potency and prolong act iv i ty,  as wi th  cyclo th iazide (F igure 15-7C) and 

bendrof lumeth iazide. 

(4)  Replacement of the sulfonyl  group  in pos i t ion 1 by a carbonyl  group  prolongs 

act iv i ty,  as  wi th  qu inethazone (Figure 15-7D). 

c .  A few sulfamoylbenzamides  (e .g. ,  indapamide,  ch lor tha l idone) have act iv i ty 

s imi lar  to  that  o f  the benzoth iad iazides (Figure 15-8) .  

d.  Benzothiadiazines without the sulfonamide group  (e .g. ,  diazoxide)  exhib i t  

ant ihyper tens ive act iv i ty but  lack d iuret ic act iv i ty (F igure 15-9) .  

2.  Pharmacology  

a.  Benzothiadiazides direct ly inhibit  sodium and chloride reabsorption  on the 

luminal  membrane of  the early segment  o f  the d ista l  convoluted tubule. 



b.  These agents  increase water ,  sodium, chlor ide,  potassium, and b icarbonate 

excret ion and decrease ca lc ium excret ion and uric  acid  secret ion.  They may cause 

an alkal ine urinary pH  by inhibi t ing carbonic anhydrase. 

 

Figure 15-8. Structural formula of indapamide 
(Lozol), a sulfamoylbenzamide with 
pharmacological activity similar to that of the 
benzothiadiazide diuretics. 
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Figure 15-9. Structural formula of diazoxide 
(Hyperstat), a benzothiadiazine lacking a 
sulfonamide group and diuretic action. 

3.  Therapeutic indicat ions.  Benzoth iad iazides are used to  t reat :  

a.  Chronic  edema 

b.  Hypertens ion 

c .  Congest ive hear t  fai lure (as  ad junct ive edema therapy) 

4.  Adverse effects.  Benzoth iad iazides are associated wi th : 

a.  CNS ef fec ts ,  such as headache, d izziness,  paresthes ias,  drowsiness, and 

rest lessness 

b.  GI  ef fec ts ,  such as GI i r r i ta t ion,  nausea, vomi t ing, abdominal b loat ing,  and 

const ipat ion 

c .  CV ef fec ts ,  such as orthostat ic hypotens ion, pa lpi ta t ions, hemoconcentrat ion,  and 

venous thrombosis 



d.  Hemato log ic  ef fec ts ,  such as blood dyscras ias, leukopenia, thrombocytopenia,  

agranulocytosis ,  aplast ic anemia,  hemolyt ic  anemia,  and rash 

e.  Flu id  and e lec t ro lyte imbalances, such as hypokalemia,  hyponatremia, and 

hyperca lcemia 

f .  Muscular  c ramps 

g.  Hyperur icemia and acute gout  a ttacks 

h.  Hypercholestero lemia and hypert r ig lyceridemia 

i .  Sul fonamide- type hypersens i t iv i ty react ion 

D. Loop diuret ics  

1.  Chemistry.  Loop diuret ics  are anthrani l ic  ac id derivat ives wi th  a su l fonamide 

subst i tuent  (e .g. ,  furosemide,  bumetanide)  or  aryloxyacet ic  acids  wi thout a  

su l fonamide subst i tuent  (e .g.,  e thacryn ic  ac id ;  F igure 15-10) .  

2.  Pharmacology  

a.  These agents act  pr inc ipa l ly a t  the thick  ascending l imb of the loop of Henle,  

where they inhibi t  the cotransport  of sodium, potassium, and chloride from the 

luminal  f i l t rate.  

b.  Loop d iuret ics  increase excret ion of  water ,  sodium, potassium, calc ium, and 

ch lor ide;  decrease uric ac id secret ion; and cause no change in urinary pH.  

3.  Therapeutic indicat ions.  Loop diuret ics  are used to  t reat 

a.  Edema f rom congest ive hear t  fa i lure,  hepat ic  c i r rhos is ,  and renal d isease 

b.  Pulmonary edema and asc i tes 

4.  Adverse effects.  Loop d iuret ics  are assoc iated wi th : 

a.  Flu id  and solute imbalances,  such as dehydrat ion,  hypokalemia, hyperur icemia,  

hyperca lc iur ia,  and azotemia 

b.  CNS effec ts ,  such as headache, ver t igo, b lurred vis ion,  t inn i tus , and (rare ly)  

i r revers ible  hear ing loss 

c .  Hemato logic  e f fec ts ,  such as thrombocytopenia and agranulocytos is 

 

Figure 15-10. Structural formulas of loop 
diuretics. A. Furosemide (Lasix). B. Ethacrynic 
acid (Edecrin). 
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d.  CV ef fec ts ,  such as orthostat ic hypotens ion 



e.  GI  ef fec ts ,  such as nausea,  vomi t ing,  and d iarrhea 

f .  Leg cramps 

g.  Hypercholestero lemia and hypert r ig lycer idemia 

h.  Sul fonamide- type hypersensi t iv i ty react ion 

E. Potassium-sparing diuret ics  

1.  Chemistry.  The potass ium-sparing diuret ics are pter idine or pyrazine der ivat ives 

(e .g.,  t r iamterene,  amilor ide) or  s tero id  analog antagonis ts  o f a ldosterone (e.g.,  

sp i ronolactone;  F igure 15-11).  

2.  Pharmacology  

a.  Spironolactone  and eplerenone  ac t  as  competi t ive inhibitors of a ldosterone  

a t  mineralocor t ico id receptors  in  the la te  dis ta l  tubule and co l lec t ing duct .  They 

in ter fere wi th  aldosterone-mediated sodium-potassium exchange, decreas ing 

potass ium secret ion. 

b.  Triamterene and amiloride,  which are not  aldosterone antagonists,  act  d i rect ly 

on the la te  dis ta l  tubule and col lec t ing duct.  They d isrupt sodium exchange wi th  

potass ium and hydrogen by b lock ing sodium channels  and decreasing the driv ing 

force for  secret ion of  potass ium and hydrogen. 

c .  The potass ium-spar ing d iuret ics  increase bicarbonate excret ion and cause an 

alkal ine urinary pH.  

3.  Therapeutic indicat ions.  Potass ium-spar ing d iuret ics are used 

a.  As adjunct ive therapy to  t reat  edema f rom congest ive heart  fai lure, hepat ic  

c i r rhos is ,  nephrot ic  syndrome,  and hyperaldosteronism (primary and secondary) 

b.  As adjunct ive therapy (wi th  th iazides and loop d iuret ics)  to t reat  hyper tension 

c .  To t reat or  prevent  hypokalemia 

4.  Adverse effects  

a.  Spironolactone  is  assoc iated wi th : 

(1)  Hyperkalemia 

(2)  GI  ef fec ts ,  such as GI  upset,  GI  b leeding, gast r i t is ,  nausea,  abdominal c ramps,  

and d iarrhea 

(3)  Endocr ine ef fec ts ,  such as gynecomast ia ,  menstrua l  i r regular i t ies,  and h irsut ism 

(4)  CNS ef fec ts ,  such as mental  confusion and lethargy 

b.  Triamterene  and amiloride  are assoc iated wi th : 

(1)  Hyperkalemia 

(2)  GI  ef fec ts ,  such as GI  upset,  GI  b leeding, nausea,  and vomi t ing 

(3)  CNS ef fec ts ,  such as headache and dizziness 

(4)  Increased ur ic  acid  concentrat ion in  pat ients wi th  gouty ar thr i t is  (wi th  

t r iamterene) 

(5)  Methemoglobinemia in  pat ients  wi th  alcohol ic  c i r rhos is  (wi th  t r iamterene,  which 

inhib i ts  d ihydrofo late reductase) 



 

Figure 15-11. Structural formulas of potassium-
sparing diuretics. A. Triamterene (Dyrenium). B. 
Spironolactone (Aldactone). 
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VII. ANTIHYPERLIPIDEMIC AGENTS 
A. Chemistry.  Ant ihyperl ip idemic  agents  vary in chemical  s t ruc ture and are usual ly 

c lass i f ied by the i r s i te  o f ac t ion—local ly in  the in tes t ine (nonabsorbable agents)  or  

systemical ly (absorbable agents) .  

1.  Nonabsorbable agents  are bile  acid sequestrants.  These agents  are 

hydrophi l ic ,  water- inso lub le resins  that b ind to  b i le  ac ids  in  the in test ine.  Examples 

include colesevelam hydrochlor ide;  cholestyramine chloride,  a  basic anion-

exchange res in cons is t ing of  t r imethylbenzylammonium groups in  a  large copolymer 

of  styrene and div inylbenzene; colestipol hydrochloride,  a  copolymer of 

d ie thylpentamine and epichlorohydr in  (Figure 15-12) ,  and ezetimibe,  a 2-

azet idinone b locker o f  the gast ro intest ina l  cholesterol  t ransporter .  

2.  Absorbable agents  inc lude nicotinic acid  (but  not the s t ruc tura l ly s imi lar  

n icot inamide) ,  the aryloxyisobutyr ic  ac id  der ivat ives fenofibrate  (prodrug) and 

gemfibrozi l ,  the 3-hydroxy-3-methylg lutaryl -coenzyme A (HMG-CoA) reductase 

inhib i tor  lovastat in,  and the fa tty f ish o i ls  contain ing large amounts  o f 

eicosapentaenoic acid (EPA)  and docosahexaenoic acid (DHA;  F igure 15-13) .  

B. Pharmacology.  Ant ihyper l ip idemic agents  increase catabol ism  or reduce 

l ipoprotein production  (e .g .,  lovastat in ,  gemf ibrozi l )  or  increase the eff ic iency of  

l ipoprotein removal  (e.g . ,  cholestyramine,  colest ipol ) .  

C. Therapeutic indications.  These agents  are used ( in conjunct ion wi th appropr ia te 

d ie t and exerc ise) to reduce p lasma l ipoprote in concentrat ions. 

D. Adverse effects  

1.  Nonabsorbable agents  (e .g . ,  cholestyramine, colest ipo l )  are associated wi th  GI  

d ist ress, including abdominal  b loat ing,  nausea,  dyspepsia,  s teatorrhea,  and 

const ipat ion or d iarrhea. 

2.  Absorbable agents  (e .g . ,  sta t ins ,  f ibrates)  are associated wi th  GI d is tress,  skin  

rash,  and leukopenia. 



 

Figure 15-12. Structural formulas of 
nonabsorbable antihyperlipidemic agents. A. 
Cholestyramine chloride (Questran). B. Colestipol 
hydrochloride (Colestid). 
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Figure 15-13. Structural formulas of absorbable 
antihyperlipidemics. A. Nicotinic acid (niacin). B. 
Gemfibrozil (Lopid). C. Lovastatin (Mevacor). D. 
Eicosapentaenoic acid (found in Promega, Proto-
Chol, and others). E. Docosahexaenoic acid 
(found in Promega, Proto-Chol, and others). 

a.  Lovastat in  and other  s ta t ins  (e .g.,  s imvastat in,  pravastat in ,  f luvastat in ,  

a torvastat in, )  may increase b lood t ransaminase and creat inine phosphokinase 

act iv i ty associated wi th  myopathy,  especia l ly when combined wi th  f ibrates or 

cyc lospor ins. 

b.  Gemfibrozi l  may a lso cause skeleta l  muscle pa in, b lurred vis ion,  and anemia. 

c .  Nicotinic acid  produces f lushing assoc iated wi th  pruri tus ,  which may be 

a l levia ted by one aspir in per  day.  To lerance to  n icot in ic  acid  develops in  1-2 weeks.  

High doses of n icot inic ac id (2  g/day)  may produce hepat ic damage. 

VIII. ANTICOAGULANT, ANTIPLATELET, AND 

THROMBOLYTIC AGENTS 
A. Anticoagulants.  The major  ant icoagulant  agents  are heparin, low molecular 

weight heparin (LMWH)  and the oral  ant icoagulants . 

1.  Chemistry  



a.  Heparin  is  a  large,  h igh ly ac id ic  mucopolysaccharide composed of sul fa ted D-

g lucosamine and D-g lucuronic  acid  molecules ext racted f rom bovine lung and 

porcine in test ine (F igure 15-14) .  

b.  LMWH fragments  (1-10 kDa) enoxaparin,  dalteparin,  t inzaparin,  and ardeparin  

are produced through control led depolymerizat ion of  hepar in ,  but they are not  

in terchangeable wi th  hepar in  in  the i r  ac t ions and use. 

(1)  Because they are h igh ly ac idic,  heparin  and LMW H f ragments exis t  as  an ions at 

phys io log ic  pH and are poor ly absorbed from the GI  t rac t .  Thus they are usual ly 

adminis tered parenteral ly as  the sodium sal t .  
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Figure 15-14. Structural formula of heparin, a 
mucopolysaccharide anticoagulant agent. 

(2)  The act ion of heparin and LMW H fragments is qu ick ly terminated by protamine 

sulfate,  a  highly bas ic  protein  that combines chemical ly wi th  them in approximate ly 

equal  amounts  (mg:mg). 

c .  Low molecular weight heparinoids (danaparoid)  are glycosaminoglycans  

ext rac ted f rom porcine mucosa. 

d.  Lepirudin  is  a  recombinant-DNA-der ived 65 amino ac id  po lypept ide near ly 

ident ical  to hirudin,  which be longs to  the group of  isopolypept ides of  the leech 

Hirudo medicinal is .  

e.  Argatroban  is  an L-arg inine-based st ruc ture. 

f .  Bival irudin  is  a  20 amino acid  pept ide.  Lepi rudin,  b iva l i rud in,  and argatroban are 

synthet ic  thrombin inhib i tors. 

g.  Drotrecogin α  is  a  recombinant  form of  human-act ivated prote in  C that  

inact ivates fac tors Va and VI I Ia .  

h .  Fondaparinux  is  a  pentasacchar ide that  resembles the ant i thrombin binding 

reg ion of  hepar in. 

i .  Coumarin derivat ives,  which are h igh ly e f fec t ive,  and the relat ive ly un important  

indanedione derivat ives  are ora l  ant icoagulants.  

(1)  The coumarin derivat ives  (e .g .,  warfarin,  dicumarol )  are water insoluble,  

weak ly acidic  4-hydroxycoumar in  lac tones (F igure 15-15) .  



(a)  These agents are chemical ly related to vi tamin K,  and the i r mechanism of 

ac t ion is  di rec t ly re lated to  the i r  antagonism of  the reductase respons ib le  for  

reduc ing vi tamin K epoxide to  the reduced hydroquinone. 

(b)  These agents  are a lso h ighly prote in  bound and extensive ly metabol ized in  the 

l iver .  These character is t ics , in addi t ion to a  re la t ive ly narrow therapeut ic index,  

make the coumar in  der ivat ives suscept ib le to s ign i f icant  drug interact ions.  

(2)  Phenindione  represents  a typica l  indanedione derivat ive  (F igure 15-16) .  

2.  Pharmacology  

a.  Heparin  cata lyzes the inhibi t ion of  thrombin by ant i thrombin I I I  (heparin 

cofactor) ,  prevent ing the conversion of  f ibr inogen to  f ibr in .  

 

Figure 15-15. Structural formulas of coumarin-
derivative oral anticoagulants. A. Warfarin 
(Coumadin). B. Dicumarol. 
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Figure 15-16. Structural formula of the 
indanedione-derivative oral anticoagulant 
phenindione (Hedulin). 

b.  LMWH  f ragments are unable to  cata lyze inhib i t ion of thrombin,  but  they catalyze 

inhib i t ion by ant i thrombin I I I  o f  fac tor Xa,  which is  respons ible  for  convers ion of  

prothrombin to  thrombin. Heparin  prolongs b lood c lot t ing t ime both in  v ivo and in 

v i t ro ,  whereas LMW H fragments  have minimal  in  v i t ro  ef fec t .  



c.  Glycosaminoglycans (Danaparoid)  inhib i t  f ibr in  format ion by inh ib i t ion of  

c lot t ing factors  Xa and I Ia  ( lesser  e f fec t) .  

d.  Lepirudin,  desirudin, argatroban,  and bival irudin  b ind to  and b lock the 

cata lyt ic  ac t iv i ty o f thrombin. 

e.  Drotrecogin  inhib i ts  proteolyt ic  inact ivat ion of  fac tors Va and VI I Ia .  

f .  Fondaparinux  faci l i ta tes  inhibi t ion of  fac tor  Xa by ant i thrombin by 300-fo ld  but 

has no d i rect  e ffec t  on thrombin. 

g.  Oral  ant icoagulants interfere with the vi tamin K-dependent hepatic synthesis 

of  the active clott ing factors  I I  (prothrombin) ,  VI I ,  IX,  and X and the ant icoagulant 

proteins  C and S.  These agents prolong b lood c lot t ing t ime in  v ivo on ly.  

3.  Therapeutic indicat ions  

a.  Heparin  is  ind icated 

(1)  For  the prophylaxis  and t reatment  o f  venous thrombosis ,  pu lmonary embol ism, 

per iphera l  ar ter ial  embol ism, and at r ia l  f ibr i l lat ion wi th  embol izat ion 

(2)  To prevent  c lo t t ing dur ing arter ia l  surgery and card iac surgery 

(3)  To d iagnose and t reat  d isseminated in t ravascular coagulat ion (DIC) 

(4)  To prevent  postoperat ive venous thrombosis  and pulmonary embol ism ( in  low-

dose form) 

(5)  To prevent  cerebra l  thrombosis  dur ing an evolv ing s t roke 

(6)  As adjunct therapy to prevent  coronary occ lusion wi th acute MI  

b.  LMWH  f ragments are approved for  t reatment  of  thromboembol ic  compl icat ions 

associated wi th surgery,  unstable angina,  and MI. 

c .  Danaparoid  is  approved for  prevent ion of deep ve in thrombosis . 

d.  Lepirudin  and argatroban  are ind icated for  treatment  o f pat ients  exper ienc ing 

hepar in- induced thrombocytopenia. 

e.  Desirudin  is  approved of  t reatment o f  deep ve in thrombosis. 

f .  Drotrecogin  α is  approved for  reduct ion of  morta l i ty in adul t  pat ients  wi th  severe 

seps is  assoc iated wi th  acute organ dysfunct ion. 

g.  Fondaparinux  is  approved for  the prophylaxis  o f  deep ve in thrombosis  in  

pat ients  undergoing hip  frac ture surgery and h ip  or  knee replacement  surgery.  

There is  no ant idote for  fondaparinux - induced bleeding. 

h .  Warfarin sodium  is  an oral  ant icoagulant  indicated 

(1)  For  the prophylaxis  and t reatment  o f  venous thrombosis ,  pu lmonary embol ism, 

and at r ia l  f ibr i l lat ion wi th embol izat ion 

(2)  As adjunct therapy to prevent  coronary occ lusion wi th acute MI  

4.  Adverse effects  

a.  Heparin  

(1)  Hepar in  is  assoc iated wi th : 

(a)  Hemato log ic  ef fec ts ,  such as hemorrhage,  loca l  i r r i ta t ion, thrombocytopenia,  

hematoma,  ulcerat ion,  erythema,  and pain 

(b)  Other  e ffec ts,  such as hypersens i t iv i ty react ions,  fever ,  ch i l ls ,  and ur t icar ia 

(2)  Severe adverse ef fects  may be t reated by administer ing protamine sul fa te ,  the 

spec i f ic  ant idote for  hepar in. 



b.  LMWH  f ragments are absorbed more uni formly than heparin , have a longer 

b iologica l  ha l f - l i fe,  and may be associated wi th  a lower incidence of  s ide ef fec ts  

than heparin . 
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c .  Danaparoid  is  contra ind icated in  various b leeding disorders  and pat ients  

hypersens i t ive to  pork  products .  Danaparoid  conta ins  sodium sul f i te ,  which may 

cause l i fe- threatening al lerg ic  react ions. 

d.  Lepirudin  may be assoc iated wi th  cerebral  bleeding and a l lerg ic ,  skin ,  and 

anaphylact ic  react ions. 

e.  Desirudin  when employed wi th  ep idural /spinal  anesthesia or  spinal  puncture may 

lead to epidura l  or  spinal  hematoma,  resul t ing in long- term or  permanent  para lysis.  

f .  Drotrecogin  α- induced b leeding is  the most  common ser ious adverse react ion. 

g.  Fondaparinux  when employed wi th epidura l /spinal  anesthes ia or  sp ina l  puncture 

may lead to  epidura l  or  sp ina l  hematoma,  resul t ing in long-term or permanent  

paralys is .  The most common adverse react ions associated wi th  fondaparinux  are 

b leeding compl icat ions. 

h .  Warfarin  

(1)  The ora l  ant icoagulant  warfar in  sodium is  assoc iated wi th  the fo l lowing adverse 

ef fec ts :  

(a)  Hemorrhage 

(b)  Anorexia ,  urt icar ia ,  purpura,  and a lopec ia 

(2)  B leeding may be t reated by admin is ter ing v i tamin K (phytonadione) ,  the spec i f ic  

ant idote for  warfar in  sodium. 

B. Antiplatelet  agents  

1.  Chemistry.  Ant ip la tele t  drugs include aspi r in ,  a  sa l icylate;  t ic lop id ine,  a  

th ienopyr id ine; d ipyr idamole,  a  dip iperid ino-d ini tro  pyr imid ine;  prostacyc l in  analogs,  

and the Fab f ragments  of  human monoclonal  ant ibody to  the glycoprote in  I Ib / I I Ia  

(GPI Ib/ I I Ia)  receptor .  

2.  Pharmacology  

a.  Aspir in  in  low doses inh ib i ts  pla te le t  cyc looxygenase product ion of  thromboxane 

A2,  prevent ing pla telet  aggregat ion.  Cyc looxygenase is  permanent ly inhibi ted for  

the l i fe  of  the pla te le t  (7-10 days) .  

b.  Ticlopidine  and clopidogrel  inter fere wi th adenosine diphosphate-  (ADP-)  

induced membrane-mediated p la tele t -f ibr inogen b ind ing,  leading to  inhib i t ion of 

p la te le t -pla te let  aggregat ion. 

c .  Fab fragments  (e .g . ,  abciximab) are monoc lonal  ant ibodies agains t  the GPIIb/ I I Ia  

receptor  that  permanently inh ib i t  p la tele t-p la tele t  in teract ion. 

d.  GPIIb/ I I Ia-receptor antagonists  (e.g . ,  t i ro f iban,  ept i f ibat ide)  are revers ible  

antagonists o f  f ibr inogen,  von W il lebrand fac tor ,  and other  adhesion l igands at  the 

GPIIb/ I I Ia  receptor ,  leading to  inh ib i t ion of p la telet  aggregat ion. 

e.  Anagrel ide  decreases p late le t  product ion. 

f .  Ci lostazol  and i ts  metabol i tes  are type I I I  PDE inhibi tors  that increase cAMP, 

leading to  vasodi la t ion and decreased p la telet  aggregat ion. 



g.  Treprostini l  is  a  prostacycl in  analog of  prostag landin I2  (PGI2 ) ,  which is  a  d i rect  

vasodi lator  and inh ib i tor  o f  pla te let  aggregat ion. 

h .  Dipyridamole  may inh ibi t  p la te le t  aggregat ion v ia  inh ib i t ion of :  

(1)  Red blood ce l l  adenos ine,  which acts  on thromboxane A2  receptors  of p late le ts 

(2)  Phosphodiesterase to  increase in t racel lu lar  concentrat ions of  cAMP 

(3)  Thromboxane A2  formation 

3.  Therapeutic indicat ions  

a.  Aspir in  is  ind icated for  reduct ion of  morta l i ty in  post -MI ,  prophylact ic  treatment  

o f  MI  to  prevent  re in farc t ion, and prophylaxis  a fter  t rans ient ischemic  attacks and 

minor  s t roke. 

b.  Ticlopidine  is  approved to  reduce the r isk  of  thrombotic s troke in  pat ients  wi th 

demonstrated r isk but  who cannot tolerate aspi r in .  Clopidogrel  is  approved to  

reduce MI,  st roke,  and vascular  deaths. 

c .  Abciximab  is  indicated for use wi th  aspi r in  and heparin  in  pat ients  undergoing 

percutaneous t ransluminal  coronary angioplasty (PTCA) or  a therectomy. 

d.  Tirof iban and epti f ibat ide  are approved for  t reatment  o f acute coronary 

syndrome and pat ients  undergoing PTCA. 

e.  Anagrel ide  is  approved to  reduce p late le t  count  in  pat ients  wi th  essent ia l  

thrombocythemia. 

f .  Ci lostazol  is  approved for t reatment o f intermit tent c laudicat ion. 
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g.  Treprostini l  is  approved for  t reatment  of  pu lmonary ar ter ia l  hypertens ion. 

h .  Dipyridamole  is  indicated for prophylaxis  against  thromboembol ism after  cardiac  

va lve replacement .  

4.  Adverse effects  

a.  Aspir in  in  doses used for  treatment  o f  thrombot ic  d isease is  assoc iated wi th  

ep igast r ic  pa in,  heartburn,  nausea,  rash, nasal  po lyps,  gout ,  and anaphylact ic  

react ions in sens i t ive indiv iduals .  

b.  Ticlopidine  is  assoc iated wi th  a h igh inc idence of  adverse react ions,  inc luding 

d iarrhea,  rash,  nausea,  vomi t ing,  GI  pa in,  and neutropenia. 

c .  Abciximab  is  associated wi th  major  and minor b leeding events ,  

thrombocytopenia, human ant ich imeric ant ibody format ion,  card iac  arrhythmias,  AV 

b lock,  bradycard ia ,  d iarrhea, abnormal  think ing,  and d izziness. 

d.  Tirof iban and epti f ibat ide  are associated wi th  b leeding events and bleeding 

compl icat ions,  nausea,  fever ,  and headaches;  in the case of  ept i f ibat ide,  wi th  

hypotension. 

e.  Anagrel ide  carr ies  a warn ing for  use in pat ients  wi th  heart  d isease and may lead 

to  ser ious adverse effec ts ,  includ ing congest ive hear t  fa i lure,  MI ,  hear t  b lock,  

f ibr i l la t ion, and others . 

f .  Ci lostazol  is  contra ind icated in  pat ients  wi th  congest ive hear t  fai lure.  In  dogs,  

c i lostazol  produced cardiovascular  lesions, inc luding endocardial  hemorrhage and 

hemosider in depos i t ion,  necrosis o f  smooth muscle,  in t imal  th ickening,  and ar ter i t is  

in  the coronary ar tery.  



g.  Treprostini l  may produce hypotension and bleeding when combined wi th  

vasodi lators  and ant ipla te le t drugs.  In jec t ions may be ext remely painfu l  and 

associated wi th infus ion s i te  erythema,  indurat ion,  rash,  b leeding and bru is ing. 

h .  Dipyridamole  is  assoc iated wi th  nausea, epigast r ic pain, d izziness,  headache,  

and rash. 

C. Thrombolyt ic  agents  

1.  Chemistry  

a.  Alteplase, reteplase,  and tenecteplase  are recombinant  DNA-derived t issue 

plasminogen activators ( t -PAs)  consis t ing of 527,  355,  and 527 amino ac ids,  

respect ive ly,  o f  the natura l  t -PA,  which catalyzes convers ion of  p lasminogen to  

p lasmin. 

b.  Streptokinase  is  a  nonenzymatic 47-kDa protein  der ived f rom cul tures of  Group 

C β-hemolyt ic  s t reptococc i .  

c .  Anistreplase  (an isoyla ted p lasminogen s t reptok inase act ivator  complex;  APSAC) 

is  a  complex of  human lys-p lasminogen and st reptokinase wi th  an anisoyl  group 

b locking the cata lyt ic  s i te .  

d.  Urokinase  is  a  two-chain serine protease obtained f rom cul tured human k idney 

ce l ls.  

2.  Pharmacology.  Thrombolyt ic  agents  fac i l i tate the conversion of p lasminogen to  

p lasmin, which subsequent ly hydro lyzes f ibr in to  d issolve c lots .  

a.  Alteplase  and reteplase  are re ferred to  as c lo t selec t ive because convers ion of  

p lasminogen to p lasmin by t -PA is  enhanced severa l  hundred- fo ld in the presence of  

f ibr in .  

b.  Streptokinase,  which has no enzymat ic  ac t iv i ty,  forms a one- to-one complex wi th  

p lasminogen,  resul t ing in  a  conformational change that  exposes the catalyt ic  s i te  o f  

p lasminogen.  The s tab le act ivated complex subsequently c leaves f ree p lasminogen 

to  form p lasmin. 

c .  Anistreplase  is  a  prodrug act ivated in  v ivo by deacylat ion of  the an isole  moiety 

f rom the act ive s i te  o f  the p lasminogen-s t reptokinase complex.  The act ivated 

complex conver ts  plasminogen to  plasmin in  the b loodstream or  thrombus.  

d.  Urokinase,  in  contrast  to  s t reptokinase,  is  enzymat ic  and d i rec t ly conver ts 

p lasminogen to p lasmin. 

3.  Therapeutic indicat ions  

a.  Alteplase  and reteplase  are indicated for  t reatment  o f acute MI  and acute 

massive pulmonary embol ism. 

b.  Streptokinase  is  indicated for  acute MI ,  deep ve in thrombosis , ar ter ia l  

thrombosis ,  and arter ia l  embol i ,  except  those orig inat ing from the le f t  s ide of  the 

hear t .  

c .  Anistreplase  is  indicated for  treatment  o f  acute MI  and lys is  o f coronary ar ter ia l  

thrombi.  

d.  Urokinase  is  indicated for t reatment o f coronary ar tery thrombosis  and 

pulmonary embol i .  
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4.  Adverse effects  

a.  t -PAs  are associated wi th :  

(1)  Internal  b leeding of the GI  and geni tourinary trac t,  ret roper i toneal b leeding,  and 

in t racrania l  b leeding 

(2)  Superf ic ial  bleeding at  catheter  inser t ion s i tes ,  ar ter ia l  punctures, and surg ical  

s i tes 

(3)  Other  adverse effec ts ,  includ ing hypersens i t iv i ty react ions,  nausea,  vomit ing,  

hypotension,  and fever 

b.  Streptokinase  may be associated wi th : 

(1)  Internal  and superf ic ia l  bleeding [see VII I .C.4.a. (1)  and (2)]  

(2)  A l lerg ic  react ions, inc lud ing bronchospasm, angioneurot ic edema, ur t icar ia ,  

headache, and delayed hypersens i t iv i ty react ions 

c .  Anistreplase  may be associated wi th: 

(1)  Internal  and superf ic ia l  bleeding [see VII I .C.4.a. (1)  and (2)]  

(2)  Card iac arrhythmias and hypotens ion 

(3)  A l lerg ic  type react ions such as bronchospasm, angioneurot ic  edema, ur t icar ia ,  

and delayed purpuric  rash 

d.  Urokinase  may be assoc iated wi th : 

(1)  Internal  and superf ic ia l  bleeding [see VII I .C.4.a. (1)  and (2)]  

(2)  A l lerg ic  react ions leading to bronchospasm and skin  rash 

IX. ANTIANEMIC AGENTS 
A. Chemistry.  The major  ant ianemic agents  are i ron preparat ions, cyanocobalamin 

(v i tamin B1 2 ) ,  fo l ic  ac id ,  and hematopoiet ic growth fac tors  (erythropoiet in,  colony-

st imulat ing factors,  and interleukin 11 ) .  

1.  Most i ron preparat ions consist  of ferrous salts,  which are bet ter absorbed 

f rom the GI  t ract  than ferr ic  sal ts  or e lementa l  i ron.  Parenteral  i ron preparat ions—

includ ing sodium ferr ic  gluconate  complex in  sucrose (Ferrleci t ) ,  i ron sucrose 

(Saccharate) ,  and i ron dextran ( INFeD, Dexferrum)—should be employed only 

when c learly ind icated. 

a.  Typ ical  ora l  preparat ions inc lude ferrous sulfate  (Feosol ) ,  ferrous gluconate  

(Fergon),  and ferrous fumarate  (Feostat ).  

b.  W hen parentera l  admin ist ra t ion is  indicated,  sodium ferr ic  gluconate  is  

preferred over  i ron dextran  because i t  is  assoc iated wi th  a lower r isk  of 

anaphylact ic  react ion. I ron sucrose  may also have a bet ter  safety and adverse 

ef fec t  prof i le  than i ron dext ran.  

2.  Cyanocobalamin  (v i tamin B1 2 )  is  a  nucleot ide- l ike macromolecule wi th a  modi f ied 

porphyr in  un i t  (a corr in  r ing) containing a tr iva lent  cobal t  atom. A cyanide ion is a lso 

coord inated to  the cobalt  a tom, as is  a  benzimidazole group.  The benzimidazole 

group is  bonded to  an α-r ibosyl  phosphate. 

3.  Fol ic  acid  cons is ts  of three major  components:  a  pter id ine nuc leus bonded to  the 

n i t rogen of p -aminobenzoic ac id,  which is  bonded through an amide l inkage to  

g lu tamic ac id (F igure 15-17) .  



4.  Epoetin α  and darbepoetin  α are glycoprote ins  produced via  recombinant DNA 

technology. Epoet in  α (165 amino acids;  30.4 kDa) is  ident ical  to natural  

erythropoiet in .  

5.  Colony-s t imulat ing factors f i lgrast im  and pegfi lgrastim  (granulocyte co lony-

s t imulat ing fac tor ;  G-CSF) and sargramostim  (granulocyte-macrophage co lony-

s t imulat ing fac tor ;  GM-CSF) are glycoprote ins  produced via  recombinant DNA 

technology. 

 

Figure 15-17. Structural formula of folic acid, an 
antianemic agent. 
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6.  Oprelvekin (interleukin 11)  is  a recombinant  DNA-produced nonglycosylated 

polypept ide growth factor  that  di f fers  f rom the natural  cytokine by one amino acid . 

B. Pharmacology 

1.  I ron preparations  ( fer rous sa l ts )  are readi ly absorbed f rom the GI  t ract  and 

s tored in  the bone marrow,  l iver ,  and spleen as ferr i t in  and hemosiderin.  They are 

subsequent ly incorporated as needed into  hemoglobin,  where the i ron revers ibly 

b inds molecular  oxygen.  A lack of  body i ron causes i ron-def ic iency anemia wi th  

hypochromic ,  microcyt ic  red blood cel ls ,  which t ransport  oxygen poor ly.  

2.  Cyanocobalamin  is  readi ly absorbed f rom the GI  t rac t  in  the presence of  in t r ins ic  

fac tor  (Cast le  fac tor),  a g lycoprote in  produced by gast r ic par ieta l  ce l ls  that  is  

necessary for  GI  absorpt ion of  cyanocobalamin. 

a.  Cyanocobalamin is  t ransported to  t issue by t ranscobalamin I I .  I t  is  essent ia l  for  

ce l l  growth,  for  maintain ing normal  nerve cel l  myel in ,  and for  the metabol ic  

funct ions of fola te . 

b.  Lack of  die tary cyanocobalamin (or  lack of  in t r insic fac tor)  causes a v i tamin B1 2  

def ic iency and megaloblast ic  anemia wi th  hyperchromic,  macrocyt ic,  immature red 

b lood cel ls .  Demyel inat ion of  nerve ce l ls  a lso occurs ,  caus ing i r revers ib le  CNS 

damage. 

3.  Fol ic  acid  is  readi ly absorbed f rom the GI  t ract ,  t ransported to  t issue,  and s tored 

in t racel lu lar ly.  I t  is  a precursor  o f  severa l  coenzymes (der ivat ives of  te t rahydrofol ic  

ac id)  that are involved in s ing le  carbon atom transfers .  A lack of die tary fo l ic  ac id  



causes fo l ic  acid  def ic iency and megaloblast ic  anemia wi th hyperchromic,  

macrocyt ic,  immature red b lood ce l ls .  Fol ic  ac id  def ic iency causes no neuro log ic  

impai rment ,  but fol ic  ac id  def ic iency is  assoc iated wi th  bi r th defects (e .g.,  spina 

b i f ida).  

4.  Endogenous erythropoiet in ,  whose product ion in  the k idneys is  s t imulated by 

b lood loss, anemia, and hypoxia,  is  mimicked by epoetin α  and darbepoetin α  to  

increase prol i ferat ion and d i f ferent ia t ion of erythro id  progeni tor ce l ls .  

5.  Filgrast im  and pegfi lgrast im  increase prol i ferat ion,  d i f ferent ia t ion, and 

act ivat ion of  neutrophi ls  in  pat ients  exhib i t ing neutropenia af ter  undergoing 

myelosuppress ive chemotherapy.  Sargramostim  s t imulates maturat ion of  

granulocytes and macrophages and act ivat ion of mature cel ls  v ia  ce l l  surface 

receptors . 

6.  Oprelvekin  increases p late le t  product ion v ia st imulat ion of  hematopoiet ic  s tem 

cel ls,  megakaryocytes progeni tor  ce l ls ,  and maturat ion of  megakaryocytes.  

C. Therapeutic indications  

1.  I ron preparations  ( fer rous sa l ts )  are used to  treat  i ron-def ic iency anemia. 

2.  Cyanocobalamin  is  used to  t reat  megalob last ic  anemia resul t ing f rom vi tamin 

B12 def ic iency. 

3.  Fol ic  acid  is  used to  treat  megaloblast ic  anemia resul t ing f rom fo l ic  acid  

def ic iency. 

4.  Epoetin α  and darbepoetin α  are approved for  t reatment  o f anemia resul t ing 

f rom chronic renal  fai lure. 

5.  Filgrast im  and pegfi lgrast im  are approved for  t reatment o f  chronic  and 

chemotherapy- induced neutropenia.  Sargramostim  is  approved for  myeloid  

reconst i tu t ion in  pat ients wi th  non-Hodgkin or  Hodgkin d isease or  who have 

undergone bone marrow t ransplantat ion. 

6.  Oprelvekin  is  approved for  prevent ion of chemotherapy-re la ted 

thrombocytopenia. 

D. Adverse effects  

1.  I ron preparations  g iven ora l ly are assoc iated wi th  GI  e f fec ts ,  such as GI  

d ist ress, nausea, hear tburn,  d iarrhea,  and const ipat ion. Parentera l  i ron 

adminis t ra t ion may be associated wi th  fa ta l  anaphylact ic  and anaphylacto id 

react ions. 

2.  Cyanocobalamin  on ly rarely produces adverse ef fec ts .  

3.  Fol ic  acid  is  assoc iated wi th  on ly rare a l lergic react ions af ter  parentera l  

adminis t ra t ion. 
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4.  Epoetin α  and darbepoetin α  may increase blood pressure,  which should be 

moni tored and effec t ively managed. 

5.  Filgrast im  may produce a l lergic  react ions invo lv ing sk in ,  resp i ra tory,  or  

cardiovascular  systems af ter in i t ia l  or  subsequent  dos ing.  Fi lgrast im  and 

pegfi lgrastim  are contraindicated in  pat ients  al lerg ic to Escher ich ia  co l i -der ived 

proteins . 



6.  Oprelvekin  produces f lu id  re tent ion,  which may lead to  peripheral  edema and 

dyspnea. 
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STUDY QUESTIONS 
Direct ions for questions 1-7:  Each of  the quest ions,  sta tements ,  or  incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  Calcium channel  blockers have al l  of  the fol lowing characterist ics except  

(A)  they b lock the s low inward current  carr ied by calc ium dur ing phase 2 of  the 

cardiac  act ion potent ial .  

(B)  they d i la te  per iphera l  ar ter ioles  and reduce tota l  peripheral  res is tance. 

(C)  they constr ict  coronary ar ter ies and ar ter io les and decrease oxygen del ivery to  

the myocardium. 

(D)  they are useful  in  t reat ing s tab le angina pector is and Prinzmetal  angina. 

(E)  adverse ef fects  inc lude aggravat ion of  congest ive hear t  fa i lure. 

View Answer1.  The answer is  C[see] .2.  The termination of  heparin 

act ivi ty by protamine sulfate is the result  of 

(A)  a  chelat ing act ion. 

(B)  the inh ib i t ion of gastro intest ina l  absorpt ion o f hepar in . 

(C)  the d isplacement  of  hepar in-p lasma prote in  binding. 

(D)  an acid-base in teract ion. 

(E)  the prothrombin- l ike act iv i ty o f protamine. 

View Answer2.  The answer is  D[see] .3.  Which of  the fol lowing 

cardiovascular agents is  classif ied chemically as a glycoside? 

(A)  Ni fed ip ine 

(B)  Digoxin 

(C)  F lecainide 

(D) Cholestyramine 

(E)  W arfar in 

View Answer3.  The answer is  B[see] .Digital is  lanata.Digital is  

purpurea,Strophanthus gratus.4. Cardiac glycosides may be useful  in 

treat ing all  of the fol lowing conditions except  

(A)  a t r ia l  f lu t ter .  

(B)  paroxysmal  at r ia l  tachycardia . 

(C)  congest ive hear t  fai lure. 

(D)  ventr icular tachycardia . 

(E)  a t r ia l  f ibr i l lat ion. 

View Answer4.  The answer is  D[see] .5.  Ingestion of  which of  the 

fol lowing vi tamins should be avoided by a patient  taking an oral  ant icoagulant? 

(A)  Vi tamin A 

(B)  Vi tamin B 

(C) Vi tamin D 



(D)  Vi tamin E 

(E)  Vi tamin K 

View Answer5.  The answer is  E[seeVI I I .4 .e] .6. The structure shown is 

characterist ic of  which of  the following agents? 

 

(A)  Osmot ic  d iuret ics 

(B)  Carbonic  anhydrase inh ib i tors 

(C)  Thiazides 

(D) Loop diuret ics 

(E)  Potass ium-spar ing diuret ics 

View Answer6.  The answer is  C[see] .7.  Which of  the fol lowing diuret ics 

is  most similar in chemical  structure to the antihypertensive agent diazoxide? 

(A)  Furosemide 

(B)  Spi ronolactone 

(C) Manni tol  

(D)  Acetazolamide 

(E)  Chloroth iazide 

View Answer7.  The answer is  E[seeand].P.368 

 

 



Direct ions for questions 8-11:  The quest ions and incomplete s ta tements  in  this 

sect ion can be correct ly answered or  completed by one or more  of  the suggested 

answers.  Choose the answer,  A-E.  

8.  In the oral treatment of  i ron-defic iency anemias,  i ron is preferably 

administered as 

I .  ferrous iron. 

I I .  ferr ic  salts. 

I I I .  e lemental  i ron. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer8.  The answer is  A[see] .9.  Parenteral ly administered 

antihypertensive agents used in treat ing hypertensive emergencies include the 

I .  centrally act ing antiadrenergic clonidine. 

I I .  arteriolar and venous vasodilator ni troprusside. 

I I I .  gangl ionic-blocking agent tr imethaphan. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer9.  The answer is  D[see] .10.  Certain factors contribute to the 

longer duration of  act ion of  digitoxin when compared with that  of  digoxin. 

These include 

I .  greater protein binding. 

I I .  reduced polari ty.  

I I I .  greater tubular reabsorption. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer10. The answer is  E[see] .11.  Oral  ant icoagulants have which 

of  the fol lowing propert ies? 

I .  They interfere with vi tamin K-dependent synthesis of active clott ing factors 

I I ,  VII ,  IX,  and X. 

I I .  They have adverse effects that  include hemorrhage,  urt icaria ,  purpura,  and 

alopecia 

I I I .  They prolong the clott ing t ime of  blood both in vivo and in vi tro. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 



E  i f  I ,  I I ,  and I I I  are correct 

View Answer11. The answer is  C[seeVI I .4.e . (1)] .Direct ions for questions 

12-14:  Each group of  adverse ef fec ts  in  th is  sect ion is most c lose ly re la ted to  one  

o f  the fo l lowing drug classes. The drug c lasses may be used more than once or not  

a t  al l .  Choose the best  answer,  A-E.  

12.  Bradycardia,  hypotension,  increased airway resistance,  and congestive 

heart  fa i lure 

(A)  Cardiac glycos ides 

(B)  Calc ium channel b lockers 

(C)  Angiotens in-conver t ing enzyme (ACE) inh ib i tors 

(D)  β-Adrenerg ic  blockers 

(E)  Ni t r i tes  and n i tra tes 

View Answer12. The answer is  D[see] .13.  Visual disturbances (yel low or 

green vision),  confusion,  anorexia,  vomit ing,  atr ioventricular (AV) block,  and 

ventricular tachycardia 

(A)  Cardiac glycos ides 

(B)  Calc ium channel b lockers 

(C)  Angiotens in-conver t ing enzyme (ACE) inh ib i tors 

(D)  β-Adrenerg ic  blockers 

(E)  Ni t r i tes  and n i tra tes 

View Answer13. The answer is  A[see] .14.  Hypotension,  acute renal  

fa i lure,  cholestatic  jaundice,  and agranulocytosis 

(A)  Cardiac glycos ides 

(B)  Calc ium channel b lockers 

(C)  Angiotens in-conver t ing enzyme (ACE) inh ib i tors 

(D)  β-Adrenerg ic  blockers 

(E)  Ni t r i tes  and n i tra tes 

View Answer14. The answer is  C[see] .Directions for questions 15-17:  

Each s tatement  in  th is  group is most c lose ly character ized by one  of  the fo l lowing 

drugs.  The drugs may be used more than once or not  a t  a l l .  Choose the best  

answer,  A-E.  

15.  It  interferes with distal  tubular aldosterone-mediated sodium-potassium 

exchange; renders the urine alkal ine; and may cause hyperkalemia,  

gynecomastia,  and menstrual  i rregulari t ies. 

(A)  Furosemide 

(B)  Hydrochloroth iazide 

(C) Spi ronolactone 

(D) Manni tol  

(E)  Acetazolamide 

View Answer15. The answer is  C[see] .16.  Freely f i l tered,  this drug l imits 

tubular reabsorption of water and is  useful  in reducing cerebral  edema and 

intracranial  pressure. 

(A)  Furosemide 

(B)  Hydrochloroth iazide 

(C) Spi ronolactone 



(D)  Manni tol  

(E)  Acetazolamide 

View Answer16. The answer is  D[see] .17.  The principal  s i te  of  act ion of  

this drug is  on the thick ascending l imb of the loop of  Henle; i t  is  useful  in 

treat ing pulmonary edema and ascites. 

(A)  Furosemide 

(B)  Hydrochloroth iazide 

(C) Spi ronolactone 

(D) Manni tol  

(E)  Acetazolamide 

View Answer17. The answer is  A[see] .P.369 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [see  I I I .B.3;  I I I .C.3;  I I I .D.3 ] .  

Calc ium channel  blockers  are used in  the t reatment  o f  angina because they d i la te 

coronary ar ter ies  and ar ter ioles ,  thus decreas ing coronary vascular res is tance and 

increas ing coronary b lood f low.  

2.  The answer is  D  [see  VI I I .A.1;  VI I I .A.4; F igure 15-14 ] .  

Heparin  is  a  high ly ac id ic  mucopolysaccharide,  whereas protamine is  a high ly basic 

protein . W hen administered af ter heparin , protamine chemical ly combines wi th  i t  

(presumably by an ac id-base in teract ion)  and inact ivates i ts  ant icoagulant e f fec t.  

Hence i t  is  an ef fec t ive ant idote for heparin .  Caut ion must  be employed when using 

protamine because an excess of  protamine can cause an ant icoagulant  effec t i tsel f .  

3.  The answer is  B  [see  I I .A.1 ] .  

Most  g lycos ides are natura l  products  obta ined f rom plant  mater ial .  Al though there 

are very few medic inal  agents  that are glycos ides,  the group known as the card iac 

g lycos ides is  ext remely important  and is wide ly used for t reat ing congest ive heart  

fa i lure.  Digoxin is a  cardiac g lycos ide obtained f rom Dig i ta l is  lanata.  Other  card iac  

g lycos ides include digi toxin ,  which is  obtained f rom Dig i ta l is  purpurea,  and ouabain,  

which is  obtained f rom Strophanthus gratus.  

4.  The answer is  D  [see  I I .C;  Table 15-4 ] .  

Ventr icu lar tachycardia  is  produced by toxic  cardiac g lycos ide dosage and would not 

be a therapeut ic ind icat ion for  the agents.  Card iac  glycos ides increase systol ic  

contract ion veloc i ty and increase the ref ractory per iod of the AV node.  They a lso 

have a pos i t ive inot ropic e f fec t.  

5.  The answer is  E  [see  VI I I .A.2.e;  VII I .4.e ].  

The oral  ant icoagulants , such as warfar in ,  ac t  by inhib i t ing the l iver  b iosynthes is  o f  

prothrombin,  which is  the precursor  o f the enzyme thrombin that  cata lyzes the 

convers ion of  soluble f ibr inogen to  the insolub le po lymer f ibr in ,  which resul ts  in  c lo t 

format ion. One of  the pr inc ipal  fac tors in the biosynthes is  o f prothrombin is  v i tamin 

K,  wi th  which warfar in  competes to inh ib i t  th is  process. Because this  is a  revers ib le  

compet i t ion,  v i tamin K acts as an antagonist  to the ora l  ant icoagulants . 

6.  The answer is  C  [see  VI .A;  F igure 15-7 ] .  



The s t ruc ture can be recognized as a benzoth iad iazine, which is known a lso as a 

th iazide. I t  represents  the s tructure of hydrochloroth iazide,  a su l fonamide d iuret ic .  

Other  su l fonamide diuret ics  include the carbonic anhydrase inh ib i tors,  such as 

acetazolamide,  and the loop d iuret ics ,  such as furosemide. Neither o f these 

subc lasses conta ins drugs wi th  a  benzoth iad iazine nucleus. 

7.  The answer is  E  [see  VI .C;  Figures 15-7 and  15-9 ] .  

Diazoxide is  a  benzothiad iazine der ivat ive;  therefore,  i t  would be most  s imi lar  to  

ch loroth iazide,  which is  a lso a benzothiadiazine. A l though both the thiazides and 

the d iazoxides have ant ihyper tensive act iv i ty,  on ly the th iazides have s igni f icant  

d iuret ic  ac t iv i ty.  One of the s t ruc tura l  requi rements  of  the th iazide d iuret ics  is  an 

e lec t ron-wi thdrawing group,  such as a ha logen,  or tho to  the sul fonamide group on 

the benzene nuc leus.  The d iazoxide molecule lacks such a group. 

8.  The answer is  A  ( I )  [see  IX.A.1 ] .  

Absorpt ion of  oral ly admin istered i ron is  s ign i f icant ly improved wi th  ferrous i ron than 

wi th  e i ther  ferr ic  sal ts  or e lemental  i ron,  presumably because of i ts  bet ter  so lubi l i ty  

character is t ics .  I ron preparat ions ( ferrous sa l ts )  are more readi ly absorbed f rom the 

gastro in test inal  t ract  and are s tored in the bone marrow,  l iver ,  and sp leen as ferr i t in  

and hemosider in .  

9.  The answer is  D  ( I I ,  I I I )  [see  V.B.4;  V.C.2.a;  V.C.2.e ] .  

Clon id ine is not recognized as a drug of  choice for  hyper tens ive emergencies,  

poss ib ly because of  i ts  central  mechanism of  act ion and the latent  per iod requi red 

for  i ts  e f fec t,  compared wi th  other  per iphera l  agents . 

10.  The answer is  E  ( I ,  I I ,  I I I )  [see  I I .A;  Figure 15-1 ] .  

St ructural ly,  d ig i toxin  has on ly one a lcohol  group on i ts steroida l  nuc leus, whereas 

d igoxin has two.  This s l ight  d i f ference in  s t ruc ture has a s ign i f icant  e f fec t on the 

po lar i ty of  the molecule.  Owing to  i ts  greater l iposolubi l i ty ,  d ig i toxin  is more l ike ly to 

undergo tubular  reabsorpt ion,  to  undergo enterohepat ic   
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cyc l ing,  to penetrate into the l iver microsomes and undergo metabol ism,  and to  be 

protein  bound,  al l  o f  which contr ibute to i ts  longer durat ion of  ac t ion and potent ia l  

cumulat ive ef fects .  

11.  The answer is  C  ( I ,  I I )  [see  VI I I .A.2.e,  VII .4.e. (1) ] .  

Ora l  ant icoagulants are ef fec t ive only in v ivo because they block hepat ic  synthesis  

o f  v i tamin K-dependent coagulat ion fac tors ( fac tors  I I ,  VI I ,  IX,  and X) .  Th is  also 

expla ins the la tency per iod associated wi th in i t ia t ion of  oral  ant icoagulant  therapy. 

12.  The answer is  D  [see  I I I .D.2 ] .  

13.  The answer is  A  [see  I I .D ] .  

14.  The answer is  C  [see  V.D.6 ] .  

Nonselect ive β-adrenergic  b lockers  (e.g. ,  propranolo l )  produce adverse ef fects 

associated wi th the i r  mechanism of  act ion on the autonomic  nervous system. Thus 

bronchospasm, lower ing of  blood pressure,  and reduced heart  ra te resul t  f rom 

b lockade of autonomic  β-adrenerg ic  receptors .  Visual  disturbances (ye l low or  green 

vis ion)  are pecul iar  to  card iac  glycos ide overdose.  AV dissoc iat ion and ventr icular  

tachycard ia are obvious ly more signi f icant  adverse ef fec ts .  ACE inh ib i tors  



reportedly may cause blood dyscras ias in  addi t ion to  cholestat ic  jaundice and acute 

renal  fai lure. 

15.  The answer is  C  [see  VI .E.2.a;  VI .E.4.a ] .  

16.  The answer is  D  [see  VI .A.3.a;  VI .A.3.b ] .  

17.  The answer is  A  [see  VI .D.2.a;  VI .D.3.a ] .  

Sp i ronolactone in ter feres wi th  aldosterone-mediated sodium-potass ium exchange,  

reduc ing the amount  of  potassium excreted and is o f ten used wi th  other  diuret ics  

that  promote the excret ion of  potassium, such as the benzothiadiazides.  Manni to l  

increases the osmolar i ty o f  the g lomeru lar  f i l t ra te because i t  is  reabsorbed poor ly.  

By increas ing the osmolar i ty of  the glomeru lar  f i l t ra te,  manni to l  l imi ts  tubular 

reabsorpt ion of  water ,  thus promoting d iures is .  In th is  way,  i t  reduces cerebral  

edema and decreases int racrania l  pressure.  Furosemide is  a  diuret ic  of  choice for  

t reat ing acute congest ive hear t  fa i lure because i t  promotes a s igni f icant  rap id  

excret ion of water  and sodium. 
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Drug Metabolism, Prodrugs, and 
Pharmacogenetics 
Marc W. Harrold 

I. INTRODUCTION TO DRUG METABOLISM. 
Drug metabol ism (a lso ca l led biotransformation)  re fers  to  the b iochemical  changes 

that  drugs and other foreign chemicals  (xenobiotics)  undergo in  the body,  leading 

to  the format ion of  d i f ferent  metabol i tes  wi th  di f ferent e ffec ts.  Xenobiot ics  can 

undergo a varie ty of  bio transformation pathways, resu l t ing in  the product ion of  a  

mixture of  in termediate metabol i tes and excreted products ,  includ ing unchanged 

parent  drug.  Rare ly is  only one metabol i te produced f rom a s ing le  drug. 

A. Inact ive metabol i tes.  Some metabol i tes are inact ive ( i .e. ,  the ir  

pharmacologica l ly act ive parent  compounds become inact ivated or detoxi f ied).  

1.  The hydro lysis o f procaine  to p -aminobenzoic acid  and d ie thyle thanolamine 

resul ts  in  a loss of anesthet ic  ac t iv i ty.  

2.  The oxidat ion of 6-mercaptopurine  to 6-mercapturic  acid  resul ts  in  a  loss of  

ant icancer  act iv i ty.  

B. Metabol i tes that  retain similar act ivi ty.  Cer ta in  metabol i tes  retain  the 

pharmacologica l  act iv i ty o f  the i r  parent compounds to  a greater  or lesser  degree. 

1.  Imipramine  is  demethyla ted to  the essent ia l ly  equiact ive ant idepressant ,  

desipramine.  

2.  Acetohexamide  is  reduced to  the more act ive hypoglycemic ,  l -

hydroxyhexamide.  

3.  Codeine  is  demethylated to  the more act ive analgesic ,  morphine.  

C. Metabol i tes with al tered act ivi ty.  Some metabol i tes  develop act iv i ty di f ferent 

f rom that  of  the i r  parent drugs. 

1.  The ant idepressant  iproniazid  is  dealkyla ted to  the ant i tubercu lar ,  isoniazid.  

2.  The vi tamin ret inoic acid  (v i tamin A)  is  isomerized to  the ant i -acne agent ,  

isoret inoic acid.  

D. Bioactivated metabol i tes.  Some pharmacolog ica l ly inact ive parent  compounds 

are converted to act ive species wi th in  the body.  These parent  compounds are known 

as prodrugs.  

1.  The prodrug enalapril  is  hydrolyzed to enalapri lat ,  a  potent  ant ihypertensive. 

2.  The prodrug sulindac,  a  su l foxide,  is reduced to  the act ive su l f ide. 

3.  The ant ipark insonian levodopa (L-dopa)  is  decarboxylated in  the neuron to  

act ive dopamine.  

II. BIOTRANSFORMATION PATHWAYS 
A. Phase I  react ions  are those in  which polar funct ional  groups are in t roduced in to  

the molecule or unmasked by oxidat ion,  reduct ion,  or  hydro lys is .  

1.  Oxidat ion  is  the most common phase I  b iot ransformat ion. 

a.  The major i ty o f  oxidat ions occur  in  the l iver;  however,  ext rahepat ic  t issues,  such 

as the intest inal  mucosa,  lungs,  and kidney,  can a lso serve as metabol ic  s i tes . 



b.  The vast  major i ty o f  oxidat ions are cata lyzed by a group of  mixed- funct ion 

oxidases known as cytochrome P4 5 0  (CYP450).  These oxidases are bound to  the 

smooth endoplast ic  re t icu lum of  the l iver  and requi re both NADPH and a porphyr in  

prosthet ic  group.  Unl ike most  enzymes,  CYP450 uses a var ie ty o f oxidat ive 

b io transformat ions to metabol ize a diverse group of  substrates. 
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c .  CYP450 exis ts  in  multiple isoforms  or  fami l ies .  The presence of these d i f ferent  

isoforms is  responsible  for  the large substrate var ia t ion seen wi th CYP450. 

(1)  CYP450 isoforms are named us ing the root  “CYP” fo l lowed by an arabic  number 

designat ing the family,  a le t ter  des ignat ing the subfami ly,  and a second arabic  

number ind icat ing the ind iv idual gene (e.g. ,  CYP3A4). 

(2)  S ix mammalian famil ies  are invo lved in  s tero id  and bi le  ac id  metabol ism:  CYP7,  

CYP11,  CYP17,  CYP19,  CYP21,  and CYP27. 

(3)  Four  mammalian famil ies  are invo lved in  xenobiot ic ,  or drug,  metabol ism:  CYP1,  

CYP2,  CYP3,  and CYP4. Examples of drugs metabol ized by these famil ies and 

subfami l ies  are shown in Table 17-1.  Note that a  number of  drugs (e.g. ,  t r icycl ic  

ant idepressants ,  d iazepam, ondansetron,  theophyl l ine)  are metabol ized by mul t ip le  

isoforms. 

d.  Addi t ional  oxidat ions (e .g.,  e thanol to  acetaldehyde) are cata lyzed by 

nonmicrosomal  oxidases located in  cytosol  and mi tochondria  o f  ext rahepat ic  

t issues. 

e.  CYP450 and nonmicrosomal oxidases cata lyze aromatic,  al iphat ic,  ole f in ic,  

benzyl ic ,  a l ly l ic ,  and α-hydroxyla t ions;  N - ,  O- ,  and S -dealkyla t ions; oxidat ive 

deaminat ion;  N -  and S-oxidat ions;  desulfurat ion;  dehalogenat ion; and oxidat ions of  

a lcohols and aldehydes (Table 17-2).  

f .  The increased polari ty o f  the oxid ized products  (metabol i tes) enhances the i r 

water  solubi l i ty  and reduces the i r tubular  reabsorpt ion to  some extent ,  thus favoring 

the ir  excret ion in  the ur ine.  These metabol i tes  are somewhat  more polar  than the i r  

parent  compounds and very commonly undergo fur ther  bio t ransformat ion by phase I I  

pathways (see I I  B) .  

2.  Reduction  is  less commonly encountered than oxidat ion; however,  the overal l  

goal  is  the same: to create po lar funct ional  groups that  can be el iminated in  the 

ur ine.  There is  evidence suggest ing that  the CYP450 system might  be invo lved in  

some reduct ions.  Addi t ional ly,  bacter ia res ident  in  the GI  t ract  are known to  be 

invo lved in  azo and n i t ro reduct ions. React ions cata lyzed by reductases are shown 

in  Table 17-3. 

3.  Enzymatic hydrolysis,  the addi t ion of  water  across a bond,  a lso resul ts  in more 

polar  metabol i tes  (see Table 17-3) .  

a.  Esterase enzymes,  usual ly present in p lasma and various t issues,  are  

nonspec i f ic  and cata lyze de-ester i f icat ion, hydrolyzing re la t ively nonpolar es ters 

in to two polar ,  more water-so lub le compounds:  an a lcohol  and an ac id .  Esterases 

are respons ib le for conver t ing many prodrugs in to  the i r  act ive forms. 



b.  Amidase enzymes  hydro lyze amides in to amines and acids (deamidat ion) .  

Deamidat ion occurs  pr imar i ly in  the l iver.  

c .  Ester drugs  suscept ib le  to  p lasma esterases (e.g.,  procaine)  are usual ly shor ter  

ac t ing than s t ruc tural ly s imi lar amide drugs  (e .g .,  procainamide),  which are not  

s ign i f icant ly hydrolyzed unt i l  they reach the l iver.  

d.  Lactones  and lactams  are cycl ic  es ters and amides,  respect ive ly,  and are thus 

a lso suscept ib le  to  hydrolyt ic  metabol ism. 

B. Phase I I  react ions  are those in  which the funct ional  groups of the or igina l  drug 

(or  metabol i te  formed in  a  phase I  react ion) are masked by a conjugation react ion.  

Most  phase I I  conjugates are very po lar,  resul t ing in rapid drug el iminat ion f rom the 

body. 

1.  Conjugation react ions  combine the parent drug  (or i ts  metabol i tes)  wi th  certa in  

natural  endogenous consti tuents,  such as g lucuronic  acid , g lyc ine,  g lutamine, 

su l fa te ,  glu ta thione,  the two-carbon acetyl  f ragment ,  or  the one-carbon methyl  

f ragment .  These react ions general ly require  both a high-energy molecule  and an 

enzyme.  

a.  The high-energy molecule  cons is ts  o f a  coenzyme  bound to  the endogenous 

substrate, the parent  drug,  or the drug 's phase I  metabol i te .  

b.  The enzymes  (ca l led transferases )  that catalyze conjugat ion react ions are found 

main ly in  the l iver  and,  to  a  lesser  extent ,  in the in tes t ines and other  t issues. 

c .  Most  conjugates are highly polar  and unable to cross cel l  membranes,  making 

them almost a lways pharmacologically inact ive  and of  l i t t le  or no toxic i ty.  

Except ions to  th is  are acetyla ted and methyla ted conjugates. These conjugates do 

not  possess increased polar i ty;  however,  they are usual ly pharmacologica l ly 

inact ive. 

2.  There are six conjugation pathways  (Table 17-4) .  

a.  Glucuronidation  is  the most common  conjugat ion pathway because of  a  readi ly 

avai lab le  supply o f g lucuronic  ac id  as wel l  as  a large varie ty of  funct ional  groups, 

which can enzymat ica l ly react  wi th  th is  sugar der ivat ive. 
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Table 17-1. Examples of Drugs Metabolized by Specific Cytochrome P450 (CYP) 
Isoforms 



CYP1A2 

 Acetaminophen 

 Amitriptyline and other TCAs 

 Diazepam 

 Methadone 

 Olanzapine 

 Propranolol 

 Riluzole 

 Tacrine 

 Theophylline 

CYP2B1 

 Chlorpheniramine 

CYP2B6 

 Bupropion 

 Cyclophosphamide and ifosfamide 

CYP2C8 

 Diazepam 



 Diclofenac 

 Mephobarbital 

 Omeprazole 

 Paclitaxel 

 Retinoids 

 Tolbutamide 

CYP2C9 

 Amitriptyline and other TCAs 

 Chlorpheniramine 

 Carvedilol 

 Dapsone 

 Diazepam 

 Glimepiride 

 Hexobarbital 

 Losartan 

 NSAIDs 

 Phenytoin 



 Tolbutamide 

 Torsemide 

 Verapamil 

 Warfarin 

 Zafirlukast 

CYP2D6 

 Amitriptyline and other TCAs 

 β-blockers 

 Benztropine 

 Captopril 

 Chlorpheniramine 

 Chlorpromazine 

 Clemastine 

 Clozapine 

 Codeine 

 Delavirdine 

 Dextromethorphan 



 Diphenhydramine 

 Dolasetron and Ondansetron 

 Donepezil 

 Encainide 

 Fenfluramine 

 Fentanyl 

 Flecainide 

 Fluphenazine 

 Hydrocodone 

 Hydroxyzine 

 Imipramine 

 Lidocaine 

 Loratadine 

 Meperidine 

 Methadone 

 Methamphetamine 

 Mexiletine 



 Morphine 

 Ondansetron 

 Oxycodone 

 Risperidone 

 Selegiline 

 SSRIs 

 Tamoxifen 

 Thioridazine 

 Tolterodine 

 Tramadol 

 Trazodone 

CYP2E1 

 Acetaminophen 

 Ethanol 

 Felbamate 

 General anesthetics 

 Isoniazid 



 Ondansetron 

 Tamoxifen 

 Theophylline 

CYP3A4 

 Acetaminophen 

 Alfentanil 

 Benzodiazepines 

 Amitriptyline and other TCAs 

 Amiodarone 

 Anastrazole 

 Azole antifungals 

 Buspirone 

 Busulfan 

 Carbamazepine 

 Chlorpromazine 

 Cimetidine 

 Clozapine 



 Codeine 

 Cyclophosphamide and ifosfamide 

 Cyclosporin 

 Dapsone 

 Darifenacin 

 Delavirdine 

 Dexamethasone 

 Dextromethorphan 

 Dihydroergotamine 

 Dihydropyridines (i.e., nifedipine) 

 Diltiazem 

 Disopyramide 

 Docetaxel and paclitaxel 

 Dolasetron and ondansetron 

 Donepezil 

 Doxorubicin 

 Efavirenz 



 Enalapril 

 Ergot alkaloids 

 Erlotinib 

 Estrogens 

 Ethosuximide 

 Etoposide 

 Erythromycin and clarithromycin 

 Felbamate 

 Fentanyl 

 Fexofenadine 

 Finasteride 

 Flutamide 

 Glyburide 

 Granisetron 

 Haloperidol 

 HIV protease inhibitors 

 HMG-CoA reductase inhibitors 



 Hydrocodone 

 Hydrocortisone 

 Irinotecan 

 Lansoprazole 

 Lidocaine 

 Loperamide 

 Loratadine 

 Losartan 

 Midazolam 

 Mifepristone 

 Navelbine 

 Nefazodone 

 Nevirapine 

 Norethisterone 

 Omeprazole 

 Ondansetron 

 Oral contraceptives 



 Oxybutynin 

 Pimozide 

 Prednisone and prednisolone 

 Quinidine 

 Repaglinide 

 Rifampin and analogs 

 Risperidone 

 Salmeterol 

 Sildenafil 

 SSRIs 

 Sulfamethoxazole 

 Tacrolimus 

 Tadalafil 

 Tamoxifen 

 Teniposide 

 Testosterone 

 Theophylline 



 Tolterodine 

 Tretinoin 

 Valproic acid 

 Vardenafil 

 Verapamil 

 Vinca alkaloids 

 Warfarin 

HMG CoA, β-hydroxy-β-methylglutaryl-coenzyme A; NSAIDs, nonsteroidal 
anti-inflammatory drugs; SSRIs, selective serotonin reuptake inhibitors; 
TCAs, tricyclic antidepressants. 
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Table 17-2. Phase I Metabolism: Oxidative Pathways 

Type of Reaction 
(Examples) 

Reaction Pathway 

1
. 

Aromatic 
Hydroxylati
on 
(phenytoin, 
phenylbutaz
one) 

2
. 

Aliphatic 
Hydroxylati
on 
(pentobarbit
al, 
meprobamat



e) 

3
. 

Olefinic 
Hydroxylati
on 
(carbamazep
ine, 
cyproheptadi
ne) 

4
. 

Benzylic 
Hydroxylati
on 
(tolbutamide
, 
imipramine) 

5
. 

Allylic 
Hydroxylati
on 
(pentazocine
, 
hexobarbital
) 

6
. 

Hydroxylati
on-α to a 
Carbonyl 
(diazepam, 
ketamine) 

7
. 

Oxidative 
Deamination 
(amphetami
ne, 
dopamine) 

8
. 

N-
Dealkylation 
(morphine, 
ephedrine) 



9
. 

N-Oxidation 
(acetaminop
hen, 
guanethidine
) 

1
0
. 

O-
Dealkylation 
(codeine, 
papaverine) 

1
1
. 

S-
Dealkylation 
(6-
methylmerca
ptopurine) 

1
2
. 

S-Oxidation 
(chlorproma
zine, 
mesoridazin
e) 

1
3
. 

Desulfuratio
n 
(thiopental) 

1
4
. 

Dehalogenat
ion 
(halothane, 
chloramphen
icol) 

1
5
. 

Oxidation of 
Alcohols 
(ethanol, 
estradiol) 



1
6
. 

Oxidation of 
Aldehydes 
(acetaldehyd
e, PGE2) 
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Table 17-3. Phase I Metabolism: Reductive and Hydrolytic Pathways 

Type of Reaction 
(Examples) 

Reaction Pathway 

Reduction  

1
. 

Carbonyl 
Reduction 
(acetohex
amide) 

2
. 

Azoreduct
ion 
(sulfasalaz
ine, 
olsalazine
) 

3
. 

Nitroredu
ction 
(chloramp
henicol, 
clonazepa
m) 



Hydrolysis  

4
. 

Ester 
Hydrolysi
s 
(procaine, 
meperidin
e) 

5
. 

Amide 
Hydrolysi
s 
(lidocaine, 
indometha
cin) 

 

(1)  The high-energy form of  glucuronic  acid , uridine diphosphate glucuronic acid,  

reacts  wi th a  varie ty o f  funct ional  groups under the in f luence of g lucuronyl  

t ransferase. 

(2)  Drugs that  possess hydroxyl  or  carboxyl  funct ional  groups readi ly undergo 

g lucuronidat ion to form ethers  and esters ,  respect ive ly.  In addi t ion,  N - ,  S - ,  and C -

g lucuronides are also possib le . 

(3)  As shown in Table 17-4,  the addi t ion of  g lucuronic  ac id  to  a  drug molecule adds 

three hydroxyl  groups and one carboxyl  group. This  addi t ion great ly increases the 

hydrophi l ic i ty o f  the drug molecule.  As a resul t ,  i t  is  unl ike ly to  penetrate ce l l  

membranes and e l ic i t  pharmacolog ica l  ac t iv i ty.  I t  i s  a lso poor ly reabsorbed by the 

renal  tubules and,  thus,  is  readi ly excreted. 

(4)  Glucuronides wi th  high molecular weight  (more than 500)  are of ten excreted 

in to the bi le and,  eventual ly,  in to  the in test ines. The in test ina l  enzyme β-

g lucuronidase can then hydro lyze the conjugate, re leasing the unal tered drug (or  i ts  

pr imary metabol i te)  for  reabsorpt ion by the intest ine. 

b.  Sulfate conjugation  is  much less common than g lucuronide conjugat ion because 

there is  no avai lab le  pool  o f endogenous su l fa te . Addi t ional ly,  there are fewer 

funct ional  groups capable of  forming sul fa te  conjugates.  The high-energy form of 

su l fa te ,  3′-phosphoadenosine-5 ′ -phosphosulfate (PAPS),  reacts  wi th  phenols , 

a lcohols,  ary lamines, and N -hydroxyl  compounds under the in f luence of  

sulfotransferase  to  form highly polar  metabol i tes . 

c .  Amino acid conjugation  invo lves the react ion of  ei ther  glyc ine or  glu tamine wi th  

a l iphat ic  or aromat ic  ac ids  to  form amides.  A drug molecule is f i rs t  conver ted to  an 

acyl  coenzyme A intermediate.  An N -acyl t ransferase enzyme then catalyzes the 

conjugat ion of  the act ivated drug molecule wi th the amino acid . 

d.  Glutathione conjugation  is  ext remely important  in  prevent ing toxic i ty from a 

var ie ty of  harmfu l  e lec trophi l ic  agents.  Glutath ione,  a  t r ipept ide contain ing a 



nucleophi l ic  sul fhydryl  group, is  present  in a lmost a l l  mammal ian t issues. Under the 

in f luence of glutathione S-transferase,  g lu ta th ione can react  wi th hal ides,  

epoxides,  and other  elect rophi l ic  compounds to form harmless inact ive products .  

When g lu tath ione has reacted wi th  an e lec t rophi le ,  i t  undergoes a ser ies of  

react ions to produce a mercaptur ic  ac id der ivat ive,  which is  el iminated. 
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Table 17-4. Phase II Metabolism: Conjugation Pathways 

Type of 
Conjugate 

Reaction Pathway 
R = Drug Molecule; X = Functional Group 

1
. 

Glucur
onide 
(X = 
OH, 
NR2, 
CO2H, 
SH, 
acidic 
carbon 
atoms) 

2
. 

Sulfate 
(X = 
OH, 
arylami
nes, 
NH—
OH) 

3
. 

Amino 
Acid 
(Occur
s only 
with 
acid 
functio
nal 
groups) 



4
. 

Glutath
ione (X 
= 
electro
philic 
center 
such as 
halide, 
epoxid
e, or 
Michae
l 
accepto
r) 

5
. 

Methyl 
(X = 
OH, 
NH2, 
SH) 

6
. 

Acetyla
tion (X 
= NH2, 
NHNH
2, 
SO2NH
2, 
CO—
NH2) 

 

e.  Methylat ion  o f  oxygen-,  ni t rogen-,  and sul fur-conta in ing funct ional  groups resul ts  

in  metabol i tes that  are usual ly less po lar  than the unal tered drugs.  Methyla t ion can 

inact ivate certa in  compounds [e .g.,  catechol  O-methyl  t ransferase (COMT) 

methyla tes a number of  catecholamine neurotransmi t ters ],  but  overa l l  i t  p lays a 

minor  ro le in the el iminat ion of  drugs. I ts  major  role  is  in  the b iosynthes is  o f  

endogenous compounds (e.g.,  ep inephr ine) .  The h igh-energy form requi red for 

methyl t ransferase enzymes is  S-adenosylmeth ionine (SAM).  

f .  Acetylat ion  can occur wi th  pr imary amines,  hydrazides, su l fonamides,  and, 

occasional ly,  amides.  I t  leads to  the format ion of  N -acetyla ted products . These 



products  are usual ly less po lar  than the unaltered drug and can reta in 

pharmacologica l  act iv i ty.  

(1)  N -acetyla ted metabol i tes  can accumulate in  t issue or  in  the k idneys,  as  in  the 

case of  cer ta in ant ibacter ia l  su l fonamides.  Crystal lur ia  and subsequent  t issue 

damage may resul t .  

(2)  The high-energy molecule for  acetyla t ion is  acetyl -CoA.  The react ion is  

cata lyzed by N -acetyl t ransferase. 
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III. FACTORS INFLUENCING DRUG METABOLISM 
A. Chemical  structure  speci f ical ly in f luences a drug 's  metabol ic  pathway.  The 

presence or  absence of  cer ta in funct ional  groups wi l l  determine the necess i ty,  

route,  and extent  o f metabol ism. 

B. Species di f ferences  

1.  Quali tative di f ferences  in  the actual  metabol ic  pathway.  Such a var ia t ion can 

resul t  f rom a genet ic  def ic iency of  a  par t icular enzyme or  a d i f ference in  a par t icu lar  

endogenous substrate.  In  genera l ,  qual i ta t ive di f ferences occur  pr imari ly wi th  phase 

I I  react ions.  

2.  Quanti tative di f ferences  are d i f ferences in the extent  to  which the same type of  

metabol ic  react ion occurs .  Such a varia t ion can resul t  f rom a d i f ference in  the 

enzyme leve l ,  the presence of  species spec i f ic  isozymes,  a  di f ference in the amount  

o f  endogenous inhib i tor  or  inducer,  or a  di f ference in the extent  o f  competing 

react ions.  In  genera l ,  quant i ta t ive di f ferences occur  pr imari ly wi th  phase I  

react ions.  

C. Physiological  or disease state  

1.  Because the l iver  is  the major organ involved in  b io t ransformation,  pathological  

factors  that  alter l iver function  can af fect  a  drug 's  hepat ic  c learance. 

2.  Congestive heart  fai lure  decreases hepat ic b lood f low by reduc ing card iac 

output ,  which a l ters the extent  o f  drug metabol ism. 

3.  An alterat ion in albumin production  ( the plasma's  major  drug-b inding prote in)  

can a l ter  the f rac t ion of  bound to  unbound drug.  Thus,  a decrease in  plasma 

a lbumin can increase the f rac t ion of  unbound (f ree)  drug,  which then becomes 

avai lab le  to  exer t  a  more in tense pharmacologica l  e f fec t.  The reverse is  t rue when 

p lasma albumin increases. 

D. Genetic variations  

1.  The acetylat ion rate  depends on the amount  o f  N -acetyl t ransferase present ,  

which is  determined by genet ic fac tors . The genera l  populat ion can be d ivided in to  

fast  acetylators  and slow acetylators.  For  example, fas t  acetyla tors  are more 

prone to hepatotoxici ty f rom the ant i tubercu lar agent isoniazid than s low 

acetyla tors , whereas s low acetyla tors are more prone to  isoniazid 's  o ther  toxic  

e f fec ts  (see VI I .B.4.d) .  

2.  The discovery of  isoforms and fami l ies of  CYP450 enzymes has shown that  

genet ic  var ia t ions exis t  in  isoforms that oxid ize debrisoquine.  Indiv iduals who are 



poor metabol izers  of  th is compound (PM phenotype)  a lso exhib i t  impai red 

metabol ism of  more than 20 other  therapeut ic  agents ,  includ ing β-blockers ,  

ant iarrhythmics,  op io ids , and ant idepressants.  Approximately 5%-10% of  whi tes ,  2% 

of  Asians, and 1% of  Arabs express the PM phenotype and are at  r isk  for  adverse 

drug react ions. 

E. Drug dosage  

1.  An increase  in  drug dosage resul ts  in  increased drug concentra t ions and can 

saturate cer ta in metabol ic  enzymes.  As drug concentrat ion exceeds 50% saturat ion 

for  a part icu lar  enzyme, drug e l iminat ion v ia this path no longer fol lows so lely f i rs t -

order k inet ics , but  rather is  a  mix of  zero- and f i rs t -order  k inet ics . At  100% 

saturat ion,  metabol ism via  th is  enzyme fo l lows zero-order k inet ics . 

2.  When the metabolic  pathway is  saturated  (ei ther  because of  an exceeding ly 

h igh drug leve l  or  because the supply o f  an endogenous conjugated agent  is 

exhausted) ,  an a l ternat ive pathway may be pursued.  For  example,  a t normal doses,  

98% of  a  dose of acetaminophen undergoes conjugat ion wi th  ei ther  glucuronic  ac id  

or  su l fa te;  however,  a t  toxic  doses,  conjugat ion pathways become saturated and 

acetaminophen undergoes extens ive N -hydroxyla t ion,  which can lead to  

hepatotoxic i ty.  

F.  Nutri t ional  status  

1.  The leve ls  of  some conjugating agents  (or  endogenous substrates),  such as 

su l fa te ,  glu ta thione,  and ( rare ly)  g lucuronic ac id,  are sens i t ive to  body nutr ient  

leve ls .  For  example,  a  low-protein diet  can lead to  a def ic iency of  cer ta in amino 

ac ids,  such as g lycine. Low-prote in  die ts  also decrease oxidat ive drug metabol ism 

capaci ty.  
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2.  Die ts deficient  in essential  fatty ac ids (par t icu lar ly l ino le ic  ac id)  reduce the 

metabol ism of  e thyl-morphine and hexobarbi tal  by decreas ing synthes is  of  cer tain  

drug-metabol iz ing enzymes. 

3.  A deficiency of  certain dietary minerals  a lso af fec ts  drug metabol ism.  Calc ium, 

magnes ium, and zinc  def ic ienc ies decrease drug-metabol iz ing capaci ty,  whereas 

i ron def ic iency appears  to  increase i t .  A copper def ic iency leads to  variab le  ef fects .  

4.  Defic iencies of  vi tamins  (par t icu lar ly v i tamins A,  C,  E, and the B group)  a ffec t  

drug-metabol iz ing capaci ty.  For example,  a  v i tamin C def ic iency can resul t  in a  

decrease in  oxidat ive pathways,  whereas a v i tamin E def ic iency can retard 

dealkylat ion and hydroxy la t ion. 

G. Age  

1.  Metabol iz ing enzyme systems are not  fu l ly  developed at  b i r th ;  thus,  infants  and 

young chi ldren  need to  receive smal ler  doses of drugs than adults  to  avoid toxic  

s ide ef fec ts .  Th is  is  par t icu lar ly t rue of  drugs that requi re g lucuronide conjugat ion. 

2.  In older chi ldren,  some drugs may be less act ive than in  adul ts ,  par t icu lar ly i f  

the dosage is  based on weight .  The l iver develops faster  than the increase in  

genera l  body weight  and,  thus, represents  a greater  f ract ion of  tota l  body weight .  



3.  In the elderly,  metabol iz ing enzyme systems dec l ine.  The lowered level  o f  

enzyme act iv i ty s lows the rate of  drug e l iminat ion,  caus ing h igher  p lasma drug 

leve ls  per  dose than in young adul ts .  

H. Gender.  Metabol ic  di f ferences between the sexes have been observed for  a 

number of  compounds,  suggest ing that  androgen, es trogen, and/or adrenocort ico id 

act iv i ty might  af fec t  the act iv i ty o f cer tain  CYP450 enzyme isozymes. 

1.  Metabol ism of  d iazepam, prednisolone,  caf feine,  and acetaminophen is  slightly 

faster in women.  

2.  Oxidat ive metabol ism of  propranolo l ,  ch lordiazepoxide,  l idocaine,  and some 

s tero ids  occurs  faster in men  than in  women. 

I .  Circadian rhythms.  The nocturnal  plasma levels  o f  drugs, such as theophyl l ine 

and d iazepam, are lower than the diurnal  plasma levels.  

J.  Drug administrat ion route  

1.  Oral  administrat ion.  The drug is  absorbed f rom the GI  t rac t  and t ransported to  

the l iver  through the hepat ic  por tal  ve in  before entering the systemic  c i rcu la t ion.  

Thus,  the drug is  subject to  hepat ic  metabol ism before i t  reaches i ts  s i te  o f  ac t ion. 

Th is  is  an ef fec t  known as the f i rst-pass effect ,  or presystemic elimination  (Table 

17-5).  

a.  The f i rst -pass ef fec t  can cause signif icant c l inical problems.  Because drugs 

are metabol ized in  the l iver  f rom the i r ac t ive forms to  inact ive forms,  th is  e ffec t  

must  be counteracted to  achieve the des i red p lasma or  t issue drug leve l .  

b.  A common approach is  to increase the oral  dose,  o f fset t ing the loss of  drug 

act iv i ty f rom the f i rs t -pass ef fec t.  

Table 17-5. Examples of Drugs That Undergo First-Pass Metabolism

Acetaminophen Fluorouracil Oxprenolol 

Albuterol Imipramine Pentazocine 

Alprenolol Isoproterenol Progesterone 

Aspirin Lidocaine Propoxyphene 

Cortisone Meperidine Propranolol 

Cyclosporin Methyltestosterone Salbutamol 

Desipramine Metoprolol Terbutaline 



Dihydropyridines Nortriptyline Testosterone 

Estradiol Organic Nitrates Verapamil 
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Table 17-6. Examples of Common CYP3A4 Inhibitors and Inducers

Potent Inhibitors Moderate InhibitorsInducers 

Amiodarone Amprenavir Carbamazepine 

Atazanavir Ciprofloxacin Efavirenz 

Clarithromycin Diltiazem Nevirapine 

Indinavir Erythromycin Phenytoin 

Itraconazole Fluconazole Phenobarbital 

Ketoconazole Fluvoxamine Rifabutin 

Nefazodone Grapefruit juice Rifapentine 

Nelfinavir Norfloxacin Rifampin 

Ritonavir Verapamil St. John's Wort 



Telithromycin   

Troleandomycin   

Voriconazole   
 

2.  Intravenous administrat ion  bypasses the f i rs t-pass ef fec t because the drug is  

de l ivered d irect ly to  the b loodstream wi thout being metabol ized in the l iver .  Thus,  

in t ravenous doses of  drugs undergoing cons iderable f i rs t -pass ef fec ts  are much 

smal ler  than ora l  doses. 

3.  Subl ingual administrat ion  and rectal  administrat ion  a lso bypass f i rst -pass 

ef fec ts ,  al though recta l  admin is t rat ion can produce var iab le  effec ts.  

K. Concurrent drug therapy.  The co-admin is t ra t ion of  drugs that  are capable of 

e i ther  inhib i t ing or  induc ing spec i f ic  CYP450 isozymes can increase or  decrease,  

respect ive ly,  the p lasma leve ls  of  o ther drugs that  requi re  these isozymes for  

normal  drug metabol ism. 

1.  As ind icated on Table 17-1, most drugs are metabol ized by the fo l lowing three 

isozymes: CYP2C9,  CYP2D6,  and CYP3A4.  The potent ial  for  drug in teract ions due 

to  enzyme inhib i t ion or induct ion is therefore greater  wi th these compounds. 

2.  Drugs that  al ter the act iv i ty o f  CYP450 isozymes are usual ly substrates of these 

same isozymes. This can be observed by compar ing Tables 17-1 and 17-6. 

3.  The c l in ical  outcome of  these types of  drug interact ions depends upon three 

fac tors: 

a.  The potency of  the inh ibi tor or  inducer  (Table 17-6) 

b.  The avai lab i l i ty  o f  al ternate e l iminat ion pathways 

c .  The extent  to which the h igher  or lower plasma concentrat ions of the drug causes 

symptoms and/or  undesirab le effec ts .  

IV. EXTRAHEPATIC METABOLISM 
A. Defini t ion.  Ext rahepat ic  metabol ism refers  to  drug b io t ransformation that  takes 

p lace in  t issues other than the l iver.  The most  common s i tes inc lude the portals 

of  entry (e .g . ,  GI  mucosa,  nasal  passages,  lungs)  and the portals of  excret ion  

(e .g .,  k idneys) .  However,  metabol ism can occur  throughout  the body.  

B. Metabol ism sites  

1.  Plasma  conta ins  esterases,  which are respons ible  pr imari ly for  hydro lys is  o f  

es ters . Simple esters  (e.g . ,  procaine,  succ inylchol ine)  are rapid ly hydro lyzed in the 

b lood.  Addi t ional ly,  p lasma esterases can act ivate a varie ty o f  es ter  prodrugs. 



2.  Metabol iz ing enzymes in  the intest inal  mucosa  are espec ia l ly important  for  

drugs undergoing microsomal  oxidat ion,  glucuronide conjugat ion,  and sul fa te  

conjugat ion. 

a.  As a l ip id-solub le drug passes through the in test inal  mucosa dur ing drug 

absorpt ion,  i t  can be metabol ized into  po lar  or inact ive metabol i tes  before entering 

the b lood. The resul t  is  comparable to a fi rst-pass effect .  
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b.  The in test inal  mucosa's  drug-metabol iz ing capac i ty compares to  that  o f the l iver.  

However,  i t  shows much greater  indiv idual var iat ion because of  i ts  greater exposure 

to  the envi ronment .  

3.  Intestinal bacteria l  f lora  secrete a number of enzymes capable of metabol iz ing 

drugs and other  xenobiot ics . 

a.  Any factor  that modif ies the intestinal  f lora  may also modify drug act ivi ty.  

Age,  d iet ,  d isease s tate, and exposure to  envi ronmenta l  chemicals  or  drugs may al l  

be important .  

(1)  Cer ta in  diseases,  par t icu lar ly intestinal disease,  a f fect  in tes t inal  f lora.  

Ulcerat ive co l i t is ,  for  example, promotes bacter ia l  growth.  Diarrhea reduces the 

number of  bacteria .  

(2)  Cer ta in  environmental  chemicals  and drugs  a lso act on intest ina l  f lora.  

Ant ibio t ics , for example,  decrease the number of  bacter ia .  

b.  Bacterial  f lora secrete  β-g lucuronidase,  which hydro lyzes the po lar  glucuronide 

conjugates of  b i le  and a l lows the f ree,  nonpolar  bi le  acids  to  be reabsorbed.  This 

enterohepatic circulation  par t ia l ly  mainta ins  the pool  o f  b i le  ac ids.  Th is same 

pr inc ip le appl ies  to cer tain  glucuronide conjugates  of drugs. 

c .  Certa in  bacteria l  f lora convert  v i tamin precursors  to  thei r  active forms,  as wi th  

v i tamin K. 

d.  Bacterial  f lora can a lso convert  cer tain  substances to  the ir  toxic forms,  as  wi th  

the conversion of  the ar t i f ic ial  sweetener cyc lamate to  cyc lohexylamine, a  

suspected carc inogen. 

e.  Intes t ina l  bacter ia  produce azoreductase,  which reduces the prodrug 

su l fasa lazine to the act ive ant i - in f lammatory aminosal icyl ic  ac id  and the act ive 

ant ibacter ial  su l fapyr id ine.  Sul fasalazine is  one of  the few agents  ef fec t ive in the 

t reatment  o f  ulcerat ive co l i t is .  

4.  The acidic environment  of  the stomach  produces nonenzymatic degradat ion of a  

number of  drug molecules,  includ ing penic i l l in  G, carbenic i l l in ,  erythromycin,  and 

te t racyc l ine.  Addit ional ly,  gast r ic  acid  ass is ts  in  the degradat ion of  proteins  and 

pept ides (e .g. ,  insu l in) .  

5.  The nasal  mucosa  provides a h igh leve l  o f  CYP450 act iv i ty,  which can 

s ign i f icant ly a l ter  the amount o f  drug that  reaches the systemic  c i rcula t ion.  Nasal  

decongestants , anesthet ics ,  nicot ine, cocaine,  and other  compounds have been 

shown to undergo nasal metabol ism. 

6.  The lung  is  responsible  for  f i rst -pass metabol ism of  drugs administered 

in t ravenously,  int ramuscular ly,  t ransdermal ly,  or  subcutaneous ly.  



a.  The total  amount  o f  metabol iz ing enzymes  present in the lungs is  less than that  

in  the l iver ;  however,  the speci f ic  ac t iv i t ies of  the enzymes are comparable to  those 

in  the l iver .  

b.  The lungs provide second-pass metabol ism  for  drugs leaving the l iver.  

C. Placental  and fetal metabol ism  

1.  Placenta.  In  general ,  i f  a drug or o ther  xenobiot ic  is  l ip id  soluble enough to  be 

absorbed in to  the c i rcu lat ion when admin is tered to  a pregnant  woman,  i t  wi l l  l ikely 

a lso pass through the placenta. 

a.  The placenta is not  a phys ical  or metabol ic barr ier  to  xenobiot ics .  Very l i t t le 

xenobiot icmetabol iz ing enzyme act iv i ty has been demonstrated in the placenta. 

b.  Drugs present  in  the ir  active form  in  the maternal  c i rcu lat ion l ike ly pass 

unchanged  in to the feta l  c i rcula t ion. 

c .  An except ion to this  lack of  enzyme act iv i ty in  the placenta is the presence of  a  

smal l  amount  o f  aryl  aromatic hydroxylase,  which is  inducible in pregnant 

women who smoke cigarettes.  A potent ia l  consequence is  an increase in the 

product ion of penul t imate carcinogens f rom the act ion of  th is  enzyme on the 

po lycycl ic  aromatic  hydrocarbons present  in  c igaret te smoke and other  

envi ronmenta l  sources. 

2.  Fetus.  In terms of fe ta l  metabol ism,  there are varying degrees of drug-

metabol iz ing act iv i ty dependent  upon a number of factors  includ ing fe tal  age. 

a.  A major defic iency is  that o f glucuronic acid conjugating act ivi ty both in the 

fetus and the neonate.  

b.  Two consequences of  th is  are the gray baby syndrome,  resu l t ing f rom 

decreased ch loramphenico l  g lucuronidat ion, and neonatal  hyperbi l i rubinemia,  

resul t ing f rom a decrease in b i l i rubin  g lucuronide formation. 
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V. STRATEGIES TO MANAGE DRUG METABOLISM. 
A var ie ty o f  methods have been used to  c i rcumvent  the rap id metabol ism of  cer ta in 

drugs.  These methods seek to  improve drug therapy by decreasing the overa l l  

extent  o f  metabol ism and increasing the durat ion of  ac t ion.  In  some instances,  these 

methods have provided increased s i te  speci f ic i ty.  

A. Pharmaceutical  strategies  invo lve the use of  d i f ferent  dosage forms  to  e i ther 

avoid or  compensate for  rap id  metabol ism. 

1.  Subl ingual tablets  are usefu l  for  de l iver ing drugs d i rect ly in to the systemic  

c i rcu la t ion and bypass ing hepat ic f i rs t -pass metabol ism.  Nitroglycerin,  a  rap id ly 

ac t ing ant ianginal  agent ,  is  essent ia l ly  inef fec t ive when admin is tered oral ly due to  

an ext remely high f i rs t -pass effec t  but  is very ef fec t ive in  t reat ing acute at tacks of 

angina i f  g iven subl ingual ly.  

2.  Transdermal patches  and ointment formulations  provide a cont inuous supply o f 

drug over  an extended per iod of t ime and are usefu l  for rapidly metabol ized 

compounds such as n i t rog lycerin .  These del ivery sys tems,  whi le  not  su i ted to  t reat  



acute anginal  symptoms, are ef fec t ive in  providing prophylact ic concentrat ions of  

n i t rog lycer in .  

3.  Intramuscular depot inject ions  a lso provide a cont inuous supply o f drug over  an 

extended period of  t ime. High ly l ip id so lub le esters  of estradiol  and testosterone  

(e .g .,  es t rad io l  benzoate,  tes tosterone enanthate)  are s lowly absorbed f rom the i r 

adminis t ra t ion s i te .  Hydro lys is  o f  these prodrugs (see VI)  produces a s teady supply 

o f  these rap id ly metabol ized hormones. 

4.  Enteric-coated formulat ions  can protect  acid-sens i t ive drugs as they pass 

through the ac idic envi ronment  o f  the s tomach.  Methenamine, erythromycin,  and 

omeprazole  are examples of  ac id-sens i t ive agents  that are ava i lab le as enteric -

coated preparat ions. 

5.  Nasal  administrat ion  a l lows for the del ivery of  pept ides,  such as calcitonin 

salmon,  which have very low ( i f  any)  oral  bioavai lab i l i ty .  Character is t ics of  the lung 

make i t  ideal  for  the admin is t ra t ion of  pept ides. Aerosol ized drugs only need to  

penetrate a thin  ep i thel ia l  layer  to  reach abundant  capi l lary beds.  Addi t ional ly,  the 

lungs contain  protease inh ib i tors , which a l low for greater  s tab i l i ty  o f  the pept ides. 

B. Pharmacological strategies  invo lve the concurrent  use of  enzyme inhib i tors  to 

decrease drug metabol ism.  In  some instances,  the concurrent  use of an addi t ional  

agent  does not  prevent  metabol ism but  rather prevents  the toxic i ty caused by 

metabol i tes of  the therapeut ic  agent .  

1.  Levodopa (L-dopa),  the amino acid  precursor o f  dopamine, is  used in  the 

t reatment  o f  parkinsonism. Unl ike dopamine,  L-dopa can penetrate the b lood-bra in  

barr ier  and reach the central  nervous system (CNS).  W hen in  the brain , i t  is  

decarboxylated to dopamine.  To ensure that  adequate concentrat ions of L-dopa 

reach the CNS, periphera l  metabol ism of  the drug must be b locked.  The concurrent 

adminis t ra t ion of  carbidopa,  a  dopa decarboxylase inhibi tor that  cannot penetra te 

the b lood-bra in  barr ier ,  prevents  per iphera l  format ion of  dopamine and a l lows si te-

spec i f ic  de l ivery of  dopamine to  the CNS. 

2.  β-Lactam antibiot ics.  The ant ibacteria l  ac t iv i ty o f  a  number of β- lac tam 

ant ib io t ics is  reduced by microorganisms capable of  secret ing the enzyme β-

lactamase.  This  enzyme hydro lyzes the β- lac tam r ing and inact ivates the ant ib io t ic .  

To counter this  resistance mechanism, a β- lactamase inh ib i tor ,  such as clavulanic 

acid,  is  used in  conjunct ion wi th a  penic i l l in,  such as amoxici l l in,  to  successfu l ly 

t reat infec t ions caused by β- lac tamase-produc ing bacteria .  

3.  I fosfamide  is  an alkyla t ing agent  that  must  undergo in  v ivo metabol ism to 

produce an act ive n i t rogen mustard.  In  the process of  th is  metabol ic  ac t ivat ion,  

s ign i f icant concentrat ions of acrolein  are produced.  These acro le in molecules react  

wi th  nuc leophi les  on renal  proteins  and produce hemorrhagic  cyst i t is .  To prevent 

th is  toxic i ty,  i fosfamide is  always coadministered wi th  mesna,  a  sul fhydryl -

conta in ing compound that  reacts  wi th  and neutral izes any acro le in that  is  present in 

the k idney. 

4.  HIV protease inhibitors  are extensive ly metabol ized by CYP3A isozymes.  In  

addi t ion,  compounds wi th in  th is  c lass can inh ib i t  these same isozymes.  This lat ter 

ac t ion has been used to opt imize therapy. Ritonavir  is  an HIV protease inh ibi tor 

that  is  known to  cause hepatoxic i ty a t therapeut ic  doses. Lopinavir  is  an HIV 



protease inhib i tor  that  is  inef fec t ive i f  used a lone due to  rapid CYP3A oxidat ion. A 

combinat ion of low dose r i tonavi r  wi th  a  therapeut ic   
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dose of  lop inavi r  resu l ts  in  an inhib i t ion of  CYP3A, the estab l ishment  o f  adequate 

p lasma leve ls  of  lop inavir ,  and therapeut ic  ef f icacy wi thout hepatotoxic i ty.  

 

Figure 17-1. Selected examples of chemical 
modification that eliminate metabolic 
transformations. Methylation of testosterone 
blocks the rapid oxidation of the 17-hydroxyl 
group and allows oral activity, whereas 
replacement of the metabolically labile para-
methyl group on tolbutamide with a chloro group 
allows for a much longer duration of action. 

C. Chemical  strategies  invo lve the addi t ion,  de le t ion,  or  isoster ic  modi f icat ion of  

key funct ional  groups.  These molecular  modi f icat ions hinder  or  completely e l iminate 

metabol ic  t ransformat ions (Figure 17-1).  

1.  Testosterone  is  not ora l ly ac t ive due to  rap id oxidat ion of i ts  17-hydroxyl  group 

to  a ketone.  Addit ion of  a  17α-methyl  group conver ts the lab i le  secondary a lcohol  to  

a  s table ter t iary alcohol .  The resul t ing compound,  methyltestosterone,  is  on ly ha l f  

as  potent  as tes tosterone;  however,  i t  is  not  subject  to  rapid f i rs t -pass metabol ism 

and can be used ora l ly.  A s imi lar  s t ra tegy has been used to  make ora l ly ac t ive 

est rad io l  analogues. 

2.  Tolbutamide  is  an ora l  hypoglycemic  wi th  a shor t  durat ion of  ac t ion.  Th is 

su l fonylurea rap idly undergoes oxidat ion of  i ts  para-methyl  group.  A s t ruc tura l ly 

s imi lar  compound,  chlorpropamide,  has a nonmetabol izable para-chloro group and,  

as  a resul t ,  has a much longer durat ion of act ion. 

3.  Isoproterenol  is  a  potent  β-adrenerg ic  agonist used for  the re l ie f  o f  

bronchospasm assoc iated wi th  bronchia l  asthma. Because i t  is  a  catechol ( i .e. ,  3,4-

d ihydroxy-subst i tu ted benzene r ing) ,  isoproterenol  is  subject  to  rapid metabol ism by 

catechol O-methyl  t ransferase (COMT) and,  thus, has poor  oral  ac t iv i ty.  Al terat ion 

of  the 3,4-d ihydroxy subst i tu t ion to  a  3,5-dihydroxy subst i tu t ion produces 

metaproterenol ,  a  bronchodi lator  that is  not  suscept ib le  to COMT, is  ora l ly ac t ive,  

and has a longer durat ion of  act ion than isoproterenol .  

4.  Octreotide  is  a synthet ic  oc tapept ide used to  suppress or  inhibi t  severe d iarrhea 

associated wi th cer tain  tumors. Octreot ide mimics the act ions of  somatostat in,  a 

natura l ly occurr ing,  14-amino ac id  pept ide.  Somatostat in  undergoes rapid 

proteo lysis,  has a ha l f- l i fe  o f  1-3 minutes,  and must  be adminis tered as a 

cont inuous in t ravenous in fus ion.  Octreot ide conta ins  the amino ac ids essent ia l  for  



c l in ical  e f f icacy but rep laces two of  the amino acids wi th  the i r  D-enant iomers. These 

unnatura l  D-amino ac ids are more res is tant to  hydro lysis.  As a resul t ,  oc treot ide has 

an increased hal f - l i fe  and can be administered as a  subcutaneous injec t ion. 

VI. PRODRUGS. 
These drugs are molecules that are ei ther  inact ive or  very weakly act ive and requi re  

in  v ivo b iot ransformat ion to  produce the phys io log ica l ly act ive drug.  The phase I  

metabol ic   
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processes d iscussed previously are used to  act ivate  prodrugs.  A var iety of  

advantages  can be gained by using a prodrug ins tead of  the ac t ive form of  the 

drug. 

A.  An increase in water solubi l i ty is  useful  for  the preparat ion of ophthalmic  and 

parentera l  formulat ions.  Sodium succinate esters  and sodium phosphate esters  

have been used to  make a number of  water-soluble s tero id prodrugs. 

B.  An increase in l ipid solubi l i ty is  usefu l  for a var ie ty o f  reasons. 

1.  Increased durat ion of  act ion.  L ip id-solub le esters  of  es t rad io l ,  such as 

benzoate, va lerate,  and cypionate,  are used to  pro long est rogenic  act iv i ty.  IM 

in jec t ions of  these esters  in  oi l  resu l t  in a  deposi t  o f  drug that  is s lowly hydro lyzed,  

thereby releas ing f ree est radio l  over  a  pro longed per iod of  t ime (see V.A.3) .  

2.  Increased oral absorption  is  obta ined by conver t ing carboxyl ic  acid  groups to  

esters . These esters  can then be rap idly conver ted to  the act ive acids  by p lasma 

esterases.  Enalapri lat  is  a  potent  angiotens in-conver t ing enzyme (ACE) inh ib i tor  

that  is  used for parentera l  adminis tra t ion,  but ,  due to  i ts  high polar i ty,  i t  is  ora l ly 

inact ive.  I ts  monomethyl  es ter ,  enalapri l ,  is  cons iderably more l ipophi l ic  and,  thus,  

provides good ora l  absorpt ion.  Th is  s t rategy has been successfu l ly used for  a  

var ie ty of  o ther  compounds,  inc lud ing addi t ional  ACE inhibi tors ,  f ibr ic  ac id  

der ivat ives,  ampici l l in,  and several  cephalosporins . 

3.  Increased topical absorption  of  steroids  is  obta ined by mask ing hydroxyl  groups 

as esters or  acetonides.  These prodrugs are much less po lar than the parent  

compounds and a l low increased dermal  permeabi l i ty  for  the t reatment o f 

in f lammatory,  a l lergic ,  and prur i t ic  sk in  condi t ions.  Examples inc lude tr iamcinolone 

acetonide,  di f lorasone diacetate,  and betamethasone valerate.  

4.  Increased palatabi l i ty.  Ant ib io t ics  such as sulf isoxazole  have a b i t ter taste and 

are not  sui tab le for admin ist ra t ion to young ch i ldren who cannot  yet  swal low tab lets  

or  capsules.  Esteri f icat ion to  produce sulf isoxazole acetyl  decreases the water  

so lubi l i ty  o f  the ant ibio t ic  and,  thus,  decreases i ts  in teract ion wi th  bi t ter  tas te 

receptors  on the tongue. This  compound is  marketed as a f lavored suspens ion.  

Simi lar s tra teg ies have been used to  mask the bi t ter  tas te of  chloramphenicol  and 

other ant ibio t ics . 

C. A decrease in  GI  i rr itat ion.  Nonsteroidal  ant i - in f lammatory agents (NSAIDs) 

produce gastr ic i r r i tat ion and u lcerat ion v ia  two mechanisms:  a  di rec t  i r r i tant  e f fect  

o f  the ac id ic  molecule and inh ib i t ion of  gast roprotect ive prostaglandin product ion.  

The prodrugs sul indac  and nabumetone  produce less GI i r r i tat ion because the 



gastr ic  and in test ina l  mucosa are not  exposed to h igh concentrat ions of  ac t ive drug 

dur ing oral  admin is t ra t ion.  Addi t ional ly,  nabumetone is a  ketone,  not  an ac id,  and 

lacks any d i rec t i r r i tant  ef fects.  

D. Site specif ic i ty is  usefu l  for increasing the concentrat ion of  drug at  the act ive 

s i te  and for  decreas ing side ef fec ts .  

1.  Methyldopa  is  a  prodrug that is  st ruc tura l ly s imi lar  to  L-dopa.  As a resul t ,  

methyldopa is t ransported into  the CNS and metabol ized to  the act ive compound,  α -

methyldopamine,  v ia  the same path used for  the synthesis o f  dopamine.  This  

a l lows a s ign i f icant amount  o f  α-methyldopamine to  reach the CNS and bind to  

centra l  α2-adrenergic receptors . 

2.  Omeprazole  is  used to  t reat  gast r ic  ulcers  and other  hypersecretory disorders .  

Af ter  oral  absorpt ion,  i t  is  se lec t ive ly ac t ivated at the acidic  pH leve ls  (pH less than 

1)  seen in gast r ic parie ta l  ce l ls.  Th is  al lows the act ive form of  the drug to  be 

produced in  c lose proximi ty to  the enzyme H+ /K+ -ATPase (proton pump), resu l t ing in  

i r revers ible  inh ibi t ion of  the enzyme and a decrease in gast r ic acid  secret ion.  

Act ivat ion in  the s tomach prior  to  absorpt ion can be prevented by the use of  enter ic -

coated formulat ions (see V.A.4).  

3.  Formaldehyde  is  an ef fect ive ur inary t rac t ant isept ic ;  however,  oral  

adminis t ra t ion resul ts  in  s ign i f icant toxic i ty.  To avoid th is  problem, the prodrug 

methenamine  is  admin istered ins tead.  Methenamine is s table and nontoxic  a t 

normal  physiologica l  pH, but  is se lect ive ly hydro lyzed to  formaldehyde and 

ammonium ions in  the acid ic  ur ine (pH less than 5.5) .  As wi th omeprazole,  

ac t ivat ion before absorpt ion can be prevented by the use of enteric -coated 

formulat ions (see V.A.4).  
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4.  Olsalazine  is  a  highly po lar  dimer of  5-aminosal icyl ic  ac id  that  is poor ly absorbed 

af ter oral  adminis tra t ion. On reaching the large intest ine,  co lonic  bacteria  c leave 

the azo bond and l iberate the act ive ant i - in f lammatory agent .  Olsalazine and a 

re lated compound,  sulfasalazine,  are useful  in  t reat ing in f lammatory bowel  disease. 

E.  Increased shel f  l i fe  of both so l ids  and parentera l  admixtures can be obta ined by 

the use of prodrugs.  Cyclophosphamide  is  a  prodrug that  requi res  in  v ivo 

oxidat ion,  fo l lowed by nonenzymatic decomposi t ion,  to  produce the act ive 

phosphoramide mustard. As a resul t ,  aqueous solut ions of  cyclophosphamide are 

much more stable than those of  o ther  n i t rogen mustards ( i .e . ,  mechlorethamine) .  

Mechlorethamine  is  high ly react ive,  does not  requi re  in  v ivo act ivat ion, and can 

rap id ly decompose in  aqueous envi ronments  before adminis tra t ion. 

VII. PHARMACOGENETICS 
A. Genes and their  involvement in drug response and toxici ty  

1.  Genes  can be def ined as d iscrete segments  of DNA that  are capable of 

reproduct ion during cel l  rep l icat ion and that  are respons ible  for  guid ing the 

b iosynthesis  o f  speci f ic  proteins  and enzymes. 



2.  Genes encode prote ins  invo lved in the absorption,  transport ,  metabol ism, and 

el imination  o f  drug molecules.  Addit ional ly,  they encode prote ins that  serve as 

drug receptors.  I t  is  obvious then that a  genet ic d ispos i t ion that  would resul t  in  

e i ther  an over-  or an underexpression of  these genes  could s igni f icant ly a l ter 

drug response and toxic i ty.  

3.  Assuming that  a pat ient  has been prescribed a medicat ion that  is  indicated for h is  

or  her  condi t ion or  d isease s tate,  there are severa l  reasons why a pat ient may not  

respond or  may suffer  severe adverse effects:  

a.  Inappropriate dosing  

b.  Drug-drug interact ions  

c .  Drug allergies  

d.  Medicat ion errors  

e.  Genetic predisposit ion  

4.  In i ts  most  s impl is t ic  form, pharmacogenetics  can be def ined as the use of  

genet ic  in format ion to  select  the “ r ight  drug for  the r ight  pat ient . ”  Th is  area of  s tudy 

pr imar i ly seeks to  ident i fy the indiv idual  genet ic  d i f ferences and predispos i t ions that 

in f luence drug response and safety.  

B. Genetic variation  in the DNA sequence can cause cer ta in populat ions of  

indiv iduals  to  be more l ikely to develop specific  disease states,  to  be more l ikely 

to fol low a specif ic  path of  disease progression,  to  be more l ikely to respond to 

specif ic drug therapy,  and/or  to  be more l ikely to develop certain adverse drug 

effects.  

1.  The genet ic  varia t ion between any two unre la ted indiv iduals  is  approximate ly one 

base pai r  change in  every 1000 base pai rs.  

2.  These changes are referred to as single nucleotide polymorphisms (SNPs)  and 

are the most  common form of genet ic var ia t ion. 

3.  The effects of SNPs vary based upon the type and locat ion  o f  the var ia t ion. 

a.  An SNP located within the coding region  of  a  gene could produce no 

d iscernable ef fects ,  negl ig ib le e f fects ,  or  a  s ign i f icant  al terat ion in  e f fec ts 

depending upon how the SNP af fected the amino acid  coding. 

(1)  An SNP that  did not al ter  the amino ac id  sequence in  a  protein  would produce 

no discernable effects.  

(2)  An SNP that  resu l ted in  one amino ac id  be ing replaced by a similar amino acid  

would have a negligible effect  (e.g . ,  changing a por t ion of the genet ic  code f rom 

AUU to GUU would resul t  in iso leuc ine being rep laced by va l ine,  a  s imi lar 

hydrophobic amino ac id).  

(3)  An SNP that  resu l ted in  one amino ac id  be ing replaced by one wi th  signif icantly 

di f ferent chemical  propert ies  would cause a signif icant a l terat ion of  effects  

(e .g .,   
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changing a por t ion of  the genet ic code f rom GUU to GAU would resul t  in va l ine 

be ing rep laced wi th the ac id ic ,  and more hydrophi l i c ,  aspart ic  ac id) .  

b.  An SNP in a spl icing control  region  cou ld resul t  in  the format ion of  a novel 

protein  that  is  e i ther  larger  or  smal ler in s ize than that which is  natura l ly occurr ing. 



c.  An SNP in a promoter region  cou ld al ter  the transcrip t ion ra te,  resu l t ing in  

e i ther  an increase or  a  decrease in  the product ion of  the target protein . 

d.  An SNP res id ing outside of  any of  the above locat ions is  genetical ly si lent  and 

does not  produce any observable ef fec ts .  

4.  Examples of  known genetic variat ions and their  effects on drug eff icacy and 

safety 

a.  Warfarin.  Pat ients wi th  spec i f ic  variat ions in the gene for the metabol iz ing 

enzyme CYP2C9 requi re lower doses and are at  an increased r isk of b leeding. 

b.  Salmeterol  and albuterol .  Genetic var iat ions in  the gene coding for  the β2 -

adrenergic receptor  (ADBR2) can resul t  in a  decreased ef f icacy. 

c .  6-Mercaptopurine.  Genetic var iat ions affect ing the enzyme th iopurine 

methyl t ransferase are known to  produce increased toxic i ty.  

d.  Procainamide,  hydralazine, and isoniazid.  Genetic var iat ions affect ing the rate 

of  N -acetyla t ion af fect  both the ef f icacy and adverse effect  prof i les  of  these agents .  

The ident i f icat ion of fas t and slow acetyla tors is  one of  the best  known examples of  

how genet ic  var ia t ion can af fect  therapeut ic  safety and ef f icacy. 

e.  Quinidine,  c isapride, and clari thromycin.  Genet ic  varia t ions in  the gene coding 

for  potassium channels  can resul t  in  increased r isk  and prevalence of  QT-syndrome 

and arrhythmias. 

f .  Zi leuton.  Pat ients  wi th  genet ic var iat ions in the gene coding for  the enzyme 5-

l ipoxygenase do not respond to this  drug. 

C. Cl inical pharmacogenetic assays  

1.  The goal  o f  a  c l in ical  pharmacogenet ic  assay is  to p lace pat ients  in to  one of  four  

categories . 

a.  Ind iv iduals who are most  l ikely to  respond and are at  a  low r isk for adverse 

ef fec ts 

b.  Ind iv iduals who are most  l ikely to  respond and are at  a  high r isk  for  adverse 

ef fec ts 

c .  Ind iv iduals  who are less l ikely to  respond and are at  a low r isk  for  adverse ef fec ts 

d.  Ind iv iduals who are less l ikely to  respond and are at  a h igh r isk  for  adverse 

ef fec ts 

2.  Issues in  the development  o f pharmacogenet ic  assays include: 

a.  Improvement  in  a  medical ly important  response ( i .e . ,  the assay should a l low 

heal thcare providers  to  make a bet ter dec is ion than would otherwise be poss ib le) .  

b.  False posit ives for eff icacy-based assays should be kept at a  minimum  in  

order to  prevent  nonresponders  f rom being prescr ibed drugs that  wi l l  not  provide the 

desi red therapeut ic  outcomes.  False negat ives ( i .e . ,  responders  ident i f ied as 

nonresponders)  are not  as  cruc ia l  s ince they would be prescribed appropr ia te  

a l ternat ive therapy. 

c .  False negatives for safety-based assays should be kept at  a minimum  in 

order to  prevent  at - r isk pat ients  f rom being exposed to  potent ia l  serious adverse 

ef fec ts .  A h igher ra te of  fa lse pos i t ives ( i .e . ,  pat ients  ident i f ied as “at  r isk”)  is  

acceptable. Exc lud ing a cer ta in percentage of  pat ients  in order  to  avoid ser ious 

adverse ef fec ts  has been proposed to be a reasonable t rade-of f .  



d.  The resul ts  for  the assays must  be both in terpretable and provide cl in ica l ly usefu l  

resul ts .  The assays should be s imple to  use in  a  c l in ical  set t ing and should provide 

resul ts  that  are eas i ly understood by the pat ient ,  phys ic ian, pharmacist ,  and other 

heal th-care providers . 

e.  Analyt ical  and c l in ical  va l idat ion of  the assay must  meet  FDA approval s tandards. 

3.  As def ined here,  pharmacogenet ic  assays do not  test  for  the presence or  absence 

of  a  d isease-spec i f ic  mutat ion,  nor  do they provide any in format ion that  could be 

used to  predic t  d isease s tates in an ind iv idual  or h is  or her fami ly.  As such,  i t  has 

been suggested that  legal  and ethica l  issues surrounding disease-spec i f ic  gene 

tes ts  should not  apply to predict ions of safety and ef f icacy of  drugs ( i .e. ,  the 

pr imary focus of  pharmacogenet ics).  

D. SNP maps and their potentia l  use  

1.  An SNP map for  an ind iv idual contains  the spec i f ic  number and locat ions of  base 

pai r var iat ions.  Such a map could be used to  predic t  pat ient  response and 

suscept ib i l i ty  to  serious adverse react ions. 
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Figure 17-2. Hypothetical single nucleotide 
polymorphism (SNP) maps. At the top is a 
composite SNP profile developed by using 
genetic information from a large database of 
patients/volunteers. This overall SNP can then be 
compared to individual SNP maps (i.e., Patients 
A-D) to help determine the overall benefit/risk for 
the given drug in each of these four patients. 

2.  A simpli f ied example of  this is  shown in  Figure 17-2.  A large database would 

in i t ia l ly  be used to ident i fy SNPs that  could be used as predictors  of  e ff icacy and 

safety.  At  the top of F igure 17-2,  the two outs ide, shaded reg ions in  this 

hypothetical  model  should be regarded as SNPs that would predic t  that a pat ient  

would favorably respond to  the drug.  Simi lar ly,  the two inner ,  b lack reg ions should 

be regarded as SNPs that  would ind icate that  a  pat ient was more prone to  the 

development o f ser ious adverse ef fec ts .  Other  SNPs ( i .e . ,  the nonhigh l ighted 

rectangles shown for  the four pat ients)  should be regarded as i r relevant here ( i .e . ,  

they do not  predic t  e i ther  e f f icacy or safety for  the drug in  quest ion).  

a.  Pat ient  A would be predic ted to  respond to  t reatment  wi thout the development o f  

any ser ious adverse ef fec ts.  

b.  Pat ient  B would be predic ted to  respond to  t reatment  but would a lso be expected 

to  develop ser ious adverse ef fec ts .  



c.  Pat ient  C would be predic ted to  be a nonresponder to  t reatment  but would be 

unl ike ly to exper ience any ser ious adverse effec ts .  

d.  Pat ient  D would be predic ted to  be a nonresponder to  t reatment  but would be 

expected to  develop serious adverse ef fects .  

P.414 

 

 

STUDY QUESTIONS 
Direct ions:  Each of  the numbered i tems or  incomplete s ta tements  in  this  sect ion is  

fo l lowed by answers or  by complet ions of the sta tement .  Select the one let tered 

answer or complet ion that  is  best  in  each case. 

1.  Which of  the fol lowing statements concerning drug metabol ism is true? 

(A)  Genera l ly,  a  s ingle  metabol i te  is excreted for  each drug admin is tered. 

(B)  Of ten,  a drug may undergo a phase I I  react ion fol lowed by a phase I  react ion. 

(C)  Drug-metabol iz ing enzymes are found only in  the l iver .  

(D)  Al l  metabol i tes  are less act ive pharmacolog ica l ly than thei r  parent  drugs. 

(E)  Phase I  metabol i tes more l ikely are ab le to  cross ce l lu lar  membranes than phase 

I I  metabol i tes . 

View Answer1.  The answer is  E[] .2.  Which of  the following metabol i tes 

would be the least l ikely excret ion product of  oral ly administered aspir in (see 

structure below)? 

 
 

(A)  Glyc ine conjugate 

(B)  Ester  glucuronide 

(C) Unchanged drug 

(D) Ether  glucuronide 

(E)  Hydroxyla ted metabol i te 

View Answer2.  The answer is  C[and] .3.  Sulfasalazine (see structure 

below) is  a prodrug that  is  act ivated in the intestine by bacteria l  enzymes.  The 

enzyme most l ikely responsible is 

(A)  azoreductase 



(B)  pseudochol inesterase 

(C) N -acetyl t ransferase 

(D) β-g lucuronidase 

(E)  methyl t ransferase 

 

View Answer3.  The answer is  A[] .4.  Chloramphenicol  (see structure 

below) is  considered to be toxic in infants (gray baby syndrome).  This is  due to 

t issue accumulat ion of  unchanged chloramphenicol,  result ing from an 

immature metabolic  pathway.  Which of the fol lowing enzymes would most l ikely 

be def ic ient? 

(A)  Pseudochol inesterase 

(B)  Glucuronyl  t ransferase 

(C) N -Acetyl t ransferase 

(D) Azoreductase 

(E)  Methyl t ransferase 

 

View Answer4.  The answer is  B[and] .5.  Which of  the fol lowing 

therapeutic advantages cannot be obtained by the use of  prodrugs? Increased 



(A)  oral  absorpt ion 

(B)  water  so lub i l i ty 

(C)  durat ion of  ac t ion 

(D) potency 

(E)  palatab i l i ty  

View Answer5.  The answer is  D[and] .P.415 

 

 

6.  Which of  the fol lowing statements regarding pharmacogenetics is  

INCORRECT? 

(A)  Sing le nuc leot ide po lymorphisms (SNPs) in  a promoter  reg ion can resul t  in  a  

decreased product ion of  a  target prote in . 

(B)  I t  is  c rucia l  that  fa lse pos i t ives for  safety-based assays be kept  at  a minimum. 

(C) The area of  pharmacogenetics  focuses pr imar i ly on the genet ic  var ia t ions that  

a f fec t  drug eff icacy and safety.  

(D)  The ef fects  o f  SNPs vary based upon the type and locat ion of  the varia t ion. 

(E)  Genet ic  var ia t ion occurs  whenever there is  a change in the DNA nucleot ide base 

pai r sequence. 

View Answer6.  The answer is  B[and] .Directions:  Each quest ion below 

conta ins three suggested answers,  o f  which one or more  is  correct.  Choose the 

answer. 

7.  Terms that  may be used to describe the fol lowing metabol ic  react ion include 

I .  N -dealkylat ion 

I I .  oxidat ive deamination 

I I I .  phase I  metabol ism 

 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer7.  The answer is  D[] .NP.416 



 

 

8.  Which of  the fol lowing react ions can be classif ied as phase I I  metabol ism? 

 

 

 



A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer8.  The answer is  C[] .9.  Conditions that  tend to increase the 

act ion of  an oral ly administered drug that  undergoes phase I I  metabol ism 

include 

I .  enterohepatic circulat ion 

I I .  enzyme saturat ion 

I I I .  f i rst-pass effect 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer9.  The answer is  C[] .10. Which of  the fol lowing statements 

concerning CYP450 are correct? 

I .  The CYP7,  CYP11,  and CYP27 subfamil ies are involved in cholesterol  

metabol ism. 

I I .  A single drug may be metabol ized by mult iple isoforms of  CYP450.  

I I I .  The majori ty of  xenobiot ics, or drugs, are metabol ized by the CYP4B and 

CYP1A subfamil ies. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer10. The answer is  C[I .A.1.c;] .11.  Metabol ic  react ions l ikely to 

be affected by a protein-def ic ient  diet  include 

I .  glycine conjugation 

I I .  hydrolysis 

I I I .  glucuronidation 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer11. The answer is  A[] .Directions:  The group of i tems in  th is  

sect ion cons is ts  o f  le t tered opt ions fo l lowed by a set o f numbered i tems.  For  each 

i tem, se lect  the one  le t tered opt ion that  is most c losely assoc iated wi th  i t .  Each 

le t tered opt ion may be se lected once,  more than once,  or  not  at  al l .  

Questions 12-15  

For  each drug, se lect  i ts  most  l ike ly metabol ic  pathway.  

12.  Benzoic acid 



 
 

(A)  Ether glucuronidation 

(B) Ester glucuronidation 

(C) Nitroreduction 

(D) Oxidative deamination 

(E)  Ester hydrolysis  

P.417 

 

 

13.  Procaine 

 

(A)  Ether glucuronidation 

(B) Ester glucuronidation 

(C) Nitroreduction 

(D) Oxidative deamination 

(E)  Ester hydrolysis  

14.  Acetaminophen 



 
 

(A)  Ether glucuronidation 

(B) Ester glucuronidation 

(C) Nitroreduction 

(D) Oxidative deamination 

(E)  Ester hydrolysis  

15.  Amphetamine 

 
 

(A)  Ether glucuronidation 

(B) Ester glucuronidation 

(C) Nitroreduction 

(D) Oxidative deamination 



(E)  Ester hydrolysis  

View Answer12-15.  The answers are: 12-B[] ,13-E[] ,14-A[] ,15-

D[] .etheresterP.418 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  E  [ I ;  I I .A.1,  B ] .  

Phase I  metabol i tes  are of ten somewhat  more polar  than the i r  parents .  W ith  the 

except ion of  acetyla ted and methylated metabol i tes ,  phase I I  metabol i tes are a lways 

much more polar than the i r  parents .  Thus,  phase I  metabol i tes  are more l ikely to  

re tain  some l iposolub i l i ty and are more l ikely to  cross ce l lu lar  membranes.  

I t  is  unusual  for  a s ingle  metabol i te  to  be excreted for a  g iven drug.  Most  drugs 

yie ld  a  mixture of  metabol i tes.  Because of the high po lar i ty and subsequent  h igh 

excret ion of phase I I  metabol i tes , they are not l ike ly to  undergo fur ther  metabol ism.  

Phase I  metabol i tes ,  on the other hand, are less po lar  and are very l ike ly to  undergo 

fur ther  phase I I  metabol ic  react ions. 

Whereas the major  s i te  o f  metabol ism is the l iver ,  there are many ext rahepat ic s i tes  

that  secrete drug-metabol iz ing enzymes.  Al though many metabol i tes  are less 

pharmacologica l ly act ive than the i r parents ,  there are many drugs whose 

metabol i tes have equal or  greater  pharmacologica l  ac t iv i ty and somet imes greater  

toxic i ty as  wel l .  Prodrugs ( i .e . ,  drugs inact ive in  the form admin is tered) always form 

at  least  one act ive metabol i te .  

2.  The answer is  C  [ I I .A.  1 .e,  3.a ,  B.2.a. (2) ,  c ;  Tables 17-2,  17-3,  and  17-4 ] .  

Because of  the types of  funct ional  groups present,  asp i r in  may undergo a number of  

d i f ferent  metabol ic  react ions.  These include hydroxyla t ion of  the aromatic nuc leus,  

conjugat ion of  the carboxyl  group wi th  glyc ine,  con jugat ion of  the carboxyl  group 

wi th  g lucuronic  acid  wi th the formation of an ester  g lucuronide,  hydro lysis o f  the 

acetate ester,  and conjugat ion of  the phenol  group ( resul t ing f rom hydro lys is  o f  the 

acetate ester)  wi th  glucuronic  ac id  to  form an ether  glucuronide. 

Because the acetate ester  is  a s imple ester ,  asp ir in  is  suscept ible  to  hydro lys is  in  

the acid  media of  the s tomach before absorpt ion takes p lace. In addi t ion,  any 

acetyla ted molecules that  are absorbed are subjected to hydrolys is  and are 

cata lyzed by the many esterases present  in  the c i rculat ion.  Any acetylated 

molecules not hydrolyzed in the c i rcu la t ion are sub ject to  hydrolys is  in  the l iver .  A l l  

o f  these processes occur  before the drug reaches the glomeru lar  f i l t ra te ; therefore,  

excret ion of the unchanged acetyla ted drug is  high ly unl ikely.  

3.  The answer is  A  [ I I .A.2;  Table 17-3 ] .  

Su l fasalazine has both ant i - in f lammatory and ant ibacter ia l  act iv i ty when conver ted 

to  aminosal icyl ic ac id and su l fapyr idine in  the body.  This  react ion occurs  by 

reduct ive c leavage of  the “azo”  l inkage contained in the su l fasa lazine molecule and 

is  cata lyzed in  the intes t ine by bacter ial  azoreductase. This is  a  form of  s i te-spec i f ic  

de l ivery because the in tact  drug is  not  absorbed f rom the stomach or  upper in tes t ine 

and reaches the co lon,  where i t  is  metabol ized.  Sul fasalazine is  one of a few drugs 

that  is e ffec t ive for  the t reatment  o f u lcerat ive co l i t is .  



4.  The answer is  B  [ I I .B.2.a.(2) ;  I I I .G.1;  Tables 17-2, 17-3,  and  17-4 ] .  

The chloramphenico l  molecule contains  an aromat ic  nuc leus,  which would be 

subject  to  hydroxyla t ion, a  ni t ro group that  is  subject  to reduct ion,  an amide group 

that  is subject  to l iver  hydro lysis,  and a lcohol  groups that  are subject  to  

g lucuronidat ion.  Of  a l l  the enzyme systems respons ib le  for these react ions,  the 

system respons ib le  for glucuronidat ion is developed poor ly in  premature in fants  and 

in fants  up to approximate ly 6-8 weeks of age. 

5.  The answer is  D  [VI.A,  B.1, 2 , 3  and  4 ] .  

By def in i t ion,  prodrugs are inact ive or  very weakly act ive molecules that  requi re  in  

v ivo act ivat ion to  the parent  molecule.  Thus,  convers ion of  a drug molecule to  a 

prodrug does not  increase potency because the or ig ina l  molecule, wi th  whatever  

potency i t  conta ins,  is  produced after  administ ra t ion.  A var iety o f  advantages,  

includ ing increased water  solubi l i ty ,  durat ion of ac t ion,  oral  absorpt ion,  and 

palatab i l i ty ,  can be obta ined through the use of  prodrugs,  but  none of these 

advantages resul ts  in  an increase in potency of the parent  molecule. 

6.  The answer is  B  [VII .A.4,  B.1,  2 ,  3  and  C.2.c ] .  

Whi le  keeping fa lse pos i t ives and false negat ives a t  a minimum is a lways desi rab le,  

i t  is  most  c ruc ia l  that  false negat ives be kept  at  a  min imum for  safety-based assays 

in  order to  prevent  at - r isk  pat ients  f rom being exposed to  potent ia l  ser ious s ide 

ef fec ts .  A h igher ra te of  fa lse pos i t ives is acceptable s ince prevent ing ser ious 

adverse ef fec ts  is  perce ived to  be more important  than exc lud ing some pat ients  

f rom therapy. 
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Genetic  varia t ion occurs whenever there are base pa ir  changes in  the DNA 

nucleot ide sequence.  The most common form of  genet ic  var ia t ion is a  s ing le  

nucleot ide po lymorphism (SNP).  The cumulat ive ef fec ts  o f these var ia t ions vary 

based on the types and locat ions of  the SNPs. Var iat ions in coding reg ions can al ter 

protein  funct ion,  whi le those in sp l ic ing and promoter  regions can al ter  prote in  s ize 

and prote in  product ion,  respect ive ly.  Some SNPs produce no discernable changes 

and are therefore genet ica l ly s i lent .  Pharmacogenet ics  pr imar i ly seeks to use SNPs 

and other  genet ic  in format ion to  predic t  pred ispos i t ions that inf luence drug 

response and safety in  ind iv idual  pat ients . 

7.  The answer is  D  ( I I ,  I I I )  [ I I .A;  Table 17-2 ] .  

The react ion shown in  the quest ion invo lves the conversion of one funct ional  group 

to  another  (amine to carbonyl ) ;  thus,  i t  is  c lassi f ied as a phase I  react ion. The 

in t roduct ion of  oxygen into  the molecule ind icates oxidat ion,  and the loss of  the 

amino group s ign i f ies  deaminat ion;  thus,  the react ion a lso can be c lass i f ied as 

oxidat ive deaminat ion. N-Dealkyla t ion impl ies  the removal  o f  an a lkyl  group f rom a 

n i t rogen.  The n i t rogen in the parent molecule does not  have an alkyl  group at tached 

to  i t .  

8.  The answer is  C  ( I ,  I I )  [ I I .A,  B;  Table 17-4 ] .  

Phase I I  metabol ic react ions involve mask ing an exis t ing funct ional  group wi th  a 

natura l  endogenous const i tuent .  The formulas shown in  choices I  and I I  represent  



th is  type of react ion,  wi th  choice I  be ing an acety la t ion react ion and choice I I ,  a  

g lyc ine conjugat ion react ion. Choice I I I  represents  a change in  an exis t ing 

funct ional  group and,  thus,  represents  a phase I  react ion.  I t  is  an oxidat ive 

deaminat ion react ion. 

9.  The answer is  C  ( I ,  I I )  [ I I .B.2.a. (4),  I I I .E.1,  2;  IV.B.3.b ] .  

Enterohepat ic  c ircu lat ion re fers  to  the process by which g lucuronides,  which are 

secreted in to  the in tes t ine wi th  the bi le ,  are hydrolyzed by in tes t inal  bacter ia l  β-

g lucuronidase. The hydro lyzed f ree drug,  which is  no longer po lar ,  becomes 

avai lab le  for  in tes t inal  reabsorpt ion in to  the system and subsequent  penetrat ion to  

i ts  act ive s i te .  

I f  an enzyme system becomes saturated, then the act ive drug cannot  be inact ivated 

by that pathway.  I f  the drug cannot undergo an al ternat ive pathway,  the increased 

p lasma leve ls  of  an unchanged act ive drug can resul t  in  increased act iv i ty or  

toxic i ty.  

The f i rs t -pass ef fec t  resu l ts  in  metabol ism of  a  drug by the l iver before the drug 

reaches i ts  s i te  o f  ac t ion,  resu l t ing in  an overa l l  decrease in  i ts  ac t iv i ty.  Drugs that  

undergo f i rs t -pass metabol ism genera l ly are ef fect ive in  much smal ler  in t ravenous 

doses as compared to  ora l  doses. 

10.  The answer is  C  ( I ,  I I )  [ I .A.1.c ;  Table 17-1 ] .  

There are s ix mammal ian famil ies  invo lved in  s tero id and bi le ac id metabol ism.  

These are CYP7,  CYP11,  CYP17,  CYP19,  CYP21,  and CYP27.  Since cholestero l  is  

the common in termediate for the biosynthes is  o f  a l l  endogenous s teroids , some of  

these enzymes are di rect ly involved in  cholesterol  metabol ism.  The famil ies  l is ted,  

CYP7,  CYP11,  and CYP27,  a l l  metabol ize cholesterol ,  whi le the other three fami l ies 

cata lyze addit ional  oxidat ions of  the ini t ia l  metabol i tes. 

As is  evident  f rom Table 17-1, mul t ip le  isoforms of  CYP450 can metabol ize a s ing le  

drug. An example of this is  seen wi th imipramine, an ant idepressant that  is  

metabol ized by CYP1A, CYP2C, and CYP2D isoforms.  Addit ional ly,  Table 17-1 

indicates that  the subfami l ies  CYP2C, CYP2D, and CYP3A metabol ize the majori ty 

o f  drugs,  or  xenobiot ics . 

11.  The answer is  A  ( I )  [ I I I .F.1 ] .  

Phase I I  metabol ic react ions requi re  natura l  endogenous substrates,  which normal ly 

are suppl ied in the die t .  A def ic iency of these substances resul ts in a  decrease in  

the b iot ransformat ion of  drugs that use these pathways.  Glyc ine conjugat ion is  a  

phase I I  react ion.  Glyc ine is  an amino acid  that requi res  die tary prote in .  A d iet  

def ic ient in protein ,  therefore,  could lead to  a def ic iency of g lyc ine and, thus,  a  

decrease in  g lycine conjugat ion.  Glucuronidat ion is  a lso a phase I I  react ion that  

requi res  endogenous glucuronic  ac id ,  but  this  substance is  suppl ied by die tary 

carbohydrates.  Hydroxyla t ion is  a  phase I  metabol ic  react ion and does not  require  

d ie tary protein . 

12-15.  The answers are: 12-B  [ I I .B.2.a. (2) ] ,  13-E  [ I I .A.3.a ] ,  14-A  [ I I .B.2.a. (2) ] ,  15-D  

[ I I .A.1.e ] .  

Benzoic  ac id  conta ins a carboxyl ic  ac id,  a  funct ional  group that commonly 

undergoes conjugat ion wi th  g lucuronic  acid . The resul t ing conjugat ion produces an 

ester .  Carboxyl ic  ac ids can also undergo conjugat ion wi th  the amino acids g lycine 



and g lu tamine.  Addi t ional ly,  benzoic  acid  can undergo aromat ic  hydroxyla t ion, a  

common phase I  pathway for  drugs conta in ing unsubst i tu ted aromatic r ings.  Of  

these opt ions,  ester  g lucuronidat ion is  the only answer avai lable here. 
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Procaine is  an ester-conta ining loca l  anesthet ic .  Due to  the wide physio log ica l  

d ist r ibut ion of  esterase enzymes, i t  is  ext remely suscept ible  to  in  v ivo hydro lys is .  

Th is  suscept ib i l i ty  to  hydro lys is  is the major  reason why ester-conta in ing loca l  

anesthet ics have shor ter durat ions of act ion as compared to those in  o ther  chemical  

c lasses. 

One of the pr inc ipa l  funct ional  groups in  acetaminophen is the phenol  group.  Simi lar  

to  the carboxyl ic  ac id in benzoic  acid , the phenol commonly undergoes glucuronide 

conjugat ion. The one d i f ference is that  a phenol  (or  an a lcohol )  produces an ether  

g lucuronide, whi le  a  carboxyl ic  ac id produces an ester  g lucuronide.  Phenols a lso 

commonly undergo su l fa te  conjugat ion react ions and occas ional ly undergo O-

methyla t ion react ions. 

The pr incipal  funct ional  group in  amphetamine is i ts pr imary amine.  Oxidat ive 

deaminat ion is  a  very common metabol ic  path for pr imary amines.  Occasional ly,  

pr imary amines undergo phase I I  acetyla t ion;  however,  th is  is  a less common 

pathway.  Aromatic hydroxyla t ion,  s imi lar  to  that  discussed above for  benzoic ac id,  

is  a lso possib le  for  amphetamine. 
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Drug-Drug and Drug-Nutrient Interactions 
Alice C.  Engelbrecht 

Leon Shargel 

I. INTRODUCTION 
A.  Def in i t ion of drug in teract ion 

1.  Drug interact ion  re fers  to  an adverse  drug response produced by the 

adminis t ra t ion of  a  drug or  coexposure of  the drug wi th  another  substance,  which 

modi f ies the pat ient 's  response to the drug. Some drug in teract ions are in tent ional  

in  order to  provide improved therapeut ic response or  to  decrease adverse drug 

ef fec ts .  A precipitant  drug is  the drug,  chemical ,  or  food e lement causing the 

in teract ion.  An object  drug is  the drug af fec ted by the in teract ion. 

2.  Drug in teract ions inc lude: 

a.  Drug-drug  in teract ions 

b.  Drug-herbal  in teract ions 

c .  Food-drug  in teract ions 

d.  Pharmacogenetic  in teract ions 

e.  Chemical-drug  in teract ions,  such as the interact ion of  a  drug wi th  a lcohol  or  

tobacco 

f .  Drug-laboratory test  interact ions  such as chemical  in teract ions. 

B. Classif icat ion of drug interact ions.  Drug in teract ions that  occur  in  v ivo  are 

genera l ly c lassi f ied as pharmacokinetic  or  pharmacodynamic  in teract ions. 

1.  Pharmacokinetic  or  biopharmaceutical  interact ions occur  when the absorpt ion,  

d ist r ibut ion (prote in  and t issue binding) ,  or  el iminat ion (excret ion and/or  

metabol ism) of the drug is  a ffec ted by another  drug,  chemical ,  or  food element .  

2.  Pharmacodynamic  interact ions occur  when the pharmacodynamic ef fec t  of  the 

drug is a l tered by another  drug,  chemical ,  or  food e lement,  produc ing an 

antagonist ic ,  synerg is t ic ,  or  addit ive ef fec t.  

3.  Pharmacogenetic  in teract ions occur  when the pharmacokinet ic  ef fec t o f  the drug 

is  a l tered by genet ic  po lymorphisms in  a ffec t ing processes. 

4.  Pharmaceutical  in teract ions are caused by a chemical  or phys ica l  incompat ib i l i ty  

when two or  more drugs are mixed together .  Pharmaceut ica l  interact ions can occur  

dur ing the extemporaneous compounding of  drugs,  inc lud ing the preparat ion of  

in t ravenous (IV)  solu t ions.  For  example, an IV solu t ion of  aminophyl l ine has an 

a lka l ine pH and should not  be mixed wi th  such drugs as epinephrine,  erythromycin 

g luceptate,  or  cephalothin  sodium, which decompose in a lkal ine pH.  Phenyto in  

sodium wi l l  prec ip i ta te  f rom a so lut ion that has an ac id pH,  such as dext rose 5%. 

Pharmaceutica l  in teract ions are usual ly cons idered dur ing the development ,  

manufactur ing,  and market ing of  the drug product.  Only drug in teract ions invo lv ing 

pharmacok inet ic ,  pharmacodynamic,  or  pharmacogenetic  processes wi l l  be 

cons idered in  th is  chapter .  

II. PHARMACOKINETIC INTERACTIONS 
A.  Absorpt ion 



1.  Drug in teract ions can af fec t  the rate  and the extent  o f  sys temic drug absorpt ion 

(b ioavai labi l i ty)  f rom the absorpt ion s i te ,  resu l t ing in increased or  decreased drug 

b ioavai lab i l i ty  (Table 18-1) .  
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Table 18-1. Drug Interactions That Affect the Bioavailability of the Drug from 
the Gastrointestinal (GI) Tract 

Drug Interaction 
Examples 
(Precipitant drugs) Effect (Object drugs) 

Complexation/chelation Calcium, 
magnesium, or 
aluminum and 
iron salts 

Levofloxacin 
complexes with 
divalent cations in the 
diet or tube feeding, 
causing a decreased 
bioavailability 

 

Sodium 
polystyrene 
sulfonate 

Cations in antacids bind 
to sodium polystyrene 
sulfonate, causing 
reduced renal clearance 
of bicarbonate, 
resulting in systemic 
acidosis 

Adsorption Cholestyramine Decreased 
bioavailability of 
digoxin, levothyroxine 

 

Kaolin Decreased 
bioavailability of 
digoxin 

 

Activated 
charcoal 

Decreased 
bioavailability of many 
drugs 

 

Acarbose Decreased 
bioavailability of 
digoxin 



Increased GI motility Laxatives, 
cathartics 

Increases GI motility, 
decreases 
bioavailability for drugs 
that are absorbed 
slowly. Will decrease 
the bioavailability of 
drugs from controlled-
release products. 

Decreased GI motility Anticholinergic 
agents 

Propantheline decreases 
the gastric emptying of 
acetaminophen 
(APAP), delaying 
APAP absorption from 
the small intestine. 

Alteration of gastric pH H-2 blockers, 
antacids, and 
proton pump 
inhibitors 

H-2 blockers, antacids 
and PPIs increase 
gastric pH. The 
dissolution of 
ketoconazole is reduced 
at basic pH, causing 
decreased drug 
absorption and 
therapeutic failure. 

Alteration of intestinal 
flora 

Antibiotics Digoxin has better 
bioavailability taken 
after erythromycin. 
Erythromycin 
administration reduces 
bacterial inactivation of 
digoxin. 

  

Estrogen/progestin 
birth control requires 
intestinal flora to 
facilitate enterohepatic 
circulation. Antibiotics 
reduce intestinal flora 
and reduce 
estrogen/progestin 
levels resulting in 



failure of ovulation 
suppression and 
menstrual changes. 

Inhibition of drug 
metabolism in intestinal 
cells 

Monoamine 
oxidase inhibitors 
(MAOIs) (e.g., 
tranylcypromine, 
phenelzine) 

MAOIs inhibit 
metabolism of albuterol 
and levalbuterol, 
leading to hypertension. 

 

2.  The most  common drug absorpt ion site  is  in  the gastrointestinal (GI )  tract .  

However,  drug b ioavai lab i l i ty  f rom other  absorpt ion s i tes , such as the skin ,  can be 

af fec ted by drug interact ions.  For  example,  ep inephr ine,  a  vasoconstr ic tor,  wi l l  

decrease the percutaneous absorpt ion of  t ransdermal l idocaine or  t ransdermal 

fentanyl .  

3.  Other  potential  drug-drug and drug- food in teract ions that a f fect  bioavai lab i l i ty  in  

the GI  t rac t  could be due to : 

a.  Competit ion  for carr ier -mediated drug absorpt ion in which the par t ic ipant  drug 

competes for the same carr ier as  the object 

i .  Compet i t ion for the P-gp system (an ATP-dependent  ef f lux pump on epi the l ia l  

ce l ls o f  the intes t ines)  is invo lved in  t ransport  of  cyc lospor in  and d igoxin.  

Displacement  can resul t  in  toxic i ty o f those drugs.  

i i .  Grapefru i t  ju ice and orange ju ice from Sevi l le oranges inh ib i t  OATP (organic  

an ion t ransport ing po lypept ides)  prote ins  in  the ep i thel ia l  ce l ls o f  the smal l  

in tes t ine,  reduc ing the b ioavai labi l i ty  o f  oral  fexofenadine. 

b.  Alterat ion  o f  intes t ina l  blood f low caused by the precipi tant  drug.  In congest ive 

hear t  d isease,  the b lood f low to  the GI t rac t  is  poor  and an ora l ly admin is tered drug 

can  
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have a s lower ra te of absorpt ion.  Af ter d igoxin  therapy,  the perfus ion of  the GI  trac t  

is  improved a long wi th  bioavai labi l i ty  o f  the object  drug. 

B. Distr ibution.  The d is tr ibut ion of  the drug may be af fec ted by p lasma prote in  

b ind ing and d isp lacement  interact ions or  t issue and ce l lu lar  in teract ions. 

1.  P lasma prote in  bind ing and disp lacement  on albumin and a lpha1-acid  

g lycoprote in  carr ier  prote ins . 

a.  Valproic acid  d isp laces phenyto in  f rom p lasma a lbumin protein-bind ing si tes  and 

reduces hepat ic  phenytoin  c learance by inhib i t ing the l iver 's  metabol ism of  

phenyto in,  resul t ing in  h igher  phenytoin  leve ls .  

b.  Aspir in  is  90% to 95% protein  bound and d isp laces warfar in  f rom prote in  b ind ing 

s i tes  resul t ing in  higher  warfar in  leve ls  and increased bleeding. 



2.  Tissue and cel lular interactions.  Digoxin toxic i ty can be enhanced by 

concurrent admin is t ra t ion of  quin id ine.  Quinidine reduces d igoxin c learance and 

d isp laces d igoxin f rom both a lpha-1 glycoprote ine and albumin t issue-bind ing si tes ,  

leading to  a h igher p lasma d igoxin concentrat ion. 

C.  Drug e l iminat ion and c learance 

1.  Drug Metabol ism and Hepatic Clearance 

a.  Drug metabol ism (hepat ic  c learance) can be affec ted by enzyme induct ion,  

enzyme inhib i t ion,  substrate compet i t ion for  the same enzyme,  and changes in  

hepat ic  blood f low (Table 18-2) .  

b.  Many drugs that  share the same drug-metabol iz ing enzymes have a potent ia l  for 

a  drug in teract ion.  For  example,  f luconazole inh ib i ts  the hepat ic  metabol ism of  

warfar in ,  causing increased r isk  of  b leeding.  Carbamazepine is both a substrate and 

an inducer  o f the CYP3A4 isoenzyme,  thereby inducing i ts  own metabol ism and 

taking 3-5 weeks to reach s table b lood leve ls  (Table 18-3) .  Phenyto in is  also a 

substrate of  the CYP3A4 and induces i ts  own metabol ism. 

c .  Over- the-counter (OTC) drugs and herbal  preparat ions can also be invo lved in  

CYP450 isoenzyme metabol ism and can cause ser ious drug-herbal  interact ions.  For  

example, St .  John 's W ort may induce CYP3A4 isoenzymes and decrease cyc losporin  

to  subtherapeut ic  leve ls .  Tobacco use (smoking) can induce the CYP1A2 isoenzyme 

and decrease clozapine leve ls,  increas ing the r isk  of therapeut ic fai lure in  t reat ing 

OCD. 

d.  Foods may also in ter fere wi th  hepat ic  drug metabol ism.  For  example,  grapefru i t  

ju ice is a  powerfu l  inh ib i tor  of  the CYP3A4 isoenzyme,  and wi l l  increase b lood 

leve ls  of  CYP3A4 substrates such as r i tonavi r ,  methadone,  amlodipine,  alprazolam, 

cyc lospor in ,  and d i l t iazem, i f  taken together .  

Table 18-2. Drug Interactions That Affect the Drug Metabolism 

Drug Interaction 
Examples (Precipitant 
drugs) Effect (Objective drugs) 

Enzyme 
induction 

  

 

Smoking (polycyclic 
aromatic 
hydrocarbons) 

Smoking increases duloxetine 
metabolism and decreases 
duloxetine levels 

 

Phenytoin Tacrolimus levels are 
decreased because of increased 
metabolism 

Enzyme 
inhibition 

  



Mixed 
function 
oxidase 

Cimetidine Decreased atorvastatin 
clearance and increased drug 
levels 

Induction of 
UDP-G 
metabolism 

Phenytoin, 
cimetidine, 
midazolam, rifabutin 

Decreased posaconazole levels 
due to induction of metabolism 

Other 
enzymes 

Monoamine oxidase 
inhibitors, MAOIs 
(e.g., pargyline, 
tranylcypromine) 

Serious hypertensive crisis can 
occur following ingestion of 
foods with a high content of 
tyramine or other pressor 
substances (e.g., cheddar 
cheese, red wines, avocados), 
and catecholamines 

 

P.424 

 

 

Table 18-3. Drug/Herb/Food Actions with Cytochrome P450 Enzymes 

Enzyme Inhibitor Inducer Substrate 

CYP1A2 Ciprofloxacin Phenytoin Naproxen 

 Levofloxacin Carbamazepine Amitriptyline 

 
Cimetidine Charbroiled 

foods 
Verapamil 

 Citalopram Tobacco Clopidogrel 

 Ketoconazole Ritonavir Duloxetine 

 Paroxetine St. John's Wort Ramelteon 

CYP2C9 Cimetidine Rifampin Tamoxifen 



 Fluoxetine Carbamazepine Losartan 

 Voriconazole Phenytoin S-Warfarin 

 Fluconazole  Celecoxib 

 Amiodarone  Phenytoin 

 Efavirenz  Carvedilol 

 Metronidazole  Voriconazole 

   Glyburide 

   Sildenafil 

CYP2C8 Gemfibrozil Phenobarbital Paclitaxel 

 Nicardipine Rifampin Carbamazepine 

 Atazanavir Carbamazepine Amiodarone 

 Trimethoprim  Pioglitazone 

CYP2C19 Ketoconazole Rifampin Diazepam 

 Omeprazole Carbamazepine Phenytoin 

 Topiramate Phenytoin Citalopram 

 Fluoxetine  Omeprazole 

 Fluvoxamine  Diphenhydramine 



   Duloxetine 

   R-Warfarin 

CYP2D6 Methadone Carbamazepine Amitriptyline 

 Cimetidine Phenytoin Metoprolol 

 Fluoxetine Ethanol Paroxetine 

 Ritonavir St. John's Wort Duloxetine 

 Haloperidol Ritonavir Haloperidol 

 Amiodarone  Venlafaxine 

 Paroxetine  Tramadol 

 Quinidine  Trazodone 

 
Sertraline 

 
Narcotic 
anagesics 

CYP2E1 Cimetidine Ritonavir Acetaminophen 

 Disulfiram Isoniazid Caffeine 

  Ethanol Venlafaxine 

CYP3A 
family 

Erythromycin Carbamazepine Atorvastatin 

 Ketoconazole Phenobarbital Warfarin 



 Saquinavir St. John's Wort Lidocaine 

 Verapamil Nevirapine Ethylestradiol 

  Efavirenz  

 Metronidazole Carbazepine Cyclosporin 

 Amiodarone Rifampin Alprazolam 

 
Cimetidine Garlic 

Supplements 
Ziprasidone 

 Diltiazem Grapefruit Doxorubicin 

 Posaconazole Seville Oranges Amitriptyline 

 Metronidazole Bitter Orange Methadone 

 Nifedipine  Cyclosporin 

 Voriconazole  Amlopdipine 

 Atazanavir  Indinavir 

   Cyclosporin 

   Paclitaxel 

   Ritonavir 

   Lidocaine 

   Lovastatin 



   Midazolam 

   Tamoxifen 

   Zaleplon 

   Atazanavir 
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e.  Nonhepatic  enzymes can be involved in  drug in terac t ions. For  example,  seroton in 

syndrome has been repor ted in  pat ients receiv ing ant idepressants  such as 

c i ta lopram (an SSRI inh ib i tor)  in  combinat ion wi th  a  monamine oxidase inh ibi tor,  

such as l inezol id .  A considerable por t ion of  the CYP3A4 enzymes are found not  on ly 

in  the l iver ,  but  also in  the GI  trac t ,  where some of  these substrates are 

metabol ized. 

f .  A decrease in  the hepat ic  blood f low can decrease the hepat ic  c learance for h igh 

ext ract ion drugs,  such as propranolo l  and morphine. 

2.  Renal  drug clearance  can be af fec ted by changes in  glomeru lar f i l t ra t ion, tubular  

reabsorpt ion, act ive drug secret ion,  and renal  b lood f low and nephrotoxic i ty (Table 

18-4).  

III. PHARMACODYNAMIC INTERACTIONS 
A.  Drugs that  have s imi lar  pharmacodynamic act ions may produce an excess ive 

pharmacologica l  or  toxic response.  

1.  For  example,  central  nervous system depressants ,  such as the combinat ion of  

narcot ics  and ant ih is tamines (e.g. ,  d iphenhydramine,  chlorpheni ramine) can produce 

increased drowsiness in the pat ient .  

2.  Drugs having ant ichol inergic  e f fects ,  such as promethazine and OTC 

ant ih is tamines,  can cause excess ive dryness of  the mouth,  b lurred vis ion, and 

ur inary re tent ion. 

3.  Drugs that  pro long the QTc in terva l  (such as pa l iper idone,  amiodarone, sota lo l ,  

moxi f loxac in,  and atyp ica l  ant ispychot ics  such as z iprasidone) have a much greater 

r isk  of  caus ing QTc in terva l  arrhythmias when g iven together.  

Table 18-4. Drug Interactions That Affect the Renal Clearance 



Drug Interaction Examples Effect 

Glomerular 
filtration rate 
(GFR) and renal 
blood flow 

Methylxanthines 
(e.g., caffeine, 
theobromine) 

Increased renal blood flow 
and GFR will decrease time 
for reabsorption of various 
drugs, leading to more rapid 
urinary drug excretion. 

Active tubular 
secretion 

Probenecid Probenecid blocks the active 
tubular secretion of 
penicillin and some 
cephalosporin antibiotics. 

Tubular 
reabsorption and 
urine pH 

Antacids, sodium 
bicarbonate 

Alkalinization of the urine 
increases the reabsorption of 
amphetamine and decreases 
its clearance. 

  

Alkalinization of urine pH 
increases the ionization of 
salicylates, decreases 
reabsorption, and increases 
its clearance. 
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B.  The pharmacodynamic effec t  of  one drug can be antagonized by the oppos i te  

pharmacodynamic effect  o f  a  second drug.  For  example, the ant ihyper tensive ef fect  

o f  beta b lockers  can be overcome by the use of  vasopressors .  Obvious ly,  this  can 

have a deleter ious effec t,  be a therapeut ic  fa i lure,  or  be a therapeut ic  st rategy in  

c l in ical  t reatment ,  depending on the s i tuat ion 

C.  Drug therapy can produce an adverse ef fec t  that  resu l ts  in  an increased 

sensit ivi ty or  toxici ty when another  drug is  g iven.  For  example,  the a l terat ion of  

e lec t rolyte  concentrat ions produced by a diuret ic ,  such as a th iazide derivat ive,  wi l l  

deplete potassium, resul t ing in sens i t izat ion of  the hear t  to  d igoxin  therapy.  

Deplet ion of  sodium by a d iuret ic  can also resul t  in  l i th ium toxic i ty.  

D.  Therapies that  have intr insically opposite effects  on the same target system 

can resul t  in  therapeut ic  fa i lure.  For  example,  na loxone competes wi th  narcot ics  at  

the narcot ic receptor  s i te ,  resul t ing in  therapeut ic  fai lure of  narcot ic -based anages ia 

therapy. 

E. Pharmacodynamic  drug in teract ions a lso can occur  wi th  drug-herbal  interact ions 

and drug- food in teract ions.  For  example,  by ingest ing large amounts  of  v i tamin K in 

the d iet ,  the ef fec t o f  ant icoagulat ion by warfar in  is  antagonized.  



F.  Star t ing and s topping therapies that  in f luence metabol ism of  o ther  drugs can 

resul t  in  therapeut ic  fa i lure i f  the induced metabol ism reduces the blood leve ls  of  

the target  drug.  For  example,  s tar t ing a pat ient  on nicot ine patches replaces 

smoking for  a  pat ient.  S ince the pat ient  is  no longer smoking tobacco,  the CYP1A2 

isoenzymes are no longer induced, and the substrates of the CYP1A2 system 

(c lozapine or  ha loperidol ,  for  example)  may be increased to  toxic  leve ls .  Th is  e ffec t  

can occur  in  several  enzyme systems when stopping phenyto in ,  an inducer  for  

several  CYP enzyme systems. 

IV. HERBAL-DRUG INTERACTIONS 
A.  Herbal  preparat ions are var ious combinat ions of  herbs,  sometimes being one 

herb, or  a  combinat ion of  herbs.  Some herbal  preparat ions represent a  s ing le  herb 

conta in ing a var ie ty o f  a lka lo ids  or  const i tuents  that  may exhibi t  a var iety o f  

pharmacologica l  act iv i t ies . 

1.  Some herbs contain  a number of d i f ferent pharmacolog ical ly ac t ive const i tuents.  

For  example, St .  John 's Wort  has at least  s ix d i f ferent const i tuents:  hyperfor in ,  

b iap igenin,  hyperic in ,  querc i t in ,  ch lorogenic ac id,  and pseudohyper ic in .  Each 

const i tuent  has i ts  own metabol ism,  binding and pharmacolog ic  act ion. The 

predominant  e f fec t  or  in teract ion depends upon the rela t ive potency of  each 

const i tuent  in  the herb.  For  example, the const i tuents  of  St.  John 's  Wort  have 

inhib i tory act iv i ty o f  the CYP450 isoenzymes 3A4,  2C9, 1A2,  2D6,  and 2D9,  but  

none of these effec ts are cons idered cl in ica l ly s ign i f icant.  St .  John 's  Wort  appears  

overa l l  to be an inducer o f  CYP3A4,  and i ts  const i tuents  have many addi t ional  

e f fec ts  on metabol ism and bind ing si tes  (Table 18-5) .  

Table 18-5. Pharmacokinetic Activity of the Constituents of St. John's Wort 

Activity Site 

Metabolized CYP450, most notably by the 3A4 isoenzyme 

Transported Intestinal P-glycoprotein 

Active at receptor 
sites 

GABA, norepinephrine, dopamine, Lglutamate 
receptor sites 

Active at reuptake 
sites 

Seratonin reuptake and norepinephrine reuptake 
sites 

Inhibits MAO, and possibly the cellular phosphodiesterase 
sites 

Inhibits Beta-adrenergic and muscarinic receptor sites 



Binding site 
competition 

DNA sites in human leukemia cells 
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Table 18-6. St. John's Wort Drug Interactions 

Pharmacokineti
c Process Site Action Results in Drug 

Metabolism CYP3A4 Induces Lower 
levels of 

NNRTI 

    
Protease 
Inhibitors 

    
Benzodiaze
pines 

    

Calcium 
channel 
blockers 

    
Carbamaze
pine 

    
Cyclospori
n 

    Irninotecan 



    Digoxin 

 
CYP2C9 Induces Lower 

levels of 
Warfarin 

 
CYP1A2 Induces Lower 

levels of 
Warfarin 

Transporter 
proteins 

Intestinal 
P-
glycoprot
ein 
transporte
r proteins 

Increased 
catalyzed 
efflux of 
substrate 
drug 

Lower 
levels of 

Digoxin 
Calcium 
channel 
blockers 
Simvastatin 

Pharmacody
namic 
Toxicity 

Serotonin 
reuptake 
receptor 
sites 

Inhibits 
serotonin 
reuptake 

Additive 
SSRI 
activity 

SSRIs 

 

Serotonin 
reuptake 
receptor 
sites 

Serotonin 
agonist 
activity 

Additive 
serotonin 
toxicity 

Serotonin 
agonists 
(e.g. 
fenfluamin
e) and 
“triptans” 

 

MAO 
receptor 
sites 

Increased 
MAOI 
and 
serotonin 
activity 

Additive 
serotonin 
toxicity 

MAOIs 

Pharmacoki
netic 

Serotonin 
and 
norepinep
hrine 
reuptake 
sites 

Inhibits 
reuptake 
of 
norepinep
hrine and 
serotonin 

Norepinep
hrine and 
serotonin 
toxicity 

Nefazodon
e 



 

DNA 
binding 
sites in 
human 
leukemia 
cells 

Distorts 
DNA 
binding 
sites 

Reverses 
etoposide-
stabilized 
cleavage 
complexes 

Antagonize
s 
chemothera
py effect of 
etoposide 
(in vitro) 

 

2.  Many herbal  drugs in teract  at  the same transport ,  metabol ism and receptor  s i tes  

as tradi t ional  prescrip t ion drugs (Table 18-6) .  

3.  Trad i t ional  Chinese medic ine (TCM) may contain  a combinat ion of  herbs.  Some 

imported TCM products  have been found to  conta in  unl is ted legend drugs.  An 

example is a  TCM medicat ion adver t ised to  t reat  d iabetes that  was found to  conta in  

the pharmaceut icals g lybur ide and phenformin. 

4.  Some herbal  preparat ions may contain  unrecognized contaminants  such as heavy 

meta ls ,  or  a  s imi lar-appear ing herb that  is  mis takenly harvested.  These are qual i ty 

contro l  issues that  are to a  large extent  unregulated by government  agencies. 

B.  Drug-herbal  interact ions can occur  as  pharmacok inet ic or  pharmacodynamic 

in teract ions (Table 18-7).  

C.  Drugs wi th  narrow therapeut ic  windows are at  greater  r isk  for  drug-herbal  

in teract ions.  For  example,  important  drug-herb interact ions occur  wi th  pat ients  

taking warfar in.  

1.  Coenzyme Q10 has a chemical  s t ruc ture re lated to  v i tamin K.  The combinat ion of 

warfar in  and Coenzyme Q10 resul ts in antagonized warfar in  act iv i ty and inadequate 

ant icoagulat ion. 
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Table 18-7. Table of Common Herbs and Potential Drug Interactions 



Herb Drug/Drug Class Interaction Effect 

Black 
Cohosh 

Antihypertensives Pharmacodyna
mic potentiation 

Increased effect 
of 
antihypertensives 
(hypotension) 

Coenzy
me Q10 

Warfarin Pharmacodyna
mic antagonism 

Vitamin K 
antagonism 
(increased INR 
and risk of bleed) 

Dong 
Quai 

Beta blockers Inhibition of 
CYP450 
Enzymes 

Increased level of 
beta blockers 
(increased 
hypotension) 

 

Benzodiazepines Inhibition of 
CYP 450 
Enzymes 

Increased 
benzodiazepine 
levels (increased 
drowsiness and 
CNS depression) 

Echinace
a 

Immunosuppressa
nts Monoclonal 
antibodies 

Pharmacodyna
mic antagonism 

Decreased 
immunosuppressi
on (flair of 
autoimmune 
disease, 
transplant graft 
rejection) 

Ephedrin
e Ma 
Huang 

Beta blockers Pharmacodyna
mic antagonism 

Sympathomimeti
c effect 
(hypertension) 

 

MAOIs Blocked 
metabolism 

Increased and 
prolonged 
sympathomimeti
c effect 
(Hypertensive 
crisis) 



 

Corticosteroids Increased 
metabolism 
Induced hepatic 
metabolism 

Decreased 
corticosteroid 
levels (decreased 
steroid 
effectiveness) 

Evening 
Primrose 
Oil 

Antiplatelets Pharmacodyna
mic potentiation 

Decreased 
platelet 
aggregation 
(increased risk of 
bleed) 

 

Phenothiazines Additive 
toxicity 

Reduced seizure 
threshold 
(seizures) 

Ginkgo 
biloba 

Warfarin, LMWH Pharmacodyna
mic potentiation 

Increased 
inhibition of 
platelet 
aggregation 
(increased risk of 
bleed) 

Ginseng MAOI Pharmacodyna
mic effect 

Increased GABA 
metabolism and 
increased 
dopamine levels 
(mania 
symptoms) 

Kava 
Kava 

Acetaminophen 
Azole antifungals 
Statins 

Additive 
toxicity 

Increased otential 
for hepatic 
toxicity (elevated 
LFT, hepatic 
failure) 

 

Barbiturates 
Benzodiazepines 

Synergy Increased GABA 
receptor binding 
affinity 
(increased 
drowsiness, CNS 
depression) 



 

Levodopa Antagonism Dopamine 
blockade 
(decreased 
effectiveness of 
levodopa) 

Soy Lethothyroxine Impaired 
absorption 

Decreased levels 
of levothyroxine 
(hypothyroid 
symptoms) 

St. 
John's 
Wort 

Irinotecan Induced 
CYP3A4 
Metabolism 

Reduced levels 
of active 
irinotecan 
metabolite for 
chemotherapy 
(decreased 
myelosuppressio
n) 

Valerian Sedatives Pharmacodyna
mic 

Increased CNS 
depression 
(drowsiness and 
sedation) 

 

Benzodiazepines Displacement 
from binding 
sites 

Displaced 
benzodiazepine 
but additive CNS 
depression 
(possible 
increased 
drowsiness) 
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2.  Ginger ,  gar l ic ,  and fever few a lso increase b leeding in  pat ients  taking warfar in  by 

d i rec t ly inhibi t ing p latelets  and causing increased r isk  of  bleeding. 

3.  Wheat grass actua l ly conta ins h igh leve ls  o f  v i tamin K which d i rect ly antagonizes 

warfar in  caus ing inadequate ant icoagulat ion and therapeut ic  fa i lure. 

D.  Potency of  herbal  preparat ions is inf luenced by a var iety o f  factors : 

1.  The s tage of  growth dur ing which the herb was harvested 

2.  The drying t ime 



3.  The so lvents  used in  ext ract ion of  the herb 

4.  The shel f  l i fe  and s torage condit ions of the herba l  ext rac t 

V. Food-drug interactions 
A.  Food can increase,  decrease,  or  not  a f fec t  the absorpt ion of  drugs (Table 18-8) .  

B.  Food can inf luence the b ioavai lab i l i ty  of  a  drug f rom a modi f ied-re lease dosage 

form (e.g. ,  control led re lease,  de layed re lease [enteric  coated])  ra ther  than f rom an 

immediate-release dosage form.  For  example,  opening the capsule of  enter ic  coated 

omeprazole beads and giv ing i t  in  an acid ic  food such as applesauce or  wi th  orange 

ju ice, eases administ ra t ion of  the drug whi le  mainta in ing the enter ic  coat ing on the 

omeprazole beads unt i l  the drug reaches the bas ic  pH of  the duodenum where the 

omeprazole beads are uncoated and the drug is  absorbed. 

C.  Complexat ion and adsorpt ion of  the drug in the GI  t rac t wi th  another  food 

e lement  is  a  common drug in teract ion that reduces the extent  o f drug absorpt ion.  

For  example, quinolone ant ib io t ics complex wi th  ca lc ium ( found in mi lk  products) .  

1.  Quinolone ant ib iot ics wi l l  complex wi th  calc ium f rom the d ie t  and the resul t  wi l l  

be reduced quino lone ant ib io t ic .  

2.  Ibandronate for os teoporos is  has signi f icant ly reduced absorpt ion when g iven 

wi th  food.  Since absorpt ion is  very poor,  wi th  less  than 0.6% bioavai labi l i ty  in  

fas t ing c i rcumstances,  and up to  99% prote in b ind ing,  the s ign i f icant  reduct ion in  

ibandronate when g iven wi th  food may reduce the drug to  subtherapeut ic leve ls .  

3.  A number of  drugs such as phenyto in  and quino lone ant ibio t ics  are adsorbed to  

ca lc ium and i ron in  tube feedings. 

D.  Food can be metabol ized by the same l iver  enzymes that  metabol ize drugs,  

caus ing enzyme inh ibi t ion or  induct ion,  and resul t ing in toxic  or  subtherapeut ic  drug 

leve ls .  For  example,   
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grapefrui t  and va lencia oranges inh ibi t  the CYP3A4 isoenzyme system, causing 

increased leve ls  o f substrate drugs such as saquinavi r ,  indinavi r ,  midazolam, 

n imodip ine, n i fedipine,  lovastat in ,  cyc lospor in ,  carbamazepine,  and verapami l .  

Table 18-8. Affect of Food on Drug Bioavailability 



Reduced or delayed Increased Not affected by food 

NSAIDs (nonsteroidal anti-
inflammatory drugs) naproxen, 
naproxen sodium 

Griseofulvin Theophylline* 

 Metoprolol Metronidazole 

Aspirin Phenytoin  

Acetaminophen Propoxyphene  

Antibiotics (tetracycline and 
penicillin) 

Dicumarol 
 

Ethanol Morphine  

* Food does not significantly affect drug absorption of theophylline in an 
immediate-release dosage form. However, food may affect theophylline 
absorption from a controlled-release formulation. 

 

E.  Food can pharmacodynamical ly antagonize the ef fec t  o f  some drugs.  For  

example, sp inach and broccol i  provide die tary sources of  v i tamin K,  which 

antagonizes the effec t  o f warfar in .  Gar l ic  can cause addi t ive ant ipla te le t  ef fect  in  

combinat ion wi th  warfar in ,  heparin , and LMW H, and cause increased r isk  of  

b leeding. 

F.  Foods can contain  pharmacolog ica l ly ac t ive compounds that  in teract  wi th  drugs 

meant  to  inhib i t  endogenous compounds.  Monoamine oxidase inhibi tors  (MAOIs)  

prevent normal  metabol ism of  catecholamines.  They a lso inh ibi t  the metabol ism of  

tyramine f rom tyramine containing foods such as red wine, cheese.  The increased 

leve ls  of  tyramine cause hypertensive cr is is .  

VI. Chemical-drug interactions 
A.  Smoking by inhal ing aromat ic  po lycycl ic  hydrocarbons ( tobacco)  can induce the 

CYP1A2 isoenzyme metabol ism and decrease leve ls o f  substrate drugs such as 

theophyl l ine,  d iazepam, t r icyc l ic  ant idepressants , du loxet ine, and ramel teon. 

B.  Ethanol  can increase or  decrease the act iv i ty o f  hepat ic  drug metabol iz ing 

enzymes. 

1.  Chronic  a lcohol ism can increase the rate of  metabol ism of  tolbutamide,  warfar in,  

and phenyto in . 

2.  Acute alcohol  in toxicat ion can inhibi t  hepat ic  enzymes in  nonalcohol ic 

indiv iduals .  



3.  Ethanol  induces metabol ism in  the CYP1A2 and 2E1 isoenzymes.  Levels  o f 1A2 

substrates c lozapine,  cyc lobenzapr ine, imipramine,  naproxen are decreased.  Levels 

o f  the 2E1 substrates acetaminophen are reduced. 

4.  Disul f i ram inh ibi ts  alcohol  dehydrogenase,  resul t ing in  l imited metabol ism of  

e thanol  and caus ing severe ethanol  in tolerance. 

VII. Pharmacogenetics and Drug Interactions 
A.  Genet ic di f ferences in drug metabol ism are the resul t  o f  genet ica l ly based 

var ia t ions in  al leles  for genes that  code for enzymes respons ible  for  the metabol ism 

of  drugs. 

1.  In normal  enzyme funct ion,  the gene encoding for  the enzyme is  composed of  two 

normal  a l le les.  In  Polymorphisms,  the genes conta in  abnormal  pa i rs  or  mult ip les  of  

abnormal  a l le les  leading to  al tered enzyme funct ion. 

2.  Polymorphisms can occur  in  any enzyme system including the CYP450 hepat ic  

enzymes,  the mixed oxidase and n-acetyl  t ransferase systems, and the UGT 

metabol ic  enzyme systems. In the CYP450 system, the CYP2D6,  CYP2C9,  and 

CYP2C19 polymorphisms are the most  extens ively s tud ied. 

3.  Di f ferences in enzyme act iv i ty occur  a t  di f ferent  ra tes accord ing to  racia l  group 

(Table 18-9).  

4.  Polymorphisms  (d i f ferences in the al le les)  can a lso vary wi th in  a  racia l  group by 

geographic  dist r ibut ion. For  example, in W estern Europeans polymorphism for  the 

CYP2D6 a l le les  can vary wi th  10 t imes as many ul t ra  metabol izers  (UM) in  Greece 

as in  Austr ia.  

5.  The extent o f  the drug in teract ion is pred ic ted based upon the basel ine act iv i ty of  

the enzyme in  an ind iv idual .  Basel ine enzyme ef f ic iency var ies  great ly among 

indiv iduals  depending upon the type and extent  of  polymorphic  changes to  the 

enzyme. 

B. Single Nucleotide Polymorphisms (SNPs)  are s ingle  changes in  one a l le le  o f a  

gene responsible  for  a  var iety o f  metabol ic  processes inc lud ing enzymatic 

metabol ism. 
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Table 18-9. Ethnic Differences in the CYP2D6 Enzyme Activity 



Ethnicity As a Percentage of the Population 

Caucasians 7-10% PM / 1% UM 

African-Americans 8% PM 

Asians >50% PM / 1% UM 

Adapted from Zagaria MAE. The promise of pharmacogenomics. Available 
online at http://www.uspharmacist. 
com/index.asp?show=article&page=8_1190.htm. Retrieved January 18, 
2006; and Johannson I, Oscarson M, Yue QY, et al. Genetic analysis of the 
Chinese cytochrome P4502D locus: Characterization of variant CYP2D6 
genes present in subjects with diminished capacity for debrisoquine 
hydroxylation. Mol Pharmacol 1994;46:452-459. 

 

1.  The genet ic  SNPs can be of  several  di f ferent  k inds,  resu l t ing in many di f ferent 

var iants  o f  the enzyme. CYP2D6 has more than 70 var iant a l le les . 

2.  The combinat ion of a l le les  encoding the gene determines the act iv i ty of  the 

enzyme.  The combinat ions can include miss ing al le les ,  defect ive al le les ,  dupl icated,  

and mul t ip le  al le les .  In  addi t ion,  al le les  can demonstrate ampl i f icat ion,  subst i tu t ion,  

or  defect ive spl ic ing. Nul l  enzyme act iv i ty,  or  abol ished act iv i ty can occur  f rom 

errors  in  t ranscrip t ion,  sp l ic ing,  s tar t  and s top codons,  and amino ac id  changes. 

3.  The combinat ion of a l le les  in  the af fec ted gene resul ts  in  d i f ferences in  the 

ef fec t iveness of  the enzyme.  The overal l  funct ion of  the enzyme is  the phenotype  o f  

enzyme funct ion. 

a.  Poor  metabol izers  (PM) carry two defect ive a l le les , for example CYP2D6 *4/ *5 and 

CYP2D6 *4/ *4.  PMs a lso inc lude combinat ion of  a l le les  includ ing one resul t ing in  no 

enzyme,  for  example CYP2D6 *5 and CYP2D6 *4/delet ion. 

b.  Intermediate metabol izers  ( IM) are heterozygous,  that  is ,  having one wi ld  type 

a l le le and one defect ive a l le le.  

c .  Normal  metabol izers  carry “wi ld  type”  al le les ,  for  example CYP2D6*1/*33.  W ild 

type al le les  encode genes for  normal  enzyme funct ion. 

d.  Extens ive metabol izers  (EM) carry one wi ld type and one ampl i f ied gene,  for  

example CYP2D6 *1/ *2. Another  example of  EM carry the fo l lowing pai rs :  

CYP2D6 *A/ *1a and CYP2D6 *1A/ *5. 

e.  Ul tra-rap id metabol izers  (UM) carry two or  more copies of  an ampl i f ied gene,  for  

example CYP2D6 *2/ *2. 

4.  Genet ic  changes may inact ivate or  reduce enzymat ic  ac t iv i ty (e .g. ,  poor  

metabol izers) ,  leading to increases in  the substrate drug. 

5.  Genet ic  dupl icat ion may increase enzymat ic  ac t iv i ty (e .g. ,  ul t ra-rap id 

metabol izers) ,  resu l t ing in  lower leve ls  of  the substrate drug. 



6.  In the CYP2D6 enzyme,  genet ic  var ia t ion can cause a 10-  to  30- fo ld d i f ference in  

the leve ls  o f  drugs metabol ized by that  enzyme.  Table 18-10 l is ts  a  few CYP2D6 

var iants  and the i r  e f fec ts o f  the drug metabol ism act iv i ty o f the enzyme. 

C.  Po lymorphisms af fec t drug interact ions by a l ter ing the effec t  of  inh ib i tors  and 

inducers  on the enzymes.  The resul t  is  an exaggerated effec t  or minimal  ef fect  on 

the substrate. 

1.  In an EM,  the leve l  o f  substrate drug is  normal ly low because of  the rapid 

metabol ism by the enzyme.  An inhibi tor  to  the enzyme wi l l  substant ial ly inhibi t  the 

extens ive metabol ism and cause s ign i f icant  elevat ions in  the substrate drug.  The 

substrate levels  r ise dramatica l ly because the effec t  o f  the inh ibi tor  is  much greater  

in  an EM. The drug in teract ion may occur to  a  greater extent  than i t  would in normal  

metabol izers  (Table 18-11) .  

2.  In a  PM,  the level  of  substrate drug remains h igh because the metabol ism of  the 

substrate is much less than normal .  W hen an inhibi tor  is  added to  the regimen,  the 

addi t ional   
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inhib i t ion of  metabol ism is  not  much greater  than is  a l ready occurr ing in  a PM. 

Therefore the ef fec t  o f  an inh ib i tor  on a PM is  less than i t  would be in  normal 

metabol izers .  The drug in teract ion may not occur.  

Table 18-10. Allele Activity Patterns in the CYP2D6 Isoenzyme 

Gene Polymorphism Enzyme activity Phenotype 

CYP2D6*1 Wild-type Normal EM or 
normal 

CYP2D6*2 Same as 2D6*1 but 
possible 

Increased 
enzyme 

EM/UM 

 
Duplication or 
amplification 

Activity 
 

CYP2D6*4 Defective splicing Inactive 
enzyme 

PM 

CYP2D6*5 Gene depletion No enzyme PM 

CYP2D6*10 Single AA 
substitution 
predominant 

Reduction in PM 



 
Variant in people of 
Asian descent 

Enzyme 
activity 

 

CYP2D6*17 Single AA 
substitution 
predominant 

Reduction in PM 

 
Variant in people of 
African descent 

Enzyme 
activity  

Adapted from Zagaria MAE. The promise of pharmacogenomics. Available 
online at 
http://www.uspharmacist.com/index.asp?show=article&page=8_1190.htm. 
Retrieved January 18, 2006; Ingelman-Sundberg M. Genetic polymorphisms 
of cytochrome P4502D6 (CYP2D6): clinical consequences, evolutionary 
aspects and functional diversity. Pharmacogenomics J 2005;5:6-13; and Lee 
LS, Nafziger AN, Bertino JS Jr.Evaluation of inhibitory drug interactions 
during drug development: Genetic polymorphisms must be considered. Clin 
Pharmacol Ther 2005;78:1-6. 

 

3.  In an EM,  the leve l  o f  substrate drug is  again lower than expected in  a normal  

metabol izer  because of the rap id metabol ism. The addi t ion of an inducer  does not  

cause a great  di f ference in  the leve l  o f  substrate because the metabol ism is  a l ready 

increased great ly.  The drug in teract ion may not  occur .  

4.  In a  PM,  the level  of  substrate drug is again higher  than expected in a  normal  

metabol izer  because of the lower metabol ism of  the substrate. The addit ion of  an 

inducer  wi l l  cause a s ign i f icant  increase in the metabol ism of  the substrate and 

cause a much lower level  o f  substrate than expected in  a  normal  metabol izer .  The 

drug in teract ion may occur  to a  greater  extent  than in  normal  metabol izers ,  or  the 

drug in teract ion may resul t  in  substrate leve ls  s imi lar  to  those of  normal 

metabol izers . 

5.  As a general  rule , the ef fec t  o f  inhibi tors  is  greater  in  EMs than in  PMs.  The 

ef fec t  o f  inducers is  greater  in  PMs than in  EMs. 

6.  The di f ference between EM and UM can be descr ibed as the di f ference between 

heterozygous and homozygous ind iv iduals  wi th dupl icated or  ampl i f ied genes.  The 

addi t ion of  an inhib i tor  to  an UM would be expected to  show an even greater  drug 

react ion than would be seen wi th an EM.  

7.  Complex drug in teract ions can be seen when a subst rate is  metabol ized through 

more than one enzyme system where one or  more enzymes are af fec ted by 

po lymorphism. In  these cases,  the substrate is  metabol ized through a po lymorphic  

enzyme and becomes an act ive metabol i te  and an inh ib i tor  or inducer  in a  second 

system. Polymorphism in the f i rs t  enzyme can cause the leve l  o f  the inhibi tor  or  

inducer  to be greater  or less than  
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expected, thus causing the extent  o f  the expected inh ib i t ion or  induct ion of  the 

second enzyme to be sign i f icant ly changed. 

Table 18-11. The Effect of Inhibition of EM/UM and PM on CYP2D6 Substrates 

Enzyme Inhibitor Substrate 

Effect of 
EM/UM On 
the substrate 

Effect of 
PM On the 
substrate 

CYP2D6 Diphenhydramine Metoprolol Increased 
61% 

Little 
change 

CYP2D6 Quinidine S-
venlafaxine 

Increased 
4x 

Little 
change 

CYP2D6 
 

R-
venlafaxine 

Increased 
12x 

No 
change 

CYP2D6 Diphenhydramine Venlafaxine Increased 
2x 

Little 
change 

CYP2D6 Fluoxetine Risperidone Increased 
4x 

Increase 
1.3x 

Adapted from Lee LS, Nafziger AN, Bertino JS Jr.Evaluation of inhibitory 
drug interactions during drug development: Genetic polymorphisms must be 
considered. Clin Pharmacol Ther 2005;78:1-6. 

 

D.  Spec i f ic  Pharmacogenomic Drug In teract ions f rom the l i terature. 

1.  Omeprazole 

In  one s tudy of  omeprazole act iv i ty on the inhibi t ion of  moclobemide in  CYP2C19 

EMs and PMs,  the effec t o f  inhib i t ion varied accord ing to the degree of  genet ic  

po lymorphism. One would expect  inh ibi t ion of  the metabol ism of the substrate 

moclobemide by the inh ib i tor  omeprazole.  But  in  EMs,  the AUC level  o f  the 

substrate moclobemide almost  doubled, re f lec t ing the greater e f fect  of  inh ib i t ion on 

moclobemide which was or iginal ly extens ive ly metabol ized.  In  comparison,  PMs 

a l ready show poor metabol ism of  the meclobemide.  Inhib i t ion of  the 2C19 enzyme 

by omeprazole in  PM did not  show an extensive change in  the AUC levels  o f  

moc lobemide,  because metabol ism was a lready impai red.1  

2.  Fluvoxamine 

Fluvoxamine inhib i ts  the metabol ism of  d iphenydramine by the CYP2C19 isoenzyme.  

When EM tak ing d iphenydramine were given the 2C19 inhibi tor f luvoxamine,  the 



AUC and Cmax leve ls  o f  d iphenhydramine increased s ign i f icant ly over  p lacebo. 

When PM tak ing d iphenhydramine were g iven the inhibi tor f luvoxamine,  the AUC 

and Cmax of  diphenhydramine d id  not  change sign i f icant ly.  The ef fec t  o f inhibi t ion 

on the substrate of an EM in  the CYP2C19 was greater  than i t  would have been in  a 

normal  metabol izer .  The ef fec t  o f  inhibi t ion on the substrate of  a PM in  CYP2C19 is 

not  s ign i f icant .  In  addit ion,  those EMs who were homozygous showed greater  

inhib i t ion than the EMs who were heterozygous.  This  demonstrates that  the degree 

of  inh ib i t ion var ies by genotype.  Homozygous EMs showed greater  reduct ion in  

enzyme act iv i ty that  heterozygous EM. In  the same way,  EM show greater inhib i t ion 

than PM because PM al ready have reduced enzyme act iv i ty and wi l l  not  show a 

great change in  Cmax or AUC, even wi th  inh ib i t ion. 2  

3.  Diphenhydramine 

Diphenhydramine inh ib i ts  the metabol ism of  metoprolo l .  In  EM in  the CYP2D6,  the 

Cmax and AUC of  diphenhydramine increased by 16% and 61%, respect ive ly,  as  

compared to  non-polymorphisms. The inh ib i tor  diphenhydramine decreased 

convers ion of  metopro lol  to  i ts metabol i te by a fac tor o f  3 .  In  the PM, the change in 

metoprolol  convers ion was ins ign i f icant.  Again,  the ef fec t  o f  inhib i t ion on the 

substrate in the EM was greater  than in  PM.3  

4.  Diphenhydramine 

Diphenhydramine inh ib i ts  the metabol ism of  venlafaxine by the CYP2D6 isoenzyme.  

When d iphenhydramine is  given to  a EM who is tak ing venlafaxine,  the leve ls  o f  

venlafaxine r ise twofo ld. Diphenhydramine given to  a PM who is tak ing venlafaxine 

causes insign i f icant change in  the levels o f  venlafaxine.  As wi th  the example wi th  

metoprolol  above,  the extent  o f  inhibi t ion in  EM is  much greater  than in  PM.4  

E.  The effec t  of  po lymorphism on drug development  and drug safety.  

1.  Most  drug companies dur ing drug development do not  genotype the i r  subjects  for  

po lymorphisms.  In  smal l  s tud ies,  or  in  s tud ies of  genet ical ly homogenous subjects ,  

the pharmacok inet ics  described for  the drug may be skewed toward the 

po lymorphisms prevalent in  the subject populat ion.  Th is can occur when,  for  

example, Asians are the pr imary subject  populat ion for  pharmacok inet ic  stud ies for 

a  drug metabol ized by CYP2C19.  CYP2C19 polymorphisms occur  in 20% to 25% of  

the As ian populat ion. 

2.  When polymorphisms and pharmacogenomics are not  considered during drug 

development,  the resul t  can be the development  o f  some drugs that have shown 

toxic i ty in cer tain  populat ions,  and have been wi thdrawn f rom the market  as  a 

resul t .  These drugs include t rog l i tazone (Rezul in) and mibefradi l .  

3.  Pharmacogenomic test ing during drug development  can ident i fy the dos ing 

var iables in  cer ta in polymorphic  populat ions and could lead to  a greater  safety in 

the use of these  
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drugs.  Cl inica l  t r ia ls  in  warfar in  therapy wi th  genet ic  tes t ing for  po lymorphisms in  

CYP2C9 such as the CYP2C9 *2 and CYP2C9 *3. 

4.  The ident i f icat ion of  po lymorphic  fac tors  in  a  speci f ic  drug under development 

may l imi t  the c l in ica l  use of  that drug to  cer ta in pharmacogenomic populat ions. 



5.  The FDA may make recommendat ions,  or  require  label ing for  genet ic  tes t ing of  

pat ients  to  determine polymorphisms that  a f fec t drug metabol ism or  t ransport .  

a.  The invader UGT1A1 molecular  assay for UGT1A1 detects  po lymorphisms that  

can reduce the metabol ism of  i r inotecan,  a  chemotherapy for  co lorectal  cancer .  

b.  The FDA has c leared the Ampl icChip Cytochrome P450 Genotyp ing Test  for  

po lymorphisms in  the CYP450 isoenzyme system which is  extens ive ly involved in  

drug metabol ism. 

c .  The FDA has added label ing to  various drugs to  tes t  for  genet ic  po lymorphisms 

that  a f fect  metabol ism, such as ant iep i lept ic  drugs. 

d.  The FDA has also mandated the tes t ing of  HIV s t ra ins  for  gu idance in using 

Maravi roc . 

VIII. CLINICAL SIGNIFICANCE AND MANAGEMENT OF 

DRUG INTERACTIONS 
A.  Potent ia l  drug in teract ions 

1.  Mult iple-drug therapy,  inc luding both prescript ion  and nonprescription  (OTC) 

medicat ion, can potent ial ly  lead to  drug in teract ions.  The more drugs used by a 

pat ient,  the greater  the potent ial  for  a drug in teract ion. 

2.  Mult iple prescribers.  Pat ients  can be seen by d i f ferent  prescribers  who 

prescribe interact ing medicat ion. 

3.  Patient compliance.  Pat ients  need to  fo l low proper ins t ruc t ions for  taking 

medicat ions.  For  example,  a  pat ient  might  take te t racyc l ine wi th  food rather  than 

before meals. 

4.  Pat ient  r isk  factors 

a.  Older  pat ients  are at  more r isk for drug in teract ions than younger pat ients .  Older  

pat ients  might  have changes in  the i r  phys iolog ica l  and pathophys io log ical  condi t ion 

that  lead to  al tered body composi t ion,  a l tered GI  t rans i t  t ime and drug absorpt ion, 

decreased protein  b ind ing,  al tered d is t r ibut ion,  and decreased drug c learance.  

These changes can exacerbate or  increase the r isk  o f  a  drug in teract ion. 

b.  Pat ients wi th  predispos ing i l lness (d iabetes,  asthma,  AIDS,  and a lcohol ism) and 

pat ients  who are c l in ical ly hypersens i t ive (atopic) are more at  r isk  for  drug 

in teract ions than non- a top ic  pat ients . 

c .  Pharmacogenet ic  po lymorphisms in  enzyme funct ion can occur  a t  d i f ferent  ra tes 

in  di f ferent  rac ia l  populat ions,  and to a lesser  extent ,  in d i f ferent  nat ions. These 

pharmacogenet ic  di f ferences can lead to  a wide var ia t ion in the potent ial  for  a  drug 

in teract ion. 

B.  Cl in ica l  s igni f icance 

1.  Not a l l  drug interact ions are c l in ical ly s ign i f icant  or cause an adverse ef fect .  In  

some cases,  in teract ing drugs can be prescr ibed for  pat ients  as long as the pat ient  

is  g iven proper ins t ruc t ions and is  compl iant .  For  example, c imet id ine and an 

antac id  might  be prescribed to  the pat ient ,  but the pat ient  should be inst ruc ted to  

not  take both medicat ions at the same t ime. 

2.  Combinat ion drug therapy can have benef ic ia l  e f fec ts .  Drug combinat ions are 

used to  improve the therapeut ic  ob ject ive or to  decrease adverse events. Some 

examples include: 



a.  Tr imethopr im and su l famethoxazole—combinat ion ant ibio t ic  for  increased ef f icacy 

in  ur inary t rac t  in fect ions. 

b.  Amoxic i l l in and c lavulanate potassium—combinat ion containing a beta-lactamase 

inhib i tor  (c lavu lanate)  to inhibi t  the breakdown of amoxic i l l in .  

c .  Hydrochlorothiazide and t r iamterene—combinat ion d iuret ic  and ant ihyper tens ive 

to  minimize potassium excret ion. 

d.  Ri tonavir  is  given as a “booster”  wi th t ipranavi r .  Coadminist ra t ion increased 

t ipranavi r levels 30-fo ld  by inhibi t ion of  the CYP3A4 enzyme respons ible  for  

metabol ism of  t ipranavi r .  

e.  Probenecid inh ibi ts  renal  tubular  secret ion of  penic i l l in ,  thereby prolonging the 

p lasma hal f - l i fe  o f  the ant ib io t ic .  
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3.  Some drug- food in teract ions are ut i l ized for  the i r  benef ic ia l  e f fec ts .  Phenyto in  is  

g iven wi th d ie tary fa ts  to increase i ts  b ioavai labi l i ty  through enhanced absorpt ion. 

4.  Another  type of drug-drug in teract ion occurs  when the conversion of a  pro-drug to  

the act ive metabol i te  is  inh ib i ted or  induced at  the metabol iz ing enzyme. 

a.  The convers ion of  inact ive codeine to  i ts  ac t ive metabol i te morphine can be 

reduced by CYP2D6 isoenzyme inh ib i t ion caused by c imetidine or  c i ta lopram. The 

reduced metabol ism can resul t  in  subtherapeut ic leve ls o f  morphine,  and therapeut ic  

fa i lure in pain t reatment .  

b.  The induct ion of the metabol ism of  CYP2D6 by phenytoin or  St .  John 's W ort  can 

increase metabol ism of  codeine to  morphine,  raise morphine leve ls ,  and may resul t  

in  excessive sedat ion and narcot ic  toxic i ty.  

c .  Other  pro-drug dependent upon metabol ic  convers ion to  act ive metabol i tes  

include enalapr i l ,  va lacyc lovi r ,  levodopa, and carisoprodol.  

5.  The determinat ion of  the c l in ical  s ign i f icance of  a  potent ia l  drug in teract ion 

should be documented in the l i terature.  The l ike l ihood of a  drug interact ion can be 

c lass i f ied as fol lows:  

a.  Established—a drug in teract ion supported by wel l -proven cl in ica l  s tud ies 

b.  Probable—a drug interact ion that  is  very l ike ly but  might not  be proven c l in ical ly 

c .  Suspected—a drug interact ion that  might  occur ;  some data might be avai lab le 

d.  Possible—a drug in teract ion that  could occur ;  l imi ted data are avai lab le  

e.  Unlikely—a drug in teract ion that  is  doubt fu l ;  no good evidence of  an al tered 

c l in ical  e f fec t  is  ava i lable  

5.  The c l in ical  relevance of  a potent ial  drug interac t ion should a lso consider  the: 

a.  Size  o f  the dose and the durat ion of therapy 

b.  Onset  ( rap id ,  de layed)  and severi ty (major ,  moderate, minor)  of  the potent ia l  

in teract ion 

c .  Extrapolat ion  to  rela ted drugs 

6.  Polymorphism in  pharmacogenet ics  may af fec t the toxic i ty and the cl in ica l  

e f f icacy of  cer tain  drugs in  cer ta in populat ions.  Known inhibi tors  may pose 

s ign i f icant r isks  to  Extens ive Metabol izers  of  enzyme systems. 

C.  Management o f drug in teract ions 



1.  Review the pat ient prof i le ,  inc lud ing drug h is tory and pat ient  r isk  factors .  The 

pat ient 's  past  medical  h is tory can reveal  a  tendancy for non-compl iance,  past  

therapeut ic  fa i lures,  and evidence for  pharmacogenetic considerat ions. 

2.  Avoid complex therapeut ic  drug reg imens. 

3.  Determine the probabi l i ty  of  a  c l in ica l ly s ign i f icant  drug interact ion.  Genet ic  

tes t ing may be usefu l  (Table 18-12).  

4.  Suggest  a  di f ferent  drug i f  there is  a  h igh probabi l i ty  for  a c l in ica l ly s ign i f icant  

drug in teract ion.  For  example,  acetaminophen can be used for  headache ins tead of  

aspi r in  for  a  pat ient  on ant icoagulant therapy.  

5.  Careful ly inst ruc t  the pat ient as  to the t iming of  the medicat ion.  For  example,  an 

antac id  and H-2 blocker  should not  be taken at  the same t ime.  The pat ient should 

use maximum spacing between drugs.  Inst ruc t  the pat ient  as  to  the t iming of  

medicat ions to  be taken “on an empty s tomach.” 

Table 18-12. FDA Encourages Genetic Testing for Patients Who Will Take 
Specific Drugs 

Imatinib Atomosetine Venlafaxine 

Voriconazole Tamoifen Omeprazole 

Fluoxetine Celecoxib Tramadol 

Capecitabine Beta-blockers 5FU 

Rifampin Dapsone Irinotecan 

Rasburicase Valproic acid primaquine 

Adapted from 
http://www.fda.gov/cder/genomics/genomics_biomarkers_table.htm 
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6.  Moni tor the pat ient  for adverse events .  Sul fonamides,  such as sul f isoxazole and 

su l famethoxazole,  can pro long prothrombin t ime in  pat ients  g iven warfar in  therapy. 

The prothrombin t imes should be moni tored in these pat ients . 

7.  Reevaluate the pat ient  prof i le  and drug his tory when changing drug therapy.  For  

example, when discont inu ing the diuret ic  of  a congest ive heart  fai lure pat ient  on 

d igoxin,  a  review of  the prof i le may reveal  a  potassium supplement  that should be 

d iscont inued as wel l .  



8.  Evaluate the r isks of  drug therapy wi th  respect  to  pharmacogenetic  polymorphic 

s ta tus of  metabol ism.  Cons ider  r isks  ident i f ied wi th  rac ia l  groups and geographic  

d ist r ibut ion.  Test  for  enzyme phenotype when feas ible . Select  drug and adjust  doses 

as indicated,  and according to  c l in ical  response. Consider genotyping for  

po lymorphisms when unexpected var iat ions in c l in ica l  response. 
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h t tp : / /medicine. iupui .edu/c l in ical / .  

I .  CDC National  Off ice of Publ ic Heal th Genomics.  Avai lab le  on l ine at 
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STUDY QUESTIONS 
Direct ions:  Each quest ion be low conta ins  three suggested answers, o f  which one  

or  more is correct .  Choose the answer 

1.  Drug interact ions may be classed as 

I .  pharmacokinetic  interact ions 

I I .  pharmacodynamic interact ions 

I I I .  pharmaceutical  interact ions 

A I  only is  correct 

B I I I  only is  correct 

C I  and I I  are correct 

D I I  and I I I  are correct 

E I ,  I I ,  and I I I  are correct  

View Answer1.  The answer is  E[] .2.  Situat ions that  can potential ly lead to 

drug interact ions include 

I .  mult iple-drug therapy 

I I .  mult iple prescribers 

I I I .  pat ient  compliance 

A I  only is  correct 

B I I I  only is  correct 

C I  and I I  are correct 

D I I  and I I I  are correct 

E I ,  I I ,  and I I I  are correct  

View Answer2.  The answer is  E[and].Directions:  The quest ion be low is 

fo l lowed by four  suggested answers.  Select  the one  le t tered answer that  is  the best  

response to  the quest ion.  

3.  Which of  the fol lowing statements regarding drug interact ions is  true? 

(A)  Al l  drug in teract ions can potent ial ly  cause an adverse response in the pat ient .  

(B)  The cl in ica l  s igni f icance for each potent ial  drug in teract ion must  be considered 

indiv idual ly.  

(C)  A precip i tant  drug that  inh ib i ts  the metabol ism of the object drug causes a more 

ser ious drug interact ion compared to  a precip i tant  drug caus ing an increase in  the 

b ioavai lab i l i ty  o f  the object  drug. 

(D)  I f  the pat ient  is  prescr ibed drugs that  can potent ia l ly  in teract ,  the prescriber  

should be ca l led, and a d i f ferent  precipi tant  drug should be suggested. 

View Answer3.  The answer is  B[] .4.  A pat ient  on indinavir  Anti -Retroviral  

Therapy (ART) begins taking St.  John's Wort  for depression and suffers 

unexpected reduction in CD4 count. This is  most l ikely due to: 

(A)  Pharmacodynamic interact ion producing addit ive toxic i ty.  



(B)  Pharmacodynamic interact ion producing antagonis t ic therapeut ic e f fec t 

(C)  Enzyme induct ion by St .  John 's  W ort causing increased metabol ism of  ART.  

(D)  Enzyme inhibi t ion by St .  John 's  W ort causing toxic  levels o f ART.  

View Answer4.  The answer is  C[] .5.  Which of the following is a val id 

therapeutic use of a  drug interaction? 

(A)  The use of  probenec id wi th  penic i l l in  G to  prolong high penic i l l in  leve ls  to t reat  a 

sexual ly t ransmi t ted disease. 

(B)  Giving aspi r in wi th  warfar in  to  enhance ant icoagulat ion. 

(C)  Ins t ruc t ing the pat ient  to take levof loxac in wi th  mi lk  or  antac id  to decrease GI  

in tolerance to  ora l  therapy.  

(D)  The t reatment  o f depress ion wi th  a  combinat ion of  c i talopram and an MAOI.  

View Answer5.  The answer is  A[] .6.  Which of the following is not a  

harmful  food-drug interact ion? 

(A)  Raw green sa lads for pat ients  on warfar in DVT prophylaxis .  

(B)  Grapefrui t  ju ice and cyc lospor in  to  prevent  graf t  vs.  host re ject ion of  a  

t ransplanted k idney.  

(C)  Omeprazole beads in applesauce for a  pat ient wi th  problems swal lowing 

capsules secondary to GERD. 

(D) Mi lk  wi th  doxycyc l ine to  t reat h . pylor i .  

V iew Answer6.  The answer is  C[] .P.438 

 

 

7.  Which of  the fol lowing statements regarding pharmacogenetic 

polymorphisms is not true? 

(A)  An EM taking metopro lol  for  hyper tension begins to  take OTC Tagamet regular ly 

for  hear tburn.  He is  at  increased r isk  for  bradycard ia  and cardiac arrhythmias. 

(B)  An EM taking methadone, begins tak ing Tegreto l  for  neuropathic  pain.  He is  a t 

r isk  for  t reatment  fa i lure and pain cr is is .  

(C)  A PM tak ing atorvastat in for hyperl ip idemia is p laced on ketoconazole for  a 

fungal  in fect ion.  He is  at increased r isk  for  myalgia  and rhabdomyolysis.  

(D)  A PM tak ing metoprolo l  for  tachycard ia  begins tak ing Benadryl  for  s leep.  He is  

not  a t  r isk  for  s ign i f icant bradycardia  and cardiac b lock. 

View Answer7.  The answer is  C[] .8.  Asians are at  greatest  r isk of  a ll  

racial groups for genetic polymorphism in which one of the fol lowing CYP450 

isoenzymes? 

(A)  CYP2D6 

(B)  CYP3A4 

(C) CYP2C19 

(D) CYP1A2 

View Answer8.  The answer is  A[] .9.  Which of the following statements 

regarding pharmacogenetics is  false? 

(A)  Polymorphisms occur on ly in  the CYP450 hepat ic  enzymes. 

(B)  Polymorphisms resul t  in many var ia t ions of an isoenzyme. 

(C)  The overal l  expression of  the combined al le les  is  the phenotype of  the enzyme. 



(D)  SNPs can occur  as  errors of  t ranscr ip t ion,  defect ive sp l ic ing,  s tart  and s top 

codones,  and amino acid changes. 

View Answer9.  The answer is  A[] .10. Which of  the fol lowing statements 

regarding al lele  polymorphisms is fa lse? 

(A)  W ild  type al le les  encode for  “normal ”  metabol ism. 

(B)  UMs have two or  more ampl i f ied a l le les. 

(C)  PMs carry one defect ive al le le  and one ampl i f ied a l le le .  

(D)  EMs wi th  heterozygous a l le les  and have slower metabol ism than metabol izers  

wi th  homozygous al le les.  

View Answer10. The answer is  C[] .P.439 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  E  [ I .B ] .  

Most  drug interact ions in v ivo are caused by pharmacokinet ic  and pharmacodynamic 

in teract ions.  Pharmaceutical  in teract ions can occur  dur ing extemporaneous 

compounding,  preparat ion of  int ravenous ( IV) admixtures,  and improper dos ing, as  

in  the case of  g iv ing aspi r in wi th  ac idic ju ices (e .g. ,  orange, c ranberry) .  

2.  The answer is  E  [ IV.A.  1 ,  2  and  3 ] .  

Pat ient  prof i les  might not  contain  a l l  the drug h istory information of the pat ient .  

Pat ients  who take nonprescr ipt ion (OTC) medicat ions,  go to  severa l  d i f ferent  

phys ic ians,  or  purchase drugs at  var ious pharmacies  may neglect  to  in form the 

pharmacis t  o f  al l  the medicat ions be ing taken. 

3.  The answer is  B  [ IV.B ] .  

Not  al l  drug interact ions are c l in ical ly s ign i f icant.  Some potent ia l  c l in ical ly 

s ign i f icant drug in teract ions can be prevented by proper  pat ient  ins truct ion and 

compl iance.  The potent ia l  for  a c l in ica l ly s igni f icant  drug interact ion should be 

documented before cal l ing a physic ian concern ing the prescr ibed medicat ion. 

4.  The answer is  C  [ I I .C.  1 .c ;  Table 18-3 ] .  

St .  John 's  Wort  induces CYP3A4 isoenzymes increasing the metabol ism of  the 

indinavi r and resul t ing in low indinavi r  leve ls  and therapeut ic  fa i lure of  ART.  St .  

John 's  W ort i tsel f  has no d i rec t e f fect  on CD4. 

5.  The answer is  A  [ I I .C.2;  Table 18-4 ] .  

Probenec id is  given wi th penic i l l in and some cephalospor ins in t reatment  o f  some 

sexual ly t ransmi t ted diseases.  Probenec id competes wi th penic i l l ins for renal  

e l iminat ion,  pro longing the ha l f - l i fe  o f  the penic i l l in .  Aspi r in  and warfar in  cause 

addi t ive ant icoagulat ion leading to  bleeding.  Levof loxac in taken wi th  mi lk to  

decrease GI i r r i ta t ion causes complexat ion of  the levof loxac in wi th  the ca lc ium in  

the mi lk  and resul ts  in  decreased levof loxac in to be avai lab le .  Concommittant  

t reatment  o f  depress ion of  c i talopram and MAOI resul ts  in  Seroton in Syndrome,  an 

addi t ive toxic i ty.  

6.  The answer is  C  [V.B ] .  

Omeprazole beads are enteric  coated.  Giving an enteric coated bead wi th an acid ic  

food such as applesauce preserves the enter ic  coat ing and a l lows the drug to  pass 



in tac t  through the ac id ic  s tomach envi ronment  and into  the bas ic  duodenum 

envi ronment  where i t  is  absorbed.  The resul t  is  improved drug absorpt ion and 

decreased drug destruct ion in  the acid ic  s tomach i f  the beads were not in an ac id ic  

food. 

7.  The answer is  C  [VII .C.2 ] .  

The PM al ready has inh ib i ted metabol ism of  a torvastat in .  Addi t ional  inhibi t ion wi l l  

not  s ign i f icant ly increase the b lood levels o f  a torvastat in .  Therefore dose-re la ted 

toxic i ty is  un l ikely.  The EM tak ing metopro lo l  and Tagamet (c imet id ine)  wi l l  show a 

greater  increase in the metoprolol  leve ls  due to  the exaggerated ef fec t of  the 

inhib i tor  in  EM. The EM tak ing methadone and Tegretol  (carbamazepine)  wi l l  have 

increased enzyme induct ion and metabol ism of  the methadone, lower ing methadone 

leve ls  and putt ing the pat ient  at  r isk for t reatment fa i lure of h is  pa in.  The PM tak ing 

metoprolol  and Benadryl  (d iphenhydramine) wi l l  show inh ibi t ion of  the metabol ism of  

the metopro lol  and increased leve ls  of  metoprolol  leading to  a higher  r isk of  

bradycardia  and card iac b lock. 

8.  The answer is  A  [VII .A.3 ] .  

Po lymorphism is  h ighest in  the CYP2D6 isoenzyme in  As ians,  reaching inc idence of 

greater  than 50%. 

9.  The answer is  A  [VII .A.2 ] .  

Po lymorphisms can occur  in  any enzyme system inc luding mixed oxidase and n-

acetyl  t ransferase systems as wel l  as  the CYP450 hepat ic enzyme system. 

10.  The answer is  C  [VII.B.3.a ] .  

Poor  metabol izers  (PM) carry a normal  al le le combined wi th  a defect ive or  deleted 

a l le le.  
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Nuclear Pharmacy 
Stephen C.  Dragotakes 

Jeffrey P.  Norenberg 

I. INTRODUCTION 
A. Overview  

1.  Nuclear pharmacy is  def ined as a “pat ient -or iented service that 

embodies the sc ient i f ic  knowledge and profess ional  judgment  requi red to  

improve and promote heal th through the safe and ef f icacious use of  

rad ioact ive drugs for  d iagnos is  and therapy.”1  

2.  Radiopharmaceuticals  are drug products  that  conta in  a b io log ical  

moiety and a rad ioact ive e lement .  The bio log ical  construct targets  a 

phys io log ical  or pathophys io logical  process of  in terest ,  a l lowing the 

loca l izat ion of  rad ia t ion that ,  in turn,  may be imaged or used to  ef fect  

therapy.  Most  rad iopharmaceut ica ls  are used in  d iagnost ic  medica l  imaging;  

however,  they are a lso used in therapeut ic appl icat ions,  such as in  the 

t reatment  o f  hyper thyroid ism, thyroid  cancer ,  po lycythemia vera,  and in the 

a l levia t ion of  bone pain. 

3.  Nuclear pharmacy pract ice  entai ls  the: 

a.  Procurement o f  radiopharmaceutica ls 

b.  Compounding of rad iopharmaceut icals 

c .  Per formance of rout ine qual i ty contro l  procedures 

d.  Dispensing of radiopharmaceut icals 

e.  Dis t r ibut ion of  rad iopharmaceut icals 

f .  Implementat ion of  basic  rad iat ion protect ion procedures and pract ices 

g.  Consul tat ion wi th  and/or  educat ion of  the nuc lear  medic ine communi ty,  

pat ients ,  pharmacis ts ,  o ther  heal th  professionals ,  and the genera l  publ ic  

regard ing 

(1)  Physica l  and chemical  proper t ies of  radiopharmaceut ica ls 

(2)  Pharmacokinet ics  and b iodis t r ibut ion of  rad iopharmaceut icals 

(3)  Drug in teract ions and other  fac tors that  a l ter  pat terns of  dis t r ibut ion 

h.  Moni tor ing of pat ient  outcomes 

i .  Research and development  o f rad iopharmaceuticals 

B. Propert ies of  radiopharmaceuticals  

1.  Pharmacological  effects.  Typ ica l ly,  rad iopharmaceut ica ls  lack 

pharmacologica l  e f fec ts  because the mass quant i t ies  range f rom p icogram 

(pg)  to  nanogram (ng)  per  k i logram (kg) o f  admin istered dose. 

2.  Route of administration.  Most  rad iopharmaceut ica ls  are prepared as 

s ter i le ,  pyrogen-f ree in t ravenous (IV)  so lu t ions or  suspens ions to  be 

adminis tered di rec t ly to  the pat ient.  Other  routes of  admin is t ra t ion inc lude 

in t radermal ,  ora l ,  in ters t i t ia l ,  and inhalat ion (e .g. ,  radioact ive gases,  

aerosols).  

3.  Radionucl ides  



a.  The rad ioact ive component  of  a  radiopharmaceut ical  is  re ferred to  as a 

rad ionuc l ide.  Nuc l ides are ident i f ied as atoms having a speci f ic  number of  

protons and neutrons in  the nuc leus.  A nucl ide is typ ica l ly ident i f ied by the 

chemical  symbol  of  the element wi th  a  mass number shown as a 

superscr ip t ,  ind icat ing the sum of  protons and neutrons (e.g. ,  iodide-131 is  

indicated as 1 3 1 I ) .  W hen the atom is  radioact ive,  i t  is  ca l led a rad ionuc l ide.  

b.  Radionuc l ides undergo spontaneous rad ioact ive decay accompanied by 

the re lease of  energy. The dist r ibut ion, metabol ism, and el iminat ion of  the 

rad iopharmaceutica l  can  
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be determined by measur ing this  energy wi th  imaging equipment .  There are 

four  major  types of rad iat ion emi t ted through th is process: α- ,  β- ,  γ - ,  and x-

rays.  α-  and β-radiat ions are not useful  in  medical  imaging and are, 

therefore,  undesi rable in d iagnost ic appl icat ions.  Most  d iagnost ic  

rad iopharmaceutica ls  use penetrat ing γ-rad iat ion,  which can be easi ly 

detected and conver ted in to  imaging data. 

4.  Half- l ives of  radiopharmaceuticals  

a.  The physical  half - l i fe  o f  a rad iopharmaceutical  is  the amount o f t ime 

necessary for  the radioact ive atoms to decay to  one hal f  the i r  or ig inal  

number. Each radionucl ide is  character ized by a spec i f ic  ha l f - l i fe  that  is  a 

phys ical  constant .  

b.  The biological  half - l i fe  o f  a  rad iopharmaceut ica l  is  the amount o f t ime 

requi red for the body to metabol ize or  el iminate one hal f  of  the 

adminis tered dose of any substance through b iolog ical  processes. 

c .  The effect ive half - l i fe  o f  a  rad iopharmaceutica l  is  the t ime requi red for  

an adminis tered rad iopharmaceut ical  dose to  be reduced by one hal f  as  a 

resul t  o f  both phys ica l  decay and b io log ical  mechanisms.  I t  is  def ined as:  

Te  =  Tp  + (Tb /Tp )  ×  Tb  

where Te  is  the ef fect ive ha l f - l i fe ,  Tp  is  the phys ica l  hal f - l i fe ,  and Tb  is  the 

b iologica l  ha l f - l i fe.  

C. Optimal  radiopharmaceuticals  

1.  Optimal  diagnostic radiopharmaceuticals  

a.  Should conta in  a radionuc l ide wi th  a  ha l f - l i fe short  enough to  min imize 

rad iat ion exposure to  the pat ient ,  yet  long enough to  a l low for  col lec t ion of  

imaging in format ion. The opt imal  re la t ionship is  a physica l  ha l f - l i fe  equal to  

approximately 67% of the b io log ical  process of  in terest.  

b.  Should incorporate a γ-emi t t ing rad ionuc l ide,  which decays wi th  the 

emiss ion of  a  photon energy between 100 and 300 k i loelect ron vo l ts  (keV),  

which is  e f f ic ient ly detected wi th  current  ins trumentat ion 

c .  Should contain  a bio log ica l  component  that  al lows rap id loca l izat ion in  

the organ system of  in terest  and be metabol ized or  excreted f rom the 

nontarget  t issues to  maximize contrast and minimize the rad iat ion absorbed 

dose to  nontarget  organs 

d.  Should be readi ly avai lable  and cost -ef fec t ive 



2.  Optimal  therapeutic radiopharmaceuticals,  in  addi t ion to I .C.1.c and d,  

should conta in α-  or  β-emi t t ing rad ionuc l ides that  can ef fec t ive ly del iver 

rad iat ion in  quant i t ies  suf f ic ient  to  cause the des ired therapeut ic  e f fec t .  

Such ef fects  inc lude apoptos is ,  DNA damage,  or  i r reparable ce l l  damage 

leading to  t issue ef fects .  

II. SODIUM PERTECHNETATE 99MTC GENERATOR 
A. Overview  

1.  9 9 mTc,  the most  commonly used rad ionuc l ide in  d iagnost ic  imaging today,  

is  produced by the rad ioact ive decay of  molybdenum-99 (9 9Mo).  

a.  9 9 mTc is  obta ined via  commercia l ly suppl ied,  ster i le ,  pyrogen-f ree 

generator  systems.  A generator  is  a  device used to  separate a shor t  hal f -

l i fe rad ionuc l ide f rom the longer- l ived parent  nucl ide whi le re ta in ing the 

parent  to  produce more of  the daughter  nucl ide.  In  this way,  short  ha l f - l i fe  

nucl ides can be made avai lab le  cont inuous ly a t  great  d is tances f rom the 

s i tes  of  generator  product ion. 

b.  A l l  of  the commercia l ly suppl ied generators  current ly use 9 9Mo obtained 

f rom the f iss ion of  uranium-235 (2 3 5U).  This 9 9Mo parent  is absorbed on an 

a lumina ion (Al 2O3)  exchange co lumn,  and the 9 9 mTc formed f rom i ts  decay 

is  exchanged for  the chlor ide ion (Cl - )  ava i lable  in  the 0.9% sal ine e luate 

so lu t ion washed through the column, as the sodium per technetate 

Na+ (9 9 mTcO4 ) -  form. 

2.  The chemical  va lence s tate of  Na+ (9 9 mTcO4 ) -  as i t  is  e lu ted f rom the 

co lumn is  +7.  Typica l ly,  i t  must be reduced to  a lower va lence s tate before 

i t  is  ab le  to  react wi th  o ther  compounds. Al though many processes can 

reduce 9 9 mTc,  the s tannous ion (Sn+ + )  reduct ion method is  most  commonly 

used in  9 9 mTc rad iopharmaceut ica l  k i ts.  
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a.  A rad iopharmaceut ica l  k i t  cons is ts o f s ter i le ,  pyrogen-f ree via ls  

conta in ing a reduc ing agent ,  the b io log ical  compound to be labeled, and 

any addi t ional  adju tants  necessary to  ef fec t  the react ion or to s tabi l ize the 

labeled product.  

b.  In most cases, they are lyophi l ized under iner t  a tmospheres,  so as to  

minimize oxidat ion of the reduc ing agent  (e .g. ,  Sn+ + ) .  

B. Sodium pertechnetate  9 9 mTc  USP (Uni ted States Pharmacopeia;  

Na+ 9 9 mTcO4
-)  as  elu ted from a generator  in  0 .9% sodium chlor ide (NaCl)  

so lu t ion is an isoton ic ,  ster i le ,  nonpyrogenic , d iagnost ic  

rad iopharmaceutica l  sui tab le  for IV in ject ion,  oral  administ ra t ion,  and d i rec t  

inst i l la t ion. 

1.  Physical  properties  

a.  The so lut ion should be clear,  co lor less,  and f ree of  v is ible  foreign 

mater ial .  The pH is  4 .5-7.0. 



b.  Na+ 9 9 mTcO4
-  is  i tsel f  a radiopharmaceut ica l ,  or i t  may be used to  

rad io label  al l  o ther  9 9 mTc radiopharmaceut ica ls .  

2.  Biodistr ibution  

a.  9 9 mTcO4
-  is  handled by the body in  a fashion simi lar to  1 3 1 I—that  is ,  i t  is  

taken up and re leased but  not  organi f ied by the thyro id . 

b.  Af ter  IV admin is t rat ion,  9 9 mTcO4
-  concentrates in  the choroid  p lexus,  

thyro id g land,  sa l ivary gland, and s tomach, but  remains in the c i rcu la t ion 

long enough for  f i rs t -pass blood-pool s tudies,  organ per fus ion, and major  

vessel  s tud ies. 

c .  I t  is  pr imar i ly excreted by the k idneys unchanged and is expressed in the 

ur ine 15-50% by 24 hr .  

d.  Between 10 and 55% of  the adminis tered dose is  e l iminated via  feces 

wi th in  3 days. 

3.  Decay data  

a.  9 9 mTc decays by isomer ic t ransi t ion wi th a  phys ica l  hal f - l i fe  o f 6  hr .  

b.  The primary rad iat ion emiss ions are 140 keV γ energy photons. 

4.  Puri ty 

a.  USP radionuc l id ic puri ty requi res a 9 9Mo breakthrough l imi t  o f  <  0.15 

µCi /mCi o f  9 9 mTc at  the t ime of  pat ient  adminis trat ion. 

b.  USP chemical  pur i ty requi res  an aluminum ion (Al+ 3 )  tes t  resul t  o f  less 

than 10 µg/mL. 

5.  Administrat ion and dosage.  Al l  o f  the fo l lowing imaging s tud ies are 

adminis tered via  IV,  except  nasolacrimal  imaging,  which is ins t i l led into  the 

lacr imal canal .  

a.  Brain  imaging:  10-20 mCi  (370-740 megabecquerels ;  MBq) 

b.  Thyro id  imaging:  1-10 mCi  (37-370 MBq) 

c .  Sal ivary g land imaging:  1-5 mCi  (37-185 MBq) 

d.  P lacenta loca l izat ion:  1-3 mCi  (37-111 MBq) 

e.  B lood-pool  imaging: 10-30 mCi (370-740 MBq) 

f .  Ur inary b ladder imaging:  0 .5-1 mCi (18-37 MBq) 

g.  Nasolacrimal imaging: < 100 µCi (< 3.7 MBq) 

III. RADIOPHARMACEUTICALS FOR 

CARDIOVASCULAR IMAGING 
A. Perfusion agents for cardiac imaging.  Radiopharmaceut icals  are 

usefu l  in card iac imaging as agents  that  provide in formation on the reg ional  

myocard ia l  b lood perfus ion.  They typica l ly are administered as par t  o f  a  

cardiac  s t ress tes t  so as to  provide in format ion at  peak card iac output.  The 

pat ient wi l l  run on a t readmil l  to  “s t ress”  the heart .  IV coronary vessel 

d i la t ing agents  are used in  place of  the t readmi l l  when the pat ient  is  not 

phys ical ly ab le to exerc ise.  Examples of  these pharmacolog ical  agents  are 

d ipyr idamole,  adenos ine,  and dobutamine.  The pat ient  wi l l  a lso be imaged 

when the hear t  is  a t  “rest . ”  



1.  Thal lous chloride thal l ium-201 (2 0 1Tl)  is  a  rad ionucl ide that  is  produced 

by a cyc lot ron.  I t  is  used for  myocardia l  perfus ion imaging in  the d iagnos is 

o f  coronary artery disease and loca l izat ion of  myocardial  in farc t ion. 
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a.  Biodistr ibution  

(1)  2 0 1Tl  is  a  monovalent cat ion wi th  dist r ibut ion analogous to a potass ium 

ion (K+ ) ;  myocard ia l  uptake is  by act ive t ransport  v ia  the Na+ /K+ -adenos ine 

t r iphosphatase (ATPase) pump. 

(2)  B iod is t r ibut ion is  genera l ly propor t ional  to  organ blood f low at  the t ime 

of  in jec t ion,  wi th  blood clearance by myocardium, k idneys,  thyro id,  l iver ,  

and s tomach.  The remainder is d is t r ibuted uni formly throughout  the rest  o f  

the body. 

(3)  2 0 1Tl  is  excreted s lowly and equal ly in  both ur ine and feces. 

b.  Decay data  

(1)  Physical  half -l i fe:  73 hr 

(2)  Effect ive half - l i fe:  2.4  days 

(3)  Biological  half- l i fe:  11 days 

(4)  Primary radiat ion emissions:  68-80 keV x-rays and 167 and 135 keV γ  

energy photons. 

c .  Administrat ion and dosage.  IV,  2-4 mCi  (74-148 MBq) 

2.  9 9 mTc sestamibi  (9 9 mTc-MIBI)  exis ts  as  a s ter i le ,  pyrogen-f ree IV 

in jec t ion after  k i t  reconst i tu t ion wi th  Na+ 9 9 mTcO4
-  and heat ing at  100°C for 

10 min. 

a.  Biodistr ibution  

(1)  9 9 mTc sestamibi  is  a  cat ion complex that has been found to accumulate 

in  v iab le  myocard ium by pass ive d i f fus ion in to  the myocyte wi th  subsequent  

b ind ing to  the mi tochondr ia  wi thin  the cel l .  

(2)  The major  pathway for  c learance of  9 9 mTc sestamib i  is  the hepatobi l iary 

system. This  agent  is excreted wi thout  any evidence of  metabol ism via 

ur ine and feces. 

b.  Decay data  

(1)  Effect ive half - l i fe:  3 hr  (myocard ium) 

(2)  Biological  half- l i fe:  6  hr  (myocardium) 

c .  Administrat ion and dosage.  IV,  10-30 mCi  (370-1110 MBq) 

3.  9 9 mTc tetrofosmin  exis ts as  a s ter i le  and pyrogen-free IV in jec t ion after  

k i t  reconst i tu t ion wi th  sodium per technetate 9 9 mTc in jec t ion USP. 

a.  Description.  9 9 mTc te tro fosmin is a  l ipophi l ic ,  cat ionic 9 9 mTc complex that 

has been found to  accumulate in v iable  myocardium. 

b.  Biodistr ibution.  The major  pathways for  c learance of  9 9 mTc te t ro fosmin 

are the renal  system and the hepatobi l iary system wi th  26% of  the 

adminis tered dose excreted in  the feces and 40% excreted in the ur ine 

wi th in  48 hr.  

c .  Physical  propert ies.  See I I .A;  I I .B.3. 



d.  Administrat ion and dosage.  IV dur ing exerc ise,  5-8 mCi  (185-296 MBq);  

dur ing rest ,  15-24 mCi  (555-1443 MBq) 

4.  Rubidium-82 (8 2Rb) chloride  is  a generator-produced 

rad iopharmaceutica l  obta ined by the decay of  i ts  accelerator-produced 

parent  s t ront ium (8 2Sr;  ha l f - l i fe  is  25 days)  adsorbed on a s tannous oxide 

co lumn. 

a.  Biodistr ibution  

(1)  W hen e lu ted wi th  0.9% NaCl  a t  a  rate of  50 mL/min,  a  so lu t ion of  the 

short - l ived daughter  8 2Rb is  elu ted from the generator  for  d i rec t IV 

adminis t ra t ion. 

(2)  Af ter  IV admin is t rat ion,  8 2Rb rapid ly c lears  f rom the blood and is  

ext racted by the myocard ial  t issue in a  manner analogous to  K+ .  

(3)  Myocard ia l  ac t iv i ty is v isual ized wi th in  1 min af ter admin is t rat ion. 

b.  Decay data  

(1)  Physical  half -l i fe:  75 sec. 

(2)  The decay mode  is  by posi t ron emission. 

(3)  The primary radiat ion emissions  are annih i la t ion 511 keV γ  energy 

photons. 

(4)  Parent 8 2Sr and contaminant  8 5Sr breakthrough must  be c losely 

moni tored. Acceptable leve ls  o f  s t ront ium breakthrough are < 0.02 µCi  
8 2Sr/mCi  8 2Rb and < 0.2 µCi  8 5Sr/mCi 8 2Rb. 

c .  Administrat ion and dosage.  IV,  30-60 mCi  (1110-2220 MBq) 

5.  Ammonia  1 3N  exis ts under a  USP monograph as an on s i te  cyc lo t ron 

produced,  s ter i le  IV so lut ion of 1 3NH3 ,  usefu l  as  a myocard ial  per fus ion 

agent .  
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a.  Decay data  

(1)  Physical  half -l i fe:  10 min. 

(2)  Decay mode:  posi t ron emission resul t ing in  the product ion of two 511 

keV annihi lat ion γ  photons. 

b.  Biodistr ibution  

(1)  Af ter  IV injec t ion, i t  c i rculates as 1 3NH3  but  loca l izes into  the myocytes 

v ia  d i f fus ion as 1 3NH3 .  I t  is  then metabol ized to glu tamine and reta ined by 

the myocytes. 

(2)  Af ter  IV injec t ion, i t  is  c leared rapidly f rom the b lood;  < 2% of  the 

adminis tered dose remains af ter  5  min post injec t ion. 

(3)  I t  is  predominant ly metabol ized to  1 3N-glutamine by d i f ferent  organs of 

the body. 

(4)  Between 10% and 20% is  excreted via the renal  system. 

c .  Administrat ion and dosage.  IV,  15-20 mCi  (555-740 MBq) 

B. Agents used to measure cardiac function.  Regional  myocard ia l  wal l  

motion 



1.  9 9 mTc-labeled red blood cel ls (9 9 mTc-RBCs)  are used for b lood-pool  

imaging,  inc lud ing card iac f i rs t-pass and gated equ i l ibr ium imaging 

( reg ional  card iac  wal l  mot ion) .  

a.  Physical  properties.  Auto logous RBCs can be labeled by a number of  

techniques that  use the Sn+ +  radio label ing method wi th  three general  s teps. 

(1)  The ce l ls are t reated wi th  Sn+ +  to  provide an in t racel lu lar  source of  the 

reduc ing agent .  Th is  s tep can be carr ied out  wi th e i ther  in  v ivo or  in  v i t ro  

label ing procedures. 

(2)  The next  s tep is  the removal  of  excess Sn+ +  e i ther  by chemical  oxidat ion 

( in  v i t ro  method) or  by b io log ica l  c learance ( in  v ivo method).  

(3)  A l l  of  the methods inc lude the addi t ion of sodium pertechnetate 

(9 9 mTcO4
- ) .  Th is  9 9 mTc,  whi le  in  the +7 va lence s tate,  c rosses the in tact 

erythrocyte membrane and binds to  in t racel lu lar  hemoglobin (Hb) af ter 

be ing reduced by the avai lab le  in t racel lu lar  Sn+ + .  

b.  Biodistr ibution.  Af ter IV in jec t ion,  the label ing RBCs d is t r ibute wi th in  

the b lood pool  and are wel l  mainta ined in the blood pool  wi th  a b i -

exponent ia l  whole body c learance of 2 .5-2.7 hr and 75-176 hr  (e.g. ,  major 

route of excret ion is  v ia  the ur ine) .  

c .  Administrat ion and dosage.  IV,  10-20 mCi  (370-740 MBq) 

2.  Pyrophosphate inject ion  USP and phosphates  USP. The major  use for  

these agents in  nuc lear medicine is  as  convenient  and s tab le sources of  

Sn+ +  for  the label ing of  auto logous RBCs. In this  appl icat ion,  the k i ts  are 

reconst i tu ted wi th  normal  sa l ine and in jec ted via  IV. 

3.  9 9 mTc albumin (9 9 mTc-HSA) inject ion  

a.  Biodistr ibution  

(1)  9 9 mTc a lbumin dist r ibutes in i t ia l ly  wi th in the in t ravascular space and 

leaves th is  space at  a  rate s low enough to permi t  imaging of  the b lood pool .  

(2)  P lasma c learance is  b i -exponent ia l :  a  fast  component  c lear ing wi th  a  

ha l f- l i fe  o f  2 hr  and a s low component  c lear ing with  a  hal f - l i fe o f 10-16 hr .  

(3)  The major  route of el iminat ion is  v ia the ur ine.  

b.  Administrat ion and dosage.  IV,  20 mCi  (740 MBq)  

C. Agents for imaging myocardial  infarction  inc lude pyrophosphate 

in jec t ion USP and phosphates USP. 

1.  Mechanism of localizat ion.  The skeleta l  local iz ing rad iopharmaceutical  

pyrophosphate has been shown to  accumulate a lso in  zones of myocard ial  

in farc t ion.  Th is  loca l izat ion is  thought  to be the resul t  o f  bind ing of  the 

pyrophosphate to  microcalc i f icat ion wi th  hydroxyapat i te crystals  found in  

in farc ted t issue. 

2.  Biodistr ibution  of  labeled pyrophosphate depends on the ab i l i ty  o f  

phosphates to  become invo lved wi th  ca lc ium ion (Ca+ + )  deposi t ion in 

necrot ic  card iac  t issue. 

IV. SKELETAL IMAGING 
A. Skeletal - imaging agents  



1.  Overview.  9 9 mTc- labeled bone agents  are usefu l  in  the detect ion of bone 

lesions that  are associated wi th  metastat ic  neoplasms, metabol ic d isorders ,  

and in fect ions of  the bone.  The imaging advantages of  9 9 mTc,  coupled wi th 

the sensi t iv i ty o f  bone agent local izat ion in   
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ske leta l  bone hydroxyapat i te ,  a l lows for  detect ion of  bone pathology before 

evidence is  shown by convent ional  x- rays. 

2.  9 9 mTc bone agents.  There are many d i f ferent forms of  9 9 mTc bone 

agents,  wi th  minor  di f ferences in the i r  indiv idual chemical  s t ruc ture.  

Current ly used bone-imaging agents  are based on e i ther the P—C—P 

diphosphonate s t ruc ture, inc lud ing 9 9 mmedronate d isodium and 9 9 mTc 

oxidronate,  or  the inorganic P—O—P phosphate st ructure,  such as 9 9 mTc 

pyrophosphate.  These bone agents  are S+ +  reduct ion method ki ts ,  which 

exis t  as s ter i le ,  pyrogen-f ree IV rad iopharmaceutica ls  a f ter  reconst i tut ion 

wi th  Na+ 9 9 mTcO4
- .  

a.  Physical  properties  

(1)  A l l  of  the 9 9 mTc bone- imaging agents  are suscept ible  to  rad io log ical  

decomposi t ion wi th  reoxidat ion of  the 9 9 mTc to  a h igher  valence s tate.  

These agents somet imes inc lude ant ioxidants  (e .g. ,  ascorbic or  gent is ic  

ac id)  in  thei r  formulat ion to  improve thei r  in  v i t ro  s tab i l i ty .  

(2)  They should be s tored at  room temperature before and af ter 

reconst i tu t ion. 

b.  Biodistr ibution  

(1)  I t  is  be l ieved that  the loca l izat ion of  the d iphosphonates occurs by 

chemisorpt ion onto the hydroxyapat i te  mineral  matr ix o f  skeleta l  bone wi th  

uptake re la ted to  bone metabol ic  act iv i ty and bone b lood f low.  

(2)  For  9 9 mTc medronate d isodium and 9 9 mTc oxidronate,  approximately 50% 

of  the adminis tered dose loca l izes in the skeleton,  and 50% is  excreted by 

the k idneys wi th in the f i rs t  4-6 hr  a fter  IV in jec t ion. 

c .  Administrat ion and dosage.  IV,  10-20 mCi  (370-740 MBq) 

B. Bone marrow imaging.  See VI .A.1;  VI .A.3;  VI.B. 

V. LUNG IMAGING. 
Radiopharmaceutica ls  are used to  evaluate both pu lmonary per fus ion and 

pulmonary vent i la t ion,  to detect pulmonary embol ism and to  assess 

pulmonary funct ion before pneumonectomy.  

A. Pulmonary perfusion imaging  

1.  9 9 mTc albumin (9 9 mTc-MAA)  

a.  Physical  properties  

(1)  The 9 9 mTc a lbumin aggregated ki t  contains  HSA a lbumin that  has been 

aggregated by heat  denaturat ion. 

(2)  Th is Sn+ +  reduct ion method ki t  exis ts  as  a ster i le ,  pyrogen- f ree 

suspension of  radiolabeled aggregated part ic les  af ter reconst i tu t ion wi th  

Na+ 9 9 mTcO4
- .  



(3)  I t  should be s tored at 2°-8°C af ter  reconst i tu t ion. 

b.  Biodistr ibution  

(1)  Af ter  IV admin is t rat ion of  9 9 mTc a lbumin aggregated,  80% of  the 

rad io labeled a lbumin part ic les  become t rapped by capi l lary b lockade in  the 

pu lmonary c i rcu la t ion. 

(2)  Af ter  t rapping,  the par t ic les  are c leared f rom the lungs mainly by 

mechanica l  breakup. These smal ler par t ic les  are u l t imately c leared f rom the 

c i rcu la t ion by the ret icu loendothel ia l  system. 

(3)  Part ic le s ize should be contro l led—that  is ,  90% of  the par t ic les  should 

be between 10 and 90 µm, and none should be > 150 µm, to  ensure 

adequate t rapping by the lung capi l lary bed but  no occlus ion of  the large-

bore vessels .  

(4)  Part ic le number should be between 200,000 and 700,000 par t ic les  per 

adul t  dose to  obtain  un i form imaging data wi thout  compromising capi l lary 

b lood f low.  Neonates should receive < 125,000 par t ic les . 

c .  Decay data.  B iological  hal f - l i fe  in  the lung:  2-3 hr 

d.  Administrat ion and dosage.  IV,  1-4 mCi  (37-148 MBq) 

B. Pulmonary venti lat ion imaging  wi th  rad ioact ive gases is  a rout ine 

nuclear  medicine procedure that can provide va luable in formation about  

reg ional  lung vent i la t ion. Radiopharmaceutica ls  used are e i ther  rad ioact ive 

gases or  rad ioaerosols .  

1.  Xenon-133 (1 3 3Xe)  is  suppl ied as a radioact ive gas conta ined in g lass 

septum vials  to  be adminis tered by inhalat ion through a c losed respi ra tory 

system or  a spi rometer .  I t  is  a  byproduct  of  2 3 5U f ission. 
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a.  Biodistr ibution  

(1)  1 3 3Xe is a  readi ly di f fus ib le  gas, which is nei ther  used nor  produced by 

the body.  I t  passes through membranes and f reely exchanges between 

b lood and t issue, tending to  concentrate more in body fa t .  

(2)  Inhaled 1 3 3Xe dist r ibutes wi thin  the a lveol i  and enters the pulmonary 

venous ci rcu la t ion v ia  the capi l lar ies ; most o f  the absorbed 1 3 3Xe ia  

re turned and exhaled f rom the lungs af ter  a s ingle  pass through the 

per iphera l  c i rcu lat ion. 

(3)  In concentrat ions used for d iagnosis,  the gas is  phys io log ica l ly inact ive.  

b.  Decay data  

(1)  Effect ive half - l i fe  in the lung:  2  min 

(2)  Physical  half -l i fe:  5 .2  days. 

(3)  Decay mode:  β minus and γ  decay. 

(4)  Primary radiat ion emissions:  100 keV β energy and 81 keV γ  energy 

photons. 

c .  Administrat ion and dosage.  Inhalat ion,  2-30 mCi  (74-1110 MBq) 



2.  Xenon-127 (1 2 7Xe)  is  suppl ied as a radioact ive gas conta ined in g lass 

septum vials  to  be adminis tered by inhalat ion through a c losed respi ra tory 

system or  a spi rometer .  I t  is  produced by a cyclo tron. 

a.  Biodistr ibution.  Local izat ion is the same as 1 3 3Xe.  

b.  Decay data  

(1)  Physical  half -l i fe:  36.4 days 

(2)  Decay mode:  by e lect ron capture 

(3)  Primary radiat ion emissions:  203 keV, 190 keV,  172 keV,  and 375 keV 

γ  energy photons. 

c .  Administrat ion and dosage.  Inhalat ion,  5-10 mCi  (185-370 MBq) 

3.  Radioaerosols  have become increas ing ly used wi th  the advent o f  

nebul izers  that produce par t ic les of a  cons is tent s ize necessary for  un i form 

lung dis t r ibut ion. 

a.  Biodistr ibution  

(1)  9 9 mTc pentetate (DTPA) radioaerosols  o f  approximate ly 0 .25 µm mass 

median aerodynamic d iameter  are usefu l  in determining lung vent i lat ion. 

(2)  Af ter  deposi t ion of  the nebul ized droplets wi thin  the a i rways,  the 9 9 mTc  

pentetate is  absorbed into  the pu lmonary c i rcu lat ion. 

(3)  The mater ia l  is  subsequent ly excreted by the k idneys.  Clearance f rom 

the lungs is  suf f ic ient ly s low to  al low for imaging of  the lungs in  mul t ip le  

pro jec t ions f rom a single administ ra t ion. 

b.  Physical  properties.  See I I .B.3. 

c .  Administrat ion and dosage.  Inhalat ion,  30 µCi  (1110 MBq) 

VI. HEPATIC IMAGING 
A. Overview.  Hepat ic  imaging requi res the use of  two d i f ferent  c lasses of 

rad iopharmaceutica ls  to  evaluate the two cel l  types respons ib le  for hepat ic  

funct ion. 

1.  Reticuloendothel ial  system imaging.  The l iver ,  sp leen,  and bone 

marrow are evaluated with  rad iolabeled col lo ida l  mater ial ,  ranging in  s ize 

f rom 0.1 to 3 .0 µm. These part ic les  are rapid ly c leared f rom the b lood by 

phagocytosis  by the Kupf fer  cel ls  or t rapped in  the space of  Disse,  which is  

found between the polygonal  hepatocytes and the Kupf fer ce l ls .  

2.  Liver spleen imaging.  Radiopharmaceut ica ls  are usefu l  in imaging 

space-occupying primary tumors and metastat ic  neoplasms as wel l  as 

hepat ic  defects  caused by abscesses, cysts , and t rauma. 

3.  Bone marrow imaging.  Images that  loca l ize in  the bone marrow are 

usefu l  in the evaluat ion of  patho log ies that  a ffec t bone marrow.  

4.  Hepatobi l iary imaging.  Hepatocyte funct ion can be evaluated by 

substances meeting requi rements  of  molecular  weight ,  l ipophi l ic i ty,  and 

chemical  s t ruc ture,  to  be excreted by the po lygonal  ce l ls into  the 

hepatobi l iary system. Hepatobi l iary- imaging radiopharmaceut icals  are 

usefu l  in the diagnos is  of  cyst ic duct obst ruct ion in  acute cholecyst i t is  as  

wel l  as def ining postcholecystectomy anatomy and phys iology. 
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B. Reticuloendothelia l -imaging agents  

1.  9 9 mTc sulfur col loid (9 9 mTc2S7)  is  a s ter i le ,  pyrogen-f ree IV 

rad iopharmaceutica l  formed via  a chemical  react ion between 9 9 mTcO4
-  and 

an ac id i f ied so lu t ion of  sodium th iosul fa te at  100°C.  

a.  Physical  properties  

(1)  Tc 2S7  is  thought  to  remain in  the +7 va lence s tate as the heptasul f ide 

coprecipi ta te  of  elementa l  su l fur  that  occurs dur ing the react ion. 

(2)  The use of  Na+ 9 9 mTcO4
-  wi th  Al+3  leve ls > 10 µg/mL can lead to  the 

format ion of  par t ic les  > 5 µm, which can resul t  in  lung uptake. 

(3)  Heat ing t imes should be control led to  preclude large part ic le format ion. 

b.  Biodistr ibution.  Af ter administ ra t ion,  80%-90% of  the dose is  

phagocyt ized by the Kupf fer  cel ls  o f the l iver  or  t rapped in  the space of  

Disse,  5%-10% by the spleen,  and the balance by the bone marrow.  The 

b lood c learance hal f - l i fe  is  approximately 2 .5 min.  Par t ic les  are not  

metabol ized and reside in  the ret icu loendothel ial  sys tem for  a  pro longed 

per iod. 

c .  Administrat ion and dosage.  IV,  l iver /sp leen:  1-8 mCi  (37-296 MBq);  

bone marrow:  3-12 mCi  (111-444 MBq) 

C. Hepatobi l iary- imaging agents  

1.  Overview  

a.  Iminodiacetic  acid (IDA) derivat ives,  which are l idocaine analogs,  are 

usefu l  as  hepatobi l iary- imaging agents  because of  the i r  l ipophi l ic i ty,  which 

a l lows them to be se lect ive ly c leared by carr ier -mediated hepatocyte 

metabol ic  pathways.  Because these agents share the same excret ion 

pathway as b i l i rubin ,  pat ients  who have increased b i l i rubin  leve ls  exhibi t  

decreased hepat ic c learance and an increased renal  c learance.  Lack of  

ga l lb ladder v isual izat ion is  an abnormal  f ind ing,  suggest ing acute 

cholecyst i t is .  

b.  Cholecystokinet ic agents,  such as s incal ide and cholecystokinin ,  may 

be used to  empty the contents  of  the gal lb ladder in  fast ing pat ients  before 

in jec t ion of IDA compounds in an at tempt  to  promote ga l lb ladder f i l l ing and 

visual izat ion.  These agents  can also be in jec ted af ter the in jec t ion of  the 

IDA compound to  cause a v isual ized gal lb ladder to  empty. 

Cholecystokinet ic  agents are used to  increase the speci f ic i ty and sens i t iv i ty 

o f  the imaging procedure.  

c .  Narcotic analgesics,  such as morphine,  have been used to constr ic t  the 

sphincter o f Oddi to produce increased in t raductal  pressures to  promote 

re t rograde gal lb ladder f i l l ing. 

2.  9 9 mTc disofenin (9 9 mTc-DISIDA)  

a.  Physical  properties.  See I I .B.3. 

b.  Biodistr ibution  

(1)  9 9 mTc-DISIDA is rap id ly c leared f rom the b lood;  8% remains in  the b lood 

af ter 30 min. 



(2)  Approximate ly 9% of  the administered act iv i ty is  excreted in  the ur ine 

dur ing the f i rs t  2  hr.  The remainder o f  the act iv i ty is  c leared through the 

hepatobi l iary system. 

(3)  Peak l iver uptake is  wi th in  10 min;  peak gal lb ladder uptake is  by 30-40 

min. 

(4)  Gal lbladder and in test inal  v isual izat ion occurs wi th in  60 min 

postadmin is t rat ion. 

c .  Administrat ion and dosage.  IV,  nonjaundiced pat ient :  1-5 mCi  (37-185 

MBq);  IV,  jaundiced pat ient :  3-8 mCi (111-296 MBq) 

3.  9 9 mTc mebrofenin  

a.  Physical  properties.  See I I .B.3. 

b.  Biodistr ibution  

(1)  9 9 mTc mebrofenin is  rap id ly c leared f rom the blood;  17% remains af ter  

10 min.  Only 1% of  the admin is tered act iv i ty is  excreted in  the ur ine wi thin 

the f i rs t  hours ;  the remainder o f  the act iv i ty c lears  through the hepatobi l iary 

system. 

(2)  Peak l iver uptake occurs  wi thin  10 min;  v isual izat ion of  the hepat ic duct  

and gal lbladder,  wi th in  10-15 min;  then in test inal  ac t iv i ty,  wi th in  30-60 min.  

c .  Administrat ion and dosage.  IV,  nonjaundiced pat ient :  2-5 mCi  (74-185 

MBq);  IV,  jaundiced pat ient :  3-10 mCi  (111-370 MBq)  
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VII. RENAL IMAGING 
A. Overview  

1.  Radiopharmaceut icals are used in  renal  imaging to  determine renal  

funct ion,  renal  vascular  f low,  and renal  morphology.  They are a lso useful  

for  the evaluat ion of  renal  funct ion in  post t ransplant  pat ients  for  

compl icat ions such as obst ruct ion,  in farc t ion,  leakage, tubular  necrosis,  

and re jec t ion. 

2.  The use of radiopharmaceut ica ls  to  determine renal  funct ion or  renal  

morphology is  based on the two phys io log ical  mechanisms respons ib le for 

excret ion:  glomerular f i l t ra t ion and tubular  secret ion. 

B. Agents cleared by glomerular f i l t rat ion  are usefu l  in determining the 

g lomeru lar f i l t ra t ion ra te (GFR),  renal  ar tery perfus ion,  and the visual izat ion 

of  the co l lec t ing system. 

1.  9 9 mTc pentetate (9 9 mTc-DTPA)  

a.  Physical  properties.  See I I .B.3. 

b.  Biodistr ibution  

(1)  Af ter  adminis tra t ion,  9 9 mTc pentetate rapid ly dis t r ibutes throughout  

ext racel lu lar  f lu id  space, f rom which i t  is  rap idly c leared by glomeru lar  

f i l t ra t ion only.  

(2)  Up to  10% may be prote in  bound,  leading to  a decrease in measured 

GFR. 



(3)  Af ter  adminis tra t ion,  50% of  the dose is c leared by the k idneys wi th in  2  

hr ,  and up to  95% is  c leared by 24 hr .  

c .  Administrat ion and dosage.  IV,  10-20 mCi  (370-740 MBq) 

2.  Sodium iothalamate iodine-125 (1 2 5 I )  inject ion  is  a  commerc ial ly 

suppl ied,  ster i le ,  pyrogen-f ree in jec t ion conta ining 1 mg sodium io thalamate 

per  mi l l i l i ter .  

a.  Biodistr ibution  

(1)  Sodium io tha lamate 1 2 5 I  is  used for  determinat ion of the GFR but  not  for  

imaging because of  poor imaging emiss ions of  1 2 5 I .  

(2)  Thyro id b lockade wi th  oral  potass ium iodide (KI)  is  suggested. 

b.  Decay data  

(1)  Physical  half -l i fe:  59 days 

(2)  Decay mode:  by e lect ron capture 

(3)  Primary radiat ion emissions:  35 keV γ  energy photons and x-rays. 

c .  Administrat ion and dosage.  IV,  10-50 µCi  (3 .7-18.5 MBq) 

C. Tubular secret ion agents  are used to  evaluate renal  tubular  funct ion 

and measure ef fec t ive renal  p lasma f low. 

1.  Iodohippurate iodine-131 (1 3 1 I )  hippuran.  No longer commercial ly 

ava i lab le 

2.  9 9 mTc mert iatide (9 9 mTc-MAG3)  

a.  Description  

(1)  Suppl ied as a s ter i le ,  pyrogen-f ree,  lyophi l ized k i t  conta in ing bet ia t ide,  

precursor  o f  mert ia t ide,  and chelat ion adjutants. 

(2)  Af ter  the sodium per technetate is  added to the k i t ,  i t  must  be heated in  

a  hot  water  bath or  heat ing block at  100°C for 10 min to form 9 9 mTc 

mert ia t ide f rom the bet iat ide precursor .  

b.  Biodistr ibution  

(1)  Mert ia t ide is  renal ly excreted,  90% of the administered dose is  excreted 

wi th in  3 hr  post in jec t ion. 

(2)  I t  is  pr imar i ly c leared via  act ive tubular  secret ion and to a smal l  extent 

v ia  g lomerular  f i l t ra t ion. 

c .  Physical  propert ies.  See I I .B.3. 

d.  Administrat ion and dosage.  IV,  5-10 mCi (185-370 MBq) 

D. Renal  cortical  imaging agents  are used to evaluate renal  anatomy 

because of  thei r  ab i l i ty  to  accumulate in  the k idney and provide anatomica l  

imaging data. 

1.  9 9 mTc gluceptate (9 9 mTc-GLH)  

a.  Physical  properties.  See I I .B.3. 

b.  Biodistr ibution  
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(1)  9 9 mTc-GLH rapid ly dis t r ibutes throughout  the body,  wi th  rapid b lood 

c learance via  g lomeru lar f i l t ra t ion and tubular secret ion and reabsorpt ion.  



(2)  Approximate ly 25% of  the admin is tered dose is  excreted wi th in  the f i rst  

hour ;  65%, wi thin  6  hr;  and 70%, wi th in 24 hr .  

(3)  Af ter  3-6 hr ,  a  maximum of  5%-15% of  the dose administered is  

concentrated in the proximal renal tubular  ce l ls o f  the renal  cortex.  

c .  Administrat ion and dosage.  IV,  10-20 mCi  (370-740 MBq) 

2.  9 9 mTc succimer (9 9 mTc-DMSA)  

a.  Physical  properties  

(1)  See I I .B.3. 

(2)  9 9 mTc succ imer complex must be a l lowed to  incubate for 10 min 

post reconst i tu t ion and must  be used wi thin  4  hr post incubat ion. 

b.  Biodistr ibution  

(1)  W ithin  3-6 hr  postadminist ra t ion,  40%-50% of  the dose local izes in  the 

renal  cor tex,  where i t  is  taken up by the tubular  ce l ls .  

(2)  Excret ion in to  the ur ine is  s low;  5%-20% is  excreted wi thin  the f i rs t  2  hr ,  

10%-30% by 6 hr ,  and < 40% by 24 hr .  

c .  Administrat ion and dosage.  IV,  2-6 mCi  (74-222 MBq) 

VIII. THYROID IMAGING 
A. Overview  

1.  The basic funct ion of the thyro id g land is  the product ion of  thyro id  

hormone for  the regulat ion of  metabol ism. The thyro id  hormones are 

produced wi thin  the g land through the organif icat ion of  iodine obtained f rom 

the oxidat ion of  avai lab le  iod ide c i rcula t ing in the b lood.  The inabi l i ty  of  the 

body to  dis t inguish between the isotopes of  iodine provides a perfec t  

metabol ic  t racer  for  the thyro id  b iochemical  system. 

2.  The funct ion of  the thyro id  gland can be evaluated by the uptake of  1 3 1 I  

or  1 2 3 I ,  a l lowing the detect ion of  hypothyroidism wi th  decreased uptake and 

hyperthyroidism wi th  increased uptake. 

3.  9 9 mTcO4
-  is  a  monovalent  an ion wi th an ion ic  rad ius s imi lar to  iod ide.  As 

a resul t ,  the per technetate ion is t rapped by the thyro id  g land in a  fash ion 

s imi lar  to  iodide.  The two spec ies are suff ic ient ly d i f ferent  in  that 9 9 mTcO4
-  

is  not  organif ied or  incorporated in to  thyro id  hormone,  and i t  is  

subsequent ly re leased unchanged. 

B. Thyroid imaging agents  

1.  Sodium iodide iodine-123 (1 2 3 I )  is  a  rad iopharmaceut ica l  ava i lab le in 

e i ther  so lu t ion or  capsule form for  ora l  admin is t ra t ion.  I t  is  produced by a 

cyc lo t ron. 

a.  Biodistr ibution  

(1)  Ora l ly admin is tered iod ine is  rapid ly absorbed f rom the gastroin test ina l  

(GI)  t rac t ;  thyroid  g land uptake is  evident  wi th in minutes. 

(2)  Sodium iodide 1 2 3 I  is  cons idered an ideal  radiopharmaceutical  for  iodine 

uptake and imaging s tudies because of i ts  shor t  ha l f- l i fe  and useful  159 keV 

pr imary γ emissions. 

b.  Decay data  

(1)  Physical  half -l i fe:  13.2 hr 



(2)  Biological  half- l i fe:  3 .5  days 

(3)  Decay mode:  by e lect ron capture 

(4)  Primary radiat ion emissions:  159 keV, 27 keV,  and 529 keV γ energy photons 

c .  Administrat ion and dosage.  Oral  thyro id uptake:  100-200 µCi  (3 .7-7.4 MBq);  

thyro id image:  100-500 µCi  (3 .7-18.5 MBq) 

2.  Sodium iodide  1 3 1 I  is  used for  thyro id uptake and imaging s tud ies; however,  i t  is  

now used less of ten because of  the high rad iat ion dose absorbed. 

a.  Biodistr ibution  

(1)  Ora l ly admin is tered iod ine is  rapid ly absorbed f rom the GI t rac t ;  wi th  thyro id 

g land uptake is  wi th in  minutes. 
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(2)  Sodium iodide 1 3 1 I  is  not  considered an ideal  rad io iod ine rad iopharmaceut ical  for  

iodine uptake and imaging s tud ies because of  i ts  long hal f- l i fe ,  poor  imaging 

proper t ies,  and the h igh rad iat ion dose to  the thyro id f rom i ts β decay component .  

(3)  The rad iat ion dose f rom the h igh-energy β par t ic le  wi th the imaging potent ial  of  

i ts  γ  emiss ions make th is  rad ionuc l ide the agent  o f  choice for  therapeut ic t reatment  

o f  hyper thyroidism and thyro id  cancer .  

b.  Decay data  

(1)  Physical  half -l i fe:  8 .08 days 

(2)  Decay mode:  by β decay 

(3)  Primary radiat ion emissions:  606 keV and 333 keV β energy;  364 keV,  637 

keV,  and 284 keV γ  energy photons. 

c .  Administrat ion and dosage.  1 3 1 I  is  ava i lab le as ei ther  a capsule or in so lu t ion 

for  ora l  admin is t rat ion. 

(1)  Diagnostics  

(a)  Thyro id uptake:  2-15 µCi  (0 .074-0.555 MBq) 

(b)  Thyro id  image:  30-50 µCi  (1 .11-1.85 MBq) 

(c)  W hole body image:  1-5 mCi  (37-185 MBq) 

(2)  Therapeutics  

(a)  Hyperthyro id ism: 10-30 mCi  (370-1110 MBq) 

(b)  Thyro id  carc inoma: 50-200 mCi  (1850-7400 MBq) 

3.  Na+ 9 9 mTcO4
- .  See I I .B.  

4.  2 0 1Tl .  Parathyroid  imaging 

a.  Biodistr ibution.  2 0 1TI concentrates in  the thyro id  and also in  parathyroid  

adenomas,  which can be detected by a dual  isotope subtract ion technique of  

subtract ing thyro id  uptake counts  f rom Na+ 9 9 mTcO4
-  to  unmask nonthyro id tha l l ium 

uptake counts  (see I I I .A.1) .  

b.  Administrat ion and dosage.  IV,  2 mCi (74 MBq) 

IX. BRAIN IMAGING 
A. Cerebral  perfusion brain- imaging agents.  Radiopharmaceutica ls  for  eva luat ing 

bra in  per fus ion must  possess a l ipophi l ic  par t i t ion  coef f ic ient  suf f ic ient  to d i f fuse 

pass ively across the b lood-bra in barr ier  (BBB) a lmost  completely wi th in one pass of  



the cerebral  c i rcula t ion,  as  wel l  as  being suf f ic ient ly reta ined to permit  data 

co l lec t ion. The reg ional  uptake of  these agents  is  propor t ional  to  cerebral  b lood 

f low.  This  c lass of  rad iopharmaceut icals  is useful  in the diagnos is  of  al tered 

reg ional  blood per fusion in  s t roke. 

1.  9 9 mTc exametazime (9 9 mTc-HMPAO)  exis ts  as  a s ter i le ,  pyrogen-free IV inject ion 

af ter reconst i tu t ion wi th  sodium per technetate USP,  which may be s tab i l ized wi th  

the addi t ion of  a  methylene blue/phosphate buffer s tab i l iz ing so lu t ion. 

a.  Description  

(1)  9 9 mTc exametazime is  a  neutral ,  l ip id-soluble complex that  f reely crosses the 

BBB. This is  a  re la t ively unstable complex,  which rapid ly converts to  a  secondary,  

less l ipophi l ic  complex incapable of  penetrat ing in to  the brain . The in  v i t ro  addi t ion 

of  a  methylene b lue/phosphate buf fer  s tab i l iz ing so lu t ion af ter  prepar ing the 9 9 mTc 

exametazime wi l l  s tabi l ize the l ip id-so lub le complex for  4  hr .  

(2)  Addi t ional  l imita t ions on k i t  preparat ion parameters requi re  the use of  h igh mole 

f ract ion technet ium generator  e luates of  < 2 hr  poste lut ion f rom a generator  

previously e lu ted wi th in  24 hr.  

b.  Biodistr ibution  

(1)  9 9 mTc exametazime rap id ly c lears  f rom the b lood, wi th  a  maximum brain  uptake 

of  3 .5%-7%, and up to  2.5% remaining af ter  24 hr.  

(2)  The act iv i ty is  wide ly d is t r ibuted throughout  the body;  30% dis t r ibutes to  the GI 

t ract .  

(3)  W ithin  48 hr ,  40% of  the dose is  excreted through the ur ine and 15% is 

e l iminated via  the feces. 

c .  Physical  propert ies.  See I I .B.3. 

d.  Administrat ion and dosage.  IV,  10-20 mCi  (370-740 MBq) 
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2.  9 9 mTc bicisate (9 9 mTc-ECD)  

a.  Description  

(1)  9 9 mTc b ic isate exis ts  as  a ster i le,  pyrogen-f ree IV in ject ion af ter reconst i tu t ion 

wi th  sodium per technetate 9 9 mTc USP and the addi t ion of  a  phosphate buffer .  

(2)  Af ter  reconst i tu t ion, a  s table l ipophi l ic  9 9 mTc b ic isate complex is  formed,  which 

is  ab le to  cross the BBB by passive d i f fus ion. 

b.  Biodistr ibution  

(1)  9 9 mTc b ic isate is rap id ly c leared f rom blood;  a maximum of  6.5% of  the 

adminis tered dose is  loca l ized in  the bra in ,  and 5% is  le f t  in  the b lood after  1  hr .  

(2)  Once located in  the bra in cel ls ,  9 9 mTc b ic isate is  metabol ized by endogenous 

enzymes to a po lar  compound that  is  unable to  di f fuse out  of  the bra in  ce l ls .  

(3)  9 9 mTc b ic isate is pr imar i ly e l iminated via  the k idneys;  50% is  excreted wi th in  2 

hr ,  and 74% in 24 hr .  Hepatobi l iary excret ion accounts  for  approximately 12.5% of  

the administered dose after  48 hr.  

c .  Radionuclide properties.  See I I .B.3. 

d.  Administrat ion and dosage.  IV,  10-30 mCi  (370-1110 MBq) 

3.  Iofetamine hydrochloride  1 2 3 I .  Not commerc ia l ly avai lab le 



B. Carrier-mediated transport  (cerebral metabol ism) mechanisms.  These are 

respons ib le for t ransport ing g lucose across the BBB. Agents  such as 1 8F 

f ludeoxyglucose a id  in  the evaluat ion of cerebra l  funct ion by mapping the 

d ist r ibut ion of  g lucose metabol ism.  1 8F f ludeoxyglucose is  produced by a cyc lo t ron. 

1.  Biodistr ibution.  Current ly,  there is  a  USP monograph for on-s i te  cyc lot ron-

produced 1 8F f ludeoxyglucose,  which is  a g lucose analog.  1 8F f ludeoxyglucose 

concentrates in  the bra in,  where i t  is  phosphorylated but  does not undergo 

subsequent  metabol ism because of  the replacement  o f  the hydroxyl  group in  the 2 

posi t ion wi th a  f luor ine atom. I t  is  then metabol ica l ly t rapped for  a  suf f ic ient  t ime to  

a l low imaging. 

2.  Decay data  

a.  Physical  half -l i fe:  109.7 min 

b.  Decay mode:  by pos i tron emiss ion 

c .  Primary radiat ion emissions:  633 keV energy pos i t rons and 511 keV γ energy 

photons. 

3.  Administrat ion and dosage.  IV,  5-10 mCi (185-370 MBq) 

C. Cerebral  neurotransmitter imaging: Fluorodopa f luorine-18 (1 8F) injection  

1.  Description  

a.  Cerebral  neurot ransmit ter  synthesis can be s tud ied wi th  f luorodopa 1 8F in jec t ion.  

The in t racerebra l  d is t r ibut ion of  this neurot ransmi t ter t racer can be used in  the 

assessment  o f neurodegenerat ive d iseases such as park insonism. 

b.  F luorodopa 1 8F injec t ion exis ts  under a  USP monograph as an on-s i te-produced 

s ter i le  IV solu t ion of a  levodopa analog in  which a  port ion of  the molecule has been 

rep laced wi th  1 8F, a  pos i t ron-emi t t ing radionucl ide. 

2.  Biodistr ibution  

a.  Af ter  IV injec t ion, p lasma act iv i ty decreases to 10% of  the admin is tered dose 

wi th in  5 min af ter  in jec t ion. 

b.  F luorodopa 1 8F injec t ion is  predominant ly metabol ized in periphery v ia dopa 

decarboxylase,  and catechol -O -methyl  t ransferase.  To maximize bra in  uptake,  

carbidopa may be used to  decrease per iphera l  metabol ism. 

c .  Rapid excret ion v ia  renal  system as dopamine metabol i tes 

3.  Radionucl ide data.  See IX.B.2. 

4.  Administrat ion and dosage.  IV,  10-20 mCi  (370-740 MBq) 

D. Cerebrospinal  f luid (CSF) dynamics.  Radionuc l ide c isternography is  usefu l  in 

the evaluat ion of  hydrocephalus and in  detect ing CSF leaks. In  CSF imaging, the 

rad iopharmaceutica l  indium-111 pentetate (1 1 1 In-DTPA)  is  in t roduced int ra thecal ly 

in to the sp ina l  subarachnoid space, ascends through the basal  c is terns,  proceeds 

over  the cerebral  hemispheres,  and eventual ly dra ins  in to the super ior  sagi t ta l  

s inus.  1 1 1 In  pentetate is  commercia l ly suppl ied as a s ter i le ,  pyrogen-f ree un i t  dose 

in jec t ion.  I t  is  produced by a cyc lot ron. 
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1.  Biodistr ibution  



a.  Af ter  in t ra thecal  in ject ion, this radiopharmaceut ica l  normal ly ascends to the 

parasagi t ta l  region wi th in  24 hr .  

b.  Af ter  absorpt ion in to  the bloodstream via  the arachnoid v i l l i ,  the major  route of 

e l iminat ion is  by k idney;  65% of  the dose is excreted wi thin  48 hr ;  and 85%, wi th in  

72 hr.  

2.  Decay data  

a.  Physical  half -l i fe:  67 hr 

b.  CSF biological  half -l i fe:  12 hr 

c .  Effect ive half -l i fe:  10 hr 

d.  Decay mode:  by e lec tron capture 

e.  Primary radiat ion emissions:  171 keV and 245 keV γ energy photons 

3.  Administrat ion and dosage.  In t rathecal ,  500 µCi  (18.5 MBq) 

X. INFECTION AND INFLAMMATION. 
Evaluat ion of s i tes  of  in fec t ion inc lude the use of agents  that  can associate wi th  

components  of  the natura l  defense mechanisms and can accumulate where they 

loca l ize. 

A. Gal l ium (6 7Ga) ci trate  

1.  Description  

a.  I t  is  suppl ied as a s ter i le ,  pyrogen-f ree rad iopharmaceut ical  wi th  preservat ives. 

b.  The mechanism of  loca l izat ion is  thought to  depend on the format ion of a  ga l l ium 

t ransferr in complex in  the b lood and on bind ing to  t ransferr in  receptors  associated 

wi th  in fec t ion and in f lammation. 

c .  I t  accumulates in  areas of whi te  b lood cel l  (W BC) loca l izat ion. 

2.  Biodistr ibution  

a.  Af ter  adminis tra t ion,  the highest  concentrat ion of  6 7Ga c i t ra te,  o ther than at  the 

s i te  o f in fec t ion, is  in  the renal  cor tex.  Af ter  24 hr,  the maximum concentrat ion sh i f ts 

to  bone and lymph nodes;  but  a f ter  1  week,  i t  is  main ly concentrated in the l iver  and 

sp leen. 

b.  6 7Ga ci t rate  is  excreted slowly f rom the body;  26% is v ia  ur ine,  and 9% is  v ia  

feces. W hole body retent ion is 65% af ter 7  days. 

3.  Radionucl ide data  

a.  Mode of  production:  by cyc lo t ron 

b.  Decay mode:  by e lec tron capture 

c .  Physical  half - l i fe:  78 hr 

d.  Decay emissions:  93 keV, 185 keV, 300 keV,  and 393 keV γ  photons 

4.  Administrat ion and dosage.  IV,  for  in fec t ion,  3-8 mCi  (111-300 MBq).  A da i ly 

laxat ive or  an enema should be used by the pat ient  a f ter  the in jec t ion and before 

the images to  c leanse the bowel  o f  rad ioact iv i ty that  may in ter fere wi th  the images 

and possib ly lead to  a false pos i t ive resul t .  

B. WBC labeling agents.  Radio labeled W BCs are used in the detect ion of  a  wide 

var ie ty of  in fec t ious and in f lammatory processes. Current  use inc ludes the d iagnosis 

o f  in t ra-abdominal  abscesses, inf lammatory bowel  d isease,  appendic i t is ,  fever  o f 

unknown or ig in ,  and osteomyel i t is .  W BCs can be radio labeled wi th  1 1 1 In oxine or  
9 9 mTc-exametazime. 



1.  1 1 1  In oxyquinol ine solut ion (1 1 1  In  oxine)  

a.  Description  

(1)  1 1 1 In oxyquino l ine is  suppl ied as a s ter i le  preservat ive- f ree,  pyrogen-free,  

rad iopharmaceutica l  solu t ion for  use in the rad iolabel ing of  auto logous leukocytes. 

(2)  1 1 1 In forms a saturated neutra l  l ipophi l ic  complex wi th  oxyquino l ine (1:3 rat io),  

which enables i t  to  penetrate a cel l  membrane. 

(3)  Af ter  incubat ion of  1 1 1 In  oxyquino l ine wi th a  populat ion of  auto logous leukocytes, 

the 1 1 1 In  is  thought to become f i rmly bound to cytop lasmic  components , thereby 

a l lowing the f ree oxine to  be re leased by the cel l .  

b.  Biodistr ibution  

(1)  Af ter  rad io label ing,  the autologous leukocytes are reinjec ted;  30% is taken up by 

the spleen,  and 30% is  taken up by the l iver ,  reach ing a peak at  2-4 hr 

post injec t ion. 

(2)  Pulmonary uptake is  immediate ly evident  post in jec t ion,  but  i t  c lears ,  wi th  

minimal  v is ib le  act iv i ty,  a f ter 4  hr .  
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(3)  There is  a  b iexponent ia l  b lood clearance;  9%-24% c lears  wi th  a  bio logica l  hal f -

l i fe o f 2-5 hr ,  and the remain ing 13%-18% clears wi th  a  biologica l  hal f - l i fe  o f  64-116 

hr .  

(4)  E l iminat ion is  mainly through radioact ive decay;  <  1% is  excreted in  feces and 

ur ine dur ing the f i rs t  24 hr .  

c .  Radionuclide data  

(1)  Mode of  production: by cyclo t ron 

(2)  Decay mode:  by e lect ron capture 

(3)  Physical  half -l i fe:  67 hr 

(4)  Decay emissions:  245 keV and 171 keV 

d.  Administrat ion and dosage.  IV,  200-500 µCi  (7 .4-8.5 MBq) 

2.  9 9 mTc-HMPAO.  As a ster i le  and pyrogen-free IV inject ion af ter reconst i tu t ion wi th  

sodium per technetate,  9 9 mTc-HMPAO may be used to  radiolabel  leukocytes. 

a.  Description  

(1)  9 9 mTc-HMPAO is  a  neutral ,  l ip id-so luble complex that  is  ab le to penetrate the 

WBC membrane.  This  l ipophi l ic  complex is  rela t ive ly unstab le and rapid ly converts  

to  a  secondary complex incapable of  penetrat ing the W BCs. 

(2)  The methylene blue/phosphate buf fer s tabi l ized so lut ion is not  ab le to radio label  

ce l ls and should not  be used. 

(3)  Addi t ional  l imita t ions on k i t  preparat ion parameters requi re  the use of  h igh mole 

f ract ion technet ium generator  e lu tes of  < 2 hr poste lut ion f rom a generator 

previously e lu ted wi th in  24 hr.  

b.  Biodistr ibution  

(1)  Af ter  IV injec t ion, the radio labeled ce l ls  local ize in  the lungs,  l iver ,  spleen, b lood 

pool ,  bone marrow,  and b ladder.  

(2)  E l iminat ion is  pr imari ly v ia  the l iver .  

c .  Radionuclide data.  See I I .B.1.b;  I I .B.3.a and b. 



d.  Administrat ion and dosage.  IV,  for  in fec t ion,  7-25 mCi (260-925 MBq) 

XI. BREAST IMAGING 
A.  9 9 mTc-MIBI  

1.  Description  

a.  9 9 mTc-MIBI  is  used for both breast  and card iac imaging. 

b.  9 9 mTc-MIBI  is  indicated for p lanar  imaging as a second l ine of  evaluat ing breast  

lesions in  pat ients wi th  an abnormal  mammogram or  a palpable breast  mass. 

c .  9 9 mTc-MIBI  may not  be used to  screen for breast  cancer,  to  conf i rm the presence 

or  absence of  mal ignancy,  or  to replace a biopsy. 

2.  Biodistr ibution.  9 9 mTc-MIBI  is  pr imari ly excreted by the hepatobi l iary system. 

3.  Physical  properties.  See I I .B.3. 

4.  Administrat ion and dosage.  IV,  20-30 mCi  (740-1110 MBq) 

XII. TUMORS 
A.  The usefu lness of  radiopharmaceut ica ls  in  the detect ion of tumors varies  in  

sens i t iv i ty and speci f ic i ty,  wi th  d i f ferences in tumor locat ion and type. 

1.  6 7Ga  

a.  Description  

(1)  6 7Ga is  suppl ied as a s ter i le ,  pyrogen-f ree radiopharmaceut ica l  wi th  

preservat ives. 

(2)  The mechanism of  loca l izat ion is thought  to  depend on the formation of  a  gal l ium 

t ransferr in complex or  bind ing to  t ransferr in receptors  on tumor ce l ls .  

(3)  I t  accumulates in pr imary metastat ic  tumor s i tes  and may detect  the presence of  

Hodgk in d isease,  lymphoma, and bronchogenic carc inoma. 

b.  Biodistr ibution.  See X.A.2.  

c .  Radionuclide data.  See X.A.3. 

d.  Administrat ion and dosage.  IV,  for  tumor,  10 mCi  (370 MBq) 
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2.  1 1 1 In  pentetreotide  

a.  Description  

(1)  I t  is  suppl ied as a s ter i le ,  pyrogen-f ree k i t  for  the preparat ion of  1 1 1 In 

pentet reot ide. The two-component  k i t  cons is ts  o f a  react ion v ia l  conta ining a 

lyophi l ized mixture of pentet reot ide wi th  stabi l izer  adjutants  and a second via l  

conta in ing an indium 1 1 1 In  ch lor ide/ ferr ic  ch lor ide solu t ion. 

(a)  The pentet reot ide molecule is  a conjugate of  pentetate (d iethylenetr iamine 

pentaacet ic acid;  DTPA) and oct reot ide,  which is  a  somatostat in analog. 

(b)  1 1 1 In  pentet reot ide is prepared by adding the 1 1 1 In/Fe ch lor ide so lu t ion to  the 

v ia l  conta in ing the pentet reot ide.  The pentetate por t ion of  the molecule acts  as a 

b i funct ional  chelate,  l inking the 1 1 1 In  radionucl ide to  the b iolog ica l  ac t ive oct reot ide 

por t ion of  the agent.  

(2)  1 1 1 In pentetreot ide is indicated for  loca l izat ion of  pr imary and metastat ic  

neuroendocr ine tumors express ing somatostat in  receptors . 

b.  Biodistr ibution  



(1)  W ithin  1 hr a f ter  IV in jec t ion, 1 1 1 In  pentet reot ide d is t r ibutes f rom the p lasma to  

ext ravascular  space;  less than one thi rd of  the admin is tered dose remains in  the 

p lasma 10 min post in ject ion. 

(2)  1 1 1 In pentetreot ide loca l izes as a funct ion of  somatostat in  receptor  dens i ty,  wi th 

accumulat ion in  normal  p i tui tary,  thyroid , l iver,  sp leen,  and the urinary b ladder.  

(3)  E l iminat ion is  pr imari ly renal ;  50% of the admin istered dose is  excreted wi th in 6  

hr  post in ject ion;  85%, after  24 hr,  and < 90% af ter  48 hr .  Less than 2% of  the 

adminis tered dose is  c leared via  the feces wi th in 72 hr  post - injec t ion. 

c .  Radionuclide data  

(1)  Mode of  production: iby cyc lot ron 

(2)  Decay mode:  by e lect ron capture 

(3)  Physical  half -l i fe:  67 hr 

(4)  Decay emissions:  245 keV and 171 keV 

d.  Administrat ion and dosage.  IV,  3-6 mCi  (111-222 MBq) 

3.  Iobenguane  1 3 1 I  in ject ion (1 3 1 I -MIBG)  

a.  Description  

(1)  I t  is  suppl ied as a s ter i le ,  pyrogen-f ree rad iopharmaceut ical  for use as an 

adjunct ive d iagnost ic agent  for  the local izat ion of  pr imary and metastat ic  

pheochromocytomas and neuroblastomas. 

(2)  Iobenguane (meta-iodobenzylguanid ine)  labeled wi th  1 3 1 I  acts  as a phys io logical  

analog of  norepinephr ine and is  t ransported and accumulated in  the adrenal  

medul la .  Th is  a l lows for the detect ion of neuroendocrine tumors v ia  the speci f ic  

uptake of  labeled iobenguane. 

(3)  Because of i ts  phys iologica l  s imi lar i t ies  to  norep inephr ine,  many classes of  

drugs that inter fere wi th catecholamine t ransport  and funct ion may af fec t the uptake 

and local izat ion of  labeled iobenguane. 

b.  Biodistr ibution  

(1)  Af ter  IV injec t ion, there is  rap id uptake in  the l iver ,  wi th lesser  amounts  

accumulat ing in  the lungs,  heart ,  and spleen. 

(2)  Normal  adrenal  g land uptake is  low;  but  for  tumors  such as pheochromocytomas 

and neuroblastomas,  the uptake is  re lat ive ly h igher .  

(3)  E l iminat ion is  renal ;  most  of  the drug is  excreted main ly unchanged.  Between 

40% and 50% of  the admin is tered dose is excreted wi th in 24 hr ,  and 70%-90% is 

excreted wi thin  4  days post in ject ion. 

(4)  Admin is t rat ion of  potass ium iodide 1 day before and for  10 days af ter 

adminis t ra t ion is suggested to  reduce thyro id  uptake of  potent ial  rad ioiod ide 

contaminants . 

c .  Physical  data.  See VII I .B.2.b. 

d.  Administrat ion and dosage.  IV,  0.5-1 mCi  (18.5-37 MBq) 

4.  2 0 1Tl .  Th is agent has ut i l i ty  as  a tumor- imaging agent because of i ts  accumulat ion 

in  the rapid ly metabol iz ing ce l ls o f  cer tain  tumors  in  accordance wi th  i ts  mechanism 

of  loca l izat ion (see I I I .A.1) .  

a.  Administrat ion and dosage.  IV,  1.5-3 mCi  (55-111 MBq) 

5.  1 8F f ludeoxyglucose  USP. Current ly,  there is  a  USP monograph for  on-s i te  

cyc lo t ronproduced 1 8F f ludeoxyglucose,  which is  a  g lucose analog. This agent has 



ut i l i ty  as  a tumor- imaging agent because of an increased demand for g lucose by 

tumors wi th  an advanced s tate of  mal ignancy.  Not on ly can 1 8F f ludeoxyglucose 

locate and di f ferent iate  tumors but   
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i t  can a lso help d is t inguish between recurrent  bra in  tumor and rad iat ion necrosis in 

pat ients  receiv ing rad iat ion therapy (see IX.B) .  

a.  Biodistr ibution.  1 8F f ludeoxyglucose concentrates in  metabol ica l ly ac t ive cel ls ,  

where i t  is  phosphoryla ted but  does not  undergo subsequent  metabol ism because of  

the rep lacement o f  the hydroxyl  group in  the 2 pos i t ion wi th  a  f luor ine atom. I t  is  

then metabol ica l ly t rapped for  a suf f ic ient t ime to  a l low imaging. 

b.  Administrat ion and dosage.  IV,  5-25 mCi (185-370 MBq) 

XIII. THERAPEUTIC AGENTS. 
The therapeut ic  use of rad iopharmaceutica ls  is  based on the concept  o f  se lec t ive 

loca l izat ion of  rad iopharmaceut ica ls  coupled wi th  the le tha l i ty o f  the same because 

of  the t issue damage resul t ing f rom high ly ion iz ing part icu la te emissions such as β 

par t ic les. 

A. Chromic phosphate phosphorus-32 (3 2P) suspension  

1.  Description.  Avai lable  as a s ter i le ,  pyrogen-f ree aqueous suspension used in  the 

t reatment  o f  per i toneal or  p leural  ef fus ions caused by metastat ic  disease. Also used 

in  the t reatment  o f  ovar ian and prostate cancer .  

2.  Biodistr ibution  

a.  Col loida l  suspension of  3 2P is  rap id ly taken up by macrophages adher ing to  the 

cavi ty wal l ,  thereby concentrat ing and local iz ing the i r radia t ion effec t  of  the 3 2P 

radionuc l ide β par t icula te emission. 

b.  Af ter  in fus ion, the suspens ion rap id ly dist r ibutes  from wi th in the cavi ty and may 

loca l ize in  the lungs, adrenal  glands, k idneys,  lymph nodes,  l iver ,  spleen,  bone 

marrow,  p lasma,  erythrocytes,  and leukocytes,  depending on col lo ida l  par t ic le  s ize. 

c .  El iminat ion is pr imar i ly renal.  

3.  Radionucl ide data  

a.  Mode of  production:  by reactor 

b.  Decay mode:  β 

c .  Physical  half - l i fe:  14.3 days 

d.  Decay emissions:  695 keV mean energy β, 100% abundance 

4.  Administrat ion and dosage  

a.  Int raper i toneal  ins t i l lat ion:  10-20 mCi  (370-740 MBq)  

b.  Int rapleural  ins t i l la t ion:  6-12 mCi  (222-444 MBq) 

c .  Carc inoma in terst i t ia l :  0 .1-0.5 mCi (3 .7-18.5 MBq) 

d.  Caut ion is  advised for v isual  inspect ion to  prevent  misadmin is t ra t ion of  the 

sodium phosphate form (c lear ,  color less) ,  which is  designated for  in t ravascular  use 

only.  

B. Sodium phosphate  3 2P solut ion  

1.  Description  



a.  I t  is  avai lab le  as a commercia l ly suppl ied,  s ter i le ,  pyrogen-f ree 

rad iopharmaceutica l .  

b.  I t  is  pr imar i ly used as an ant ineoplast ic  for  the t reatment  o f  po lycythemia rubra 

vera and is  select ively used for the pal l ia t ive t reatment  o f  metastat ic bone pain. 

c .  I ts  therapeut ic  e f fec t is  owing to  cel l  damage resul t ing f rom i rradia t ion produced 

by beta par t icula te emiss ion. 

2.  Biodistr ibution  

a.  I t  concentrates as phosphate wi th in the DNA of rapid ly div iding hematopoiet ic  

ce l ls in the t reatment  of  po lycythemia rubra vera and as phosphate in  areas of  

increased bone formation. 

b.  Af ter  IV admin is t rat ion,  i t  d i f fuses rap id ly in to ext racel lu lar  and int racel lu lar  

space,  concentrat ing in  the bone marrow,  sp leen, and l iver.  

c .  El iminat ion is pr imar i ly renal;  5%-10% is  excreted wi thin  24 hr ,  and 20% wi th in 1 

week.  

d.  W hole body bio log ical  ha l f - l i fe  is approximate ly 39 days. 

3.  Radionucl ide data  

a.  Mode of  production:  by reactor 

b.  Decay mode:  by β 

c .  Physical  half - l i fe:  14.3 days 

d.  Decay emissions:  695 keV mean energy β, 100% abundance 
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4.  Administrat ion and dosage  

a.  Polycythemia rubra vera:  IV,  3-5 mCi  (111-185 MBq)  

b.  Metastat ic  bone lesions:  IV,  10-21 mCi  (370-777 MBq) 

c .  Caut ion is advised for v isual  inspect ion to  prevent  misadmin is t ra t ion of  the 

chromic  phosphate form (green,  c loudy) ,  which is des ignated for  in terst i t ia l  use 

only.  

C. Sodium iodide  1 3 1 I  (therapeutic)  

1.  Description  

a.  I t  is  ind icated for t reatment  o f hyperthyroid ism and thyro id  carc inoma. 

b.  I ts  therapeut ic  ac t ion is  owing to  the accumulat ion and retent ion of  iodine and i ts  

isotope 1 3 1 I .  

2.  Biodistr ibution  

a.  See VI I I .A;  VI I I .B.2. 

b.  Biological  half- l i fe in the thyroid:  euthyro id pat ient ,  80 days;  hyperthyro id  

pat ient,  5-40 days 

3.  Radionucl ide data.  See VII I .B.2.b. 

4.  Administrat ion and dosage.  Oral  capsule or  ora l  solu t ion 

a.  Hyperthyro id ism: 10-30 mCi  (370-1110 MBq) 

b.  Thyro id  carcinoma: 30-200 mCi (1110-7400 MBq) 

D. Strontium-89 (8 9Sr)  chloride  

1.  Description  



a.  I t  is  ind icated for the a l levia t ion of  bone pain ar is ing f rom metastat ic bone 

d isease. 

b.  As a metabol ic  analog of  ca lc ium, 8 9Sr concentrates se lect ive ly in  areas of 

increased osteogenes is ,  thus de l ivering a radiat ion dose suf f ic ient to  provide a 

pa l l iat ive ef fec t.  

c .  Pain re l ie f  begins 7-21 days after  administ ra t ion,  wi th  maximum re l ie f  by 6 weeks 

and an average durat ion of  6 months. 

d.  Reduct ion in  pat ient analgesic usage occurs  in up to  75% of  pat ients t reated;  

complete pain re l ie f  is  seen in  20% of t reated pat ients , and no pain rel ief  in  20%-

25% of  treated pat ients . 

e.  Bone marrow suppress ion ef fec ts  l imi t  8 9Sr use to  pat ients wi th  in i t ia l  WBC 

counts  > 2,400 and p la tele t  counts  > 60,000. 

2.  Biodistr ibution  

a.  Af ter  adminis tra t ion,  8 9Sr c lears  rapid ly from blood and local izes in  the bone 

hydroxyapat i te.  

b.  In i t ia l  b io log ical  ha l f - l i fe  in  normal  bone is  14 days;  longer re tent ion is  seen in  

metastat ic  bone lesions. Between 12% and 90% of  the admin is tered dose is  reta ined 

for  up to  3  months af ter  adminis t ra t ion. 

c .  El iminat ion is pr imar i ly renal;  66% of  the admin istered dose c lears v ia  GFR wi th in  

the f i rs t  2 days,  and 33% is  excreted via  feces. 

3.  Radionucl ide data  

a.  Mode of  production:  by accelerator 

b.  Decay mode:  by β 

c .  Emission data:  1 .46 MeV maximum β energy, 100% abundance 

d.  Physical  half -l i fe:  50.5 days 

4.  Administrat ion and dosage.  IV,  4 mCi (148 MBq),  40-60 µCi /kg (1 .5-2.2 MBq/kg) 

E. Samarium-153 (1 5 3Sm) lexidronam  

1.  Description  

a.  1 5 3Sm is  ind icated for the re l ie f  o f  pa in  in  pat ients  who have conf i rmed metastat ic  

cancer o f  the bone. 

b.  1 5 3Sm concentrates in areas of  h igh bone turnover  and accumulates more in  

osteoblast ic  les ions than in  the normal  bone. 

c .  The goal  of  1 5 3Sm therapy is  for  pat ients  to  be able to reduce the amount  o f 

narcot ic  analgesics  needed to  contro l  the i r  pa in . 
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2.  Biodistr ibution  

a.  The lesion to normal  bone rat io  is  5 :1. 

b.  The percentage of uptake of  1 5 3Sm is  d i rec t ly proport ional  to the number of  

lesions the pat ient  has. 

c .  Less than 1% of the dose remains in the blood 5 hr post in ject ion. 

d.  1 5 3Sm is 100% renal ly excreted over  12 hr .  

e.  The onset  is approximate ly 1  week. 

3.  Radionucl ide data  



a.  Mode of  production:  by cyc lo t ron 

b.  Decay mode:  by β and γ  decay 

c .  Physical  half - l i fe:  46.3 hr 

d.  Decay emissions:  640 keV,  710 keV,  and 840 keV β energy and 103 keV γ  

energy photons 

4.  Precautions.  1 5 3Sm may cause bone marrow suppress ion,  which should re turn to  

basel ine wi th in  8  weeks post injec t ion. 

5.  Administrat ion and dosage.  IV,  1 mCi/kg (37 MBq/kg)  

F.  Yttr ium-90 (9 0Y) ibri tumomab tiuxetan and  1 1 1 In  ibri tumomab tiuxetan  

1.  Overview  

a.  1 1 1 In ibr i tumomab t iuxetan and 9 0Y ibr i tumomab t iuxetan are par t  o f  a therapeut ic  

reg imen used in  the t reatment  of  non-Hodgk in lymphoma (NHL) pat ients  wi th  

re lapsed ref rac tory low-grade, fol l icu lar,  or t ransformed B cel l  NHL and pat ients  

wi th  r i tuximab ref rac tory NHL.  

b.  Ibr i tumomab t iuxetan is  an immunoconjugate consist ing of  a  monoc lonal  ant ibody 

ibr i tumomab, which is  l inked to  the chelator t iuxetan. 

c .  The ibr i tumomab ant ibody is  a  murine immunoglobul in  G1 (IgG1) κ  monoc lonal  

ant ibody produced in Chinese hamster  ovary (CHO) ce l ls.  The ibr i tumomab ant ibody 

is  d i rec ted against  the CD20 ant igen,  which is  expressed on the sur face of  normal  

and mal ignant  B lymphocytes. 

d.  The l inker chelator t iuxetan provides a h igh-aff in i ty chelat ion s i te  for  1 1 1 In  in  the 

case of  the imaging dose and for  9 0Y in  the case of  the therapeut ic  dose. 

e.  The therapeut ic  reg imen is  administered in  two separate doses.  This  al lows for  

the qual i ta t ive evaluat ion of  the b iodis tr ibut ion to  avoid potent ia l  toxic i t ies  such as 

abnormal ly h igh bone marrow loca l izat ion or  pro longed renal  excret ion.  In  each 

adminis t ra t ion, pat ients  must  be premedicated wi th  diphenhydramine 50 mg and 

acetaminophen 650 mg 0.5 hr before receiv ing the r i tuximab in fusion requi red 

before adminis ter ing the rad io labeled ant ibody. 

(1)  Step 1 is  the administ ra t ion of  r i tuximab fo l lowed by the 1 1 1 In  ibr i tumomab 

t iuxetan d iagnost ic imaging dose. 

(2)  Step 2 fol lows s tep 1 by 7-9 days and cons is ts  o f a  second r i tuximab in fus ion 

fo l lowed by the 9 0Y ibr i tumomab therapy dose. 

2.  Description  

a.  Suppl ied as two separate k i ts  to  produce a s ing le  dose of  1 1 1 In  ibr i tumomab 

t iuxetan and a s ing le  dose of  9 0Y ibr i tumomab t iuxetan 

b.  Each k i t  cons is ts  o f four  v ials  contain ing: 

(1)  Ibr i tumomab t iuxetan in  sal ine,  3 .2 mg 

(2)  Sodium acetate,  50 mM 

(3)  Formulat ion buf fer  (contains  human serum a lbumin) 

(4)  One empty react ion via l  

c .  Exis ts  as  a s ter i le ,  nonpyrogenic  IV so lut ion after  formulat ion wi th  e i ther  1 1 1 In  or  
9 0Y 

3.  Biodistr ibution  

a.  The mean hal f- l i fe  for  9 0Y ibr i tumomab t iuxetan in  the b lood is  30 hr.  



b.  Approximate ly 7 .8% of  the admin is tered dose is  excreted in  the ur ine over  7  

days. 

c .  The est imated biologica l  hal f - l i fe  is  48 hr .  

4.  Radionucl ide data  

a.  1 1 1 In .  See XI I I .B.1.c .  

b.  9 0Y  
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(1)  Mode of  production: by reactor 

(2)  Decay mode:  by β 

(3)  Physical  half -l i fe:  64.1 hr 

(4)  Decay emission:  935 mean keV,  100% emiss ion 

5.  Precautions  

a.  9 0Y ibr i tumomab t iuxetan should not  be admin is tered to  pat ients  wi th a l tered 

b iod is t r ibut ions of  the 1 1 1 In  ibr i tumomab t iuxetan imaging and dos imetry dose. 

b.  9 0Y ibr i tumomab t iuxetan should not  be adminis tered to  pat ients  wi th: 

(1)  ≤  25% lymphoma marrow invo lvement 

(2)  P la tele t counts  < 100,000 ce l l /mm 3  

(3)  Neutrophi l  count  < 1,500 cel ls /mm 3  

(4)  Hypocel lular  bone marrow 

(5)  His tory of  fa i led s tem cel l  col lec t ion 

c .  Ibr i tumomab t iuxetan is  contra ind icated in pat ients  wi th  known hypersens i t iv i ty or  

anaphylact ic  react ions to murine proteins . 

d.  Pat ients who have previously received mur ine-based prote in  therapy should be 

screened for  human ant imouse ant ibodies. 

e.  Infus ion-rela ted adverse events ,  inc lud ing asthenia,  ch i l ls ,  and nausea, are 

common and are usual ly se l f - l imi ted.  Tumor lys is  syndrome has been repor ted af ter  

r i tuximab in fus ions,  which are par t  of  9 0Y ibr i tumomab t iuxetan therapy.  Pat ients  

should be monitored c lose ly for  th is  potent ia l ly  fa ta l  adverse event .  

G. Tositumomab and Iodine I  131 Tositumomab  

1.  Overview  

a.  Tos i tumomab and Iod ine 1131 Tos i tumomab are part  of  a  therapeut ic  reg imen 

indicated for the t reatment  o f pat ients  wi th  CD20 ant igen-express ing relapsed or  

re f rac tory, low grade, fol l icu lar ,  or  t ransformed non-Hodgkin 's  lymphoma, inc lud ing 

pat ients  wi th  Ri tuximab-ref ractory non-Hodgk in 's  lymphoma. 

b.  The Tosi tumomab and Iodine I  131 Tos i tumomab therapeut ic  reg imen is  an 

ant ineoplast ic rad ioimmunotherapeut ic  monoc lonal  ant ibody-based regimen 

composed of the monoclonal  ant ibody,  Tos i tumomab,  and the radio labeled 

monoclonal  ant ibody,  Iod ine I  131 Tos i tumomab. 

c .  Tosi tumomab is  a murine IgG2a lambda monoclonal  ant ibody d i rected against the 

CD20 ant igen,  which is  found on the sur face of normal  and mal ignant  B 

lymphocytes. Tos i tumomab is  produced in  an ant ib io t ic- f ree cu l ture of  mammal ian 

ce l ls and is  composed of two murine gamma 2a heavy chains of  451 amino ac ids 



each and two lambda l ight  chains of 220 amino ac ids  each.  The approximate 

molecular  weight  o f Tos i tumomab is  150 kD. 

d.  The therapeut ic  reg imen is  administered in  two d iscrete s teps:  the dos imetr ic 

s tep and therapeut ic  s tep.  Each s tep consis ts  o f  a  sequentia l  in fus ion of  

Tos i tumomab fol lowed by Iod ine I  131 Tosi tumomab.  The therapeut ic  s tep is  

adminis tered 7-14 days af ter the dosimetr ic  s tep.  

e.  Tos i tumomab b inds spec i f ica l ly to  the CD20 (human B-lymphocyte-rest r ic ted 

d i f ferent ia t ion ant igen.  Bp 35 or  B1)  ant igen.  This ant igen is  a  t ransmembrane 

phosphoprotein  expressed on pre-B lymphocytes and at  h igher densi ty on mature B 

lymphocytes. The ant igen is  also expressed on >90% of  B-cel l  non-Hodgkin 's  

lymphomas (NHL).  Poss ib le  mechanisms of  act ion of  the BEXXAR therapeut ic  

reg imen include induct ion of  apoptosis ,  complement-dependent cytotoxic i ty (CDC),  

and ant ibody-dependent  ce l lu lar  cytotoxic i ty (ADCC) mediated by the ant ibody. 

2.  Description  

a.  Tos i tumomab is  suppl ied as a ster i le,  pyrogen-f ree, c lear to opalescent,  color less 

to  s l ight ly ye l low,  preservat ive- f ree l iqu id concentrate.  I t  is  suppl ied at  a  nominal  

concentrat ion of  14 mg/mL of  Tosi tumomab in  35 mg and 225 mg single-use via ls .  

The formulat ion contains 10% (w/v)  mal tose,  145 mM sodium chlor ide,  10 mM 

phosphate and Water for In jec t ion,  USP. pH is  approximately 7 .2. 

b.  Iod ine I  131 Tosi tumomab is  a  radio- iodinated der ivat ive of  Tosi tumomab that  has 

been covalent ly l inked to Iodine-131.  Iod ine I  131 Tos i tumomab is  suppl ied as a 

s ter i le ,  c lear ,  preservat ive- f ree l iqu id  for  IV admin ist ra t ion.  The dos imetr ic  dosage 

form is  suppl ied at  nominal  prote in  and act iv i ty concentrat ions of  0 .1  mg/mL and 

0.61 mCi /mL  
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(a t  date of  cal ibrat ion) ,  respect ive ly.  The therapeut ic  dosage form is  suppl ied at 

nominal  prote in and act iv i ty concentrat ions of 1 .1  mg/mL and 5.6 mCi /mL (at  date of 

ca l ibrat ion) ,  respect ive ly.  The formulat ion for  the dosimetr ic  and the therapeut ic 

dosage forms conta ins  4.4%-6.6% (w/v)  povidone,  1-2 mg/mL maltose (dos imetr ic 

dose)  or  9-15 mg/mL maltose ( therapeut ic  dose) ,  8 .5-9.5 mg/mL sodium chlor ide,  

and 0.9-1.3 mg/mL ascorb ic ac id.  pH is approximate ly 7 .0. 

3.  Biodistr ibution  

a.  The median blood c learance fo l lowing admin ist ra t ion of  485 mg of Tos i tumomab 

in  110 pat ients wi th  NHL was 68.2 mg/hr  ( range:  30.2-260.8 mg/hr) .  (Pat ients  wi th  

h igh tumor burden,  splenomegaly, or  bone marrow invo lvement  have a fas ter 

c learance,  shorter  terminal  hal f - l i fe,  and larger  vo lume of  d is t r ibut ion. ) 

b.  The median tota l  body ef fec t ive ha l f - l i fe ,  as measured by to ta l  body gamma 

camera counts , in 980 pat ients  wi th  NHL was 67 hours  ( range:  28-115 hours) .  

4.  Radionucl idie Data  

a.  See VI I I .B.2.b. 

5.  Administrat ion & Dosing  

a.  Dos imetr ic step 

(1)  Tos i tumomab 450 mg in t ravenously in 50 ml  0.9% Sodium Chlor ide over  60 

minutes. 



(2)  Iod ine I  131 Tosi tumomab (conta in ing 5.0 mCi  Iod ine-131 and 35 mg 

Tos i tumomab) in t ravenous ly in  30 ml  0 .9% Sodium Chlor ide over  20 minutes. 

b.  Therapeutic step  

(1)  Tos i tumomab 450 mg in t ravenously in 50 mL 0.9% Sodium Chloride over  60 

minutes. 

(2)  The recommended Iod ine I  131 Tos i tumomab dose is  the act iv i ty of  Iod ine-131 

ca lcula ted to  de l iver  75 cGy to tal  body i rradia t ion and 35 mg Tosi tumomab,  

adminis tered in t ravenous ly over  20 minutes.  (Pat ients  wi th  NCl  Grade 1 

thrombocytopenia (p la tele t  counts = 100,000 but  < 150,000 p late le ts /mm 3) :  

recommended dose is  65 cGy to ta l  body i r rad iat ion) .  

6.  Precautions  

a.  Therapeut ic  Iod ine I  131 Tosi tumomab should not  be administered to  pat ients  

wi th  a l tered b iodis tr ibut ions of  the Iod ine I  131 Tos i tumomab imaging and dos imetry 

dose. 

b.  Thyro id-b lock ing medicat ions should be in i t ia ted at  least  24 hours  before 

receiv ing the dosimetr ic  dose and cont inued unt i l  14 days af ter  the therapeut ic  

dose. 

c .  The most  common adverse react ions were severe or  l i fe-threatening cytopenias. 

d.  Iod ine I  131 Tosi tumomab is  contra ind icated in  pat ients  wi th  known 

hypersens i t iv i ty oranaphylact ic  react ions to  mur ine proteins .  Pat ients  who have 

previously received mur ine-based prote in therapy should be screened for human 

ant imouse ant ibodies. 

e.  hypersens i t iv i ty react ions,  including fata l  outcome,  have been repor ted.  

Emergency suppl ies  inc lud ing medicat ions for  the t reatment  o f hypersensi t iv i ty 

react ions,  e.g . ,  epinephrine, ant ihistamines and cor t icostero ids , should be avai lable  

for  immediate use in the event  o f  an al lerg ic  react ion during admin is t rat ion.  
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STUDY QUESTIONS 
Direct ions for questions 1-7:  Each of  the quest ions,  sta tements ,  or  incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 



1.  Which of  the fol lowing emissions from the decay of  radionucl ides is  most 

commonly used in nuclear medicine diagnostic imaging? 

(A)  x- ray 

(B)  β 

(C)  α 

(D)  γ 

(E)  Pos i t ron 

View Answer1.  The answer is  D[see] .2.  Which of  the fol lowing 

radionucl ides is most commonly used in nuclear pharmacy pract ice? 

(A)  gal l ium-67 (6 7Ga) 

(B)  thal l ium-201 (2 0 1Tl) 

(C)  technet ium-99m (9 9 mTc) 

(D)  iod ine-123 (1 2 3 I )  

(E)  xenon-133 (1 3 3Xe) 

View Answer2.  The answer is  C[see] .3.  Which of  the fol lowing 

radionucl ides is produced using a generator? 

(A)  technet ium-99m (9 9 mTc) 

(B)  thal l ium-201 (2 0 1Tl) 

(C)  gal l ium-67 (6 7Ga) 

(D) xenon-133 (1 3 3Xe) 

(E)  iod ine-123 (1 2 3 I )  

V iew Answer3.  The answer is  A[see] .4.  Which of  the fol lowing 

radiopharmaceuticals can be used in skeletal imaging? 

(A)  technet ium-99m albumin aggregated 

(B)  technet ium-99m medronate disodium 

(C) xenon-133 gas USP 

(D) thal lous ch lor ide (2 0 1Tl)  USP 

(E)  technet ium-99m disofen in 

View Answer4.  The answer is  B[see] .5.  Which of  the fol lowing 

radiopharmaceuticals is  used in the diagnosis of  acute cholecysti t is? 

(A)  technet ium-99m sul fur  co l lo id 

(B)  technet ium-99m medronate disodium 

(C) technet ium-99m albumin 

(D) technet ium-99m exametazime 

(E)  technet ium-99m disofen in 

View Answer5.  The answer is  E[seeand].6.  Which of  the fol lowing 

cyclotron-produced radiopharmaceuticals is  used for assessing regional  

myocardial  perfusion as part  of  an exercise stress test? 

(A)  thal lous ch lor ide 2 0 1TI  USP 

(B)  sodium iod ide 1 2 3 I  

(C)  gal l ium ci t rate  6 7Ga USP 

(D) ind ium-111 pentetate 

(E)  cobal t -57 cyanocobalamin 



View Answer6.  The answer is  A[see] .7.  Glomerular f i l t rat ion and the 

urinary col lect ion system can best be evaluated using which of  the fol lowing 

agents? 

(A)  technet ium-99m sul fur  co l lo id 

(B)  technet ium-99m albumin 

(C) technet ium-99m sestamib i  

(D)  technet ium-99m disofen in 

(E)  technet ium-99m pentetate 

View Answer7.  The answer is  E[see] .Direct ions for questions 8-11:  The 

quest ions and incomplete s ta tements  in  this sect ion can be correct ly answered or  

completed by one or more  o f  the suggested answers.  Choose the answer,  A-E.  

8.  The def init ion of  the optimal  radiopharmaceutical  includes which of  the 

fol lowing attributes? 

I .  short  half - l i fe 

I I .  γ photon with a 100-300 keV energy 

I I I .  rapid local ization in target t issue and quick clearance from nontarget t issue 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer8.  The answer is  E[see] .9. Which of  the fol lowing statements 

are true for sodium pertechnetate technetium-99m (9 9 mTc) USP? 

I .  I t  is  used to radiolabel  a ll  other 9 9 mTc radiopharmaceuticals. 

I I .  The molybdenum-99 (9 9Mo) breakthrough l imit  is  < 0.15 µCi  9 9Mo/mCi 9 9 mTc (< 

0.15 kBq/MBq). 

I I I .  I t  has a physical  half - l i fe  of  16 hr.  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer9.  The answer is  C[seeand] .P.461 

 

 

10.  Which of the fol lowing organs can be imaged with technetium-99m (9 9 mTc) 

sulfur colloid? 

I .  l iver 

I I .  spleen 

I I I .  bone marrow 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 



View Answer10. The answer is  E[see] .11.  Which of  the following 

radiopharmaceuticals may be used to image the thyroid gland? 

I .  sodium iodide 1 3 1 I  

I I .  sodium pertechnetate technetium-99m USP  

I I I .  sodium iodide 1 2 3 I  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer11. The answer is  E[see] .Direct ions for questions 12-16:  

Each of  the fol lowing mechanisms of  loca l izat ion is  most  c lose ly rela ted to  one of  

the fo l lowing radiopharmaceut icals.  The mechanisms may be used more than once 

or  not  at  al l .  Choose the best  answer,  A-E.  

12.  thal lous chloride 2 0 1Tl  USP  

A  metabol ic  t rapping 

B  phagocytosis 

C  capi l lary blockade 

D  ac t ive t ransport  

E  passive di f fus ion 

View Answer12. The answer is  D[see] .13.  technetium-99m albumin 

aggregated USP  

A  metabol ic  t rapping 

B  phagocytosis 

C  capi l lary blockade 

D  ac t ive t ransport  

E  passive di f fus ion 

View Answer13. The answer is  C[see] .14.  technetium-99m sulfur col loid 

A  metabol ic  t rapping 

B  phagocytosis 

C  capi l lary blockade 

D  ac t ive t ransport  

E  passive di f fus ion 

View Answer14. The answer is  B[see] .15.  technetium-99m exametazime 

A  metabol ic  t rapping 

B  phagocytosis 

C  capi l lary blockade 

D  ac t ive t ransport  

E  passive di f fus ion 

View Answer15. The answer is  E[see] .16.  f luorine-18 f ludeoxyglucose 

A  metabol ic  t rapping 

B  phagocytosis 

C  capi l lary blockade 

D  ac t ive t ransport  

E  passive di f fus ion 



View Answer16. The answer is  A[see] .P.462 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  D  [see  I .B.3.b ] .  

Current camera technology most  e f f ic ient ly detects  γ  rad iat ion.  α and β emissions 

are not  useful  in  nuclear medic ine imaging because of  the ir  harmfu l  part icu la te 

emiss ions and low t issue penetrat ion.  Al though x-ray emiss ions can be used as in  

the case of  the mercury daughter  o f the tha l lous ch lor ide 2 0 1Tl  parent ,  they are not  

e f f ic ient ly detected.  Annih i la t ion rad iat ion assoc iated wi th  posi t ron decay can be 

imaged,  but  th is  technology is  current ly l imi ted to  a  few spec ia l ized centers . 

2.  The answer is  C  [see  I I .A. 1 ] .  
9 9 mTc has become the rad ionucl ide of  choice in  current  nuclear pharmacy pract ice 

s ince i ts  in t roduct ion in the mid-1960s.  9 9 mTc fu l f i l l s  a l l  of  the requi rements  of the 

opt imal  rad iopharmaceutical ,  wi th  i ts  phys ical  ha l f - l i fe  of  6 hr ,  140 keV γ  energy 

emiss ion,  ready avai labi l i ty ,  cost ,  and abi l i ty  to  be radiolabeled to  a wide var ie ty of  

b iologica l ly act ive compounds. 

3.  The answer is  A  [see  I I .A. 1 .a ] .  
9 9 mTc is  obta ined via  commercia l ly suppl ied,  s ter i le ,  pyrogen-f ree generator  

systems.  A generator  is  a  device used to  separate a  shor t  ha l f - l i fe  radionuc l ide f rom 

the longer- l ived parent  nuc l ide,  whi le  re ta in ing the parent to produce more of  the 

daughter  nucl ide.  In  th is  way,  shor t -ha l f - l i fe  nuc l ides can be made avai lable  on a 

cont inuous bas is  a t great  d is tances f rom the s i tes  of generator product ion. 

4.  The answer is  B  [see  IV.A.2 ] .  

The 9 9 mTc d iphosphonate compounds are the most  popular bone-imaging agents 

current ly used in  nuc lear medic ine imaging.  They are rapid ly taken up by ske leta l  

bone;  50% of  the admin is tered dose is  adsorbed onto bone hydroxyapat i te  and the 

remainder is excreted by the k idneys.  The imaging advantages of the 9 9 mTc,  coupled 

wi th  the sensi t iv i ty o f  bone agent  loca l izat ion in  ske leta l  bone hydroxyapat i te ,  a l low 

for  detect ion of  bone pathology before evidence of  patho logy can be shown by 

convent ional  x- ray.  

5.  The answer is  E  [see  VI .C.  1  and  2 ] .  
9 9 mTc d isofen in is  an iminodiacet ic  acid  derivat ive,  which is  usefu l  for hepatobi l iary 

imaging due to  i ts  ab i l i ty to  be se lect ive ly c leared by a carr ier-mediated hepatocyte 

pathway.  Lack of gal lb ladder v isual izat ion is  an abnormal  f ind ing suggest ive of 

acute cholecyst i t is .  

6.  The answer is  A  [see  I I I .A.  1 ] .  

Regional  uptake of  thal lous ch lor ide 2 0 1TI  USP is propor t ional  to  myocardia l  blood 

supply.  The injec t ion of  2 0 1TI  in  concer t  wi th  a  t readmi l l  exerc ise s t ress tes t  

determines myocard ia l  per fus ion at  maximum card iac output  when card iac demand 

outs t r ips supply and the d ist r ibut ion of  2 0 1TI  is  less af ter  af fec ted by col lateral  blood 

supply wi th in  the myocard ium. Regions that  do not  take up 2 0 1TI  are in terpreted as 

areas of  in farc t  or  ischemia.  I f  these focal  areas of  decreased uptake subsequent ly 



f i l l  in  wi th  red is t r ibuted 2 0 1TI ,  they are in terpreted to  be areas of  ischemia, in  

contrast  wi th  areas of  in farc t,  which remain as d iminished areas of ac t iv i ty.  

7.  The answer is  E  [see  VI I .B. 1 ] .  
9 9 mTc pentetate is  c leared through glomeru lar  f i l t ra t ion in  the same manner as inu l in  

and can be used to determine the GFR as wel l  as in  the evaluat ion of  obstruct ion of 

vascular supply and renal  morphology. 

8.  The answer is  E  ( I ,  I I ,  I I I )  [see  I .C ] .  

The opt imal  radiopharmaceut ica l  has a ha l f - l i fe  shor t  enough to min imize rad iat ion 

exposure to  the pat ient  yet  long enough to  al low for  co l lect ion of  imaging 

in format ion.  I t  should incorporate a γ-  emit t ing rad ionucl ide, which decays wi th  the 

emiss ion of  a  photon energy between 100 and 300 keV,  which is e f f ic ient ly detected 

wi th  current ins t rumentat ion. The rad iopharmaceut ica l  should loca l ize rap id ly in the 

organ system of  in terest  and be metabol ized,  excreted,  or both from the nontarget 

t issues to  maximize contrast and minimize rad iat ion-absorbed dose. 

9.  The answer is  C  ( I ,  I I )  [see  I I .A and  B ] .  

Sodium pertechnetate 9 9 mTc USP decays by isomer ic t ransi t ion and has a phys ical  

ha l f- l i fe  o f  6 hr .  The emission of  a  γ  photon has the energy of  140 keV. 
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10.  The answer is  E  ( I ,  I I ,  I I I )  [see  VI .B. 1 ] .  
9 9 mTc su l fur  col lo id local izes wi thin  the re t iculoendothel ia l  system; 80%-90% of  the 

dose is  phagocyt ized by the Kupffer  cel ls  o f the l iver ;  5%-10%, by the spleen; and 

the ba lance, by the bone marrow.  

11.  The answer is  E  ( I ,  I I ,  I I I )  [see  VI I I .B ] .  

A l though al l  o f  the l is ted agents  accumulate in  the thyroid  g land, only sodium iod ide 
1 2 3 I  possesses ideal  imaging character is t ics  and organi f icat ion in to  thyro id  hormone. 

Whi le  the imaging proper t ies  of  sodium per technetate 9 9 mTc USP are good,  the 

per technetate ion is  trapped only by the thyroid  and not  organi f ied,  thus l imi t ing the 

in format ion provided by the image. 

12.  The answer is  D  [see  I I I .A.  1 ] .  

Thal lous chlor ide 2 0 1TI  USP is a  monovalent cat ion wi th  dis tr ibut ion analogous to  

potass ium ion (K+ ) .  Myocardial  uptake is by act ive t ransport  v ia  the Na+ /K+ -ATPase 

pump. 

13.  The answer is  C  [see  V.A.  1 ] .  

Af ter  IV admin is t ra t ion of  9 9 mTc a lbumin aggregated USP, 80% of the rad io labeled 

a lbumin par t ic les  become t rapped by capi l lary blockade in  the pu lmonary 

c i rcu la t ion. 

14.  The answer is  B  [see  VI .B. 1 ] .  

Af ter  the admin is t rat ion of  9 9 mTc su l fur  col lo id ,  80%-90% of  the dose is  

phagocyt ized by the Kupf fer  cel ls  o f the l iver ;  5%-10%, by the spleen;  and the 

ba lance,  by the bone marrow.  

15.  The answer is  E  [see  IX.A.  1 ] .  
9 9 mTc exametazime is  used for  evaluat ing bra in  per fus ion.  I t  possesses a l ipophi l ic  

par t i t ion coef f ic ient that  is  suff ic ient  to  d i f fuse passive ly across the BBB almost  



completely wi th in one pass of  the cerebra l  c i rculat ion,  and that is  suf f ic ient ly 

re tained to permi t  data co l lec t ion. 

16.  The answer is  A  [see  IX.B.  1 ] .  
1 8F f ludeoxyglucose is  used in evaluat ing cerebra l  funct ion by mapping the 

d ist r ibut ion of  cerebra l  glucose metabol ism.  As an analog of  glucose, 1 8F 

f ludeoxyglucose is  t ransported in to the bra in  by carr ier -mediated t ransport  

mechanisms respons ib le for  transport ing g lucose across the BBB. Because the 

presence of  the f lour ine atom in  the 2 pos i t ion prevents  metabol ism beyond the 

phosphorylat ion step,  1 8F f ludeoxyglucose becomes metabol ica l ly t rapped wi th in the 

bra in . 

 



20 
Pharmaceutical Care and Disease State 
Management 
Peggy C.  Yarborough 

I. INTRODUCTION 
A. Pract ice of  pharmacy.  The pract ice of  pharmacy embraces a var ie ty o f  

set t ings, pat ient  populat ions,  and spec ia l ist  and genera l ist  pharmacis ts.  

Central  to  the pract ice of pharmacy,  however,  is  the provis ion of c l in ica l  

services di rec t ly to ,  and for  the benef i t  o f ,  patients.  

B. Defini t ion.  The term pharmaceutical  care  (somet imes ca l led 

pharmacist  care )  describes speci f ic  act iv i t ies  and services through which 

an indiv idual  pharmacis t “cooperates wi th  a  pat ient  and other  profess ionals  

in  design ing,  implement ing and moni tor ing a therapeut ic  plan that  wi l l  

produce spec i f ic  therapeut ic  outcomes for the pat ient. ”1  

C.  Pharmaceut ical  care is  increas ing ly be ing augmented by act iv i t ies  that 

may be descr ibed as focused areas of pract ice,  where in  the pharmacist  is  

engaged in :  

1.  Drug monitoring,  for  a  spec i f ic  drug or for therapy for a  speci f ic  disease 

s tate 

2.  Disease monitoring,  for  a speci f ic  d isease state 

3.  Drug therapy and disease management/col laborat ive pract ice,  by protocol  

4.  A pharmacis t  may incorporate one or more areas of  focused pract ice in to  a 

genera l  pract ice of  pharmacy or  may spec ia l ize wi th in  a narrow f ie ld  o f  pract ice.  

Examples of  h igh ly specia l ized pract ice include pharmacist -di rec ted diabetes 

management  c l in ics ,  hyper tens ion c l in ics ,  ant icoagulat ion c l in ics ,  and hospi tal -

based in fect ious d isease services. 

II. SCOPE OF PRACTICE WITHIN PHARMACEUTICAL 

CARE 
A. Role.  Pharmaceutical  care has evolved f rom an emphasis on prevent ion of  drug-

re lated problems (basical ly drug management )  to  the expanded ro les  of  

pharmacis ts  in  the tr iage of  pat ients,  treatment of  routine acute i l lnesses, 

management of  chronic diseases,  and primary disease prevention.  

B. Function.  The provis ion of  pharmaceut ica l  care does not  imply that  the 

pharmacis t  is  no longer respons ible  for  d ispensing funct ions. In  many ins tances,  

however,  implementat ion of  pharmaceut ical  care serv ices necess i ta tes a redes ign of  

the profess ional  work  f low,  wi th  assignment  of  technica l  funct ions to  technica l  

personnel under the d irec t  supervis ion and respons ib i l i ty  of  the pharmacis t .  
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Table 20-1. Uniqueness of Pharmaceutical Care 

theophyline,antiepiletics
warfarin,TCA
digoxin
,aminoglycoside

medicine review
oncology services
dose calcu
drug disconti
ADR monit
precautions
tcm
pk monit
lab monit
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Characteristic 
Traditional 
Pharmacy Clinical Pharmacy 

Pharmaceutical 
Care 

Primary 
focus 

Prescription 
order or OTC 
request 

Physicians or other 
health 
professionals 

Patient 

Continuity On demand Discontinuous Continuous 

Strategy Obey Find fault or 
prevention 

Anticipate or 
improve 

Orientation Drug product Process Outcomes 

OTC, over the counter. 
 

III. UNIQUENESS OF PHARMACEUTICAL CARE. 
Provis ion of  pharmaceutica l  care over laps somewhat  wi th  o ther  aspects  of pharmacy 

pract ice (Table 20-1) .  However,  pharmaceut ical  care is  not  the same as these other 

areas,  which inc lude 

A. Cl inical pharmacy 

B. Patient  counseling  

C. Pharmaceutical  services;  when the act iv i t ies of  a pharmacy or  pharmacy 

department are per formed for “ faceless” pat ients  or  char ts ,  the act iv i ty is one of  

pharmacy service,  not  pharmaceutica l  care ( i .e . ,  char t  or  drug prof i le  reviews 

wi thout  input  from the pat ient  or caregiver  is  not pharmaceut ical  care).  

IV. ESSENTIAL COMPONENTS OF PHARMACEUTICAL 

CARE 
A. Pharmacist-pat ient  relat ionship.  The importance of  put t ing a face and 

personal i ty wi th  the c l in ica l  p ic ture is a  key component  of  pharmaceut ica l  care.  A 

pharmacis t  can have a car ing rela t ionship wi th  a  pat ient but  not  wi th  a  char t  or drug 

prof i le.  A pharmacis t  cannot  have empathy for  words on a page or  on a computer  

screen.  Pharmaceutica l  care is  based on a co l laborat ive ef fort  between pharmacist  

and pat ient .  

B. Pharmacist 's workup of  drug therapy (PWDT).  The provis ion of pharmaceut ica l  

care is  of ten centered around a process descr ibed as the PW DT.2  The PWDT 

conta ins the thought  processes  necessary for  pharmaceut ical  care.  The PW DT is  too 

lengthy to  be used as the char t  note for  pharmacis t  intervent ions;  an abbrevia ted 

format  known as a FARM ( f ind ings,  assessment ,  resolut ions/ recommendat ion,  and 

moni tor ing)  note or  a  SOAP (subject ive,  ob ject ive,  assessment ,  and plan)  note is  

more appropr ia te  for  a  char t  notat ion (Table 20-2) .  Nonetheless,  i t  is  he lpfu l  to  the 

empathy 
trust
collaborate
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pharmacy s tudent ,  or  to  a  pharmacist  enter ing a new f ie ld  of  pharmacy pract ice,  to  

wr i te  out complete PW DTs for  a var ie ty o f  pat ients  as t ra in ing or  or ientat ion 

exerc ises.  Al though the forms and methods used for  the PW DT may vary,  the 

components  are essent ial ly  the same. 

1.  Data col lect ion.  Col lec t ,  synthes ize, and in terpret  re levant information,  such as: 

a.  Pat ient  demographic data:  age,  race,  sex 

b.  Pert inent medical  in formation 

(1)  Current and past medica l  h is tory 

(2)  Family his tory 

(3)  Soc ia l  h is tory 

(4)  Die tary history 

(5)  Medicat ion h is tory (prescr ip t ion,  OTC, social  drugs;  a l lergies) 

(6)  Physica l  f ind ings (e.g. ,  weight ,  he ight,  blood pressure,  edema) 

(7)  Laboratory or  other tes t  resu l ts  (e .g. ,  serum drug levels ,  potassium level ,  serum 

creat inine as re levant  to  drug therapy) 

c .  Pat ient  complain ts ,  symptoms,  s igns 
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Table 20-2. Components of a FARM Note and a SOAP Note 

PWDT 
Component 

FARM Note SOAP Note 

 

The identified or suggestive patient-specific information 
that gives a basis for or leads to the recognition of a 
pharmacotherapy problem or indication for pharmacist 
intervention 

Findings Findings (F) Subjective 
data (S) 

 

Subjective and objective data 
incorporated into same section 

separated from 
objective data 
(O) 

Desired 
outcomes 

Assessment (A) 

Desired end 
points 

The pharmacist's clinical judgment based on his or her 
findings—thus it is no better than the database (the 

finding, desired outcomes,endpoints,
druug related problems,followup,ther
selection,monit parametres
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Drug-related 
problems 

findings); the assessment forms the basis for the 
intervention plan 

Therapeutic 
selection Resolutions/Recommendation (R) 

Plan (P) Monitoring 
parameters 

Monitoring (M) 

Follow-up 
 

2.  Develop or  ident i fy the CORE pharmacotherapy plan3  

a.  C = condit ion  or  pat ient  need.  Note that  this may include nonmedica l  condi t ions 

or  needs and is thus not a  rei terat ion of  the current  medica l  problems. 

b.  O = outcome(s)  desi red for  the condit ions or  needs. 

(1)  Patient outcomes  (POEMS: pat ient -or iented evidence that  matters) .  There are 

genera l ly f ive categor ies of  pat ient outcomes: 

(a)  Morta l i ty 

(b)  Morb id i ty 

( i )  Related to  disease process 

( i i )  Related to  medicat ion/ t reatment  plan 

(c)  Behavior 

(d)  Economic 

(e)  Qual i ty o f  l i fe 

(2)  Therapeutic end points  (surrogate markers ;  DOES: d isease-or iented evidence) 

(a)  A therapeut ic  end point  represents the pharmacologica l  or  therapeut ic e f fec t that  

is  expected,  ul t imate ly,  to  achieve the desi red outcome(s) .  

(b)  More than one end point is  usual ly needed to achieve an outcome—for example,  

both near-normal  g lycemic  control  and normal izat ion of  b lood pressure are 

necessary to  s ign i f icant ly reduce the r isk  of  end-s tage renal  disease. 

c .  R = regimen  to achieve the desi red outcome(s) 

(1)  Therapeutic regimens  

(a)  Exist ing therapy.  For  example,  a pharmacist  is  asked to work  wi th  a pat ient  for  

whom one or more agents  are al ready prescr ibed for  the d isease process or  

problem. 

( i )  Evaluate the current  drug regimen for  i ts  potent ia l  to  achieve des i red end points  

and to  meet  the pat ient 's indiv idual needs. 

( i i )  Revise the regimen as appropr ia te. 

(b)  Init ia l  therapy.  A pharmacis t is  asked to  work  wi th  a pat ient  whose condi t ion 

was newly d iagnosed or is  asked to develop an in i t ia l  t reatment p lan. 

( i )  L is t  the therapeut ic  opt ions (drug and regimen) most  l ike ly to achieve the des i red 

end points .  

condition
outcome
regimen
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( i i )  Select  the opt ion best  sui ted for  the pat ient 's  medica l ,  phys ica l  (e .g . ,  handicap),  

psychosocial  (e.g . ,  support  sys tem), mental  (motivat ion,  denia l ,  fear) ,  and f inanc ial  

wel l -be ing. 
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(2)  Goal sett ing and behavior regimens.  The pat ient  is  an essent ia l  partner  for  

set t ing and achieving in termediate- and short - term goals  and the behavior  changes 

necessary to  achieve those goals.  To construct  e ffec t ive behavior  regimens,  the 

pharmacis t  pract i t ioner  must  incorporate the fo l lowing concepts : 

(a)  Ident i fy the type of  goal  be ing set,  such as the fol lowing: 

( i )  Start  a  new posi t ive act ion—for  example,  s tar t  an exerc ise program. 

( i i )  Increase  the f requency or  in tensi ty of  a  pos i t ive act ion—for example,  dr ink  two 

more cups of water  da i ly.  

( i i i )  Stop or decrease  the f requency or  in tensi ty o f  a  dest ruct ive act ion—for  

example, s top smoking. 

( iv)  Continue  an act ion that  is  “perfec t ”—for  example,  cont inue to  exerc ise 30 min a 

day,  every day. 

(b)  State the behavior goal  in  terms that  are clear,  specific ,  and reasonable.  

( i )  Set t ime l imits—for example,  “Over the next  3 weeks.” 

( i i )  Target  a specif ic  act ion—for example,  “ I  wi l l  walk . ”  

( i i i )  Set  measures and frequency—for example,  “s ix b locks,  three days a week.” 

( iv)  Divide a big task  into  several  smal l  ones, making each change smal l  re la t ive to  

the current pat ient  behavior .  The o ld saying “ I t 's  hard by the yard,  but  a  c inch by 

the inch”  is t rue. 

d.  E = evaluat ion parameters  to  assess outcome achievement .  

(1)  Eff icacy parameters.  W hat  should be monitored,  how of ten,  and by whom to 

ensure that  therapeut ic  end points  or pat ient  outcomes are be ing achieved. 

(2)  Toxici ty parameters.  W hat  should be monitored,  how of ten,  and by whom to 

ensure that  adverse effec ts,  al lerg ic  react ions,  or toxic i ty is  not  occurr ing. 

3.  Identi fy the PRIME pharmacotherapy problems  or ind icat ions for  pharmacis t  

in tervent ions,  4somet imes referred to  as drug-re la ted problems.5  The goal  is  to  

ident i fy ac tual  or potent ia l  problems that  could compromise the des i red pat ient  

outcomes (Table 20-3) .  

a.  P = pharmaceutical-based problems  

(1)  Pat ient  not  rece iv ing a prescr ibed drug,  device,  or intervent ion 

(2)  Rout ine moni tor ing ( labs,  screenings,  exams) missing 

Table 20-3. PRIME Pharmacotherapy Problem Types 
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P = Pharmaceutical-based problems 

• Patient not receiving a prescribed drug, device, or intervention 
• Routine monitoring (labs, screenings, exams) missing 

R = Risks to patient 

• Adverse drug reaction/drug allergy 
• Potential for overlap of adverse effects (must be kept in mind as part 

of the workup or evaluation of any new complaint or problem 
reported by patient) 

I = Interactions 

• Drug-drug, drug-disease, drug-food interactions 

M = Mismatch between medications and condition or patient needs 

• No indication for a current drug, device, or intervention 
• Indication for a drug, device, or intervention but none prescribed 

E = Efficacy issues 

• Too much of the correct drug 
• Too little of the correct drug 
• Wrong drug, device, intervention, or regimen prescribed; more 

efficacious choice possible 

Adapted with permission from Canaday BR, Yarborough PC. Documenting 
pharmaceutical care: Creating a standard. Ann Pharmacother 1994;28:1292-
1296. 
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b.  R = risks to patient  

(1)  Adverse drug react ion/drug al lergy 

(2)  Potent ial  for  overlap of  adverse effec ts;  must  be kept  in  mind as par t  of  the 

workup or evaluat ion of any new complain t  or  prob lem repor ted by pat ient  

c .  I  =  interact ions  

(1)  Drug-drug,  drug-d isease,  drug- food,  drug-lab in teract ions 

d.  M = mismatch  between medicat ions and condi t ion or  pat ient needs 

(1)  No ind icat ion for  a  current  drug,  device,  or  in tervent ion 

(2)  Ind icat ion for  a  drug, device,  or  in tervent ion but  none prescr ibed 

(3)  Perceived or  ac tua l  barr iers  to  implementat ion of  medicat ion or  behavior  

reg imen,  such as f inanc ia l  constra ints;  l i fes ty le issues;  and in te l lec tual ,  phys ical ,  or  

emot ional  l imi ta t ions. 

e.  E = efficacy issues 

(1)  Too much of  the correct  drug 

(2)  Too l i t t le  o f  the correct  drug 

(3)  W rong drug,  device,  in tervent ion,  or  reg imen prescribed or more ef f icac ious 

choice poss ib le 

C. Documentat ion of  pharmaceutical care.  Formulate a FARM note  or  SOAP note  

to  descr ibe and document  the in tervent ions in tended or  provided by the pharmacist .6  

Some heal thcare fac i l i t ies  may spec i fy one format  over  the other ;  pharmacis ts need 

to  become prof ic ient  in each. 

1.  Format of  a FARM note  

a.  F = f indings.  The pat ient -spec i f ic  in format ion that  g ives a bas is  for ,  or  leads to ,  

the recogni t ion of  a  pharmacotherapy problem or  indicat ion for  pharmacis t 

in tervent ion. W ith in  the FARM format ,  f ind ings inc lude subject ive and object ive 

in format ion about  the pat ient .  

b.  A = assessment.  The pharmacis t 's  evaluat ion of  the f indings, inc luding 

s tatements  of :  

(1)  Any addi t ional  in format ion that  is needed to  best  assess the problem to make 

recommendations 

(2)  The sever i ty,  pr ior i ty,  or  urgency of  the problem 

(3)  The short - term and long- term goals  of  the in tervent ion proposed or  provided. 

(a)  Examples of  short- term goals:  e l iminate symptoms, lower blood pressure (BP) 

to  140/90 mm Hg wi thin  6 weeks,  manage acute asthma f lareup wi thout  requi r ing 

hospi ta l izat ion 

(b)  Examples of  long-term goals:  prevent  recurrence,  mainta in BP at  <130/80 mm 

Hg,  prevent  progression of  diabet ic  nerve d isease 

c .  R = resolution  ( inc luding prevent ion) .  The in tervent ion plan includes actua l  or  

proposed act ions by the pharmacis t  or  recommendat ions to  o ther heal thcare 

profess ionals .  The rat ionale for  choos ing a spec i f ic  in tervent ion should be s tated.  

In tervent ion opt ions may inc lude the fol lowing: 

(1)  Observing,  reassess ing,  or  fo l lowing—no in tervent ion necessary at  th is  t ime.  I f  

no act ion was taken or recommended,  the FARM note serves as a record of  the 

event  and should const i tu te  par t  o f  the pat ient 's pharmacy char t  or  database. 

(2)  Counsel ing or  educat ing the pat ient  or  caregiver  
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(3)  Mak ing recommendations to  the pat ient or  caregiver 

(4)  Informing the prescriber 

(5)  Mak ing recommendations to  the prescriber 

(6)  W ithhold ing medicat ion or advis ing against  use 

d.  M = monitoring  and fo l low-up.  The parameters  and t iming of fol low-up moni tor ing 

to  assess the ef f icacy,  safety,  and outcome of the intervent ion.  Th is  por t ion of  the 

FARM note should inc lude the fol lowing: 

(1)  The parameter  to  be fo l lowed (e.g. ,  pain , depressed mood,  serum potass ium 

level ) 

(2)  The in tent  o f  the moni tor ing (e .g. ,  e f f icacy,  toxic i ty,  adverse event) 

(3)  How the parameter wi l l  be moni tored (e.g.,  pat ient  in terview,  serum drug leve l ,  

phys ical  examinat ion) 
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(4)  Frequency of  moni tor ing (e .g. ,  weekly,  month ly)  

(5)  Durat ion of  moni tor ing (e .g. ,  unt i l  reso lved,  whi le  on ant ib iot ic ,  unt i l  resolved 

then month ly for  1  year) 

(6)  Ant ic ipated or des i red f ind ing (e.g. ,  no pa in,  euglycemia,  heal ing of les ion) 

(7)  Dec is ion po int  to  al ter  therapy when or  i f  outcome is  not  achieved (e.g. ,  pain s t i l l  

present a fter  3  days,  mi ld  hypoglycemia more than two t imes a week) 

2.  Format of  a SOAP note.  The SOAP format is  the one used most  o f ten by medica l  

pract i t ioners ;  however,  when used wi thin  the pharmaceut ical  care context ,  the 

content  o f the sect ions must  be revised to  match the pharmacis t 's  legal  scope of  

pract ice. 

a.  S = subject ive f indings.  The pat ient -spec i f ic  subject ive  information that  gives a 

basis for,  or  leads to,  the recogni t ion of a  pharmacotherapy problem or ind icat ion 

for  pharmacis t  in tervent ion.  W ith in the SOAP format ,  pat ient  f ind ings are de l ineated 

in to subject ive and object ive data. 

(1)  Subject ive data are open to  indiv idual interpretat ion, whereas object ive data are 

easi ly dupl icated or  quant i f ied.  Examples of  subjec t ive f indings inc lude the pat ient 's 

s ta tement o f  complain t  ( the ch ie f  compla in t ;  cc)  and durat ion or sever i ty of  

symptoms. 

(2)  Sometimes,  the data to  be noted are not  c learly de l ineated as subject ive or  

ob ject ive or there may be a preponderance of  one type of  data.  In  these ins tances,  

the subject ive and object ive data may be combined as a s ing le sect ion,  labeled “S/O 

Findings.” 

b.  O = object ive f indings.  The pat ient-speci f ic  object ive  information that  g ives a 

basis for,  or  leads to,  the recogni t ion of a  pharmacotherapy problem or ind icat ion 

for  pharmacis t  in tervent ion.  Examples of object ive information include laboratory 

data,  weight ,  he ight ,  b lood pressure,  and pulse. 

c .  A = assessment.  In  the medica l  model,  the assessment s ta tes the phys ic ian 's  

work ing d iagnosis  and/or possib le  explanat ions for  the pat ient 's medical  prob lem(s) .  

In  the pharmaceut ical  care model ,  however,  diagnosis is  not  normal ly wi th in  the 

pharmacis t 's  scope of  pract ice.  Ins tead,  the assessment  sect ion inc ludes the 
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pharmacis t 's  eva luat ion of  the subject ive and objec t ive f indings in  a  manner s imi lar  

to  the descrip t ion of  the assessment  in  the FARM format  (see IV.C.1.b) .  

d.  P = plan.  In  the medica l  model ,  the p lan s tates the phys ic ian 's intended drug 

reg imen(s),  surgica l  procedures, and/or diagnost ic  tes ts .  In  the pharmaceut ica l  care 

model ,  pharmacists  may not  have the authori ty to in i t iate  or  al ter  drug therapy 

reg imens or  order laboratory tes ts .  Laboratory or  prescrip t ive author i ty may be 

granted on a s ta te-bystate basis ,  under col laborat ive protocol  wi th  spec i f ic  

phys ic ian(s)  or  wi th in  a  spec i f ic  healthcare fac i l i ty  or  system. Act ions included 

wi th in  the p lan sect ion should be ident i f ied as recommended  ac t ions when 

appropr ia te.  In  the pharmaceut ica l  care model,  the plan is  usual ly expanded to  

descr ibe in formation inc luded in  the moni tor ing and fo l low-up sect ion of  the FARM 

note (see IV.C.1.d) .  

V. FOCUSED AREAS OF PRACTICE. 
This  phrase refers  to  areas of  spec ia l ty pract ice in  which pharmacists  are 

increas ing ly be ing recognized for  thei r  therapeut ic  or management  exper t ise.  As 

such,  pharmaceutical  care provided by the pharmacis t  is  augmented by act iv i t ies  not 

normal ly provided wi th in the general is t  pharmacist  ro le .  Categor ies of  focused 

pract ice may best  be described by the type and extent  o f  specia l ty act iv i t ies .  

Act iv i t ies  for  each descr ip t ive leve l  are addi t ive to ,  or augment,  the previous level—

that  is,  focused drug moni tor ing incorporates and expands the act iv i t ies  of  

pharmaceut ical  care; focused disease moni tor ing incorporates the act iv i t ies  of  

pharmaceut ical  care p lus  focused drug moni tor ing,  and so on. 

A. Drug monitoring.  Spec ia l ized moni tor ing for  a  spec i f ic  drug or drug therapy for  a  

spec i f ic  disease s tate.  Examples are the fol lowing: 

1.  Extensive patient education  concern ing the drug, the drug moni tor ing process,  

and the pharmacist 's  and pat ient 's responsibi l i t ies  for  focused drug monitor ing.  I t  

must  be s t ressed to  the pat ient that  for  the focused drug moni tor ing program to be 

ef fec t ive,  the pharmacis t must  have access to  in format ion concern ing al l  the 

medicat ions be ing taken by,  or  prescribed for ,  the pat ient .  
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2.  Each t ime the pat ient  re turns for  a  ref i l l  o f  the moni tored medicat ion (e.g. ,  for  

hyper tension,  diabetes, hyper l ip idemia,  c i rcula t ion,  card iovascular  disease,  

g laucoma): 

a.  Perform a compliance check  (expected versus actua l  re f i l l  date)  and determine 

why  the needed medicat ion or suppl ies  are not be ing re f i l led.  Phys ica l ,  f inanc ial ,  

in tel lec tual ,  menta l ,  or emotional  issues may be invo lved, requi r ing re ferra l  to  other 

heal thcare providers  or  requi r ing other innovat ive solu t ions.  Take the responsibi l i ty  

and appropria te  act ion to  resolve these issues. 

b.  Ask about  the occurrence and f requency of  side effects,  especia l ly those re lated 

to  qual i ty o f l i fe—such as orthostat ic  hypotension,  changes in  sexual  funct ion,  

energy level ,  exerc ise tolerance,  hypoglycemia,  hyperg lycemia, and abi l i ty to  
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concentrate.  Counsel  the pat ient  about  s t rategies to min imize these effects  or  

contact  the prescriber  to o f fer  opt ions to resolve the pat ient 's  repor ted problems. 

3.  W ith  each new prescript ion or over-the-counter (OTC )  medicat ion  added to the 

moni tored drug reg imen, observe and counsel  the pat ient  concern ing the fo l lowing: 

a.  Drugs that  may affec t  the ef f icacy of the moni tored drug (drug-d isease and drug-

drug in teract ions) .  For  example,  wi th  d iabetes medicat ions: 

(1)  Cer ta in  drugs may d irec t ly change b lood g lucose levels.  

(2)  Cer ta in  drugs may ind i rec t ly change blood g lucose levels  by interact ing wi th  the 

hypoglycemic  agent .  

b.  Drugs that  may af fect  the course of the disease for the moni tored drug. For  

example, cer tain  drugs added to a d iabetes regimen may affec t  the compl icat ions of  

d iabetes by aggravat ing neuropathy and nephropathy as a resul t  of  decreased 

c i rcu la t ion. 

c .  Drugs that  may af fec t  comorbidi ty condi t ions of the d isease for the monitored 

drug. For example,  certain  drugs added to  a d iabetes reg imen may af fec t concurrent 

hyper tension,  l ip id  abnormal i t ies,  and other  condit ions that occur  more f requent ly in  

the d iabet ic populat ion. 

4.  Remind and encourage pat ients  to adhere to schedules for recommended 

laboratory tests  dur ing the course of the drug therapy.  Examples include 

prothrombin t ime tes ts ,  l iver  funct ion tes ts ,  eye examinat ions,  and renal  funct ion 

tes ts .  Adherence to such moni tor ing parameters  wi l l  a l low prevent ion or ear ly 

detect ion and t reatment  o f  cer ta in adverse drug ef fec ts .  

B. Disease monitoring.  Special ized monitor ing for  a  speci f ic  d isease s tate.  

Disease-monitor ing act ivi t ies  are opt imal ly per formed at  regular  in tervals  (e .g.,  a t  

set  appointment  t imes) ,  but  should at  least  be per formed each t ime the pat ient  

re turns for  re f i l l  o f  a  disease-rela ted medicat ion or  supply. 

1.  A focused d isease-moni tor ing program is extens ive in  t ime,  e f for t ,  and pat ient 

educat ion.  At  this  leve l ,  however,  the pharmacis t does not  in i t ia te  changes in  

pharmacologica l  therapies.  Recommendat ions for  changes are relayed to the 

medica l  provider ,  who then di rec ts  the pharmacist  concerning spec i f ic  regimen 

adjustments . 

2.  Examples of  focused d isease-moni tor ing act iv i t ies  are the fo l lowing: 

a.  Extensive patient education  concern ing the d isease and i ts  t reatment ,  the 

d isease-moni tor ing process,  and the pharmacist 's  and pat ient 's  respons ib i l i t ies  for  

focused disease moni tor ing.  Educat ion wi l l  l i ke ly be needed ini t ia l ly  and per iod ica l ly 

dur ing the moni tor ing program. 

b.  Focused moni tor ing of a  chronic  d isease would inc lude pat ient  educat ion to  

estab l ish the pat ient 's  des i red targets  or goals  and s t rategies to a tta in  them. 

(1)  Encourage and ass ist  pat ients to set  long- term goals—for  example, lose 30 lb  or  

qu i t  smoking. 

(2)  Encourage and ass ist  pat ients to set  short - term goals  that are di rec ted toward 

meet ing the long- term goals—for  example,  lose 1 lb in 1-2 weeks or decrease 

smoking by one c igaret te  per day. 

c .  Assessment for subject ive evidence  o f  improvement  or  worsening of  d isease 

symptoms.  
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(1)  The f requent  or  consis tent  occurrence of  cer tain  symptoms (such as asthma 

at tacks,  hypoglycemia,  chest  pa in,  diarrhea f rom u lcerat ive co l i t is )  should be 

brought  to  the at tent ion of  the medica l  provider .  
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(2)  Lack of  subject ive evidence of e f f icacy (fa i lure o f  pain  control ,  min imal  or  no 

improvement o f  noctur ia) should also be repor ted to  the prescriber .  

(3)  The pat ient 's  report  o f  days of  work  or  school  missed owing to  exacerbat ion of  

d isease symptoms is a  va luable assessment  o f d isease contro l  or  t reatment .  

d.  Assessment  for  object ive evidence  or  cer ta in indices of  d isease control  or  

t reatment .  For  example,  a  pharmacist  may review and guide a d iabet ic pat ient in 

in terpretat ion of  sel f -moni tored b lood g lucose (SMBG) records. Using these data,  

the pharmacis t  can then advise the pat ient  concern ing the appl icat ion of  a 

prescribed insu l in  ad justment  algori thm. 

(1)  Some data may be pat ient  derived,  such as SMBG, weight ,  measurement  o f  ca l f  

c i rcumference, and readings f rom a peak- f low meter .  

(2)  Some data may be pharmacist  in i t ia ted, such as a pharmacy-based l ip id-

moni tor ing program, b lood glucose test ing,  and b lood pressure measurements . I t  

should be noted that  a pharmacy may need to be Clinical  Laboratories 

Improvement Act  (CLIA)  cert i f ied before per forming cer ta in waived or moderate ly 

complex laboratory procedures. 

(3)  Some data may be obta ined through the physic ian 's o ff ice;  a  copy is  forwarded 

to  the pharmacis t  or  brought in by the pat ient.  

C. Drug/disease management by protocol .  The components of this  focused 

pract ice inc lude the fol lowing:  

1.  Disease and drug moni tor ing,  including a s ign i f icant  component  of  pat ient  

educat ion 

2.  Disease and qual i ty-of- l i fe  outcomes ident i f ied and agreed on by pat ient,  medical  

provider ,  and pharmacist 

3.  Appl icat ion of  a drug-d isease-management  protocol ,  developed as a co l laborat ive 

work  re lat ionship between pharmacist  and medical  provider,  which elaborates 

spec i f ic  author izat ions or  l imi ta t ions for  the pharmacis t 's  act iv i t ies .  Components of  

a  drug-disease-management  protocol  may inc lude the fo l lowing: 

a.  Process by which the phys ic ian re fers  the pat ient  to  the pharmacis t 

b.  Drugs, devices,  medica l  t reatment ,  tes ts and procedures that  may be prescr ibed,  

adminis tered,  or  ordered,  as appropr ia te  for  the treatment  of  the heal th  problem 

addressed by the protocol  

(1)  Drug in i t ia t ion,  dosage adjustment  and/or  discont inuat ion 

(2)  Speci f ic  laboratory orders and in terpretat ion 

c .  Limi ted phys ical  assessment 

d.  Integrat ion of  the pharmaceut ica l  care p lan in to  the tota l  medical  care p lan for 

the pat ient 

e.  Predetermined p lan for  emergency services 
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f .  W ri t ten communicat ion/documentat ion to /f rom medica l  provider  (e .g. ,  char t  access 

and note entry) 

VI. CLINICAL SKILLS AND PHARMACIST'S ROLES IN 

PHARMACEUTICAL CARE. 
The ski l ls ,  ac t iv i t ies ,  and services inherent  in  the provis ion of pharmaceutica l  care 

include the fo l lowing: 

A. Patient  assessment  

1.  Physica l  assessment 

2.  Barr iers  to  adherence 

3.  Psychosoc ia l  issues 

B. Patient  education and counsel ing  

1.  Interview sk i l ls  

2.  Communicat ion ski l ls  (e .g .,  empathy,  l is ten ing, speak ing or wr i t ing at the 

pat ient 's  leve l  o f  understanding) 
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3.  Abi l i ty  to  mot ivate,  insp i re 

4.  Develop and implement  a  pat ient  educat ion plan based on an in i t ia l  educat ion 

assessment 

5.  Ident i f icat ion and resolut ion of  compl iance barr iers 

C. Patient-specif ic pharmacist  care plans  

1.  Recogni t ion,  prevent ion,  and management  o f drug in teract ions 

2.  Pharmacology and therapeut ics ( innovat ive and convent ional) 

3.  Interpretat ion of  laboratory tes ts 

4.  Knowledge of communi ty resources,  profess ional  re ferra ls 

5.  Communicat ion and rapport  wi th  communi ty medica l  providers 

D. Drug-treatment protocols  

1.  Develop and maintain  (update) protocols .  

2.  Fol low protocols as a pharmacis t  c l in ic ian. 

3.  Moni tor aggregate adherence to t reatment  protocols  (e.g. ,  drug-use evaluat ions;  

DUEs),  especial ly for a  managed-care or  heal th-system faci l i ty .  

E. Dosage adjustment  

1.  Ident i fy pat ients  a t  r isk  for  exaggerated or subtherapeut ic  response. 

2.  Apply pharmacok inet ic  pr inc iples  to  determine pat ient -spec i f ic  dos ing. 

3.  Order  and in terpret  relevant tes ts  a t correct  t ime in terva ls  to  assess dosage 

adjustment  (e .g. ,  plasma drug concentrat ions, b lood glucose leve ls ,  b lood pressure 

measurements) .  

F.  Selection of  therapeutic al ternat ives  

1.  Use drug in formation resources ef fect ive ly.  

2.  Review and cr i t ique drug l i terature. 

3.  Construct  comparat ive analyses to  support  therapeut ic  dec is ions. 

G. Prescript ive authority in  des ignated pract ice s i tes  or  posi t ions 

H. Preventive services  
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1.  Immunizat ions 

2.  Screenings 

3.  Heal th  and wel lness educat ion 

I .  Managerial  ski l ls  

1.  Plan,  direct ,  and implement  pharmaceut ical -care act iv i t ies wi th in a  var ie ty of  

pract ice envi ronments , such as communi ty pharmacy,  ambulatory-care sett ings,  

managed or  contractual  care,  home-heal th  services,  long- term-care faci l i t ies,  

inpat ient  hospi tal  pract ice,  and others . 

2.  Al locate  resources. 

VII. PHARMACEUTICAL CARE AS THE MODEL FOR 

PHARMACY PRACTICE. 
The concepts ,  ac t iv i t ies, and services of  pharmaceut ica l  care form the bas is  for  

provis ion of c l in ica l  services di rec t ly to ,  and for the benef i t  o f ,  pat ients  in a l l  

pharmacy pract ice set t ings.  These set t ings include home-heal th ,  hospi ta l ,  

ambulatory-care,  pr imary-care, consulta t ion,  long- term-care,  and communi ty 

pharmacy pract ice.  Work f low,  sta f f ing pat terns,  processes,  and pharmacy programs 

might  d i f fer ,  but the core approach to  pat ient  care remains pharmaceutica l  care in 

a l l  set t ings. 
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VIII. DOCUMENTATION OF PHARMACEUTICAL CARE. 
“ I f  i t  isn ' t  documented,  i t  isn ' t  done! ”  Documentat ion of  pharmaceut ical  care is  

in tegral  to  cont inui ty of  care,  demonstrat ion of  c l in ic ian competence,  communicat ion 

among heal th-care providers,  evidence of  contr ibut ions to  pat ient  care,  and 

re imbursement  of  profess ional  services. 

A. Pharmaceutical  care,  inc lud ing the pharmaceut ica l  care p lan process (CORE, 

PRIME, FARM, or  SOAP),  is a  systemat ic  method for  record ing the pharmacis t 's  

examinat ion of a  pat ient 's  pharmacotherapy and subsequent  ident i f icat ion of  

medicat ion-re lated problems. 

B. Computer software programs,  in  most  pract ice set t ings,  mainta in pat ient  data 

and drug-prof i le  records. Thus af ter documentat ion of  the ini t ia l  pharmaceut ica l  care 

p lan,  pat ient data or  drug regimens are included in  subsequent  FARM (or  SOAP) 

notes on ly i f  a change occurs  that  is  re levant  to  the therapeut ic  issue being 

addressed in  the note. 

C.  Forms that  summarize pharmacists '  in tervent ions us ing a unified coding system  

are usefu l  for process ing re imbursement  or  bi l l ing forms, but  these forms are not  

adequate documentat ion of  pharmaceut ical  care.  These forms do not communicate 

to  o ther heal th  profess ionals  the depth and qual i ty  o f  pharmacist  in tervent ions or 

the pharmacis t 's  plan for ongoing pharmaceut ical  care. 

IX. PHARMACEUTICAL CARE: AN ONGOING PROCESS. 
The patient  prof i le  (database)  is revised and reassessed each t ime a new drug is  

added to  or deleted f rom the medicat ion reg imen, a  new d isease or  condi t ion is  
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diagnosed,  or  the pat ient  undergoes other c l in ical  intervent ion,  such as surgery.  

When the pat ient  re turns to  the pharmacy or is  readmi t ted to  the heal th system 

faci l i ty ,  the pharmacis t  uses the pat ient prof i le ,  PWDT, and FARM (or  SOAP) notes 

(maintained in  the pat ient  pharmacy chart  or in the medical  chart )  as  the bas is  for  

ongoing pharmacis t -pat ient  in teract ions. 

X. IMPORTANCE OF PHARMACEUTICAL CARE IN 

TODAY'S PHARMACY PRACTICE 
A.  The potent ial  for  medicat ion errors  is  growing,  and one professional  group must  

assume a primary ro le  in address ing th is  issue,  ra ther than various groups or 

indiv iduals  making f ragmented ef forts .  The pharmacis t  is  t rained spec i f ical ly to  

address these therapeut ic  issues. 

B.  The use of  prescrip t ion and nonprescrip t ion medicat ions is growing and now 

const i tu tes the primary therapeut ic  modal i ty ava i lab le  to heal thcare pract i t ioners 

and pat ients. 

C.  The number,  complexi ty,  and potency of prescrip t ion and nonprescr ip t ion drug 

products  are increasing. 

D.  The need for  pharmaceut ical  care secures an endur ing role  for  the pharmacis t  in  

the U.S.  healthcare system. Every encounter  wi th  pat ients ,  regard less of pract ice 

set t ing,  provides pharmaceut ica l  care. 

E.  Pharmaceut ical -care act iv i t ies  in tegrate pharmacis ts into  the heal thcare system 

of  the fu ture. 
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STUDY QUESTIONS 
Direct ions:  Each of  the quest ions,  s tatements , or  incomplete sta tements  can be 

correct ly answered or  completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

1.  Which of  the fol lowing statements best describes FARM? 

(A)  cul t ivat ion of  a pharmacis t 's  knowledge to bet ter serve the publ ic 

(B)  f ind ings,  assessment,  reso lut ion, monitor ing 

(C) f ind ings,  assessment,  recogni t ion,  management 

(D)  the process by which an indiv idual pharmacist in teracts  wi th  a speci f ic  pat ient  to 

a t tain  per t inent  medica l  in formation 

View Answer1.  The answer is  B[see] .2.  An example of  an expanded role 

of  the pharmacist  is 

(A)  communi ty leader.  

(B)  preparat ion of  compounded prescrip t ions. 

(C)  mainta in ing adequate inventory of  orphan drugs. 

(D)  t r iage of  pat ients. 

View Answer2.  The answer is  D[see] .3.  What is  the most important focus 

of  pharmaceutical  care? 

(A)  pharmacist 
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(B)  pat ient 

(C)  prescript ion 

(D) pat ient  chart  

View Answer3.  The answer is  B[see] .4.  Which of  the fol lowing statements 

regarding pharmaceutical  care is  true? Pharmaceutical  care 

(A)  usual ly does not  over lap into  other  areas of heath care. 

(B)  and cl in ica l  pharmacy are synonymous. 

(C)  impl ies  that  the pharmacis t  is  no longer responsible  for  dispensing funct ions. 

(D)  is based on st ra tegies to provide cont inuous pat ient care to  a t tain  des i red 

outcomes. 

View Answer4.  The answer is  D[see] .pharmaceutical  care5. Essential  

components of  pharmaceutical care include 

(A)  pat ient -pharmacis t  rela t ionship,  leg ible  physic ian orders,  and accurate data 

co l lec t ion. 

(B)  pharmacist -pat ient  rela t ionship and workup of drug therapy.  

(C)  a  sof tware program that  accesses medicat ion h is tory and prompts  the 

pharmacis t  concern ing quest ions to  ask the pat ient .  

(D)  maintenance of  pat ient  medicat ion h is tory for  a t  least  2 years  and a focus on 

acute i l lness. 

View Answer5.  The answer is  B[seeand] .6.  In the CORE pharmacotherapy 

plan, what does the E  stand for? 

(A)  educat ion of  pat ient or  caregiver 

(B)  e f f icacy issues 

(C) e laborat ion 

(D) evaluat ion parameters 

View Answer6.  The answer is  D[see] .7.  The most important reason for 

using the FARM note is to 

(A)  col lec t in formation for  the physic ian. 

(B)  document  problem-solv ing and/or  in tervent ions per formed by the pharmacis t .  

(C)  keep a log of  a l l  drug interact ions. 

(D)  create a un i form method of  recording pat ient  in format ion. 

View Answer7.  The answer is  B[see] .8.  Which of  the fol lowing topics 

would not  be included in the assessment port ion of  the FARM note? 

(A)  recommendat ions made to  the pat ient or  caregiver 

(B)  sever i ty,  pr ior i ty,  or  urgency of  the problem 

(C) shor t - term and long- term goals o f the in tervent ion 

(D) addi t ional  in format ion that  is  needed to best  assess the problem 

View Answer8.  The answer is  A[see] .9.  Immunizat ions, screenings,  and 

wellness education are examples of  which cl inical  skil l? 

(A)  communi ty health  overview 

(B)  pat ient  medicat ion educat ion and counsel ing 

(C) prevent ive services 

(D) manager ia l  services 



View Answer9.  The answer is  C[see] .10.  The pharmacist's  role in the 

select ion of  therapeutic al ternatives requires which of  the following cl inical 

ski l ls? 

(A)  review and cr i t ique drug l i terature 

(B)  mot ivate and insp ire  pat ients 

(C)  per form drug-use evaluat ions (DUEs) 

(D)  knowledge of communi ty resources 

View Answer10. The answer is  A[see] .P.476 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [see  IV.C ] .  

A FARM progress note is used to  descr ibe and document  the in tervent ions in tended 

or  provided by the pharmacis t .  The acronym FARM stands for  f ind ings,  assessment ,  

resolut ion,  and moni tor ing and fo l low-up. 

2.  The answer is  D  [see  I I .A ] .  

Pharmaceutica l  care has evolved f rom an emphasis  on prevent ion of  drug-re lated 

problems to  the expanded roles of t r iage of pat ients , t reatment  o f rout ine acute 

i l lnesses, management  of  chronic d iseases, and pr imary disease prevent ion. 

3.  The answer is  B  [see  IV.A ] .  

Pharmaceutica l  care is  based on a col laborat ive ef fort  between pharmacis t  and 

pat ient.  

4.  The answer is  D  [see  I .B;  IX ] .  

The term pharmaceut ica l  care  descr ibes spec i f ic  ac t iv i t ies  and services through 

which an ind iv idual  pharmacis t  cooperates wi th  a pat ient  and other  profess ionals  in  

designing,  implement ing, and monitor ing a therapeut ic  p lan that  wi l l  produce 

spec i f ic  therapeut ic  outcomes for  the pat ient .  The pat ient  prof i le  (database)  is 

revised and the potent ial  for  drug-re la ted problems is  reassessed each t ime a new 

drug is added to or  deleted f rom the medicat ion reg imen,  a new d isease or  condit ion 

is  d iagnosed,  or  the pat ient  undergoes other  c l in ica l  intervent ion (e .g.,  surgery) .  

5.  The answer is  B  [see  IV.A and  B ] .  

The essent ia l  components  of pharmaceutica l  care are the pharmacist -pat ient  

re lat ionship and the pharmacis t 's  workup of  drug therapy. 

6.  The answer is  D  [see  IV.B.2 ] .  

The acronym CORE refers  to  the components  of  the pharmacotherapy plan,  which is  

par t  o f  the pharmacis t 's  workup of  drug therapy.  CORE stands for condi t ion (or  

pat ient need),  outcome (desi red for  that  condit ion) ,  reg imen (se lected to  achieve 

that  outcome),  and evaluat ion parameters ( to assess outcome achievement) .  

7.  The answer is  B  [see  IV.C;  VII I ;  IX ] .  

The FARM note is  the pharmacis t 's  progress note,  describing and document ing the 

in tervent ions in tended or provided by the pharmacis t .  Th is  const i tutes  the progress 

note in the medica l  char t  ( in  heal th-system fac i l i t ies)  or  in  the pharmacy pat ient  

chart  ( in  community pharmacy or  s i tes wi thout ready access to the medica l  chart ) .  

8.  The answer is  A  [see  IV.C ] .  



The assessment  por t ion of  the FARM note sta tes the pharmacis t 's  evaluat ion of  the 

f indings. Recommendat ions are made to  the pat ient  or  caregiver  to  resolve or  

prevent an actua l  or  potent ia l  prob lem ident i f ied by the pharmacis t.  Thus such 

recommendations would be included in the resolut ion port ion of  the FARM note. 

9.  The answer is  C  [see  VI .H ] .  

Immunizat ions,  screenings,  and health  and wel lness educat ion are examples of  

c l in ical  sk i l ls  used in  a pharmacist 's  provis ion of  prevent ive services. 

10.  The answer is  A  [see  VI .F ] .  

For  ef fec t ive se lect ion of therapeut ic  a l ternat ives, a  pharmacis t  would use cer ta in 

c l in ical  sk i l ls ,  inc lud ing use of  drug in format ion resources,  comparat ive analyses,  

and review and cr i t ique of  drug l i terature. 
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I. DEFINITION. 
Drug in format ion is  current ,  c r i t ica l ly examined,  re levant  data about drugs 

and drug use in  a  given pat ient or  s i tuat ion. 

A. Current information  uses the most  recent,  up- to-date sources poss ible .  

B. Cri t ical ly examined information  should meet the fol lowing cr i ter ia :  

1.  More than one source should be used when appropria te . 

2.  The extent o f  agreement  o f  sources should be determined;  i f  sources do 

not  agree,  good judgment  should be used. 

3.  The plausib i l i ty  o f  in formation,  based on c l in ica l  c i rcumstances,  should 

be determined. 

C. Relevant information  must be presented in  a manner that  appl ies  

d i rec t ly to  the c ircumstances under cons iderat ion (e .g. ,  pat ient  parameters ,  

therapeut ic  ob ject ives,  al ternat ive approaches) .  

II. DRUG INFORMATION RESOURCES. 
There are three sources of  drug in format ion: journa ls  (pr imary sources) ,  

indexing and abstract ing services (secondary sources) ,  and textbook 

databases ( ter t iary sources) .  

A. Primary sources  

1.  Benefi ts .  Journal  art ic les  provide the most  current  in formation about 

drugs and, ideal ly,  should be the source for  answer ing therapeut ic  

quest ions.  Journals enable pharmacis ts  to :  

a.  Keep abreast  of  professional  news 

b.  Learn how another  c l in ic ian handled a par t icu lar  prob lem 

c.  Keep up wi th new developments  in  pathophys io logy,  d iagnost ic  agents,  

and therapeut ic  regimens 

d.  Dis t inguish usefu l  f rom useless or  even harmfu l  therapy 

e.  Enhance communicat ion wi th  o ther  healthcare profess ionals  and 

consumers 

f .  Obtain  cont inu ing educat ion cred i ts 

g.  Share op in ions wi th  other  heal thcare profess ionals  through le t ters  to  the 

ed i tor 

h .  Prepare for  the board cer t i f icat ion examinat ion in  pharmacotherapy,  

nut r i t ion support ,  oncology,  e tc .  

2.  Limitat ions.  Al though publ icat ion of an ar t ic le  in  a wel l -known,  

respected journal  enhances the credibi l i ty  o f  in formation conta ined in  an 

ar t ic le ,  th is  does not  guarantee that the ar t ic le is  accurate.  Many ar t ic les  

possess inadequacies that  become apparent as  the ab i l i ty  to  evaluate drug 

in format ion improves. 



3.  Review artic les (narrat ive reviews, systematic reviews, and meta-

analyses),  art icles of  opinion,  correspondence,  special  reports.  

A l l  mater ia l  inc luded in  a journal  is  not  considered a pr imary resource.  

Or ig ina l  c l in ica l  t r ia ls are cons idered primary l i terature;  however,  review 

ar t ic les , ar t ic les  of  opinion,  correspondence,  and specia l  repor ts  are not .  

B. Secondary sources  

1.  Benefi ts .  Indexing and abstract ing services are va luable tools  for  qu ick  

and select ive screening of  the pr imary l i terature for  spec i f ic  in formation,  

data,  c i tat ion,  and ar t ic les  (Table 21-1) .   
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In  some cases,  the sources provide suf f ic ient informat ion to  serve as 

re ferences for answer ing drug information requests .  

Table 21-1. Examples of Abstracting and Indexing Services 

Secondary References 
Journals 
Indexed 

Approximate Lag 
Time 

CINAHL* 2,717 — 

ClinAlert 150 1-6 weeks 

Current Contents Connect 8000 1-6 weeks 

Embase 7000 10 days 

Medline/PubMed 5000 1 week 

Inpharma 1800 3 weeks 

International Pharmaceutical 
Abstracts 

800 3-4 weeks 

Iowa Drug Information System 340 30-60 days 

Pharmaceutical News Index — 2-8 weeks 

Reactions 1800 3 weeks 



Science Citation Index 3700 3 months 

* Cumulative Index to Nursing and Allied Health Literature 
 

2.  Limitat ions.  Each indexing or  abst ract ing service reviews a f in i te  

number of  journals.  Therefore,  rely ing on only one service can great ly 

h inder  the thoroughness of  a  l i terature search. Another important  fac t to 

remember is  the substant ia l  d i f ference in  lag t ime ( i .e. ,  the in terva l  between 

the publ icat ion of an ar t ic le and the c i ta t ion of  that  art ic le in an index)  

among the avai lable  services.  Severa l  examples are given in  Table 21-1. 

a.  Secondary sources usual ly describe  on ly ar t ic les and c l in ical  studies 

f rom journals .  Frequent ly,  readers respond to ,  c r i t ic ize, and add new 

in format ion to  publ ished ar t ic les  and studies through le t ters .  Services such 

as Medl ine/PubMed or  the Iowa Drug Information Service genera l ly do 

include per t inent  le t ters  to  the ed i tor  wi thin  the scope of  coverage. 

b.  Indexing and abstract ing services are pr imar i ly used to  locate  journal  

ar t ic les . In  general ,  abstracts  should not  be used as pr imary sources of  

in format ion because they are genera l ly interpretat ions of  a  s tudy and may 

be a misin terpretat ion of important information.  Pharmacists  should obta in 

and evaluate the original  ar t ic le  because abstracts  may not  include enough 

in format ion to  cr i t ica l ly eva luate the s tudy. 

C. Tert iary sources  

1.  Benefi ts .  

a.  Textbooks.  General  re ference textbooks can provide easy and 

convenient  access to  a broad spectrum of  rela ted topics .  Background 

in format ion on drugs and d iseases is  o f ten avai lab le . Al though a textbook 

might  answer many drug-re lated quest ions,  the l imi ta t ions of these sources 

should not  be overlooked. 

(1)  I t  cou ld take several  years  to  publ ish a text ,  so information avai lab le in  

textbooks might  not  inc lude the most  recent developments  in  the f ie ld .  

Other  resources should be used to  update or  supplement  in format ion 

obtained f rom textbooks. 

(2)  The author  o f  a textbook might  not  have conducted a thorough search of  

the l i terature, so per t inent  data could have been omit ted.  An author  also 



might  have mis in terpreted the primary or  secondary l i terature.  Reference 

c i ta t ions should be avai lab le  to ver i fy the val id i ty and accuracy of  the data. 

b.  Databases.  Computer databases are convenient ,  easy to  use,  and 

referenced. These resources are s imi lar  to  textbooks,  but  are typ ica l ly 

updated more f requent ly.  Computer  databases are easy to search and are 

of ten usefu l  resources for  drug monographs,  p i l l  ident i f icat ions,  drug 

in teract ions,  and various therapeut ic  calcu lat ions.  Addi t ional ly,  computer 

databases may address c l in ical  quest ions.  In  some ins tances, a  PDA 

vers ion of  the database is  avai lab le .  Examples inc lude Cl inica l  

Pharmacology On Hand, Cl inical  Xpert ,  Lexi -Comp On-Hand,  and e-

Pocrates Rx.  

2.  General  considerat ions  when examin ing and us ing textbooks and/or  

databases as sources of drug information include the fol lowing: 

a.  The author ,  publ isher ,  or  both:  W hat  are the author 's  and publ isher 's  

areas of  exper t ise? 

b.  The year o f publ icat ion (copyr ight  date)  or  las t revis ion date? 
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c .  The edi t ion of  the text :  Is i t  the most current  ed i t ion? 

d.  The presence of  a  bibl iography:  I f  a  b ibl iography is  inc luded,  are 

important  s ta tements accurate ly re ferenced? When were the re ferences 

publ ished? 

e.  The scope of  the textbook or  database:  How accessib le  is  the 

in format ion? 

f .  A l ternat ive resources that  are avai lable  (e .g. ,  pr imary and secondary 

sources,  o ther  re levant  texts)  

III. INTERNET 
A. Benefi ts .  The Internet  expands the ab i l i ty  to  search therapies that  have 

been recent ly publ ished or  discussed in  the media.  An In ternet  search may 

be requi red for the fol lowing:  company-spec i f ic  in formation,  issues current ly 

in  the news,  al ternat ive medicine,  or U.S.  government  in format ion.  The 

most  popular W eb browsers  are Mozi l la  F ire fox and Microsof t  Internet  

Explorer .  A varie ty of  search engines,  sof tware too ls  for  searching the 

In ternet,  have been developed.  Genera l  search engines (Al taVis ta ,  Google,  

Yahoo,  Ask, Dogpi le)  a t tempt  to index as much of  the Internet  as  possible.  

B. Limitat ions  

1.  Unl ike in format ion publ ished in  journals  and textbooks,  in format ion 

obtained f rom the In ternet  may not  be peer  reviewed or  edi ted before 

re lease. 

2.  Information received from the In ternet  may be only as re l iable  as the 

person who posted i t  and the users  who read and comment  on i ts  content .  A 

Web s i te  should be evaluated by i ts source (author)  o f information.  The 

name,  locat ion,  and sponsorship should be disc losed.  Also,  a reputable s i te  



wi l l  provide easy access to  in format ion and the ab i l i ty  to g ive feedback.  

Pharmacists should use t radi t ional  l i terature evaluat ion sk i l ls  to  determine 

whether  in format ion on Web s i te  is  c lear ,  conc ise,  unbiased, re levant,  and 

referenced. 

C. Use.  To obta in  in format ion f rom the Internet ,  the user must have an 

address ( re ferred to  as a URL,  or uni form resource locator)  to  type in to the 

browser,  which wi l l  then f ind the s i te automatica l ly.  Many assoc iat ions and 

organizat ions have Web s i tes  that  are l inked to other  W eb pages.  Table 21-

2 provides a se lect ion of W eb si tes . 

IV. STRATEGIES FOR EVALUATING INFORMATION 

REQUESTS. 
I t  is  important  to  obta in as much in format ion as poss ib le about drug 

in format ion requests  before beginning a l i terature search.  Both t ime and 

money can be lost  do ing a vast  search. Below are important  quest ions to 

ask the inqui rer  or  to  evaluate before a manual  or  computerized search. 

A. Converse with the inquirer.  Before spending t ime searching for 

in format ion,  ta lk  to  the person who is  request ing the in format ion and 

acqui re  any necessary addi t ional  information. 

1.  Determine the reason for the inquiry.  F ind out  where the inquirer  heard 

or  read about  the drug.  Is  he or she taking the medicat ion? I f  so,  why? 

Because the search can be done by the drug or  disease name,  determine i f  

the inqui rer  has a medica l  condi t ion.  Ascer taining the reason for  the inqui ry 

he lps determine what  addi t ional  in format ion should be provided.  For  

example, i f  the inqui ry concerns a fore ign drug,  the inqui rer  might  ask for a  

domest ic  equivalent .  

2.  Clari fy the drug's identi f icat ion and avai labi l i ty.  Make sure that  the 

drug in  quest ion is  avai lab le  and double-check in formation about the drug,  

such as: 

a.  The correct spel l ing  o f  the drug 's  name 

b.  W hether  i t  is  a  generic  or  brand name drug  

c .  What pharmaceutical company manufactures the drug and in  what  

country the drug is manufactured 

d.  W hether  the drug is  prescript ion  or  nonprescript ion  

e.  Whether  the drug is  s t i l l  under investigat ion  and,  i f  i t  is  on the market ,  

the length of  t ime on the market  

f .  The dosage form  of  the drug 

g.  The purpose  of  the drug ( i .e . ,  what  medica l  condi t ion or symptom the 

drug is intended to a l levia te;  this  in format ion helps narrow the search i f  

products  wi th  s imi lar names are found) 
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Table 21-2. Selected Web Sites 



Site URL (Web Address) 

Agency for Healthcare Research and 
Quality 

www.ahrq.gov 

American Association of Colleges of 
Pharmacy 

www.aacp.org 

American Cancer Society www.cancer.org 

American Diabetes Association www.diabetes.org 

American Heart Association www.americanheart.org 

American Society of Health-System 
Pharmacists 

www.ashp.org 

Centers for Disease Control and 
Prevention 

www.cdc.gov 

Clinical Trial Results www.clinicaltrialresults.org 

Clincal Trials www.clinicaltrials.gov 

Drug Infonet www.druginfonet.com 

eMedicine www.emedicine.com 

Healthfinder www.healthfinder.gov 

Health on the Net Foundation www.hon.ch 

Mayo Clinic College of Medicine www.mayo.edu 

Medscape www.medscape.com 



MedWatch www.fda.gov/medwatch 

National Cancer Institute www.cancer.gov 

National Guideline Clearinghouse www.guideline.gov 

National Heart, Lung, and Blood 
Institute 

www.nhlbi.nih.gov 

National Institutes of Health www.nih.gov 

National Library of Medicine www.nlm.nih.gov 

Pharmaceutical Research and 
Manufacturers of America 

www.phrma.org 

PharmacyOneSource www.pharmacyonesource.com 

Pharmscope www.pharmscope.com 

RxList www.rxlist.com 

RxMed www.rxmed.com 

U.S. Department of Health and Human 
Services 

www.os.dhhs.gov 

U.S. Food and Drug Administration www.fda.gov 

WebMD www.webmd.com 
 

B.  To identi fy or  assess product availabil i ty,  cons ider  using the fo l lowing 

resources (see a lso Appendix E) .  Some of  these resources are avai lab le in  

an elec t ron ic  format  or  in  an In ternet / In t ranet vers ion. 

1.  For  drugs manufactured in  the United States,  the fol lowing resources 

are avai lab le : 

a.  The American Drug Index,  updated annual ly 



b.  Drug Facts  and Compar isons,  updated month ly and bound annual ly/Facts 

and Compar ison 4.0 (onl ine) 

c .  Drug Topics  Red Book,  periodica l ly supplemented and updated annual ly 

d.  Physic ian 's  Desk Reference (PDR ) ,  updated annual ly 

e.  American Hospi tal  Formulary Serv ice (AHFS) Drug In format ion,  

supplemented quar ter ly and updated annual ly 

f .  Mart indale: The Complete Drug Reference,  updated every 3 years 

g.  Lex i-Drugs Onl ine (Lex i -Comp Onl ine)  

h .  Clin ical  Pharmacology  

i .  Thomson Heal thcare Ser ies  (Micromedex)  

2.  For  drugs manufactured in  foreign countries,  the fol lowing resources 

are avai lab le : 

a.  Mart indale:  The Complete Drug Reference  

b.  Index Nominum  

c .  USP Dict ionary  of  Uni ted States Adopted Names (USAN) and 

In ternat ional  Drug Names  

d.  Lex i-Drugs In ternat ional  Onl ine (Lexi -Comp Onl ine)  

3.  For  investigat ional  drugs,  the fol lowing resources are avai lable : 

a.  Mart indale:  The Complete Drug Reference  

b.  Drug Facts  and Compar isons/Facts  and Compar ison 4.0 (on l ine)  

c .  The Pink Sheet  publ ished by FDC Reports 

d.  The NDA Pipel ine  publ ished by FDC Reports 
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4.  For  orphan drugs—that  is ,  drugs that  are used to  prevent  or  t reat  a  rare 

d isease (af fec ts  < 200,000 people in the United States,  so the cost  o f 

development is  not  l ike ly to  be of fset  by sa les)  and for which the U.S.  Food 

and Drug Adminis tra t ion (FDA) offers  assistance and f inanc ial  incent ives to  

sponsors undertaking the development  o f  the drugs—the fo l lowing 

resources are avai lab le: 

a.  Drug Facts  and Compar isons/Facts  and Compar ison 4.0 (on l ine)  

b.  The FDA Off ice of  Orphan Products Development  (OOPD) 

c .  The Nat ional  Ins t i tu tes  of Heal th (NIH) Of f ice of  Rare Diseases 

d.  Nat ional  Organizat ion for  Rare Disorders 

e.  Lexi -Drugs Onl ine (Lex i -Comp Onl ine)  

5.  For  an unknown drug  ( i .e. ,  one that  is  in  hand but  not ident i f ied),  

chemical  analys is  can be performed or  the drug can be ident i f ied by 

phys ical  character is t ics ,  such as color ,  spec ial  mark ings,  and shape.  

Consul t  the fol lowing sources for  he lp : 

a.  PDR, Drug Facts and Compar isons, Facts  and Compar ison 4.0 (on l ine),  

Drug Topics  Red Book, Ident-A-Drug Reference  

b.  Ident idex (Micromedex)  

c .  The manufacturer 

d.  A laboratory 



e.  Lexi -Comp Onl ine (Lex i -Drug ID)  

f .  Cl in ical  Pharmacology Product Ident i f icat ion  

6.  For  a  natural  product,  the fol lowing resources are avai lable : 

a.  Facts  and Comparison 4.0 (onl ine) 

b.  Natural  Medicines Comprehensive Database 

c .  Natural  Standards 

d.  Complete German Commiss ion E Monographs 

e.  Natural  Products  (Lexi -Comp Onl ine) 

V. SEARCH STRATEGIES. 
To develop an ef fec t ive search s tra tegy for locat ing drug in formation 

l i terature,  the fol lowing tac t ics  should be fol lowed af ter  determin ing whether  

pr imary or secondary sources are des i red. 

A.  Determine whether  the quest ion at  hand is  clinical  or  research related.  

Define the question  as  spec i f ica l ly as  poss ible.  Also,  ident i fy appropria te  

index terms (a lso ca l led keywords or  descr ip tors) wi th  which to  search for 

the in format ion. 

B.  Determine the type of  information  and how much  is  needed ( i .e. ,  only 

one fac t ,  the most recent journal  art ic les ,  review ar t ic les , or  a  

comprehens ive database search) .  

C. Ascertain as much information as possible  about  the drug being 

quest ioned and the inquirer 's  associat ion  wi th  i t .  Remember that  data on 

adverse drug ef fec ts  or  drug in teract ions are of ten f ragmented and 

inadequate ly documented.  See IV.A.2 for  the spec i f ic  drug in format ion that  

should be acqui red.  Determine the answers to  the fol lowing quest ions: 

1.  What  is the ind icat ion for  the prescribed drug? 

2.  Is  the drug 's  use approved or unapproved? This  in format ion can be found 

in  the fo l lowing resources ( remember to  check how of ten these resources 

are updated to ensure having the latest  in format ion) .  

a.  Approved uses  o f  drugs can be checked in :  

(1)  AHFS Drug In format ion  

(2)  Drug Facts  and Compar isons/Facts and Compar ison 4.0  (on l ine)  

(3)  PDR 

(4)  USP Drug In format ion  

(5)  Drugdex (Micromedex)  

(6)  Clin ical  Pharmacology  

(7)  Drug Information Handbook/Lex i -Drugs Onl ine (Lex i -Comp Onl ine)  

b.  Unapproved uses  o f  drugs can be found in:  

(1)  AHFS Drug In format ion  

(2)  Drug Facts  and Compar isons/Facts and Compar ison 4.0  (on l ine)  
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(3)  Mart indale:  The Complete Drug Reference  

(4)  Medl ine 



(5)  Drugdex  (Micromedex)  

(6)  Inpharma  

(7)  USP Drug In format ion  

(8)  Clin ical  Pharmacology  

(9)  Drug Information Handbook/Lex i -Drugs Onl ine (Lex i -Comp Onl ine)  

3.  What  are the age,  sex,  and weight  o f the pat ient  in  quest ion? 

4.  Does the pat ient  have any other medical  condit ions  or  renal  or hepat ic  

d isease? 

5.  Is  the pat ient  tak ing any other  medicat ions? 

6.  What  drugs has the pat ient  taken during the past  6  months,  and what 

were the dosages? 

7.  Did  the pat ient exper ience any s igns or  symptoms of a  possib le  adverse 

drug react ion? I f  so: 

a.  How severe was the react ion? 

b.  W hen d id  the react ion appear? 

c .  Has the pat ient  (or  any member of  the pat ient 's  fami ly)  exper ienced any 

a l lerg ic  or  adverse react ions to  medicat ions in  the past? 

d.  Consul t  the fol lowing resources for more in formation: 

(1)  Meyler 's  Side Ef fec ts o f  Drugs  

(2)  A genera l  drug reference (e.g.  PDR) 

(3)  React ions  

(4)  Medl ine 

e.  The manufacturer  o f  the drug may be a usefu l  source for miss ing 

in format ion.  Most  companies request further information regarding a 

suspected adverse drug react ion. 

8.  Did  the pat ient exper ience any s igns or  symptoms of a  drug in teract ion? 

I f  so: 

a.  What  were the speci f ic  drugs in  quest ion? 

b.  W hat  were the respect ive dosages of  the drugs? 

c .  What was the durat ion of  therapy? 

d.  W hat  was the length of  the course of  administ ra t ion? 

e.  What  are the deta i ls of  the events  secondary to  the suspected react ion? 

f .  Consul t  the fo l lowing resources for more in formation: 

(1)  A drug interact ions re ference—for example,  Drug In teract ion Facts ,  

Hansten 's  Drug Interact ion Analysis and Management ,  Evaluat ions of  Drug 

In teract ions (EDI)  

(2)  A genera l  drug reference (e.g. ,  PDR) 

(3)  React ions  

(4)  Medl ine 

9.  What  is the pat ient 's  current  medicat ion s tatus? 

10.  Does the pat ient have any under ly ing d iseases? 

11.  How has the pat ient  been managed so far? 

12.  W hat is  the s tab i l i ty  o f  the drug? How is compat ib i l i ty  of  the drug wi th 

other drugs? 



What are the admin is t ra t ion techniques? What are appropr iate  containers 

for  the product? 

Resources avai lable  wi th th is  in format ion inc lude 

a.  Tr issel 's  Handbook on In jec table Drugs  

b.  K ing 's Guide to  Parenteral  Admix tures  

c .  Tr issel 's  Stabi l i ty  o f Compounded Formulat ions  

D. Explore other possible information resources i f  necessary.  For  

example, i t  may be usefu l  to  f ind background mater ia l  in  textbooks ( ter t iary 

re ferences) ,  and then search the journal  l i terature (pr imary re ferences)  for  

more current  in format ion.  

VI. EVALUATING A CLINICAL STUDY. 
Resource ident i f icat ion is  fol lowed by a cr i t ica l  assessment o f  the avai lable  

in format ion.  Th is  s tep is  c r i t ica l  in  developing an appropr ia te response for 

the inqui rer .  
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A. Evaluate the objective of  the study.  Determine the a im of  the research 

that  was performed. 

1.  What  d id  the researchers  in tend to examine? 

2.  Is  th is  goal s ta ted c lear ly ( i .e . ,  is  the object ive spec i f ic )? 

3.  Was the research l imi ted to  a  s ingle  ob ject ive,  or  were there mul t ip le  

drugs or  e ffec ts being tes ted? 

B. Evaluate the subjects of  the study.  Determine the prof i le o f the study 

populat ion by assessing the fo l lowing in formation:  

1.  Were heal thy subjects or  af fec ted pat ients  used in the study? 

2.  Were the subjects  volunteers? 

3.  What  were the cr i ter ia for  selec t ing the subjects? 

4.  How many subjects  were included,  and what  are the demographics  of  the 

subjects  (age,  sex,  and race)? 

5.  I f  a  d isease was being t reated,  did  any of the subjects  have diseases 

other than that  in i t ia l ly  be ing t reated? W ere any addi t ional  t reatments 

g iven? W ere there any contraind icat ions to  the therapy? 

6.  What  was the pat ient  se lect ion method and who was exc luded f rom the 

s tudy? 

7.  A pat ient  se lec t ion review should be done.  You wi l l  f ind that  most  groups 

of  subjects are homogeneous ( i .e . ,  they a l l  have comparable 

character is t ics) .  I f  a  disease s tate is  studied,  pat ients  should exhib i t  s imi lar  

sever i ty o f  symptoms.  Researchers  aim to e l iminate in terpat ient  variab i l i ty .  

By se lect ing pat ients  wi th  s imi lar  character is t ics ,  researchers  can avoid 

resul ts  that  are caused by ind iv idual  d i f ferences among pat ients.  St rong 

indiv idual  d i f ferences can obscure the resul ts o f the exper iment .  I f  s tudying 

a group of  pat ients  who exhib i t  s ign i f icant interpat ient  variabi l i ty  is  

necessary,  researchers may div ide the pat ients  in to  groups accord ing to  the 



var iables l ike ly to be assoc iated wi th  respons iveness to therapy. This  is 

known as s t rat i f icat ion. 

C. Evaluate the administrat ion of  the drug treatment.  For  each drug 

being invest igated,  determine the fo l lowing in formation: 

1.  Detai ls of  treatment  wi th  the agent  being s tud ied: 

a.  Dai ly dose 

b.  Frequency of  administra t ion 

c .  Hours of day when administered 

d.  Route of  adminis tra t ion 

e.  Source of  drug ( i .e. ,  the suppl ier) 

f .  Dosage form 

g.  Timing of  drug admin is t rat ion in  rela t ion to factors af fect ing drug 

absorpt ion 

h.  Methods of  ensur ing compl iance 

i .  Tota l  durat ion of  t reatment 

2.  Other therapeutic measures  in  addit ion to  the agent  be ing s tud ied 

D. Evaluate the sett ing of  the study.  Try to  determine the envi ronment o f 

the s tudy and the dates on which the t r ia l  began and ended. Assess the 

fo l lowing in format ion: 

1.  People who made the observat ions;  various professionals  who offer  

d i f ferent  and unique perspect ives based on the i r backgrounds and in terests 

(W ere the same people making observat ions throughout the s tudy?) 

2.  Whether  the s tudy was done on an inpat ient  or  outpat ient  basis 

3.  Descrip t ion of phys ical  set t ing (e .g. ,  hospi ta l ,  c l in ic ,  ward) 

4.  Length of  the s tudy ( i .e . ,  dates on which the t r ia l  began and ended) 

E. Evaluate the methods and design of  the study.  The method sect ion of  

the research paper expla ins how the research was conducted.  The s tudy 

design ( i .e . ,  re t rospect ive,  prospect ive, b l ind,  c rossover)  and the methods 

used to  complete the s tudy are important in judging whether   
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the s tudy and the resul ts are re l iable  and va l id .  From the s tudy,  try to  

determine answers to  the fol lowing quest ions: 



 

Figure 21-1. Parallel study design. 

1.  Are the methods of  assessing the therapeut ic  e f fec ts  c lear ly descr ibed? 

2.  Were the methods s tandard ized? 

a.  Retrospective versus prospective  

(1)  Retrospective  s tud ies evaluate events  that  have a l ready occurred to  

f ind some common l ink  among them, requi re  re l iance on pat ient  memories 

and accurate medical  records,  and are unable to show cause and ef fect .  

Retrospect ive studies are usefu l  for  s tudying rare d iseases (or  e f fec ts)  and 

can help a healthcare professional  dec ide i f  enough in format ion exis ts  to 

warrant  prospect ive examinat ion of  a  problem. 

(2)  Prospective  studies fo l low ident i f ied pat ients forward in  t ime to answer 

a spec i f ic  quest ion.  They can be observat ional  or exper imental  ( i .e . ,  c l in ica l  

t r ia ls ) .  

b.  Treatment al locat ion  

(1)  Paral lel  study des ign is  a  protocol  in  which two or  more pat ient groups 

are s tud ied concurrent ly.  The groups are t reated ident ica l ly except  for  one 

var iable ,  such as a drug therapy (F igure 21-1) .  

(2)  Crossover  design may be used as an addi t ional  control  for  in terpat ient  

and in t rapat ient  var iab i l i ty  (F igure 21-2) .  In  th is  type of  des ign,  each 

pat ient group undergoes each type of  t reatment .  However,  the sequence in  

which the subjects  undergo t reatment  is  reversed for  one group. Crossover  

design reduces the poss ib i l i ty  that  the resul ts  were s trongly in f luenced by 

the order  in  which therapy was g iven. And because both groups of  pat ients  

receive both types of  t reatment ,  any d i f ferences in  responsiveness between 

the groups as a resul t  o f  pat ient  se lec t ion wi l l  be uncovered. 

3.  Were control  measures  used to  reduce varia t ion that  might inf luence the 

resul ts? Examples of such control  methods include 

a.  Concurrent  contro ls 

b.  St ra t i f icat ion or  matched subgroups 

c .  A run-in  phase 

d.  The pat ient as  his  or  her  own contro l  ( i .e . ,  c rossover  design) 

e.  Ident ica l  anc i l lary t reatment 



4.  Were controls used to reduce b ias? Examples of  such contro ls  inc lude 

a.  Bl ind assessment,  which means that  the people observing the pat ients  do not  

know who is a  subject  and who is  a contro l  

 

Figure 21-2. Crossover study design. 
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Table 21-3. Types of Blind Studies 

Types of Blinds 
Patient Aware of 

Treatment 
Physician Aware of 

Treatment 

Open label 
(nonblind) 

[check mark] [check mark] 

Single-blind — [check mark] 

Double-blind — — 
 

b.  Bl ind pat ients,  which means that  the pat ients do not  know whether  they received 

the substance being s tud ied or  a  placebo (double-bl ind  combines th is  point  wi th  

po int  a above [VI.E.4.a] ) (Table 21-3) 

c .  Random allocat ion,  which means that  pat ients  invo lved in the study have an 

even chance of being ass igned to e i ther the group of  subjects  receiv ing the act ive 

drug or  the group receiv ing a p lacebo 

d.  Matching dummies,  which are placebos that  are phys ical ly ident ical  to  the act ive 

agent  be ing s tud ied 

e.  Comparison  o f  a  placebo or  a therapy to  a recognized s tandard pract ice 

(p lacebocontro l led) 



F.  Evaluate the analysis of  the study.  Af ter  assess ing spec i f ic  areas of the s tudy 

separate ly,  compi le the in formation together  to  determine whether  the t r ia l  is  

acceptable and the conc lus ions are just i f ied by determining answers to  the fol lowing 

quest ions (Figure 21-3):  

1.  Were the subjects  sui tab ly se lected in re la t ion to  the aim(s) o f  the s tudy? 

2.  Were the methods of  measurement va l id  in  rela t ion to  the aim(s) o f  the s tudy? 

3.  Were the methods adequately s tandardized? 

4.  Were the methods suff ic ient ly sens i t ive? 

5.  Was the des ign appropr iate? 

6.  Were enough subjects enrol led? 

7.  Was the dosage appropr iate? 

8.  Was the durat ion of  t reatment  adequate? 

9.  Were carryover e f fects  avoided,  or  were compensat ions made for  them? Did a 

wash-out period exis t? 

10.  I f  no contro ls  were used,  were they unnecessary or  overlooked? 

11.  I f  contro ls  were used,  were they adequate? 

12.  W as the comparabi l i ty  o f  t reatment  groups examined? 

13.  Are the data adequate for assessment? 

14.  I f  s ta t ist ica l  tes ts  were not  done,  were they unnecessary or  over looked? 

15.  I f  s ta t ist ica l  tes ts  are repor ted,  assess the fol lowing: 

a.  Is  i t  c lear  how the s tat is t ica l  tests were done? 

b.  W ere the tes ts appropr ia te ly used? 

c .  I f  resul ts show no s ign i f icant  d i f ference between tes t groups,  were enough 

pat ients  s tud ied ( i .e. ,  s ta t is t ical  power)? 

VII. GENERAL GUIDELINES FOR RESPONSES TO DRUG 

INFORMATION REQUESTS 
A. Do not guess!  

B.  Responses to  a member of the publ ic must take severa l  e th ica l  issues in to  

account .  
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Figure 21-3. Evaluation of study analysis. 
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1.  Pat ient  pr ivacy must  be protected. 

2.  Professional  e thics  must  be mainta ined. 

3.  The pat ient-physic ian re lat ionship cannot  be breached. 

4.  Response is  not  necessary i f  the inqui rer  in tends to  misuse or  abuse in formation 

that  is provided.  The inqui rer o f ten admi ts  in tent or  o ffers  c lues to  potent ia l  abuse, 

such as in  the fol lowing examples: 

a.  A pat ient  asks how a cer ta in drug is  dosed ( i .e . ,  how much the drug can be 

increased,  when i t  can be increased, what  the maximum dai ly dose is ) .  Th is k ind of  

inqui ry s ignals  that the pat ient  might be adjust ing h is  or her own therapy. 

b.  A pat ient asks a pharmacis t  to  ident i fy a  tab let  that  is  a  prescr ip t ion product  

known for  a  h igh rate of  abuse. 

C.  Organize in format ion before at tempt ing to  communicate the response to  the 

inqui rer .  Responses should be concise and succinct .  Ant ic ipate addi t ional  

quest ions. 

D.  Ta i lor the response to the inquirer 's background.  Also,  cons ider  the envi ronment  

o f  the pract ice, ins t i tu t ional  pol icy and procedure,  and formulary. 

E.  Te l l  the inquirer  where the in format ion was found. Exerc ise caut ion when making 

s tatements  such as,  “There are no reports in the l i terature.” 

F.  Use extreme  caut ion when making s tatements such as,  “ I  recommend …” Do not  

hesi tate  to  re fer  consumers to  thei r  phys ic ians. 

G.  Use more than abstracts to answer drug in formation quest ions because they 

might  be taken out o f  context  and do not inc lude a l l  o f  the data avai lab le  in  the 

or iginal  ar t ic le .  

H.  A lert  the inqui rer  o f a possib le  de lay when i t  takes longer than ant ic ipated to  

answer the quest ion. 



I .  Ask i f  the in format ion that  is  provided answers the inqui rer 's  quest ions. 

J.  Ask i f  the inqui rer  would l ike to  have reprin ts  o f  art ic les  or  a wr i t ten response. 

P.488 

 

 

STUDY QUESTIONS 
Direct ions:  Each of  the numbered i tems or  incomplete s ta tements  in  this  sect ion is  

fo l lowed by answers or  complet ions of  the s ta tement .  Select  the one  le t tered 

answer or complet ion that  is  best  in  each case. 

1.  Primary l i terature includes which of  the following? 

(A)  Or iginal  c l in ical  t r ia ls 

(B)  Letters  to  the Edi tor 

(C)  Systematic reviews 

(D) Spec ia l  repor ts 

View Answer1.  The answer is  A[] .2.  Which of the following statements is  

TRUE regarding tert iary resources? 

(A)  Ter t iary resources inc lude textbooks and computer databases. 

(B)  Textbooks typ ica l ly inc lude the most  recent  l i terature and/or  information. 

(C)  Ter t iary resources do not  typ ical ly include a b ibl iography. 

(D)  The credent ia ls  of  the edi tor o f a  ter t iary resource are not  considered important.  

V iew Answer2.  The answer is  A[] .3.  Which of the following should NOT be 

done when developing an effective search strategy? 

(A)  Determine i f  the quest ion is  c l in ica l  or  research-re lated 

(B)  Ident i fy appropr iate  search terms 

(C) Disregard other  medicat ions the pat ient  may be taking 

(D) Ascer ta in i f  the inquirer  is  a heal thcare professional 

View Answer3.  The answer is  C[] .4.  Which of the following resources 

would be appropriate for identi fying a drug manufactured in a foreign country? 

(A)  Mart indale: The Complete Drug Reference 

(B)  Cl in ica l  Pharmacology 

(C) Tr isse l 's  Stab i l i ty  of  Compounded Formulat ions 

(D) AHFS 

View Answer4.  The answer is  A[] .Mart indale: The Complete Drug 

ReferenceMart indale:  The Complete Drug Reference,  Lexi-Drugs 

International  Onl ine (Lexi-Comp Online),Dictionary of  United States 

Adopted Names (USAN) and International Drug Names.  Clinical  

Pharmacology, Trissel 's  Stabi l i ty  of  Compounded Formulat ions,AHFS5.  

Which of  the fol lowing resources would be appropriate for identi fying the 

capsule with the imprint  code of  Watson 405? 

I  Facts and Comparison 4.0 (onl ine) 

I I  Lexi  Drugs Online (Lexi-Comp Online) 

I I I  Myler 's  Side Effects of  Drugs 

(A)  I  and I I  on ly 

(B)  I  and I I I  on ly 



(C)  I I  and I I I  only 

View Answer5.  The answer is  A[] .Facts and Comparison 4.0 (Onl ine)Lexi  

Drugs Onl ine (Lexi-Comp Online).6.  Which of the fol lowing resources 

would be appropriate for determining the adverse effects of  ginko biloba? 

I  Natural  Medicines Comprehensive Database 

I I  Facts and Comparisons 4.0 (onl ine) 

I I I  Natural  Standards 

IV Cl inical Pharmacology 

(A)  I  and I I  on ly 

(B)  I I  and I I I  only 

(C)  I ,  I I ,  and I I I  only 

(D)  I I  and IV on ly 

View Answer6.  The answer is  C[] .Facts and Comparison 4.0 (online),  

Natural  Medicines Comprehensive Database, Natural  Standards,  

Complete German Commission E Monographs,Natural  Products (Lexi-

Comp Online).7.  Which of  the fol lowing resources would be appropriate 

for determining i f  Levaquin is  compatible or stable in D5W ? 

(A)  Evaluat ions of  Drug In teract ions (EDI) 

(B)  Tr isse l 's  Handbook on Injec tab le Drugs 

(C) Red Book 

(D) Inpharma 

View Answer7.  The answer is  B[] .Trissel 's  Handbook on Injectable Drugs,  

King's Guide to Parenteral  Admixtures,Trissel's  Stabi l i ty  of 

Compounded Formulat ions.8.  Which of  the fol lowing resources can be 

used to determine unapproved uses of  drugs? 

(A)  Cl in ica l  Pharmacology 

(B)  PDR 

(C) Index Nominum 

(D) King 's  Guide to Parenteral  Admixtures 

View Answer8.  The answer is  A[] .Cl inical Pharmacology.King's Guide to 

Parenteral  Admixtures.9.  Which of  the fol lowing are NOT important when 

evaluat ing a clinical  study? 

(A)  Study object ive 

(B)  Pat ient  demographics 

(C) Drug admin is t ra t ion 

(D) Number of  authors 

View Answer9.  The answer is  D[] .10. Which of  the fol lowing statements is  

TRUE? 

(A)  Prospect ive studies evaluate events  that have a lready occurred. 

(B)  Retrospect ive s tud ies are usefu l  for  eva luat ing rare diseases. 

(C)  A run- in phase typica l ly increases var ia t ion. 

(D)  Crossover des ign a l lows pat ients  to  undergo only one type of  t reatment .  

View Answer10. The answer is  B[] .P.489 

 

 



ANSWERS AND EXPLANATIONS 
1.  The answer is  A  [ I I .A.3 ] .  

A l l  mater ia l  inc luded in  a journal  is  not  considered a pr imary resource.  Orig ina l  

c l in ical  t r ia ls  are considered pr imary l i terature;  however,  review ar t ic les,  ar t ic les  of  

op in ion,  correspondence,  and spec ia l  repor ts are not .  

2.  The answer is  A  [ I I ,  I I .C ] .  

Ter t iary resources inc lude both textbooks and databases.  In format ion avai lable  in  

textbooks may not  include the most  recent  data s ince i t  could take severa l  years  to  

publ ish.  A b ib l iography and reference c i ta t ions should be present  in  both textbooks 

and databases so that  the reader may refer  to a  speci f ic  re ference i f  des i red.  

Addi t ional ly,  the areas of  exper t ise for  the author and/or  publ isher  should be 

evaluated when us ing a ter t iary resource. 

3.  The answer is  C  [V.A,  V.C,  VII .B, VI I .D ] .  

One should determine i f  the quest ion is  rela ted to a c l in ica l  scenar io  or  is  research 

re lated to  develop an ef fec t ive search s t ra tegy.  Appropr iate  index terms should be 

ident i f ied to assis t  in the l i terature search.  Other  medicat ions,  inc lud ing herbal  

products ,  and disease s tates should be taken into  cons iderat ion.  The background of 

the inqui rer  should be determined so that  the response can be ta i lored to  the 

spec i f ic  inqui rer.  

4.  The answer is  A  [ IV.B.2 ] .  

Mart indale:  The Complete Drug Reference  is  one resource that  may be used to  

ident i fy a  drug manufactured in  a  foreign country.  Other resources for  ident i fy ing 

drugs manufactured in a  foreign country inc lude Mart indale:  The Complete Drug 

Reference,  Lexi -Drugs In ternat ional  Onl ine (Lex i-Comp Onl ine),  and the USP 

Dict ionary of  Uni ted States Adopted Names (USAN) and In ternat ional  Drug Names.  

Cl inical  Pharmacology,  Tr isse l 's  Stabi l i ty  o f  Compounded Formulat ions,  and AHFS  

do not  contain  th is  type of  in format ion. 

5.  The answer is  A  [ IV.B.5 ] .  

For  an unknown drug,  the phys ica l  character is t ics ,  includ ing an imprint  code, may 

be used to  ident i fy the drug in  addi t ion to  the use of  severa l  resources,  inc luding 

Facts  and Comparison 4.0 (Onl ine)  and Lexi  Drugs Onl ine (Lexi -Comp Onl ine).  

6.  The answer is  C  [ IV.B.6 ] .  

For  a natural  product,  the fol lowing resources are avai lab le:  Facts  and Compar ison 

4.0 (on l ine) ,  Natura l  Medic ines Comprehensive Database,  Natura l  Standards, 

Complete German Commiss ion E Monographs,  and Natura l  Products (Lex i-Comp 

Onl ine) .  

7.  The answer is  B  [V.C.12 ] .  

The s tab i l i ty  o f  a drug,  the compat ibi l i ty  o f  a  drug wi th  other drugs and/or  

appropr ia te conta iners,  and proper  administ ra t ion techniques are included in 

Tr issel 's  Handbook on Injectable Drugs,  King 's  Guide to Parentera l  Admixtures,  and 

Tr issel 's  Stabi l i ty  o f Compounded Formulat ions.  

8.  The answer is  A  [V.C.2.b ] .  



Unapproved uses of  drugs can be found in Cl in ica l  Pharmacology.  Th is  informat ion 

is  not  ava i lable  in  the PDR, Index Nominum, or  King 's  Guide to  Parentera l  

Admix tures.  

9.  The answer is  D  [VI.A,  VI .B, VI .C ] .  

A cr i t ica l  assessment o f  ava i lab le  in format ion is  important  in  develop ing an 

appropr ia te response.  The s tudy object ive, the study subjects (v ia  demographics  

and inc lusion and exc lusion cr i ter ia) ,  and drug administ ra t ion should be evaluated. 

10.  The answer is  B  [VI.E ] .  

Retrospect ive studies evaluate events  that have a l ready occurred and are usefu l  for  

s tudying rare diseases.  Prospect ive s tud ies fo l low ident i f ied pat ients  forward in  t ime 

to  answer a speci f ic  quest ion.  Crossover des ign a l lows for  each pat ient  group to  

undergo each type of  t reatment .  A run- in  phase is  a  control  measure used to  reduce 

var ia t ion. 
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Adverse Drug Reaction Reporting 
Barbara Szymusiak-Mutnick 

I. INTRODUCTION. 
Adverse drug react ions (ADRs) are a cause of  s ign i f icant morb id i ty and morta l i ty in 

pat ients  in  a l l  areas of heal th  care today.  There is  wide varia t ion in the current  

heal thcare l i terature,  but i t  has been est imated that  f rom one thi rd to  as h igh as one 

hal f  o f  ADRs are be l ieved to  be preventable.  The Inst i tu te of  Medic ine repor ted in 

Ju ly 2006 that  an est imated 1.5 mi l l ion injur ies  occur  each year  as a resul t  of  

medicat ion errors .  Between 44,000 to  98,000 people d ie  f rom medicat ion errors  

annual ly.  Medicat ion errors  k i l l  more people per year  than breast cancer ,  AIDS,  or 

motor  vehic le  acc idents . The cost  o f  morb idi ty and mortal i ty owing to  drug-re lated 

adverse events in  hospi ta l ized pat ients  was recent ly es t imated to be at  least  $3.5 

b i l l ion annual ly.  There are an est imated 3 mi l l ion hospi ta l  admissions each year  

caused by the misuse of  pharmaceut icals .  The suf fer ing that  pat ients  exper ience 

because of  drug-re la ted events  cannot  be quant i f ied. 

II. DEFINITIONS. 
The terms adverse drug react ion,  adverse drug event ,  untoward drug react ion,  drug 

misadventure,  s ide ef fect ,  medicat ion errors ,  misuse of  pharmaceutica ls ,  and drug-

re lated problem  are many t imes used in terchangeably but do not  always descr ibe 

the same s i tuat ion. 

A.  The Nat ional  Coordinat ing Counc i l  for Medicat ion Error  Report ing and Prevent ion 

s ta tes “A medicat ion error  is  any preventable event  that may cause or lead to  

inappropr ia te  medicat ion use or pat ient  harm whi le  the medicat ion is  in  the contro l  

o f  the heal th  care profess ionals ,  pat ient ,  or  consumer.  Such events  may be rela ted 

to  professional pract ice,  heal th  care products , procedures, and systems,  inc luding 

prescrib ing; order  communicat ion;  product label ing;  packaging; and nomenclature; 

compounding;  dispensing;  dis tr ibut ion; admin is t ra t ion;  educat ion;  moni tor ing; and 

use.”1  

B.  The U.S.  Food and Drug Admin is t ra t ion 's  (FDA) def ini t ion of  an adverse drug  

event  is  “any adverse event  assoc iated wi th  the use of  a drug in  humans,  whether  or 

not  considered drug related,  inc lud ing the fol lowing:  an adverse event  occurr ing in 

the course of the use of  a  drug in  profess ional  pract ice;  an adverse event occurr ing 

f rom a drug overdose,  whether  acc identa l  or  in tent ional ;  an adverse event  occurr ing 

f rom drug abuse; an adverse event  occurr ing f rom drug wi thdrawal ;  and any 

s ign i f icant fai lure of  expected pharmacologica l  ac t ion. ”2  

C. Adverse drug react ion  is  def ined by the World  Heal th  Organizat ion (WHO) as 

“one which is noxious and unintended, and which occurs  at  doses normal ly used in  

man for the prophylaxis ,  d iagnos is ,  or  therapy of d isease, or  for  the modi f icat ion of  

phys io log ical  funct ion. ”3  

D.  The W HO def ines a s ide ef fec t  o f  a drug as: ‘any un intended ef fec t  o f  a 

pharmaceut ical  product  occurr ing at  doses normal ly used by a pat ient  which is  

re lated to  the pharmacolog ical  propert ies  of  the drug. ’  



III. TYPES OF ADVERSE DRUG REACTIONS 
A. Type A  

1.  Type A react ions are extens ions of  the drug 's  known pharmacology and are 

respons ib le for the majori ty o f  ADRs. 
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2.  Type A react ions are usual ly dose dependent and predic tab le but  can be the 

resul t  o f  concomitant  disease s tates,  drug-drug in teract ions, or  drug- food 

in teract ions. 

3.  Ways to  minimize type A react ions inc lude understanding the pharmacology of  the 

drug being prescr ibed, moni tor ing drugs wi th a  narrow therapeut ic  index,  and 

avoiding polypharmacy when possib le . 

B. Type B  

1.  Type B react ions inc lude id iosyncrat ic react ions,  immunological  or a l lerg ic 

react ions,  and carc inogenic/ teratogenic react ions.  

2.  Type B react ions are usual ly not the resul t  of  a  known pharmacology of  the drug 

but  seem to be a funct ion of  pat ient  suscept ib i l i ty .  They are rare ly predictab le,  are 

usual ly not dose dependent ,  and seem to concentrate in cer tain  body systems such 

as the l iver,  blood,  skin , k idney,  and nervous system. 

3.  Type B react ions are uncommon but  are genera l ly serious and can be l i fe  

threatening. 

4.  Except  for  immediate hypersens i t iv i ty react ions,  type B react ions usual ly take 5 

days before the pat ient  demonstrates hypersensi t iv i ty to a  drug.  There is  no 

maximum t ime for the occurrence of  a react ion,  but  most  occur  wi thin  12 weeks of  

in i t ia t ion of therapy.  

IV. RECOGNITION 
A.  Drugs must  always be considered as a possib le  cause of  disease or  symptoms 

that  are among a pat ient 's  l is t  o f  compla in ts .  Complete drug histor ies ,  inc lud ing 

nonprescrip t ion drugs,  must  a lso be carr ied out .  

B.  Recogni t ion is o ften subject ive,  and i t  is  not  always poss ible  to  demonstrate 

s t rong causal i ty between the drug and the occurrence. 

1.  Severa l  fac tors  may help in  assessing the determinat ion of causal i ty.  

a.  Did  the pat ient ac tua l ly ingest  the drug in  quest ion? 

b.  Did the onset  of  symptoms occur  a f ter  the drug was taken? 

c .  What is  the t ime in terva l  between tak ing the drug and the onset  o f symptoms? 

d.  Did the symptoms resolve or improve after  the drug was stopped or  the dose 

decreased? 

e.  Did  the symptoms reoccur  a fter  the drug was re in troduced? 

f .  Did drug-drug in teract ions contr ibute to  the symptoms? 

g.  W ere the drugs measured in  “ toxic  leve ls”  in  the pat ient 's  serum? 

h.  Has th is  react ion been previous ly seen wi th  use of  the drug? 

i .  W hat  is  the personal  exper ience of the c l in ic ian wi th  previous use of the drug and 

react ions secondary to  the drug? 



2.  Nomograms have been developed to  a id in the assessment  of  causal i ty.  

V. SURVEILLANCE PROGRAMS. 
Pharmacists as wel l  as  al l  heal thcare profess ionals  should take an act ive ro le in 

moni tor ing,  report ing,  and t rending ADR information.  Some of the act iv i t ies  invo lved 

in  a concurrent  and ongoing ADR surve i l lance program at an ins t i tu t ional  leve l  

include the fo l lowing components: 

A.  Pharmacy departments  should take the lead in the col lec t ion of informat ion and 

should submi t a l l  reviews and reports to  the pharmacy and therapeut ics  commit tees 

for  review and evaluat ion. 

1.  Encourage al l  heal thcare profess ionals  to  be invo lved in  repor t ing. 

2.  Moni tor pat ients  who are us ing h igh-r isk  agents . 

3.  Review pat ients  who have received “ant idote”- type drugs. 

4.  Not i fy prescr ibers  of  suspected ADRs,  and encourage thorough documentat ion of  

the descrip t ion of the react ion as wel l  as  the outcome in  pat ients '  medical  records. 
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5.  Report  appropr iate ly ident i f ied ADRs to  the FDA. 

6.  Develop the use of  pharmacy computer  systems to t rack ADRs. 

B.  Evaluat ion of  the causes of ADRs should be carr ied out .  ADR repor t  informat ion 

should be used for educat ional  purposes and ident i f icat ion of  drug use and 

medicat ion use processes to prevent  fur ther  occurrences of such react ions.  ADR 

report ing in format ion should be incorporated in to  ins t i tut ional  r isk management 

programs. 

VI. REPORTING TO THE FDA. 
Three of the f ive major  centers  at  the FDA are invo lved wi th  evaluat ing the safety 

and ef f icacy of  drugs.  The largest  center is  the Center for Drug Evaluat ion and 

Research (CDER),  which oversees both prescr ipt ion and nonprescr ipt ion—over- the-

counter (OTC)—drugs.  In  2002, CDER establ ished the Adverse Events  Report ing 

System (AERS),  a  computerized data base des igned to  support  the FDA's 

postmarket ing safety program for drugs and therapeut ic b io log ic  products . Annual ly,  

the AERS receives about 470,000 reports  o f  adverse exper iences poss ib ly 

associated wi th drugs.  The Center for Biolog ica l  Evaluat ion and Research (CBER) 

ensures the safety and ef f icacy of  blood products,  vacc ines,  al lergenics , bio log ical  

therapeut ics,  gene therapy,  medical  devices and tes ts ,  xenotransplantat ion 

products ,  and banked human t issue and ce l lu lar  products .  The Center  for Food 

Safety and Appl ied Nutr i t ion (CFSAN) establ ished the CFSAN Adverse Events  

Report ing System (CAERS) in  2002.  The CAERS provides a moni tor ing system to 

ident i fy potent ia l ly  ser ious problems secondary to  non-FDA-approved herbs,  

minerals ,  v i tamins,  die tary supplements ,  and other  substances. 

A.  The nat ional  Vaccine Adverse Event Reporting System  (VAERS) is 

coadmin is tered by the FDA and the Centers  for  Disease Control  and Prevent ion 

(CDC).  More than 10 mi l l ion vacc ines are g iven to chi ldren and many mi l l ion more 



doses to  adul ts  each year .  Al though vacc ines protec t  many people f rom dangerous 

d iseases,  they do have the potent ia l  to  cause adverse ef fec ts .  

1.  The Nat ional  Chi ldhood Vaccine Injury Act  (NCVIA) requi res heal th  profess ionals  

to  repor t  

a.  Adverse events  af ter  the adminis t ra t ion of  vacc ines speci f ied in the act,  as 

descr ibed in  the “Reportab le Events  Table, ” wi th in  the spec i f ied t ime per iod 

(avai lab le  at  www.vaers .hhs.gov/  or  1-800-822-7967) 

b.  Any event  l is ted in  the manufacturer 's  package insert  as  a contra ind icat ion to  

subsequent  doses of the vaccine 

2.  In 1990, VAERS was set  up to  receive a l l  repor ts  o f  suspected adverse events  

caused by any U.S.  l icensed vacc ine (Figure 22-1) .  

3.  The VAERS depends on vo luntary repor t ing by heal th professionals  to :  

a.  Ident i fy rare adverse react ions not  detected in  pre l icens ing s tud ies 

b.  Moni tor  for  increases in  al ready known react ions 

c .  Ident i fy r isk  factors  or preexis t ing condi t ions that  promote react ions 

d.  Ident i fy par t icular  vacc ine lo ts  wi th  unusual ly h igh ra tes or  unusual  types of  

events 

B. MedWatch,  the FDA's Medica l  Products Report ing Program estab l ished in  1993,  

is  a  vo luntary system for heal thcare providers (F igure 22-2) .  However,  

manufacturers  and d is t r ibutors  of  FDA-approved drugs,  b iolog ics , rad iat ion-emi t t ing 

devices,  spec ial  nut r i t ional  products , d ie tary supplements ,  in fant formulas, and 

devices are mandated to repor t  problems to  the FDA. The goals  of  the program are 

to  increase awareness of  repor t ing of  medica l-product- induced diseases and the 

importance of  repor t ing,  to  c lar i fy what  should be repor ted,  to  make report ing as 

easy as possib le ,  and to provide feedback to  health  professionals .  

1.  Importance of  reporting  

a.  The incidence of  ADRs occurs at a  high rate in heal th care today.  

(1)  General ly,  i t  is  repor ted that  3%-11% of a l l  hospi ta l  admiss ions can be 

at t r ibutable to  ADRs,  al though some s tud ies repor t  the f igure to  be as h igh as 29%. 

(2)  The l ike l ihood that  a  pat ient wi l l  exper ience an ADR whi le  hospi tal ized is  

reported in the l i terature to  be in  a range f rom 5%-25%. 
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Figure 22-1. VAERS form for reporting possible 
adverse drug reactions. 
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Figure 22-2. Form for reporting possible adverse 
drug reactions to the FDA Medical Products 
Reporting Program. 

b.  Prevent ion of  ADRs is an important s t ra tegy in heal th care. I t  has been est imated 

that  a t  least one th i rd o f a l l  ADRs may be preventable.  I t  has been fur ther  noted 

that  preventable ADRs tend to  be the most  cost ly to  t reat  and cause the greatest  

degree of  pat ient morbidi ty.  

(1)  Future ADRs can be prevented in  ind iv idual  pat ients  by carefu l  and cons is tent  

documentat ion in  pat ient records. 

(2)  A program that  t racks ADRs can help discover  previous ly unident i f ied t rends. 

These trends can be used wi th in the ins t i tut ion to develop programs of  prospect ive 

in tervent ion  
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to  prevent reoccurrence of  the react ion in  the pat ient populat ions that are at  s imi lar  

r isk . 



c.  Recognit ion of  previous ly undiscovered ADRs at t r ibutab le to a  drug is  par t icular ly 

t rue in  the case of newly marketed products. 

(1)  A l though cl in ica l  t r ia ls  are genera l ly e f fect ive in  assessing ef f icacy and r isk to  

benef i t  ra t io ,  inherent  l imi ta t ions exis t  in  premarket ing t r ia ls .  

(a)  The t r ia ls  are usual ly re la t ively shor t  in  durat ion and do not e f fect ive ly mimic  the 

exposure pat ients would exper ience i f  us ing the drug as a chronica l ly admin is tered 

agent .  

(b)  Drug-drug in teract ions and use in  pat ients  wi th  concomi tant  d isease s tates may 

not  be tested for in these t r ia ls .  

(c)  The smal l  s ize of  the t r ia ls (usual ly 1000-3500 ind iv iduals) is  insuf f ic ient  to  

detect  rarely occurr ing adverse react ions. 

(d)  Rac ial  and ethn ic  groups may not be part ic ipat ing in the same numbers as 

represented in  the genera l  populat ion. 

d.  Prompt recal l  in  cases of  product  prob lems are accompl ished when the MedW atch 

Program is  used to  report  product  problems or  device defects . 

2.  What should be reported?  

a.  ADRs that  are serious,  even i f  causal i ty is not  proven, inc luding 

(1)  A pat ient 's  death that is  suspected of  being a d i rec t  outcome of  an ADR 

(2)  A l i fe- threatening event 

(3)  An ini t ia l  or  pro longed hospi tal izat ion 

(4)  A s ign i f icant ,  persistent ,  or  permanent change or  d isabi l i ty / incapac i ty 

(5)  A congeni ta l  anomaly ( inc lud ing those occurr ing in  a fe tus) 

(6)  Other  problems that  aren ' t  l is ted in  the manufacturer 's package inser t  as  a 

known side effec t 

b.  Mal funct ioning medica l  devices such as hear t  va lves,  la tex g loves,  dia lys is  

machines,  and vent i lators  and problems wi th  nutr i t ional  products 

c .  Product  prob lems that can resul t  in  compromised safety or  qual i ty,  inc lud ing 

product contaminat ion,  mis label ing,  unc lear  label ing,  poor packaging,  potency 

problems, and quest ionable s tab i l i ty 

d.  Counterfei t  or suspected counterfe i t  drugs 

e.  Adverse events  wi th  food, herbs,  v i tamins,  cosmet ics,  or d ie tary supplements ,  

a l though CAERS is the prefered report ing system 

f .  Adverse events  owing to  blood products ,  a l lergenics,  gene therapy,  human t issue 

and cel lu lar products ,  and xenotransplantat ion products 

g.  Medicat ion errors 

3.  Confidential i ty o f  both the repor ter  and the pat ients  whose cases are reported 

are substant ia l ly  protected by the FDA. 

4.  Report ing of  prob lems wi th  OTC medicat ions are requi red when the product  has 

been marketed wi th  a new drug appl icat ion (NDA),  inc luding drugs formerly 

marketed as prescr ipt ion-only drugs.  OTC products  marketed wi thout  an NDA do not  

requi re  repor t ing, but  repor t ing is st rongly encouraged.  Approval  of  the FDA is  not 

requi red for the market ing of  nonprescr ipt ion herbs ,  minera ls ,  v i tamins,  die tary 

supplements ,  and other  substances.  Because the FDA does not  approve these 

substances,  ef f icacy and safety do not  have to  be demonstrated,  nor  is  i t  mandated 

to  repor t  prob lems to  the FDA. 



5.  Report ing to  manufacturers  is  not  described in  the FDA's  gu ide l ines, a l though a 

sect ion of  the MedW atch form can be checked off  to  in form the FDA that a copy of  

the repor t  has been forwarded to the manufacturer  by the reporter .  

C. Information on previously reported events  

1.  The FDA W eb si te provides on-l ine safety in formation at  

www.fda.gov/medwatch/safety.  h tm gathered f rom approximate ly 25,000 reports  that  

are submit ted each year .  

2.  Cl in ical ly important  product  safety aler ts  are ava i lab le v ia  an automated e-mai l  

messagedel ivery system f rom www.fda.gov/medwatch/el is t .htm. 

P.496 

 

 

3.  FDA a ler ts a lso appear on www.Pharmacis t .com, a jo int  venture of  the American 

Pharmacist  Associat ion and the National  Associat ion of Boards of  Pharmacy.  

VII. American Society of Health-Systems Pharmacists 

(ASHP) Guidelines 
def ine cr i ter ia  for  c lass i fy ing an ADR as s ign i f icant .  They encourage repor t ing of 

ser ious or  unexpected ADRs to the FDA, the manufacturer ,  or  both. 

VIII. Joint Commission on Accreditation of Healthcare 

Organizations (JCAHO) 
requi rements for  accredi ta t ion describe the need for  each healthcare organizat ion to  

moni tor for adverse events  invo lv ing drugs and devices in  a  cont inual ,  co l laborat ive 

fash ion. 

IX. United States Pharmacopeia (USP). 
Medicat ion Errors  Report ing Program at www.usp.org/hq i /pat ientSafety/mer/and the 

USP-Inst i tu te  for  Safe Medicat ion Pract ices (ISMP) Medicat ion Errors  Report ing 

Program at  ht tps : / /www. ismp.org/order forms/repor terrorto ISMP.asp are two 

programs invo lved in  co l lec t ion of  medicat ion error  data. 

X. FURTHER INFORMATION 
A.  In format ion about  the MedW atch program can be obtained by phone at  1-800-

FDA-1088 and at  www.fda.gov/Medwatch/ .  

B.  In format ion about  VAERS can be obtained by phone at  1-800-822-7967 and at  

www.fda.gov/cber /vaers/vaers .htm. 

C.  In format ion about  repor t ing to  the CFSAN program can be obta ined by phone at  

301-436-2405 or  a t www.cfsan. fda.gov.  

D.  Fur ther  information about the FDA's repor t ing systems and programs, such as 

CDER, can be found on the FDA's  W eb s i te  (www.fda.gov) .  
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STUDY QUESTIONS 



Direct ions:  Each of  the quest ions,  s tatements , or  incomplete sta tements  can be 

correct ly answered or  completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

1.  The phrase “one which is noxious and unintended, and which occurs at  

doses normally used in man for the prophylaxis,  diagnosis,  or therapy of  

disease,  or for the modif ication of  physiological  function,”  describes 

(A)  a  s ide ef fec t .  

(B)  an adverse drug react ion. 

(C)  an adverse drug event .  

(D)  a  medicat ion error.  

View Answer1.  The answer is  B[see] .2.  Type A reactions are 

characterized by which of  the following? 

(A)  id iosyncrat ic  react ions 

(B)  a  funct ion of  pat ient  suscept ib i l i ty 

(C)  caused by drug-drug in teract ions 

(D) Al l  o f  the above 

(E)  None of the above 

View Answer2.  The answer is  C[see] .3.  The MedWatch form is not  the 

appropriate form to report  which of  the fol lowing events? 

(A)  a  vaccine event  descr ibed in  the Vacc ine Adverse Event Report ing System 

(VAERS) “Reportab le Events  Table” 

(B)  a  suspected counter fe i t  drug 

(C) a  malfunct ioning vent i lator 

(D)  a  drug that  is  contained in  a  package wi th  unc lear  label ing 

(E)  None of the above 

View Answer3.  The answer is  A[see] .4.  Preventable adverse drug 

react ions (ADRs) 

(A)  general ly disp lay mi ld  symptoms. 

(B)  are a lways easi ly recognized. 

(C)  are problems that  are eas i ly medical ly managed. 

(D)  Al l  o f  the above 

(E)  None of the above 

View Answer4.  The answer is  E[see] .5. Reporting problems with vi tamins 

to the FDA is required by law in which of  the fol lowing situat ions? 

(A)  when the problem is  d iscovered by the consumer 

(B)  when safety and eff icacy have been proven by manufacturers  to  the FDA 

(C) when a heal thcare professional  d iscovers the problem 

(D) Al l  o f  the above 

(E)  None of the above 

View Answer5.  The answer is  E[see] .P.498 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [see  I I .C ] .  



This  is  the def ini t ion from the W HO. 

2.  The answer is  C  [see  I I I .A.2 ] .  

Type A react ions can be caused by drug-drug in terac t ions. Idiosyncrat ic  react ions 

and react ions caused by pat ient  suscept ib i l i ty  are genera l ly in  the c lass i f icat ion of  

Type B react ions. 

3.  The answer is  A  [see  VI .A.1 ] .  

A l l  the others are repor tab le on the MedW atch form.  The Nat ional  Chi ldhood 

Vacc ine In jury Act  requi res  the use of  a  VAERS form to report  vaccine-re la ted 

in jur ies . 

4.  The answer is  E  [see  VI .B.1 ] .  

Preventable ADRs can be the cause of  serious medical  prob lems that requi re 

in tensive medica l  care.  Al though some preventable ADRs may appear obvious on 

review of  a  pat ient 's  medicat ion h is tory, this  is not  always the case. 

5.  The answer is  E  [see  VI .B.4 ] .  

Market ing of these products does not  depend on the manufacturers  proving ef f icacy 

and safety of  the products .  No law requires report ing of subsequent problems.  

These products  do not requi re  an NDA. Al though i t  is  not requi red for  heal thcare 

profess ionals  to  repor t  prob lems,  i t  is  essent ia l  that  voluntary repor t ing takes p lace. 

 



23 
Medication Errors 
Robert  Cisneros 

I. MEDICATION ERROR PROBLEM 
A.  The 2000 Ins t i tu te of Medic ine ( IOM) repor t  To Err  Is  Human  brought  the problem 

of  errors in  medicine to  nat ional  a t tent ion.1  

1.  An est imated 44,000-98,000 deaths per year  are caused by medica l  errors.  Of 

those deaths,  approximate ly 7 ,000 are the resul t  o f  medicat ion errors. 

2.  A cal l  to  ac t ion was given to  improve pat ient  safe ty.  

B.  In  recent years ,  t ragic medicat ion errors  have focused attent ion on concerns 

regard ing pat ient safety.  

1.  A chemotherapy mix up at  a  major  cancer  center  resul ted in  the death of  a  pat ient  

f rom a fourfold overdose  dai ly for  4 days. 

2.  A chi ld accidental ly rece ived an intravenous rather than intramuscular  dose of  

long-act ing penic i l l in and d ied. 

3.  A compounding error  resul ted in  death of  a  chi ld  who received a t r icyc l ic  

ant idepressant  a t  a  dose 10 times greater than the dose prescribed  by phys ic ian. 

4.  Mixups wi th  hepar in  v ia ls which had similar packaging, but di f ferent 

concentrations,  resul ted in overdoses  causing ser ious in jury and severa l  in fant  

deaths. 

II. ERROR DEFINITION. 
The Nat ional  Coordinat ing Counci l  for  Medicat ion Error  Report ing and Prevent ion 

(NCCMERP) def ines a medicat ion error  as  fo l lows:  “A medicat ion error  is  any 

preventable event  that  may cause or  lead to  inappropria te  medicat ion use or  pat ient 

harm whi le  the medicat ion is  in  the control  o f  the heal th  care profess ional ,  pat ient ,  

or  consumer. Such events  may be re la ted to  profess ional pract ice,  heal th care 

products ,  procedures, and systems, inc luding prescr ib ing; order  communicat ion;  

product label ing,  packaging, and nomenclature;  compounding;  d ispens ing; 

d ist r ibut ion;  admin is t ra t ion;  educat ion;  moni tor ing;  and use.”2  

III. TYPES OF ERRORS. 
The fo l lowing categor ies of  errors  have been used in numerous research s tud ies.3  

A. Wrong drug error.  A drug that  was not  ordered for a  pat ient  was admin istered—

for  example, a  pat ient  acc identa l ly rece ived furosemide 40 mg oral ly.  Poss ible  

causes:  The pharmacist  acc identa l ly f i l led the pat ient 's  prescrip t ion for an ant ibio t ic 

wi th  furosemide;  the pharmacis t  reached for  the wrong bott le on the shel f  and d id  

not  check the label  carefu l ly enough. 

B. Extra dose error.  A pat ient  rece ives more doses of  a drug than were ordered—

for example, a  pat ient  was supposed to receive a medicat ion wi th  breakfast  for  3  

days but  rece ived i t  for 5 days. Possib le  cause:  The pat ient 's  nurse was confused 

by the medicat ion di rec t ions. 

C. Omission error.  A dose of  a drug was not  administered as ordered but  was 

skipped—for example, a  pat ient was supposed to  receive digoxin 0.25 mg ora l ly in 



the morn ing but  d id not  receive the dose.  Poss ib le  cause:  The pat ient 's nurse was 

so busy that  he or she forgot  to  administer  the dose. 
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D. Wrong dose or wrong strength error.  Ei ther  the wrong dose of  a  medic ine or  

the wrong s trength is administered—for  example, the pat ient  was supposed to  

receive warfar in  0 .5 mg but  rece ived warfar in  5  mg ins tead.  Poss ib le  causes:  The 

pharmacis t  misread the label ;  the physic ian wrote the order  as  “warfar in  .5 mg.”  

Another  example: a  pat ient  was supposed to  receive t imolol  0.25% but  was g iven 

t imolol  0.5%. Poss ible  cause:  The pharmacis t took the wrong product  o f f  o f  the 

shel f ,  confused by the concentrat ions. 

E. Wrong route error.  A pat ient  receives a dose of  a  medicat ion by a route that  was 

not  ordered by the phys ic ian—for  example,  a  pat ient  was supposed to  receive 

prochlorperazine 10 mg in t ramuscular ly but  the drug was adminis tered 

in t ravenously.  Possib le  causes:  The nurse misread the orders ;  the physic ian 

mis takenly wrote “ IV”  instead of  “ IM.”  

F.  Wrong t ime error.  A pat ient does not  receive a dose of  medicat ion at the t ime at 

which i t  was to  be adminis tered—for  example,  a hosp i ta l ized pat ient wi th  d iabetes is 

scheduled to  receive a dose of  insul in immediately before breakfast  (a t  7 :00 A.M.)  

but  the dose is g iven 2 hr  a f ter  breakfast .  Possib le  cause:  The nurse was busy and 

could not g ive dose on t ime. 

G. Wrong dosage form error.  A pat ient receives a dose of medic ine in  a  dosage 

form that  was not  in tended—for example,  n icot inic  ac id  500 mg tablets  were ordered 

for  a pat ient  who instead receives nicot in ic  ac id  500 mg s low-re lease capsules.  

Poss ible  cause:  The pharmacis t  d id not  carefu l ly check the product or  was confused 

by the label .  

H. Other.  Errors  that  do not  f i t  in to  any of  the other  categories. 

IV. COMMON ERROR HAZARDS 
A. Dangerous abbreviations.  Numerous common abbrevia t ions and symbols have 

been associated wi th  errors . Detai led l is ts  are ava i lab le  f rom the Ins t i tu te for  Safe 

Medicat ion Pract ices ( ISMP) at  

h t tp : / /www. jo in tcommiss ion.org/Sent inelEvents / forms.  and the Join t Commiss ion on 

Accredi ta t ion of Heal thcare Organizat ions (JCAHO) at  

h t tp : / /www. jo in tcommiss ion.org/Pat ientSafety/DoNotUseLis t / .  JCAHO's accredi ted 

organizat ions are requi red to  avoid using the potent ia l ly  confus ing abbrevia t ions on 

i ts  “Do Not  Use”  l is t .  

1.  U,  IU: unit (s) .  The le t ter  U  can eas i ly be misinterpreted as a number (e.g. ,  0  or 

4) ,  and serious harm has occurred wi th insul in and heparin  as a resul t  o f  th is 

confus ion.  For  example, a  pat ient  rece ived 66 uni ts  of  insu l in  instead of  6 un i ts .  The 

order,  which was wr i t ten for  “6U” of regular  insu l in  was misread as 66.  The word 

uni ts  should be wr i t ten out  in  fu l l .  



2.  QD, Q.D. ,  qd,  q .d .  (dai ly) .  These common abbrevia t ions have been 

mis interpreted as “QID” or  “qid”  ( four  t imes dai ly)  resu l t ing in  overdoses.  The word 

dai ly  should be wr i t ten out  in  fu l l .  

3.  Q.O.D,  QOD, qod (every other day).  These common abbrevia t ions have been 

mis interpreted as QID ( four  t imes dai ly) ,  resu l t ing in overdoses.  The words every  

other day  should be wr i t ten out  complete ly.  

4.  Trai l ing zero.  W hen a dose is  ordered and fo l lowed wi th  a decimal  point  and a 

zero,  such as 2.0 mg or  25.0 mg,  errors  can occur .  The decimal  po int  may be 

missed and an overdose can occur .  For  example, warfar in  2 .0 mg may be 

mis interpreted as 20 mg. Tra i l ing zeros should be avoided, and the dose wr i t ten 

wi thout  the addi t ional  zero—for example,  warfar in  2  mg ( ins tead of  2 .0 mg). 

5.  Lack of  leading zero.  A drug 's  dose may be less than 1 mg,  such as for  d igoxin .  

Of ten the dose is wr i t ten wi thout  a  leading zero:  d igoxin  .25 mg ins tead of  d igoxin  

0.25 mg.  Errors have occurred because the dec imal point is  missed—for example, 

warfar in  .5  mg may be interpreted as warfar in  5 mg.  Leading zeroes should be 

included,  so the dose is  wr i t ten as digoxin 0.25 mg or  warfar in  0.5 mg. 

6.  MS, MSO4  (morphine sulfate) ,  MgSO4  (magnesium sulfate).  The abbrevia t ions 

for  morphine sul fa te  and magnes ium sul fa te  are qu i te  s imi lar  and can be confused. 

I t  is  recommend that  morphine sul fa te  and magnesium sul fa te  be wr i t ten in  out  in  

fu l l .  
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B. Other confusing symbols, abbreviat ions.  There are numerous other  hazardous 

symbols and abbrevia t ions that should be used wi th  caut ion when wr i t ing 

prescrip t ion orders and careful ly examined when f i l l ing prescr ip t ions.  Examples 

include the fo l lowing: 

1.  cc . Stands for cubic  cent imeters  and is o f ten used ins tead of  mL.  This has been 

mis interpreted as a 0 (zero) ;  use mL. 

2.  µg. Used for  micrograms—for example,  levothyroxine 250 µg dai ly.  The 

abbrevia t ion has been mis taken for  mg, and overdoses have occurred;  bet ter  to  use 

mcg or to  wr i te out  the word micrograms.  

3.  < ,  > .  Symbols for less than (<) and greater  than (>)  have been mis taken for each 

other or  mis in terpreted as numbers.  Bet ter to wr i te  out  the words less  than  or  

greater  than.  

4.  HCT.  Th is  abbreviat ion for “hydrocor t isone”  has been misin terpreted as 

hydrochloroth iazide. Better  to wr i te  the word out  completely.  

5.  HCl.  The abbrevia t ion for  “hydrochlor ic  acid”  has been mis interpreted as KCl  

(potass ium chlor ide).  Bet ter  to  wr i te  out the words completely.  

C. Sound-a- l ike or look-a- l ike drug names.  A deta i led l is t  o f  confus ing drug names 

can be found in the 2004 Uni ted States Pharmacopeia  publ icat ion “USP Qual i ty 

Review” (www.usp.org/pdf /EN/pat ientSafety/qr792004-04-01.pdf).  Another  l is t  is  

ava i lab le  f rom ISMP (www. ismp.org/Tools/confuseddrugnames.pdf) .  

1.  Examples inc lude the fo l lowing: 

a.  Ami t r ip ty l ine and aminophyl l ine 



b.  Cisp la t in  and carboplat in 

c .  K-Dur and Cardura 

2.  To avoid these problems, the ISMP of fers  severa l  suggest ions, inc luding the use 

of  computer ized reminders ,  name-aler t  st ickers , and independent checks; opening 

the bot t le  in f ront  of  the pat ient,  who can conf i rm the appearance; and repor t ing 

errors . 

D. High-risk drugs.  Certa in  potent drugs  have been impl icated in  many ser ious 

and t ragic medicat ion errors . These have been cal led high-r isk  or  high-aler t  drugs.  

A l is t  o f  such medicat ions can be found at  

www. ismp.org/Tools/h ighalertmedicat ions.pdf.  Examples include the fo l lowing:  

1.  Blood-modifying agents such as heparin and warfarin.  Errors  have resul ted in  

ser ious in jury or  death from hemorrhaging as a resu l t  o f  overdose (pat ient rece iv ing 

10 mg ins tead of  1 mg) or  f rom blood c lots  as a resul t  o f  underdose (pat ient  

receiv ing 0.5 mg ins tead of  5 mg). 

2.  Narcotics and sedatives.  Centra l  nervous system depression and respi ra tory 

arrest  have resul ted f rom errors wi th  these drugs,  such as d iazepam 25 mg g iven 

in t ravenously ins tead of  2 .5  mg. 

3.  Neuromuscular paralyz ing agents such as succinylchol ine and vecuronium.  

Accidental  use or  inadver tent use before adequate vent i lat ion procedures were 

s tarted have resul ted in respi ratory arrest  and death. 

4.  Chemotherapy drugs.  These drugs are associated wi th  potent  adverse ef fec ts ,  

a f fec t ing numerous body systems,  such as the immune,  neuro log ic ,  and clo t t ing 

systems.  Deaths have occurred as a resul t  o f  errors  wi th  these products.  For  

example, v incr is t ine was acc identa l ly g iven to  a ch i ld  ins tead of v inblast ine,  

resul t ing in death. Confus ion over the dosing of  cyc lophosphamide resul ted in a  

fa tal  four fo ld overdose. 

V. SEVERAL SAFETY TECHNIQUES OBSERVED IN 

COMMUNITY PHARMACIES4 
A.  Keep work  procedures organized and simpl i f ied. 

B.  Don ' t  work on severa l  prescrip t ions at  once,  jus t  one at  a  t ime. 
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C.  Manage in terrupt ions, don ' t  be pressured to  rush. 

D.  Smel l  check. 

E.  Bar  code check. 

F.  Use a magni fy ing glass when needed. 

G.  Enhance the design of  the fac i l i ty .  

VI. ROOT CAUSE ANALYSIS (RCA). 
This  is  a st ruc tured process for ident i fy ing d i rec t  and ind i rec t  fac tors  that 

contr ibuted to  a medicat ion error .  A f ramework for  conduct ing an RCA is  avai lab le at  

h t tp : / /www. jo in tcommiss ion.org/Sent inelEvents / forms.  See “Framework For  

Conduct ing a Root  Cause Analys is . ”  



A.  Important quest ions to  ask: 

1.  What  happened and why? 

2.  What  were the contr ibut ing fac tors? 

a.  Age? Hours  worked? Staf f ing? 

b.  W orkload? Stress? Confus ing names? Locat ion on she l f? 

c .  Inadequate in formation? Communicat ion? 

d.  Inadequate equipment? 

e.  Workplace atmosphere conducive to safety? 

f .  Inadequate t ra in ing of  pharmacis t  or  technic ian? 

B. Latent defect .  A weakness in a system  that  does not  immediate ly resul t  in  an 

error  but,  under the r ight set o f c i rcumstances,  can contr ibute to  a  mistake.  For  

example: 

1.  Stocking  look-al ike or sound-a l ike drugs next  to  each other ,  contr ibut ing to  a  

pharmacis t  incorrect ly f i l l ing a prescr ipt ion. 

2.  Inadequate training  o f  employees,  contr ibut ing to  an error  in  which an 

automated d ispens ing machine was used improper ly and a pat ient  rece ived the 

wrong medicat ion. 

VII. NATIONAL SAFETY EFFORTS 
A.  JCAHO's Nat ional  Pat ient Safety Goals  for  Accredi ted Organizat ions can be 

found at  h ttp : / /www. jo in tcommiss ion.org/Pat ientSafety/Nat ionalPat ientSafetyGoals / .  

Hospi tal  goals  inc lude: 

1.  Improve the accuracy of  pat ient  ident i f icat ion.  Have two means of ident i fy ing the 

pat ient o ther  than room number. 

2.  Improve communicat ion among caregivers .  Veri fy and read back te lephone and 

ora l  orders. 

3.  Create a l is t  of  “do not  use”  abbrevia t ions. Standard ize the abbreviat ions used,  

and prohibi t  the use of  those that  are prone to  confus ion and misin terpretat ion. 

4.  Improve the safe use of  medicines. 

a.  L imi t  the number of d i f ferent  concentrat ions avai lab le  per  drug product ;  

s tandard ize. 

b.  Develop methods of  ident i fy ing and reviewing sound-a l ike and look-al ike drugs,  

prevent ing errors wi th  them. 

c .  Al l  medicat ions and containers  should be proper ly labeled. 

d.  Reduce the l ike l ihood of  pat ient  harm assoc iated wi th  the use of  ant icoagulat ion 

therapy. 

5.  Reduce the r isk  of  in fec t ions. 

a.  Comply wi th  a l l  Centers  for  Disease Control  and Prevent ion (CDC) 

recommendations for  hand washing and hygiene. 

b.  Thoroughly invest igate a l l  serious adverse events  and deaths associated wi th  

in fec t ion acqui red in  a  heal thcare set t ing. 
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Figure 23-1. The medication error form used by 
the United States Pharmacopeia. [Reprinted with 
permission of the United States Pharmacopeia.] 
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6.  Keep accurate pat ient medicat ion records and h istor ies throughout  the cont inuum 

of  care. 

a.  Ensure that  a  pat ient 's  medicat ion records are complete and accurate when he or  

she is  referred or  t ransferred wi thin  or  between organizat ions. 

b.  Proper  communicat ion of  accurate pat ient  medicat ion information is  c r i t ica l  for 

everyone involved in  the pat ient 's  care. 

B.  The Five Mi l l ion Lives Campaign  in i t ia ted by the Ins t i tu te  for  Heal thcare 

Improvement  can be found at  h ttp : / /www. ih i .org/IHI /Programs/Campaign. 

1.  Purpose: “To protect  pat ients  from f ive mil l ion incidents of  medical  harm  over  

the next  two years  (December,  2006-December, 2008).”  

2.  Twelve in tervent ions were ident i f ied and can be found descr ibed in  more detai l  a t  

the websi te above.  The in tervent ions inc luded: 

a.  Prevent ing adverse drug events  through medicat ion reconci l iat ion.  

b.  Prevent ing surgical si te  infections  by appropriate care and anitbiotic  use.  

c .  Focus on prevent ing harm f rom high r isk medicat ions  such as ant icoagulants ,  

sedat ives,  narcot ics ,  and insu l in .  

d.  Reduce Methici l l in-Resistant  Staphylococcus aureus  (MSRA) infections  

through appropriate  evidence-based practices.  

C.  The IOM in  July 2006 re leased i ts repor t  “Prevent ing Medicat ion Errors. ”  Several  

recommendations were made to  improve pat ient  safety inc luding:  enhancing role  of  

pat ient in medicat ion management ,  improving pat ient educat ion, and increas ing the 

use of  technology,  such as e-prescr ib ing.  Th is  repor t  can be accessed at  

www. iom.edu. 

D. Medicat ion error report ing.  The repor t ing of medicat ion errors  provides cr i t ica l  

safety feedback.  F igure 23-1 shows the form used in the Uni ted States 

Pharmacopeia 's error  repor t ing program. Errors  can be submi t ted anonymously v ia  

the In ternet ,  by te lephone,  or by mai l .  



E.  The “Sorry W orks Coal i t ion” (www.sorryworks.net)  is  an organizat ion of  var ious 

indiv iduals  (heal thcare professionals ,  lawyers ,  insurance execut ives,  concerned 

c i t izens,  etc .)  who promote the necessi ty o f disclosure and apology fo l lowing 

error .  The coal i t ion provides t rain ing and educat ion programs. 

F.  The Ins t i tute  for  Safe Medicat ion Pract ices (www. ismp.org)  focuses i ts e f for ts on 

medicat ion error prevention and patient safety.  The ISMP publ ishes four  di f ferent  

safety newslet ters , provides consul t ing services,  and presents numerous 

educat ional  programs,  services,  and act iv i t ies . 

G.  The Nat ional  Pat ient Safety Foundation (www.npsf .org)  represents stakeholders 

from a broad array of  discipl ines,  inc lud ing pat ients  and famil ies .  The NPSF 

mission is  focused on improving pat ient  safety.  I t  provides numerous resources,  

publ icat ions,  and act iv i t ies  d i rec ted at  improving the care of  pat ients . 
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STUDY QUESTIONS 
Direct ions:  Each of  the quest ions,  s tatements , or  incomplete sta tements  can be 

correct ly answered or  completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

1.  A major result  in the 2000 Inst i tute of  Medicine ( IOM) report  is  that 

(A)  pharmacists  are not b lamed for the major i ty of  medical  errors. 

(B)  surgeons make more mis takes than any other heal th professional .  

(C)  pharmacis ts  make more mis takes than any other  heal th  professional .  

(D)  there is  now more emphasis on error  prevent ion. 

View Answer1.  The correct  answer is  D[see] .2. A pharmacist  is  presented 

a prescription for 250 mcg  of  levothyroxine.  Which of  the fol lowing dosages 

would be equivalent to that  amount? 

(A)  2 .5 mg 

(B)  0 .25 gm 

(C) 0.25 mg 

(D) 25 gm 

View Answer2.  The correct  answer is  C[see] .3. A prescript ion is  wri t ten 

for warfarin 1.0 mg. The community pharmacist  accidental ly dispenses 10 mg. 

The pat ient  develops severe bleeding within 3 days and nearly dies.  Which of  

the fol lowing is the most accurate assessment of  this prescript ion? 

(A)  A t ra i l ing zero is present  in  this prescr ip t ion and could have contr ibuted to  the 

pharmacis t 's  error .  

(B)  This  is an example of  a  leading zero,  which contr ibuted to  the error  and the 

pat ient t ragedy. 

(C)  Sound-al ike medicat ions contr ibuted to  th is  error .  

(D)  This  does not  qual i fy as  an error based on the National  Coordinat ing Counc i l  for 

Medicat ion Error  Report ing and Prevent ion (NCCMERP) def in i t ion. 

View Answer3.  The correct  answer is  A[see] .4. A hospital pharmacy 

begins stocking new intravenous mini-bags of a  neuromuscular-blocking agent.  



The packaging is  similar to a commonly used intravenous antibiot ic .  The 

addit ion of  the new mini-bags was not widely communicated to al l  personnel .  

One weekend,  several  doses of  this new product were accidental ly dispensed 

in place of  the intended doses of  ant ibiot ic.  Several  pat ients suffered 

respiratory arrest  and one of  the patients eventual ly died.  What would a root 

cause analysis of  this error f ind? 

(A)  The only cause of  th is  error  was a pharmacis t who was not  paying at tent ion.  The 

pharmacis t  should be dismissed. 

(B)  Poor communicat ion pract ices is  a la tent  defect  in  th is  pharmacy system and 

s ign i f icant ly contr ibuted to  the error .  

(C)  The pharmacy technic ians are to b lame for  this  error,  not  the pharmacis t ,  

because the technic ians obtained the min i -bags from stock and p laced the labels  on 

the bags.  The pharmacist  checked only the technic ian 's  work.  The technic ian should 

be dismissed. 

(D)  This  is  an example of  an ext ra  dose error.  

View Answer4.  The correct  answer is  B[see] .5. What do the fol lowing 

abbreviat ions MS, MSO4  and MgSO4  have in common? 

(A)  common abbrevia t ions for  morphine su l fa te 

(B)  common abbrevia t ions for  magnesium sul fa te 

(C)  should not  be used in  JCAHO-accredi ted inst i tu t ions 

(D) approved abbreviat ions in  most  hospita ls 

View Answer5.  The correct  answer is  C[see] .6. A major error in a hospital  

pharmacy resulted in a total  parenteral nutr it ion solut ion being mistaken for a  

cardioplegic solut ion for coronary bypass surgery.  Which of the following is 

true regarding the root cause analysis that  was done at the hospital  after the 

error? 

(A)  The primary object ive is  to f ind out which pharmacis t made the mistake that 

a l lowed this  to  take place. 

(B)  The resul t  of  the analys is  would be the admiss ion that  an error had taken p lace. 

(C)  Al l  fac tors  that could have contr ibuted to  th is  error  would be ident i f ied and 

analyzed. 

(D)  A root  cause analysis  would be inappropria te in  th is  case. 

View Answer6.  The correct  answer is  C[see] .P.506 

 

 

ANSWERS AND EXPLANATIONS 
1.  The correct answer is  D  [see  I .A.2 ] .  

The IOM report  revealed a larming data on deaths re la ted to medical  errors .  The 

report  contr ibuted to increased ef for ts to improve pat ient safety.  

2.  The correct answer is  C  [see  I I I .D ] .  

A l though this may seem to be an elementary quest ion and answer,  a  wrong dose 

error  such as this  could easi ly lead to a serious in jury or  death to a  pat ient .  

3.  The correct answer is  A  [see  IV.A.4 ] .  



Warfarin 1 .0 mg.  is  an example of  a  t rai l ing zero. JCAHO has inc luded this  in  i ts  “Do 

Not  Use”  l is t  of  abbreviat ions.  However,  in the community set t ing, i t  is  a  pract ice 

that  can s t i l l  be f requent ly seen on prescrip t ions. W hen a t rai l ing zero is  observed, 

much caut ion should be exerc ised in  in terpret ing the prescrip t ion. 

4.  The correct answer is  B  [see  VI .A.2 ] .  

Poor  communicat ion was a major  contr ibut ing factor  to  this t rag ic  ser ies of  errors . 

The drug was a h igh-r isk drug and had s imi lar packaging as another  commonly used 

drug. These are two major  ingredients  for  the serious error  that  took p lace.  This 

does not  absolve the technic ian and pharmacis t to ta l ly f rom any blame but  

emphas izes the s ign i f icant  role  that  fai lure of  communicat ion played wi thin  th is  

pharmacy system. The system was as much or  more to  blame than any ind iv iduals .  

F i r ing the ind iv iduals  does not  repai r  the problem of poor  communicat ion in the 

system but  only sets  the s tage for  a  s imi lar  mis take to  occur  again. 

5.  The correct answer is  C  [see  IV.A.6 ] .  

These abbrevia t ions are included in JCAHO's “Do Not  Use”  l is t .  Errors  resul t ing in  

ser ious harm have occurred af ter mix ups wi th  morphine and magnes ium. 

6.  The correct answer is  C  [see  VI .A.2 ] .  

A root cause analys is  is  not  in tended to  focus on b lame but on a l l  fac tors  that  could 

have been rela ted to  th is error.  Factors might  have inc luded t ra in ing of  pharmacis t 

and technic ians, the actua l  drug order ,  and the label .  The contr ibut ion of such 

fac tors might  not  be d iscovered i f  the focus is  on on ly ident i fy ing which pharmacis t,  

technic ian, or  o ther  profess ional is  to  blame. 
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Clinical Toxicology 

John J.  Ponzi l lo 

I. OVERVIEW 
A. This  chapter  is  in tended to  provide the reader wi th  an overview of  the 

management  o f  various toxic  exposures.  Emergency medical  services 

(EMS) should be immediate ly contacted to  provide advanced l i fe  support for  

pat ients  wi th  unstab le v i ta l  s igns resul t ing f rom a poisoning exposure.  In  

addi t ion,  these pat ients  should be referred to  a hospi tal  for  fo l low-up.  A 

nat ionwide to l l - f ree po ison center  number became avai lab le.  Th is number,  

800-222-1222 is  avai lable  24 hr /day and should be used by healthcare 

profess ionals  and the general  publ ic when deal ing wi th  exposures to 

potent ia l ly  toxic  substances. 

B.  Def in i t ions 

1.  Cl in ical  toxico logy.  Focuses on the ef fec ts  o f substances in  pat ients  

caused by acc identa l  poisonings or  in tent ional  overdoses of  medicat ions,  

drugs of  abuse,  household products , or  various other  chemicals 

2 .  Intoxicat ion.  Toxic i ty associated wi th any chemical  substance 

3.  Poisoning. A c l in ical  toxic i ty secondary to  acc identa l  exposure 

4.  Overdose.  An intent ional  exposure wi th  the in tent  o f  caus ing sel f - in jury 

or  death 

C.  Epidemiology.  In  2004,  more than 2.4 mi l l ion acc identa l  and intent ional  

po isonings were repor ted to  the Amer ican Assoc iat ion of  Poison Contro l  

Centers  (AAPCC).  The majori ty o f poison exposures (84.1%) were 

acc identa l .  However,  1183 of  these exposures resul ted in death.  More 

in format ion can be found at  the AAPCC's  Web s i te  (www.aapcc.org) . 

D.  In format ion resources 

1.  Computerized databases 

a.  Pois index is  a  computer ized CD-ROM database that  is  updated quar ter ly 

and is a  pr imary resource for poison control  centers . 

2 .  Pr in ted publ icat ions.  Textbooks and manuals provide usefu l  in formation 

regard ing the assessment  and treatment  o f  pat ients  exposed to var ious 

substances,  al though the i r  usefu lness is  l imi ted by the lag t ime of 

in format ion publ ished in  the pr imary l i terature reaching updated edi t ions. 

a .  El lenhorn MJ,  ed.  Medica l  Toxico logy:  Diagnos is  and Treatment  o f  

Human Poisonings,  2nd ed.  New York ,  Elsevier  Sc ience,  1997. 

b .  Fraunfe lder  FT,  Fraunfe lder  FW . Drug- Induced Ocular  Side Ef fec ts ,  5 th 

ed.  L i t t le Rock:  But terworth-Heinemann,  2001. 

c .  Fraunfelder,  Fraunfe lder  and W iley.  Cl in ical  Ocular Toxico logy.  March 

2008 6th ed i t ion Saunders 

d.  Goldf rank L, ed.  Toxico log ic  Emergenc ies.  8 th ed.  New York :  McGraw 

Hi l l ,  2006. 

e .  Grant  W M. Toxico logy of  the Eye,  4 th ed.  Spr ingf ie ld ,  IL :  Char les C 

Thomas,  1995. 



f .  Haddad and W inchester 's  Cl inica l  Management  o f  Poisoning and Drug 

Overdose Shannon MO, Borrow SW , Burns M 4th Edi t ion 2007 W B Saunders 

g.  Hedges JR,  Henderson RG, eds. Terror ism and cr i t ical  care:  chemical ,  

b iologica l ,  radiologic,  and nuc lear  weapons.  Cri t  Care Cl in  2005;21(4). 

h .  Hols tege CP,  Rusyniak DE,  eds.  Medica l  Toxico logy.  Med Cl in North  Am 

2005;8(6) . 

i .  Le ik in JB,  Paloucek FP.  Poisoning and Toxico logy Compendium, 3rd ed.  

Hudson,  OH: Lexi -Comp, 2002. 

j .  Olson KR, ed. ,  wi th ,  Anderson IB, Benowi tz NL,  Blanc PD, et  al .  

Poisoning and Drug Overdose,  5 th ed. Stamford, CT,  Appleton & Lange,  

2006. 
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3 .  Internet1 

a .  Centers  for  Disease Control  and Prevent ion (CDC) at  www.cdc.gov 

b.  U.S. Food and Drug Admin is t rat ion (FDA) at www.fda.gov 

c .  Nat ional  Library of  Medicine at www.nlm.n ih.gov 

d.  Nat ional  Ins t i tu te  for  Occupat ional  Safety and Health  (NIOSH) at  

www.cdc.gov/n iosh 

e.  Amer ican Soc iety o f Heal th-System Pharmacis ts  a t www.ashp.org 

f .  Mater ial  Safety Data Sheets  at  www.msdssearch.com 

g.  U.S. Envi ronmenta l  Protect ion Agency (EPA) at  www.epa.gov 

h.  Chemical  Abstracts Service at www.cas.org 

4.  Poison control  centers accredi ted by the AAPCC provide in format ion to  

the general  publ ic and heal thcare providers .  These centers  are the most  

re l iab le  and up-to-date sources of  information;  thus the AAPCC's  phone 

number (800-222-1222) should be readi ly avai lab le . 

II. GENERAL MANAGEMENT 
A. Support ive care and ABCs.  Evaluat ing and support ing the v i ta l  funct ions 

(a i rway,  breathing,  and ci rculat ion [ABCs])  are the mandatory f i rs t  s teps in  

the in i t ia l  management  of  drug ingest ions. Af ter  the pat ient is  stabi l ized,  

the speci f ic  issue(s)  o f  po ison management should be addressed.2 

B.  Treatment for pat ients wi th  depressed mental  sta tus includes the 

fo l lowing: 

1 .  To rule  out  or  treat  hypoglycemia,  50 mL of  50% dextrose in  adults  and 1 

mL/kg in  chi ldren,  in t ravenous ly ( IV) 

2 .  Th iamine 100 mg IV push (g lucose can prec ip i ta te  the W ern icke-

Korsakof f  syndrome in  thiamine-def ic ient  pat ients)  

3 .  Naloxone (Narcan)  0.4-2 mg IV push,  i f  op iate ingest ion is  suspected 

C.  Obtain ing a history of exposure 

1.  Ident i fy the substance(s)  ingested, the route of exposure,  the quant i ty 

ingested, the amount  o f  t ime since ingest ion,  s igns and symptoms of 



overdose, and any associated i l lness or  in jury.  Corroborate history and 

other phys ica l  evidence (e.g.,  pi l l  conta iners)  f rom prehospi tal  providers. 

2 .  Neuro logica l  examinat ion evaluates any se izures,  a l terat ions in 

consciousness, confusion,  a taxia ,  s lurred speech,  t remor,  headache,  or  

syncope. 

3 .  Card iopulmonary examinat ion evaluates any syncope,  pa lp i ta t ions,  

cough, chest  pa in,  shortness of  breath,  or  burning or  i r r i ta t ion of  the upper 

a i rway.  

4 .  Gastroin test ina l  (GI)  examinat ion evaluates any abdominal pain , nausea,  

vomi t ing,  diarrhea,  or d i f f icu l ty in  swal lowing. 

5 .  Past  medica l  his tory should inc lude 

a.  Medicat ions,  includ ing nonprescrip t ion (over- the-counter  [OTC])  

substances 

b.  Use of  herbal  medicat ions 

c .  Alcohol  or drug abuse 

d.  Psychiat r ic  h is tory 

e.  Al lerg ies 

f .  Occupat ional  or  hobby exposures 

g.  Travel  

h .  Pr ior  ingest ions 

i .  Soc ia l  h is tory wi th  potent ia l  for  domest ic  v io lence or  neglect 

j .  Last normal  menstrual  per iod or  pregnancy 
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D.  Rout ine laboratory assessment 

1 .  Complete blood ce l l  (CBC) count 

2 .  Serum e lect ro lytes 

3.  Blood urea n i t rogen (BUN);  serum creat inine (SCr)  

4 .  Blood g lucose 

5.  Ur ina lys is 

6 .  Elect rocardiogram (ECG) 

7.  Chest roentgenogram and/or  k idneys,  ureters ,  and b ladder (KUB) x-ray 

E.  Toxico logy laboratory tes ts 

1 .  Advantages 

a.  Conf i rm or  determine the presence of  a  par t icular  agent 

b .  Predic t  the ant ic ipated toxic  ef fec ts  or sever i ty o f  exposure to  some 

poisons 

c .  Conf i rm or  dist inguish d i f ferent ia l  or  contr ibut ing diagnos is 

d .  Occas ional ly he lp guide therapy 

2.  Disadvantages 

a.  These tes ts  cannot  provide a spec i f ic  diagnos is  for  al l  pat ients . 

b .  Al l  poss ib le intoxicat ing agents cannot  be screened. 

c .  In  cr i t ica l ly i l l  pat ients,  support ive t reatment is needed before laboratory 

resul ts  of  the toxico logy screen are avai lab le. 



d.  Laboratory drug-detect ion abi l i t ies  d i f fer .  

e .  In genera l ,  only a  qual i tat ive determinat ion of  a  substance or  substances 

is  necessary;  however,  quant i tat ive leve ls  o f  the fo l lowing drugs are 

necessary to  gu ide therapy:  

(1)  Acetaminophen 

(2)  Aminoglycos ides 

(3)  Arsenic 

(4)  Carbamazepine (Tegretol )  

(5)  Carboxyhemoglobin 

(6)  Cyc losporine 

(7)  Digoxin (Lanoxin) 

(8)  Ethanol 

(9)  Ethylene glycol  

(10)  Iron 

(11)  Lead 

(12)  L i th ium (Eskal i th) 

(13)  Mercury 

(14)  Methanol 

(15)  Methemoglobin 

(16)  Methotrexate 

(17)  Phenobarb i ta l  

(18)  Phenyto in (Di lant in) 

(19)  Sal icylates 

(20)  Tacro l imus 

(21)  Theophyl l ine 

(22)  Valpro ic  ac id  (Depakene) 

(23)  Vancomycin 

F.  Skin  decontaminat ion should be per formed when percutaneous 

absorpt ion of a  substance may resul t  in  systemic  toxic i ty or  when the 

contaminat ing substance may produce loca l  toxic  e f fec ts  (e.g. ,  ac id burns).  

The pat ient 's  c lo thing is  removed,  and the areas are i r r igated wi th  copious 

quant i t ies  of  water .  Neutra l izat ion should not  be a t tempted. For example, 

neutra l iz ing ac id burns wi th  sodium b icarbonate wi l l  produce an exothermic  

chemical  react ion,  thereby exacerbat ing the pat ient 's condi t ion. 

G.  Gastr ic decontaminat ion may be attempted when support ive care is  

begun.  GI decontaminat ion invo lves removal  of  the ingestant wi th  emesis or  

lavage,  the use of ac t ivated charcoal potent ial ly  to  b ind any ingestants ,  and 

the use of cathar t ics  to hasten excret ion and thereby l imit  absorpt ion. 
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1 .  Emesis 

a .  Contraindicat ions 

(1)  Chi ldren younger than 6 months of  age 

(2)  Pat ients wi th  centra l  nervous system (CNS) depression or  seizures 



(3)  Pat ients who have ingested a s t rong acid , a lka l i ,  or  a  sharp object 

(4)  Pat ients wi th  compromised a i rway protect ive re f lexes ( inc lud ing coma 

and convuls ions) 

(5)  Pat ients who have ingested some types of  hydrocarbons or pet ro leum 

d ist i l la tes 

(6)  Pat ients who have ingested substances wi th  an ext remely rap id onset o f  

ac t ion 

(7)  Pat ients wi th  emesis  a f ter the ingest ion 

b.  Syrup of  ipecac. Owing to  concerns of  safety,  e f f icacy and the de lay of 

ant idote adminis t ra t ion, syrup of  ipecac is  no longer recommended for  

genera l  use.  Ipecac may be administered wi th in  30 min of  an ingest ion and 

only on the advice of  a po ison control  center .3  There is  no contraind icat ion 

to  the use of  ipecac syrup:  and There is  substant ia l  r isk  of  ser ious toxic i ty 

to  the v ic t im:  and There is  no a l ternat ive therapy avai lab le  or e f fect ive to  

decrease gastroin test inal  absorpt ion (e .g. ,  ac t ivated charcoal );  and There 

wi l l  be a de lay of  greater than 1 hour  before the pat ient  wi l l  ar r ive at an 

emergency medica l  fac i l i ty  and ipecac syrup can be adminis tered wi th in  30-

90 minutes of  the ingest ion;  and Ipecac syrup administ ra t ion wi l l  not  

adverse ly af fec t  more def in i t ive t reatment  that  might  be provided at  the 

hospi ta l .  

(1)  Mechanism of  ac t ion. The onset o f emesis usual ly occurs  wi thin  30 min 

af ter syrup of ipecac.  The ef fects  las t  for  approximate ly 2  hr  and produce 

approximately three episodes of  emesis  in  60 min.  

(2)  Dosages.  Pat ients  6-12 months of age,  5-10 mL;  pat ients 1-12 years  of  

age, 15 mL;  pat ients  o lder  than age 12 years ,  30 mL. Each dose of  syrup of  

ipecac should be fol lowed wi th  120-240 mL of  water .  The pat ient  should be 

upr ight  to  avoid accidenta l  aspi ra t ion and should be supervised. 

(3)  Adverse ef fects .  Diarrhea, lethargy/drowsiness,  and prolonged (> 1 hr) 

emesis 

2 .  Gastr ic  lavage 

a.  Use.  Gastr ic  lavage is in f requent ly used in pat ients  who are not  alert  or 

have a d imin ished gag ref lex.  Th is  procedure should  also be cons idered in  

pat ients  who are seen ear ly a fter  massive ingest ions.  Th is  procedure is 

contra indicated in  pat ients  who have ingested acids ,  a lkal is ,  or  

hydrocarbons.  In  addit ion,  pat ients  should not  rece ive gast r ic  lavage i f  they 

are at  r isk  for  GI  per forat ion or  i f  they are combat ive. 

b .  Procedure.  Pat ients  are placed in  the lef t  la tera l  decubi tus  posi t ion. 

Lavage is  per formed af ter  a  cuf fed endotracheal  tube is in p lace to  protect 

the a i rway.  Af ter asp ira t ion of  the gast r ic  contents ,  250-300 mL of tap water  

or  sa l ine is ins t i l led and then aspi ra ted.  The sequence should be repeated 

unt i l  the re turn is  cont inuous ly c lear  for  at  least  2  L . 

3 .  Act ivated charcoal adsorbs a lmost  al l  commonly ingested drugs and 

chemicals and is  usual ly administered to  most  overdose pat ients as qu ickly 

as  possib le .  Commonly ingested substances not  adsorbed inc lude ethanol ,  



i ron,  l i th ium, cyanide, e thylene glyco l ,  lead,  mercury,  methanol ,  organic  

so lvents ,  potass ium, s t rong ac ids,  and s t rong a lka l is .  

a .  Dosage.  Act ivated charcoal  (Act idose wi th  sorb i tol )  is  ava i lable  as a 

co l lo idal  dispers ion wi th  water  or  sorbi tol .  In  adults ,  the dose of  act ivated 

charcoal  is  25-100 g; the dose in  chi ldren 1-12 years  of  age is  25-50 g;  the 

dose in  ch i ldren up to  1 year  o f age is  1 g/kg.  Const ipat ion has not  been 

observed af ter  the adminis t ra t ion of  a  s ing le dose of  ac t ivated charcoal .  

Mul t ip le  doses of  any cathar t ics  should be avoided because they can cause 

e lec t rolyte  imbalances and/or dehydrat ion.  Toxic  ingest ions wi th drugs 

having an enterohepat ic  c i rcu la t ion (e .g. ,  carbamazepine,  theophyl l ine,  

phenobarb i tal ,  t r icyc l ic  ant idepressants,  phenothiazines,  d igi tal is )  genera l ly 

requi re  that  the charcoal be readmin is tered every 6  hr to  prevent  

reabsorpt ion during rec i rcu la t ion. 

b .  Adverse ef fects .  Charcoal  aspi ra t ion and empyema have been repor ted in 

the l i terature. As such,  charcoal  should be wi thheld i f  pat ients  are vomi t ing.  

Bowel  obst ruct ion may  
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occur  wi th  mul t ip le  doses of ac t ivated charcoal  and/or pat ients  who are 

receiv ing concomi tant therapy wi th  neuromuscular-b lock ing drugs.4  

H.  W hole-bowel  i r r igat ion has been shown to be ef fec t ive under cer tain  

condi t ions, part icu lar ly when act ivated charcoal lacks ef f icacy.  An isosmot ic  

cathar t ic solut ion such as po lyethylene glycol  (GoLYTELY, Colyte)  is used.  

The dosage is  1-2 L/hr given ora l ly or  by nasogastr ic  tube unt i l  the recta l  

e f f luent  is  c lear .  

I .  Forced diuresis  and urinary pH manipulat ion may be used to  enhance the 

e l iminat ion of  substances,  whose el iminat ion is  pr imar i ly renal ,  i f  the 

substance has a re la t ively smal l  volume of  d is t r ibut ion wi th  l i t t le prote in  

b ind ing.  However,  the use of  these methods is  assoc iated wi th  f lu id  and 

e lec t rolyte  d is turbances. 

1 .  Alkal ine diuresis promotes the ionizat ion of  weak acids,  thereby 

prevent ing the i r reabsorpt ion by the k idney,  which fac i l i ta tes  the excret ion 

of  such weak acids.  Th is procedure has been used in the management  o f  

pat ients  who have ingested long-act ing barbi turates  such as phenobarb i tal  

or  sa l icyl ic  acid . Pat ients  are given 50-100 mEq of  sodium bicarbonate IV 

push,  fo l lowed by a cont inuous in fusion of 50-100 mEq of  sodium 

b icarbonate in  1  L of  0 .25%-0.45% normal  sal ine, mainta ining a ur ine pH of  

7 .3-8.5. Ur ine output  should be 5-7 mL/kg/hr.  Compl icat ions include 

metabol ic  alka losis ,  hypernatremia,  hyperosmolar i ty ,  and f lu id  over load. 

J .  Dia lysis.  In pat ients  who fa i l  to respond to  the measures of  

decontaminat ion al ready out l ined, hemodia lysis ,  and to  a lesser  extent  

per i toneal d ia lysis,  may enhance drug e l iminat ion.  Substances that  are 

removed by hemodia lys is  genera l ly are water  so lub le ,  have a smal l  volume 

of  dis tr ibut ion (< 0.5 L/kg) ,  have a low molecular weight  (< 500 dal tons) ,  

and are not s igni f icant ly bound to  plasma proteins .  Hemodialys is  usual ly is  



indicated for l i fe-threatening ingest ions of  ethylene glycol ,  methanol,  or 

paraquat .  Th is  technique a lso has been used to  enhance the el iminat ion of  

e thanol ,  theophyl l ine,  l i th ium, sal icyla tes, and long-act ing barb i turates. 

K.  Hemoperfus ion is  a  technique in  which ant icoagulated blood is  passed 

through (perfused) a  column conta ining act ivated charcoal or  resin  

par t ic les.  Th is  method of e l iminat ion c lears substances f rom the b lood more 

rap id ly than hemodialys is ,  but  i t  does not  correct f lu id  and e lect rolyte  

abnormal i t ies ,  as does hemodialys is .  Hemoperfus ion,  a l though more 

ef fec t ive in removing phenobarbi tal ,  phenyto in ,  carbamazepine,  

methotrexate,  and theophyl l ine than hemodia lysis ,  is  less ef fect ive in  

removing ethanol  or  methanol .  Compl icat ions of hemoperfus ion inc lude 

thrombocytopenia, leukopenia,  hypocalcemia,  hypoglycemia,  and 

hypotension. 

III. MANAGEMENT OF SPECIFIC INGESTIONS 
A. Acetaminophen (Tylenol ) is  an ant ipyret ic -analges ic  that  can produce 

fa tal  hepatotoxic i ty in unt reated pat ients through the generat ion of a  toxic  

metabol i te .  

1 .  Avai lable  dosage forms.  Acetaminophen is  avai lab le in a  varie ty o f  OTC 

and prescrip t ion drug products . 

2 .  Toxicok inet ics .  Acetaminophen is wel l  absorbed f rom the GI  t ract  and 

has a ha l f - l i fe  between 2 and 3 hr .  Less than 5% is  excreted unchanged in  

the ur ine;  the remainder is  metabol ized in  the l iver  by the cytochrome P450 

system. 

3.  Cl in ical  presentat ion 

a.  Phase I  (12-24 hr  post ingest ion) .  Nausea, vomit ing,  anorexia ,  and 

d iaphoresis 

b .  Phase I I  (1-4 days post ingest ion).  Asymptomat ic 

c .  Phase I I I  (2-3 days in  unt reated pat ients) .  Nausea,  abdominal pain , 

progress ive evidence of  hepat ic  fa i lure, coma,  and death 
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4 .  Laboratory data 

a.  Serum acetaminophen leve ls .  Pat ients  wi th leve ls greater  than 150,  70, 

or  40 mg/mL at  4,  8 ,  or  12 hr  a f ter  ingest ion require  ant idotal  therapy wi th  

N-acetyl -L-cyste ine (NAC) accord ing to  the Rumack-Mat thews nomogram. 

b.  Basel ine l iver  funct ion tests should be done in  a l l  pat ients. 

c .  Renal  funct ion tes ts ,  inc luding a BUN and SCr, should be done. 

d .  Coagulat ion studies inc lude prothrombin t ime (PT),  par t ia l  thromboplast in  

t ime (PTT),  and b leeding t ime. 

5 .  Treatment 

a .  Adul t  pat ients  who have ingested > 10 g or  chi ldren who have ingested > 

200 mg/kg requi re  t reatment .  Elderly and alcohol ic pat ients  have an 

increased suscept ib i l i ty  to  acetaminophen hepatotoxic i ty.  



b.  The recommended t reatment  is GI  decontaminat ion wi th  act ivated 

charcoal .  

c .  Ant idota l  therapy wi th  NAC is  ind icated for  pat ients  wi th  toxic  b lood 

leve ls  of  acetaminophen. 

(1)  NAC dosage is  140 mg/kg as a loading dose fo l lowed by 70 mg/kg every 

4 hr  for  a  to tal  o f  17 doses.  NAC is  admin is tered e i ther  ora l ly or  v ia  a 

nasogastr ic tube.  NAC (Mucomyst)  20% conta ins 200 mg/mL.  Each dose 

must  be di lu ted 1:3 in  ei ther  co la  or  f ru i t  ju ice to mask the unpleasant taste 

and smel l .  The dose of  NAC should be repeated i f  the pat ient  vomi ts  wi th in  

30 min of  admin is t rat ion. Pat ients  wi th  severe nausea secondary to NAC 

may be pret reated wi th  IV metoclopramide (Reglan)  10 mg every 6 hr .  

Metoc lopramide acts  as an ant iemet ic  whi le  increas ing the ra te of  NAC 

absorpt ion. 

(2)  IV NAC (Acetadote) 

(a)  Loading dose:  150 mg/kg over  60 min 

(b)  Maintenance dose: 50 mg/kg over 4  hr  fo l lowed by 100 mg/kg over 16 hr 

(c )  Anaphylactoid  react ions are observed in approximate ly 20% of  pat ients.  

Caut ion should be exerc ised in pat ients  wi th  a h istory of  asthma. 

B.  Alcohols 5  

1 .  Ethylene glycol  

a .  Avai lable  forms.  Ethylene g lyco l  commonly is used in  ant i f reeze and 

windshie ld  de ic ing so lu t ions.  Th is form is  somet imes co lor less and has a 

sweet  tas te. 

b .  Toxicok inet ics .  Ethylene glycol  is  hepat ical ly metabol ized by alcohol  

dehydrogenase to  glycola ldehyde, which is  metabol ized by a ldehyde 

dehydrogenase to  glycol ic  ac id .  Glyco l ic  acid  is conver ted to  glyoxyl ic  acid ,  

whose most  toxic  metabol i te  is  oxa l ic  acid . 

c .  Cl in ica l  presentat ion 

(1)  Stage I  (0.5-12 hrs  post ingest ion) .  Ataxia ,  nys tagmus, nausea and 

vomi t ing,  decreased deep tendon ref lexes,  and severe ac idos is  (more 

severe overdoses:  hypocalcemic te tany and seizures, cerebra l  edema, 

coma,  and death) 

(2)  Stage I I  (12-24 hrs  post ingest ion) .  Tachypnea,  cyanos is ,  tachycard ia , 

pu lmonary edema, and pneumoni t is 

(3)  Stage I I I  (24-72 hrs post ingest ion) .  F lank pain and costover tebral  angle 

tenderness;  o l iguric renal  fai lure 

d.  Laboratory data may reveal  severe metabol ic  ac idosis,  hypocalcemia, 

and calc ium oxalate crysta ls  in  the ur ina lysis.  

e .  Treatment 

(1)  Gastr ic  lavage is  per formed wi th in  30 min of ingest ion. 

(2)  IV ethanol  (EtOH) is  used in  s i tuat ions in  which fomepizo le is  not  

ava i lab le . 

(a)  Ind icat ions inc lude an ethylene glycol  leve l  > 20 mg/dL, suspic ion of  

ingest ion pending level ,  or  an anion gap metabol ic  ac idos is  wi th  a h is tory of  

ingest ion,  regard less of the leve l .  



(b)  EtOH dosage 

( i )  An EtOH level  o f  at  least  100 mg/dL should be mainta ined. 

( i i )  Loading dose is  7 .5-10 mL/kg of  a  10% ethanol  in  dext rose 5% in  water  

(D5W ) over 1  hr ,  fo l lowed by a maintenance in fus ion of  1 .4  mL/kg/hr .  

( i i i )  Infus ion rates may need to  be increased in  pat ients  receiv ing 

hemodia lysis.  
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(3)  Fomepizole (Ant izol )  is  a  potent  inhib i tor  o f  a lcohol  dehydrogenase that  

can prevent  the formation of  the toxic  metabol i tes  of e i ther  methanol  or  

e thylene g lyco l .  

(a)  Admin is ter a  loading dose of  15 mg/kg (up to  1 g)  in  100 mL of  D5W or 

0.9% sodium chlor ide (NaCl)  in fused over 30 min.  

(b)  Maintenance doses:  10 mg/kg every 14 hr  for 4  doses, then increase to  

15 mg/kg (to  o f fset auto induct ion phenomenon) unt i l  methanol  or  e thylene 

g lycol  leve ls  are < 20 mg/dL. 

(4)  Pyr idoxine (100 mg IV every day)  and thiamine (100 mg IV every day)  

are cofactors  that  may conver t  g lyoxyl ic  ac id  to nonoxalate metabol i tes . 

(5)  Sodium b icarbonate is  used as needed to  correct  the ac idosis.  

(6)  Hemodialys is .  EtOH in fus ion must  be cont inued,  and the rate of  

adminis t ra t ion may need to  be increased.  Ind icat ions inc lude ethylene 

g lycol  leve l  > 50 mg/dL,  congest ive hear t  fa i lure,  renal  fai lure, and severe 

ac idos is .  

2 .  Methanol 

a .  Avai lable  forms inc lude gas- l ine ant i f reeze,  windshield washer, and some 

s terno. 

b .  Toxicok inet ics .  Alcohol  dehydrogenase conver ts  methanol  to  

formaldehyde,  which is  then conver ted to  formic  ac id . 

c .  Cl in ica l  presentat ion 

(1)  Stage I .  Euphor ia ,  gregariousness,  and musc le weakness for  6-36 hr ,  

depending on the rate of formation of  formic  ac id 

(2)  Stage I I .  Vomi t ing,  upper abdominal  pain ,  d iarrhea,  dizziness, 

headache, res t lessness,  dyspnea,  b lurred vis ion,  photophobia,  b l indness,  

coma,  cerebra l  edema, card iac  and respi ra tory depression,  se izures,  and 

death 

d.  Laboratory data include severe metabol ic ac idos is ,  hyperg lycemia,  and 

hyperamylasemia. 

e .  Treatment 

(1)  Gastr ic  lavage.  Charcoal  has not  been shown to  absorb a lcohols . 

(2)  IV EtOH (used in s i tuat ions in which fomepizole  is  not ava i lable) 

(a)  Ind icat ions inc lude any peak methanol  level  > 20 mg/dL, a  suspic ious 

ingest ion wi th  a pos i t ive h istory,  or  any symptomat ic  pat ient  wi th an anion 

gap acidos is .  

(b)  Admin is t rat ion is  the same as per  e thylene glyco l  (see I I I .B.1) .  



(3)  Fol ic  ac id  adminis tered at  1  mg/kg (maximum 50 mg) IV every 4 hr for 6  

doses increases the metabol ism of  formate. 

(4)  Fomepizole (Ant izol )  (see I I I .B.1.e. (3)) 

(5)  Sodium b icarbonate is  used for severe acidosis .  

(6)  Hemodialys is  is  used for  methanol levels > 50 mg/dL, severe and 

res is tant acidosis ,  renal fa i lure,  or  v isual  symptoms. 

C.  Ant icoagulants 6 ,  7 ,  8  and 9  

1 .  Hepar in /  Low Molecular  W eight  Heparin  (LMWH) 

a.  Avai lable  dosage forms include parentera l  dosage forms for  IV and 

subcutaneous administ rat ion. 

b .  Toxicok inet ics .  Hepar in  has a ha l f - l i fe  of  1-1.5 hr  and is  pr imari ly 

metabol ized in  the l iver .  The newer LMW Hs—enoxapar in  (Lovenox) ,  

da l tepar in (Fragmin),  t inzapar in  ( Innohep)—have a longer ha l f- l i fe ,  

especia l ly in  pat ients  wi th  renal  fai lure. 

c .  Cl in ica l  presentat ion.  Look for  any s igns or symptoms of  bleeding or  

bru is ing. 

d .  Laboratory data.  Obtain  PTT,  b leeding t ime, and pla te le t  counts . 

e .  Treatment 

(1)  Stopping heparin  administ ra t ion for 1-2 hr and restart ing therapy at a  

reduced dose can reverse mi ld over-ant icoagulat ion. 
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(2)  Severe overdoses may requi re the admin is t rat ion of protamine. 

(a)  Protamine combines wi th  hepar in  and neutra l izes  i t :  1 mg protamine 

neutra l izes 100 U hepar in . 

(b)  Protamine should be adminis tered slowly,  int ravenous ly over  10 min.  

The maximum dose of  protamine is  50 mg in  any 10-min period. 

(c )  Considerable controversy exis ts  about  the method of  revers ing the over-

ant icoagulat ion wi th  LMWHs. Some sources recommend the administ ra t ion 

of  protamine to  neutra l ize part  of  the ef fec ts  of  these ant icoagulants ,  

whereas case repor ts  repor ted successes wi th  recombinant  fac tor  VII  

(NovoSeven). 

(d)  These overdoses should be referred to a hemato logis t  and/or the po ison 

contro l  center .  

2 .  Warfar in  (Coumadin) 

a .  Avai lable  dosage forms include ora l  table ts  and a solu t ion for parentera l  

adminis t ra t ion. 

b .  Toxicok inet ics .  W arfar in  is  wel l  absorbed after  ora l  admin is t rat ion.  I ts 

mean hal f - l i fe  is  35 hr ;  protein  bind ing is  99%, wi th  a  5-day durat ion of  

ac t iv i ty.  Vi tamin K-dependent c lo t t ing fac tors begin to  dec l ine 6 hr  af ter 

adminis t ra t ion, but  therapeut ic ant icoagulat ion may requi re severa l  days. 

c .  Cl inica l  presentat ion inc ludes minor  b leeding,  bru is ing,  hematur ia ,  

ep is taxis ,  and conjunct iva l  hemorrhage.  More serious bleeding inc ludes GI ,  

in t racrania l ,  re t roper i toneal ,  and wound si te .  



d.  Laboratory data include PT,  in ternat ional  normal ized rat io  ( INR),  and 

b leeding t ime. 

e .  Treatment 

(1)  I f  PT or  INR is  s l ight ly e levated,  wi thhold war far in for  24-48 hr ;  then 

re ins t i tu te  therapy wi th  a reduced dosage. 

(2)  I f  PT or  INR is  e levated and b leeding,  admin is ter 10 mg of phytonadione 

(v i tamin K)  over  30 min.  Pat ients  who are bleeding may requi re  the 

adminis t ra t ion of  b lood products  that  contain  c lo t t ing fac tors . 

(3)  For  mi ld  over-ant icoagulat ion,  fo l low Amer ican Col lege of  Chest 

Phys ic ians (ACCP) gu ide l ines. 

(4)  For  pat ients  wi th  l i fe  threatening bleeding or  in t racranial  hemorrhage,  

the American Col lege of Chest Physic ians recommends the use of  

prothrombin complex concentrates or recombinant  fac tor  VIIa  to  

immediate ly reverse the INR. 

D.  Ant idepressants 

1.  Tr icycl ic  ant idepressants  (TCAs) 

a.  Avai lable  forms inc lude ami t r ip ty l ine (Elavi l ) ,  nor t r ip ty l ine (Aventyl ) ,  

imipramine (Tofrani l ) ,  des ipramine (Norpramin) ,  doxepin (Sinequan),  

prot r ip ty l ine (Vivact i l ) ,  and c lomipramine (Anafran i l ) .  

b .  Toxicok inet ics .  The compounds are hepat ical ly metabol ized,  undergo 

enterohepat ic  rec i rcula t ion,  are h igh ly bound to  p lasma proteins ,  and have 

an el iminat ion hal f - l i fe  o f approximately 24 hr .  

c .  Cl in ica l  presentat ion.  Ant ichol inergic e ffec ts inc lude mydr iasis,  i leus, 

ur inary re tent ion,  and hyperpyrexia .  Card iopulmonary toxic i ty exhib i ts  

tachycard ias,  conduct ion b locks, hypotens ion, and pulmonary edema. CNS 

mani fes tat ions range f rom agi ta t ion and confusion to  hal luc inat ions, 

se izures,  and coma. 

d.  Laboratory data.  Blood level  moni tor ing does not  corre la te wel l  wi th  

c l in ical  s igns and symptoms of toxic i ty.  Some authors  suggest  that 

e lec t rocard iographic  moni tor ing is  a  bet ter guide to  assessing the sever i ty 

o f  ingest ion. 

e .  Treatment 

(1)  GI  decontaminat ion.  Syrup of ipecac is  not  recommended because 

pat ients  may quickly become comatose, increasing the r isk  of asp i ra t ion. 

Act ivated charcoal  is  given every 6 hr.  

(2)  Alkal in izat ion wi th sodium bicarbonate 1-2 mEq/kg to mainta in  an 

ar ter ia l  pH of  7.45-7.55 decreases the free f rac t ion of  the absorbed toxins ,  

whi le  revers ing some of  the card iac  abnormal i t ies . 

(3)  Phenytoin  (Di lant in)  and/or  benzodiazepines may be required to  contro l  

se izures.  Phenytoin  must  be admin is tered at  a  rate not  exceeding 25 

mg/min because of  hypotensive s ide ef fec ts .  (Fosphenyto in [Cerebyx]  may 

be used because i t  has a lower incidence of  hypotens ion than phenyto in.)  
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(4)  Physost igmine 2 mg IV over  1 min may be used to  reverse severe 

ant ichol inerg ic  toxic i ty owing to  these drugs. Because th is  ant idote may 

cause asystole , the use of  this ant idote for TCA overdoses is  decl in ing. 

2 .  Select ive seroton in reuptake inh ibi tors  (SSRIs)  

a .  Avai lable  forms (nontr icycl ic  agents)  inc lude f luoxet ine (Prozac) ,  

ser t ra l ine (Zoloft ) ,  and paroxet ine (Paxi l ) .  

b .  Toxicok inet ics .  SSRIs are wel l  absorbed after  ora l  admin is t rat ion.  Peak 

leve ls  occur  wi thin  2-6 hs.  SSRIs are hepat ical ly metabol ized wi th  a hal f -

l i fe between 8 and 30 hr.  

c .  Cl in ica l  presentat ion inc ludes mi ld  symptomato logy.  Pat ients  may 

become agi ta ted,  drowsy,  or  confused.  Seizures and card iovascular  toxic i ty 

are rare. 

d .  Laboratory data.  ECG moni tor ing is  recommended. Blood level  moni tor ing 

is  not  recommended. 

e .  Treatment  includes gastr ic  lavage and support ive t reatment .  Some 

toxico log is ts  may recommend the use of cyproheptadine (Periac t in)  to  

manage the serotonin syndrome, which may manifes t as  a resul t  o f  these 

ingest ions. 

E.  Benzodiazepines 

1.  Avai lable  forms inc lude ch lord iazepoxide (L ibr ium), d iazepam (Val ium), 

f lurazepam (Dalmane),  midazolam (Versed),  lorazepam (At ivan) ,  a lprazolam 

(Xanax) ,  and t r iazo lam (Halcion) .  

2 .  Toxicok inet ics .  These drugs are hepat ical ly metabol ized. 

3 .  Cl in ical  presentat ion inc ludes drowsiness,  a taxia ,  and confus ion.  

Fatal i t ies  are rare. 

4 .  Laboratory data.  Drug leve l  monitor ing is  not  ind icated. 

5 .  Treatment 

a .  Support ive t reatment inc ludes gastr ic  emptying,  act ivated charcoal,  and 

a cathar t ic .  

b .  Flumazeni l  (Romazicon)  is  given 0.2 mg IV over  30 sec;  repeat  doses of 

0 .5  mg over  30 sec at 1-min intervals  for  a  maximum cumulat ive dose of  5  

mg. 

(1)  Flumazeni l  has a shor t  e l iminat ion ha l f - l i fe .  

(2)  Careful  observat ion for  resedat ion is  necessary,  especial ly for  

ingest ions of  long-act ing benzodiazepines. 

(3)  Flumazeni l  is  contra ind icated in  mixed overdose pat ients  (par t icular ly 

invo lv ing t r icyc l ic  ant idepressants)  in  whom seizures are l ike ly.  

F.  β-adrenergic  antagonis ts 

1 .  Avai lable  dosage forms.  Class examples include propranolo l  ( Inderal ) ,  

metoprolol  (Lopressor),  and atenolo l  (Tenormin) .  Ora l  and parenteral  

dosage forms are avai lab le . 

2 .  Toxicok inet ics .  Al l  o f  the members wi thin  th is  c lass d i f fer  in  regard to  

renal  versus hepat ic e l iminat ion, l ip id  so lub i l i ty ,  and prote in  bind ing.  

Pat ients  may become toxic  owing to  changes in organ funct ion. 



3.  Cl in ical  presentat ion inc ludes hypotens ion,  bradycard ia ,  and 

at r ioventr icu lar b lock.  Bronchospasm may occur ,  par t icular ly wi th  

noncard ioselect ive agents . 

4 .  Laboratory data include serum e lect ro lytes  and b lood glucose (pat ients  

may become hypoglycemic) .  

5 .  Treatment 

a .  GI  decontaminat ion inc ludes gastr ic  lavage and act ivated charcoal .  

b .  Glucagon is  given 50-150 µg/kg as a loading dose over  1  min, fol lowed 

by a cont inuous in fus ion of  1-5 mg/hr .  

c .  Epinephrine should be used caut iously in  β-blocker  overdoses.  

Unopposed α-receptor  st imulat ion in  the face of complete β-receptor  block 

may lead to  profound hypertension. 

d .  Calc ium sal ts  (see Calc ium Channel  Antagonists) 

e .  High Dose Insul in Dextrose (see Calc ium Channel  Antagonis ts) 

G.  Calc ium channel  antagonis ts 

1 .  Avai lable  forms inc lude verapami l  (Calan) ,  d i l t iazem (Card izem), and the 

d ihydropyr idine c lass (n i fed ip ine der ivat ives [Procardia ]) .  
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2 .  Toxicok inet ics .  Onset  o f  ac t ion is approximate ly 30 min, whereas the 

durat ion is  6-8 hr .  Severa l  compounds are avai lab le  as susta ined-re lease 

dosage forms,  which may contr ibute to  prolonged toxic i ty.  

3 .  Cl in ical  presentat ion. Hypotens ion is  common to  al l  c lasses.  Bradycardia  

and at r ioventr icu lar  block are more commonly seen wi th  ingest ions of  

verapamil  or d i l t iazem. Pulmonary edema and se izures (verapami l )  have 

been repor ted. 

4 .  Laboratory data include ECG and serum e lectro lytes . 

5 .  Treatment 

a .  GI  decontaminat ion inc ludes gastr ic  lavage,  act ivated charcoal ,  and 

whole-bowel  i r r igat ion (espec ia l ly for  ingest ions wi th  sustained-release 

products) .  

b .  Calc ium. Calc ium chlor ide 10% (10-20 mL) IV push is  g iven for  the 

management  o f  hypotension, bradycard ia ,  or  heart  b lock. 

c .  Glucagon dosage is  the same as for  β-blocker  overdose. 

d .  Combined insu l in  and dextrose administ ra t ion has been used in  selected 

cases.  This  should be used only in  consul tat ion wi th  a  po ison contro l  

center .  

e .  Phosphodiesterase Inh ibi tors .  Inamrinone or  mi l r inone. 

H.  Cocaine 

1.  Avai lable  forms inc lude a lkaloid  obta ined f rom Erythroxylon coca. 

2 .  Toxicok inet ics .  Cocaine is  wel l  absorbed after oral ,  inhalat ional ,  

in t ranasal ,  and IV adminis t rat ion.  Cocaine is  metabol ized in  the l iver and 

excreted in  the ur ine. 



3.  Cl in ical  presentat ion inc ludes CNS and sympathet ic  s t imulat ion (e.g. ,  

hyper tension,  tachypnea,  tachycard ia ,  nausea,  vomit ing,  seizures) .  Death 

may resul t  f rom respi ra tory fa i lure,  myocard ia l  infarct ion,  or  cardiac  arrest .  

4 .  Laboratory data include cocaine and cocaine metabol i te  ur ine screens.  

5 .  Treatment  is  support ive:  benzodiazepines for  sedat ion se izure t reatment ,  

Labetalo l  (Normodyne) for  hyper tens ion. 

I .  Corrosives 

1.  Avai lable  forms inc lude s trong ac ids or  a lka l is.  

2 .  Toxicok inet ics .  Corrosives are wel l  absorbed af ter  ora l  and inhalat ional  

adminis t ra t ion. 

3 .  Cl in ical  presentat ion. These compounds produce burns on contact .  

4 .  Laboratory data.  Arter ia l  b lood gases (ABGs),  chest  radiographs, and at  

least  6  hr o f  observat ion are requi red for  inhalat ion exposure. 

5 .  Treatment  is  decontaminat ion. Exposed sk in  must  be i r r igated wi th  water .  

Neutral izat ion should be avoided because these react ions are exothermic  

and wi l l  produce further t issue damage. 

J .  Cyanide 

1.  Avai lable  forms inc lude industr ia l  chemicals  and some nai l -pol ish 

removers . 

2 .  Toxicok inet ics .  The drug is  rap id ly absorbed after  ora l  or  inhalat ion 

exposure. 

3 .  Cl in ical  presentat ion inc ludes headache,  dyspnea, nausea, vomit ing,  

a taxia ,  coma,  seizures,  and death. 

4 .  Laboratory data include cyanide leve ls ,  ABGs,  e lec tro lytes , and an ECG. 

5.  Treatment .  

a .  Cyanide ant idote k i t  

(1)  Amyl ni t r i te  Pear ls  are crushed and held under the pat ient 's nost r i ls .  

(2)  Sodium n i t r i te 10 mL IV push. Converts  hemoglob in to  methemoglobin,  

which binds the cyanide ion. 

(3)  Sodium th iosul fa te  50 mL of a  25% solut ion IV push.  May be repeated i f  

there is  no response. 
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b .  Oxygen 

c .  Sodium b icarbonate.  As needed for  severe ac idosis 

d .  Hydroxycobalamin (Cyanok i t )  

(1)  Adul t  dose is 5  grams IV over  15 minutes.  Dose may be repeated for a  

to tal  dose of 10 grams.  No data are avai lable  for pediat r ic dos ing.7  

K.  Digoxin (Lanoxin)  

1 .  Avai lable  dosage forms include ora l  and parentera l .  

2 .  Toxicok inet ics .  Digoxin is  wel l  absorbed, is  pr imar i ly renal ly e l iminated,  

and has a hal f - l i fe o f 36-48 hr.  I ts  volume of  dist r ibut ion is  7-10 L/kg. 

Equi l ibrat ion between serum level  and myocard ial  b inding requi res 6-8 hr .  



3.  Cl in ical  presentat ion inc ludes confus ion,  anorexia ,  nausea,  and vomit ing 

in  mi ld  cases.  In  more severe cases,  cardiac  dysrhythmias are seen. 

4 .  Laboratory data include serum d igoxin levels ,  e lec t rolytes ,  par t icu lar ly 

serum potass ium levels ,  and an ECG. 

5.  Treatment 

a .  Decontaminat ion wi th act ivated charcoal  is  recommended. 

b .  Support ive therapy inc ludes managing hyperka lemia or hypokalemia and 

inotropic  support  as  needed. 

c .  Digoxin-spec i f ic  Fab ant ibodies (Dig ibind) .  To determine the dosage, use 

the fo l lowing formula 

 

Each via l  conta ins  40 mg of  d igoxin  ant ibodies (Dig ibind)  and should be 

reconst i tu ted wi th  4 mL of  ster i le water .  

L .  Elect ro lytes 

1.  Magnes ium 

a.  Avai lable  dosage forms include ora l ,  rec tal ,  and parenteral .  Magnes ium-

conta in ing cathar t ics  (e .g. ,  magnes ium c i t ra te)  have been repor ted to 

produce hypermagnesemia in  pat ients  receiv ing repet i t ive doses wi th  

act ivated charcoal .  

b .  Toxicok inet ics .  Magnes ium is  found in tracel lu lar ly and is  renal ly 

e l iminated. 

c .  Cl inica l  presentat ion 

(1)  Mi ld :  Deep tendon ref lexes may be depressed;  lethargy and weakness 

(2)  Severe:  Respi ratory paralys is  and hear t  block;  pro longed PR, QRS, and 

QT in terva ls 

d .  Laboratory data 

(1)  Mi ld :  > 4 mEq/L 

(2)  Severe:  > 10 mEq/L 

e.  Treatment  is  10% calc ium chlor ide 10-20 mL to temporar i ly  antagonize 

the card iac  ef fec ts  o f  magnes ium. In  severe cases,  hemodia lys is  may be 

requi red. 

2 .  Potass ium 

a.  Avai lable  dosage forms are ora l  and parenteral .  

b .  Toxicok inet ics .  Potassium is  pr imar i ly an int racel lu lar cat ion. Changes in  

ac id-base balance produce shi f ts  in  serum potassium values (e.g. ,  a  0.1-U 

increase in  serum pH produces a 0.1-0.7 mEq/L decrease in  serum 

potass ium values) .  

c .  Cl in ica l  presentat ion inc ludes card iac i r r i tabi l i ty  and per iphera l  weakness 

wi th  minor  increases. Card iac dysrhythmias, includ ing bradycard ia ,  may 

progress to  asysto le. 

d .  Laboratory data.  ECG data include peaked T waves and prolongat ion of  

the QRS complex.  

P.518 



 

 

e .  Treatment 

(1)  Calc ium. Admin is ter  ca lc ium chlor ide 10% 10-20 mL to  antagonize the 

cardiac  ef fec ts  of  hyperka lemia. 

(2)  Sodium b icarbonate. 1-2 mEq/kg IV increases serum pH and causes an 

in t racel lu lar  sh i f t  of  potassium. 

(3)  Glucose and insu l in .  50 mL of  50% dextrose and 5-10 U of  regular  

insu l in  are administered via  IV push to  sh i f t  potass ium from the 

ext racel lu lar  f lu id  in to the ce l ls .  

(4)  Cat ion exchange resins  b ind potassium in  exchange for  another  cat ion 

(sodium).  Sodium polys tyrene su l fonate (Kayexalate)  is g iven 15 g/60 mL 

wi th  23.5% sorb i to l  in  doses 15-30 g by mouth every 3-4 hr  as  needed unt i l  

the hyperka lemia resolves.  Al ternat ive ly,  50 g of sodium polys tyrene 

su l fonate can be given recta l ly in  200 mL of sodium chlor ide as a re tent ion 

enema. 

(5)  Hemodialys is  is  reserved for l i fe- threatening hyperkalemia that  does not  

respond to the above measures. 

M.  I ron (Fe) 

1 .  Avai lable  dosage forms.  Numerous OTC products are avai lab le.  Toxic i ty 

is  based on the amount  o f  elementa l  i ron ingested:  su l fa te sa l t  20% 

elemental  Fe;  fumarate sa l t  33% elementa l  Fe; and g luconate sal t  12% 

elemental  Fe. 

2 .  Toxicok inet ics .  I ron is absorbed in  the duodenum and jejunum. 

3.  Cl in ical  presentat ion 

a.  Phase I .  Nausea,  vomi t ing,  d iarrhea,  GI  b leeding,  hypotension 

b.  Phase I I .  Cl in ical  improvement  seen 6-24 hr  post ingest ion 

c .  Phase I I I .  Metabol ic  ac idosis,  renal and hepat ic  fai lure, seps is ,  

pu lmonary edema, and death 

4.  Laboratory data include serum Fe leve ls ,  to ta l  i ron-b inding capac i ty 

(TIBC; is  controvers ia l ) ,  ABGs,  l iver  funct ion tests  (LFTs) ,  hemoglobin, and 

hematocr i t .  Radio log ical  eva luat ion of  the abdomen notes the presence of 

rad iopaque pi l ls .  

5 .  Treatment 

a .  Decontaminat ion. For ingest ions > 40 mg/kg.  Gastr ic lavage using 

sodium bicarbonate is  o f quest ionable ef f icacy.  Whole-bowel  i r r igat ion is 

used for  large ingest ions.  

b .  Support ive t reatment 

c .  Deferoxamine (Desfera l )  is  used to  chelate i ron.  Admin is ter 25-50 mg/kg 

up to  a dose of  1  g , and observe for  a red co lor in  the ur ine.  Then 

adminis ter  at  a ra te of  15 mg/kg/hr up to a maximum dose of 6  g /day.  

Cont inue unt i l  serum iron is  wi th in  the therapeut ic  range. 

N.  Isoniazid  (INH) 

1.  Avai lable  dosage forms include ora l  and parentera l .  



2.  Toxicok inet ics .  INH is wel l  absorbed ora l ly.  Peak leve ls  are wi thin  1-2 hr  

post ingest ion. Isoniazid is  hepat ica l ly metabol ized. 

3 .  Cl in ical  presentat ion inc ludes nausea,  vomi t ing,  s lurred speech, a taxia ,  

genera l ized tonic-c lonic  se izures,  and coma. 

4.  Laboratory data include severe lac t ic  acidosis,  hypoglycemia,  mi ld  

hyperka lemia,  and leukocytosis.  

5 .  Treatment 

a .  Decontaminat ion. Avoid emesis  because pat ients  are at  h igh r isk  for  

develop ing seizures;  for  severe ingest ions use act ivated charcoal  gast r ic  

lavage. 

b .  Pyr idoxine,  which reverses INH-induced seizures, is  given in  gram doses 

equiva lent  to  the amount o f  ison iazid  ingested.  Pyr idoxine is  mixed as a 

10% solut ion in  D5W and infused over  30-60 min.  

c .  Sodium b icarbonate corrects the ac idos is .  
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O.  Lead 

1.  Avai lable  forms inc lude lead-contain ing paint  or  gasol ine fume inhalat ion. 

2 .  Toxicok inet ics .  Lead has s low d is t r ibut ion,  wi th a  ha l f - l i fe  of  

approximately 2  months. 

3 .  Cl in ical  presentat ion inc ludes nausea,  vomi t ing,  abdominal  pain,  

per iphera l  neuropathies , convuls ions, and coma. 

4.  Laboratory data include anemia and an elevated blood- lead leve l .  

5 .  Treatment 

a .  Edetate ca lc ium d isodium (ca lc ium d isodium Versenate)  is  g iven 50-75 

mg/kg/day in t ramuscular ly ( IM) or  v ia  s low IV in  4  d iv ided doses. 

b .  Dimercapro l  (BAL) is  g iven 4 mg/kg IM every 4 hr  for  3-5 days. 

P.  L i th ium (Eskal i th) 

1 .  Avai lable  dosage forms include l iqu id,  capsules,  and tablets  ( immediate 

and sustained re lease) .  

2 .  Toxicok inet ics .  L i th ium is  wel l  absorbed af ter  ora l  admin is t rat ion.  I t  is  

not  appreciab ly bound to p lasma prote ins  and has a smal l  vo lume of  

d ist r ibut ion (Vd )  o f  0 .5  L/kg.  El iminat ion is  renal ,  wi th  a  ha l f - l i fe  of  14-24 hr .  

3 .  Cl in ical  presentat ion 

a.  Mi ld :  Polyur ia ,  b lurred vis ion,  weakness,  s lurred speech, a taxia  t remor, 

and myoclon ic  jerks 

b.  Severe:  Del i r ium, coma,  se izures, and hyperthermia 

4.  Laboratory data 

a.  Therapeut ic  range:  0.6-1.2 mEq/L 

b.  Mi ld  toxic i ty:  1 .5-2.5 mEq/L 

c .  Moderate toxic i ty:  2.5-3 mEq/L 

d.  Severe toxic i ty:  >  3 mEq/L 

5.  Treatment 



a.  Support ive care,  inc lud ing basic  l i fe  support and f lu id  and e lec t ro lyte 

rep lacement 

b .  Decontaminat ion 

(1)  Syrup of  ipecac not recommended 

(2)  Act ivated charcoal inef fec t ive 

(3)  Sodium polys tyrene su l fonate has been ef fec t ive in  exper imental  

models .  Need to  moni tor potass ium levels .  

(4)  W hole-bowel  i r r igat ion for large ingest ions,  especial ly those invo lv ing 

sustained-release products 

(5)  Hemodialys is  for  severe ly symptomat ic  pat ients  wi th  acute exposure 

leve ls  > 2.5 mEq/L or  chronic  leve ls  > 1.5 mEq/L. Note: L i th ium levels may 

r ise after  d ialys is  owing to  a rebound ef fec t .  

Q.  Opiates 

1.  Avai lable  dosage forms include ora l  immediate-re lease and sustained-

re lease preparat ions as wel l  as parenteral  agents . 

2 .  Toxicok inet ics .  Some agents have prolonged el iminat ion ha l f - l ives (e .g.,  

heroin ,  methadone). 

3 .  Cl in ical  presentat ion inc ludes respi ra tory depress ion and a decreased 

leve l  o f  consc iousness.  Rare ef fec ts  include hypotens ion, bradycard ia ,  and 

pulmonary edema. Seizures have been reported in  pat ients  wi th  renal  

dysfunct ion in  ind iv iduals  who are receiv ing meper idine owing to  the 

accumulat ion of  the metabol i te  normeperidine. 

4 .  Laboratory data include basel ine ABGs and toxico logy screens. 

5 .  Treatment 

a .  Naloxone is  given 0.4-2 mg every 5 min up to  10 mg and 0.03-0.1 mg/kg 

in  pediat r ic pat ients.  Naloxone has a very shor t  ha l f - l i fe ,  and resedat ion is  

a  concern in pat ients  overdos ing on long-act ing op io ids  or  susta ined-

re lease dosage forms. 
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b .  Nalmefene (Revex)  has a hal f - l i fe o f  4-8 hr .  In i t ia l  dosages are 0.5 mg/70 

kg.  A fol low-up dose 2-5 min later  is 1  mg/70 kg. 

R.  Organophosphates 

1.  There are a varie ty o f  ava i lab le  forms;  they are usual ly pest ic ides or  

chemical  warfare agents.  

2 .  Toxicok inet ics .  Organophosphates are absorbed through the lungs,  skin ,  

GI  t rac t ,  and conjunct iva.  

3 .  Cl in ical  presentat ion inc ludes excessive chol inerg ic  s t imulat ion. 

4 .  Laboratory data include red blood cel l  acetylcho l inesterase act iv i ty.  

5 .  Treatment 

a .  Decontaminat ion 

b.  At rop ine is g iven 0.5-2 mg IV to  reverse the per ipheral  muscar in ic  

e f fec ts .  



c.  Pra l idoxime (2-PAM; Protopam) is  given 1 g IV over  2 min and repeated 

in  20 min as needed. 

S.  Sal icyla tes 

1.  Avai lable  dosage forms include a var iety o f  OTC products : oral ,  recta l ,  

and topica l .  

2 .  Toxicok inet ics .  Sal icyla tes are wel l  absorbed af ter  ora l  admin is t ra t ion.  

The hal f - l i fe  is 6-12 hr  a t lower doses.  In  overdose si tuat ions,  the ha l f - l i fe 

may be pro longed to  more than 20 hr .  

3 .  Cl in ical  presentat ion inc ludes nausea,  vomi t ing,  t inni tus ,  and malaise 

(mi ld  toxic i ty) .  Lethargy, convuls ions, coma,  and metabol ic  ac idos is  appear 

in  more severe overdoses.  Potent ia l  compl icat ions f rom therapeut ic  and 

toxic  doses include GI  b leeding,  increased PT,  hepat ic toxic i ty,  

pancreat i t is ,  and prote inur ia.  

4 .  Laboratory data for  the fol lowing 6-hr  post ingest ion leve ls  are: 

a .  40-60 mg/dL:  t inn i tus 

b.  60-95 mg/dL:  moderate toxic i ty 

c .  More than 95 mg/dL:  severe toxic i ty 

d .  W ith  the presence of  ac idemia and ac iduria ,  eva luate ABGs. 

e .  In addi t ion,  laboratory evaluat ion may show leukocytos is ,  

thrombocytopenia, increased or decreased serum glucose and sodium, 

hypokalemia,  and increased serum BUN, creat in ine,  and ketones. 

5 .  Treatment 

a .  Decontaminat ion. Repet i t ive doses of  ac t ivated charcoal  every 6 hr,  wi th  

1  dose of  cathart ic  for  pat ients  who ingested > 150 mg/kg. W hole-bowel  

i r r igat ion for  large ingest ions. 

b .  Alkal ine diuresis is  given as noted in  decontaminat ion sect ion to  enhance 

sa l icyla te excret ion.  This is  ind icated for  leve ls> 40 mg/dL. 

c .  Hemodialys is  is used for  severe in toxicat ions when serum levels are > 

100 mg/dL.  This method of  decontaminat ion is  much bet ter than repet i t ive 

doses of  act ivated charcoal .  

d .  Flu id  and e lec t ro lyte rep lacement  is admin is tered as needed. 

e .  Vi tamin K (Aquamephyton)  and f resh frozen p lasma are used to  correct 

any coagulopathy. 

T.  Snake bi tes 

1.  Types. There are numerous spec ies of  snakes found wor ldwide. The 

venomous snakes found in  North  America include the fol lowing:  rat t lesnake,  

cot tonmouth, copperhead,  and cora l .  Because pat ients  may be exposed to  

more exot ic  snakes,  a  herpeto log is t  should be consul ted for  a  more 

def in i t ive ident i f icat ion. 

2 .  Toxicok inet ics .  Onset  o f  symptomatology depends on the spec ies of  

snake and the pat ient 's  under ly ing medica l  condit ion. 

3 .  Cl in ical  presentat ion inc ludes nausea;  vomi t ing;  diarrhea;  syncope; 

tachycard ia;  and cold,  c lammy sk in.  Local  f ind ings include pain,  edema, and 

erythema.  More severe envenomations can lead to  severe t issue in jury,  

compartment  syndrome,  and shock. 



P.521 

 

 

4 .  Laboratory data 

a.  CBC and p latele t  count 

b .  Coagulat ion prof i le 

c .  Fibr in  degradat ion products 

d.  Elect ro lytes 

e.  BUN, SCr,  and ur ina lys is 

5 .  Treatment 

a .  Support ive. Move the pat ient away f rom str ik ing d is tance of  the snake.  

Ideal ly,  the pat ient  should be t ransported to  a medica l  fac i l i ty  as  soon as 

poss ib le.  Constr ic t ive c lo th ing, r ings,  watches,  etc .  should be removed.  

Tetanus immunizat ion should be assessed,  and surg ical  in tervent ion may be 

necessary for  severe cases. 

b .  Ant ivenoms 

(1)  Ant ivenin (Crotal idae)  polyva lent is  a horse-der ived product  that has 

been repor ted to  produce a l lerg ic  react ions.  For  mi ld  bi tes , the 

recommended dose is  5-10 vials;  moderate,  10-20;  and severe 

envenomat ions may requi re  20 or  more via ls .  

(2)  Crota l idae polyva lent immune Fab is a  po lyva lent  ant ivenin made f rom 

sheep sources. The in i t ia l  dose is  4-6 v ia ls  di luted in  250 mL of  0 .9% 

normal  sal ine (NS) admin istered over 1  hr .  Addi t ional  doses may be 

requi red for severe envenomat ions. 

U.  Theophyl l ine 

1.  Avai lable  dosage forms include l iqu id,  susta ined-re lease tablets  and 

capsules as wel l  as parenteral  forms. 

2 .  Toxicok inet ics .  W el l  absorbed ora l ly wi th  a  Vd  o f  approximate ly 0 .5 L/kg.  

Theophyl l ine is  hepat ical ly metabol ized and has a ha l f - l i fe  o f  4-8 hr .  

Theophyl l ine c learance depends high ly on age,  concomitant  disease s tates,  

and in teract ing drugs. 

3 .  Cl in ical  presentat ion inc ludes nausea,  vomi t ing,  se izures, and cardiac 

dysrhythmias. Chronic  toxic i ty carr ies  a poorer  prognos is  than acute 

toxic i ty.  

4 .  Laboratory data.  Therapeut ic  theophyl l ine levels  are 5-20 µg/mL. 

Hyperg lycemia and hypokalemia are seen wi th acute ingest ions.  Other  

usefu l  laboratory tests  inc lude serum e lect ro lytes,  BUN, creat inine,  hepat ic  

funct ion,  and ECG moni tor ing. 

5 .  Treatment 

a .  Support ive therapy inc ludes maintaining an a irway and t reat ing seizures 

and dysrhythmias as they occur .  

b .  Decontaminat ion. Syrup of  ipecac not  recommended. 

c .  Act ivated charcoal  ( repet i t ive doses)  to enhance e l iminat ion.  Whole-

bowel  i r r igat ion for  massive ingest ions (especial ly  wi th  sustained-release 

products) .  Charcoal  hemoperfusion is  used in  unstab le pat ients  who are in  



status epi lept icus. Hemodialys is  is  used when hemoperfus ion is 

unavai lab le. 

d .  β-adrenergic antagonis ts (e .g. ,  esmolol ,  Brevib loc)  are used to  t reat the 

hypotension,  tachycardia,  and dysrhythmias caused by e levated cycl ic  

adenosine monophosphate leve ls .  
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STUDY QUESTIONS 
Direct ions:  Each of  the quest ions,  sta tements ,  or  incomplete s ta tements 

can be correct ly answered or completed by one of  the suggested answers or 

phrases.  Choose the best  answer.  

1.  A physician receives a cal l  f rom the parent of  a  2-year-old chi ld who 

has ingested an unknown quanti ty of  morphine control led-release 

tablets and is  now unconscious.  The physician's init ia l  

recommendation is  to 

(A)  cal l  emergency medica l  services (EMS) and have the chi ld taken 

to  the hospi ta l  emergency department .  

(B)  admin is ter 1  g/kg of  ac t ivated charcoal  wi th  sorb i to l .  

(C)  administer  syrup of ipecac 15 mL by mouth to  induce vomit ing. 

(D)  suggest  that  the chi ld  receive emergency hemodialys is .  

(E)  suggest that  the chi ld  receive ac id d iures is  wi th  ammonium 

chlor ide. 

View Answer1.  The answer is  A [see I .A ] .2.  A grandfather arr ives at  

your pharmacy asking to purchase a bottle  of  syrup of  ipecac to keep 

in his home in the event of  a poisoning when grandchi ldren are 

visi t ing. What should you tell  him? 

(A)  Administer  15 mL of  syrup of  ipecac at  the f i rs t  s ign of  an 

ingest ion. 

(B)  Syrup of  ipecac is  no longer recommended by the Amer ican 

Associat ion of  Poison Control  Centers  and the Amer ican Academy of  

Pediat r ics . 

(C)  Provide him wi th  the to l l - f ree number for  the po ison contro l  

center .  

(D)  Both B and C. 



View Answer2.  The answer is  D [see I I .G.1.a ] .3 .  An unconscious 

pat ient  is  brought into the emergency department.  The pat ient  is  given 

50 mL  of  50% dextrose in water, thiamine 100 mg  IV,  fol lowed by 

naloxone 1 mg ,  at  which point  he awakens.  This pat ient  most l ikely has 

overdosed on which of  the fol lowing substances? 

(A)  methanol 

(B)  ami t r ip ty l ine 

(C) cocaine 

(D) haloper ido l  

(E)  hero in 

View Answer3.  The answer is  E [see I I I .Q.5 ] .4.  Contraindications to 

the administrat ion of  syrup of  ipecac include which of  the following? 

(A)  an unconsc ious pat ient 

(B)  a  pat ient  who is  exper ienc ing a genera l ized ton ic-c lonic  seizure 

(C) a  pat ient who has ingested a caust ic substance 

(D) Al l  o f  the above 

(E)  None of the above 

View Answer4.  The answer is  D [see I I .G.1 ] . the answer to  quest ion 

25.  An unconscious patient  is  brought to the emergency 

department with a history of  an unknown drug overdose.  Which of  the 

fol lowing act ions should the physician perform? 

(A)  admin is ter 50 mL of 50% dextrose,  thiamine 100 mg IV push,  

and naloxone 0.4 mg IV push 

(B)  protect  the pat ient 's  a i rway and ensure that  vi ta l  s igns are s tab le 

(C)  order  the fo l lowing laboratory tes ts :  complete b lood count  

(CBC),  e lect ro lytes , and a toxicology screen 

(D) Al l  o f  the above 

View Answer5.  The answer is  D [see I I ] .6.  A pat ient  who overdoses 

on acetaminophen is  admitted to the hospital  for ant idotal  therapy with 

N-acetyl -L-cysteine (NAC).  The patient has the fol lowing medicat ion 

orders: NAC 140 mg /kg loading dose followed by 70 mg /kg for a  total  of  

17 doses,  ranit idine 50 mg  IV every 8 hr,  prochlorperazine 10 mg  IM  

every 6 hr as needed for nausea, thiamine 100 mg  IV every day for 3  

doses,  and Darvocet N-100 1-2 tablets every 4 hr as needed for 

headache.  What is  the best course of  act ion? 

(A)  Cal l  the phys ic ian to  increase the dosage of  ran i t id ine to  50 mg 

IV every 6 hr .  

(B)  Cal l  the phys ic ian to  have the Darvocet  N-100 d iscont inued. 

(C)  Cal l  the phys ic ian to  in i t ia te  hemodia lys is  therapy. 

(D)  Have the pat ient prophylact ical ly in tubated to protect  the ai rway.  

(E)  Administer  e thanol  10% at  a  loading dose of  7 .5  mL/kg over  1  hr,  

fo l lowed by a cont inuous in fusion of  1 .4 mL/kg/hr for  48 hr .  

View Answer6.  The answer is  B [see I I I .A ] .OTCP.524 

 

 



7.  Ethyl  a lcohol  (EtOH) is  administered to pat ients who have ingested 

ei ther ethylene glycol  or methanol  because EtOH 

(A)  helps sedate pat ients . 

(B)  increases the metabol ism of  e thylene glycol  and methanol.  

(C)  b locks the format ion of  the toxic  metabol i tes  o f  e thylene g lyco l  

and methanol.  

(D)  increases the renal  c learance of  ethylene g lyco l  and methanol .  

(E)  is  not  an ant idote for e thylene g lyco l  or  methanol  overdoses. 

View Answer7.  The answer is  C [see I I I .B ] .8 .  A patient  with renal  

fa i lure is inadvertently given 3 doses of  potassium chloride 40 mEq  IV 

in 100 mL  of  0.9% sodium chloride over a 3-hr period.  This error is  

immediately discovered and a STAT serum potassium level  is  8.0 

mEq /L .  The pat ient  is  bradycardic with a markedly prolonged QRS 

complex.  The pat ient  should receive which of the fol lowing? 

(A)  calc ium chlor ide 10% 10 mL IV push 

(B)  sodium b icarbonate 50 mEq IV push 

(C) insul in 10 U and 50% dextrose 50 mL IV push 

(D) sodium polys tyrene su l fonate 30 g by mouth every 3 hr  for  4  

doses 

(E)  None of the above 

View Answer8.  The answer is  A [see I I I .L .2 ] .9 .  Parenteral  calcium is 

used as an antidote for which of  the fol lowing si tuations? 

(A)  verapami l  overdoses 

(B)  hyperkalemia 

(C) cocaine intoxicat ion 

(D) verapami l  overdoses and hyperkalemia 

View Answer9.  The answer is  D [see I I I .GI I I .L .2 ] .10.  A 65-year-old 

woman with normal renal  function is  administered a 0.25 mg  dose of 

digoxin IV push.  A serum level  obtained 1 hr after drug administration 

is  5 ng/mL .  Your recommendation to the physician is  which of  the 

fol lowing? 

(A)  Administer  2  v ials o f  d igoxin  immune ant ibodies  STAT.  

(B)  Administer  repet i t ive doses of ac t ivated charcoal .  

(C)  Cal l  a  nephrologist ,  and put the pat ient  on hemodialys is .  

(D)  Repeat  the serum digoxin level  6-8 hr a f ter  the dose,  and 

reassess the pat ient.  

V iew Answer10. The answer is  D [see I I I .K ] .11. A 16-year-old woman 

is reported to have overdosed on 40 sustained-release theophyl l ine 

tablets.  She is  transported to the emergency department, where gastric  

lavage was performed and she was given one dose of  act ivated 

charcoal .  An ini t ia l  theophyl l ine level is  42 µg /mL ,  but a  fol low-up level  

in the intensive care unit  ( ICU) is  95 µg /mL .  What is  the most 

appropriate course of  therapy? 

(A)  charcoal  hemoperfusion and mul t ip le-dose act iva ted charcoal 

(B)  syrup of ipecac admin ist ra t ion 



(C)  forced a lkal ine d iures is 

(D)  nasogastr ic  adminis tra t ion of  sodium-polys tyrene sul fonate 

View Answer11. The answer is  A [see I I I .T] .12.  A 23-year-old man is  

admitted to the intensive care unit  ( ICU) after ingesting 20 

acetaminophen tablets 500 mg  with a six-pack of  beer.  He was ini t ia l ly 

awake and alert  in the emergency department and was given one dose 

of  activated charcoal .  His ini t ia l  acetaminophen level taken 

approximately 2 hr after ingestion is 90 µg /mL .  What would be the most 

appropriate course of  act ion? 

(A)  Administer  repeated doses of  act ivated charcoal  and sorbi tol .  

(B)  Administer  syrup of  ipecac. 

(C)  Adminis ter  a  loading dose of  N-acetyl -L-cysteine (NAC), and 

repeat  the acetaminophen level  in  4 hr .  

(D)  Discharge the pat ient  to  home. 

View Answer12. The answer is  C [see I I I .A ] .mg13. An overdose 

vict im presents to the emergency department with an elevated heart  

rate,  decreased blood pressure,  di lated pupils ,  and lethargy.  Upon 

arr ival  to the intensive care unit  ( ICU),  she has a general ized tonic-

clonic seizure that  is  treated with IV diazepam and fosphenytoin.  Which 

of  the fol lowing is  the most l ikely intoxicant? 

(A)  e thyl  alcohol 

(B)  methanol 

(C)  acetaminophen 

(D) oxycodone 

(E)  ami t r ip ty l ine 

View Answer13. The answer is  E [see I I I .D ] .P.525 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  A [see I .A] .  

Pat ients  wi th  unstable v i ta l  s igns should be taken to  an emergency 

department for immediate t reatment .  

2 .  The answer is  D [see I I .G.1.a] .  

Induced vomi t ing is  no longer an acceptable opt ion of  managing poisonings 

at  home because i t  is  a  re la t ive ly ineffec t ive method of  removing toxins  and 

resul ts  in  a delay in  admin is ter ing ant idota l  therapy.  I t  is  important  to 

counci l  pat ients on poison prevent ion and to g ive parents and other f r iends 

and re la t ives the to l l - f ree number for  the po ison contro l  center .  Parents 

should also know basic f i rs t  a id  and card iopulmonary resusci tat ion (CPR).  

3 .  The answer is  E [see I I I .Q.5].  

Naloxone reverses the ef fects o f  opio id  receptor agonists,  such as heroin,  

morphine,  and propoxyphene. 

4 .  The answer is  D [see I I .G.1].  



Contraind icat ions to  ipecac inc lude the three Cs:  caust ics ,  consc ious,  and 

convuls ions;  see also the answer to  quest ion 2. The use of syrup of  ipecac 

is  reserved for  rare c ircumstances and only under the d i rect ion of  the 

po ison contro l  center and/or  a  phys ic ian.  These are new recommendations 

and many parents ,  re la t ives,  and f r iends may have th is  product in the i r  

medicine cabinets . 

5 .  The answer is  D [see I I ] .  

The management o f  unconsc ious overdose pat ients  involves aggressive 

support o f  v i tal  s igns and the admin is t ra t ion of  empir ic ant idotal  therapy,  

whi le  obtain ing various laboratory tests  to  determine the nature of  the 

overdose. 

6 .  The answer is  B [see I I I .A] .  

Darvocet  N-100 is  an acetaminophen-contain ing product that  should not  be 

g iven to  a pat ient  wi th documented acetaminophen toxic i ty.  Be aware 

par t icular ly o f  OTC products  conta in ing acetaminophen. 

7 .  The answer is  C [see I I I .B].  

Ethanol  saturates alcohol  dehydrogenase and prevents  the format ion of  the 

toxic  metabol i tes  of  ei ther  e thylene glycol  or  methanol ,  however this 

ant idote is  fa l l ing out  o f  favor  owing to  i ts  adverse metabol ic and centra l  

nervous system ef fec ts .  Fomepizole (Ant izo l ) ,  a  speci f ic  inhibi tor o f  a lcohol  

dehydrogenase,  is becoming the preferred ant idote for  methanol or  e thylene 

g lycol  overdoses.  Ethanol  may be used in  s i tuat ions in which fomepizo le is  

not  ava i lable . 

8 .  The answer is  A [see I I I .L .2 ] .  

A l l  o f  the select ions are used to  manage hyperkalemia. Al though, in  an 

unstable pat ient ,  the card iac  ef fec ts  o f hyperkalemia must f i rs t  be reversed 

wi th  in t ravenous ca lc ium. 

9.  The answer is  D [see I I I .G;  I I I .L .2 ].  

Parenteral  ca lc ium is  used to  reverse the cardiac e f fec ts  of  ca lc ium channel  

b locker  overuse and hyperkalemia. 

10.  The answer is D [see I I I .K] .  

The p lasma-t issue dis tr ibut ion phase for d igoxin  is  6-8 hr  

postadmin is t rat ion.  Sampl ing d igoxin leve ls  sooner may g ive a fa lsely 

e levated leve l .  Only symptomatic  pat ients should receive d igoxin immune 

ant ibodies.  Hemodia lysis is  o f  no value in managing digoxin overdoses. 

11.  The answer is A [see I I I .T] .  

Large ingest ions of  susta ined-release products  may act  as  drug reservoirs ,  

necess i ta t ing aggressive measures to remove the toxin .  
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12.  The answer is C [see I I I .A] .  

Large acetaminophen ingest ions (> 140 mg/kg)  may be fata l  i f  

unrecognized.  The Rumack-Mat thew nomogram requi res a 4-hr level  to  



accurate ly assess the potent ia l  for toxic i ty.  I f  the 4-hr  leve l  is  in  the toxic  

range,  the fu l l  course of  NAC therapy should be admin is tered. 

13.  The answer is E [see I I I .D].  

Tr icyc l ic  ant idepressant overdoses wi l l  produce se izures,  hypotens ion,  

mydr ias is ,  hypotens ion,  and ventr icular dysrhythmias.  The cardiac and CNS 

ef fec ts  o f t r icycl ic  ant idepressant  toxic i ty wi l l  respond to b icarbonate 

therapy.  Opiates such as oxycodone wi l l  produce mios is .  
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Federal Pharmacy Law 
Robert  C.  Pavlan Jr.  

James A.  Boyd 

I. FEDERAL CONTROLLED SUBSTANCES ACT 
A. Schedules of  controlled substances.  Cer ta in drugs have a potent ia l  for  abuse 

that  leads to phys ica l  or  psycholog ical  dependence.  As a resul t ,  the U.S.  federa l  

government  has p laced these drugs in to schedules (I ,  I I ,  I I I ,  IV,  and V)  and refers  to  

them as contro l led substances.  The Attorney Genera l  o f  the United States has the 

author i ty to  add or  remove a drug or  substance from one of the federa l  schedules,  

or  to t ransfer  a  drug f rom one federa l  schedule to  another .  The federal  schedules 

are updated and publ ished annual ly by the federa l  government .  

1.  Schedule I  (CI; C- I )  Schedule I  drugs may not be kept  in  a  pharmacy nor  

d ispensed pursuant  to  a prescrip t ion (except  for  proper ly reg is tered fac i l i t ies  for  

invest igat ive or  research purposes).  A control led substance analogue of  a drug in 

any federal  schedule,  commonly re ferred to  as a “designer  drug,”  is  considered a 

schedule I  substance to  the extent  intended for human consumption.  Requi red 

f indings by the government  for  p lacement  of  a drug in to schedule I  include: 

a.  The drug or  o ther  substance has a high potent ia l  for  abuse. 

b.  The drug or  o ther  substance has no current ly accepted medical  use in  t reatment  

in  the Uni ted States. 

c .  There is  a lack of accepted safety for use of  the drug or  o ther  substance under 

medica l  supervis ion. 

2.  Schedule I I  (CII ;  C- I I ) .  Requi red f indings for  p lacement  o f  a drug in to schedule I I  

include: 

a.  The drug or  o ther  substance has a high potent ia l  for  abuse. 

b.  The drug or  o ther  substance has a current ly accepted medica l  use in  treatment  in  

the Uni ted States or  a current ly accepted medica l  use wi th  severe rest r ic t ions. 

c .  Abuse of  the drug or  other  substance may lead to  severe psycholog ical  or  

phys ical  dependence. 

3.  Schedule I I I  (CI I I ;  C- I I I ) .  Requi red f ind ings for p lacement  o f  a drug in to schedule 

I I I  include: 

a.  The drug or  o ther  substance has a potent ia l  for  abuse less than the drugs or  

o ther substances in  schedules I  and I I .  

b.  The drug or  o ther  substance has a current ly accepted medica l  use in  treatment  in  

the Uni ted States. 

c .  Abuse of  the drug or  other  substance may lead to  moderate or  low physical  

dependence or  high psycholog ical  dependence. 

4.  Schedule IV (CIV; C-IV) .  Requi red f ind ings for p lacement  o f  a drug in to schedule 

IV inc lude: 

a.  The drug or  o ther  substance has a low potent ia l  for  abuse re la t ive to  the drugs or 

o ther substances in  schedule I I I .  

b.  The drug or  o ther  substance has a current ly accepted medica l  use in  treatment  in  

the Uni ted States. 



c.  Abuse of  the drug or  other  substance may lead to  l imi ted physical  dependence or  

psycholog ical  dependence re lat ive to  the drugs or  o ther  substances in  schedule I I I .  

5.  Schedule V (CV; C-V).  Requi red f indings for  p lacement  o f  a drug in to schedule V 

include: 

a.  The drug or  o ther  substance has a low potent ia l  for  abuse re la t ive to  the drugs or 

o ther substances in  schedule IV. 

b.  The drug or  o ther  substance has a current ly accepted medica l  use in  treatment  in  

the Uni ted States. 

c .  Abuse of  the drug or  other  substance may lead to  l imi ted physical  dependence or  

psycholog ical  dependence re lat ive to  the drugs or  o ther  substances in  schedule IV. 
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B. Registrat ion requirements.  Th is  Act  regulates the use of  contro l led substances 

by requi r ing a l l  ent i t ies  that  lawfu l ly handle them to reg is ter wi th  the federa l  

government ,  speci f ical ly,  the Drug Enforcement  Admin is t rat ion (DEA). 

1.  Enti t ies that  must register  

a.  Manufacturers  and wholesalers  of  contro l led substances must reg is ter  wi th  the 

DEA in i t ia l ly  and reregis ter  every year thereaf ter.  

b.  Dispensers  (pract i t ioners and pharmacies)  o f  contro l led substances must  

reg is ter  wi th  the DEA ini t ia l ly  and reregister  every 3 years thereaf ter.  Pharmacis ts,  

pharmacy interns, pharmacy technic ians,  and a l l  o ther employees or agents  of  a 

pharmacy do not  have to regis ter ,  provid ing the pharmacy is  properly regis tered and 

the employee or agent is ac t ing in  the usual  course of  employment or  business. 

c .  Al l  o ther  ent i t ies  that lawfu l ly handle any cont ro l led substance must  reg ister  wi th 

the DEA, including researchers , c l in ics  and laborator ies,  and teaching inst i tut ions. 

2.  Separate registrat ion for separate act ivi t ies.  Every ent i ty that engages in one 

of  the fo l lowing act iv i t ies must  regis ter  wi th  the DEA. A separate reg is t rat ion is  

requi red for each act iv i ty,  wi th  cer tain  except ions (e .g. ,  a manufacturer  of a  

schedule of a  control led substance is  a l lowed to d ist r ibute that  schedule wi thout  

be ing reg is tered as a d ist r ibutor).  

a.  Manufactur ing contro l led substances 

b.  Dis t r ibut ing contro l led substances 

c .  Dispens ing control led substances l is ted in  schedules I I -V (e .g. ,  pract i t ioners ,  

pharmacies) 

d.  Conduct ing research wi th  control led substances l is ted in  schedules I I -V 

e.  Conduct ing ins t ruc t ional  ac t iv i t ies  wi th contro l led substances l is ted in  schedules 

I I -V 

f .  Conduct ing a narcot ic  t reatment  program us ing any narcot ic  drug l is ted in  

schedules I I ,  I I I ,  IV,  or  V 

g.  Conduct ing research and ins t ruc t ional  act iv i t ies  wi th  control led substances l is ted 

in  schedule I  

h .  Conduct ing chemical  analys is  wi th  control led substances l is ted in  any schedule 

i .  Import ing control led substances 

j .  Export ing contro l led substances 



k.  Part ic ipat ing in  maintenance or  detoxi f icat ion t reatment  and mixing,  preparing,  

packaging,  or  changing the dosage form of  a narcot ic  drug l is ted in schedules I I ,  I I I ,  

IV,  or V for  use in  maintenance or  detoxi f icat ion t reatment  by another  narcot ic  

t reatment  program. 

3.  Separate registrat ions for separate locat ions.  Each princ ipa l  p lace of  business 

of  a  regist rant  having more than one locat ion must  have i ts  own reg is t rat ion 

cer t i f icate.  Each pharmacy,  chain pharmacy,  and hospita l  that  dispenses contro l led 

substances must have i ts  own reg is t rat ion cer t i f ica te.  Regis t rat ion is  not requi red 

for  an of f ice that  is  used by a reg is t rant  where control led substances are ne i ther  

s tored nor  d ispensed. 

a.  Warehouses.  A warehouse where control led substances are s tored by or  on 

behal f  o f  a  reg is t rant  is not  requi red to  reg is ter un less one of  the fo l lowing occurs : 

(1)  Control led substances are di rec t ly d is t r ibuted f rom the warehouse to  a 

reg is tered locat ion di f ferent  than the locat ion f rom which the substances were 

sh ipped. 

(2)  Control led substances are di rec t ly d is t r ibuted f rom the warehouse to  a person or  

ent i ty not requi red to  regis ter  under the Act .  

4.  Registration procedure.  Appl icat ions to  become reg is tered must  be submi t ted to  

the DEA on the appropr ia te  form wi th  the requi red fee,  in format ion,  and signature of 

one of  the fo l lowing: 

a.  The indiv idual  who owns and operates the ent i ty,  i f  do ing bus iness as an 

indiv idual 

b.  A par tner  o f  the appl icant ,  i f  a partnership 

c .  An off icer  o f  the appl icant ,  i f  a corporat ion, corporate d iv is ion,  assoc iat ion,  t rus t,  

or  o ther  ent i ty 

d.  One or  more ind iv iduals  who have been granted a power of  a t torney by an 

appl icant .  A power of attorney a l lows one to  lawfu l ly ac t in place of  another .  The 

power of  a t torney must  be signed by one of the ind iv iduals  l is ted above in  a-c  and 

by the ind iv idual  receiv ing the power of  at torney.  The power of  a t torney remains 

va l id  unt i l  revoked by the appl icant .  
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5.  Registration action by the DEA.  I f  an appl icat ion is complete,  i t  wi l l  be accepted 

for  f i l ing. I f  i t  is  defect ive,  the DEA wi l l  re turn the appl icat ion wi th  a  s ta tement  

indicat ing the reason for i ts nonacceptance. The appl icat ion may be corrected and 

resubmi t ted at  any t ime. 

a.  Issuance of  cert i f icate of  registrat ion.  A cert i f icate of  reg is t ra t ion wi l l  be 

issued by the DEA when i t  determines that  the reg ist ra t ion is  requi red by law in  

order to  conduct such act iv i ty (e .g. ,  manufactur ing,  dis tr ibut ing, or  d ispens ing a 

contro l led substance) .  The cer t i f icate must  be conspicuous ly mainta ined and readi ly 

re t r ievable at  the reg is tered locat ion. 

b.  Denial  of  registrat ion.  I f  the DEA determines that a  regis tra t ion is  not requi red 

by law,  i t  wi l l  issue an Order  To Show Cause why the regist ra t ion should not  be 

denied.  The appl icant  may request  a  hear ing and exp la in  why the cer t i f icate of 



reg is t ra t ion should be issued.  After  the hear ing, the DEA may deny the appl icat ion 

or  issue the cer t i f icate. 

6.  Modification of  registrat ion.  A reg is t rant  may submi t  a let ter o f request  to  the 

DEA seeking to  modi fy i ts  reg is t rat ion.  A modif icat ion may be sought  when there is 

a  change in  the name or  address that  appears  on the cert i f icate, or  when the 

pharmacy seeks DEA approval  to  d ispense addi t ional  contro l led substances [ i f  

in i t ia l ly  author ized to only d ispense a par t icu lar schedule(s)  o f contro l led 

substances] .  

7.  Transfer of  registrat ion.  A regis tra t ion to  d ispense contro l led substances may 

not  be transferred to any other  person or  ent i ty except  when the ownership of  a  

pharmacy is  be ing t ransferred f rom one ent i ty to  another .  In such a case, contro l led 

substances in schedules I I -V must  be proper ly disposed of or  t ransferred to  the new 

ent i ty.  

8.  Suspension or revocation of  registrat ion.  The DEA may suspend or  revoke any 

reg is t ra t ion.  The DEA must  f i rs t  issue an Order  To Show Cause (upon the 

reg is t rant ) why the reg ist ra t ion should not  be revoked or suspended.  The reg is t rant  

may request  a  hearing to expla in  why the reg is t rat ion should not be suspended or  

revoked.  Af ter  a  hearing, the DEA may suspend,  revoke,  or  take no act ion on the 

reg is t ra t ion. 

a.  Order of  suspension or revocation.  Af ter a  reg ist rant  has received an order 

suspending or  revoking i ts  reg is t ra t ion, i t  must  take the fo l lowing act ion: 

(1)  Immediately del iver i ts  cer t i f icate of  reg is t rat ion and any DEA 222 order  forms in  

i ts  possess ion to  the nearest o f f ice of  the DEA 

(2)  As ins t ructed by the DEA, e i ther:  

(a)  de l iver a l l  control led substances in i ts  possess ion to  the nearest o ff ice of  the 

DEA or  to  author ized agents  of the DEA or 

(b)  p lace al l  contro l led substances in  i ts possession under seal .  

b.  Imminent danger to publ ic  health or safety.  The DEA may serve on a regist rant  

an order o f  immediate suspension when i t  f inds that  there is  an imminent danger  to 

the public  health  or safety.  The immediate suspension remains in  e ffec t  unt i l  the 

conc lusion of a l l  proceedings,  e i ther  administ ra t ive proceedings by the DEA or  

judic ia l  proceedings.  Af ter  receiv ing an order  of  immediate suspens ion,  the 

reg is t rant  must  take the same act ion as out l ined above under I  B 8 a. 

9.  Exemptions from registrat ion.  Cer tain  ind iv iduals  are exempt  f rom regist ra t ion 

under the Act .  The fol lowing are exempt : 

a.  Mi l i tary off ic ia ls.  Mi l i tary o f f ic ials ,  inc luding Publ ic  Health  Service and Bureau of  

Pr isons off ic ials,  who are authorized to  prescribe,  d ispense,  or  adminis ter,  but not  

to  procure or  purchase, contro l led substances in the course of the i r  o f f ic ia l  dut ies,  

are exempt  f rom register ing wi th the DEA. The ind iv idual must,  however,  obtain  a 

reg is t ra t ion for  such act iv i t ies  conducted dur ing any separate pr ivate pract ice. 

b.  Law-enforcement offic ia ls.  Federal  and s tate law-enforcement  personnel  act ing 

in  the course of enforc ing any law re lat ing to  cont ro l led substances are exempt  f rom 

regis t ra t ion. 



c.  Civi l  defense off ic ials.  Civ i l  defense and disaster-re l ie f  organizat ion of f ic ials are 

exempt  f rom regis tra t ion in  order  to mainta in  and d ispense contro l led substances 

dur ing t imes of proc la imed emergencies or  d isasters. 

d.  Agents and employees of registrants.  Agents  and employees, whi le  ac t ing 

lawfu l ly in  the usual course of  the ir  business or  employment ,  are exempt  from 

regis t ra t ion when the bus iness or  employment  is conducted on behal f  o f  a person 

(or  business)  who is  reg is tered under the Act .  Del ivery personnel  (e .g. ,  Uni ted 

Parcel  Service,  Federa l  Express)  are therefore not  required to  register .  Likewise,  

pharmacis ts  work ing for  a  registered pharmacy are not  requi red to register .  
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10.  Termination of  registrat ion.  The regis tra t ion of  any person or  ent i ty wi l l  

terminate when the person dies ,  ceases legal  exis tence (e.g. ,  corporate disso lut ion, 

par tnersh ip dissolut ion) ,  or  discont inues business or  profess ional  pract ice. The DEA 

must  be not i f ied promptly when any of these occurs . In  such a case, a l l  control led 

substances in schedules I I -V must  be proper ly disposed of.  

C. Required inventories.  The Act  requi res  a l l  pharmacies and hospita ls  (every 

separate ly reg is tered locat ion)  to  conduct  an in i t ia l  inventory and biennia l  inventory 

of  al l  control led substances in  schedules I I ,  I I I ,  IV,  and V. 

1.  Ini t ial  inventory.  The  in i t ia l  inventory must  be taken on the date the ent i ty 

commences bus iness and begins d ispensing contro l led substances.  I f  the ent i ty has 

no contro l led substances on hand,  a  record of  this  fac t must be mainta ined as i ts  

in i t ia l  inventory. 

2.  Biennial  inventory.  The biennia l  inventory must  be taken at  least  every 2 years 

f rom the date of  the ini t ia l  inventory. 

a.  Biennial  date.  The biennia l  date may be any date that  is  wi thin  2  years  of the 

previous b iennial  (or in i t ia l )  date.  Th is  date does not  have to be repor ted to  the 

DEA i f  i t  is  d i f ferent  than the b iennial  date that  would otherwise apply ( i .e. ,  on the 

exact  day 2 years  after  the previous inventory) .  

3.  Inventory procedures  

a.  A l l  inventor ies  must  be mainta ined in  a  written,  typewrit ten,  or  printed form  and 

be conducted at e i ther  the opening of bus iness or  the c lose of  bus iness on the 

inventory date (which must  be noted on the inventory) .  

b.  Separate inventory record for schedule I I  control led substances.  Because al l  

records for schedule I I  control led substances must  be maintained separate ly f rom 

other records, schedule I I  inventories  must  be maintained separate ly from other 

contro l led-substance inventories . 

4.  Inventory content.  A l l  inventory records must  conta in  the fo l lowing: 

a.  Date the inventory is  taken 

b.  Each f in ished form of  the substance (dosage form and s trength) 

c .  Number of  un i ts  or  vo lume of  each f in ished form in  each commerc ia l  conta iner  

(e .g.,  100- tab let  bott le).  For  opened commerc ial  conta iners ,  inventory must  be taken 

as fo l lows: 

(1)  For  schedule I I  contro l led substances,  an exact  count  or  measure must  be taken. 



(2)  For  schedule I I I ,  IV,  and V contro l led substances,  an est imated count  or  

measure may be taken,  except  that  an exact  count  must  be taken i f  the container  

ho lds more than 1000 tab lets  or  capsules. 

d.  For each contro l led substance mainta ined for extemporaneous compounding,  or  

for  substances that  are damaged,  defect ive,  or impure and awai t ing d isposal :  

(1)  Name of  the substance 

(2)  Tota l  quant i ty to  the nearest metr ic  un i t  weight  or the tota l  number of  un i ts  o f  

f in ished form 

(3)  Reason the substance is  be ing maintained and whether i t  is  capable of  use in  

the manufacture of  any control led substance in  f in ished form 

5.  Inventory record maintenance.  Every inventory record must  be maintained at 

the reg is tered locat ion (e .g. ,  pharmacy, hospi tal )  for  a t  least  2  years  f rom the date 

of  the inventory. 

a.  Schedule I I  inventor ies  must  be maintained separate ly f rom a l l  other  records of  

the pharmacy. 

b.  Schedule I I I -V inventory records must be mainta ined e i ther  separate ly from a l l  

o ther records of  the pharmacy or  in  such a manner that  the requi red in formation is  

readi ly ret r ievable f rom ord inary business records of the pharmacy.  “Readi ly 

re t r ievable”  means that  the inventory records can be separated out  f rom al l  other  

records in  a  reasonable t ime. 

6.  Perpetual  inventories.  The Act  does not  requi re  a dispenser regist rant  (e .g . ,  

pharmacy,  hospi ta l )  to  mainta in  a perpetual  inventory of  any contro l led substance. 

7.  Newly control led substances or changes in schedul ing of  a  substance.  An 

inventory of a  substance must  be taken when,  by order  o f the DEA, i t  becomes a 

newly contro l led substance or  i t  sh i f ts  into  another  schedule. The inventory of  that  

par t icular contro l led substance must  be taken on the ef fect ive date of the change.  A 

complete inventory of  al l  control led substances is not  requi red,  nor is  an inventory 

requi red when a substance moves f rom a control led-substance schedule to  a  

nonfedera l  schedule. 
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8.  Transfer of  business act ivi ty.  An inventory of  contro l led substances I I -V must 

be taken at  the t ime a pharmacy or  hospi ta l  undergoes a change in ownership.  The 

inventory must be taken on the date of t ransfer  and serves as the f ina l  inventory of 

the transferor  and the in i t ia l  inventory of  the t ransferee. 

9.  Inventory record submission.  The Act  does not  require  the submiss ion of  

inventory records to  anyone, inc luding the DEA. The records must  be mainta ined at 

the reg is tered locat ion for  inspect ion and copying by author ized agents  of  the DEA. 

D. Obtaining control led substances.  Schedule I I  contro l led substances must  be 

obtained f rom a suppl ier (wholesaler,  manufacturer)  by us ing DEA Form 222.  The 

Act  does not  requi re the use of  any spec ia l  form to  obta in  contro l led substances in 

schedules I I I -V. 

1.  DEA Form 222.  Only ent i t ies  that are reg is tered to  dispense or  handle schedule 

I I  contro l led substances may obtain  Form 222.  The forms are ser ia l ly  numbered and 



i ssued by the DEA wi th  the name,  address,  regis tra t ion number,  author ized act iv i ty,  

and schedules of  the regis t rant.  Each form conta ins  an or igina l ,  dupl icate, and 

t r ip l icate copy (Copy 1,  Copy 2,  and Copy 3,  respect ive ly) .  

a.  Execution of  Form 222.  Form 222 may be executed only on behalf  o f  the 

reg is t rant  named on the form and only i f  the reg is t rat ion has not exp i red nor  been 

revoked or suspended.  The form must be prepared in t r ip l icate as provided by the 

DEA by use of  a  typewr i ter ,  pen, or  indel ib le  penc i l  in the fo l lowing manner: 

(1)  Only one i tem may be ordered on each of the 10 numbered l ines on the form.  

The to tal  number of  i tems ordered must  be noted on the form in  the space provided. 

(2)  One i tem may consist  o f  one or  more commerc ial  or  bulk conta iners  of a  product.  

A separate i tem must  be made for  d i f ferent  commerc ial  or  bu lk  conta iners  of a  

product.  For  each i tem, the form must conta in the fo l lowing in formation: 

(a)  Name of  the ar t ic le  ordered 

(b)  F in ished or  bu lk  form of  the product  (dosage form and s trength) 

(c)  Number of uni ts  or vo lume in  each commerc ia l  or  bulk conta iner  (e .g.,  100- tab let  

bot t le) 

(d)  Number of commerc ia l  or  bulk conta iners  ordered 

(e)  I f  the ar t ic le is  not  in pure form, the name and quant i ty per  un i t  o f  the control led 

substances conta ined in  the ar t ic le .  

(3)  The suppl ier 's name and address must  be included on the form.  Only one 

suppl ier  may be l is ted on any one form. 

(4)  Each form must  include the date of the order ,  and no form is  val id  more than 60 

days af ter i ts  execut ion by the purchaser .  

(5)  The form must be signed e i ther  by the person who s igned the most  recent  

appl icat ion for  regist ra t ion or rereg is t ra t ion, or  by a person author ized to obtain  and 

execute order forms by a power of attorney.  

(a)  Any purchaser may authorize one or  more indiv iduals  (does not  have to  be an 

at torney-at - law),  whether  or  not  located at  the reg istered locat ion, to obtain  and 

execute 222 Forms by execut ing a power of  a t torney for the ind iv idual (s) .  

(b)  The power of  a t torney must  be signed by the person who s igned the most  recent 

appl icat ion for  regist ra t ion or rereg is t ra t ion and by the ind iv idual (s) rece iv ing the 

power of  a t torney.  Th is  form must  be s imi lar  or  ident ical  to  the DEA's “Power of  

At torney for DEA Order Forms.” 

(c)  Once proper ly executed,  the ind iv idual  receiv ing the power of  a t torney may 

obtain  and sign DEA Form 222 to  the same extent  as the ind iv idual  who s igned the 

most  recent  appl icat ion for  reg is t rat ion or rereg ist ra t ion. 

(d)  The power of  a t torney must  be f i led wi th  the executed 222 Forms of  the 

purchaser  and be reta ined for  the same period as any order  form bear ing the 

s ignature of  the at torney [see I .D.1.a (8) ] .  The power of  a t torney does not have to  

be submit ted to the DEA. 

(6)  Copies 1 and 2 must be submit ted to the suppl ier.  Copy 3 must  be retained by 

the purchaser.  

(7)  W hen the ordered schedule I I  control led substances are received by the 

pharmacy,  the fo l lowing in formation must be recorded on the re ta ined Copy 3:  

(a)  Number of commerc ia l  or  bulk conta iners  furn ished on each i tem (or  l ine) 



(b)  Date on which the conta iners  are received by the pharmacy 

(8)  DEA 222 Forms must be mainta ined at  the reg istered locat ion (pharmacy or  

hospi ta l )  for  a t  least 2  years f rom thei r  execut ion.  The t ime of  execut ion would be 

the date the last  ent ry was made on Copy 3. 
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b.  Cancellat ion by purchaser.  A purchaser may cancel  al l  or  par t  o f  an order  by 

not i fy ing the suppl ier  in  wr i t ing.  The suppl ier  must  indicate the cancel la t ion on 

Copies 1 and 2 by drawing a l ine through the canceled i tems and pr in t ing the word 

“canceled”  in  the space provided for  number of  i tems sh ipped.  Likewise, a  suppl ier  

may vo id al l  or  par t  o f  an order  by not i fy ing the purchaser  in  wr i t ing and pr int ing the 

word “canceled”  in  the space provided for  number of  i tems sh ipped. 

c .  Maintenance of DEA Form 222.  Executed Copy 3 forms and Copies 1 and 2 of  

each unaccepted or  defect ive form and the s tatement  o f re fusal  f rom the suppl ier  

must  be maintained by the purchaser .  They must be kept  separate f rom al l  other  

records and be avai lab le for  inspect ion for  a t  leas t  2 years .  Al l  forms must  be 

maintained at  the reg is tered locat ion prepr in ted on the form, and not  a t  a centra l  

locat ion. 

d.  Loss or theft  of  DEA Form 222.  Any used or unused form sto len f rom or  los t  by 

a purchaser  or  suppl ier  must  be reported immediate ly to  the DEA. Such not i f icat ion 

must  include the serial  number of  each form los t  or  sto len. 

2.  Obtaining schedule I I I -V controlled substances.  There is no special  form for 

obtaining schedule I I I -V contro l led substances.  Each regist rant  must ,  however,  

maintain  a complete and accurate record of  rece ipt  for  each such substance.  The 

record must  be mainta ined at  ei ther  the reg is tered locat ion of  the pharmacy or  

hospi ta l ,  or  a t  a  centra l  locat ion,  for  2  years .  I f  a centra l  locat ion is  used,  the 

pharmacy must f i rs t  not i fy the DEA, ind icat ing i ts  in tent ion to  keep central  records.  

Central  records may then be mainta ined unless the DEA denies the request  to  keep 

such records.  An invo ice or  pack ing s l ip  wi l l  suf f ice as a record of  receipt,  provid ing 

the fo l lowing in formation is  inc luded: 

a.  Name of  the control led substance 

b.  F in ished form of the substance (dosage form and s t rength) 

c .  Number of  un i ts  or  vo lume of  the f in ished form in  each commercia l  conta iner  

(e .g.,  100- tab let  bott le) 

d.  Number of commerc ial  conta iners of each such f in ished form received f rom other  

persons 

e.  Date of  ac tua l  rece ipt  o f  each commerc ia l  conta iner 

f .  Name, address, and reg ist ra t ion number of  the person f rom whom the containers  

were received 

E. Storage of control led substances.  Al l  contro l led substances in  schedules I I -V 

must  be s tored in  one of the fo l lowing ways: 

1.  In a  secure ly locked,  substant ia l ly  constructed cabinet 

2.  Dispersed throughout the s tock of unscheduled prescrip t ion medicat ion to  prevent 

any thef t  or  diversion 



F.  Theft  or s ignif icant loss of  schedule I I -V control led substances.  Every 

reg is t rant  must  prompt ly not i fy the reg ional o ff ice of  the DEA of  the thef t  or  

s ign i f icant loss of any control led substance in  schedules I I -V.  Th is repor t  must  be 

done us ing DEA Form 106.  

G. Disposal of  control led substances.  Every d isposal  of  a  control led substance 

must  be accompl ished by submi tt ing DEA Form 41  to  the DEA (except  for  d isposals 

pursuant  to  a  val id  prescr ip t ion,  discussed below).  The form must  l is t  the contro l led 

substances earmarked for  disposal .  The DEA wi l l  authorize the d isposal  and ins t ruc t 

the reg is t rant to  d ispose of  the control led substances in  one of  the fol lowing ways: 

1.  By the t ransfer to  a  person or  ent i ty reg is tered wi th  the DEA and author ized to  

possess the substance.  Schedule I I  contro l led substances must be t ransferred by 

use of  the t ransferee 's  (another  pharmacy or hospi tal ,  or  the wholesaler  or  

manufacturer)  DEA Form 222.  A wr i t ten record of  the transfer  o f schedule I I I -V 

contro l led substances must  be kept  for  a t  least  2 years  and include the fol lowing 

in format ion: 

a.  Name of  the control led substance 

b.  F in ished form of the substance (dosage form and s t rength) 

c .  Number of  un i ts  or  vo lume of  the f in ished form in  each commercia l  conta iner  

(e .g.,  100- tab let  bott le) 

d.  Number of commerc ial  conta iners of each f in ished form t ransferred 

e.  Date of  the t ransfer 

f .  Name, address, and reg ist ra t ion number of  the t ransferee 
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2.  By the de l ivery to  an agent  of  the DEA or  to  the nearest  o f f ice of the DEA 

3.  By the dest ruct ion in  the presence of  an agent  o f  the DEA or  other  author ized 

person 

4.  By any other  means that  the DEA determines to  ensure that the substance does 

not  become avai lab le  to  unauthor ized persons or  ent i t ies 

H. Regular disposals of control led substances.  I f  a regist rant  (usual ly a hospita l )  

regular ly d isposes of  control led substances in schedules I I -V the DEA may author ize 

d isposals  wi thout  pr ior  approval  in  each ins tance.  I f  the DEA grants  th is  authori ty,  

the reg is t rant must keep records of each d isposal and f i le  periodic repor ts to  the 

reg ional  of f ice of  the DEA summariz ing the d isposals .  The DEA may place addi t ional  

condi t ions on such d isposal,  including the method of  d isposal  and the f requency and 

detai l  o f  repor ts.  

I .  Disposal  of control led substances pursuant to a val id prescript ion  

1.  Persons who may issue prescript ions for control led substances.  A contro l led-

substance prescrip t ion may be issued only by a pract i t ioner  who is  granted such 

author i ty by the sta te in  which that  pract i t ioner is l icensed.  Al though the Act  is  

federa l  leg is lat ion,  each s tate determines who wi l l  be authorized to  d ispense 

contro l led substances.  Most  s ta tes al low the fo l lowing indiv iduals  to  prescr ibe:  

phys ic ians,  dent ists,  podiat r is ts ,  and veterinar ians.  Some states a l low the fo l lowing 

indiv iduals ,  re ferred to  as midlevel  pract i t ioners ,  to  prescr ibe (usual ly wi th  cer tain  



res t r ict ions):  phys ic ian 's ass is tants ,  nurse pract i t ioners , cer t i f ied nurse midwives,  

psychiat r ic  nurses, menta l  heal th  c l in ica l  specia l is ts.  A l l  prescribers  must  be 

reg is tered wi th  the DEA or  exempted from regis t ra t ion (see I .B.9) .  Practit ioner  

means a phys ic ian, dent is t ,  veter inarian,  or o ther person l icensed (mid- leve l  

pract i t ioners)  by the s ta te to  prescr ibe contro l led substances,  and  pharmacy,  

hospi ta l ,  or  o ther  inst i tu t ion l icensed to  dist r ibute control led substances.  Individual  

Pract i t ioner  means a phys ic ian,  dent is t ,  veter inar ian,  or  o ther  person l icensed 

(mid- level  pract i t ioners)  by the s ta te to  prescribe control led substances.  I t  is  worth  

not ing that  the term “ ind iv idual  pract i t ioner”  is  included in  the def ini t ion of 

“pract i t ioner . ”  Prescribing authori ty granted by s ta tes is  l imi ted to  professionals  

wi th in  the “ indiv idual pract i t ioner”  category.  The s tatement l ike “pract i t ioner  who is  

granted prescr ibing author i ty”  means the “ indiv idua l  pract i t ioner” who has been 

granted prescr ibing author i ty by the s ta te because the ind iv idual  pract i t ioner  is  

included in the def in i t ion of  pract i t ioner .  “Pharmacy”  is  def ined as a “pract i t ioner” 

but ,  o f  course,  does not  have prescr ib ing author i ty.  

a.  DEA numbers and authentici ty.  Af ter  reg is ter ing wi th the DEA, a l l  reg is t rants 

are ass igned a DEA number by the DEA. A pract i t ioner 's  DEA number cons is ts o f 

n ine characters.  The f i rst  two characters  are le t ters . The f i rs t  let ter wi l l  be e i ther A 

or  B.  The second le t ter  wi l l  be the f i rs t  le t ter  o f  the pract i t ioner 's las t  name.  The 

next  s ix characters are randomly chosen numbers.  The las t  character is  a number 

of ten referred to  as the “check dig i t . ”  For  example,  Dr .  Henry Jones may have a 

DEA number of AJ 4357782. 

(1)  Authenticat ion of  DEA number.  The DEA ass igns DEA numbers wi th  a  quick  

method of  veri f icat ion bui l t  in to  the number.  Th is  a l lows a dispens ing pharmacis t  to  

make a cursory review of  the number for  authent ic i ty.  For  example,  us ing the above 

DEA number,  the pract i t ioner 's  las t name must s tar t  wi th  a  J.  Also,  the fo l lowing 

quick ca lcu la t ion can be made to  ver i fy that  the “check dig i t ”  is  correct:  

(a)  The digi ts in  pos i t ions 1, 3 , and 5 are added together  to  reach a number.  In  the 

above example,  that  would be 4 + 5 + 7 = 16. 

(b)  The digi ts in pos i t ions 2, 4 , and 6 are added together ,  then mul t ip l ied by 2.  In  

the above example,  that would be (3 + 7 + 8)  × 2 = 36. 

(c)  These numbers above are added together :  16 + 36 = 52. The far- r ight  d igi t  

becomes the check d ig i t .  The check d igi t  must  therefore be a 2. I f  the check d ig i t  is  

anyth ing other  than a 2,  the number may not be a va l id DEA number. In  such a 

case,  the DEA should be not i f ied in  order  to ver i fy  the number. 

(2)  Midlevel  pract i t ioner DEA numbers.  Mid level  pract i t ioner  DEA numbers are 

s imi lar  to  pract i t ioner  DEA numbers except  for  the f i rs t  character .  Ins tead of  the 

le t ter  A or  B, mid level  pract i t ioners  have the le t ter  M as the f i rs t  character in  thei r  

DEA number.  The mathematica l  method for  ver i fying the authent ic i ty o f  the number 

is  the same. 

(3)  DEA numbers for pract i t ioners and midlevel  practi t ioners who are 

employees of  inst i tut ions.  Pract i t ioners and mid level  pract i t ioners who issue 

prescrip t ions in  the  
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course of  thei r  employment  wi th  an ins t i tu t ion may issue prescr ip t ions for  a l l  

contro l led substances under the ins t i tu t ion 's  DEA regis t ra t ion. The pract i t ioner 's  or 

mid-level  pract i t ioner 's  “DEA number”  wi l l  be a speci f ic  in ternal  code number issued 

by the ins t i tu t ion.  The code number must  consist  o f  numbers,  le t ters,  or a  

combinat ion of numbers and le t ters  and must  be a suf f ix to  the ins t i tu t ion 's  DEA 

number, preceded by a hyphen (e.g. ,  AP0123456-10 or AP0123456-A12). 

2.  Purpose of  issuance of  control led-substance prescriptions.  A contro l led-

substance prescrip t ion may be issued only in good fa i th  for  a  leg i t imate medica l  

purpose by a pract i t ioner ac t ing in  the usual  course of  his or  her  professional  

pract ice. The pract i t ioner  and the dispens ing pharmacis t  have the respons ibi l i ty  to 

ensure that  a  prescr ipt ion is  proper ly issued and d ispensed ( re ferred to  as 

corresponding respons ibi l i ty  o f  the pharmacis t) .  

a.  Legit imate medical  purpose.  Legi t imate medica l  purpose and good fa i th  are 

prerequis i tes  for  al l  contro l led-substance prescrip t ions.  W ith  respect  to  a 

pharmacis t ,  these requi rements  wi l l  be apparent  f rom an object ive point of  v iew.  As 

a genera l  ru le,  i f ,  f rom a l l  the surrounding fac ts  and c i rcumstances,  a  reasonably 

prudent  pharmacis t would form the opin ion that  a prescrip t ion was issued for  a 

legi t imate medica l  purpose,  then the pharmacis t has ful f i l led his or  her  

respons ib i l i ty  under the Act ,  and the prescr ip t ion may be legal ly d ispensed. 

b.  Usual  course of professional pract ice.  A practi t ioner-pat ient  relationship  for  

the purpose of  t reat ing and car ing for  the pat ient  must  be present.  Usual ly,  such a 

re lat ionship inc ludes the taking and recording of  an appropr ia te medical  his tory,  and 

an appropr ia te phys ica l  exam. This  l imi ts  a  pract i t ioner 's  ab i l i ty  to  prescr ibe outs ide 

h is or  her  course of  profess ional pract ice (e.g.,  a veter inarian may not prescr ibe a 

contro l led substance for  a  human).  The not ion of  “usual  course of  pract ice”  becomes 

more unc lear wi th  respect  to  medica l  doctors  who spec ial ize. Such specia l is ts  o ften 

issue prescr ipt ions “outside” thei r  specia l ty.  Genera l ly,  al l  control led-substance 

prescrip t ions f rom medica l  doctors  are deemed to be “ in  the usual  course of  

profess ional  pract ice”  as long as i t  is  issued for  a human,  regardless of whether  the 

problem being t reated is wi th in  the doctor 's  spec ia l ty.  

c .  Restrictions on issuance of  a  controlled-substance prescript ion  

(1)  A prescrip t ion may not  be issued by a pract i t ioner  in  order  for  that  pract i t ioner  to  

obtain  control led substances for  the purpose of  general  dispensing  to  his  or  her  

pat ients . 

(2)  A prescrip t ion may not  be issued for the dispensing of contro l led substances for  

detoxif icat ion  or maintenance t reatment .  Admin is t rat ion and d i rec t d ispens ing of  

contro l led substances are a l lowed only when conducted in properly registered 

t reatment  programs. A prescr ip t ion for  methadone  is  va l id only when issued as an 

analges ic  in  cases of severe pain. Methadone may be d ispensed in  a  hospi tal  to  

maintain  a pat ient 's  addic t ion as long as the pat ient  is  admi tted and being t reated 

for  some other  medica l  condi t ion and is  not  admin istered methadone so lely for  

detoxi f icat ion purposes.  The 40mg tablets  of  methadone are only avai lable  to  

faci l i t ies  authorized for  detoxi f icat ion and maintenance t reatment  o f  op io id  addic t ion 

and hospita ls .  The other s t rengths (5mg and 10mg formulat ions)  ind icated for  the 



t reatment  o f  pa in  are avai lab le  to  al l  authorized reg is t rants ,  inc lud ing reta i l  

pharmacies. 

3.  Manner of  issuance of  a  control led-substance prescript ion.  Schedule I I  

contro l led-substance prescrip t ions must  be wr i t ten wi th  ink  or  indel ib le  penc i l  or  

typewr i t ten (except  in  cases of oral  emergency schedule I I  prescr ip t ions) .  Schedule 

I I I -V control led-substance prescr ip t ions may be ora l ly ordered by the pract i t ioner .  

Prescr ip t ions may be prepared by ei ther  the pract i t ioner or  an agent  o f  the 

pract i t ioner ,  and communicated to  the pharmacy by the pract i t ioner or  the agent .  

Author izat ion for  the prescrip t ion (or re f i l l )  must ,  however,  or ig inate wi th  the 

pract i t ioner .  Both the pract i t ioner and dispensing pharmacist  are respons ible  for  the 

completeness of  the prescrip t ion.  Al l  prescrip t ions for  control led substances must  

include the fo l lowing information: 

a.  Ful l  name and address of the pat ient 

b.  Date the prescrip t ion is  issued and s igned (one and the same) 

c .  Drug name,  dosage form and s t rength 

d.  Quant i ty o f  drug prescr ibed 

e.  Di rec t ions for  use 

f .  Name, address, and DEA regis tra t ion number of  the pract i t ioner 
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g.  The s ignature of  the pract i t ioner  (no preprin ted or  s tamped s ignatures)  as  he or  

she would s ign any legal  document  (al l  schedule I I  contro l led-substance 

prescrip t ions must  be manual ly s igned by the pract i t ioner) 

4.  Emergency dispensing of  schedule I I  control led substances  

a.  An oral  schedule I I  control led-substance prescr ip t ion may be received from a 

pract i t ioner  in  an emergency s i tuat ion.  An emergency prescrip t ion must inc lude al l  

o f  the in format ion requi red for  any contro l led-substance prescr ip t ion. An emergency 

s i tuat ion exis ts when al l  three  o f  the fo l lowing fac tors  are present :  

(1)  The immediate adminis t ra t ion of  the control led substance is  necessary for  

proper  t reatment  of  the pat ient .  

(2)  No appropria te  al ternat ive treatment  is ava i lab le ,  inc luding admin is t rat ion of a  

contro l led substance that  is not  in  schedule I I .  

(3)  I t  is  not  reasonably poss ible  for  the pract i t ioner  to provide a wr i t ten prescr ipt ion 

to  be presented to  the person dispensing the control led substance before the 

d ispens ing. 

b.  Proper dispensing.  The quant i ty prescribed and dispensed must  be l imi ted to  

the amount  necessary to adequate ly t reat  the pat ient during the emergency per iod.  

I f  the pract i t ioner  is  not known to the pharmacis t,  the pharmacist  must  make a 

reasonable good-fai th  e ffor t  to  determine that  the oral  author izat ion came f rom a 

reg is tered pract i t ioner .  

(1)  Delivery of  wri tten prescript ion.  The pract i t ioner  who author izes the 

emergency prescr ip t ion must ,  wi thin  7  days of  the oral  author izat ion,  de l iver  a  

wr i t ten prescr ip t ion to  the d ispens ing pharmacis t .  The prescr ipt ion must  contain  the 

in format ion requi red of al l  control led-substance prescr ip t ions,  have wr i t ten on i ts  



face the words “Authorizat ion for  Emergency Dispens ing,”  and the date of  the ora l  

author izat ion.  The prescr ip t ion may be del ivered in  person or  by mai l ;  i f  de l ivered 

by mai l ,  i t  must  be postmarked wi th in the 7-day per iod.  Upon receipt ,  the d ispensing 

pharmacis t  must  a t tach i t  to  the oral  emergency prescrip t ion,  which was previously 

reduced to wr i t ing. 

(2)  Fai lure to del iver a wri t ten prescript ion.  I f  a  pract i t ioner  fai ls  to  de l iver  the 

wr i t ten prescr ip t ion as requi red,  the d ispens ing pharmacist  must  not i fy the regional 

o f f ice of  the DEA. Fai lure by the pharmacis t  to  not i fy the DEA serves to  vo id  the 

pharmacis t 's  authori ty to d ispense an ora l  emergency schedule I I  prescr ip t ion.  The 

pharmacis t  wi l l  be deemed to  have unlawfu l ly d ispensed a schedule I I  control led 

substance. 

5.  Facsimile prescript ions.  Prescrip t ions for  control led substances I I I ,  IV and V 

(and nonfederal  control led substances such as penic i l l in  and furosemide) may be 

del ivered to  the d ispens ing pharmacy via  facs imi le  machine.  A facsimi le prescr ip t ion 

is  deemed to  be the wr i t ten,  s igned prescr ip t ion from the prescr iber  so long as i t  

conta ins the in formation requi red of a l l  prescrip t ions under federal  law.  The 

prescrip t ion must be sent  d i rect ly f rom the prescriber or  h is  author ized agent  to  the 

pharmacy. 

a.  Schedule I I  controlled substances.  Prescr ip t ions for  schedule I I  contro l led 

substances may be sent  v ia  facsimi le  to a  d ispens ing pharmacy to  fac i l i tate  

d ispens ing of  the prescr ip t ion.  No drug may be released  to  the pat ient  unt i l  the 

or iginal ,  s igned prescrip t ion is presented to  the dispensing pharmacist .  A schedule 

I I  contro l led-substance facs imi le  prescrip t ion will  serve  as  the or ig ina l ,  s igned 

prescrip t ion in the fol lowing s i tuat ions: 

(1)  Injectable home-health prescript ions.  A facs imi le  schedule I I  narcot ic  

prescrip t ion cal l ing for the compounding of a  solu t ion for  di rec t  administ ra t ion to  a  

pat ient in a  pr ivate res idence,  long- term-care faci l i ty ,  or  hospice set t ing may serve 

as the or ig ina l  prescr ipt ion.  The except ion appl ies  so long as the solu t ion wi l l  be 

adminis tered by means of  parenteral ,  in t ravenous,  int ramuscular,  subcutaneous, or  

in t raspina l  in fusion. 

(2)  Long-term-care facil i ty prescript ions.  Any facs imi le  schedule I I  prescr ipt ion 

issued for  a res ident o f  a  long- term-care fac i l i ty  may serve as the or ig inal ,  s igned 

prescrip t ion. 

(3)  Hospice pat ient  prescript ions.  Any facs imi le  schedule I I  narcot ic  prescr ipt ion 

issued for  a pat ient  enrol led in  a  hospice-care program cer t i f ied and/or  pa id for  by 

Medicare under Ti t le  XVII I  or  l icensed by s ta te law may serve as the orig ina l  

prescrip t ion.  The prescriber ,  or  his agent,  must  note on the prescr ipt ion that  the 

pat ient is  a  hospice pat ient .  
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6.  Electronic data transmission prescript ions for non-control led substances:  

Prescr ip t ion in format ion that  is t ransmit ted di rec t ly f rom a pract i t ioner to  a  

pharmacy by elec t ron ic  means such as v ia  the Internet  is  re ferred to  as elect ronic 

data t ransmission prescrip t ion. Elect ronic  s ignatures are recognized as legal ly 



acceptable s ignatures of pract i t ioners .  Legend drugs,  except for contro l led 

substances,  may be t ransmi t ted to  pharmacies v ia  the Internet  i f  a l lowed by s tate 

law.  A s tate may a l low a pract i t ioner  and pharmacy to  mainta in  the prescrip t ion 

in format ion in  e lec t ron ic  form wi thout reduc ing i t  to  wr i t ing,  so long as they comply 

wi th  s tate mandated safeguards. 

a.  Electronic data transmission prescript ions for control led substances:  The 

DEA does not  yet  recognize e lect ronic data t ransmission prescr ipt ions as a means 

of  communicat ing prescrip t ion in formation for any contro l led substance.  Therefore,  

prescrip t ion information for  contro l led substances may not  be communicated from a 

pract i t ioner  to  a pharmacy by e lect ronic means. 

7.  Persons who may dispense control led-substance prescriptions.  A pharmacist  

ac t ing in the usual  course of  h is  or  her  profess ional  pract ice in a  DEA-registered 

pharmacy (or  hospi tal  or o ther  reg is tered fac i l i ty)  may dispense a control led 

substance pursuant  to  a prescrip t ion.  A pharmacy intern  ac t ing under the d irect  

supervis ion of h is  preceptor  in  a  DEA-regis tered faci l i ty  may a lso d ispense a 

contro l led substance pursuant  to  a prescr ip t ion. 

8.  Dispensing procedures of control led substances pursuant to a prescript ion.  

Once a contro l led-substance prescr ip t ion has been lawfu l ly issued by a pract i t ioner  

and presented to a pharmacis t ,  i t  may be dispensed in accordance wi th  the 

fo l lowing: 

a.  Presentat ion to the pharmacist.  Schedules I I I  and IV control led-substance 

prescrip t ions are val id for  6  months f rom the date of  issuance by the pract i t ioner.  

Schedule I I  contro l led-substance prescrip t ions have no t ime l imi t  for  presentat ion 

under the Act ,  a l though they are often recognized to  be va l id  for  up to  6  months.  

Schedule V control led-substance prescr ipt ions also have no set  t ime l imit  for  

presentat ion under the Act .  Regard less of  which schedule of contro l led substance is 

invo lved,  the good-fai th and “ leg i t imate medical  purpose”  l imi tat ion wi l l  a lways apply 

and may serve to  otherwise l imit  the val id i ty o f a  prescrip t ion. 

b.  Information that must be recorded on the prescript ion by the dispensing 

pharmacist .  

Under the Act,  a f i l led prescr ipt ion is  considered to  be a lawfu l  record of  d ispos i t ion 

for  a contro l led substance.  As a resul t ,  every prescrip t ion for a  control led substance 

must  conta in  cer ta in information.  Some of  the informat ion wi l l  a l ready be conta ined 

in  the prescrip t ion,  al though the d ispens ing pharmacis t  is  respons ib le  for ensur ing 

that  a l l  of  the fo l lowing in formation is  recorded (usual ly on the face of  the 

prescrip t ion):  

(1)  Name of  the control led substance 

(2)  Fin ished form of the contro l led substance (dosage form and st rength) 

(3)  Name and address of the person to whom i t  was d ispensed 

(4)  Date of  dispens ing 

(5)  Number of uni ts  or vo lume d ispensed (quant i ty)  

(6)  W ri t ten or  typewr i t ten name or  in i t ia ls  o f the indiv idual  who d ispensed the 

contro l led substance 

(7)  Serial  number of  the prescrip t ion 



c.  Required information on prescript ion labels.  Every prescrip t ion label  for  a  

contro l led substance must  include the fo l lowing in formation: 

(1)  Name and address of the pharmacy 

(2)  Serial  number ass igned to  the prescrip t ion 

(3)  Date of  the in i t ia l  f i l l ing of  the prescrip t ion ( for  re f i l ls ,  the date or igina l ly f i l led) 

(4)  Name of  the pat ient 

(5)  Name of  the prescr ibing pract i t ioner 

(6)  Di rec t ions for  use,  and caut ionary s ta tements ,  i f  any 

(7)  For  schedule I I ,  I I I ,  and IV contro l led substances,  the federa l  c r ime t ransfer  

warn ing must  appear on the container:  “Caut ion: Federa l  law prohibi ts  the t ransfer  

o f  this drug to  any person other  than the pat ient  for  whom i t  was prescribed.” 

d.  Al lowable quanti ties that  may be dispensed.  The Act conta ins  no l imita t ion 

concern ing the quant i ty o f  a  contro l led substance that  may be dispensed pursuant  to  

a  prescr ip t ion.  Al l  quant i t ies  are,  o f  course,  l imi ted to  the good-fai th and “ legi t imate 

medica l  purpose”  s tandards. 

e.  Fil ing control led substance prescript ions.  Wri t ten control led-substance 

prescrip t ions must  be mainta ined at  the pharmacy for  a  period of  2  years  f rom the 

date of  the or ig inal   
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d ispens ing or  las t  re f i l l ,  whichever  is later .  They must  be avai lab le  for  inspect ion 

and copying by employees and agents  of  the DEA and be f i led segregated  f rom a l l  

o ther records in  one of the fo l lowing ways (sta te law usual ly d ic tates the method to  

be used):  

(1)  Using three separate f i les  as  fo l lows: 

(a)  One f i le  for  schedule I I  contro l led-substance prescrip t ions 

(b)  One f i le  for  schedule I I I ,  IV,  and V contro l led-substance prescrip t ions 

(c)  One f i le  for  unscheduled prescr ipt ion drugs 

(2)  Using two separate fi les  as fol lows: 

(a)  One f i le  for  a l l  control led-substance prescr ip t ions ( I I -V),  as  long as schedule I I I ,  

IV,  and V prescr ipt ions have the le t ter  “C”  s tamped in red ink  in  the lower-r ight  

corner  no less than 1 inch h igh 

(b)  One f i le  for  unscheduled prescr ip t ion drugs 

(3)  Using two separate fi les  as fol lows: 

(a)  One f i le  for  schedule I I  contro l led-substance prescrip t ions 

(b)  One f i le  for  al l  o ther  contro l led substances ( I I I -V)  and unscheduled prescr ipt ion 

drugs,  as  long as schedule I I I ,  IV,  and V prescrip t ions have the le t ter “C”  s tamped 

in  red ink in  the lower-r ight  corner  no less than 1 inch h igh 

(4)  In e i ther  (2)  or  (3)  above,  i f  a  pharmacy ut i l izes an e lec t ron ic  record-keeping 

system for  prescrip t ions ( i .e . ,  computer ized records) ,  which permits  ident i f icat ion by 

prescrip t ion number and ret r ieva l  o f  or iginal  documents  by prescr iber 's name,  

pat ient 's  name,  drug d ispensed,  and date f i l led, then the requi rement to  mark  the 

hard copy prescr ipt ion wi th  a  red “C” is waived. 

f .  Ref i l l  d ispensing of  control led substances.  Prescr ip t ions for  schedule I I  

contro l led substances may not  be re f i l led. Prescrip t ions for  schedules I I I  and IV 



contro l led substances may be ref i l led up to  f ive t imes wi thin  6  months f rom the date 

of  issue of  the prescr ipt ion.  Schedule V contro l led-substance prescr ipt ions have no 

l imi tat ions for re f i l l ing under the Act ;  however,  once again,  the good-fai th  and 

“ legi t imate medica l  purpose” l imi ta t ions apply here,  as  wel l  as to a l l  contro l led-

substance ref i l ls .  

(1)  Ref i l l  in format ion may be maintained ei ther  manual ly or  by use of  a  computer .  

The Act  requi res  that  the in format ion be mainta ined one way or  the other ,  but  not 

both ways.  I f  computerized ref i l l  records  are mainta ined,  the system must  have 

cer ta in capabi l i t ies  and the dispens ing pharmacist  must fol low cer tain  procedures. 

(a)  The computer  must  be able to  provide on- l ine re t r ieva l  o f  the or ig ina l  

prescrip t ion information, provide on- l ine re tr ieval  o f  the re f i l l  h is tory,  a  ref i l l -by-ref i l l  

audi t  t ra i l ,  and an auxi l iary procedure in  those cases where the system exper iences 

downt ime. 

(b)  The system must  a lso a l low the pharmacist  who ref i l ls  a  prescr ipt ion to  

document that  the in format ion he or she entered in to  the computer is  correct .  

(2)  W hen d ispens ing a re f i l l ,  the pharmacist  must  record,  on the back of  the or iginal  

prescrip t ion or  by computer ,  the fo l lowing informat ion: 

(a)  Date of  the re f i l l  

(b)  Name or  in i t ia ls  o f  the re f i l l ing pharmacis t 

(c)  Amount  of  the medicat ion dispensed ( i f  the amount  is  omi t ted, the re f i l l  wi l l  be 

deemed to have been for the ful l  face amount prescr ibed by the pract i t ioner) 

g.  Mult iple schedule I I  prescript ions prescribed on the same day to be f i l led 

sequential ly.  The ref i l l  o f  a  prescr ipt ion for  a control led substance l is ted in  

schedule I I  is  proh ib i ted. However,  an indiv idual pract i t ioner  may issue mul t ip le  

prescrip t ions author iz ing the pat ient  to  receive a to tal  of  up to a  90-day supply o f  a  

schedule I I  control led substance providing each prescrip t ion is  issued for a  

legi t imate medica l  purpose by an ind iv idual pract i t ioner act ing in  the usual  course of  

profess ional  pract ice.  The ind iv idual  pract i t ioner  provides wr i t ten ins t ruc t ions on 

each prescr ip t ion (o ther  than the f i rs t  prescr ip t ion,  i f  the prescrib ing pract i t ioner  

in tends for  that  prescr ipt ion to  be f i l led immediate ly)  ind icat ing the ear l ies t  date on 

which a pharmacy may f i l l  each prescrip t ion. 

h .  Partia l  dispensing of control led substances.  The Act does not  proh ibi t  the 

par t ia l  d ispens ing of  contro l led substances in  schedules I I I  and IV,  provided that  

each par t ia l  f i l l ing is recorded in  the same manner  as ref i l l s ,  the to tal  quant i ty 

d ispensed in  al l  part ia l  f i l l ings does not  exceed the to tal  quant i ty prescribed,  and no 

par t ia l  f i l l ing occurs  af ter  6  months f rom the date of  issuance of  the prescr ip t ion.  

L ikewise, a l l  par t ia l  f i l l ings of  a schedule V prescr ip t ion must not  exceed the to tal  

quant i ty prescribed. 

(1)  Part ia l  dispensing of  a  schedule I I  control led substance.  The par t ia l  

d ispens ing of  a  schedule I I  prescrip t ion is  al lowed i f  the pharmacis t  is  unable to 

supply the fu l l   
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quant i ty or  the prescrip t ion is  for  a  terminal ly i l l  pat ient or  a  pat ient in a  long-



termcare faci l i ty  (LTCF). Under no other  c i rcumstance may a schedule I I  

prescrip t ion be part ia l ly  d ispensed. 

(a)  Inadequate supply.  In  cases of  an inadequate supply,  the dispens ing 

pharmacis t  must  note on the face of  the prescrip t ion the amount  d ispensed.  The 

remaining balance of the schedule I I  prescr ip t ion must  be dispensed wi th in  72 hours 

of  the f i rst  par t ia l  f i l l ing. I f ,  for  any reason,  the ba lance is  not  d ispensed wi th in  the 

72-hour period,  the pharmacis t  must  not i fy the prescr ibing pract i t ioner  of  th is  fac t.  

The pharmacis t  may not d ispense any fur ther  amounts  pursuant  to  th is  prescr ipt ion 

beyond the 72-hour per iod. 

(b)  Terminal ly i l l  and pat ients in LTCFs.  I t  is  the pharmacis t 's  responsib i l i ty  to 

ensure that  a  pat ient  has a medical  diagnos is  document ing a terminal  i l lness or  that  

the pat ient  is  in  an LTCF. Before any par t ia l  d ispensing,  the pharmacis t  must  record 

on the prescrip t ion whether  the pat ient  is  “ termina l ly i l l ”  or  an “LTCF pat ient . ”  Any 

par t ia l  d ispens ing wi thout  one of these notat ions shal l  be deemed to  be a 

d ispens ing in  v io la t ion of the Act.  The to tal  amount  o f the schedule I I  substance 

d ispensed in  al l  part ia l  f i l l ings must  not  exceed the to ta l  quant i ty prescr ibed.  

Schedule I I  prescr ip t ions for  a  terminal ly i l l  pat ient  or a  pat ient  in  an LTCF are va l id  

up to  60 days f rom the date of  issuance of  the prescr ipt ion by the pract i t ioner .  Al l  o f  

the fo l lowing in formation must  be recorded,  e i ther  manual ly on the back of  the 

prescrip t ion or  v ia  computer  (wi th s imi lar  capabi l i t ies  requi red for  computer ized 

ref i l l  record keeping),  when par t ia l ly  d ispens ing a schedule I I  prescr ip t ion for  a 

terminal ly i l l  pat ient  or  a pat ient  in  an LTCF: 

( i )  Date of the par t ia l  f i l l ing 

( i i )  Quant i ty o f  drug dispensed 

( i i i )  Remaining quant i ty author ized to be d ispensed 

( iv)  Ident i f icat ion of  the d ispens ing pharmacis t 

i .  Transfer of  refi l l  information for a  controlled-substance prescript ion.  Ref i l l  

in format ion concern ing schedules I I I ,  IV, and V control led substances may be 

t ransferred to  another  pharmacy only once ( i f  a l lowed by s tate law).  Pharmacies 

e lec t ron ical ly sharing a rea l t ime,  on-l ine database (such as chain pharmacies)  may 

t ransfer re f i l l  in format ion for  these control led substances up to  the maximum 

number of  re f i l ls  permi t ted by law and the prescriber 's  author izat ion.  The 

communicat ion must  be made di rec t ly between two l icensed pharmacis ts.  Both the 

or iginal  prescrip t ion and the transferred prescr ip t ion must  be maintained for  2  years 

f rom the date of  the las t  re f i l l .  Cer tain  information must be recorded as fol lows: 

(1)  The transferr ing pharmacist  must :  

(a)  W ri te  the word “vo id” on the face of  the or ig ina l  prescrip t ion 

(b)  On the back of  the prescr ipt ion,  record the name,  address, and DEA regis t rat ion 

number of  the pharmacy to  which i t  was t ransferred and the name of  the pharmacis t  

receiv ing the in format ion 

(c)  Record the date of  the t ransfer  and the name of  the t ransferr ing pharmacis t 

(2)  The receiving pharmacist  must :  

(a)  W ri te  the word “ t ransfer”  on the face of  the transferred prescrip t ion 

(b)  Record a l l  of  the in formation requi red for  any contro l led-substance prescrip t ion 

(see I . I .3) ,  and include the fo l lowing: 



( i )  Date of issuance of  the or ig ina l  prescr ip t ion 

( i i )  Or ig ina l  number of ref i l l s  authorized on the orig ina l  prescr ip t ion 

( i i i )  Date the prescr ipt ion was in i t ia l ly  d ispensed 

( iv)  Number of  va l id  re f i l l s  remaining and the date of  the las t re f i l l  

(v)  Pharmacy's  name, address,  DEA regis t rat ion number,  and original  prescrip t ion 

number f rom which the prescr ip t ion in format ion was transferred 

(vi )  Name of  the t ransferr ing pharmacist 

J.  Disposal  of  control led substances to a pat ient  without a prescript ion.  

Control led substances that  are not  prescrip t ion (or  legend) drugs under federal  law 

may be dispensed to a pat ient  a t  re tai l  wi thout  a  prescrip t ion.  These drugs do not  

have on the manufacturer 's  label  the federa l  s ta tement :  “Caut ion:  Federa l  law 

prohib i ts  d ispens ing wi thout  a  prescr ip t ion. ” The substances may be d ispensed 

wi thout  a  prescr ip t ion in  accordance wi th  the fol lowing:  
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1.  The dispensing must be made only by a l icensed pharmacis t .  The actua l  cash 

t ransfer or  del ivery may be made by a nonpharmacis t .  

2.  Not more than 8 oz of any substance conta ining opium, 4 oz of  any other  

contro l led substance,  48 dosage uni ts  o f  any substance conta ining op ium, or  24 

dosage uni ts  of  any other  control led substance may be d ispensed to  the same 

purchaser  in  any 48-hour period. 

3.  The purchaser is  a t least  18 years o ld . 

4.  Any purchaser not  known to  the pharmacis t  must  furn ish sui table ident i f icat ion. 

5.  A bound record book must  be maintained for  2 years  f rom the date of the last  

ent ry.  The fo l lowing information must be recorded for  each purchase: 

a.  Name and address of the purchaser 

b.  Name and quant i ty o f contro l led substance purchased 

c .  Date of  each purchase 

d.  Name or  in i t ia ls  o f  the pharmacis t  who d ispensed the substance to  the purchaser 

6.  A l l  d ispens ing of  a  control led substance wi thout  a  prescr ipt ion must  be done in  

good fai th and not  to  evade the provis ions of  the Act .  

K. Securi ty considerat ions  

1.  Control led-substance seals.  Manufacturers must  package certa in  control led 

substances in a  container  wi th  a  secure ly a ff ixed seal  to  reveal  any tamper ing.  

Every bot t le ,  mul t ip le-dose via l ,  or  o ther  commerc ial  conta iner  o f  any contro l led 

substance l is ted in  schedule I I ,  or  o f  any narcot ic  contro l led substance l is ted in  

schedule I I I  or  IV,  must  be packaged wi th  such a seal .  

2.  Felony convict ions.  No DEA regis t rant  may employ an ind iv idual  who has access 

to  contro l led substances i f  that ind iv idual  had previous ly been convic ted of  a  felony 

of fense rela ted to  control led substances. 

3.  Manufacturer 's label .  Every commercial  container o f  a  contro l led substance 

must  have on i ts  label  the symbol  designat ing the schedule in  which the control led 

substance is  l is ted.  The symbol  must  appear in  the upper-r ight  corner o f  the label  or  

be overpr in ted on the label .  



L.  Record maintenance.  A l l  records requi red to be mainta ined under the Act  must  

be kept  by the reg is t rant for  2  years .  The records may be maintained at  a centra l  

locat ion (e .g. ,  a t  a chain pharmacy's  reg ional  o f f ice)  a f ter  not i fy ing the DEA. 

However,  executed DEA 222 Forms (Copy 3) ,  al l  contro l led-substance prescrip t ions, 

and a l l  inventor ies  must  be maintained at  the pharmacy,  not  centra l ly.  A l l  schedule 

I I  contro l led-substance records must be mainta ined separate ly and readi ly 

re t r ievable f rom a l l  other records. 

M. DEA inspections.  Inspect ions by the DEA of any registered faci l i ty  may be 

conducted only in  a  reasonable manner and during regular  business hours.  

Inspect ion may be conducted after  obta in ing consent  o f  the regis t rant or  af ter  the 

DEA has obtained an administ ra t ive warrant f rom a judge.  An appl icat ion for  an 

adminis t ra t ive warrant  must  s ta te wi th spec i f ic i ty the nature, extent ,  and authori ty to  

conduct  the requested inspect ion.  The scope of  an admin is t rat ive inspect ion 

extends to  any records requi red under the Act ,  equipment  and conta iners used in  

the handl ing of  control led substances, and the ver i f icat ion of  compl iance wi th  any 

requi rement  of  the Act .  I f  records are removed f rom the regist rant  by the DEA, a 

receipt g iven to  the reg ist rant wi l l  l i s t  the i tems taken. 

N. Long-term-care faci l i t ies (LTCFs).  An LTCF is  def ined as a nurs ing home,  

re t i rement  care,  mental  care,  or o ther  fac i l i ty  or ins t i tu t ion that  provides extended 

heal th  care to  res ident  pat ients .  LTCFs are not  normal ly reg is tered wi th  the DEA, 

a l though they of ten mainta in contro l led substances that are dispensed to a pat ient  

by prescrip t ion f rom a pharmacy.  They are not  requi red to  be reg is tered wi th  the 

DEA because the contro l led substance is dispensed to  the ul t imate user  ( the 

pat ient ) and is  not issued by or through the LTCF. W hen d ispos ing of  control led 

substances,  LTCFs must contact  the nearest  DEA Diversion F ie ld  Of f ice for  disposal 

inst ruc t ions. 
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1.  Emergency ki ts  for LTCFs.  An LTCF may mainta in  contro l led substances in  

emergency k i ts  so long as sta te law spec i f ica l ly approves of  such use and the s tate 

sets  for th procedures that  require  the fo l lowing: 

a.  Source of  supply:  The LTCF must obta in  contro l led substances for  the 

emergency k i ts  f rom a DEA-regis tered hospi tal /c l in ic ,  pharmacy,  or  pract i t ioner .  

b.  Securi ty safeguards:  Access to  each emergency ki t  in  the LTCF must be 

rest r icted,  and the type and quant i ty o f  control led substances that may be p laced in  

the emergency k i t  must be spec i f ica l ly l imited. 

c .  Proper control,  accountabi l i ty,  and record keeping:  The LTCF and the 

providing DEA-regis tered hospi tal /c l in ic ,  pharmacy,  or  pract i t ioner must maintain  

complete and accurate records of  the contro l led substances p laced in  the 

emergency k i t ,  inc luding the d ispos i t ion of  these contro l led substances,  as  wel l  as  

take per iod ic  phys ical  inventor ies of the drugs. 

d.  Administrat ion of control led substances.  In emergency medica l  s i tuat ions 

when medicat ion is  needed f rom the emergency ki t ,  on ly LTCF personnel  who are 

author ized by an indiv idual  pract i t ioner can admin ister  the contro l led substances. 



e.  Prohibited act ivi t ies:  Prohib i ted act iv i t ies  can resul t  in the sta te revocat ion,  

denia l ,  or suspens ion of  having emergency ki ts containing contro l led substances in  

an LTCF. 

O. Violat ions under the Act.  Penal t ies for v io la t ions of  the Federa l  Contro l led 

Substances Act  depend on the schedule of contro l led substance invo lved,  the 

un lawfu l  ac t ,  and the knowledge and intent of  the violator.  I t  wi l l  a lso depend on 

whether  i t  is  a  f i rs t  o f fense or  a subsequent  o ffense. 

1.  Civi l  penalty.  General ly,  each viola t ion of  the Act  may subject  an indiv idual  to a  

c iv i l  penal ty ( f ine)  o f  up to  $10,000.  The government  must  prove that  the vio la tor 

was negl igent wi th  respect  to  compl iance under the Act ,  as opposed to  mere 

mis take or  inadver tence. 

2.  Imprisonment.  I f  an ind iv idual  knowingly and in tent ional ly v io lates the Act ,  he or  

she may be sentenced to a term of  years,  in  addit ion to  a  c iv i l  penalty.  

II. FEDERAL FOOD, DRUG, AND COSMETIC ACT (FDCA). 
In  1937,  su l fani lamide e l ixi r  conta ining deadly d ie thylene g lyco l  (automobi le  

ant i f reeze)  was manufactured wi thout  any safety data.  There were numerous deaths 

associated wi th i ts  use,  which prompted the federa l  government  to  pass the 1938 

FDCA. The FDCA requi res that a l l  new drug products  in tended for  use as labeled by 

the manufacturer in the Uni ted States must  be proven to  the federa l  government  to  

be safe and ef fec t ive.  Such proof  is submi t ted to the Food and Drug Admin ist ra t ion 

(FDA) by use of  a  New Drug Appl icat ion (NDA). 

A. Defini t ion.  Under the FDCA, the term “drug”  is  def ined as including a l l  o f  the 

fo l lowing: 

1.  Ar t ic les  recognized in  the of f ic ia l  Uni ted States Pharmacopeia (USP ) ,  o f f ic ia l  

Homeopath ic  Pharmacopoeia of the Uni ted States,  or  o f f ic ia l  Nat ional  Formulary,  or 

any supplement  to these 

2.  Ar t ic les  in tended for  use in  the d iagnosis,  cure,  mi t igat ion,  t reatment ,  or  

prevent ion of d isease in  man or  o ther  an imals 

3.  Ar t ic les  (other than food)  in tended to  af fec t  the s tructure or any funct ion of  the 

body of  man or  other  an imals 

4.  Ar t ic les  in tended for  use as a component  o f any ar t ic le speci f ied in 1 ,  2,  or  3  

above 

B. Legend drugs.  Legend drugs are those medicat ions that  have on the i r label  f rom 

the manufacturer the fol lowing federa l ly requi red s tatement:  “Rx  only. ”  Such 

medicat ions may be d ispensed d i rec t ly to  the pat ient  by means of  a  val id  wr i t ten or 

ora l  prescr ipt ion f rom a pract i t ioner  or  by a va l id re f i l l  authorizat ion of  e i ther .  By 

law,  these medicat ions must  bear  a  label  wi th  adequate d irec t ions for use,  which 

can only be g iven by a l icensed pract i t ioner  and, therefore,  the requi rement  o f a  

prescrip t ion.  A drug,  in tended for use by humans, is  considered a legend drug (and 

have the above caut ion on i ts  label)  i f  any of  the fo l lowing apply: 

1.  Because of the drug 's toxic i ty or o ther  potent ia l  for  a harmfu l  e f fec t,  or  i ts  method 

of  use, or  col la tera l  measures necessary to  i ts use,  i t  is  not safe  for  use except 

under the supervision  o f  a  pract i t ioner l icensed by law to  administer  such drug. 
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2.  The drug is  a  new drug  for  which an approved NDA l imi ts  i ts use to  the 

profess ional  supervis ion of  a  pract i t ioner l icensed by law to  administer  such drug.  A 

new drug is broadly def ined as being one that  general ly is  not  recognized among 

experts  as  safe and ef fec t ive for  use under the condi t ions prescr ibed,  

recommended,  or suggested in  the label ing. I t  is  a lso def ined as be ing a drug that ,  

as  a resul t  o f  invest igat ions to  determine i ts  safety and ef fec t iveness for  use under 

such condi t ions, has become so recognized but  that  has not ,  o ther  than in  the 

invest igat ions,  been used to  a mater ia l  extent  or  for  a materia l  t ime under such 

condi t ions. F ina l ly,  a new drug may resul t  f rom a change in  the dosage form,  

label ing, ind icat ions, or  any other  change in  a drug product that  is  a l ready being 

marketed.  The ul t imate dec is ion of  whether  a  drug is  a  new drug l ies  wi th  the FDA 

because of  i ts  exper t ise in  resolv ing technical  and sc ient i f ic  quest ions. 

a.  NDA.  Every new drug marketed in  the Uni ted States must  be safe and ef fect ive 

for  i ts  in tended use as labeled by the manufacturer .  Proof  o f  safety and 

ef fec t iveness must be submit ted to the FDA by the manufacturer  v ia the NDA. W hen 

a new chemical  ent i ty (NCE) is ident i f ied by a manufacturer ,  the manufacturer  must  

obtain  an Invest igat ional  New Drug Appl icat ion ( IND) before conduct ing prec l in ica l  

an imal  tes ts  and c l in ica l  human invest igat ions. 

b.  IND.  Because an NCE has not  yet  been approved by the FDA as a safe and 

ef fec t ive drug,  a  manufacturer  is  requi red to  f i le an IND wi th  the FDA. The IND 

a l lows a manufacturer  to conduct  research wi th the NCE and exempts  the drug f rom 

cer ta in prohib i t ions of  the FDCA in  order to  fac i l i ta te  c l in ical  invest igat ions;  thus,  

INDs are sometimes referred to  as an Invest igat ional  New Drug Exemption.  

General ly,  c l in ical  invest igat ion of an NCE is  div ided in to  three phases,  wi th  each 

phase invo lv ing a greater  number of human subjects.  

(1)  Phase 1.  A phase 1 invest igat ion is  the ini t ia l  in t roduct ion of an invest igat ional  

new drug in to  humans to determine the metabol ism,  pharmacology,  s ide ef fects,  

mechanism of  act ion,  and early evidence on ef fec t iveness. 

(2)  Phase 2.  A phase 2 invest igat ion includes the wel l -contro l led, c lose ly moni tored 

c l in ical  studies in  order to  evaluate the ef fec t iveness of the drug for  a  par t icular 

indicat ion and to  fur ther  determine s ide ef fec ts  and r isks . 

(3)  Phase 3.  A phase 3 invest igat ion includes expanded c l in ica l  t r ia ls to gather  

addi t ional  in format ion concern ing safety,  ef fec t iveness,  and the overal l  benef i t - r isk  

re lat ionship associated wi th  the drug 's  use.  This phase a lso inc ludes gather ing 

in format ion to  provide an adequate bas is  for  physic ian label ing. 

c .  Treatment INDs (or treatment protocols).  The FDA may al low a treatment  IND, 

which al lows a researcher  (phys ic ian)  to  use an invest igat ional  drug as t reatment  in  

ser ious and l i fe- threatening d iseases where no comparable or  sat isfac tory 

a l ternat ive drug or  o ther  therapy is  avai lab le . 

C. Over-the-counter (OTC )  medicat ions.  Cer tain  medicat ions may be d ispensed 

OTC at  re tai l  d is t r ibutors wi thout  a  prescrip t ion.  The federa l  government  has 

determined that  these medicat ions may be safe ly and properly sel f -adminis tered 

wi thout  the supervis ion of  a  pract i t ioner  l icensed by law to  adminis ter  (or  prescribe) 



such a drug.  Genera l ly,  these medicat ions are not  habi t - forming and have a low 

toxic i ty or  o ther  potent ial  for a  harmful  ef fec t .  These medicat ions do not have the 

federa l  s ta tement  “Rx  only”  on thei r  label  (see I I .B) .  

1.  OTC preparat ions must  have adequate directions  for  use on the i r label ,  and the 

product must comply wi th  the appl icable FDA monograph.  The FDCA requi res al l  

drugs marketed in  the Uni ted States to  be genera l ly  recognized as safe and 

ef fec t ive.  As a resul t ,  i t  convened review panels  to  review OTC drug ef fec t iveness 

and create monographs for  each therapeut ic c lass of  OTC drugs.  This  review is  

re ferred to  as the Drug-Ef f icacy (or  Effec t iveness)  Study Implementat ion (DESI) .  A l l  

OTC drugs must  comply wi th  the appl icable drug monograph or  be considered 

misbranded (see I I . I )  and subject  to FDA regulatory act ion. 

2.  OTC preparat ions must  have the fo l lowing in format ion on i ts label :  

a.  Ident i ty,  in  bo ld face,  o f  the OTC product  on the principa l  d isp lay panel 

b.  Adequate d i rect ions for  use 

c .  Ingredients  ( inc lud ing inert  or  inact ive ingredients) in the product 

d.  Net quant i ty o f contents 

e.  Expi ra t ion date of  the product 

f .  Lot  number of  the product 

g.  Name and p lace of  bus iness of  the manufacturer ,  packer,  or d is t r ibutor 
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h .  Disclosure of cer tain  contents  and the declarat ion of cer tain  warn ings,  includ ing 

habi t - forming ingredients and warn ings, pregnancy/nursing warn ings, and aspi r in  

warn ings 

3.  Prescription drug conversion to  OTC. A legend drug wi l l  conver t  to an OTC 

drug when the FDA f inds that the prescr ip t ion-only l imi tat ion is  not  necessary for  

the protect ion of  the publ ic heal th  by reason of  the drug 's  toxic i ty or  o ther potent ia l  

for  harmfu l  e f fect ,  the method of  i ts  use,  or  the co l la tera l  measures necessary to  i ts  

use.  The FDA must a lso f ind that  the drug is  safe and ef fect ive for  use in  se l f -

medicat ion as d i rected in  proposed label ing. 

4.  Miscel laneous regulat ions for OTCs.  

a.  Ipecac syrup.  A l though ipecac syrup can only be d ispensed pursuant  to  a  

prescrip t ion,  the FDA bel ieves that  i t  should be readi ly avai lable  OTC as an 

emergency t reatment  emet ic  for  use in  poisonings.  The FDA al lows the OTC sale of  

ipecac syrup in  1  f lu id  ounce conta iners  so that i t  wi l l  be readi ly avai lab le in  the 

household for  emergency t reatment  of  po isonings,  under medica l  supervis ion,  and 

that  the drug be appropria te ly packaged and labeled for  th is  purpose. 

b.  Pregnancy-nursing warning.  A l l  OTC drugs in tended for  systemic  absorpt ion 

must  conta in  a warn ing that  i f  the user  is  pregnant  or nurs ing a baby,  she should 

f i rst  seek the advice of  a heal th professional  before us ing the product .  Except ions 

to  this label ing requi rement  exis t  when an OTC is  in tended to  benef i t  the fe tus or  

nursing in fant ,  and for OTC drugs that  are labeled exc lus ive ly for  pediat r ic  use. 

c .  Aspirin warnings.  Al l  OTC aspi r in  contain ing preparat ions must  have a warn ing 

to  keep out  of  ch i ldren 's  reach and to  contact  a  phys ic ian immediate ly in  case of  



acc identa l  overdose.  Ora l  or  rec tal  OTC aspi r in  conta in ing preparat ions must  also 

have a warn ing concerning Reye 's  syndrome in  ch i ldren and teenagers . 

d.  Chemicals and precursors.  I t  was discovered that combinat ion drug products  

conta in ing ephedr ine, pseudoephedrine,  or  phenylpropanolamine are the precursor  

mater ials used by i l legal  methamphetamine laborator ies.  The Comprehens ive 

Methamphetamine Contro l  Act  o f  1996 requi res al l  re tai l  d is t r ibutors of these OTC 

products  to  fu l f i l l  cer ta in ob l igat ions.  A re tai l  d is tr ibutor  inc ludes a grocery s tore,  

genera l  merchandise s tore,  a pharmacy,  or  any other  ent i ty or person who sel ls  

these i tems to  customers for  personal  use.  For  regulated t ransact ions,  a  re tai ler 

must  maintain  a record of  these t ransact ions for  a  period of 2  years,  must obta in 

proof o f ident i ty f rom customers,  and must report  suspic ious regulated sales 

immediate ly to  the DEA. The record must  be mainta ined separately f rom other  

records of contro l led substances, and the DEA suggests  that  the record be made in 

a  bound log book s imi lar to  the record kept  for  the sa le of  OTC contro l led 

substances (see IJ ) .  The fo l lowing s ingle  t ransact ions of  these products  in the 

amounts  s tated are considered to  be “ regulated transact ions. ” 

(1)  Phenylpropanolamine (PPA).  PPA is  no longer in  any OTC drug product .  

(2)  Pseudoephedrine.  Sa les of  combinat ion products  conta in ing more than 24 g of  

pseudoephedrine.  Bl ister-pack sales of these products  exceeding 24 g are not  

regulated sales. 

(3)  Ephedrine.  Sa les of  combinat ion products  conta in ing more than 24 g of  

ephedr ine and al l  s ingle-ent i ty ephedr ine products  regard less of  the amount  o f  

ephedr ine (more than zero grams). 

D. Generic drugs  

1.  Defini t ion.  The generic  name  o f  a drug has been def ined as i ts  chemical  name,  a  

common name, or  an of f ic ial  name used in  an of f ic ia l  compendium. A manufacturer  

seek ing approval  f rom the FDA for  a drug that has al ready been proven to be safe 

and ef fec t ive may f i le an Abbrevia ted New Drug Appl icat ion (ANDA). 

2.  ANDA.  A f i l ing of an ANDA al lows the approval o f  a drug for  which exhaust ive 

safety and ef f icacy s tudies have al ready been per formed. A drug is cons idered to be 

the same as an approved drug when the two are ident ical  in  ac t ive ingredient(s) ,  

dosage form,  s t rength, route of  admin is t rat ion,  ind icat ions,  and condi t ions of  use.  

Rigorous animal and human data to  determine safety and ef fec t iveness are not  

requi red in  the ANDA. However,  in format ion showing that  the gener ic  vers ion of  the 

drug is b ioavai lab le  and b ioequiva lent  to  the p ioneer (or igina l )  drug is  necessary.  

Such approved drugs are l is ted by the FDA in  the “Approved Drug Products wi th  

Therapeut ic  Equivalence Evaluat ions, ”  commonly re ferred to  as the FDA Orange 

Book (because i t  comes f rom the FDA in  an orange binder) .  
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E. Proprietary drugs.  The proprie tary name  o f  a drug is  the name given by the 

manufacturer  to  des ignate the drug 's source of  manufacture and to  di f ferent iate  i t  

f rom the same or chemical ly s imi lar  drugs from other  manufacturers .  Another  name 

for  the propr ietary name of  a  drug is  i ts t rade name. 



F.  Establ ished names for drugs.  The FDCA author izes the Commissioner  o f the 

FDA to des ignate an of f ic ial  name for  any drug i f  he determines that such act ion is  

necessary or  desi rable in  the in terest  o f usefu lness and s impl ic i ty.  The FDCA a lso 

requi res that  a  drug 's  estab l ished name appear on the label  and label ing of  the 

drug. A drug 's  establ ished name  is  def ined as fol lows:  

1.  I t  may be an off icial name  des ignated by the Commiss ioner  of  Food and Drugs.  

For  NCEs,  the name should be s imple and usefu l .  In  th is  regard,  the FDA 

recognizes the U.S.  Adopted Names Counci l  (USAN) in  deriv ing names for  NCEs.  

The USAN name is cons idered to be an of f ic ial  name recognized in  an off ic ia l  

compendium. The FDA may use another  name i f  the USAN or  common or usual  

name is  unduly complex,  mis leading,  or is  not  usefu l  for any other  reason.  

2.  I f  no of f ic ial  name has been designated for  the drug and the drug is  an ar t ic le  

recognized in  an of f ic ia l  compendium, then the off ic ial  t i t le  conta ined in  the 

compendium may be the estab l ished name. 

3.  I f  nei ther  of  the above two apply,  then the common  or  usual name  o f  the drug 

may be i ts  es tabl ished name. 

G. Dispensing a prescript ion drug.  A prescr ip t ion drug may be d ispensed only by 

a pract i t ioner  or by a pharmacis t pursuant to  a  wr i t ten or ora l  prescrip t ion of  a 

pract i t ioner ,  or  a  re f i l l  of  e i ther .  The prescr ip t ion label  on the container  dispensed to  

the pat ient  must  conta in  cer ta in information,  or  i t  wi l l  be considered misbranded and 

d ispensed in  v iola t ion of the FDCA. This  in formation is min imal  under the FDCA and 

is  usual ly supplemented by s tate laws,  which requi re more in format ion. So long as 

th is  in format ion is  in  Engl ish,  the d ispens ing pharmacis t  wi l l  be in  compl iance wi th  

the FDCA. I f  any of  the requi red information is  in  another  language,  then a l l  o f  the 

requi red in formation must  be in that  language.  The prescr ip t ion must  a lso be 

packaged in a  chi ld- res istant  container  as  requi red under the Poison Prevent ion 

Packaging Act  (see I I I ) .  The fo l lowing in formation must appear on every prescrip t ion 

label :  

1.  Name and address of the pharmacy 

2.  Serial  number of  the prescr ip t ion 

3.  Date the prescrip t ion is  f i l led or  the date of the prescrip t ion 

4.  Name of  the prescr iber  

5.  Name of  the pat ient  ( i f  s ta ted in  the prescrip t ion) 

6.  Di rec t ions for  use and any caut ionary sta tements  contained in  the prescr ipt ion 

H. Drug recal l .  The FDCA a l lows the FDA to in i t ia te  regulatory act ions to ensure 

that  unsafe,  unf i t ,  or  ineffec t ive products  do not  reach the market,  or to  prompt ly 

remove those products  that  do reach the marketp lace. The enforcement  act ions that 

may be in i t ia ted inc lude the re lease of  in format ion to  the genera l  publ ic  and/or 

profess ional  groups;  administ ra t ive act ions and inspect ions;  the ins t i tu t ion of  recal l ;  

or  se izure,  in junct ion,  or c r iminal  prosecut ion. 

1.  Voluntary act ion of  the manufacturer.  After  several  unsuccessfu l  a t tempts  by 

the FDA to receive cour t-ordered recal ls ,  the FDA recognizes that  reca l ls are 

vo luntary act ions of the manufacturers  and d is t r ibutors . As a resul t ,  a  recal l  may be 

undertaken at any t ime,  or  upon request  of  the FDA. I f  the FDA is  unsuccessful  in  

persuading a company to  recal l  a product ,  or  when the FDA determines that  a  recal l  



i s  or  wi l l  be inef fec t ive,  i t  may seek a court  order condemning the product and 

a l lowing the product 's  seizure. 

2.  Drug recal l  c lassif icat ion.  Af ter  the FDA has evaluated the problem(s)  

associated wi th the product  and after  the degree of  health  hazard has been 

determined,  the FDA wi l l  ass ign the recal l  one of  the fo l lowing c lass i f icat ions: 

a.  Class I—a s i tuat ion in which there is  a reasonable probabi l i ty  that the use of  or  

exposure to  a  v iola t ive product  wi l l  cause serious adverse heal th consequences or  

death 
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b.  Class I I—a s i tuat ion in  which use of  or exposure to a  v io lat ive product  may cause 

temporary or  medica l ly revers ib le  adverse health consequences or  where the 

probabi l i ty  o f  serious heal th consequences is  remote 

c .  Class I I I—a s i tuat ion in  which use of  or exposure to a  v io lat ive product  is  not  

l ike ly to  cause adverse heal th  consequences 

3.  Recal l  procedure.  A recal l  s t ra tegy wi l l  be developed that  wi l l  consider the depth 

of  the recal l  (consumer leve l ,  re tai l  level ,  wholesale level ) ,  the need for  publ ic  

warn ings,  and the extent o f  ef fec t iveness checks for  the recal l .  Every recal l ing 

company is responsible  for  not i fy ing each of  i ts  af fected d irec t  accounts by f i rs t-

c lass mai l ,  mai lgram, or te legram. Publ ic  not i f icat ion is made by the FDA via  the 

week ly FDA Enforcement Report ,  which publ ishes each recal l  accord ing to i ts 

c lass i f icat ion. 

I .  Adulteration and misbranding.  A misbranding or  adul terat ion of  a  drug is  

prohib i ted by the FDCA. Al though the misbranding and adulterat ion provis ions are 

main ly concerned wi th  the manufactur ing of  a  drug,  a  pharmacis t may a lso misbrand 

or  adul terate a drug.  The purpose of  the misbranding and adulterat ion s ta tutes is  to  

protect the publ ic heal th  o f  consumers who are large ly unable to  protect  themselves 

where drugs are involved.  The adul terat ion and misbranding s tatutes are cr iminal  in  

nature and may subject  a  pharmacist  to cr iminal  proceedings in federal  cour t ,  in 

addi t ion to  adminis tra t ive proceedings. 

1.  Adulteration.  In genera l ,  the term adul terat ion  re fers  to  a change or  var ia t ion 

f rom of f ic ial  formulary s tandards or  f rom the manufacturer 's  s tandards.  A drug is 

cons idered adul terated i f  any of the fol lowing condi t ions occur :  

a.  I f  the drug consis ts  in whole or in par t  of  any f i l thy, put r id,  or decomposed 

substance 

b.  I f  the drug has been prepared, packed, or  held under unsani tary condi t ions where 

i t  may have been contaminated wi th f i l th or  rendered in jur ious to heal th 

c .  I f  the drug 's  conta iner is  composed, in whole or  in  par t ,  of  any poisonous or  

de leter ious substance that  may render the contents  injur ious to  health 

d.  I f  the drug contains,  for  purposes of  co lor ing on ly,  a  color addi t ive that  is  unsafe 

wi th in  the meaning of  the FDCA 

e.  I f  the drug is a  new animal  drug,  or  an an imal feed conta ining a new animal  drug,  

that  is  unsafe wi thin  the meaning of  the FDCA 



f .  I f  the drug is  purpor ted to  be a drug that  is  recognized in  an of f ic ia l  compendium, 

and i ts  st rength di f fers  f rom, or  i ts qual i ty or  puri ty fa l ls  be low,  the s tandard set  

for th in the compendium, un less the deviat ion is  p lain ly and speci f ical ly sta ted on 

i ts  label  

g.  I f  the drug is  not a  compound recognized by name in an of f ic ial  compendium; i f  

i ts  s t rength d i f fers  f rom, or  i ts  pur i ty or  qual i ty fa l ls  be low,  that which i t  purpor ts  or 

is  represented to  possess 

h.  I f  the drug has been mixed or  packed wi th  another substance so as to reduce the 

drug 's  qual i ty or s t rength 

i .  I f  the drug has been subst i tu ted,  whol ly or  par t ia l ly ,  wi th  another  substance 

j .  I f  the drug is  an OTC drug and i t  is  not  packaged in  the requi red tamper-resistant 

packaging or  properly labeled in  conformi ty wi th  the tamper-resistant  regulat ions 

(see IV) 

k.  I f  the drug (or  medica l  device)  is an ophthalmic preparat ion of fered or  in tended 

for  ophthalmic  use that  is  not  s ter i le 

2.  Misbranding.  In  genera l ,  the term misbranding  means that a  drug is  so ld  or  

d ispensed wi th  a label  or label ing that  is  in  v io lat ion of  the FDCA. Label  is  def ined 

as be ing a disp lay of  wr i t ten, pr in ted,  or  graphic  mat ter  upon the immediate 

conta iner  o f  any art ic le (or  drug) .  Label ing  is  more broadly def ined to  include the 

label  as  wel l  as  other wr i t ten, pr in ted,  or  graphic  mat ter  upon any ar t ic le  or  any of  

i ts  containers or  wrappers ,  or  accompanying the ar t ic le  (or drug) .  A drug is  

cons idered misbranded i f  any of  the fo l lowing condi t ions occur:  

a.  I f  the label ing is  fa lse or  mis leading in any part icu lar 

b.  I f  the drug is  an imi tat ion of  another drug,  or  i f  i t  is  o f fered for sa le under the 

name of  another  drug 

c .  I f  the drug is composed whol ly or part ly of  insul in  and i t  is  not  proper ly batch 

cer t i f ied under the FDCA 

d.  I f  the drug is  composed whol ly or part ly of  an ant ibio t ic and i t  is  not  proper ly 

batch cer t i f ied under the FDCA 

e.  I f  the drug is d ispensed by a name that  is  recognized in  an off ic ial  compendium 

and i t  is  e i ther not  packaged or  not  labeled in  conformi ty wi th  the of f ic ia l  

compendium 
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f .  I f  the drug is  determined by the federal  government  to be l iable  to  deter iorat ion 

and i t  is  not packaged in a  proper  form and manner,  and the label  fai ls  to  bear  a  

s ta tement o f  proper  precaut ions 

g.  I f  the drug is  d ispensed in  a non-ch i ld- resis tant  conta iner ,  when a chi ld- res is tant  

conta iner  is o therwise requi red (see I I I )  

h .  I f  the manufacturer  fa i ls  to  place on the label  any of  the fo l lowing: 

(1)  Fact that  cer ta in drugs may be habit  forming 

(2)  Name of  each act ive ingredient 

(3)  Name and p lace of  bus iness of  the manufacturer ,  packer ,  or  dist r ibutor  



i .  I f  a  pharmacis t  fa i ls  to p lace on a prescrip t ion conta iner  label  any of  the 

fo l lowing: 

(1)  Name and address of the pharmacy 

(2)  Serial  number of  the prescrip t ion 

(3)  Date of  f i l l ing the prescrip t ion or  the date of  the prescrip t ion 

(4)  Name of  the prescr iber  

(5)  Name of  the pat ient 

(6)  Di rec t ions for  use and any caut ionary s tatements  conta ined in the prescrip t ion 

j .  I f  an oral  contracept ive is  dispensed wi thout  the requi red pat ient  package inser t  

k.  I f  an int rauterine device that must be d ispensed wi th  a pat ient  package insert  is  

d ispensed wi thout  the inser t  

l .  I f  an est rogen product  is  d ispensed wi thout  the requi red pat ient  package inser t  

m.  I f  a  progestogen-conta ining product  is  d ispensed wi thout  the requi red pat ient 

package inser t  

n.  I f  a  legend drug is  d ispensed (or  re f i l led) wi thout  a  prescr ip t ion (or  re f i l l  

author izat ion)  of  a  l icensed pract i t ioner ,  i t  is  deemed to  be misbranded by the 

d ispens ing pharmacis t 

o.  I f  the drug is  an OTC drug and i t  is  not  packaged in  tamper-resis tant packaging 

or  properly labeled in conformi ty wi th  the tamper-res is tant regulat ions (see IV) 

p.  I f  the drug is  an OTC drug and i t  is  not  proper ly labeled in  conformi ty wi th  the 

label ing requi rements  of the FDCA 

q.  I f  the drug (or  medica l  device)  is an ophthalmic preparat ion of fered or  in tended 

for  ophthalmic  use that  is  not  s ter i le 

3.  Violat ions under the Act.  Any misbranding or  adul terat ion of  a drug may subject  

the indiv idual (e .g . ,  a  pharmacis t ) to  impr isonment ,  a f ine, or  both.  A pharmacy and 

pharmacis t  wi l l  be exempt  f rom criminal  sanct ions in  ei ther  of  the fo l lowing cases: 

a.  Certain cases of  good fai th.  When adul terated or  misbranded products  are 

received f rom a manufacturer  or  wholesaler in good fa i th  by the pharmacy,  the 

pharmacy may not be held respons ib le in cer tain  s i tuat ions.  This  exempt ion appl ies  

on ly i f  i t  is  a f i rs t  v io la t ion and, i f  requested,  the pharmacy or pharmacist furnishes 

to  the government  the name and address of  the person f rom whom the drug was 

received and copies of al l  documents  per ta ining to  i ts  de l ivery. 

b.  Receipt of  drug with a signed,  wri t ten guaranty.  A pharmacy and pharmacis t 

wi l l  be exempt  from misbranding and adulterat ion v io lat ions when a s igned,  wr i t ten 

guaranty is  rece ived f rom the wholesaler or  manufac turer .  The guaranty must  

conta in  the name and address of  the person res iding in  the United States from 

whom the drug was received in good fa i th  and a sta tement  that the drug is not  

adul terated or misbranded. 

4.  Seizures.  Any adulterated or  misbranded drug wi l l  be subject  to condemnat ion 

and seizure by the U.S. government  af ter a  hearing in  any d is t r ict  cour t  of  the 

Uni ted States (or  terr i tory)  wi th  proper  jur isdict ion.  A seizure may be done wi thout  a  

hearing i f  the federa l  government  has probable cause to  be l ieve that  the v io la t ion 

would be dangerous to  heal th  or that  the label ing o f  the misbranded ar t ic le  is  

f raudulent  or  would be materia l ly  misleading to  the injury or  damage of  the 

purchaser  or  consumer. 



5.  Investigat ions and inspections  

a.  The U.S.  Secretary of Heal th  and Human Services has the authori ty to conduct  

examinat ions and inspect ions through federal  employees and by off icers  and 

employees of  any sta te,  terr i tory,  or  pol i t ica l  subdiv is ion du ly commissioned by the 

U.S.  Secretary of Heal th and Human Services as an of f icer o f  the U.S.  Department  

o f  Heal th  and Human Services. 

b.  Scope of  investigat ion.  An invest igator  may enter a  pharmacy or o ther  

es tab l ishment where adul terated or  misbranded drugs are held and inspect  a l l  

drugs,  mater ia ls ,  containers , and label ing.  The inspect ion does not extend to  

f inancial  data, sa les  data other   
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than sh ipment  data,  pr ic ing data,  personnel  data, and other  records that  have no 

bearing on adul terat ion and misbranding.  The invest igator  must  present appropr ia te 

credent ials  and a wr i t ten not ice to the owner, operator ,  or  agent  in  charge that he or  

she is  author ized to  conduct  an invest igat ion.  The inspect ion must  be done at  

reasonable t imes, wi th in reasonable l imi ts ,  and in a  reasonable manner. 

6.  Current Good Manufacturing Pract ice (cGMP).  Under the FDCA, a drug is  

cons idered adul terated i f  i t  is  not manufactured “ in  conformi ty wi th  current Good 

Manufactur ing Pract ice. ” FDA regulat ions s ta te wi th  par t icu lar i ty the min imum 

cGMPs for  methods to  be used in,  and the fac i l i t ies  or  contro ls  to  be used for ,  the 

manufacture,  processing,  packing,  or  holding of a drug.  The cGMPs ensure that  a 

drug meets  the requi rements  of the FDCA as to  safety and has the ident i ty and 

s t rength and meets the qual i ty and pur i ty character ist ics that  i t  purpor ts.  

J.  Registration of  producers of  drugs  

1.  Manufacturers  and bus inesses that d is t r ibute a drug manufactured by another  but 

so ld  under the i r  own label  or  t rade name must  reg ister  thei r  es tab l ishment  wi th  the 

FDA. They a lso must submit  a  l is t  o f  every drug (prescrip t ion and OTC) in  

commercia l  d is t r ibut ion,  wi th  updates every June and December. 

2.  Pharmacies proper ly l icensed by s tate law that do not  manufacture or  possess 

drugs for  sa le  other than in  the regular  course of  the pract ice of  pharmacy are not 

requi red to register  wi th the FDA. A pharmacy engaged in  manufactur ing or  

process ing act iv i t ies  that are considered beyond the normal  pract ice of pharmacy 

must  reg is ter  wi th  the FDA and supply a  l is t  of  every drug in  commerc ial  

d ist r ibut ion. 

a.  Scope of  pharmacy pract ice.  A pharmacy or  pharmacis t  may not  manufacture 

drug products.  They may only compound drug preparat ions pursuant  to  a  va l id  

prescrip t ion of  a  pract i t ioner  for  a  par t icular pat ient .  Large-scale manufactur ing of 

drug products by a pharmacy or  pharmacis t  is  outs ide the scope of  pharmacy 

pract ice and requi res proper  regist ra t ion wi th  the FDA and compl iance wi th  cGMPs.  

K. Package inserts.  The federa l  government has determined that  prescript ion 

medicat ion in format ion needs to  be disseminated to  heal th  professionals  and, in the 

case of  cer ta in drugs,  to the pat ient .  

1.  Manufacturer 's insert .  An amendment  to  the FDCA requi red that a l l  

manufacturers  provide “ fu l l  d isclosure”  concern ing prescr ip t ion medicat ion that  they 



market.  Ful l  d isclosure is  accompl ished by means of a  package insert  that  is  

enclosed wi th  every commerc ial  conta iner o f  a  drug product.  The inser t  should 

conta in  essent ial  scient i f ic  in format ion needed for the safe and ef fect ive use of  the 

drug and should be informative and accurate. I t  must  not  be promotional  in  tone,  

fa lse,  or  mis leading. 

2.  Patient package insert .  The FDA has determined that ,  because of  certa in s ide 

ef fec ts  associated wi th the use of  par t icu lar  drug products , pat ient  package inser ts  

must  be dispensed to  the pat ient  a t  the t ime of  dispens ing the medicat ions.  The 

fo l lowing products  must  be dispensed wi th  a pat ient  package insert ,  which is  

suppl ied wi th  the product  f rom the manufacturer:  

a.  Oral  contraceptives.  Hospi tal  inpat ients  or LTCF pat ients may receive the inser t  

before adminis tra t ion of  the f i rs t  ora l  contracept ive and every 30 days thereafter ,  as  

long as the therapy cont inues. 

b.  Intrauterine devices  for  human use in  contracept ion. Every pract i t ioner  

d ispens ing such a device must provide the pat ient  wi th  an in format ive inser t .  

c .  Estrogen and estrogen-containing products.  Hospi ta l  inpat ients  or  LTCF 

pat ients  may receive the inser t  before admin is t rat ion of the f i rs t  es t rogen dose and 

every 30 days thereafter,  as long as the therapy cont inues. 

d.  Progestat ional  drug products.  Hospi ta l  inpat ients  or  LTCF pat ients  may receive 

the inser t  before admin ist ra t ion of  the f i rs t  progestat ional  drug product  and every 30 

days thereaf ter ,  as long as the therapy cont inues.  

e.  Isoproterenol  inhalation products  requi re  the fol lowing warn ing statement  on 

the immediate container label  o f  such a product :  “W arning:  Do not exceed the dose 

prescribed by your phys ic ian.  I f  d i f f icu l ty pers is ts,  contact  your  phys ic ian 

immediate ly. ”  
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f .  Miscel laneous drug products.  Certa in  drug products  were approved by the FDA 

wi th  the provis ion that they must  be d ispensed a long wi th a pat ient  package inser t  

that  inc ludes a par t icular warn ing or  s tatement  o f benef i ts  and r isks  assoc iated wi th  

the use of the drug. For example, isot re t ino in  was approved for  dispens ing wi th  an 

inser t  warning about  ser ious fe ta l  harm when administered to  pregnant  women. 

L.  Medicat ion Guides  

1.  The “Medicat ion Guide”  bi l l  was signed in to  law in  August  1996.  By 2006,  95% of  

pat ients  receiv ing a new prescrip t ion were to  receive wr i t ten information in non-

technical  language and in  a  un i form format .  “Medicat ion Guides”  or  “MedGuides”  

should not  be confused wi th  the pat ient  leaf le ts  generated by most  pharmacy 

computer  software programs.  Pat ient  leaf le ts are typ ica l ly part  o f  the pharmacy 

sof tware package to process prescrip t ions and are wr i t ten and updated by a source 

other than the manufacturer  or  FDA. The language of  Medicat ion Guides is  approved 

by the FDA whi le pat ient leaf lets are not  approved by the FDA. The manufacturers  

must  make Medicat ion Guides avai lable  e lec t ronica l ly to  pharmacies. 

2.  The legis la t ion has created s ign i f icant confusion and controversy wi th in  the 

pharmacy and health  care communi t ies .  Many pharmacis ts  assume that the pat ient 



leaf le t  sat is f ies the MedGuide requi rement ,  but  s ince the language wasn ' t  approved 

by the FDA, the agency (FDA) says the two are not  subst i tu tab le.  I t  is  not c lear  i f  

one manufacturer 's  MedGuide can be given to  the pat ient  when another  

manufacturer 's equivalent  generic product  is d ispensed.  Each manufacturer  is  to  

make the Medicat ion Guides avai lable  to  pharmacies.  I f  a  pharmacy gave the wrong 

manufacturer 's MedGuide for a  gener ic  product,  assuming the manufacturer 's  name 

is  on the document ,  technica l ly th is  could be const rued as a label ing v io la t ion.  

Professional  pharmacy organizat ions and other  interested par t ies ( i .e . ,  

pharmaceut ical  manufacturers)  are work ing wi th the FDA to c lar i fy these 

requi rements. 

M. Prescript ion drug samples  

1.  An amendment  to  the FDCA (Prescr ipt ion Drug Market ing Act) severe ly res t r ic ted 

the d is t r ibut ion of drug samples by manufacturers .  Under the FDCA, no person may 

se l l ,  purchase,  or t rade, or  o ffer  to  sel l ,  purchase,  or  trade any drug sample.  

Samples may only be dist r ibuted upon wr i t ten request  o f a  pract i t ioner .  

Manufacturers  must  mainta in  records of every sample dist r ibut ion for  a  per iod of 

three years .  Pharmacies may not  rece ive samples f rom a manufacturer  except  in  

cer ta in s i tuat ions in  which a pract i t ioner  requests s torage of  his  or  her  samples in 

the pharmacy. 

2.  Importation under the FDCA.  The Prescrip t ion Drug Market ing Act  proh ib i ts  the 

import  o f  prescrip t ion drugs once exported.  Importa t ion is a l lowed af ter not i f icat ion 

and approval o f  the FDA and in cases of  an emergency. 

N. Medical  devices.  An amendment  to  the FDCA in  1976 (Medica l  Device 

Amendments)  requi red a device manufacturer to  provide reasonable assurance of  

the safety and ef fec t iveness of the device.  The amendment requi red the FDA to 

categorize each device on the market  in  1976 in to one of  three c lasses:  Class I ,  

Class I I ,  or  Class I I I ,  depending on each device 's  safety and effec t iveness.  

General ly,  Class I  devices are those that  have a reasonable assurance of  safety 

and ef fec t iveness.  Class I I  devices are those that do not  have the reasonable 

assurance of  safety and ef fec t iveness,  but  there is  suf f ic ient  in format ion about the 

device to  estab l ish spec ia l  contro ls  to  ensure i ts  safety and ef fec t iveness (and may 

be marketed wi th  such controls) .  Class I I I  devices are those for  which in format ion is  

not  suff ic ient  to  provide reasonable assurance of thei r  safety and ef fec t iveness.  

Class I I I  devices may be marketed only i f  they are proven to  be substant ia l ly  

equiva lent  to  a device on the market  before 1976,  by approval  o f  a premarket  

appl icat ion,  or  by rec lass i f icat ion in to  Class I  or  I I .  

1.  Medical device tracking.  Manufacturers  of  medical  devices whose fa i lure would 

be reasonably l ike ly to  have a serious adverse heal th  consequence must  t rack the 

device down the chain of d is t r ibut ion to the pat ient .  Such t rack ing al lows the 

manufacturer  to  take appropria te  act ion wi th  respect  to recal ls ,  defects ,  or  o ther  

re levant  in format ion concerning the device.  Every f inal  dis tr ibutor such as a 

pharmacy,  hospi ta l ,  or  home heal th-care company must  repor t  cer tain  in format ion to  

the manufacturer.  Track ing in format ion must  be maintained by the manufacturer  and 

d ist r ibutor  for  the usefu l  l i fe o f the device and be avai lab le  for  inspect ion by FDA 

personnel.  
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2.  Manufacturer 's reports.  Every device manufacturer  must  report  to the FDA 

in format ion,  when received or made aware of ,  that  reasonably suggests that  one of  

i ts  marketed devices may have caused or  contr ibuted to  a death or ser ious in jury.  

L ikewise, hospi tals  and other medical  service fac i l i t ies must provide repor ts on 

adverse react ions to , or  malfunct ioning of,  medica l  devices. 

3.  Adulteration and misbranding.  Medica l  devices may be adulterated or 

misbranded in  the same way that  drugs are adul terated or  misbranded (see I I . I ) .  

III. POISON PREVENTION PACKAGING ACT (PPPA). 
The PPPA of 1970 requi res that drugs for human use in an oral  dosage form must  

be packaged for the consumer in  specia l  packaging.  Al l  such federal  contro l led 

substances and drugs dispensed pursuant  to  a prescr ipt ion must  be dispensed to  

the consumer in  spec ia l  packaging.  Special  packaging,  referred to  as child-

resistant  containers , is  def ined as a container  that  is  designed to  be s igni f icant ly 

d i f f icu l t  for chi ldren under 5  years of  age to gain access to  wi thin  a  reasonable t ime.  

The container must not  be too di f f icul t  for  normal  adul ts (ones wi th  no over t  physica l  

or  menta l  handicaps)  to  use properly and does not  include packaging that  a l l  such 

ch i ldren cannot  ga in access wi th in  a  reasonable t ime.  The Consumer Products  

Safety Commission is  responsib le  for  in terpret ing,  es tab l ish ing rules  and regulat ions 

for ,  and enforc ing the provis ions of  the PPPA. 

A. Exceptions.  The fol lowing medicat ions are exempt  f rom the spec ial  packaging 

requi rements: 

1.  Subl ingual dosage forms of  n i t roglycerin ;  o ther  dosage forms in tended for  ora l  

adminis t ra t ion, such as n i t rog lycer in  sustained-re lease preparat ions,  must  be 

packaged in ch i ld- res is tant  conta iners 

2.  Subl ingual and chewable forms of  isosorbide din i tra te  in  dosage s t rengths of  10 

mg or  less 

3.  Erythromycin ethylsucc inate granules for  ora l  suspension and ora l  suspens ions in 

packages conta in ing not  more than 8 g of  the equiva lent  of  erythromycin 

4.  Cyc l ica l ly admin is tered oral  contracept ives in  manufacturers '  mnemonic  (memory-

a id) d ispenser packages that rely solely on the act iv i ty o f  one or  more progestogen 

or  es t rogen substances 

5.  Anhydrous cholestyramine in  powder form 

6.  A l l  un i t -dose forms of  potass ium supplements ,  includ ing ind iv idual ly wrapped 

ef fervescent tab lets,  uni t-dose vials o f l iqu id  potassium, and powdered potass ium in  

un i t-dose packages, conta ining not  more than 50 mEq of  potass ium per un i t  dose 

7.  Sodium f luor ide drug preparat ions, inc lud ing l iqu id  and tablet  forms,  conta in ing 

no more than 264 mg of sodium f luoride per  package and conta ining no other  

prescrip t ion medicat ion 

8.  Betamethasone tab lets  packaged in  manufacturers '  d ispenser packages,  

conta in ing no more than 12.6 mg betamethasone 



9.  Pancre l ipase preparat ions in  tab le t ,  capsule,  or  powder form and conta in ing no 

other prescr ip t ion medicat ion 

10.  Prednisone in  tab le t  form,  when dispensed in packages conta in ing no more than 

105 mg of  the drug,  and conta in ing no other  prescr ipt ion medicat ion 

11.  Mebendazole in  tab le t  form in  packages conta ining not  more than 600 mg of  the 

drug and no other  prescrip t ion medicat ion 

12.  Methylpredniso lone in  tab let  form in  packages conta in ing not  more than 84 mg 

of  the drug and no other prescrip t ion medicat ion 

13.  Colest ipol  in  powder form in packages contain ing not  more than 5 g of  the drug 

and no other  prescrip t ion medicat ion 

14.  Erythromycin ethylsuccinate table ts  in  packages contain ing no more than the 

equiva lent  of  16 g erythromycin 
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15.  Conjugated est rogen tablets  USP, when dispensed in  mnemonic  packages 

conta in ing not  more than 32 mg of  the drug and no other  prescrip t ion medicat ion 

16.  Noreth indrone acetate tab lets  USP, when d ispensed in mnemonic packages 

conta in ing not  more than 50 mg of  the drug and no other  prescrip t ion medicat ion 

17.  Medroxyprogesterone acetate table ts 

B. Requests for a  non-chi ld-resistant container.  A prescrib ing pract i t ioner  may 

make a request  in  the prescr ipt ion that the medicat ion be dispensed in  a non-chi ld-

res is tant container .  A pract i t ioner may not ,  however,  make a b lanket  request  that  al l  

prescrip t ions issued by him or  her  be dispensed in  non-ch i ld- resis tant conta iners.  

The purchaser,  or pat ient ,  may a lso make a request  that  the medicat ion be 

d ispensed in  a non-ch i ld- resis tant conta iner .  The request  of  the purchaser ,  or  

pat ient,  does not  (under the PPPA) have to be in wr i t ing.  The purchaser ,  or  pat ient ,  

may make a b lanket request  that  none of  his  or  her  medicat ions be dispensed in  a  

ch i ld- resistant  conta iner .  A d ispens ing pharmacist  may never  make the dec is ion to  

use non-ch i ld- resis tant containers . 

C. Reuse of child-resistant containers.  Reuse of  ch i ld- resis tant conta iners  are 

prohib i ted by regulat ion of  the federa l  Consumer Products  Safety Commiss ion.  

However,  the Commission has indicated that  g lass conta iners  may be reused as 

long as a new safety c losure is  used. 

D. Manufacturer's  packaging.  Packaging f rom the manufacturer  that  is  in tended to 

be dispensed di rec t ly to  the pat ient  must  be in  chi ld- resistant  packaging.  Bulk 

packaging in tended to  be repackaged by the pharmacis t  for  each prescript ion does 

not  have to  be in  spec ia l  packaging f rom the manufacturer .  Uni t  packaging f rom the 

manufacturer  that  wi l l  be d ispensed d i rec t ly to  the consumer,  or  pat ient ,  must  

comply wi th  the ch i ld- resis tant  requi rements  of  the PPPA (unless spec i f ica l ly 

exempted;  see I I I .A).  

E. Exemptions for easy access.  Special  packaging is not  required in cases where 

OTC medicat ion needs to  be readi ly avai lable  to  the e lder ly or  handicapped 

persons.  A manufacturer may supply a s ingle  s ize of  a  drug product  in  non-chi ld-

res is tant packaging,  as  long as i t  a lso suppl ies  the medicat ion in  packages that use 



the specia l  packaging.  Addi t ional ly,  the package must  be conspicuous ly labeled wi th  

the s tatement :  “Th is  package for  households wi thout  young chi ldren.”  For  those 

packages too smal l  for th is s ta tement ,  the sta tement  “Package not  ch i ld-res is tant ” 

may be used. 

F.  Hospitals and insti tut ions.  The spec ia l  packaging requirements  of  the PPPA 

apply to  household substances.  Household substance  is  def ined as “any substance 

which is  customari ly produced or  dist r ibuted for  sa le  for  consumption or use,  or 

customari ly stored,  by ind iv iduals  in  or  about  the household….”  As long as the 

medicat ion is admin is tered by ins t i tu t ional  personnel  and is  not d i rect ly dispensed 

to  the consumer (pat ient) ,  ch i ld- res is tant  containers  are not requi red. 

G. Miscellaneous products requir ing special packaging.  The PPPA requi res that 

cer ta in household substances be d is t r ibuted to  the consumer in special  packaging.  

Examples of  these substances inc lude furn i ture po l ish containing petro leum 

d ist i l la tes,  dra in  pipe cleaners ,  turpent ine,  pa in t  so lvents ,  and l ighter  f lu id .  

IV. ANTI-TAMPERING ACT. 
The U.S.  Congress passed the Ant i -Tampering Act  in  1984 due to  a number of 

deaths that  occurred in  the ear ly 1980s f rom OTC medicat ion capsules contaminated 

wi th  cyanide. 

A. Violat ions.  Unlawfu l  ac ts  invo lv ing a consumer product  can be broken down in to 

one of  the fo l lowing l is ted v io la t ions.  The term consumer product  inc ludes any food, 

drug, device,  or cosmetic ,  as  wel l  as  any ar t ic le ,  product ,  or  commodi ty that  is  

customari ly used by indiv iduals  for  purposes of personal  care or  to  per form services 

ord inari ly  done wi thin  a  household. 

1.  Tampering.  Any ind iv idual  who tampers or  a t tempts  to  tamper wi th  any consumer 

product that  af fec ts  in ters tate or  fore ign commerce,  or i ts  label ing or  conta iner ,  may 

be in  v iola t ion of the sta tute.  A v iola t ion occurs  when the ind iv idual  ac ts  (or  

threatens to  act ) wi th  reckless d isregard for the r isk  that  another  person wi l l  be 

p laced in  danger of  death or  bodi ly in jury.   
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Any indiv idual who tain ts any consumer product  or  causes i ts  label ing or  container  

to  be mater ial ly  fa lse or  mis leading is  in  v iola t ion of  the s ta tute i f  done wi th  in tent  to  

cause ser ious injury to  the business of another .  

2.  False communicat ions.  Knowingly communicat ing fa lse in format ion that  a  

consumer product  has been ta in ted may be a v iola t ion. I f  such tain t ing,  had i t  

occurred,  would create a r isk  of  death or bodi ly in jury to  another  person,  then the 

fa lse communicat ion is  deemed a v iola t ion. 

3.  Conspiracy.  An agreement  between two or more persons to do (or  fur ther)  e i ther  

o f  the above acts  is considered a v iola t ion. 

B.  OTC tamper-resistant packaging.  Cer ta in OTC products  must  be packaged,  by 

FDA regulat ion,  in  tamper-resistant packaging.  Examples include contact  lens 

so lu t ions and other  ophthalmic  so lu t ions.  A tamper-resistant package  is  one 

having one or  more ind icators  or barr iers  to  ent ry that,  i f  breached or miss ing,  can 

reasonably be expected to  provide vis ib le  evidence to  consumers that tampering has 



occurred.  To reduce tamper ing,  the package must  have one  o f  the fol lowing 

character is t ics : 

1.  Be d is t inc t ive by des ign so that the product cannot  be dupl icated by commonly 

avai lab le  mater ials or  processes or 

2.  Use one or  more ind icators  or barr iers  to  ent ry that employ an ident i fy ing 

character is t ic 

C.  OTC tamper-resistant label ing.  The OTC product  must  be labeled wi th  a 

prominent ly p laced s tatement  aler t ing consumers to  the speci f ic  tamper-res is tant  

feature of  the package.  The s tatement  must  be placed so that  i t  wi l l  be unaf fec ted i f  

the tamper-resistant  feature is  breached or  missing. 

D. Medical  devices and cosmetics.  Cer ta in medical  devices and cosmet ics  must  be 

packaged in tamper-res is tant  packaging.  The packaging requi rements  are s imi lar  to 

the requi rements out l ined above for  OTC drug products . 

V. MAILING PRESCRIPTION MEDICATION 
A.  A l l  prescr ipt ion medicat ion,  inc lud ing control led substances and narcot ics  in  

schedules I I -V,  may be mai led f rom a phys ic ian, or  pharmacis t  pursuant  to  a  

prescrip t ion,  to the pat ient .  Flammable substances (e.g. ,  acetone) and alcohol ic  

beverages may not be sent  to  a pat ient  through the U.S. mai l .  

B.  The medicat ion must  be placed in a  p lain outer  container  or be secure ly 

overwrapped in p la in  paper.  There must  be no mark ings of  any k ind on the outside 

wrapper or container  that  would indicate the nature of the contents . 

VI. OMNIBUS BUDGET RECONCILIATION ACT OF 1990 

(OBRA ′90). 
Under the Const i tu t ion of  the United States,  the federa l  government  has no power or 

author i ty to  d i rec t ly regulate the pract ice of  pharmacy.  Such power res ts wi th  each 

s tate.  The federal  government  can,  however,  indi rect ly regulate,  or  a ffec t,  the 

pract ice of  pharmacy by at taching condi t ions of  par t ic ipat ion and reimbursement  for  

federa l ly funded programs. 

A. Medicaid prescript ions.  W ith respect to  prescr ipt ions d ispensed to Medicaid 

pat ients  (pa id in  par t  by the federa l  government a long wi th  the s ta te government) ,  

the federa l  government has at tached cer tain  condi t ions for  reimbursement .  Such 

condi t ions were deemed necessary to  s tem the a lways increasing cost  of  the 

Medica id programs.  I t  was bel ieved that  improved medicat ion compl iance by 

Medica id rec ip ients  would,  in  the long run,  reduce the cost  o f the programs by 

reduc ing subsequent  hospi tal izat ions and other  subsequent u t i l i zat ion of  heal th  

care.  As a resul t ,  pharmacis ts  are requi red to do the fol lowing in the course of  

d ispens ing a Medica id prescr ipt ion: 

1.  Make a reasonable good-fai th e ffor t  to  obta in  and mainta in  a h is tory of the 

pat ient,  including a medicat ion h is tory 
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2.  Conduct  a  review of  every prescr ip t ion for  appropr ia teness and to screen for  

potent ia l  drug therapy problems 

3.  Make an of fer to  counsel each Medicaid recipient  concern ing the drug ( i f  the of fer  

is  accepted,  the counsel ing must  include the drug's  proper admin is t rat ion, common 

adverse or severe s ide ef fects,  techniques for  se l f -moni tor ing,  and proper  s torage) 

B. Manufacturer's  best price.  OBRA ′90 requi res manufacturers that  wish to  

par t ic ipate in  the Medicaid program to of fer  the federa l  government  thei r  best  pr ice 

for  prescr ip t ion drugs.  Best  pr ice  is  def ined as the lowest  pr ice at which any 

purchaser  is purchasing that  drug product.  

VII. HEALTH INSURANCE PORTABILITY AND 

ACCOUNTABILITY ACT OF 1996 (HIPAA). 
HIPAA is  federa l  legis la t ion that  requires  al l  heal th-care providers ,  inc lud ing 

pharmacies, to  protect  pat ient  in format ion f rom unauthorized use and disc losures.  

Th is  is  re ferred to  as the Pr ivacy Rule and was estab l ished as a resul t  o f  the 

government 's  recogni t ion that  indiv idual ly ident i f iable  heal th information is  readi ly 

avai lab le  due to  heal th-care plans, heal th-care c lear inghouses,  th i rd-par ty b i l l ing 

pract ices,  c l in ical  research tr ia ls,  and the t ransmission of  heal th  in format ion in  

e lec t ron ic  form.  Protected heal th  in format ion (PHI)  must be conf ident ia l ly  

maintained by a health-care provider  to  prevent any unauthor ized use or  disc losure.  

Other  covered ent i t ies , such as Organized Heal th Care Arrangements , HMO's and 

insurance plans,  must  a lso fo l low the Pr ivacy Rule. 

A. Defini t ions.  Under the Pr ivacy Rule,  cer ta in  terms have spec i f ic  meanings. 

1.  “Covered enti ty”  means: 

a.  a  heal th  plan (e .g. ,  group heal th insurance,  Medicaid,  Medicare) .  

b.  a  heal th-care c learinghouse (e.g. ,  bi l l ing service companies and companies that  

process heal th information received f rom another  ent i ty) .  

c .  a heal th-care provider who t ransmi ts  any heal th  information in  elec t ron ic  form in  

connect ion wi th  a  t ransact ion covered by HIPAA. “Health  care”  is  def ined as 

includ ing the sale  or  dispens ing of  a drug,  device,  equipment,  or o ther  i tem in  

accordance wi th  a prescr ip t ion. 

2.  “Individual ly identi f iable health information”  is  in format ion created or  received 

by a covered ent i ty that re lates to the past,  present ,  or  fu ture phys ical  or mental  

heal th  or  condi t ion of an indiv idual;  the provis ion of  heal th  care to  an indiv idual ;  or 

any payment for any provis ion of  any heal th  care,  and  that  ident i f ies  the ind iv idual  

or  that  provides a reasonable basis to ident i fy the ind iv idual .  The i tems l is ted be low 

are deemed suf f ic ient  to ident i fy an indiv idual:  

a.  Name 

b.  Address, inc luding a l l  geographic  subdiv is ions smal ler  than a s ta te (e .g. ,  st reet  

address,  c i ty,  county, z ip  code) 

c .  Dates (except year) ,  inc luding b i r th  dates, admission dates,  discharge dates, 

dates of  death 

d.  Te lephone numbers 

e.  Fax numbers 

f .  E-mai l  addresses 



g.  Soc ia l  Secur i ty numbers 

h.  Medica l  record numbers 

i .  Heal th p lan benef ic iary numbers 

j .  Account numbers 

k.  Cer t i f icate/ l icense numbers 

l .  Vehic le ident i f iers and serial  numbers,  includ ing l icense pla te numbers 

m.  Device ident i f iers 

n.  W eb universal  resource locaters  (URLs) 

o.  Internet  protocol  ( IP)  address numbers 

p.  B iometr ic  ident i f iers ,  inc luding f ingerpr in ts and vo ice pr in ts 

q .  Ful l  face photographic images and any comparable  images 

r .  Any other  un ique ident i fy ing number,  charact is t ic ,  or  code,  except  for  codes 

ass igned to re ident i fy in format ion that has been de- ident i f ied 

s .  Names of  any re la t ive, employer,  or household member of the ind iv idual 
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3.  “Protected health information” (PHI)  is  a l l  ind iv idual ly ident i f iable  heal th 

in format ion that is  t ransmi tted or  mainta ined in  any form or  medium, e lect ronical ly 

or  o therwise. 

4.  “Notice of privacy pract ices for protected health information.”  An ind iv idual  

has the r ight to  adequate not ice of  the uses and d isc losures of  PHI  that  may be 

made by the covered ent i ty,  and of  the indiv idual 's  r ights  and the covered ent i ty 's  

legal  dut ies  wi th  respect to  PHI.  General ly,  the not ice must  contain  in formation 

descr ib ing the ind iv idual 's  r ights  under the Privacy Rule and the covered ent i ty 's  

respons ib i l i t ies. 

a.  Header.  Every not ice must  conta in  the fo l lowing s tatement  as  a header or  be 

otherwise prominent ly d isp layed: “THIS NOTICE DESCRIBES HOW  MEDICAL 

INFORMATION ABOUT YOU MAY BE USED AND DISCLOSED AND HOW YOU CAN 

GET ACCESS TO THIS INFORMATION. PLEASE REVIEW  IT CAREFULLY.”  

b.  Individual 's  rights.  An ind iv idual  has the r ight to  request  res t r ic t ions on cer tain  

uses and d isclosures of  PHI ,  the r ight to receive conf ident ial  communicat ions of  PHI  

by a l ternat ive means or a t  al ternat ive locat ions,  the r ight to inspect  and copy h is  

PHI ,  the r ight to amend h is PHI ,  the r ight  to  receive an account ing of disclosures of  

PHI ,  and the r ight  to  obta in  a paper copy of  the not ice f rom the covered ent i ty.  

c .  Covered enti ty's  responsibi l it ies.  The not ice must inc lude a s ta tement  that the 

covered ent i ty is requi red by law to  mainta in  the pr ivacy of  PHI,  a  s ta tement  o f  i ts  

legal  dut ies  and pr ivacy pract ices wi th  respect  to PHI ,  a s ta tement  that i t  must  

ab ide by the not ice current ly in  ef fec t ,  and a s ta tement  that i t  reserves the r ight  to  

change the terms of  i ts  not ice and how i t  wi l l  provide ind iv iduals  wi th a  revised 

not ice. 

d.  Miscel laneous contents of notice.  The not ice must conta in a s tatement  that 

indiv iduals  may complain  to  the covered ent i ty and to  the U.S.  Department  o f Heal th 

and Human Services i f  they bel ieve the i r  pr ivacy r ights have been vio lated.  The 



not ice must s ta te a date on which i t  becomes ef fec t ive. The ef fec t ive date must  be 

no la ter than the date of  the f i rs t  service de l ivery. 

e.  Posting of  notice.  A pharmacy must post  the not ice in a  c lear  and prominent 

locat ion where i t  is  reasonable to  expect  indiv idua ls  to  be able to  read the not ice. 

f .  Wri t ten acknowledgment of notice.  Every covered ent i ty must  obtain  a wr i t ten 

acknowledgment o f  rece ipt  o f the not ice by the ind iv idual.  I f  one is  not  obta ined,  the 

covered ent i ty must  document  i ts good-fa i th  e f for ts  to  obtain  the acknowledgment  

and the reason why i t  was not  obtained. 

g.  Exceptions for inmates.  A person incarcerated in or  o therwise conf ined to  a 

correct ional  ins t i tu t ion does not  have a r ight  to  not ice under the Privacy Rule, and 

the not ice requirements  do not  apply to  a  correct ional  ins t i tu t ion that  is  a  covered 

ent i ty.  

5.  “Authorization”  for  a covered ent i ty to use or d isclose PHI:  a  pat ient  must  give 

wr i t ten author izat ion before a covered ent i ty,  inc lud ing pharmacies and pharmacists ,  

may use or  disc lose PHI. No patient consent or authorization  is  necessary when 

PHI use and d isclosure is  for  treatment,  payment,  or health-care operations.  Th is 

a l lows a health-care provider  to  consul t  wi th  o ther  covered ent i t ies  ( i .e . ,  o ther 

heal th-care providers) to provide proper  pat ient care wi thout  be ing unduly h indered 

by the Pr ivacy Rule.  For  uses and d isclosures that  requi re  an author izat ion,  the 

written authorization  must  be wr i t ten in  p la in language, and a signed copy must  

be provided to  the indiv idual .  The s igned author izat ion must be mainta ined by the 

covered ent i ty for  6 years  f rom the date of  i ts  c reat ion or the date when i t  was las t  

in  ef fec t ,  whichever  is  later .  The wr i t ten authorizat ion must  at  least  contain  the 

fo l lowing core elements  and s tatements: 

a.  A descrip t ion of  the informat ion to  be used or  d isc losed that  ident i f ies  the 

in format ion in  a  spec i f ic  and meaningfu l  fash ion. 

b.  The name or o ther  spec i f ic  ident i f icat ion of  the person(s) ,  or  c lass of  persons,  

author ized to make the requested use or d isc losure. 

c .  The name or  other spec i f ic  ident i f icat ion of  the person(s) ,  or  c lass of  persons,  to  

whom the covered ent i ty may make the requested use or  disc losure. 

d.  A descr ip t ion of  each purpose of the requested use or  disc losure. 

e.  An expi ra t ion date or an expi ra t ion event  that  re lates to the ind iv idual  or  the 

purpose of the use or  d isc losure. 

f .  S ignature of  the ind iv idual  and date.  I f  s igned by a personal  representat ive,  i t  

must  also include a descr ip t ion of  such representat ive 's authori ty to act  for  the 

indiv idual .  

g.  The wr i t ten author izat ion must  contain  the fol lowing statements : 

(1)  The indiv idual 's  r ight to  revoke the author izat ion in  wr i t ing a long wi th  the 

except ions to  the r ight  to revoke and a descr ip t ion of  how the ind iv idual  may revoke 

the author izat ion. 
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(2)  The abi l i ty  or  inabi l i ty  to  condi t ion t reatment,  payment ,  enro l lment,  or e l ig ib i l i ty  

for  benef i ts  on the author izat ion,  by s ta t ing e i ther  that  the covered ent i ty cannot 



requi re  authorizat ion,  or  that  i f  the covered ent i ty can require  author izat ion,  the 

consequences to  the ind iv idual  o f h is  or  her  re fusa l  to  s ign the author izat ion. 

(3)  The potent ia l  for  the d isc losed in format ion to  be red isclosed by the rec ipient  and 

no longer be protected by the Privacy Rule. 

6.  “Minimum necessary.”  When us ing or  disc losing PHI or when request ing PHI 

f rom another  covered ent i ty,  a covered ent i ty must  make reasonable ef forts  to  l imi t  

PHI  to  the minimum necessary to  accompl ish the intended purpose of  the use,  

d isc losure, or  request .  The minimum necessary ru le  does not apply to  d isclosures 

or  requests  by a health-care provider  for  t reatment ,  uses or d isc losures made 

pursuant  to  an author izat ion,  and uses or  disc losures that  are requi red by law.  

“Requi red by law” means a mandate in  a  law that  compels an ent i ty to  make a use 

or  disc losure of  PHI . I t  inc ludes a covered ent i ty 's  compl iance wi th  sta te and federal  

laws and regulat ions that  requi re  the product ion of  in format ion;  cour t  orders  and 

court -ordered warrants , subpoenas or summons issued by a cour t ,  a  governmental  

or  t r ibal  inspector genera l ,  or  an adminis t ra t ive body authorized to  requi re  the 

product ion of information and Medicare condi t ions o f par t ic ipat ion wi th  respect  to  

heal th-care providers  par t ic ipat ing in  the program. 

7.  “Business associates.”  A bus iness associate of  a covered ent i ty is  a  person or  

business that  per forms a funct ion or  ac t iv i ty on behal f  of  the covered ent i ty,  such as 

c laims processing,  bi l l ing,  u t i l i zat ion review,  qual i ty assurance,  etc. ,  and  that  

requi res  the use or  d isclosure of  ind iv idual ly ident i f iable  heal th  in format ion.  A 

business associate would a lso inc lude persons who provide services to  the covered 

ent i ty,  and  the service invo lves d isclosure of  ind iv idual ly ident i f iable  health  

in format ion,  such as legal ,  ac tuarial ,  account ing, consul t ing,  data aggregat ion,  

management ,  admin is t rat ive,  accredi ta t ion,  or  f inancial  services.  Excluded  f rom the 

def in i t ion of bus iness assoc iates are members of the workforce of  the covered 

ent i ty,  and funct ions or services that do not  require  disc losure of  indiv idual ly 

ident i f iab le heal th  in format ion. 

a.  Business associate contracts.  Every bus iness assoc iate must enter  in to  an 

agreement  wi th the covered ent i ty to  ensure compl iance wi th  the Pr ivacy Rule. 

General ly,  the agreement  must establ ish the requi red uses and disc losures of PHI  

by the bus iness assoc iate and requi re  the re turn or  dest ruct ion of  PHI  a t  terminat ion 

of  the contract .  

B. Addit ional  responsibi l i t ies of  covered enti t ies.  Every covered ent i ty must  

c reate po l ic ies  and procedures for  compl iance wi th  the Privacy Rule, must  des ignate 

a pr ivacy off ic ia l  respons ible  for  c reat ing such po l ic ies  and procedures,  must  

designate a contact  person or o ff ice that is  respons ib le  for receiv ing complain ts  and 

that  is able  to  provide fur ther  in formation about mat ters  covered by the not ice,  and 

must  t ra in  al l  members of  i ts  work force wi th  respect  to  the Pr ivacy Rule.  Every 

designat ion must be mainta ined by the covered ent i ty for  6 years  f rom the date i t  

last  was in  ef fec t .  Last ly,  every covered ent i ty must  have and apply appropr ia te  

sanct ions against  members of  i ts  work force who fa i l  to comply wi th  the Privacy 

Rule. 

C. State law privacy rules.  The federal  Privacy Rule is intended as the minimum 

requi rement  for  pr ivacy standards.  I f  a s ta te law is  more s t r ingent ,  then a covered 



ent i ty must fol low that  s ta te 's pr ivacy standards. I f  a  s ta te pr ivacy law is  not  as  

s t r ingent ,  the federa l  Privacy Rule preempts  any contrary s ta te law and a covered 

ent i ty must abide by the federa l  Pr ivacy Rule. 

D. Penalt ies for violat ion of  the Privacy Rule.  Any person who vio la tes the 

Pr ivacy Rule may not  be f ined more than $100 for  each vio lat ion up to  a to ta l  o f  

$25,000 per  ca lendar year  for a l l  v iolat ions of  an ident ical  requi rement .  Addi t ional  

penal t ies  may be imposed for the fol lowing wrongful  disclosure  of  ind iv idual ly 

ident i f iab le heal th  in format ion: 

1.  W rongfu l  obta inment or  disc losure of  PHI : f ined not  more than $50,000,  

imprisoned not  more than 1 year ,  or  both. 

2.  W rongfu l  obta inment or  disc losure of  PHI  under false pretenses:  f ined not  more 

than $100,000,  imprisoned not  more than 5 years ,  or  both. 

3.  W rongfu l  obta inment or  disc losure of  PHI  committed wi th intent  to  se l l ,  t ransfer ,  

or  use same for  commerc ial  advantage,  personal ga in ,  or  mal ic ious harm: f ined not  

more than $250,000, impr isoned not  more than 10 years ,  or  both. 
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VIII. NARCOTIC TREATMENT PROGRAMS. 
Methadone use is  current ly a l lowed as par t  o f  a  to ta l  t reatment  program for  narcot ic  

addic t ion.  Regulat ions concerning methadone treatment  programs have been join t ly 

es tab l ished by the DEA and FDA. Narcot ic -dependent  indiv iduals  are those who 

phys io log ical ly need hero in  or  a morphine- l ike drug to  prevent  the onset  o f  s igns of  

wi thdrawal .  

A. Defini t ion.  A narcot ic t reatment  program is  an organizat ion that  adminis ters  or  

d ispenses a narcot ic  drug to  a narcot ic  addict  for maintenance or detoxi f icat ion 

t reatment ,  and provides, when appropr iate  or  necessary,  a comprehens ive range of  

medica l  and rehabi l i ta t ive services. The program must  be: 

1.  Approved by the FDA 

2.  Approved by the appropr ia te  s ta te agency,  usual ly the s ta te 's  Department  o f  

Publ ic  Heal th  or  equiva lent 

3.  Regis tered under the Federa l  Contro l led Substances Act wi th  the DEA to use a 

narcot ic  drug for the t reatment  of  narcot ic  addict ion 

B. Detoxif icat ion treatment  is  def ined as d ispens ing of  narcot ic  drugs in  

decreas ing doses to an ind iv idual  to  al levia te adverse phys iolog ica l  or  psychologica l  

e f fec ts  incident  to  wi thdrawal  o f  narcot ic  drug use.  Detoxi f icat ion is  for  a  per iod not  

in  excess of  180 days. 

C. Maintenance treatment  is  the dispensing of  a  narcot ic  drug,  at  rela t ively s tab le 

dosage levels,  in  the t reatment  o f  an indiv idual for  dependence on hero in or  other 

morphine- l ike drug. 

D. Requirements to admit  pat ients into a program.  In  genera l ,  for  a  pat ient  to  be 

admi t ted in to  a comprehensive maintenance program, the fol lowing requi rements  

must  be met :  



1.  A program phys ic ian must  determine that  the person is current ly phys io log ica l ly 

dependent  on a narcot ic  drug and became phys iolog ical ly dependent  a t  least  1  year 

before admiss ion to  the program. 

2.  The pat ient must  have vo luntar i ly  chosen to  par t ic ipate in  the program and must  

s ign a “Consent  to  Methadone Treatment”  (provided by the FDA) af ter  being c learly 

and adequately in formed about  the use of  methadone. 

E. Take-home methadone.  Take-home methadone may be given only to  pat ients  

who,  in  the c l in ica l  judgment  o f the program phys ic ian,  are respons ib le  in  handl ing 

narcot ic  drugs. The pat ient  must  come to  the c l in ic  for  observat ion da i ly or a t  least  

6  days a week.  Over t ime,  the program phys ic ian may reduce c l in ica l  observat ions 

to  once week ly.  Methadone for  take-home use must  be dispensed s imi lar ly to  the 

d ispens ing of  any schedule I I  control led substance and inc lude the t reatment  

center 's name,  address,  and te lephone number on i ts  label .  
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STUDY QUESTIONS 
Direct ions:  Each of  the numbered i tems or  incomplete s ta tements  in  this  sect ion is  

fo l lowed by answers or  by complet ions of the sta tement .  Select the one  let tered 

answer or complet ion that  is  best  in  each case. 

1.  Al l  of  the fol lowing prescript ion medicat ions may be del ivered by mai l  to the 

pat ient  via the U.S.  Postal  Service EXCEPT 

(A)  procainamide 

(B)  ampic i l l in 

(C)  hydromorphone 

(D) d iazepam 

(E) a l l  of  the above may be del ivered by mai l  

V iew Answer1.  The answer is  E[] .2.  Which of  the following narcotic drugs 

has been approved by the FDA for use in the treatment of  narcotic addict ion? 

(A)  Morphine 

(B)  Codeine 

(C) Methadone 

(D) Hydrocodone 

(E)  None of the above 

View Answer2.  The answer is  C[] .3.  For the U.S.  government to place a 

drug into schedule I I I ,  which of  the following findings must be made 

concerning the drug? 

(A)  The drug or  other substance has a h igh potent ia l  for  abuse. 

(B)  Abuse of  the drug or  o ther substance may lead to  l imited physica l  dependence 

or  psycholog ical  dependence rela t ive to  the drugs or o ther  substances in  schedule 

IV. 

(C)  The drug or  o ther  substance has no current ly accepted medical  use in t reatment  

in  the Uni ted States. 



(D)  Abuse of  the drug or o ther substance may lead to  moderate or  low phys ica l  

dependence or  high psycholog ical  dependence. 

(E)  There is  a  lack of  accepted safety for  use of the drug or  o ther  substance under 

medica l  supervis ion. 

View Answer3.  The answer is  D[] .4.  Under the Federal  Control led 

Substances Act,  al l  of the following i tems must appear on a control led-

substance prescript ion label  EXCEPT the 

(A)  name, address,  and DEA number of the pharmacy.  

(B)  name of  the pat ient .  

(C)  name of  the prescr ibing pract i t ioner .  

(D)  serial  number ass igned to  the prescrip t ion. 

(E)  date of  the in i t ia l  f i l l ing of  the prescrip t ion. 

View Answer4.  The answer is  A[and] .5.  Under the Federal  Control led 

Substances Act,  al l  of the following enti t ies must register with the DEA 

EXCEPT 

(A)  prescr ibers of control led substances. 

(B)  pharmacists  who d ispense control led substances. 

(C)  d is t r ibutors  of control led substances. 

(D)  importers  of contro l led substances. 

(E)  universi t ies conduct ing inst ruc t ional  ac t iv i t ies  wi th  contro l led substances l is ted 

in  schedules I I -V. 

View Answer5.  The answer is  B[and] .6.  Under the Federal  Control led 

Substances Act,  which of  the fol lowing statements concerning the emergency 

dispensing of  a  schedule I I  control led substance is true? 

(A)  The pract i t ioner  who author izes the oral  prescr ip t ion must,  wi th in  7  days,  del iver 

a  wr i t ten prescr ipt ion to  the d ispensing pharmacis t .  

(B)  The quant i ty prescr ibed and d ispensed must  be l imited to the amount  necessary 

to  adequate ly t reat  the pat ient  during the emergency per iod. 

(C)  I t  is  not reasonably poss ible  for  the pract i t ioner  to provide a wr i t ten prescr ipt ion 

to  be presented to  the person dispensing the control led substance before the 

d ispens ing. 

(D)  No appropr ia te a l ternat ive t reatment  is  avai lab le ,  includ ing admin is t ra t ion of  a  

contro l led substance that  is not  in  schedule I I .  

(E)  Al l  o f  the above s tatements  are t rue. 

View Answer6.  The answer is  E[] .7.  Under the Federal  Control led 

Substances Act,  the crime transfer warning,  “Caution: Federal  law prohibits the 

transfer of  this drug to any person other than the pat ient  for whom it  was 

prescribed,”  must appear on the prescript ion container label  of  a ll  control led 

substances EXCEPT 

(A)  schedule I I  contro l led substances. 

(B)  schedule I I I  control led substances. 

(C)  schedule IV contro l led substances. 

(D)  schedule V control led substances. 

View Answer7.  The answer is  D[] .P.556 



 

 

8.  Which of  the fol lowing statements concerning drug recal l  c lassif icat ion is  

true? 

(A)  A Class I  reca l l  is  a  s i tuat ion in which use of ,  or  exposure to ,  a  v iola t ive product  

is  not  l ikely to  cause adverse heal th  consequences. 

(B)  A Class I  reca l l  is  a  s i tuat ion in which use of ,  or  exposure to ,  a  v iola t ive product  

may cause temporary or  medica l ly reversible  adverse heal th  consequences or in 

which the probabi l i ty  o f  ser ious heal th  consequences is  remote. 

(C)  A Class I  reca l l  is  a s i tuat ion in which there is  a  reasonable probabi l i ty  that  the 

use of ,  or  exposure to,  a v io lat ive product  wi l l  cause ser ious adverse heal th  

consequences or  death. 

(D)  A Class I I  reca l l  is  a  s i tuat ion in which use of ,  or  exposure to ,  a  v iola t ive 

product is  not  l ike ly to  cause adverse health  consequences. 

(E)  A Class I I I  recal l  is  a s i tuat ion in  which there is  a  reasonable probabi l i ty  that the 

use of ,  or  exposure to,  a v io lat ive product  wi l l  cause ser ious adverse heal th  

consequences or  death. 

View Answer8.  The answer is  C[and] .9.  Under the Federal  Food, Drug,  

and Cosmetic Act,  a l l  of  the fol lowing statements are considered a misbranding 

of  a  drug EXCEPT i f 

(A)  the label ing is  fa lse or  misleading in  any par t icular.  

(B)  an oral  contracept ive is  d ispensed wi thout the requi red pat ient package insert .  

(C)  the drug is  an imi tat ion of  another  drug,  or i f  i t  is  o f fered for  sale  under the 

name of  another  drug. 

(D)  the drug cons is ts  in  whole or  in  part  o f  any f i l thy,  put r id ,  or  decomposed 

substance. 

View Answer9.  The answer is  D[] .10. Al l  of  the fol lowing oral  medications 

are exempt from chi ld-resistant packaging EXCEPT 

(A)  anhydrous cholestyramine in  powder form 

(B)  n i t roglycerin  preparat ions in  sustained re lease form 

(C) cycl ica l ly admin is tered ora l  contracept ives in manufacturers '  mnemonic  

(memory-aid)  d ispenser packages that  re ly so le ly upon the act iv i ty o f one or  more 

progestogen or  es t rogen substances 

(D) pancre l ipase preparat ions in  table t,  capsule,  or  powder form that  conta in  no 

other prescr ip t ion medicat ion 

View Answer10. The answer is  B[] .P.557 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  E  [V ] .  

Narcot ics  and contro l led substances in schedules I I -V may be del ivered to the 

pat ient by mai l .  The U.S. Posta l  Service no longer prohibi ts  the mai l ing of narcot ics  

by a phys ic ian or  pharmacis t  (pursuant to  a  prescr ipt ion)  to  the pat ient .  

2.  The answer is  C  [VII I ;  VI I I .A;  I . I .2.c .(2) ] .  



Methadone is  approved by the FDA for  use in  the t reatment  o f narcot ic  addic t ion. 

Only a  proper ly reg is tered narcot ic  t reatment  program may d ispense methadone for  

maintenance or  detoxi f icat ion t reatment .  Pharmacies  that are not  so reg istered may 

only dispense methadone for severe pa in. 

3.  The answer is  D  [ I .A.3 ] .  

To p lace a drug in to  schedule I I I ,  the U.S.  government  must  make the fol lowing 

f indings concerning the drug: (1) i t  has a potent ia l  for  abuse less than the drugs or  

o ther substances in  schedules I  and I I ;  (2)  i t  has a current ly accepted medica l  use 

in  t reatment  in  the Uni ted States;  and (3)  abuse of  the drug may lead to  moderate or  

low phys ical  dependence or  high psycholog ical  dependence. 

4.  The answer is  A  [ I . I .8.c . (1) ,  (2) ,  (3) ,  (4) ,  (5) ,  (6)  and  (7) ] .  

A pharmacy's  DEA number is  not  requi red to  appear on the medicat ion conta iner  

label  d ispensed to  the pat ient .  

5.  The answer is  B  [ I .B.2.a,  b ,  c ,  d ,  e ,  f ,  g ,  h ,  i ,  j  and  k ;  I .B.9.d ] .  

Agents  and employees of  DEA regis t rants ,  such as pharmacis ts ,  are exempt  f rom 

regis ter ing wi th  the DEA. Pharmacies, not  the indiv idual  pharmacis ts,  must regis ter  

wi th  the DEA. 

6.  The answer is  E  [ I . I .4.a ,  b ] .  

Emergency d ispens ing of  an oral  schedule I I  contro l led-substance prescrip t ion must  

be done in st r ic t  compl iance wi th  the law.  Before d ispens ing such a prescrip t ion, the 

pharmacis t  must  make the threshold determinat ion that  ALL three fac tors that  def ine 

an emergency s i tuat ion (see I . I .4 .a)  are present.  I f  any one of  the three fac tors  is  

absent,  the prescrip t ion is  not  for  an emergency si tuat ion,  and a wr i t ten prescr ipt ion 

must  be presented to  the pharmacis t .  

7.  The answer is  D  [ I . I .8.c . (7) ] .  

The federa l  c r ime t ransfer  warn ing label  is  not requi red to  appear on the 

prescrip t ion container  label  o f  schedule V control led substances. 

8.  The answer is  C  [ I I .H.2.a, b  and  c ] .  

A Class I  recal l  is  a  s i tuat ion in  which there is  a  reasonable probabi l i ty  that  the use 

of ,  or  exposure to ,  a  v iola t ive product  wi l l  cause ser ious adverse heal th  

consequences or  death. 

9.  The answer is  D  [ I I . I .1 ,  2 ] .  

The Federal  Food, Drug, and Cosmet ic  Act  s ta tes that a  drug is  cons idered 

adul terated i f  i t  cons is ts in  whole or  in  part  o f  any f i l thy,  put r id ,  or  decomposed 

substance.  The terms “misbranding”  and “adul terat ion”  are of ten re ferred to  in  

l i terature and case law as be ing the same or  s imi lar  v io lat ions under the law.  

However,  the Act  sets  for th  spec i f ic  ins tances of  adul terat ion and spec i f ic  ins tances 

of  misbranding. 

10.  The answer is  B  [ I I I .A.1 ] .  

Only subl ingual dosage forms of  ni t rog lycer in are exempt  f rom chi ld- res is tant  

packaging. 

 



26 
Reviewing and Dispensing Prescription and 
Medication Orders 
Todd A.  Brown 

I. DEFINITIONS 
A. Prescript ions  are orders for medicat ions,  nondrug products ,  and services that 

are wr i t ten by a l icensed pract i t ioner  or  mid level  pract i t ioner  who is  author ized by 

s ta te law to  prescr ibe (see Appendix A) .  Pharmacis ts are increas ing ly be ing given 

prescrib ing pr iv i leges by enactment  of  sta te col laborative drug therapy 

management  (CDTM) leg is la t ion.  Th is  al lows pharmacis ts  to  change the dose of  

exis t ing medicat ions or  order  new medicat ion under estab l ished protocols  or  

gu ide l ines agreed on by the pharmacis t  and physic ian. Pract i t ioners  may prescribe 

on ly medicat ions that  are wi th in the i r  scope of pract ice.  Prescr ip t ions may be 

wr i t ten,  presented oral ly (by te lephone),  or  presented e lect ronica l ly ( i .e . ,  v ia  fax or  

computer  network) to  the pharmacis t .  The requi rements  of  the prescr ipt ion form 

include securi ty features and tamper-res is tant  character is t ics  and vary wi th  sta te 

regulat ions.  The prescr ipt ion serves as a vehic le for  communicat ion f rom the 

prescriber to  the pharmacis t  about  the needs of  the pat ient.  The fo l lowing 

in format ion should be inc luded on a prescrip t ion: 

1.  Patient information,  inc luding ful l  name and address 

2.  Date  on which the prescrip t ion was issued 

3.  Name and dosage form of the product.  The name can be any of the fol lowing: 

a.  Propr ie tary (brand) 

b.  Nonpropr ie tary (generic ) 

c .  Chemical  

4.  Product strength.  The s trength of  the product is  not requi red i f  on ly one s t rength 

is  commercial ly avai lab le  or  i f  the product  conta ins  a combinat ion of  act ive 

ingredients .  I t  is  advisable to  include the s t rength to  reduce the chance of 

mis interpret ing the prescr ip t ion.  I f  the dose is  to  be ca lcula ted by the pharmacis t ,  

then the pharmacis t  can decide the s t rength of the product  d ispensed af ter  

ca lcula t ing the pat ient 's  dose. 

5.  Quanti ty to be dispensed.  Th is should inc lude the amount  and the un i ts  of  

measure (e.g.,  grams,  ounces,  tab le ts).  I f  the amount  is  not spec i f ied,  the di rec t ions 

should spec i fy the dose to  be taken and the durat ion of  therapy so that the 

pharmacis t  can ca lcula te the quant i ty requi red for the pat ient .  

6.  Direct ions for the pharmacist .  Di rec t ions may be required for :  

a.  Preparat ion (e .g. ,  compounding) 

b.  Label ing ( i .e . ,  in format ion to be put on the prescrip t ion label ) 

7.  Direct ions for the pat ient .  These should inc lude expl ic i t  ins t ruct ions on the 

quant i ty,  schedule,  and durat ion for  proper  use. “As Di rected” should be avoided.  I f  

the d i rec t ions vary,  a  min imum and maximum dose can be used. 

8.  Refi l l  information.  I f  re f i l l  in format ion is not  suppl ied,  i t  is  general ly assumed 

that  no re f i l ls  are authorized.  “As needed” (pro re nata [prn] ) re f i l ls  are usual ly 



in terpreted as al lowing for  re f i l l s  for  1  year  unless laws or  regulat ions rest r ict  the 

amount or  t ime per iod in which a prescr ip t ion is va l id .  

9.  Prescriber information.  Th is  should inc lude the name,  of f ice address, s ignature 

of  the prescriber,  the Drug Enforcement  Admin is tra t ion (DEA) number ( for control led 

substances only)  and the National  Provider  Ident i f ier  (NPI)  number. 
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B. Medicat ion orders  are orders  for medicat ions by an indiv idual authorized to  

prescribe and are in tended for  use by pat ients  whi le  in  an ins t i tut ional  set t ing.  They 

may be wr i t ten,  presented oral ly (by te lephone),  or  presented elec t ron ical ly ( i .e. ,  v ia 

fax or  computer  network) to  the pharmacis t.  The medicat ion order  genera l ly inc ludes 

1.  Patient information  (e .g . ,  fu l l  name, ident i f icat ion number) 

2.  Date and t ime  the order  was wr i t ten 

3.  Name of  the product.  The name can be any of the fol lowing: 

a.  Propr ie tary (brand) 

b.  Nonpropr ie tary (generic ) 

c .  Chemical  

4.  Product strength,  dosage,  and route of  administrat ion.  The s t rength of  the 

product is  not  requi red i f  on ly one s trength is commercia l ly ava i lab le or  i f  the 

product conta ins  a combinat ion of ac t ive ingredients . I t  is  advisable to include the 

s t rength to  reduce the chance of  mis in terpret ing the order .  The pharmacis t  may 

decide the s t rength of the product  d ispensed af ter  calcu lat ing the pat ient 's  dose.  

The dosage and route of administ ra t ion should be inc luded to  reduce the chance of 

mis interpret ing the order and to  a l low for  correct  adminis t ra t ion to  the pat ient .  

5.  Prescriber 's  signature.  I f  the order  was taken verbal ly,  the name of  the person 

t ranscribing the order  should be included. 

6.  Direct ions for the pharmacist .  These can be used for :  

a.  Preparat ion (e .g. ,  compounding) 

b.  Label ing ( i .e . ,  in format ion to be put on the label ) 

7.  Instructions for administration,  inc luding quant i ty,  route of  admin is t rat ion,  

schedule,  and durat ion of  use 

II. UNDERSTANDING THE PRESCRIPTION OR 

MEDICATION ORDER AND EVALUATING ITS 

APPROPRIATENESS 
A. Understanding the order.  A complete understanding of a l l  in format ion contained 

in  a prescr ip t ion or  medicat ion order  is  requi red.  Each p iece of  in format ion should 

be appropr ia te and cons is tent  wi th  the remain ing in format ion ( i .e. ,  the ins truc t ions 

for  use should be appropr ia te  for the medicat ion be ing ordered).  The pharmacis t  

should read the ent i re prescr ipt ion or  medicat ion order carefu l ly to  determine the 

prescriber 's  in tent  by in terpret ing the fo l lowing informat ion: 

1.  The name and address of both the pat ient  and the prescr iber 

2.  The pat ient 's  disease or  condi t ion requi r ing t reatment 



3.  The reason the order  is  ind icated,  rela t ive to  the medical  need of the pat ient  

(e .g .,  an ant ibacteria l  for an in fect ion) 

4.  The name of  the product ,  the quant i ty prescribed,  and ins t ruc t ions for  use 

5.  A l l  terminology,  inc luding uni ts o f  measure (apothecary,  metr ic ,  or  Engl ish) and 

Lat in  abbrevia t ions (see Appendix A for  common abbrevia t ions) 

B. Evaluat ing the appropriateness.  Complete informat ion is requi red on the 

prescrip t ion or  medicat ion order  to  provide the necessary in formation to  a l low the 

pharmacis t  to  evaluate the appropr ia teness of  the order .  W hen the order  is  

incomplete, the pharmacis t  must obta in  the required in format ion from ei ther  the 

pat ient or  the prescr iber .  The fol lowing should be considered during an evaluat ion: 

1.  The pat ient 's  disease or  condi t ion requi r ing t reatment 

2.  The pat ient 's  al lergies or  hypersens i t iv i t ies 

3.  The pharmacologica l  or  bio log ical  ac t ion of the prescr ibed product 

4.  The prescribed route of  admin is t ra t ion 

5.  Whether  the prescr ibed product  might resu l t  in a  drug-drug,  drug-d isease,  or  

drug-food in teract ion 
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6.  Whether  the dose, dosage form, and dosage reg imen are safe and l ikely to  meet  

the needs of  the pat ient 

7.  Whether  the pat ient  wi l l  have any di f f icu l t ies  adhering to  the reg imen and the 

potent ia l  impact  on the therapeut ic  outcome desired 

8.  Whether  the to ta l  quant i ty of  medicat ion prescr ibed is  suff ic ient  to  al low proper 

complet ion of  a  course of  therapy 

9.  Whether  a  phys ical  or chemical  incompat ibi l i ty  might  resu l t  ( i .e . ,  i f  the product 

requi res  extemporaneous compounding) 

10.  W hether a  l icensed pract i t ioner ,  ac t ing in the course and scope of  pract ice, 

issued the prescrip t ion in  good fa i th ,  for  a  legi t imate medica l  purpose 

C. Discovering inappropriate prescriptions or medicat ion orders.  Pharmacis ts 

are requi red to review medicat ion prof i les  to ensure the appropria teness of  

prescrip t ions or  medicat ion orders .  Th is  is  commonly ca l led drug ut i l izat ion review 

(DUR).  Pharmacis ts  should not f i l l  or  process prescr ipt ions or  medicat ion orders  

that  they have concerns wi th  or  that  are considered inappropr ia te  but,  rather ,  should 

contact  the prescriber .  The process of  ca l l ing a prescr iber  to  discuss concerns 

ident i f ied dur ing a DUR is  commonly ca l led therapeutic intervention.  

1.  When performing a therapeut ic  in tervent ion,  the fo l lowing in format ion should be 

provided: 

a.  A br ief  descr ip t ion of  the problem 

b.  A re ference source that  documents  the problem 

c.  A descrip t ion of the c l in ical  s ign i f icance of  the problem 

d.  A suggest ion of  a  so lut ion to the problem 

2.  The fo l lowing resolut ions are poss ible  to  solve the problem or  concern: 

a.  The prescrip t ion or  medicat ion order  wi l l  be d ispensed as wr i t ten. 

b.  The prescrip t ion or  medicat ion order  wi l l  not  be d ispensed. 



c.  The prescrip t ion or medicat ion order  wi l l  be a l tered and dispensed. 

3.  Documentat ion of the resul ts  of  a  therapeut ic  in tervent ion are requi red i f  the 

prescrip t ion or  medicat ion order  is  changed. The name of  the prescriber,  date of  

communicat ion,  issues discussed,  and resolut ion should be inc luded in  the 

documentat ion. Th is  in formation should be kept  for  the same t ime per iod as the 

prescrip t ion or  medicat ion order .  

4.  I f  the pharmacis t  fee ls that,  in  his or  her  profess ional  judgment ,  an order  is 

inappropr ia te  and could harm the pat ient,  the pharmacis t should not  process the 

order.  The pharmacis t  may a lso be requi red to explain  the s i tuat ion to  the pat ient .  

I f ,  af ter a  therapeut ic  in tervent ion, the pharmacist  bel ieves the order  is  s t i l l  

inappropr ia te , the gu ide l ines of  the inst i tu t ion and professional  judgment  should be 

fo l lowed. 

III. PROCESSING PRESCRIPTIONS AND MEDICATION 

ORDERS 
requi res  that  the pharmacis t  fo l low appropria te  gu ide l ines.  An envi ronment  that  

l imi ts  dist rac t ions and d isrupt ions during these ac t iv i t ies  wi l l  ass is t  in increasing the 

accuracy of this  process. Automation and the use of  pharmacy technic ians a l low the 

pharmacis t  to  oversee these funct ions but spend less t ime per forming these 

act iv i t ies . The t ime saved a l lows the pharmacis t  greater  t ime for  pat ient- focused 

act iv i t ies , such as counsel ing and pat ient  educat ion. 

A. The fol lowing  in format ion should be recorded on the prescr ipt ion: 

1.  The prescrip t ion number ( for  in i t ia l  f i l l ing) 

2.  The or igina l  date of f i l l ing 

3.  The product  and quant i ty dispensed 

4.  The pharmacis t 's  in i t ia ls 

B. Product select ion.  Generic  subst i tu t ion s tatutes,  as wel l  as  formulary and 

therapeut ic  subst i tu t ion po l ic ies ,  might  provide di rect ion in  product  se lect ion. 

C. Product preparation  for  use by the pat ient.  The fo l lowing might  be necessary for  

preparat ion: 
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1.  Obta ining the proper  amount o f  medicat ion to be dispensed 

2.  Reconst i tut ion ( the addi t ion of  l iqu id  to  make a solu t ion or  suspens ion) 

3.  Extemporaneous compounding (see Chapter  5)  

4.  Assembly of the medicat ion del ivery un i t  

D. Select ion of the proper package or container  is  requi red to  ensure product 

s tab i l i ty ,  to  promote pat ient  compl iance,  and to  comply wi th  legal  requi rements . Th is 

in format ion is  commonly found in  the Uni ted States Pharmacopeia  (USP). 

E. Label ing the prescribed product  

1.  The prescript ion label  typ ical ly conta ins the fo l lowing in format ion: 

a.  Name and address of the pharmacy 

b.  Pat ient 's  name 

c .  Or ig ina l  date of  f i l l ing 



d.  Prescr ipt ion number 

e.  Di rec t ions for  use 

f .  Product 's  brand name or  generic name and manufacturer 

g.  Product  s t rength ( i f  ava i lab le in more than one s trength) 

h .  Quant i ty o f  medicat ion d ispensed 

i .  Prescr iber 's  name 

j .  Expi ra t ion date of the medicat ion 

k.  Pharmacist 's  in i t ia ls 

2.  Unit -dose packages  conta in  one dose or  one uni t  o f  medicat ion.  For  a 

medicat ion order  that  is  d ispensed in  unit-dose packages,  the label  should ident i fy 

the product 's  brand or  generic  name, s trength,  lot  number,  and expi ra t ion date. 

3.  Auxi l iary and cautionary labels.  To ensure proper  medicat ion use,  storage,  and 

compl iance wi th  appl icable s ta tutes,  and to  re inforce information provided during 

counsel ing, auxi l iary and/or  caut ionary labels  shou ld be af f ixed when appropr ia te  

(see Appendix A) .  

4.  For  medicat ion in  schedules I I - IV (see Chapter  25) ,  a  federal  t ransfer  warn ing is  

requi red. 

F.  Record keeping and confidential i ty.  The pharmacis t  is  requi red to  maintain  

prescript ion f i les  and records  in  accordance wi th  standards of  sound pract ice and 

s tatutory requi rements .  The implementat ion of  the Healthcare Insurance 

Portabi l i ty and Accountabi l ity Act  (HIPAA) has put  addi t ional  requi rements  on a l l  

heal th  profess ionals  who have access to  heal th informat ion (see Chapter  25) .  The 

records include a patient  prof i le ,  contain ing pat ient  demographic  in format ion and a 

complete chronolog ical  record of  al l  medicat ion use and services provided in  the 

de l ivery of  pharmaceut ica l  care. 

1.  The pat ient prof i le  should conta in the fo l lowing patient information:  

a.  Pat ient 's name 

b.  Pat ient 's  address (or  room number in  ins t i tu t ional  set t ings) 

c .  Any known a l lergies ,  sensi t iv i t ies ,  or  h is tory of  id iosyncrat ic react ions to  previous 

medicat ions 

d.  B i r th  date ( i .e . ,  to assess the appropr ia teness of  the dose) 

e.  Cl in ical  condi t ion(s) ( to  help assess the appropr iateness of  the medicat ion and to  

prevent drug-disease in teract ions) 

f .  W eight  ( to  assess the appropr ia teness of  the dose) 

g.  Occupat ion ( to  detect  condi t ions assoc iated wi th  a  part icu lar  occupat ion and to  

he lp determine i f  the pat ient wi l l  be ab le to comply wi th  the regimen) 

h.  Nonprescr ipt ion medicat ion use ( to prevent  drug-drug and drug-d isease 

in teract ions,  to  assess medicat ion effec t iveness, and to  detect poss ible  adverse 

ef fec ts) 

2.  In addi t ion,  the pat ient  prof i le  should conta in the fo l lowing in format ion f rom each 

prescrip t ion or  medicat ion order :  

a.  Name of  the medicat ion 

b.  Medicat ion s t rength 

c .  Dosage form 

d.  Quant i ty d ispensed 
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e.  Di rec t ions for  use 

f .  Prescrip t ion number 

g.  Dispensing date 

h.  Number of re f i l l s  author ized and remain ing 

i .  Prescr iber 's  name 

j .  Pharmacis t 's  in i t ia ls 

IV. DISPENSING MEDICATION AND COUNSELING. 
The d ispensing of medicat ion requi res that  the pharmacist  ver i fy that  pat ients  have 

the necessary knowledge and abi l i ty  to  adhere to  the prescr ibed t reatment .  Th is  wi l l  

increase the l ikel ihood of  obta in ing the des i red outcomes. 

A. Counsel ing pat ients.  The pharmacis t should evaluate the pat ient 's 

unders tanding of  each medicat ion and supply addi t ional  in format ion when the 

pat ient 's  in format ion is  incorrect  or insuf f ic ient.  The pharmacis t  might  need to  

advise pat ients  regard ing the proper  dosage, appearance,  and name of the 

medicat ion. In formation about  the route of adminis t ra t ion, ins t ruct ions for use,  

durat ion of use, and the reason the product  was prescribed may a lso be needed. In 

addi t ion,  the fol lowing top ics  might  a lso be appropr iate  dur ing the counsel ing 

session: 

1.  Special  procedures.  As appropr ia te,  the pharmacis t  should advise pat ients  on 

how to take the medicat ion (e.g.,  on an empty s tomach,  wi th  plenty of  water)  and 

inst ruc t  them on foods to avoid whi le  tak ing the medicat ion (e .g. ,  a lcohol ic 

beverages,  da i ry products) .  

2.  Potentia l  adverse effects.  The pharmacis t  should ensure that pat ients are aware 

of  the poss ib le  adverse ef fec ts  associated wi th the medicat ion. Pat ients  should 

unders tand the fo l lowing:  

a.  The frequency o f  an adverse ef fec t .  Th is  wi l l  he lp  pat ients  recognize common 

adverse ef fec ts  and not  be overly concerned wi th those that  are rare. 

b.  The severi ty o f  an adverse ef fec t.  Th is wi l l  help  pat ients  focus on those adverse 

ef fec ts  that  are severe and not  those that  are inconsequential .  

c .  What ac t ion should be taken to  manage  or  minimize  the adverse ef fec t.  Th is  wi l l  

he lp  pat ients  deal wi th  poss ible  adverse ef fec ts  in  the appropr ia te manner.  

3.  Proper storage.  The pharmacis t  should counsel  pat ients  on how to s tore 

medicat ions proper ly to ensure s tab i l i ty  and potency. 

4.  Over-the-counter (OTC )  products.  The pharmacis t  should ins t ruct  pat ients  about  

the use of OTC products that might  or might  not  be appropr ia te when taking a 

prescribed product.  

B. Counsel ing health professionals.  Heal th profess ionals ( i .e . ,  in  an inst i tut ional  

set t ing)  may admin is ter  medicat ions to  pat ients .  In  these cases,  the pharmacis t  

should ensure that the heal th  profess ional  has suf f ic ient knowledge to admin is ter 

the product .  In format ion that  heal th  professionals would need to admin is ter  

medicat ions safely and ef fect ive ly inc lude the fol lowing: 



1.  The choice of  a part icu lar product 

2.  The proper  dosage,  dosage regimen,  and route of  admin is t rat ion 

3.  The cost  of  the prescribed product  and the costs  assoc iated wi th  i ts  use ( i .e . ,  

adminis t ra t ion costs  and costs  of t reat ing possible  adverse ef fects) 

4.  The avai lab i l i ty  o f  commercia l ly made products 

5.  Potent ial  adverse ef fec ts 

6.  Drug in teract ions 

7.  Physica l  incompat ib i l i t ies 

8.  Safe handl ing and disposal  procedures 

9.  Nutr i t ional  in teract ions or requi rements 

10.  Drug in ter ference wi th  laboratory tests 

V. PATIENT MONITORING. 
The provis ion of  pharmaceut ica l  care requi res a pharmaceutical  care plan  (see 

Chapter  20) .  Moni tor ing a pat ient 's need for  medicat ion and the ef fec t  o f  the 

medicat ion  
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on the pat ient  maximizes the ef fect iveness of  the medicat ions be ing taken. 

Undes i red outcomes assoc iated wi th  drug therapy are f requent ly ca l led drug 

therapy problems.  

A. Pharmaceutical  care plan.  To increase the f requency and benef i ts  o f desi red 

outcomes,  a pharmaceutical  care p lan should inc lude the fol lowing: 

1.  Assessment.  A review of  the medica l  condi t ions and symptoms to determine the 

need for medicat ion 

2.  Plan.  A dec is ion of  an appropria te  drug therapy based on the assessment  o f  the 

pat ient 

3.  Monitoring.  A review of  the outcomes of drug therapy ( i .e . ,  goals  and end points)  

to  determine i f  the pat ient  is  obtaining the desi red outcomes 

B. Drug therapy problems  are evidence of less-than-opt imal  drug therapy.  

Detect ion of  drug-re la ted problems requi res an assessment  of  the need for a  change 

in  drug therapy.  Poss ib le problems inc lude 

1.  Unnecessary drug therapy.  The medicat ion cannot  be associated wi th a medica l  

condi t ion or  the presence of  a  condi t ion in  which nondrug therapy is more 

appropr ia te. 

2.  Wrong drug.  The drug is  not  indicated for  the condit ion or is  not  de l iver ing the 

desi red outcomes,  or a  more effect ive drug is  avai lab le . 

3.  Dose too low.  Incorrect  dose,  frequency,  admin ist ra t ion,  or durat ion of  therapy 

resul ts  in  an insuf f ic ient  dose of  drug to  the pat ient .  

4.  Adverse drug react ion.  An a l lergic react ion,  drug in teract ion,  or  an undesi rab le 

ef fec t  occurs  f rom a medicat ion. 

5.  Dose too high.  Incorrect  dose, f requency,  or  durat ion, resul ts in more medicat ion 

than is  required. 



6.  Inappropriate adherence.  The pat ient  is  not  tak ing the opt imal amount  o f  

medicat ion owing to  cost,  admin is t rat ion di f f icu l t ies ,  a l ternat ive heal th  be l ie fs ,  or  a  

lack of  unders tanding of  the need for  the medicat ion. 

7.  Need additional  drug therapy.  Owing to  an undertreated condi t ion, synergism 

wi th  concurrent  drug therapy or  prophylact ic  therapy is  required. 
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STUDY QUESTIONS 
Direct ions:  Each of  the quest ions,  s tatements , or  incomplete sta tements  can be 

correct ly answered or  completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

1.  Medicat ion orders dif fer from prescriptions in which of the fol lowing ways? 

They 

(A)  are intended for ambulatory use. 

(B)  contain  only the gener ic name of the medicat ion. 

(C)  are in tended for ins t i tu t ional  use. 

(D)  may be t ransmi t ted elect ronica l ly.  

(E)  contain  the quant i ty o f  medicat ion to  be dispensed. 

View Answer1.  The answer is  C[see] .2.  I f  a therapeutic intervention is 

necessary,  a l l  of  the fol lowing information should be communicated to the 

prescriber except  

(A)  a  declarat ion that  “a mis take was made.” 

(B)  a  br ief  descr ip t ion of the problem. 

(C)  a  reference source that  documents  the problem. 

(D)  an a l ternat ive or  suggest ion to  resolve the problem. 

(E)  a  descrip t ion of  the c l in ica l  s ign i f icance of  the problem. 

View Answer2.  The answer is  A[see] .3.  The following information should 

be recorded on a prescript ion except  the 

(A)  prescr ipt ion number. 

(B)  date of  f i l l ing. 

(C)  expi ra t ion date. 

(D)  product  and quant i ty d ispensed. 

(E)  pharmacist 's  in i t ia ls.  

View Answer3.  The answer is  C[see] .4.  A prescript ion label usual ly 

contains al l  of  the fol lowing except  the 

(A)  quant i ty dispensed. 

(B)  lot  number. 

(C)  pat ient 's  d iagnosis .  

(D)  expi ra t ion date. 

(E)  prescr iber 's  name. 

View Answer4.  The answer is  C[see] .5.  Auxi l iary and cautionary labels 

should be used for a ll  of  the fol lowing purposes except  to 

(A)  subst i tu te for verbal  consul tat ion. 



(B)  ensure proper  usage.  

(C)  in form of s torage requi rements. 

(D)  comply wi th  regulatory requi rements . 

(E)  warn against  the concomi tant  use of  cer ta in drugs or  foods. 

View Answer5.  The answer is  A[see] .6.  The following i tems are essential  

for a  pat ient  prof i le system except  

(A)  the pat ient 's name. 

(B)  the prescr iber 's Drug Enforcement  Admin is t rat ion (DEA) reg is t ra t ion number. 

(C)  the pat ient 's a l lerg ies . 

(D)  the pat ient 's b i r th  date. 

(E)  ins t ruc t ions for  medicat ion use. 

View Answer6.  The answer is  B[seeand] .7.  The fol lowing are drug therapy 

problems except  

(A)  an adverse ef fect  f rom a medicat ion. 

(B)  symptoms caused by undert reatment .  

(C)  a  drug-drug in teract ion. 

(D)  an undiagnosed condi t ion. 

(E)  an a l lerg ic  react ion to  a  medicat ion. 

View Answer7.  The answer is  D[see] .P.565 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [see  I .B ] .  

Medicat ion orders  are wr i t ten for  the care of inpat ients .  Both medicat ion orders and 

prescrip t ions may conta in  the brand or  gener ic  name of  the drug and may be 

t ransmi t ted e lec t ron ical ly.  Only prescr ipt ions conta in the quant i ty of  medicat ion to  

be dispensed. 

2.  The answer is  A  [see  I I .C.1 ] .  

In format ion provided to  the prescriber during a therapeut ic  in tervent ion should 

include a descr ip t ion of  the problem, re ference source,  descrip t ion of the c l in ical  

s ign i f icance, and an al ternat ive.  In forming the prescr iber  that a  mis take was made 

does not  encourage cooperat ion and resolut ion of  the problem. 

3.  The answer is  C  [see  I I I .A ] .  

The prescrip t ion number,  date of  f i l l ing,  product and quant i ty d ispensed,  and 

pharmacis t 's  in i t ia ls  should be recorded on the prescr ip t ion.  The expi ra t ion date of  

the product  be ing dispensed is  not  requi red. 

4.  The answer is  C  [see  I I I .E.1 ] .  

The quant i ty o f  medicat ion dispensed,  lo t  number,  exp i ra t ion date of  the product,  

and prescriber 's  name are usual ly included on the label .  The pat ient 's  d iagnos is ,  

a l though l is ted in  the pat ient 's  prof i le,  is  not  inc luded on the prescr ipt ion label .  

5.  The answer is  A  [see  I I I .E.3;  IV.A.1 ] .  

Auxi l iary and caut ionary labels  are an adjunct  to,  not  a  rep lacement  for ,  verbal  

consul tat ion.  Appropr ia te  uses for such labels inc lude ensuring proper  use,  storage 



requi rements,  and compl iance wi th s ta tutory requi rements , and warn ing against food 

and drug in teract ions. 

6.  The answer is  B  [see  I I I .F.1  and  2 ] .  

The pat ient 's  name is  requi red to  ident i fy each pat ient .  Of ten,  the address or room 

number is requi red to  ident i fy pat ients wi th  s imi lar  names.  The pat ient 's a l lerg ies,  

b i r th  date, and inst ruc t ions for  use are required to  prevent  drug al lerg ies  and to  

assess the appropr iateness of the prescr ip t ion or  medicat ion order .  

7.  The answer is  D  [see  V.B ] .  

Adverse effects,  undert reated condi t ions, a l lerg ic  react ions, and drug-drug 

in teract ions are al l  drug therapy problems.  An undiagnosed condi t ion may lead to  a 

drug-re la ted problem once d iagnosed;  however,  d iagnos is  is  requi red before the 

need for medicat ion can be assessed. 
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Sterile Products 
John Fanikos 

I. INTRODUCTION. 
The Uni ted States Pharmacopeia and The Nat ional  Formulary (USP) publ ished 

pract ice s tandards for  compounding ster i le preparat ions af ter  case repor ts o f  pat ient 

harm and fa tal i ty.  The procedures and requi rements  out l ined in USP Chapter  797 

are in tended to  prevent pat ient harm resul t ing f rom ingredient  errors and microbial  

contaminat ion. The chapter  includes compounding personnel  respons ib i l i t ies,  

t ra in ing and evaluat ion requi rements , medicat ion preparat ion s ter i l i ty  and accuracy 

ver i f icat ion,  c lass i f icat ion of  microbia l  contaminat ion r isk,  and equipment  and 

envi ronmenta l  qual i ty and contro l .  W hi le these standards apply to  al l  fac i l i t ies  

(hospi ta ls ,  nurs ing homes,  pharmacies) and al l  prac t i t ioners  (physic ians, nurses,  

technic ians) ,  they are especial ly important  for  pharmacis ts  who are most  o f ten 

invo lved wi th  ster i le medicat ion preparat ion.  Since the standards requi re  substant ia l  

investment  in  labor ,  equipment ,  and suppl ies,  regulatory agenc ies (Food and Drug 

Admin is t ra t ion,  Join t Commiss ion on Accredi ta t ion of  Heal th  Care Organizat ions,  

U.S.  sta te boards of  pharmacy)  are expect ing implementat ion by January 2006,  wi th  

evidence of long term compl iance and rout ine moni tor ing thereaf ter .  

II. DEFINITIONS 
A. Steri l i ty,  an absolute term,  means the absence of  l iv ing microorganisms. 

1.  Microbe  is  a  microscopic organisms such as a bacter ia ,  fungus,  protazoa or  v i rus 

2.  Pyrogens  are metabol ic by-products  of  l ive or dead microorganisms that  cause a 

pyret ic  response ( i .e. ,  a  fever)  upon in jec t ion. 

3.  Steri le  products  are pharmaceut ical  dosage forms that  are s ter i le .  This  includes 

products  l ike parentera l  preparat ions, i r r igat ing so lu t ions, and ophthalmic 

preparat ions (see Chapter  29) .  Ster i le  product  compounding requi res c leaner 

faci l i t ies , personnel  t ra ining and tes t ing,  and a sound knowledge of s ter i l izat ion and 

s tab i l i ty  pr inc ip les  and pract ices. 

4.  Aseptic manipulations  refers  to  the techniques and procedures used dur ing 

compounding that  mainta in  the s ter i l i ty  o f  pharmaceut ical  dosage forms. 

5.  Compounded Sterile  Preparations  (CSPs) include; 

a.  Preparat ions,  when prepared accord ing to  manufacturer  inst ruc t ions,  expose a 

s ter i le  agent to potent ial  microb ial  contaminat ion.  

b.  Preparat ions made f rom nonsteri le ingredients  that  must be s ter i le  before pat ient  

adminis t ra t ion. 

c .  Ster i le  or  nonsteri le  bio log ica ls  (vaccines, immune g lobul ins) ,  d iagnost ics , 

medicat ions,  nut r i t ionals,  and rad iopharmaceutica ls that  must  be s ter i le  pr ior  to  

adminis t ra t ion or  use as an i r r igat ion, bath,  implant ,  inhalat ion,  in ject ion,  or  for use 

in  the eye or ear.  

6.  Microbial Contamination Risk Levels  are ass igned according to  the probabi l i ty  

o f  contaminat ing a preparat ion wi th  microbia l  organ isms,  endotoxins,  or wi th  foreign 

chemical  or phys ica l  part icula te mat ter .  



a.  Low Risk Level  CSPs  are compounded by asept ica l ly t ransferr ing a s ing le  s ter i le  

dosage form from a s ter i le  ampule,  v ial ,  bott le,  or  bag us ing s ter i le  needles and 

syr inges to  a f inal  s ter i le container or  device for  pat ient admin is t rat ion. 

b.  Medium Risk Level  CSPs  are compounded by asept ical ly t ransferr ing mult ip le  

s ter i le  dosage forms f rom ster i le ampules,  v ia ls ,  bot t les ,  or  bags us ing s ter i le  

needles and syr inges to  a s ingle  f ina l  s ter i le  conta iner  or device for  adminis t ra t ion 

to  mul t ip le  pat ients or  to one pat ient  on mul t ip le occasions. 

c .  High Risk Level  CSPs  are compounded f rom nonsteri le  ingredients  and 

terminal ly s ter i l ized pr ior to  pat ient admin is t ra t ion or  s ter i le ingredients  that  are 

compounded under in fer ior  ai r  qual i ty condi t ions. 
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d.  Immediate-use CSPs  are compounded in emergency si tuat ions or where 

immediate pat ient adminis t ra t ion is mandated to  avo id or  harm that  may resul t  f rom 

delays in  t reatment .  

7.  Compounded Parenteral  Preparations  are pharmaceutica l  dosage forms that  are 

in jec ted through one or  more layers  of  skin . Because the parentera l  route bypasses 

the protect ive barr iers  o f the body,  parenteral  preparat ions must  be s ter i le.  The pH 

of  a  solu t ion may markedly inf luence the s tabi l i ty  and compat ibi l i ty  o f parentera l  

preparat ions (see V.B).  

B. Design and function of  steri le  compounding areas  

1.  Cleanrooms  are areas spec ia l ly constructed and maintained to  reduce the 

probabi l i ty  o f  envi ronmenta l  contaminat ion of  ster i le products  dur ing the 

manufactur ing process.  Engineering contro ls  to  reduce the potent ial  for  ai rborne 

contaminat ion inc lude a ir f low through high-ef f ic iency par t icula te-ai r  (HEPA) f i l ters ,  

use of  horizonta l  f low c lean benches,  ver t ica l  f low c lean benches,  biologica l  safety 

cabinets,  and barr ier  iso la tors .  Clean room are t rad i t ional ly des igned in  mul t i -

compartments  or  par t i t ioned work areas for asept ic  processing (F igure 27-1) .  

a.  Ante-area  provides a c lean area for  personal  hyg iene and for  donning personal  

protect ive equipment such as hai r  covers,  gloves,  gowns, or  fu l l  c lean room att i re  

(F igure 27-2) .  Suppl ies  are removed f rom shipping car tons and decontaminated wi th  

a d isenfect ing agent.  The area should provide at least  an In ternat ional  Organizat ion 

for  Standardizat ion (ISO) Class 8 or  bet ter work  envi ronment .  

b.  Buffer area  conta ins  the work  sur faces for the s tag ing of  suppl ies and equipment 

used in  CSP preparat ion.  I t  should provide at least  an ISO Class 7 work  

envi ronment .  The buf fer  area should contain  no sinks or  dra ins  and be f ree of  

ob jects  that shed part ic les  (cardboard,  paper,  cot ton, e tc . ) .  Traf f ic  f low in and out  is  

minimized and rest r ic ted to  qual i f ied compounding personnel .  

c .  Primary engineering control  is  the room that  provides the ISO Class 5 

envi ronment  for  CSP preparat ion. 

d.  Direct  compounding area  is  the cr i t ical  area wi th  the pr imary engineer ing 

contro l  where compounding is  per formed and cr i t ica l  s i tes  are exposed to  HEPA 

f i l tered ai r .  



e.  HEPA Fi l ters  are used to  c leanse the ai r  enter ing the room. These f i l ters  remove 

a l l  a i rborne par t ic les  0.3 mm or  larger ,  wi th  an eff ic iency of 99.97%. The reference 

s tandards for HEPA-f i l tered rooms has changed to  a metr ic  based system (Table 27-

1) .  HEPA-f i l tered rooms are c lass i f ied as ISO Class 3 through 8.  An ISO Class 8 

room conta ins  no more than 3,520,000 par t ic les  of  0 .5  µm or larger  per cubic  meter  

o f  ai r .  

 

Figure 27-1. Clean room design. 
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Figure 27-2. Clean room attire. 

f .  Posit ive-pressure airf low  is  used to prevent  contaminated a i r  f rom f lowing in to  

the c lean room. In  order  to  achieve th is ,  the a i r  pressure inside the clean room must 

be greater  than the pressure outside the room, so that  when a door  or  window to the 

c lean room is  opened,  the a ir f low is  outward. 

g.  Counters  in  the c lean room are made of  sta in less steel  or o ther  nonporous,  

easi ly c leaned mater ia l .  



h.  Walls,  f loors,  and cei l ings  do not  have cracks or c revices and have rounded 

corners.  Al l  sur faces should a lso be nonporous and washable to  enable regular  

d is in fect ion.  I f  wal ls  or f loors are painted,  an epoxy paint  is  used. 

i .  Airf low.  As wi th  the HEPA f i l ters  used in  c lean rooms,  the ai r f low moves wi th  a 

un i form ve loc i ty a long para l le l  l ines.  The ve loc i ty  o f  the ai r f low is  27 meters  (90 

feet ) per minute. 

Table 27-1. International Organization of Standardization (ISO) Classification of 
Particulate Matter in Room Air 

Class 
Name  

Particle Count Number of Particles of 0.5 µm or 
larger 

ISO 
Class 

U.S. Federal 
Standard* 

ISO (Particles per 
cubic meter) 

U.S. Federal Standard* 
(Particles per cubic foot) 

3 Class 1 35.2 1 

4 Class 10 352 10 

5 Class 100 3520 100 

6 Class 1000 35,200 1,000 

7 Class 10,000 352,000 10,000 

8 Class 
100,000 

3,520,000 100,000 

* Federal Standard No. 209E, General Services Administration, Washington 
DC, 20407 
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j .  Cri t ical  s i te  is  any opening providing a d i rec t path between a s ter i le  product  and 

the envi ronment or  any sur face coming in  d i rec t contact  wi th the ster i le product  and 

the envi ronment.  Laminar  f low work  benches are used to  provide an adequate 

cr i t ica l  s i te  envi ronment.  USP Chapter  797 requires  s ter i le  preparat ion compounding 

be per formed in  a t  least  a  ISO Class 5 qual i ty a ir  envi ronment.  

2.  Laminar f low work benches (LFWB)  are genera l ly used in  conjunct ion wi th  c lean 

rooms and are spec ial ly designed to  create an asept ic  envi ronment for the 

preparat ion of s ter i le  products . An ISO Class 5 envi ronment  exis ts  inside a cer t i f ied 

hor izontal  or ver t ical  LFWB. 



a.  HEPA f i l ter  requirement.  L ike c lean rooms,  laminar  f low work  benches use 

HEPA f i l ters ,  but  the benches use a h igher-ef f ic iency ai r  f i l ter  than do clean rooms. 

b.  Types of  laminar flow work benches  

(1)  Horizontal  laminar  f low hoods (Figure 27-3) were the f i rs t  hoods used in 

pharmacies for  the preparat ion of  s ter i le  products .  Ai r f low in  hor izonta l  hoods 

moves across the sur face of  the work  area, f lowing f i rst  through a pref i l ter  and then 

through the HEPA f i l ter .  The major  d isadvantage of  the hor izontal  hood is  that  i t  

o f fers  no protect ion to the operator ,  which is espec ia l ly s igni f icant  when 

ant ineoplast ic agents  are being prepared (see VII .D.) .  

(2)  Vert ical  laminar f low hoods (F igure 27-4)  provide two major  advantages  over 

hor izontal  f low hoods. 

(a)  The ai r f low is  vert ical ,  f lowing down on the work  space.  This  ai r f low pat tern 

protects  the operator  against  potent ia l  hazards f rom the products being prepared. 

(b)  A por t ion of  the HEPA-f i l tered ai r  is  reci rcu lated a second t ime through the 

HEPA f i l ter .  The remainder o f the f i l tered a i r  is  removed through an exhaust  f i l ter ,  

which may be vented to  the outs ide to  protect  the operator  f rom chronic ,  

concentrated exposure to  hazardous mater ia ls .  

3.  Biological Safety Cabinets  (BSCs) are ver t ica l  f low hoods wi th  four  major types 

avai lab le .  They are di f ferent ia ted by the amount  o f  ai r  rec ircu lated in the cabinet ,  

whether  th is  ai r  is  vented to  the room or  outs ide, and whether contaminated ducts  

are under posi t ive or  negat ive pressure. 

a.  Type A cabinets  reci rcu la te 70% of  cabinet  ai r  through HEPA f i l ters back in to  the 

cabinet ,  the remainder is d ischarged through a HEPA f i l ter  in to  the c leanroom, 

contaminated ducts  are under posi t ive pressure. 

b.  Type B1 cabinets  reci rculate 30% of  cabinet  ai r  through HEPA f i l ters  back in to  

the cabinet ,  the remainder is  discharged through HEPA f i l ters  to  the outs ide 

envi ronment ,  contaminated ducts  are under negat ive pressure. 

c .  Type B2 cabinets  d ischarged al l  cabinet  a i r  through HEPA f i l ters  to the outs ide 

envi ronment  wi th contaminated ducts  under negat ive pressure. 

 

Figure 27-3. Horizontal laminar flow hood. 
(Photo taken by William Salkin.) 
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Figure 27-4. Vertical laminar flow hood. (Photo 
taken by William Salkin.) 

d.  Type B3 cabinets  reci rculate 70% of  cabinet  ai r  through HEPA f i l ters  back in to  

the cabinet ,  30% is  discharged through HEPA f i l ters  to  the outs ide, and 

contaminated ducts  are under negat ive pressure. 

4.  Compounding aseptic isolator (CAI)  provide a ISO Class 5 envi ronment  for  

product preparat ion, wi th asept ic  manipulat ions occurr ing ins ide a c losed, 

pressurized envi ronment accessible  on ly v ia sealed gloves that  reach in to the work 

area (F igure 27-5) .  Compounding aseptic containment isolators  protect workers 

f rom exposure to  undes i rab le or  hazardous drugs dur ing the compounding and 

mater ial  t ransfer  processes.  Iso lators  use unid irec t ional   
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or  turbulent  ai r f low to  remove contaminants  f rom the uni t .  I t  uses pos i t ive a i r  

pressure to  keep external  a irborne par t ic les  out  of  the isola tor .  Th is  technology 

represents an acceptable a l ternat ive to LFWBs in  a  c lean rooms for  asept ic  

process ing. 

 

Figure 27-5. Barrier isolator. 



3.  Inspection and cert i f icat ion.  Clean rooms, LFW Bs, BSCs,  and barr ier  iso la tors  

are inspected and cert i f ied when they are f i rst  ins tal led,  a t  least  every 6 months 

thereaf ter ,  and,  in  the case of  LFW B, BSCs, and iso la tors , when moved to a new 

locat ion. 

a.  Inspections  should be conducted by National  Sani ta t ion Foundat ion (NSF) 

accredi ted and cert i f ied technic ians wi th  exper t ise  and t ra ining in  contaminat ion 

contro l  technologies.  Equipment  used for  tes t ing has appropr iate  to lerance for the 

spec i f ied tes t ing and is  ca l ibrated to  Nat ional  Ins t i tu te  of  Standards and Technology 

(NIST) t raceable s tandards. 

b.  Testing  is  per formed per  re levant  industry s tandards and at min imum inc ludes: 

(1)  HEPA f i l ter  in tegr i ty tes t ing 

(2)  A i r f low tes t ing: Downf low and inf low where appropria te 

(3)  Part icu la te monitor ing 

(4)  Pressur izat ion moni tor ing (c leanrooms and barr ier isola tors) ensures that  no 

par t ic le  larger  than 0.3 mm passes through the HEPA f i l ter .  In  addi t ion,  an 

anemometer  is  used to  determine ai r f low ve loci ty,  and a part ic le counter  is  used to 

determine the par t ic le  count .  

III. QUALITY CONTROL AND QUALITY ASSURANCE 
A. Defini t ions  

1.  Quali ty control  is  the day- to-day assessment  o f  al l  s ter i le  compounding 

operat ions.  Th is  includes receipt o f  raw mater ials ,  preparat ion,  s torage,  d ist r ibut ion,  

pat ient admin is t rat ion,  and analyt ic tes t ing of  the f in ished product .  

2.  Quali ty assurance,  an overs ight  funct ion, invo lves the audit ing of  qual i ty contro l  

procedures and systems, wi th  suggest ions for  changes as needed. 

B. Testing procedures.  Var ious types of  tes ts  are used to  ensure that  a l l  s ter i le  

products  are f ree of microbia l  contaminat ion,  pyrogens, and par t icula te mat ter.  

1.  Clari ty test ing  is  used to  check s ter i le  products  for  par t iculate matter  and leaks.  

Before dispens ing a parentera l  solu t ion,  pharmacy personnel  should check i t  for  

par t icula tes by swi r l ing the so lu t ion and looking a t  i t  against both l ight  and dark 

backgrounds,  us ing a c lar i ty tes t ing lamp or  o ther s tandard l ight  source. 

2.  Compound Accuracy Checking  is  a  double check of  the used drug products  and 

suppl ies by a person other  than the compounder. Th is  includes an inspect ion of  the 

label  and syr inges used to  measure the addi t ives.  

3.  Beyond Use Dating  represents the date and t ime beyond which a product  should 

not  be administered because of  potency,  s ter i l i ty,  or  s torage concerns. Beyond use 

dat ing should be ass igned in accordance wi th  the manufacturer 's  product label ing. 

4.  End product Testing  is  s ter i l i ty  and pyrogen tes t ing which should be per formed 

on al l  h igh r isk  CSPs that  are prepared in  batches of 25 uni ts  or more, mul t idose 

via ls,  or preparat ions where ingredients  are exposed longer than 6-12 hours  pr ior  to  

s ter i l izat ion. 

a.  Steri l i ty test ing  ensures that  the process used to  s ter i l ize the product was 

successful .  The membrane steri l ization method  is  o f ten used to  conduct s ter i l i ty  

tes t ing.  Test  samples are passed through membrane f i l ters ,  and a nutr ient  medium 



i s  then added to  promote microbial  growth.  After  an incubat ion per iod, microbial  

growth is  determined. 

b.  Pyrogen testing  can be accompl ished by means of  qual i ta t ive fever  response 

tes t ing in  rabbits or  by in  v i t ro l imulus lysate test ing.  Commercial  laborator ies  are 

avai lab le  to  per form these tes ts .  Personnel  handl ing s ter i le products  can at tempt  to  

avoid problems wi th  pyrogens by purchas ing pyrogen- free water  and sodium 

chlor ide for  in ject ion f rom reputable manufacturers  and by using proper  handl ing 

and s torage procedures. 

C. Environmental  Test ing  includes a i r  and sur face sampl ing to  measure 

microbiology condit ions of  the c leanroom and assesses the ef fect iveness of  

c leaning and sani t iz ing procedures. 
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1.  Viable Air  sampling  inc ludes volumetr ic a i r  col lec t ion in  the contro l led 

envi ronment  and evaluat ion of  a i rborne microorganisms or  co l lec t ion of  ai rborne 

organisms by expos ing ster i le  nut r ient  pla tes conta ining t rypt ic soy broth (TSB) or  

agar  (TSA) for  a  su i table t ime f rame. 

2.  Non-viable Air  Sampling  is  in tended to  evaluate the equipment  that  is  used to  

create c lean a ir .  Total Part ic le Counts  (Table 27-1)  should be wi th in  estab l ished 

ISO c lass i f icat ions for  a g iven compounding area.  

3.  Surface sampling  u t i l i zes TSA plates cal led rep l icate organism detect ion and 

count ing (RODAC) p lates to capture microorganism. 

Both a i r  and sur face sampl ing pla tes are col lec ted and incubated.  The number of  

d iscrete colonies of  organisms,  co lony forming uni ts  (CFUs),  are counted and 

reported. 

D. Pract ical qual i ty assurance programs  for noncommerc ial  s ter i le  products  

include t ra in ing,  moni tor ing the manufactur ing process,  personnel competency 

assessment ,  qual i ty contro l  check,  and documentat ion. 

1.  Training of pharmacists and technicians  in proper  asept ic  techniques and 

pract ices is  the s ing le  most  important  aspect o f  an ef fect ive qual i ty assurance 

program. Tra ining should impart  a thorough unders tanding of departmenta l  po l ic ies  

and procedures. 

2.  By monitoring the manufacturing process,  a  supervisor can check adherence to  

estab l ished pol ic ies  and procedures and take correc t ive act ion as necessary.  

3.  Af ter  t ra in ing is  completed competency assessment  through per formance 

evaluat ion and re-evaluat ion is  requi red for rout ine tasks l ike handwashing,  

gowning, g loving,  and asept ic  manipulat ions.  Evaluat ions should occur  annual ly for 

personnel compounding low and medium r isk  CSPs and semi-annualy for  high r isk  

CSPs. 

E. Process validation  provides a mechanism for ensur ing processes cons is tent ly 

resul t  in  s ter i le  products of  acceptable qual i ty.  Th is should inc lude a wr i t ten 

procedure to  fo l low as wel l  as evaluat ion of asept ic  technique through process 

s imulat ion. 



F.  Process simulat ion test ing or Personnel Evaluation  dupl icates ster i le  

compounding of low,  medium, and h igh r isk  leve l  CSPs under most  s t ressfu l  

condi t ions except  that an appropr iate  growth media (Soybean-Casein Digest  

Medium) is  used in  p lace of  the drug products .  After  preparat ion and incubat ion of  

the f ina l  product ,  no growth ind icates proper asept ic  techniques were fo l lowed.  

G. Qual i ty control  check ing includes monitor ing the s ter i l i ty  o f a  sample of  

manufactured products .  The membrane s ter i l izat ion method is  pract ica l ly employed 

us ing a commercia l ly ava i lab le  f i l ter  and t rypt icase soy broth media. 

H. Documentat ion  o f  t rain ing procedures,  qual i ty control  resul ts ,  laminar  f low hood 

cer t i f icat ion,  and product ion records are requi red by var ious agencies and 

organizat ions. 

IV. STERILIZATION METHODS AND EQUIPMENT. 
Ster i l izat ion is  per formed to  dest roy or  remove al l  microorganisms in  or  on a 

product.  Ster i l izat ion can be achieved through thermal ,  chemical ,  radioact ive,  or  

mechanica l  methods. 

A. Thermal steri l izat ion  invo lves the use of  ei ther  mois t  or  dry heat .  

1.  Moist-heat steri l ization  is  the most widely used  and re l iab le ster i l izat ion 

method. 

a.  Microorganisms are dest royed by cellular protein coagulation.  

b.  The objects  to  be s ter i l ized are exposed to  saturated s team under 1  atmosphere 

pressure at  a min imum temperature of  121°C  for a t  least  20-60 minutes. 

c .  An autoclave  is  commonly used for  mois t -heat  s ter i l izat ion. 

d.  Because i t  does not  requi re  as h igh a temperature, mois t -heat  s ter i l izat ion 

causes less product and equipment damage  compared to  dry-heat  s ter i l izat ion. 
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2.  Dry-heat steri l izat ion  is  appropr iate  for  mater ia ls that  cannot wi ths tand mois t-

heat s ter i l izat ion.  Objects  are subjected to a temperature of  a t  least  160°C  for  120 

minutes  ( i f  h igher temperatures can be used,  less exposure t ime is  requi red) .  

B. Chemical  (gas)  steri l ization  is  used to  s ter i l ize sur faces and porous mater ials 

(e .g.,  surgica l  dressings) that o ther  s ter i l izat ion methods may damage. 

1.  In this method,  ethylene oxide  is  used general ly in combinat ion wi th heat  and 

mois ture. 

2.  Residual  gas  must  be a l lowed to d iss ipate af ter  ster i l izat ion and before use of  

the s ter i le  product.  

C. Radioactive steri l izat ion  is  sui tab le  for the industr ia l  s ter i l izat ion of  contents  in  

sealed packages that  cannot be exposed to heat  (e .g .,  prepackaged surg ica l  

components , some ophthalmic o in tments).  

1.  Th is technique involves ei ther  electromagnetic  or  part iculate radiation.  

2.  Accelerated drug decomposi t ion somet imes resul ts .  

D. Mechanical  steri l ization ( f i l t rat ion)  removes but  does not  dest roy 

microorganisms and c lar i f ies  solu t ions by e l iminat ing part icula te mat ter .  For  

so lu t ions rendered unstable by thermal ,  chemical ,  or  rad ia t ion s ter i l izat ion,  f i l t ra t ion 



i s  the preferred method.  A depth f i l ter  or  screen f i l ter  may be used.  Personnel  

should ensure the f i l ter  used ei ther  dur ing compounding or admin is t rat ion is  

chemical ly and physica l ly compatible  wi th  the CSP at  the temperature and pressure 

condi t ions used. 

1.  Depth f i l ters  usual ly cons is t  o f  f r i t ted g lass or unglazed porcelain  ( i .e. ,  

substances that  t rap part ic les in channels) .  

2.  Screen (membrane) fi l ters  are f i lms measuring 1-200 mm thick  made of  

ce l lu lose esters,  microf i laments ,  po lycarbonate,  synthet ic  po lymers,  s i lver ,  or  

s tain less s tee l .  

a.  A mesh  o f  mi l l ions of  microcapi l lary pores of  ident ica l  s ize f i l ter the solu t ion by a 

process of  phys ical  s ieving. 

b.  Flow rate.  Because pores make up 70% to 85% of  the sur face,  screen f i l ters  

have a h igher  f low rate than depth f i l ters .  

c .  Types of  screen f i l ters  

(1)  Part iculate f i l ters  remove par t ic les  of glass, p las t ic ,  rubber,  and other  

contaminants . 

(a)  Other uses.  These f i l ters  also are used to  reduce the r isk  of  ph leb i t is  

associated wi th admin is tra t ion of  reconst i tu ted powders .  Fi l t ra t ion removes any 

undisso lved powder par t ic les  that may cause venous inf lammation. 

(b)  The pore size  o f  s tandard par t icula te f i l ters ranges f rom 0.45-5 mm. Special  

par t icula te f i l ters are requi red to f i l ter  blood,  emuls ions (e.g.,  fat  emulsions) ,  or  

co l lo idal  dispers ions or  suspens ions because these preparat ions have a larger 

par t ic le  s ize. 

(2)  Microbial f i l ters,  wi th  a  pore s ize of 0 .22 mm or  smal ler ,  ensure complete 

microbial  removal  and s ter i l izat ion. Th is  is re ferred to  as co ld  s ter i l izat ion. 

(3)  Final  f i l ters,  which may be ei ther  par t icula te or  microbial ,  are of ten inc luded as 

par t  o f  the tubing used in  drug adminis tra t ion.  They are re ferred to  as in- l ine f i l ters 

and are used to  remove par t icula tes or  microorganisms f rom an in t ravenous (IV)  

so lu t ion during infus ion. 

V. PACKAGING OF PARENTERAL PRODUCTS. 
Parenteral  preparat ions and other  s ter i le  products  must  be packaged in  a way that  

maintains  product s ter i l i ty  unt i l  the t ime of  use and prevents  contaminat ion of  

contents  during opening. 

A. Types of  containers  

1.  Ampules,  the o ldest  type of  parenteral  product  containers,  are made ent i re ly o f 

glass.  

a.  Intended for  single use only,  ampules are opened by break ing the g lass at  a  

score l ine on the neck. 

b.  Disadvantages.  Because g lass par t ic les  may become dis lodged dur ing ampule 

opening,  the product  must  be f i l tered before i t  is  adminis tered.  Their  unsui tabi l i ty  

for  mult ip le-dose  
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use,  the need to f i l ter solu t ions before use,  and other  safety cons iderat ions have 

markedly reduced the ampule as a package form. 

 

Figure 27-6. Syringes and vials. (Photo taken by 
William Salkin.) 

2.  Vials  are g lass or  plas t ic  conta iners  c losed wi th  a rubber s topper and sealed wi th  

an aluminum crimp (Figure 27-6) .  

a.  V ia ls  have several  advantages  over  ampules. 

(1)  V ia ls  can be des igned to  hold mul t ip le doses ( i f  p repared wi th  a bacter iostat ic 

agent) .  

(2)  The drug product  is  eas ier  to  remove f rom via ls  than f rom ampules. 

(3)  V ia ls  el iminate the r isk  of  g lass par t ic le  contaminat ion dur ing opening. 

b.  However,  v ials  a lso have cer tain  disadvantages.  

(1)  The rubber s topper can become cored,  causing a smal l  b i t  o f  rubber to  enter  the 

so lu t ion. 

(2)  Mul t ip le  wi thdrawals (as  wi th  mul t ip le-dose via ls ) can resul t  in microbia l  

contaminat ion. 

c .  Some drugs that  are unstable in  so lu t ion are packaged in  v ia ls  unreconst i tu ted 

and must  be reconsti tuted  wi th  a d i luent  before use.  Ster i le  water  or  s ter i le  sodium 

chlor ide for  in ject ion are the most commonly used drug di luents . 

(1)  To accelerate the disso lut ion ra te and permi t  rap id  reconst i tu t ion,  many powders  

are lyophi l ized ( f reeze dr ied).  

(2)  Some of  these drugs come in  v ia ls  that  contain  a double chamber. 

(a)  The top chamber, conta in ing s ter i le  water  for in ject ion,  is  separated from the 

unreconst i tuted drug by a rubber c losure. 

(b)  To d is lodge the inner c losure and mix the contents  of  the compartments ,  

external  pressure is  appl ied to  the outer  rubber c losure.  Th is  system e l iminates the 

need to enter  the v ia l  twice,  thereby reduc ing the r isk  of  microbia l  contaminat ion. 

3.  Some drugs come in v ia ls  that may be at tached to  an d i luent  contain ing bag for  

reconst i tu t ion and adminis t ra t ion (ADD-Vantage  by Abbot t )  (F igure 27-7) .  

Premeasured drug and di luent  may a lso be s tored in separate compartments  wi thin  

a  del ivery system then combined at  the po int  o f  use.  (Duplex by B.  Braun).  



a.  The ADD-Vantage via l  is  screwed in to the top of  an ADD-Vantage d i luent  bag,  

and the rubber d iaphragm is  dis lodged f rom the via l ,  a l lowing the d l iuent solu t ion to  

d issolve the drug. 

b.  The reconst i tu ted ADD-Vantage via l  and IV bag are ready for  administ ra t ion when 

hung. 

c .  The Duplex systems has two-compartments  where a seal  is  broken and drug and 

d i luent  are mixed to  form a so lu t ion.  The reconst i tu ted drug is  ready for  pat ient  

adminis t ra t ion. 

4.  Prefi l led syringes  and cartr idges  are designed for  maximum convenience (see 

Figure 27-6).  

a.  Prefi l led syringes.  Drugs admin is tered in an emergency (e.g.,  a t ropine,  

ep inephr ine)  are avai lable  for immediate injec t ion when packaged in  pref i l led 

syr inges. 

P.575 

 

 

 

Figure 27-7. Left, Abbott ADDVantage System. 
Center, B. Braun Duplex System. Right, prefilled 
antibiotic piggyback dose. (Photograph by 
William Salkin.) 

b.  Pref i l led cartr idges  are ready- to-use parentera l  packages that  o f fer  improved 

s ter i l i ty  and accuracy.  They consist  of  a  p las t ic car t r idge holder  and a pref i l led 

medicat ion cart r idge wi th  a needle attached.  The medicat ion is  premixed and 

premeasured.  Narcot ics  such as, meperidine (Demerol )  and hydromorphone 

(Di laudid)  are commonly avai lable  in  pref i l led cart r idges. 

5.  Infusion solutions  are d iv ided in to  two categor ies :  small -volume parenterals  

(SVPs),  those having a vo lume less than 100 mL; and large-volume parenterals  

(LVPs),  those having a vo lume of  100 mL or greater .  In fus ion solu t ions are used for 

the in termi t tent  or  cont inuous in fus ion of  f lu ids  or drugs (see VI .B) .  

B. Packaging materials.  Mater ia ls  used to  package parentera l  products  include 

g lass and plas t ic  po lymers. 
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1.  Glass,  the or ig ina l  parentera l  packaging materia l ,  has super ior  c lar i ty,  faci l i ta t ing 

inspect ion for  par t icu la te matter .  Compared to  p las t ic ,  g lass less f requent ly 

in teracts wi th  the preparat ion i t  conta ins . 

2.  Plast ic  polymers  used for parenteral  packaging include polyvinylchlor ide (PVC) 

and polyo le f in.  

a.  PVC  is  f lexib le  and nonr igid . 

b.  Polyolef in  is  semir ig id ;  un l ike PVC, i t  can be s tored upright .  

c .  Both types of p last ic  of fer  severa l  advantages  over  g lass,  inc lud ing durabi l i ty ,  

easier  s torage and d isposal,  reduced weight,  and improved safety.  

VI. PARENTERAL ADMINISTRATION ROUTES. 
Parenteral  preparat ions may be given by a var ie ty o f  admin is t ra t ion routes. 

A. Subcutaneous (SC or SQ)  administ ra t ion re fers  to  in jec t ion into  the 

subcutaneous t issue beneath the sk in  layers,  usual ly of  the abdomen,  arm,  or  th igh.  

Insu l in  is  an example of  a  subcutaneous ly admin is tered drug. 

B. Intramuscular ( IM)  admin is t rat ion means injec t ion in to  a musc le mass.  The mid-

del to id  area and g lu teus medius are common in jec t ion s i tes. 

1.  No more than 5 mL of  a  so lut ion should be injec ted by th is  route. 

2.  Drugs in tended for pro longed or delayed absorpt ion such as 

medroxyprogesterone (Depo-Provera) and methylpredniso lone (Depo-Medro l )  

commonly are administered in t ramuscular ly.  

C. Intravenous ( IV)  admin is t ra t ion is  the most important  and most common 

parentera l  administ ra t ion route.  I t  a l lows an immediate therapeut ic  ef fec t  by 

de l iver ing the drug d irect ly into  the c i rcula t ion.  However,  th is  route precludes recal l  

o f  an inadvertent  drug overdose.  Ant ib iot ics,  card iac  medicat ions,  and many other  

drugs are given int ravenously.  

D. Intradermal ( ID)  admin is t ra t ion invo lves in jec t ion in to  the most  superf ic ial  skin  

layer .  Because th is  route can del iver only a  l imi ted drug vo lume,  i ts  use genera l ly is  

res t r icted to  sk in tes ts  and cer ta in vacc ines. 

E. Intra-arteria l  ( IA)  administ ra t ion is  in jec t ion d i rec t ly in to  an artery.  I t  de l ivers  a 

h igh drug concentrat ion to  the target  s i te  wi th  l i t t le  di lu t ion by the c i rcu la t ion. 

General ly,  th is  route is  used only for radiopaque mater ials,  thrombolyt ic  agents ,  and 

some ant ineoplast ic  agents . 

F.  Intracardiac  ( IC)  admin is t ra t ion is  in jec t ion of  a  drug di rec t ly in to  the hear t .  

G. Hypodermoclysis  re fers  to  in ject ion of  large vo lumes of  a  so lu t ion in to  

subcutaneous t issue to  provide a cont inuous, abundant  drug supply.  Th is  route 

occasional ly is  used for  ant ib io t ic  adminis tra t ion in  ch i ldren. 

H. Intraspinal  administ ra t ion refers  to  in jec t ion in to  the spina l  column.  Local  

anesthet ics (e .g. ,  l idocaine,  bupivacaine)  are frequent ly adminis tered via th is  route 

dur ing surg ica l  procedures. 

I .  Intra-art icular  admin is t rat ion means injec t ion in to a jo in t  space.  Cort icostero ids 

(e .g.,  methylprednisolone,  hydrocor t isone)  use this  route for  the t reatment o f  

ar thr i t is .  

J.  Intrasynovial  admin ist ra t ion re fers  to  in ject ion in to  the jo in t  f lu id .  



K. Intrathecal  ( IT)  admin ist ra t ion is  in jec t ion in to  the sp ina l  f lu id;  i t  somet imes is  

used for  ant ib iot ics and cancer chemotherapy. 

L.  Epidural (ED)  adminis t rat ion refers  to  the in jec t ion of  medicat ions,  usual ly loca l  

anesthet ics and/or  narcot ics  near or  outs ide the dura mater  o f  the centra l  nervous 

system. This  route is  f requent ly used dur ing chi ldb i r th .  
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VII. PARENTERAL PREPARATIONS 
A. IV admixtures.  These preparat ions consist  of  one or  more ster i le drug products  

added to  an IV f lu id,  genera l ly dext rose or  sodium chlor ide so lu t ion a lone or  in  

combinat ion.  IV admixtures are used for  drugs in tended for  cont inuous in fus ion. 

Drugs that  may cause i r r i ta t ion or  toxic i ty when given as a rap id d irec t  IV in jec t ion 

are also prepared as IV admixtures. 

B. IV f luids and electrolytes  

1.  Fluids  used in the preparat ion and administ ra t ion of  parentera l  products  include 

s ter i le  water  and sodium chlor ide, dext rose,  and Ringer 's  solu t ions,  a l l  o f  which 

have mult ip le  uses.  These f lu ids  serve as vehic les  in  IV admixtures,  provid ing a 

means for  reconst i tu t ing s ter i le  powders .  They serve as the bas is  for  correct ing 

body f lu id  and e lec t ro lyte  d is turbances and provide a ca lor ic source in  parentera l  

nut r i t ion. 

a.  Dextrose (D-glucose) solutions  are the most  f requent ly used g lucose so lut ions 

in  parentera l  preparat ions. 

(1)  Uses.  Genera l ly,  a  so lu t ion of dext rose 5% in water  (d5w) is  used as a vehic le  in  

IV admixtures.  D5W  may a lso serve as a hydrat ing so lut ion.  In  higher  

concentrat ions (e .g. ,  a  10% solut ion in  water) ,  dext rose provides a source of  

carbohydrates in  parentera l  nut r i t ion solu t ions. 

(2)  Considerat ions.  Because the pH of D5W  ranges f rom 3.5-6.5, ins tab i l i ty  may 

resul t  i f  i t  is  combined wi th  an acid-sens i t ive drug. 

(a)  Dextrose concentrat ions greater than 15% must  be admin is tered through a 

centra l  ve in. 

(b)  Dextrose solut ions should be used caut iously in  pat ients  wi th d iabetes mel l i tus . 

b.  Sodium chloride  usual ly is  g iven as a 0.9% solut ion.  Because i t  is  isoton ic  wi th  

b lood,  th is  solu t ion is  cal led normal  sal ine so lu t ion (NSS). A so lu t ion of  0.45% 

sodium chlor ide is  termed hal f -normal sa l ine. A so lu t ion of 0 .225% sodium chlor ide 

is  termed quarternormal  sa l ine. 

(1)  Sodium chloride for inject ion,  which is  a  so lu t ion of  0 .9% sodium chlor ide,  is  

used as a vehic le  in  IV admixtures and for  f lu id  and elec t rolyte  replacement .  In  

smal ler  vo lumes,  i t  is  su i tab le  for  the reconst i tu t ion of  var ious medicat ions. 

(2)  Bacteriostatic  sodium chloride for inject ion,  which is a lso a 0.9% solut ion, is  

in tended so le ly for  mult ip le  reconst i tu t ions. I t  conta ins an agent that  inhib i ts  

bacter ia l  growth (e .g.,  benzyl  a lcohol,  propylparaben,  methylparaben),  which al lows 

for  i ts  use in  mult ip le-dose preparat ions. 



c.  Waters  are used for reconst i tu t ion and for  d i lut ion of such IV solu t ions as 

dext rose and sodium chlor ide.  Waters  sui tab le for  parentera l  preparat ions inc lude 

s ter i le  water  for  in jec t ion and bacter ios tat ic  water for  in ject ion. 

d.  Ringer's solut ions,  which are appropr ia te for  f lu id  and elect rolyte  rep lacement ,  

commonly are administered to  postsurg ical  pat ients .  

(1)  Lactated Ringer's  inject ion  ( i .e . ,  Hartmann's solu t ion,  Ringer 's  lactate so lut ion)  

conta ins sodium lac tate, sodium chlor ide,  potass ium chlor ide, and ca lc ium chlor ide. 

Frequent ly,  i t  is  combined wi th  dext rose (e.g.,  as  5% dextrose in  lac tated Ringer 's  

in jec t ion) .  

(2)  Ringer's inject ion  d i f fers  f rom lac tated Ringer 's  in jec t ion in that  i t  does not  

conta in  sodium lactate and has sl ight ly d i f ferent  concentrat ions of  sodium chlor ide 

and calc ium chlor ide.  L ike lac tated Ringer 's  in jec t ion, i t  may be combined in  

so lu t ion wi th dext rose. 

2.  Electrolyte preparat ions.  W ith  ions present in  both in t racel lu lar  and 

ext racel lu lar  f lu id ,  e lec t ro lytes  are cruc ial  for  various biologica l  processes.  Surg ical  

and medica l  pat ients  who cannot  take food by mouth or  who need nutr i t ional  

supplementat ion requi re  the addi t ion of  e lec t ro lytes  in  hydrat ing so lut ions or  

parentera l  nut r i t ion solu t ions. 

a.  Cations  are pos i t ive ly charged elec t rolytes . 

(1)  Sodium  is  the ch ie f  ext racel lu lar  cat ion. 

(a)  Importance.  Sodium p lays a key role  in  interst i t ia l  osmot ic  pressure,  t issue 

hydrat ion, ac id-base balance,  nerve- impulse t ransmiss ion,  and musc le contract ion. 

(b)  Parenteral  sodium preparations  inc lude sodium chlor ide, sodium acetate, and 

sodium phosphate. 
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(2)  Potassium  is  the ch ie f  in t racel lu lar cat ion. 

(a)  Importance.  Potass ium par t ic ipates in  carbohydrate metabol ism,  prote in  

synthesis ,  musc le contract ion (espec ial ly of  cardiac  muscle) ,  and neuromuscular  

exc i tab i l i ty .  

(b)  Parenteral  potassium preparat ions  inc lude potass ium acetate,  potassium 

chlor ide,  and potassium phosphate. 

(3)  Calcium  

(a)  Importance.  Calc ium is  essent ia l  to  nerve-impulse t ransmission,  musc le 

contract ion, card iac funct ion,  bone format ion,  and capi l lary and ce l l  membrane 

permeabi l i ty .  

(b)  Parenteral  calcium preparat ions  include ca lc ium chlor ide, ca lc ium g luconate,  

and calc ium gluceptate. 

(4)  Magnesium  

(a)  Importance.  Magnesium p lays a v i tal  par t  in  enzyme act iv i t ies,  neuromuscular 

t ransmiss ion,  and musc le exc i tab i l i ty .  

(b)  Parenteral  preparation.  Magnes ium is g iven parentera l ly as magnesium sul fa te . 

b.  Anions  are negat ive ly charged elec t rolytes . 

(1)  Chloride  is  the major ext racel lu lar  an ion. 



(a)  Importance.  A long wi th  sodium, i t  regulates in ters t i t ia l  osmotic  pressure and 

helps to  control  blood pH.  

(b)  Parenteral  chloride preparat ions  include ca lc ium chlor ide, potassium chlor ide, 

and sodium chlor ide. 

(2)  Phosphate  is  the major  in t racel lu lar  an ion. 

(a)  Importance.  Phosphate is  c r i t ical  to var ious enzyme act iv i t ies.  I t  a lso in f luences 

ca lc ium levels and acts  as a buf fer  to prevent  marked changes in  acid-base 

balance. 

(b)  Parenteral  phosphate preparat ions  inc lude potass ium phosphate and sodium 

phosphate. 

(3)  Acetate  

(a)  Importance.  Acetate is  a  bicarbonate precursor  that  may be used to  provide 

a lka l i  to assis t  in the preservat ion of p lasma pH. 

(b)  Parenteral  acetate preparations  inc lude potass ium acetate and sodium 

acetate. 

C. Parenteral antibiotic preparat ions  are avai lab le  as s ter i le  unreconst i tu ted 

powders , which must be reconst i tu ted wi th  s ter i le water ,  normal  sal ine,  or d5w,  or  

as  a ster i le,  ready- to-use l iquid  parentera l .  

1.  Administrat ion methods.  Parentera l  ant ibio t ics  may be g iven intermi t tent ly  by 

d i rec t  IV in jec t ion,  short - term infus ion,  in t ramuscular in jec t ion, or  in t ra thecal 

in jec t ion. 

2.  Uses.  Parentera l  ant ib io t ics  are used to  t reat in fec t ions that are ser ious and 

requi re  h igh ant ib io t ic  b lood levels  or  when the gastro intest ina l  t rac t  is  

contra indicated,  such as in  i leus. 

3.  Dosing frequencies  o f  parentera l  ant ib io t ics  vary f rom once dai ly to as often as 

every 2 hours ,  depending on the kinet ics of  the drug,  seriousness of  the in fec t ion,  

the s i te  of  in fec t ion,  and the pat ient 's  d isease or  organ status (e .g. ,  renal  d isease) .  

D. Parenteral antineoplast ic agents.  Stud ies suggest  that these medicat ions may 

be toxic  to  the personnel who prepare and admin is ter them. The evidence is  not  

conc lusive,  which necess i ta tes spec ia l  precaut ions to  ensure safety and minimize 

r isks.  In response to  concerns,  the Occupat ional  Safety and Heal th  Adminis t ra t ion 

(OSHA) has publ ished a technical  manual,  “Contro l l ing Occupat ional  Exposure to 

Hazardous Drugs.”  Every fac i l i ty  must  have a wr i t ten p lan that inc ludes drug 

preparat ion precaut ions, s torage,  t ransport ,  personal  protect ive equipment  (gloves,  

gowns,masks) ,  work  equipment,  waste d isposal ,  sp i l l  management,  and personnel  

medica l  survei l lance, 

1.  Administrat ion methods.  Parentera l  ant ineoplast ics  may be g iven by d i rec t  IV 

in jec t ion,  short - term in fus ion,  or  long- term in fusion.  Some are admin is tered by a 

non- IV route, such as the subcutaneous,  in t ramuscular,  in t ra-ar ter ia l ,  or  in t ra thecal 

routes. 

2.  Safe antineoplast ic  handling guidel ines.  A l l  pharmacy and nurs ing personnel  

who prepare or  admin is ter  ant ineoplast ics  should receive specia l  t raining in  the 

fo l lowing guide l ines to  reduce the r isk  of  exposure to these drugs. 

a.  A vert ical  laminar flow hood  should be used dur ing drug preparat ion, wi th  

exhaust  di rec ted to  the outside. 



P.579 

 

 

b.  A l l  syr inges and IV tub ing should have Luer-Lok f i t t ings  (see IX.B.4.a) .  

c .  Clothing.  Personnel  should wear personal  protect ive equipment inc lud ing c losed-

f ront cuf fed surgica l  gowns and double- layered latex surgeon's g loves. 

d.  Negative-pressure technique  should be used dur ing wi thdrawal  of  medicat ion 

f rom via ls .  Th is  wi l l  prevent  pressure f rom bui ld ing up ins ide the v ia l  and caus ing 

the drug to spray around the needle. 

e.  Final  dosage adjustment  should be made in to  the v ial ,  ampule,  or  di rec t ly in to  

an absorbent  gauze pad. 

f .  Priming equipment.  Special  care should be taken when IV administ ra t ion sets  

are pr imed.  The IV tub ing should be pr imed before adding the drug,  or  the tubing 

can be pr imed wi th  drug-f ree f lu id  before connect ing i t  to  the chemotherapy drug 

conta iner .  I f  these are not  avai lab le ,  pr ime the tub ing in to  s ter i le  gauze in a  

sealable p las t ic bag. 

g.  Proper  procedures should be fol lowed for  disposal  o f  mater ia ls  used in the 

preparat ion and adminis tra t ion of  ant ineoplast ics . 

(1)  Needles  should not  be cl ipped or  recapped. 

(2)  Preparat ions  should be d iscarded in  conta iners  that  are puncture-proof ,  leak-

proof,  and proper ly labeled. 

(3)  Hazardous waste.  There is no complete ly acceptable method for  dispos ing of  

hazardous waste. High- temperature inc inerat ion may be the preferred method.  

These mater ia ls  may a lso be buried in  an EPA-l icensed hazardous waste dump or 

chemical ly deact ivated. 

h .  Af ter  removal  o f  gloves,  personnel should wash hands  thoroughly. 

i .  Personnel  and equipment  invo lved in  the preparat ion and admin is t rat ion of  

ant ineoplast ic agents  should be monitored  rout ine ly.  

3.  Patient problems.  In fus ion phlebi t is  and ext ravasat ion are the most  ser ious 

problems that  may occur during the admin is t ra t ion o f  parenteral  ant ineoplast ics . 

a.  Infusion phlebit is  ( inf lammat ion of  a ve in)  is  character ized by pa in,  swel l ing,  

heat sensat ion,  and redness at the in fus ion s i te .  Drug di lu t ion and f i l t rat ion can 

e l iminate or min imize the r isk of  phlebi t is .  

b.  Extravasation  ( in f i l t ra t ion of  a  drug in to subcutaneous t issues surrounding the 

ve in)  is  espec ial ly harmfu l  when ant ineoplast ics wi th  ves icant  proper t ies  are 

adminis tered.  Measures must  be taken immediately i f  ext ravasat ion occurs . 

(1)  Depending on the drug invo lved,  emergency measures may inc lude s topping the 

in fus ion, in jec t ing hydrocor t isone or  another  ant i - in f lammatory agent  di rec t ly in to 

the af fec ted area,  in jec t ing an ant idote ( i f  avai lable) ,  and apply ing a co ld  compress 

( to  faci l i ta te  a drug-ant idote react ion) .  

(2)  A warm compress may then be appl ied to  increase the f low of  b lood, and thus 

the ves icant ,  away f rom damaged t issue. 

E. Parenteral biotechnology products  are created by the appl icat ion of  

recombinant  technology to  the generat ion of therapeut ic  agents,  such as monoclonal  

ant ibodies,  various vacc ines,  and colony-s t imulat ing fac tors. 



1.  Uses  of  these agents include cancer  therapy,  in fec t ions,  t ransplant rejec t ion,  

rheumato id arthr i t is ,  in f lammatory bowel  d isease,  resp i ra tory d iseases,  and malar ia  

as wel l  as  vacc ines against  cancer ,  HIV in fect ion,  and hepat i t is  B. 

2.  Characterist ics.  Prote in  and pept ide b io technology drugs have a shorter  hal f -

l i fe,  of ten require  spec ial  s torage such as re f r igerat ion or  f reezing,  and must  not be 

shaken vigorous ly to  avoid dest roying the prote in molecules. 

3.  Administrat ion.  Many b iotechnology products  requi re  reconst i tu t ion wi th  s ter i le  

water  or  normal  sal ine and may be parenteral ly admin is tered by d irect  IV in jec t ion 

or  in fus ion,  or  by in t ramuscular  or  subcutaneous in ject ion. 

VIII. IRRIGATING SOLUTIONS. 
Al though these s ter i le products  are manufactured by the same standards used to  

process IV preparat ions, they are not intended for infusion into the venous 

system.  Label ing di f ferences between i r r igat ion so lu t ions and inject ions are 

spec i f ied in  the Uni ted States Pharmacopeia  (USP) and ref lec t  d i f ferences in  

acceptable par t icu la te mat ter levels,  vo lume of so lu t ion avai lab le for use, and the 

conta iner  des ign. 
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A. Topical administration.  I r r igat ing solu t ions for  top ica l  use are packaged in  pour  

bot t les  so that  they can be appl ied di rec t ly onto the desi red area. These so lut ions 

are in tended for  such purposes as i r r igat ing wounds,  mois ten ing dressings,  and 

c leaning surg ical  inst ruments . 

B. Infusion of  i rr igating solutions.  Th is  procedure,  us ing an administ ra t ion set  

a t tached to  a Foley catheter ,  is  commonly used for  many surgica l  pat ients .  

Surgeons per forming urologica l  procedures of ten use i r r igat ing so lu t ions to  perfuse 

t issues in  order  to  mainta in  the integri ty of  the surg ical  f ie ld ,  remove blood,  and 

provide a c lear f ie ld o f  v iew.  To decrease the r isk of  in fec t ion,  1 mL of Neospor in  

G.U.  I r r igant ,  an ant ib io t ic  preparat ion,  o f ten is  added to these so lut ions. 

C. Dialysis.  Dia lysates are i r r igat ing solu t ions used in the dia lys is  o f pat ients  wi th  

such d isorders as renal fa i lure, poisoning, and elec t ro lyte d is turbances. These 

products  remove waste mater ials,  serum e lect ro lytes ,  and toxic  products  f rom the 

body. 

1.  In peritoneal  dialysis,  a  hyper ton ic  dialysate is  in fused di rec t ly in to  the 

per i toneal cavi ty v ia  a  surg ical ly implanted catheter .  The d ia lysate, which contains  

dext rose and e lect ro lytes ,  removes harmful  substances by osmosis and di f fus ion. 

Af ter  a  spec i f ied per iod of  t ime,  the solu t ion is  dra ined.  Ant ib io t ics  and heparin  may 

be added to  the d ialysate. 

2.  In hemodialysis,  the pat ient 's  blood is  t ransfused through a d ia lyzing membrane 

uni t  that  removes the harmful  substances f rom the pat ient 's vascular  system. Af ter 

pass ing through the dialyzer ,  the b lood reenters  the body through a vein . 

IX. NEEDLES AND SYRINGES 



A. Hypodermic needles  are s ta inless-s tee l  or  a luminum devices that  penetrate the 

skin  for  the purpose of  admin is ter ing or t ransferr ing a parenteral  product (F igure 27-

8) .  

1.  Needle gauge  is  the outs ide diameter  of  the needle shaf t ;  the larger the number,  

the smal ler  the d iameter.  Gauges in  common use range f rom 13 ( largest  d iameter)  

to  27.  Subcutaneous in jec t ions usual ly requi re a 24-gauge or 25-gauge needle.  

In t ramuscular  in jec t ions requi re  a needle wi th a  gauge between 19 and 22.  Needles 

between 18 gauge and 20 gauge are commonly used for compounding parentera ls .  

2.  Bevels  are s lant ing edges cut  in to  needle t ips to  faci l i ta te  in jec t ion through 

t issue or rubber v ia l  c losures. 

a.  Regular-bevel  needles  are the most  commonly used type,  and they are su i tab le  

for  subcutaneous and intramuscular  in ject ions and hypodermoclysis.  

b.  Short-bevel  needles  are used when only shal low penetrat ion is requi red (as in  

IV injec t ions) .  

c .  Intradermal-bevel  needles  are designed for  in t radermal in jec t ions and have the 

most  beveled edges. 

 

Figure 27-8. Needles. Top, 20 gauge-3½ inch. 
Left to right, 18 gauge-1½ inch, 20 gauge-1 inch, 
23 gauge-1 inch, 25 gauge-5/8 inch, and 27 
gauge-½ inch. 
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Figure 27-9. Syringes. Left to right, 60 mL 
catheter tip, 60 mL, 30 mL, 10 mL, 5 mL, 3 mL, 
and 1 mL. 

3.  Needle lengths  range f rom ¼ inch to  6 inches. Choice of  needle length depends 

on the des i red penetrat ion. 

a.  For  compounding parenteral  preparations,  1½- inch- long needles are commonly 

used. 

b.  Intradermal and subcutaneous injections  necessi ta te  a short  needle length,  

usual ly ¼ inch to  5/8 inch. 

c .  Intraspinal  inject ion  requi res  a needle length of  3½ inches. 

d.  IV infusion  requi res  needles that  range in  length f rom 1¼ inches to  2½ inches. 

B. Syringes  are devices for  in ject ing,  wi thdrawing,  or ins t i l l ing f lu ids . Syr inges 

cons is t  o f  a  glass or  p las t ic  barrel  wi th  a  t ight- f i t t ing p lunger a t  one end;  a  smal l  

opening at the other end accommodates the head of  a needle (F igure 27-9) .  

1.  The Luer syringe,  the f i rs t  syr inge developed,  has a un iversal  needle at tachment 

accommodating al l  needle s izes. 

2.  Syringe volumes  range f rom 0.3 to 60 mL.  Insu l in  syr inges have uni t  gradat ions 

(100 uni ts/mL) rather  than vo lume gradat ions. 

3.  Calibrations  are in  the metr ic  system, and vary in  spec i f ic i ty depending on 

syr inge s ize.  The smal ler  the syr inge,  the smal ler  the measurement  sca le.  

4.  Syringe t ips  come in  several  types. 

a.  Luer-Lok t ips  are threaded to  ensure that  the needle f i ts  t ight ly in  the syr inge. 

Ant ineoplast ic  agents  should be admin is tered wi th  syr inges of  th is  type (see VII .D.) .  

b.  Luer-Sl ip t ips  are unthreaded so that  the syr inge and needle do not  lock in to  

p lace. Because of  th is ,  the needle may become dis lodged. 

c .  Eccentric  tips,  which are set o f f  center ,  a l low the needle to remain para l le l  to  

the in ject ion s i te  and min imize venous i rr i ta t ion. 

d.  Catheter tips  are used for wound i r r igat ion and admin is t rat ion of  entera l  

feedings. They are not intended for  in ject ions. 

X. INTRAVENOUS DRUG DELIVERY 
A. Inject ion si tes  



1.  Peripheral  vein inject ion  is  preferred for  drugs that  do not  i r r i ta te  the ve ins,  

adminis t ra t ion of  isoton ic  so lu t ions,  and pat ients who requi re  only shor t - term IV 

therapy.  General ly,  the dorsal  forearm sur face is chosen for  venipuncture. 

2.  Central  vein injection  is  preferred for  adminis t rat ion of  i r r i tat ing drugs or 

hyper ton ic  so lu t ions,  pat ients  requi r ing long- term IV therapy,  and s i tuat ions in  which 

a peripheral  l ine cannot  be maintained.  Large veins  in  the thoracic cavi ty,  such as 

the subclavian ve in ,  are used. 
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B. Infusion methods  

1.  Continuous-drip infusion  is  the s low,  pr imary- l ine in fus ion of  an IV preparat ion 

to  maintain  a therapeut ic drug level  or  provide f lu id  and e lec t ro lyte rep lacement .  

a.  Flow rates  must  be careful ly moni tored.  Genera l ly,  these rates are expressed as 

vo lume per  un i t  o f  t ime (e.g. ,  mL/hr,  drops/min) and sometimes as mg/min for  

cer ta in drugs. 

b.  Administrat ion.  Drugs wi th  a narrow therapeut ic  index such as oxytoc in  

(Pi toc in) ,  hepar in ,  and pressor  agents  such as norepinephrine (Levo-Phed) and 

phenylephr ine (Neo-Synephrine) typ ical ly are administered by th is  method. 

2.  Intermittent infusion  a l lows drug adminis t ra t ion at  spec i f ic  intervals  (e .g. ,  every 

4 hours)  and is  most  o f ten used for ant ibio t ics . 

a.  Three dif ferent techniques  may be used. 

(1)  Direct  (bolus)  injection  rap id ly de l ivers  smal l  vo lumes of  an undi luted drug.  

This  method is used to : 

(a)  Achieve an immediate ef fect  (as  in  an emergency) 

(b)  Admin is ter  drugs that cannot  be di luted 

(c)  Achieve a therapeut ic  serum drug level  qu ickly 

(2)  Addit ive set  infusion,  us ing a vo lume-control  device,  is  appropria te  for  the 

in termi t tent  de l ivery of smal l  amounts  of  IV so lut ions or  d i lu ted medicat ions.  The 

f lu id  chamber is  a t tached to  an independent f lu id supply or  placed d irect ly under the 

estab l ished primary IV l ine. 

(3)  The piggyback method  is  used when a drug cannot be mixed wi th  the pr imary 

so lu t ion. A spec ia l  coupl ing for  the pr imary IV tub ing permi ts infus ion of  a  

supplementary secondary so lu t ion through the primary system. 

(a)  Th is method e l iminates the need for  a second venipuncture or further  d i lu t ion of  

the supplementary preparat ion. 

(b)  Admixtures  in  which the vehic le  is  added to  the drug are known as 

manufacturers '  p iggybacks. Admixtures in which a spec ial  drug via l  is  a ttached to  a 

spec ia l  IV bag are known as the ADD-Vantage system (see Figure 27-7) .  

b.  In some cases, intermittent  infusion inject ion devices  are used. Also cal led 

sca lp-vein, heparin- lock, or  but ter f ly in fusion sets ,  these devices permi t  in termi t tent  

de l ivery whi le  e l iminat ing the need for mul t ip le  venipunctures or  prolonged venous 

access wi th  a  cont inuous in fus ion.  To prevent  c lo t t ing in  the cannula,  di lu te  hepar in  

so lu t ion or  NSS may be added.  Benef i ts  o f  in termi t tent in fus ion in ject ion devices 

include the fo l lowing: 



(1)  Th is method is especia l ly sui tab le  for  pat ients who do not  requi re,  or would be 

jeopardized by,  admin is tra t ion of  large amounts  of  IV f lu ids  (e .g.,  those wi th  

congest ive hear t  fa i lure).  

(2)  Because in termit tent  in fus ion injec t ion devices do not  requi re  cont inuous 

at tachment  to  an IV bott le  or  bag and pole,  they permi t  greater pat ient  ambulat ion. 

C. Pumps  and control lers  are the elec t ron ic  devices used to  adminis ter  parentera l  

in fus ions when the use of  gravi ty f low a lone might  lead to  inaccurate dosing or r isk 

pat ient safety.  Pumps and contro l lers  are used to administer  parentera l  nut r i t ion,  

chemotherapy,  card iac  medicat ions,  and b lood products . 

1.  Pumps  are used to  del iver  IV infus ions wi th  accuracy and safety.  

a.  Two t ypes of  mechanisms  are used in infus ion pumps. 

(1)  Piston-cyl inder mechanisms  use a p is ton in  a  cyl inder  or  a  syr inge-l ike 

apparatus to  pump the des i red volume of  f lu id .  

(2)  Linear peristal tic  mechanisms  use external  pressure to  expel  the f lu id  out  o f 

the pumping chamber. 

b.  Types of  pumps  

(1)  Volumetric  pumps  are used for intermi t tent  in fus ion of  medicat ions such as 

ant ib io t ics.  They are also used for cont inuous in fus ion of  IV f lu id ,  parentera l  

nut r i t ion,  ant icoagulants , and ant i -as thma medicat ions. 

(2)  Syringe pumps  are used to  admin is ter  in termi t tent or  cont inuous in fus ions of  

medicat ions (e.g.,  ant ib io t ics , opia tes)  in  concentrated form. 

(3)  Mobi le  infusion pumps  are smal l  in fus ion devices designed for ambulatory and 

home pat ients  and used for  adminis ter ing chemotherapy and opiate medicat ions. 

(4)  Implantable pumps  are in fus ion devices surg ica l ly p laced under the skin  to  

provide a cont inuous release of  medicat ion,  typ ica l ly an op iate. The reservo i r  in  the 

pump is  re f i l led by injec t ing the medicat ion through a latex d iaphragm in  the pump. 
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(5)  Patient-control led analgesic pumps  are used to  admin is ter narcot ics 

in termi t tent ly or  on demand by the pat ient  wi th in  the pat ient -speci f ic  parameters,  

which are ordered by the physic ian and programmed into  the pump. 

c .  Benefi ts .  Despi te  the ir  ext ra  costs  and the t rain ing required by personnel ,  pumps 

provide a number of important  benef i ts .  They mainta in  a constant ,  accurate f low 

rate and can detect inf i l t ra t ions,  occlus ions,  and a i r .  Pumps a lso may decrease the 

amount o f  t ime a nurse spends d ispensing medicat ion.  Newer devices are equipped 

wi th  “drug l ibrar ies”  that have prespec i f ied high and low dose in fus ion l imits  which 

may fac i l i ta te medicat ion administ ra t ion and reduce errors . 

2.  Control lers,  un l ike pumps,  exer t  no pumping pressure on the IV f lu id.  Rather,  

they rely on gravi ty and contro l  the in fus ion by count ing drops elec t ron ica l ly,  or  they 

in fuse the f lu id  mechanica l ly and e lec t ronica l ly (e.g. ,  volumetr ic contro l lers) .  In  

comparison to pumps,  the fo l lowing are character ist ics of  control lers:  

a.  They are less complex and general ly less expensive. 

b.  They achieve reasonable accuracy. 



c.  They are very usefu l  for  uncompl icated in fusion therapy but  cannot  be used for  

ar ter ia l  drug in fus ion or  for  in fus ion in to smal l  veins . 

D. IV incompatibi l it ies.  When two or  more drugs must  be administered through a 

s ing le  IV l ine or  given in a  s ing le so lut ion,  an undesi rab le react ion can occur .  

Al though such incompatib i l i t ies  are re la t ively rare ,  the i r  consequences can be 

deadly.  A pat ient  who receives a preparat ion in  which an incompatib i l i ty  has 

occurred could exper ience toxic i ty or an incomplete  therapeut ic  e f fec t.  

1.  Types of  incompatibil i t ies  

a.  A physical  incompatibi l i ty occurs when a drug combinat ion produces a v is ib le  

change in the appearance of  a  so lu t ion. The so lut ion should never  be admin is tered 

to  a pat ient .  

(1)  An example  of  phys ica l  incompat ib i l i ty  is  the evolut ion of carbon dioxide when 

sodium bicarbonate and hydrochlor ic  ac id  are admixed. 

(2)  Various types  o f  phys ica l  incompat ib i l i t ies  may occur :  

(a)  V is ib le co lor  change or  darkening 

(b)  Format ion of  precipi ta te ,  which may resul t  f rom the combinat ion of phosphate 

and calc ium. 

b.  A chemical  incompatibi l i ty re f lec ts  the chemical  degradat ion of  one or  more of  

the admixed drugs,  resul t ing in toxic i ty or  therapeut ic  inact iv i ty.  

(1)  The degradat ion is  not  always vis ib le.  Nonvisible chemical incompatibi l i ty 

may be detected only by analyt ica l  methods. 

(2)  Chemical  incompatibi l i ty  occurs in  several  variet ies.  

(a)  Complexation  is  a  react ion between products  that  inact ivates them. For  

example, the combinat ion of  calc ium and te t racyc l ine leads to format ion of  a  

complex that  inact ivates te t racyc l ine. 

(b)  Oxidat ion  occurs when one drug loses e lec t rons to  the other ,  resu l t ing in a  

co lor  change and therapeut ic  inact iv i ty.  

(c)  Reduction  takes p lace when one drug gains e lec t rons f rom the other .  

(d)  Photolysis  (chemical  decomposi t ion caused by l ight )  can lead to hydro lys is  or  

oxidat ion,  wi th  resul t ing d iscolorat ion. 

c .  A therapeutic incompatibil i ty occurs when two or  more drugs,  IV f lu ids ,  or  both 

are combined and the resul t  is  a response other  than that  in tended.  An example of  a  

therapeut ic  incompatibi l i ty  is  the reduced bacteric ida l  act iv i ty of  penic i l l in G when 

g iven af ter  te t racyc l ine.  Because te t racyc l ine is  a  bacter ios tat ic  agent ,  i t  s lows 

bacter ia l  growth;  penic i l l in ,  on the other  hand,  is  most  ef fec t ive against rap idly 

pro l i ferat ing bacteria .  

2.  Factors affect ing IV compatibi l i ty 

a.  pH.  Incompat ibi l i ty  is  more l ikely to occur  when the components  of  an IV solu t ion 

d i f fer  s ign i f icant ly in pH. This  increased r isk  is  exp la ined by the chemical  react ion 

between an acid  and a base,  which y ie lds a sal t  and water;  the sa l t  may be an 

inso lub le precipi ta te . 

b.  Temperature.  General ly,  increased storage temperature speeds drug 

degradat ion.  To preserve drug s tab i l i ty ,  drugs should be stored in  a re f r igerator  or 

f reezer ,  as  appropr ia te. 



c.  Degree of  di lut ion.  Genera l ly,  the more d i lu ted the drugs are in  a so lut ion,  the 

less chance there is  for  an ion in teract ion leading to  incompat ib i l i ty .  
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d.  Length of  t ime in solut ion.  The chance for a  react ion resul t ing in incompat ibi l i ty  

increases wi th  the length of  t ime that  drugs are in contact  wi th  each other .  

e.  Order of  mixing.  Drugs that are incompat ib le  in  combinat ion,  such as ca lc ium 

and phosphate,  should not  be added consecut ive ly when an IV admixture is  be ing 

prepared.  This  keeps these substances f rom pool ing,  or  forming a layer  on the top 

of  the IV f lu id,  and, therefore,  decreases the chance of  an incompat ib i l i ty.  Thorough 

mixing af ter each addi t ion is  also essent ial .  

3.  Preventing or minimizing incompatibi l i t ies.  To reduce the chance for  an 

incompatibi l i ty ,  the fo l lowing s teps should be taken: 

a.  Each drug should be mixed thoroughly a f ter  i t  is  added to  the preparat ion. 

b.  Solut ions should be admin is tered prompt ly a fter  they are mixed to  minimize the 

t ime avai lab le  for  a  potent ial  react ion to  occur .  

c .  The number of drugs mixed together  in  an IV so lu t ion should be kept  to  a  

minimum. 

d.  I f  a  prescrip t ion ca l ls  for  unfamil iar  drugs or IV f lu ids ,  compat ib i l i ty  references 

should be consulted. 

E. Hazards of  parenteral  drug therapy.  A wide range of prob lems can occur  wi th  

parentera l  drug admin is tra t ion. 

1.  Physical  hazards  

a.  Phlebitis ,  which is general ly a  minor compl icat ion,  may resul t  f rom vein injury or  

i r r i ta t ion. Phlebi t is  can be min imized or prevented through proper IV inser t ion 

technique,  di lu t ion of  i r r i ta t ing drugs, and a decreased in fusion rate. 

b.  Thrombosis,  the format ion of  a  b lood clo t  in a ve in  or  artery.  

c .  Extravasation  may occur  wi th  admin is t rat ion of  drugs wi th  vesicant  proper t ies 

(see VI I .D.3.b) .  

d.  I rr i tat ion  a t  the in jec t ion s i te  can be reduced by varying the injec t ion s i te  and 

apply ing a mois tur iz ing lo t ion to  the area. 

e.  Pain  f rom infus ion is  most  common wi th  peripheral  IV admin is t rat ion of  a  high ly 

concentrated preparat ion.  Swi tching to centra l  ve in  in fusion and/or  di lut ing the drug 

might  a l levia te the problem. 

f .  Air  embolism,  potent ia l ly  fa tal ,  can resul t  f rom entry o f a ir  in to  the IV tubing. 

g.  Infect ion,  a  par t icu lar danger wi th centra l  IV l ines,  may s tem f rom contaminat ion 

dur ing IV l ine insert ion or  tubing changes.  In fect ion may be local  or  genera l ized 

(sept icemia) .  The in fect ion r isk  can be min imized by fo l lowing estab l ished protocols  

for  the care of centra l  l ines. 

h .  Allergic react ions  can resul t  f rom hypersensi t iv i ty to  an IV so lu t ion or  addi t ive. 

i .  Central  catheter misplacement  may lead to  a ir  embol ism or  pneumothorax.  To 

ensure that  the catheter  has passed in to  the subclavian ve in  and advanced to  the 

leve l  o f  the vena cava,  the placement  should a lways be ver i f ied rad io log ica l ly.  



j .  Hypothermia,  poss ibly resul t ing in  shock and cardiac arrest ,  might s tem f rom 

adminis t ra t ion of  a  co ld  IV solu t ion.  Th is  problem can be prevented by al lowing 

parentera l  products to  reach room temperature. 

k.  Neurotoxici ty may be a ser ious compl icat ion of  int ra thecal or  in t raspina l  

adminis t ra t ion of  drugs containing preservat ives.  Preservat ive- free drugs should be 

used in  these c i rcumstances. 

2.  Mechanical hazards  

a.  Infusion pump  or  control ler fa i lure  can lead to  runaway in fusion,  f lu id  over load,  

or  incorrect  dosages. 

b.  IV tubing  can become k inked,  spl i t ,  or c racked.  I t  a lso may produce part icu lates,  

a l low contaminat ion,  or  in ter fere wi th the in fus ion.  

c .  Particulate matter  may be present  in  a  parenteral  product  and can cause 

embol ism. 

d.  Glass containers  may break,  caus ing injury. 

e.  Rubber vial c losures  may in teract  wi th  the enc losed product.  

3.  Therapeutic hazards  

a.  Drug instabil i ty may lead to therapeut ic inef fec t iveness. 

b.  Incompatibi l i ty may resul t  in  toxic i ty or reduced therapeut ic  ef fec t iveness. 

c .  Label ing errors  can cause admin is t ra t ion of  an incorrect  drug or  improper 

dosage. 

d.  Drug overdose  can be caused by runaway IV in fus ion, fai lure of  an in fus ion 

pump or contro l ler ,  or  nurs ing or  pharmacy errors.  
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e.  Preservat ive and solubi l iz ing agent toxici ty can be a serious compl icat ion,  

especia l ly in  ch i ldren.  For  example,  premature in fants  receiv ing parentera l  products  

conta in ing benzyl  alcohol  can develop a fa tal  ac idot ic  toxic  syndrome,  which is  

re ferred to  as the gasping syndrome.  Rapid admin ist ra t ion of phenytoin  (Di lant in)  

and d iazepam (Val ium) both ut i l i ze propylene glyco l  as  a solub i l iz ing agent ,  has 

been associated wi th  card iovascular  co l lapse. 
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STUDY QUESTIONS 
Direct ions:  Each of  the numbered i tems or  incomplete s ta tements  in  this  sect ion is  

fo l lowed by answers or  by complet ions of the sta tement .  Select the one  let tered 

answer or complet ion that  is  best  in  each case. 

1.  Parenteral  products with an osmotic pressure less than that  of  blood or 0.9% 

sodium chloride are referred to as 

(A)  Isoton ic  so lu t ions 

(B)  Hyperton ic  so lu t ions 

(C) Hypotonic  so lu t ions 

(D) Iso-osmot ic  so lu t ions 



(E)  Neutra l  solut ions 

View Answer1.  The answer is  C[VII .B.b,] .2.  Aseptic technique should be 

used in the preparat ion of  a ll  of the fol lowing medicat ions with the exception 

of;  

(A)  Neomycin i rr igat ion so lu t ion 

(B)  Ganc ic lovi r  (Cytovene) in t raocular in jec t ion 

(C) Phytonadione (Aquamephyton) subcutaneous in ject ion 

(D) Ampici l l in (Pr in ic ipen)  IV admixture p iggyback 

(E)  Bac i t racin  o intment 

View Answer2.  The answer is  E[] .3.  Which needle has the smallest  

diameter? 

(A)  25 gauge,  3¾ inches 

(B)  24 gauge,  3½ inches 

(C) 22 gauge, 3  ½ inches 

(D) 20 gauge, 33/8 inches 

(E)  26 gauge,  35/8 inches 

View Answer3.  The answer is  E[] .4.  Intra-art icular inject ion refers to 

inject ion into the 

(A)  Musc le mass 

(B)  Subcutaneous t issue 

(C) Spina l  f lu id 

(D)  Superf ic ia l  skin layer 

(E)  Join t space 

View Answer4.  The answer is  E[IV.1] .5.  Advantages of  the intravenous 

route include 

(A)  Ease of  removal  of  the dose 

(B)  A depot  e ffec t 

(C)  Low inc idence of  ph leb i t is  

(D)  Rapid onset  o f  ac t ion 

(E)  A loca l ized ef fec t 

View Answer5.  The answer is  D[] .6.  A central  vein,  e i ther subclavian or 

internal  jugular,  may be considered a suitable route for IV administrat ion in 

which of  the following si tuations? 

(A)  W hen an i r r i ta t ing drug is  g iven 

(B)  W hen hyperton ic  drugs are g iven 

(C) For  long- term therapy 

(D) For  administer ing dext rose 35% as parenteral  nut r i t ion 

(E)  Al l  o f  the above 

View Answer6.  The answer is  E[] .7.  To prepare a total  parenteral 

nutr i t ion (TPN) that requires 10 mEq  of  calcium gluconate and 15 mM of 

potassium phosphate,  the appropriate action to take would be which of  the 

fol lowing? 

(A)  Add the ca lc ium f i rs t ,  add the other addi t ives, then add the phosphate last ,  

thoroughly mixing the solu t ion af ter  addi t ion. 

(B)  Add the ca lc ium g luconate and potass ium phosphate consecut ive ly.  



(C)  Not  combine the agents  together  but  g ive them as a separate infus ion.  

(D)  None of  the above. 

View Answer7.  The answer is  A[] .8.  Which needle gauge would be most 

l ikely used as a subcutaneous inject ion of  epoetin? 

(A)  25 gauge,  5 /8 inch 

(B)  16 gauge,  1  inch 

(C) 18 gauge, 1½ inches 

(D) 22 gauge, 1½ inches 

(E)  None of the above 

View Answer8.  The answer is  A[]9.  Which of  the fol lowing drugs should 

NOT be prepared in a horizontal  laminar f low hood? 

(A)  Ampic i l l in  (Principen)  

(B)  Dopamine 

(C) Cisp lat in (Plat ino l)  

(D)  Ni t rog lycer in 

(E)  Brety l ium tosylate (Brety lol )  

V iew Answer9.  The answer is  C[] .P.587 

 

 

10.  Al l  of  the fol lowing statements about d5w are true EXCEPT 

(A)  I ts  pH range is  3 .5-6.5. 

(B)  I t  is  hypertonic.  

(C)  I t  is  a  5% solut ion of D-g lucose. 

(D)  I t  should be used wi th  caut ion in d iabet ic  pat ients . 

(E)  I t  is  o f ten used in  IV admixtures. 

View Answer10. The answer is  B[] .11. Al l  of  the fol lowing are potentia l 

hazards of  parenteral  therapy EXCEPT 

(A)  Hypothermia 

(B)  Phlebi t is  

(C)  Ext ravasat ion 

(D) Al lergic  react ions 

(E)  I leus 

View Answer11. The answer is  E[] .12.  Procedures for the safe handling of  

ant ineoplast ic  agents include al l  of the following EXCEPT 

(A)  Use of  Luer-Lok syr inge f i t t ings. 

(B)  W ear ing double- layered la tex g loves. 

(C)  Use of  negat ive-pressure technique when medicat ion is being wi thdrawn f rom 

via ls.  

(D)  W ear ing closed- f ront,  surg ical - type gowns wi th  cuf fs .  

(E)  Use of  horizonta l  laminar f low hood. 

View Answer12. The answer is  E[] .13.  In preparing an intraspinal dose of  

bupivacaine,  the best pore size f i l ter  for cold steri l izat ion would be 

(A)  8-mm f i l ter 

(B)  5-µm f i l ter 

(C)  0 .45-µm f i l ter 



(D)  0 .22-µm f i l ter 

(E)  None of the above 

View Answer13. The answer is  D[] .14. Process simulat ion 

(A)  Is a  method of qual i ty assurance. 

(B)  Evaluates the adequacy of a  pract i t ioner 's  asept ic  technique. 

(C)  Requi res the use of  a  microbia l  growth medium. 

(D)  Is  carr ied out  in  a  manner ident ica l  to  normal s ter i le  admixture product ion under 

rout ine operat ing condi t ions. 

(E)  Al l  o f  the above. 

View Answer14. The answer is  E[] .For questions 15-18:  The pharmacis t 

receives a prescrip t ion for  hydromorphone (Di laudid) in jec t ion to  be compounded to  

a so lut ion of  15 mg per  mL.  Di laudid is commercia l ly ava i lable  in  an ampule but the 

concentrat ion is  10 mg per  mL.  The physic ian would l ike a more concentrated 

so lut ion prepared so that  50 mls  can be ins t i l led in to the t i tan ium resevoi r o f  a 

Medtron ic infus ion pump.  The hydromorphone so lut ion wi l l  be cont inuously in fused,  

in t ra thecal ly,  over  approximate ly 30 days,  for  a  pat ient  wi th  chronic  back pa in,  

uncontro l led wi th  ora l  narcot ics .  The pharmacist  checks h is  inventory and f inds a 

bot t le  o f  Hydromorphone powder,  USP. He proceeds to  weigh out  enough powder for  

a  60 mL preparat ion.  The weighing s tep is checked by a co l league pharmacis t .  

15.  According to USP  Chapter 797 this steri le  preparat ion would be considered 

a 

(A)  High r isk  leve l  CSP 

(B)  Medium r isk  level  CSP 

(C) Low r isk  leve l  CSP 

(D) None of  these 

View Answer15. The answer is  A[] .16. What would be an appropriate 

environment for the aseptic manipulat ions required for this preparation. 

(A)  Pharmacy workbench or  counter in ambient room a i r 

(B)  Ins ide an Anteroom, wi th  ISO Class 8 qual i ty a i r  

(C)  Ins ide a Barr ier  Iso lator  wi th  ISO Class 5 qual i ty a i r  

(D)  A hor izonta l  laminar  f low workbench bench,  newly ins ta l led, wi th  no 

cer t i f icat ion,  but  manufacturer  guarenteed to  be ISO 5 Class ai r  qual i ty.  

View Answer16. The answer is  C[] .P.588 

 

 

17.  The pharmacist  begins to gather his suppl ies for this preparat ion. These 

should include: 

(A)  Mi l l ipore 0.45 micron HV Fi l ter wi th  ster i le  water  for  in jec t ion 

(B)  Mi l l ipore 0.22 micron GS Fi l ter  wi th sodium chlor ide 0.9% 

(C) Bect in-Dick inson 16 gauge,  5  micron f i l ter needlwi th  sodium chlor ide 0.9% 

(D) Mi l l ipore AA 0.8 micron Fi l ter  wi th  dext rose 5% in water 

View Answer17. The answer is  B[] .18. After the solut ion was prepared the 

appropriate qual i ty assurance or double check by another pharmacist would 

include: 



(A)  Inspect ion of the powder and the label  to ensure hydromorphone was the 

prepared ingredient  and that  the label  conta ined a beyond use date and the 15 mg 

per  mL concentrat ion. 

(B)  Sending a so lut ion sample or  al iquot  to  a  microbio logy lab to  tes t for the 

presence of  bacteria  and pyrogens pr ior  to  dispens ing. 

(C)  Check to  ensure a correct  s ter i l iz ing f i l ter was ut i l ized. 

(D)  Visual  inspect ion to  ensure the f ina l  acqueous so lut ion had no vis ib le  

par t ic ipates. 

(E)  Al l  o f  the above. 

View Answer18. The answer is  E[] .P.589 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [VI I .B.b,  X.A ] .  

Hypotonic  solu t ions have an osmot ic  pressure less than that  o f  b lood (or  0 .9% 

sal ine) ,  whereas hyperton ic so lut ions have an osmotic  pressure greater than that  o f 

b lood,  and isoton ic  or  iso-osmot ic  so lu t ions have an osmotic pressure equal  to  that 

o f  blood. 

2.  The answer is  E  [ I I .A.5 ] .  

I r r igat ion solu t ions,  ophthalmic  preparat ions and parentera l  products,  and 

subcutaneous and IV medicat ions should be prepared using asept ic  technique.  

Since Bac i t rac in  oin tment  is appl ied to the sk in  and does not  bypass the body's  

protect ive barr iers,  i ts  preparat ion would not  be he ld to  the same requi rements . 

3.  The answer is  E  [ IX.A.1 ] .  

The gauge s ize re fers to the outer  d iameter  o f  the needle.  The lower the gauge s ize 

number, the larger  the needle. 

4.  The answer is  E  [ IV.1] .  

In t ra-ar t icu lar in jec t ion re fers  to  an in jec t ion into the join t space.  This  

adminis t ra t ion route genera l ly is  used for cer tain types of  cor t icostero ids  to  reduce 

in f lammat ion assoc iated wi th  in jury or  rheumatoid ar thr i t is .  

5.  The answer is  D  [VI.C ] .  

The IV route of  drug administ ra t ion al lows for  rap id  onset o f  act ion and, therefore,  

immediate therapeut ic  effec t.  There can be no recal l  of  the adminis tered dose,  and 

phleb i t is ,  or  in f lammation of  a  ve in ,  can occur .  In addi t ion, a  depot  e f fec t ( i .e . ,  

accumulat ion and s torage of  the drug for  dist r ibut ion)  cannot  be achieved by 

adminis ter ing a drug in t ravenous ly.  Del iver ing a drug in travenous ly resul ts  in  a  

systemic  ra ther  than a loca l ized ef fec t.  

6.  The answer is  E  [X.A.2 ] .  

I r r i tat ing drugs,  hyper tonic  drugs, long- term therapy,  and dextrose 35% are best  

g iven by centra l  IV admin ist ra t ion.  Per iphera l  vein  injec t ion is used for 

postoperat ive hydrat ion, adminis t ra t ion of  noni r r i ta t ing drugs,  or  isotonic so lu t ions 

and for  shor t - term IV therapy. 

7.  The answer is  A  [X.D.2.e ] .  



Phys ica l  incompat ib i l i t ies  occur  when two or  more products  are combined and 

produce a change in  the appearance of the so lu t ion,  such as the format ion of  a  

precipi ta te .  Calc ium and phosphate so lut ions when d irect ly combined or  added 

consecut ive ly to  a solut ion wi l l  form a whi te  precip i ta te.  By al ter ing the order  of  

mixing,  they can be safely added to  TPN solut ions. 

8.  The answer is  A  [ IX.A.3.b. ]  

S ince subcutaneous in jec t ion does not  requi re penet rat ion through severa l  skin  

layers or  musc le t issue, a  shor t  needle wi th  a  narrow d iameter is  used.  A 16-  or  18-

gauge needle is  most  commonly used in  the pharmacy for  prepar ing parenteral  

so lu t ions.  A 22-gauge needle would be used for  in t ramuscular in jec t ion. 

9.  The answer is  C  [ I I .B.2.b.1 ] .  

CisPlat in  is  an ant ineoplast ic  agent  and,  consequently,  should be prepared only in  a 

ver t ica l  laminar  f low hood because of the potent ia l  hazard of  these toxic  agents to  

the operator .  

10.  The answer is  B  [VII.B.1.a ] .  

d5w (dext rose [D-g lucose]  5% in  water)  is  acidic ,  i ts  pH ranges f rom 3.5-6.5,  and i t  

is  isoton ic .  I t  is  of ten used in  IV admixtures and should be used wi th  caut ion in  

d iabet ic  pat ients. 

11.  The answer is  E  [VII.D.2. ,  X.E ] .  

Parenteral  therapy is  of ten a t reatment  for i leus.  Hypothermia,  ph lebi t is ,  

ext ravasat ion,  and al lergic  react ions can be hazards of  parentera l  therapy.  
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12.  The answer is  E  [VII.D.2 ] .  

In  order  to  prevent  drug exposure, a  vert ica l  f low laminar  hood (not  hor izontal )  

should be used when an ant ineoplast ic agent is  prepared. The other  precaut ions 

ment ioned in  the quest ion are important  safety measures for  handl ing parentera l  

ant ineoplast ics . Al l  pharmacy and nursing personnel  who handle these toxic  

substances should receive specia l  t rain ing. 

13.  The answer is  D  [ IV.D.2.c.2 ] .  

S ince in t raspina l  and epidural  doses of  bupivacaine are f requent ly prepared f rom 

nonsteri le  powders ,  cold s ter i l izat ion, accompl ished by f i l t ra t ion,  is  a s imple method 

of  ensur ing complete microbial  removal .  The f i l ters  l is ted 8 mm to 0.45 µm wi l l  

remove only part icu la te mat ter .  A 0.22 µM f i l ter  ensures the removal  o f  

microorganisms. 

14.  The answer is  E  [ I I I .F ] .  

Process simulat ion is one part  of  an overa l l  qual i ty assurance program. I t  requi res  

dupl icat ing s ter i le  product  preparat ion us ing a growth medium in  p lace of  ac tua l  

products .  I t  serves to  evaluate the asept ic  technique of  the ind iv idual  per forming a l l  

the necessary s teps of ster i le  product  preparat ion. 

15.  The answer is  A  [ I I .A.6.c ] .  

The hydromorphone preparat ion is a  h igh r isk  leve l  CSP because i t  is  made f rom 

non-s ter i le  powder. 

16.  The answer is  C  [ I I .B.4 ] .  



USP Chapter  797 requi res an ISO Class 5 a i r  qual i ty  envi roment  for  th is  

preparat ion.  A Barr ier  Iso la tor  wi th in  a c leanroom creates an ISO Class 5 

envi ronment .  Ambient  room a i r  is  unacceptable for  any preparat ion.  An Anteroom is  

genera l ly an area of  relat ive ly high personnel  and supply t raf f ic .  W hi le  a ir  qual i ty 

may be acceptable,  i t  does not  provide an acceptable cr i t ical  s i te  of  asept ic  

manipulat ions.  Al l  new laminar  f low work  benched should be tes ted for  a i r  ve loci ty 

and f i l ter  in tegri ty pr ior  to  use. 

17.  The answer is  B  [ IV.D.2.c(2) ] .  

The hydromorphone requi res ster i l izat ion pr ior  to  in t ra thecal  adminis tra t ion.  Th is is  

best  achieved wi th a 0.22 micron f i l ter .  Sodium chlor ide 0.9% is the so lut ion most  

s imi lar  to  the CNS f luid  and would be a bet ter choice over s ter i le  water o f dext rose 

5% in jec t ion. 

18.  The answer is  E  [ I I I .B ] .  

Each s tep in  s ter i le  compounding should have an assoc iated qual i ty assurance 

double check.  Inspect ion of  the ini t ia l  ingredients,  review of  suppl ies ,  moni tor ing of  

asept ic  technique,  and examinat ion of  the f ina l  product  c reates mult ip le  

opportun i t ies  to intercept  an error  and make necessary correct ions.  High r isk  leve ls  

CSPs should be used wi th in  24 hours  in  the absence of  s ter i l i ty  tes t ing.  Given th is  

product wi l l  be adminis tered over  30 days,  a ster i l i ty  and pyrogen tes t would be 

appropr ia te. 
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I. AMBULATORY AIDS 
A. Canes.  These s imple ambulatory aids  provide balance and a l low for  the t ransfer  

o f  weight  o ff  a  weakened leg. 

1.  Height.  The height  o f  the cane must  be adjusted to  the indiv idual  pat ient .  A cane 

that  is correct ly f i t ted a l lows for  maximum weight t ransfer  wi thout  al lowing the 

pat ient to  lock the elbow.  The correct  he ight should provide a 25-degree angle at  

the e lbow,  or  the top of  the cane should come to the crease of the wr is t  whi le  

pat ient is  standing erect .  

2.  Types of  canes.  Canes may be made of  wood or  meta l .  

a.  Wooden canes  come in  varying th icknesses. The th icker  ones are in tended for  

males,  and the th inner  ones are for females.  They may be cut  to  the correct  he ight  

for  the pat ient .  

b.  Metal canes  are usual ly adjustab le in  he ight  to  f i t  the indiv idual  pat ient .  

c .  Folding canes  wi l l  fo ld  to  a l low for  easy t ransport  or  s torage when not in  use. 

d.  A quad cane  is  a  meta l  cane that  has a quadrangular base wi th  four  legs.  Th is  

a l lows for  greater  weight t ransfer .  The base of  the quad cane comes in  two sizes. 

The larger  base provides greater  s tab i l i ty  but is  more d i f f icul t  to  manipulate 

because of  the s ize and weight .  

e.  Seat canes  conta in  an area that can be fo lded down and used to  s i t  on.  They are 

usefu l  for ind iv iduals  who cannot  walk long d is tances wi thout  rest ing. 

B. Crutches  may be used by pat ients  wi th  temporary d isabi l i t ies (e .g. ,  spra ins ,  

f ractures)  or  by those with  chronic  condi t ions. 

1.  Use.  Crutches are used to  take a l l  the weight  o f f  an in jured or  weakened leg. The 

crutches are used in  p lace of  the leg.  Crutch s izes range f rom toddler  to  adul t .  

Accessories  that  are used wi th  a crutch include a t ip to  prevent  s l ipping,  handgr ip  

cushion, and arm pad ( for  axi l lary crutch) .  

2.  Types of  crutches  

a.  An axi l lary crutch,  the most commonly used  c ru tch, is  typica l ly used for  

temporary d isabi l i t ies.  The top of  the crutch should be 2 inches below the axi l la  to  

prevent “c rutch paralys is”  ( i .e. ,  in jury to the axi l lary nerves,  blood vessels,  and 

lymph nodes) .  The height  o f  the handgr ip should be set  so that  the e lbow forms a 

25-degree angle. 

b.  A forearm crutch  (a lso ca l led a Canadian  or  Lofstrand  c ru tch)  remains in  

posi t ion by at tach ing to  the forearm by a col lar or cuff .  I t  is  commonly used by 

pat ients  who need crutches on a long- term bas is.  

c .  A quad crutch  is  a  forearm crutch wi th  a  quadrangular base that  has four  legs.  

The base is  a t tached to  the crutch wi th a  f lexib le rubber mount .  Th is  a l lows for  more 

s tab i l i ty  and constant contact  wi th  the ground. 



d.  A platform crutch  conta ins a rectangular  area in which to  p lace the forearm. The 

crutch may be held by a handgr ip  or secured by a be l t  that  wraps around the 

forearm. I t  is  commonly used by pat ients  who do not  have enough hand s trength and 

contro l  for a  forearm crutch. 

C. Seat l i f t  chairs  are e lec t r ic -powered chai rs  that  raise the pat ient  f rom a si t t ing to 

a  s tanding posi t ion. 
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D. Walkers  are l ightweight  rec tangular-shaped devices that are made of meta l  

tub ing and have four  wide ly p laced legs. 

1.  Use.  Walkers  are used by pat ients  who need more support  than a cane or c rutch 

or  who have t rouble wi th ba lance during ambulat ion.  The use requi res reasonably 

good arm, hand,  and wr is t  funct ion. The pat ient  ho lds on to  the walker  and takes a 

s tep,  then moves the walker  and takes another  s tep. 

2.  Types of  walkers.  Walkers come in  two sizes:  adult  and chi ld.  Walkers  may be 

adjustable in  he ight.  Some walkers  wi l l  fo ld  to make s torage or  t ransport ing easier .  

Walkers  can have wheels  on the f ront legs to  a l low the user  to  move the walker  by 

ra is ing the back legs and rol l ing i t  ins tead of  having to  p ick  i t  up. Pat ients  wi th  loss 

of  arm,  wr ist ,  or  hand funct ion on one s ide might use a hemiwalker  or a  side 

walker.  

a.  A hemiwalker  is  s imi lar  to a  s tandard walker  except  that  i t  has one handle in  the 

center  o f  the walker  for  manipulat ion. 

b.  A side walker  is  placed to  the s ide of  the pat ient  ins tead of  in  f ront o f the 

pat ient.  

c .  A reciprocal  walker  contains  two hinges, one on each side of  the walker .  Th is  

a l lows the user  to  swing each s ide al ternate ly during ambulat ion. 

d.  A rollator  is  a  walker  wi th  wheels  on a l l  four  legs.  The movement  is contro l led by 

hand brakes. 

E. Wheelchairs.  Many d i f ferent  types of  wheelchai rs are avai lab le.  The pat ient 's 

d isabi l i t ies ,  s ize,  weight ,  and act iv i t ies  are the main considerat ions in  wheelchai r  

se lect ion.  The fo l lowing opt ions should be cons idered when se lect ing a wheelchai r.  

1.  Seat size.  The s tandard chair  is  18 inches wide and 16 inches deep.  A narrow 

wheelchai r is  16 inches wide.  W heelchai rs  are avai lab le in widths up to 48 inches.  

The chai r  should be 2 inches wider than the widest  par t  o f  the pat ient 's  body 

(usual ly around the but tocks or  th ighs) .  

2.  Arms  can be f ixed or  detachable to  al low the pat ient to  t ransfer  on and of f  the 

chai r .  Hal f length arms (as opposed to ful l  length)  a l low the use to  get c loser  to a  

tab le  or work  sur face.  Var ious types of padding and adjustments  in  the arm posi t ion 

can assis t  the pat ient  in  obtaining a posi t ion that  is  comfor table and keeping the 

arms on the arm rests. 

3.  Tires  can be hard rubber or  pneumatic ( i .e . ,  a ir  f i l led)  which al lows the chai r  to  

t ransverse rougher surfaces. 

4.  Wheels  can be re in forced wi th  spokes or can be composi te  based. 



5.  Leg rests  can be of  di f ferent  s izes and are avai lab le wi th  padding.  Some have 

adjustable elevat ion to aid  in  heal ing an acute in jury.  

6.  Footrests  can be of di f ferent s izes and are avai lab le  wi th  or  wi thout  heel  loops to 

keep the foot on the footrest.  

7.  Casters  ( i .e . ,  front wheels )  can be hard rubber or  pneumatic .  

8.  Calf rests  can be of  di f ferent s izes and are avai lab le  wi th  padding. 

9.  Seat upholstery ho lds the pat ient in the chai r.  Seats  come in a  varie ty o f  

mater ials to accommodate pat ients '  needs. 

10.  Back upholstery supports  the pat ient 's  back whi le  he or she is  s i t t ing in the 

chai r .  The materia l  in  the seat  and back are usual ly the same. 

11.  Cross braces  add s tab i l i ty  and durabi l i ty  to  the chai r .  

12.  Weight.  Standard wheelchai rs  weigh 35-50 lb.  L ightweight  wheelchai rs  (25-35 

lb . )  are avai lable  for  those who are unable to manipulate a standard chai r and for 

ease of  t ransport .  

F.  Sports chairs  are wheelchai rs  that  are l ightweight  and durable.  They are 

designed for  people who are very act ive. 

G. Powered wheelchairs  are des igned for  people who cannot  wheel themselves.  

Th is  type of wheelchai r  is  powered by an elec t r ic motor  and bat tery. 
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II. BATHROOM EQUIPMENT. 
This  equipment is  used for  pat ients  who cannot  get  to the bathroom or for pat ients  

who need assis tance using the to i le t  or  bathtub. 

A. Elevated toilet  seats  are used to  increase the he ight a t  which the pat ient  s i ts  

over  the to i le t .  Th is  ass is ts pat ients  wi th  l imi ted mobi l i ty  in get t ing on and of f  the 

to i le t .  Addi t ional  support can be provided wi th  toilet  safety rai ls .  These ra i ls  al low 

the pat ient  to t ransfer  weight  f rom the feet  to  the hands,  and they he lp prevent  the 

pat ient f rom fa l l ing when get t ing on or o f f  the to i le t .  

B. Commodes  are por tab le to i le ts  that  are used by pat ients  who cannot  get  to the 

bathroom. Commodes conta in  a f rame (wi th  or wi thout a  backrest) ,  a seat ,  and a 

bucket .  Some are adjustab le in  he ight  and have arms that  drop to fac i l i tate  t ransfer  

to  and from the commode.  Folding commodes are avai lab le to  make s torage eas ier .  

C. Three- in-one commodes  funct ion as combinat ion commode,  e levated to i le t  seat ,  

and to i le t  safety ra i ls .  These are benef ic ia l  for  pat ients  requir ing varying ass is tance 

dur ing recuperat ion. 

D. Bath benches  are seats  wi th or  wi thout a  back that  f i t  in  the bathtub and al low 

the pat ient  to s i t  whi le  tak ing a shower. 

E. Transfer benches  are p laced over  the outs ide of  the bathtub. They are avai lab le 

wi th  or  wi thout  a back.  A t ransfer  bench ass is ts  the pat ient in get t ing in to the 

bathtub and serves as a bath bench whi le the pat ient takes a shower. 

F.  Grab bars  are bars  that  ei ther  at tach to  the wal l  around the bathtub or to  the 

bathtub i tsel f  to  assist  pat ients  in  get t ing on and out  o f  the bathtub. 

III. BLOOD PRESSURE MONITORS. 



Pat ients  wi th  hyper tension use this  equipment  to moni tor  blood pressure so that 

appropr ia te therapeut ic  decis ions can be made.  A pat ient 's  b lood pressure 

measured at  home is  typical ly 5 mm Hg lower than when measured at  the of f ice.1  

The type of  moni tor that  is  recommended should be determined by the pat ient 's  

ab i l i ty  to  use the product correct ly.  I tems to  consider  when ass is t ing a pat ient  in  the 

se lect ion of  a  b lood pressure monitor :  ease of  use (e.g.  automat ic  in f la t ion) ,  use of  

the moni tor  wi th  one hand (has D-r ing cuf f ) ,  the s ize of  the d isplay moni tor  (v isual ly 

impai red pat ients),  blood pressure cuf f  s ize,  and the capabi l i ty  to  s tore readings. 

Types of  moni tors inc lude the fol lowing: 

A. Mercury sphygmomanometer.  Th is  type of moni tor  is  the most accurate  and 

does not  need ca l ibrat ion.  Mercury in  a  graduated co lumn r ises in  response to  

pressure appl ied to  the cuf f .  The b lood pressure is  determined by measuring the 

length of  the mercury column whi le  l is ten ing for  the Korotkoff  sounds in the 

s te thoscope.  Mercury moni tors are usual ly not  used as a home device because of  

the ir  large size,  the need for use of  a s te thoscope,  and the potent ial  for  mercury 

sp i l l .  Owing to the r isk  of  mercury exposure,  th is  type of sphygmomanometer  is  

be ing phased out  of  healthcare faci l i t ies. 

B. Finger monitors.  These detect b lood pressure by compress ing the f inger  and 

convert ing blood vessel  movement  in to  b lood pressure by osc i l lometr ic  technology.  

Many envi ronmenta l  condi t ions and medicat ions can inter fere wi th the resul ts  o f  

these moni tors . F inger  blood pressure moni tors are least  accurate  and not  

recommended for home moni tor ing. 

C. Aneroid sphygmomanometer.  Th is  is  s imi lar  to  a  mercury sphygmomanometer,  

except  that  ins tead of  a co lumn of  mercury,  i t  has a d ia l  to  be read.  Anero id  models  

have the advantage of be ing less expensive  than mercury models;  however,  they 

do requi re  regular ca l ibrat ion in  a heal thcare provider 's  o f f ice wi th  a mercury 

sphygmomanometer  to ensure proper  resul ts .  These types of  moni tors  are portable 

and l ightweight ,  however.  Most  requi re  manual inf la t ion of  the cuf f ,  but a  separate 

s te thoscope is  not  requi red. 
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D. Electronic or digi ta l  monitor.  Th is  type of  moni tor  detects  blood pressure by 

us ing a microphone or  by osci l lometr ic technology,  which converts  movement  o f 

vessels in to  b lood pressure.  Th is  type is  eas ier to  use than a mercury or  anero id 

sphygmomanometer  as  most  of fer automatic  in f la t ion and def la t ion and there is not  

a  need for  a  separate s te thoscope.  These models  are more expensive,  can provide 

inaccurate readings i f  the pat ient  moves whi le the b lood pressure is  be ing 

per formed,  and requi res f requent ca l ibrat ion agains t  a  mercury sphygmomanometer ;  

but  they represent  an a l ternat ive for  pat ients  who cannot  use a sphygmomanometer .  

Some of  these monitors  come wi th  a wr is t  cuf f  which may be usefu l  in  overweight  or  

obese pat ients for  whom the regular  s ize arm b lood pressure cuff  is  too smal l .  

Pat ients  wi th  very large or  very smal l  upper arms may need to purchase a specia l  

cuf f  in order  to  obtain an accurate reading. 



IV. HEAT AND COLD THERAPY. 
For musculoskeletal  disorders  (e .g. ,  spra ins,  st rains ,  ar thr i t is ),  t reatment  may 

include the appl icat ion of  heat  or  co ld  to spec i f ic  areas of  the body. 

A. Heat  can be appl ied in  a  dry or  mois t form. Dry heat  is  less ef fect ive than moist  

heat but  is  to lerated bet ter ;  thus i ts  c l in ical  ef fec t iveness is  s imi lar .  Moist  heat  has 

an advantage of  not caus ing as much perspi ra t ion and is  o f ten recommended. The 

appl icat ion of  heat  produces vasodi la t ion and muscle re laxat ion.  Th is  faci l i tates  

pa in rel ief  and heal ing.  Products  that  can del iver heat  include the fo l lowing: 

1.  A hot water bott le ,  a  rubber conta iner ,  should be hal f  f i l led wi th hot  water .  The 

remaining a ir  is  squeezed out  o f the conta iner ,  which is  then capped. This  resul ts in  

a  f lexib le  conta iner  that  can be shaped to  the area of  the body for which i t  is  being 

used to  provide dry heat.  

2.  A heating pad  is  an elect r ical ly powered pad that  can produce mois t  or dry heat .  

Mois t  heat  is  suppl ied by inser t ing a wet  sponge in  a  pocket  that  is  next  to the pad.  

Pat ients  should be ins t ruc ted to p lace the pad on top of  the body ins tead of  ly ing on 

the pad to  prevent  burning. 

3.  A moist-heat pack  (a lso cal led a hydrocol la tor)  contains  s i l ica beads,  which 

absorb heat  when p laced in  bo i l ing water .  The heated pack is  wrapped in  a  towel  

and appl ied to  the body to  provide moist  heat .  A mois t -heat  pack must  be kept  mois t 

to  reta in  i ts  absorbent  proper t ies .  The pack should  be wrapped in plast ic  and s tored 

in  the re f r igerator i f  use is  ant ic ipated or  in  the f reezer  i f  long- term s torage is  

requi red. 

4.  A gel  pack  provides dry heat a f ter  i t  is  heated in  bo i l ing water  or  in  the 

microwave.  I t  is  reusable by repeat ing the heat ing process. 

5.  Chemical  hot packs  provide dry heat by mixing chemicals f rom two 

compartments .  The chemicals  undergo an exothermic  react ion. Some packs are 

reusable by reheat ing in bo i l ing water  or  in  the microwave. 

6.  Paraff in baths  provide mois t  heat by cover ing the body wi th  heated paraf f in .  

Once the wax cools  and hardens,  i t  is  removed.  This method is  commonly used for  

pat ients  wi th  ar thr i t is  in the hands and f ingers. 

B. Cold  appl icat ion is  ind icated main ly as  acute therapy to  decrease ci rcula t ion to  a  

loca l  area and to  provide pain rel ie f .  Cold is  cont ra ind icated in  pat ients  wi th  

c i rcu la tory s tasis  or  lacerated t issue.  Products that  can del iver  cold  inc lude the 

fo l lowing: 

1.  An ice bag  is  a  f lexib le  p last ic  conta iner  des igned to  ho ld ice.  The bag is  then 

appl ied to  the body. 

2.  A gel  pack  can be used to  apply cold  by f reezing and then apply ing to the body. 

3.  Chemical  packs  can be used to  apply co ld .  Chemicals  f rom two compartments  

are mixed together ,  resul t ing in  a chemical  react ion that  produces co ld.  These 

packs are used once and then disposed of .  
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V. DIAGNOSTIC AIDS 



A. Self -care tests  or  kits  are used as screening tes ts  or  for  moni tor ing.  Many 

fac tors can af fec t the accuracy of the tes ts .  The most  common factors  are pat ients  

not  fo l lowing d i rec t ions and pat ients having poor technique.  Pharmacis ts should be 

prepared to counsel  pat ients  on the se lect ion of  a  tes t ,  on the proper use,  and on 

in terpretat ion of  resu l ts .  Pharmacists should re fer pat ients  to  the appropr ia te  

heal thcare provider i f  necessary.  

B. Types of  tests  

1.  Urine tests  

a.  The urine glucose test  detects sugar in  the ur ine.  Pat ients wi th  diabetes can use 

th is  to evaluate glucose contro l .  B lood glucose moni tor ing is preferred,  however,  

because i t  is  more accurate and g ives a bet ter descr ipt ion of  current  g lycemia. 

b.  The ketone test  detects the presence of  ketones in the ur ine.  Th is  is  used by 

pat ients  wi th  d iabetes as an indicator o f severe ly uncontro l led d iabetes. 

c .  Ovulat ion predict ion tests  pred ic t  when ovulat ion occurs  to  increase the chance 

of  concept ion. 

(1)  These tes ts  detect the presence of  luteiniz ing hormone (LH)  in  the ur ine.  I ts  

presence means that  ovu lat ion should occur  wi thin  20-48 hr.  

(2)  The test  is  per formed dai ly unt i l  a  pos i t ive resul t  is  obta ined.  Many k i ts  

recommend not  using the f i rs t  morn ing ur ine as the LH surge typ ical ly star ts  in  the 

morning and may not  be detectab le unt i l  la ter  in  the day.  Therefore,  i t  is  

recommended to tes t  between 10 A.M. and 8 P.M.  

(3)  The day on which the pat ient  begins tes t ing depends on the length and regular i ty 

o f  her  menstrua l  cycle . Pat ients  wi th  menstrua l  cyc les  of  cons is tent  length may 

need to tes t  on ly for  4  days,  whereas those wi th  menstrua l  cycles  that  change in  

length may need to  tes t  for  8  or  9 days. 

(4)  False-posi t ive resul ts can occur  i f  the pat ient  is  taking fer t i l i ty  medicat ions (e.g.,  

c lomiphene),  ora l  contracept ives,  or hormone-rep lacement  therapy or  i f  the pat ient 

has polycyst ic ovary syndrome or  impai red l iver  or  k idney funct ion. 

d.  Pregnancy tests  detect  pregnancy by the presence in  the ur ine of  human 

chorionic gonadotropin (hCG),  which is  secreted af ter  fer t i l i zat ion.  Many 

pregnancy tes t  k i ts  can detect  hCG 1 day after  missed menses. 

(1)  False-posi t ive resul ts can occur  i f  the pat ient  takes the tes t  too early,  is  taking 

fer t i l i ty  medicat ions (e .g.,  hCG),  or  has ovar ian cysts . 

(2)  I f  a  pat ient  uses a household conta iner or  a  waxed cup to  col lec t ur ine,  i t  may 

af fec t  the tes t  resu l ts .  

(3)  Pat ients should be referred to the appropr ia te heal thcare provider  i f  they receive 

a pos i t ive resul t  or  two negat ive resul ts  7  days apar t  and have not  had menses. 

e.  The urinary bacteria  test  detects  the presence of  n i t r i te  in  the ur ine.  The 

presence of  n i t r i te is  used as an ind icator  o f  a urinary tract  infect ion (UTI)  

because the most common bacter ia  assoc iated wi th  UTIs are gram-negat ive 

bacter ia ,  which conver t  n i t ra te  to  n i t r i te.  

(1)  Because this tes t  is  not  speci f ic  for  bacter ia ,  fa lse resul ts  can occur .  

(2)  Th is tes t  is  used by pat ients  who have recurrent  or chronic UTIs  or many r isk  

fac tors.  Risk fac tors  inc lude previous UTIs ,  d iabetes,  ur inary t rac t  abnormal i t ies,  



enlarged prost ra te,  and behavioral  r isk  fac tors (e.g. ,  f requent  sexual  ac t iv i ty,  

de layed ur inat ion, the use of  spermicides or  d iaphragms). 

(3)  False posi t ives can resul t  f rom medicat ions (e .g. ,  phenazopyr idine)  the pat ient 

may be tak ing or  f rom menstrual  blood in  the ur ine,  depending on the test  used. In 

addi t ion,  a  fa lse negat ive may be detected i f  the pat ient is  tak ing h igh doses of 

v i tamin C, adheres to  a  s t r ic t  vegetar ian d iet ,  or  has f requent  ur inat ion. 

f .  There are a var ie ty of  FDA approved urine drug tests  avai lab le  for  use at  home.  

Substances that may be detected in  the ur ine inc lude: amphetamine, 

methamphetamine, ecstasy,  mar i juana, cocaine,  phencycl id ine,  op ia tes,  

benzodiazepine,  barbi turates,  methadone,  t r icycl ic  ant idepressants ,  and oxycodone.  

Most  ur ine drug tes ts requi re  two s teps:  screening (at  home) and conf i rmation 

( laboratory) .  

(1)  The f i rst  step requi res the co l lec t ion of  ur ine in  the provided co l lec t ion cup and 

reviewing the resul ts  as  co lor  bands on the device at  home. The co lor  bands are 

s imi lar  to  resul ts  obtained on a home pregnancy tes t .  I f  no drug is  detected,  a  

negat ive resul t  wi l l  appear.  
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(2)  A pre l iminary pos i t ive resul t  indicates the ur ine sample may conta in the drug but 

a  conf i rmat ion is needed.  To obta in  conf i rmat ion tes t ing,  i t  is  necessary to  send the 

ur ine sample that  was used to  per form the f i rs t  s tep to  the drug tes t  manufacturer 's  

contracted laboratory.  The resul ts  are avai lab le  from the laboratory 7 to 10 bus iness 

days af ter the spec imen is  mai led and are anonymous as they are tracked by a 

personal  ident i f icat ion number. 

2.  Blood tests  

a.  The cholesterol  test  determines a pat ient 's tota l  cholestero l  (TC),  low-dens i ty 

l ipoprote in  (LDL),  h igh-densi ty l ipoprote in  (HDL) and/or  t r ig lycerides. 

(1)  Some tests provide the pat ient only wi th  a  TC leve l ,  whereas others  provide a 

fu l l  l ip id  prof i le  (TC,  LDL,  HDL,  and/or  tr ig lycerides) .  

(2)  Some cholesterol  k i ts are a s ing le-use test  in  which pat ient appl ies a blood 

sample onto a col lec t ing card,  which is  mai led to a  laboratory for  evaluat ion.  Other  

s ing leuse tests  can be per formed and evaluated by the pat ient  at  home.  The 

measurement o f  the amount  o f  cholestero l  is  determined by a color  char t ,  which is  

provided wi th  the tes t .  

(3)  Regardless of  the test  used, the pat ient p laces a large drop of b lood onto the 

tes t card or  casset te.  Some of  the tests requi re  the pat ient to  fas t—meaning noth ing 

to  eat  or  dr ink  except water  for  12-14 hr  before co l lec t ing the blood. 

(4)  These tes ts  can be usefu l  for  pat ients  who want  to monitor  thei r  therapy.  They 

are also usefu l  as  screening tes ts .  Pat ients  who tes t borderl ine or  higher  for  high 

cholestero l  should be referred to  the appropr iate  heal thcare provider.  

b.  The blood glucose test  measures the concentrat ion of  glucose in  the blood.  

Pat ients  wi th  diabetes use th is  in format ion,  a long wi th  die t ,  exerc ise, and 

medicat ion, to  keep g lucose levels wi th in a  target  range. 



(1)  Other  tes ts  are des igned to  be used wi th  blood glucose meters,  which read the 

tes t and disp lay the actua l  blood g lucose value.  Some b lood glucose meters  contain  

opt ical  un i ts  that measure the co lor  change caused by g lucose; o thers  measure the 

e lec t r ic  charge produced by g lucose.  The resul t  is  then cal ibrated to  provide whole 

b lood or  plasma glucose concentrat ion.  W hole b lood is approximate ly 15% lower 

than p lasma g lucose,  which is  what  is  measured in  the standard laboratory tes ts .  

Many of  the new g lucometers  provide resul ts as  the “plasma equiva lent , ”  meaning 

they tes t  whole b lood but  use an in ternal  algor i thm to ca lcu la te the plasma g lucose. 

(2)  Pat ients us ing blood g lucose tests must perform the tests  properly and 

unders tand the appropr ia te  act ions to  take when the resul t ing va lues are outs ide the 

desi red range. 

c .  Other  home blood test  k i ts  are avai lab le  that provide resul ts  at  the t ime of  

tes t ing in  the home or  the co l lected specimen is sent  to a  laboratory for  resul ts .  

These home test ing k i ts  include HIV,  hepat i t is  C vi rus  (HCV),  glycosylated 

hemoglobin A1c (A1c) ,  anemia, prost ra te spec i f ic  ant igen (PSA),  and thyro id . I f  the 

spec imen is  mai led away for  processing,  the resul ts  can be obtained by ca l l ing a 

to l l - f ree number. 

d.  There are a varie ty of point-of-care test ing (POCT)  devices that  are avai lab le  

for  use in pharmacies.  Because a majori ty o f them meets  the Cl in ica l  Laboratory 

Improvements  Amendments  (CLIA)-waived requi rements ,  pharmacies are ab le to 

o f fer these services to  the i r  pat ients . W hen select ing a POCT device for  use make 

sure to research the device speci f icat ions, portabi l i ty ,  tes t ing procedure,  and cost .  

Examples of  poin t -o f -care tes ts  that  are avai lable in  select  pharmacies include:  

e lec t ron ic  peak f low meters , portable spi rometry,  HIV rap id tes t ,  rapid  Strep tes t ing,  

coagulat ion analyzers , os teoporosis screening with  quant i ta t ive u l trasound or  

per iphera l  dual -energy absorpt iometry,  and b lood tests that  measure A1c, 

f ructosamine,  ketones,  ur inary microalbumin, a lan ine aminotransferases, and l ip id 

prof i les . 

3.  Fecal occult blood tests  detect the presence of  blood in  the s too l  as a 

screening tes t  for  colorectal  cancer .  Pat ients drop a pad into  the to i let  a f ter  

defecat ion.  The pad wi l l  change co lor  i f  b lood is  present.  Pat ients  should eat  h igh-

f iber  foods dur ing the tes t ing per iod and are instruc ted to  test  three consecut ive 

s too l  samples.  Pat ients  wi th  a  posi t ive resul t  should be referred to the appropria te  

heal thcare provider.  Certa in  condi t ions (gastro in test inal  bleed,  nosebleed,  

menstruat ion) ,  foods ( red meat),  medicat ions (nonstero idal  ant i - in f lammatory drugs 

[NSAIDs]),  and to i le t -bowl  c leaners  can produce fa lse-posi t ive resul ts.  

4.  Ferti l i ty microscopes  a l low women to  determine thei r  most  fer t i le t ime of  the 

month.  A woman p laces sa l iva on a v iewing s l ide or  pla te,  a l lows the sa l iva to  dry 

for  5-7 min,  and  
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then views i t  under a  microscope.  The appearance of  a  ferning pat tern means 

ovulat ion has occurred. Est rogen levels r ise and peak wi th  ovulat ion,  caus ing an 

increase in  sal t  leve ls  in the sal iva, resul t ing in  a fernl ike pattern in dr ied sa l iva.  

Simple dots  or  a bubble l ike appearance is  found dur ing a nonfer t i le  period.  A 



woman should be advised to  avoid smoking, eat ing,  or  dr ink ing for  2  hr  before 

tes t ing.  Polycyst ic ovary syndrome and per imenopause can cause fa lse-pos i t ive 

resul ts .  

VI. HOSPITAL BEDS AND ACCESSORIES. 
Hospi tal  beds are used by pat ients  who are conf ined to  bed for long periods of  t ime 

or  who requi re  elevat ion of  the head or feet  as  par t  o f  thei r  t reatment .  Hospi tal  beds 

may be manual ly or  e lect r ica l ly operated. 

A. Types of  hospital  beds  

1.  A manual  hospi ta l  bed has no e lec t r ica l ly powered motors ;  the head,  foot ,  and 

bed height are ad justed manual ly.  

2.  A semielectr ic  hospi ta l  bed contains  two e lectr ic  motors  that  ra ise the head and 

foot  o f  the bed.  The pat ient  can usual ly ad just the head and foot  posi t ion wi th  a  

handheld control .  The height o f the bed is  ad justed manual ly.  The semielect r ic  bed 

can usual ly be adjusted manual ly in  case of  loss of  elec t r ic i ty.  

3.  A ful ly e lectr ic  hospi ta l  bed contains  three motors that  can change the he ight o f  

the bed as wel l  as  ra ise the head and foot  v ia  e lec t r ical ly powered motors.  The ful ly 

e lec t r ic  hospita l  bed can usual ly be adjusted manual ly in  case of  loss of  elect r ic i ty.  

B. Accessories  

1.  Bed rai ls  keep the pat ient  in  the bed and al low the pat ient  to  change posi t ions. 

2.  A trapeze  is  a  tr iangular-shaped object  that hangs above the pat ient  and is  used 

to  change the pat ient 's pos i t ion. 

3.  Alternat ing pressure pads  are used by pat ients  to  prevent  decubitus  u lcers ( i .e . ,  

bed sores).  As a prevent ive measure,  these pads in f la te ,  thus changing the areas of 

the body that rece ive pressure. 

VII. INCONTINENCE AND INCONTINENCE PRODUCTS 
A. Urinary incontinence  is  a  condi t ion in  which invo luntary ur ine loss is  a  socia l  or  

hyg ienic problem and is  ob ject ive ly demonstrab le.  Incont inence is a  common 

problem in  the elder ly.  Types of  incont inence include 

1.  Urge  incont inence,  which is  uncontro l led contract ions o f  the b ladder 

2.  Stress  incont inence, a  weakness of  the sphincter that  causes leakage when 

in t ra-abdominal pressure increases (e.g. ,  whi le  laughing,  coughing,  sneezing)  and is 

common in  pregnancy 

3.  Overf low  incont inence,  which is  caused by obst ruct ion of  ur ine f low f rom the 

b ladder and is  common in  e lderly men as a resul t  o f  prostate en largement 

4.  Functional  incontinence,  which is rela ted to  phys ical  or psycholog ical  prob lems 

that  impai r  the pat ient 's  ab i l i ty  to  get  to  the bathroom 

5.  Transient incontinence,  which is  caused by medicat ions,  ur inary t ract  infect ions,  

or  menta l  impai rment 

6.  Mixed incontinence,  which is  a  combinat ion of  more than one type of  

incont inence 

B. Incontinence products  

1.  Shields  are disposable,  absorbent  pads that are placed in  the underwear and 

held wi th  an adhes ive s tr ip  on the back of  the pad.  These pads are used for  l ight  

incont inence problems. 



2.  Undergarments  are disposable absorbent  garments  that  are worn under the 

underwear and held in place wi th  elast ic  s t raps that  go around the h ips .  They are 

designed for  moderate incont inence problems. 
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3.  Briefs  look l ike adul t -s ize d iapers  that  are kept  in p lace wi th  adhesive s t r ips.  

They are designed for  heavy incont inence problems. 

4.  Pull -up pants  are absorbant  disposable garments  that  look l ike underwear and 

are used for  heavy incont inence problems. 

5.  Underpads  are absorbent pads to  be p laced on the bed underneath a pat ient wi th  

incont inence.  These pads conta in  a barr ier  to  protect the bedding. 

6.  Waterproof sheets  are p last ic  or v inyl  sheets  that  protect  the matt ress.  They 

may be l ined wi th  a sof t  mater ial  to  prevent f r ic t ion against  the skin . 

7.  Incontinence systems  are garments  that  look l ike underwear but  have a pouch 

or  pocket  des igned for  a d isposable or  reusable pad. 

VIII. ORTHOPEDIC BRACES AND SURGICAL FITTINGS. 
These products  promote proper  body al ignment and support in jured areas.  

Pharmacists should have addi t ional  t ra in ing before at tempt ing to  f i t  an or thopedic  

device. 

A. Abdominal  supports  are elas t ic  and are used to  support and hold surgical  

dress ings in  place. Abdominal  supports come in  d i f ferent  widths. 

B. Arm sl ings  are used to  provide comfor t  and support  dur ing recuperat ion f rom 

f ractures,  spra ins , and surgery.  The e lbow should form a 90-degree angle in an arm 

s l ing to  a l low for  proper  c i rcu la t ion. 

C. Back supports  are worn by pat ients  to  provide support  or  promote proper  

a l ignment .  Such supports  are named af ter  the area of  the sp ine on which i t  is  worn. 

1.  A sacral  belt  (a lso cal led sacral c inch  or  sacroi l iac belt )  supports  the lower 

back. 

2.  A lumbosacral  support  supports  the lower and middle back. 

3.  A thoracolumbar support  supports  the middle and h igher  areas of the back. 

D. Cervical  collars  support  or  l imi t  the range of motion of the neck.  Cervica l  co l lars 

should be of suf f ic ient length so that  the pat ient  can adjust  the degree of 

compress ion.  The width of  the cervical  co l lar  should equal the measurement  from 

the chin to  the s ternum when the pat ient  is  s tanding st ra ight,  look ing ahead. 

1.  Soft  or  foam  cervica l  co l lars  provide mi ld  support  and remind the wearer  to keep 

the neck s t ra ight .  

2.  Hard  or  r igid  cervical  col lars  provide more support and l imi t  movement  to  a  

greater  degree. 

3.  A Philadelphia  or  extricat ion  co l lar is  used to immobi l ize the neck and is  

commonly used in  emergency s i tuat ions. 

E. Clavicle supports  are used as aids for the reduct ion and s tab i l izat ion of  the 

c lavic le  ( i .e . ,  co l larbone).  These supports  are sometimes cal led f igure-eight straps  

because of  thei r  appearance. 



F.  Knee braces  (also cal led knee cages )  are used to  support  the knee.  Some 

braces have metal  stays on the s ide to  prevent the lateral  movement  of  the knee.  

Those wi th  meta l  s tays may also have h inges to  a l low for  movement  o f  the knee.  

Some knee braces have a cut -out  ho le  and padding around the pate l la  ( i .e . ,  knee 

cap) to prevent  i ts movement .  

G. Knee immobilizers  prevent  any mot ion of  the knee and are used for  severe 

in jur ies  and f rac tures.  They are avai lab le in d i f ferent  lengths and are adjustab le in  

s ize. 

H. Nighttime ankle brace  keeps the ank le at a  90-degree angle whi le s leeping.  I t  

can be used in the t reatment  o f Achi l les  tendon in jur ies  or p lantar  fasc i i t is .  

I .  Shoulder immobil izers  prevent  movement  of  the shoulder  and arm. The e lbow 

should be at a  90-degree angle to a l low for  heal ing wi thout  a f fec t ing c i rcu la t ion. 
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J.  Tennis elbow supports  apply pressure to  the forearm to provide pain re l ie f  and 

decrease in f lammat ion f rom tennis  elbow ( i .e . ,  epicondyl i t is ) .  

K. Wrist braces  prevent movement  of  the wr is t  to  a l low heal ing. The brace may be 

shaped to have the wr is t  f lexed so that  the tendons in  the hand remain s tre tched 

dur ing the period of inact iv i ty.  

IX. OSTOMY APPLIANCES AND ACCESSORIES 
A. Defini t ions.  An ostomy is  a  surgica l  procedure in  which an ar t i f ic ia l  opening is  

c reated in the abdominal wal l  for the purpose of  e l iminat ing ur ine or  feca l  waste.  

The opening is  cal led a stoma.  Ostomies can be temporary to  a l low for  repai r  or 

heal ing of  the digest ive trac t or  can be permanent .  Each procedure is  named to  

descr ibe the anatomical  locat ion involved. 

1.  In a  colostomy,  par t  o f  the co lon is cut  and attached to  the abdominal wal l .  Th is  

procedure is  done main ly in  pat ients  wi th  colon or  recta l  cancer ,  lower-bowel  

obst ruct ion, or  d iver t icu l i t is .  A co lostomy may be temporary or  permanent ,  the 

d ischarge may be l iquid  or  semiso l id  (as  wi th an ascending  co lostomy),  or  i t  may be 

so l id  (as wi th  a descending  or sigmoid  co lostomy).  Pat ients  wi th  an ascending 

co lostomy and some pat ients  wi th  a t ransverse co los tomy have gastr ic enzymes 

present in the discharge. These pat ients must take ext ra  care to  ensure that  the 

d ischarge does not  come in to  contact  wi th  the skin .  

2.  In an i leostomy,  the i leum is  a t tached to  the abdominal wal l .  Th is  procedure is  

per formed in  pat ients  wi th  u lcerat ive co l i t is  or Crohn d isease. 

3.  A urostomy is  performed in pat ients  wi th  bladder cancer.  In  this procedure, an 

i leal conduit  is  c reated by at taching the ureters  to  the i leum and the dista l  end of  

the i leum to the abdominal  wal l .  

B. Ostomy appl iances.  The ostomy appl iance conta ins a skin barrier  that  a t taches 

to  the skin  around the stoma.  The skin  barr ier  protects the sk in  and a l lows for  the 

co l lec t ion device or  pouch  to be worn on the body.  The se lect ion of an ostomy 

appl iance depends on the type of  d ischarge produced.  In  addi t ion to  s ize, color ,  and 



f lexib i l i ty ,  appl iances may have detachable pouches and be able to  be drained by 

re leasing a c l ip  a t  the bot tom of the appl iance. 

C. Ostomy accessories  

1.  Washers,  powder paste,  and ointments  are designed to  be used wi th a sk in  

barr ier  and provide addi t ional  protect ion of the skin  around a stoma. 

2.  Cement,  e last ic  belts,  and tape  are used to  ho ld the appl iance in p lace. 

3.  Deodorizers  help  contro l  feca l  odor .  External  deodor izers  can be placed in to the 

appl iance;  systemic  deodor izers  (e .g.,  bismuth subgal la te,  ch lorophyl l ,  charcoal )  

can be ingested as internal  deodor izers . 

4.  Moisturizers  and disinfectants  can be used to  t reat  the sk in and prevent  

compl icat ions. 

5.  I rr igat ion devices  are used by pat ients  who have contro l  over  the e l iminat ion of 

waste to fac i l i ta te  removal  of  the accumulated waste. The devices are used to  ins t i l l  

water  in to  the in tes t ine,  which produces peris ta ls is .  

D. Special considerat ions for ostomy patients.  Drug therapy can present  un ique 

problems for  ostomates. Absorpt ion of  enter ic -coated or  sustained-re lease products  

may not  be poss ib le.  Ant ib io t ics,  su l fa  drugs,  laxat ives,  and d iuret ics  are some of  

the common problem medicat ions in  these pat ients . 

X. RESPIRATORY EQUIPMENT 
A. Continuous posit ive airway pressure  (CPAP) is  used in  pat ients wi th  s leep 

apnea.  The pressure suppl ied from this machine keeps the ai rway open. I t  is  

typ ica l ly worn whi le  s leeping to a l low the pat ient  to  s leep wi thout  d is turbance. 
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B.  A humidifier  puts  mois ture in to  the a i r  by break ing water into  smal l  par t ic les  and 

b lowing them in to the a i r  to  be evaporated.  Humid i f iers  are somet imes referred to  as 

ca l led “coolmis t vaporizers . ” 

1.  Vaporizers  are s imi lar  to  humidi f iers in  that  they are used to  de l iver  moisture to 

the a i r .  However,  a  vapor izer  produces a steam to increase humidi ty,  whereas a 

humidi f ier  produces a nonheated mist .  

2.  An ultrasonic humidif ier  conta ins  a t ransducer,  which produces a f iner  mist .  I t  is  

commonly used to  promote expectorat ion in  pat ients  wi th upper-respi ra tory 

in fec t ions. 

3.  Both types of  humid i f iers  and vaporizers need to  be cleaned regular ly to  prevent  

the growth of mold or  bacteria .  

C.  A nebul izer  is  used to  del iver  medicat ion to the mouth or  throat .  Pat ients  wi th a  

sore throat may use a nebul izer  to del iver a  topica l  anesthet ic  to  the throat .  An 

ultrasonic nebul izer  is  used to  de l iver medicat ion in to the lungs.  The medicat ion is  

d i lu ted wi th  normal  sal ine and then inhaled. An ul t rasonic nebul izer  is used by 

pat ients  wi th  respi ra tory in fec t ions,  asthma,  or  chronic  obst ruct ive pulmonary 

d isease (COPD). 

D. Oxygen  is  administered for  a var iety o f  condit ions.  Oxygen can be s tored as a 

gas or  a  l iquid  or  can be ext racted f rom the a i r  v ia  a  concentrator.  The amount  o f  



oxygen requi red by the pat ient  is  measured in  l i ters  per  minute (L /min) .  A 

registered respiratory therapist  can be consulted for  in format ion on the correct  

procedures,  caut ions,  and laws regard ing oxygen use. 

E.  A peak f low meter  is  used by pat ients  wi th asthma to  detect  constr ic t ion of  the 

a i rways before symptoms appear.  Ear ly detect ion of  an upcoming at tack a l lows for  

therapy des igned to  s top or  minimize the severi ty o f  the d isease.  Pat ients exhale as 

much as possib le  in to a peak f low meter  to  obtain  the expi ra tory f low rate.  I f  th is  

ra te is below a predetermined basel ine,  pat ients might  be ins t ruc ted to  change 

therapy. 

F.  Home spirometry is  a  noninvas ive pulmonary funct ion tes t .  I t  a l lows for  

measurement o f  (a)  the forced expi ra tory vo lume in  one second (FEV1), and (b)  the 

forced vi ta l  capac i ty (FVC) in  the person 's  home. This  device may be used for post  

lung t ransplant  pat ients or  pat ients  wi th  a his tory of  as thma and/or  chronic  

obst ruct ive pulmonary d isease (COPD). 

XI. THERMOMETERS. 
These ins t ruments measure body temperature and are most commonly used  to  

detect  or  eva luate the t reatment  o f infec t ions. 

A.  A g lass thermometer  has a sealed g lass constr ict ion chamber that  conta ins  

l iqu id mercury,  red-  or blue-co lored f lu id,  or Gal ins tan (a mixture of  ga l l ium, indium, 

and t in).  Responding to temperature changes,  the mercury,  red- or  b lue-colored 

f lu id ,  or  Gal ins tan expands or  contracts.  I t  remains at  the maximum temperature 

reg is tered unt i l  shaken back in to  the reservoi r  at  the bot tom. Glass fever  

thermometers are graduated f rom 96°F to  106°F in  two-tenths-of -a-degree 

increments .  These types of  thermometers should be c leaned and s ter i l ized wi th  

a lcohol  a f ter each use.  The American Academy of Pediat r ics  recommends against  

the use of mercury-contain ing thermometers  because of  the r isk of  mercury 

exposure i f  i t  breaks.  However,  more research is  needed to  assess the accuracy of 

the newer g lass thermometers ( redor  b lue-co lored f lu id  or  Gal ins tan) .2  

1.  The oral  thermometer has a long s lender reservo i r .  I t  is  placed under the tongue, 

and the l ips are sealed around the thermometer  for  3-4 min. Inval id resul ts  may 

occur  i f  the pat ient  eats , dr inks,  or  chews gum before the temperature is  taken;  

incorrect ly p laces the thermometer  in  the mouth; ta lks or  breathes rapid ly through 

mouth or  nose whi le the temperature is  be ing taken;  or  has oral  abscess or  

dentures. 
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2.  The rectal  thermometer  has a blunt ,  pear-shaped bulb to  prevent breakage and 

a id  in  re tent ion.  I t  is  inser ted 1 inch in to  the rectum and lef t  for  at  least  2 min.  A 

lubricant  should be used to  aid insert ion.  Recta l  temperature is  1°F higher than ora l  

temperature.  Rectal  temperatures have been found to  lag behind the core 

temperature.  So i f  a  pat ient  has a rapid change in  core temperature,  the recta l  

temperature wi l l  not  immediately re f lect  i t .  



3.  The stubby thermometer  has a shor t ,  s tubby bulb to  prevent  i t  f rom break ing. I t  

can be used as an oral  or  a  rec ta l  thermometer .  A l though a s tubby thermometer  can 

be used as ei ther  ora l  or recta l ,  i t  is  recommended that  one route of  admin ist ra t ion 

is  selected and used. 

4.  Any of  the three types of  glass thermometers  can be used to  take the axi l lary 

temperature  i f  an oral  or  recta l  temperature cannot  be taken. An axi l lary 

temperature is  taken by ho ld ing the thermometer snugly under the arm for  3-4 min.  

Axi l lary temperature is  1°F lower than oral  temperature.  However,  there is 

controversy about  the accuracy of axi l lary temperature.  Using this temperature 

locat ion can be c l in ica l ly useful  as  long as the s i te  is  recorded and used 

cons is tent ly.3  

B. The basal  thermometer  is  used to measure basal  body temperature.  Basal  

thermometers are avai lab le  as a g lass or  d ig i ta l  thermometer .  A d igi tal  thermometer  

may lower the potent ial  for  user  error as  i t  o f fers  more accuracy.  The basal  body 

temperature is  used to  predic t  ovu lat ion to  increase or  decrease the chance of  

concept ion. Basal body temperature can be taken oral ly,  rec ta l ly,  or  vagina l ly,  but 

the route should be consis tent .  

C. Digital  thermometers  register  temperature qu ick ly.  Heat a l ters  the current  

running through a res is tor ,  and the temperature is  disp layed via a d igi tal  readout .  

The current is  suppl ied by a battery,  some of  which are rechargeable.  Digi ta l  

thermometers can be used ora l ly or  recta l ly and genera l ly requi re  plac ing a plas t ic  

sheath over  the t ip o f the thermometer before using. Digi tal  thermometers  have 

been in tegrated in to  paci f iers  to  assist  in  tak ing an infant 's  temperature. 

D. Tympanic thermometers  use in frared technology to  detect  the temperature of 

the tympanic  membrane. The temperature is  determined wi thin  seconds and is  less 

invasive than other  thermometers . These thermometers use disposable t ips  that are 

inser ted in to the ear .  The Amer ican Academy of  Pediat r ics  recommends that  th is  

type of thermometer be used in  older  babies and chi ldren because the probe needs 

to  accurate ly f i t  in to  the ear .  Inappropr ia te p lacement  and too much earwax can 

cause inaccurate readings.4  

E. Skin thermometers  are placed d i rect ly on the skin  (usual ly the forehead) to 

ca lcula te body temperature.  Th is  type of  thermometer  is  a  l iquid-crys ta l  s t r ip  that  

changes colors  based on temperature.  Envi ronment  fac tors such as sweat ing and 

ambient  temperature wi l l  a f fec t the sk in  temperature.  Th is  method is  not  as  accurate 

as the others and should be reserved for  s i tuat ions in  which other  methods are not 

poss ib le. 

XII. URINARY CATHETERS. 
These devices a l low for  the col lect ion  and removal  of  urine  f rom the bladder.  

A. External  catheters  are used for heavy incontinence  problems or  complete loss 

of  ur ine contro l .  They are at tached to a s tat ionary co l lec t ion device or  a  leg bag to  

a l low for  ambulat ion.  Types of  external  catheters inc lude the fol lowing: 

1.  The male  external  catheter is  placed around the penis . Some have adhesive to  

ass is t  in  keeping the catheter secure. 



2.  The female  external  catheter ,  which is a  contoured device that  f i ts  snugly in the 

vagina. 
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B. Internal  catheters  are used dur ing surgery or  when external  catheters  are 

inappropr ia te . Internal  catheters  can be used at  home,  but  the pat ient  must  be 

taught  proper  inser t ion techniques to  prevent infec t ion.  The catheter  is  inser ted 

through the urethra in to  the b ladder and is  a t tached to  a s ta t ionary col lec t ion device 

or  leg bag. Catheters are s ized by the French scale:  the larger  the number,  the 

larger  the d iameter  o f  the catheter.  Types of  catheters  include the fo l lowing: 

1.  The straight  catheter  is  used for  intermittent  catheterizat ion  to  dra in  the 

b ladder.  I t  consists o f  a  rubber tube;  ur ine drains f rom one end and the other  end 

connects to the co l lec t ion device. 

2.  The Foley catheter ,  an indwel l ing catheter ,  can be used for  up to 30 days before 

changing.  The end inserted in to  the bladder conta ins  a bal loon,  which is  in f lated 

wi th  s ter i le  water  or  sa l ine to  ho ld the catheter in  p lace.  The bal loon is def lated 

before removal .  
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STUDY QUESTIONS 
Direct ions:  Each of  the numbered i tems or  incomplete s ta tements  in  this  sect ion is  

fo l lowed by answers or  by complet ions of the sta tement .  Select the one  let tered 

answer or complet ion that  is  best  in  each case. 

1.  When a pat ient  is f i t ted with an axil lary crutch,  how far below the underarm 

should the top of  the crutch rest? 

(A)  0 .5 inch 

(B)  1  inch 

(C) 2  inches 

(D) 3  inches 

(E)  4  inches 

View Answer1.  The answer is  C[see] .2.  What angle should the elbow form 

when a cane is  the correct  height? 

(A)  10 degree 

(B)  25 degree 

(C) 45 degree 

(D) 60 degree 

(E)  90 degree 

View Answer2.  The answer is  B[see] .3.  A product that  del ivers moisture 

to the air  by heating water to produce steam is cal led a 

(A)  nebul izer .  

(B)  humid i f ier .  

(C)  vent i la tor .  



(D)  peak f low meter .  

(E)  vaporizer .  

View Answer3.  The answer is  E[see] .4. An absorbent product designed 

for pat ients with l ight  incontinence problems is a 

(A)  br ie f .  

(B)  shield . 

(C)  undergarment.  

(D)  underpad. 

(E)  catheter .  

View Answer4.  The answer is  B[see] .5.  When an oral temperature is  

taken,  the thermometer should be placed into the mouth for 

(A)  1-2 min. 

(B)  3-4 min. 

(C)  5-6 min. 

(D)  7-8 min. 

(E)  > 9 min. 

View Answer5.  The answer is  B[see] .6.  The diameter of  urinary catheters 

is  measured by which of  the fol lowing scales? 

(A)  Leur 

(B)  Engl ish 

(C) French 

(D) gauge 

(E)  metr ic 

View Answer6.  The answer is  C[see] .7.  A cervical  col lar that  immobil izes 

the neck is  called a 

(A)  sof t  cervical  co l lar .  

(B)  hard cervica l  co l lar .  

(C)  foam cervical  co l lar .  

(D)  ext r icat ion co l lar .  

(E)  r ig id  cervical  co l lar.  

V iew Answer7.  The answer is  D[see] .8.  Incontinence that  is  caused by an 

obstruct ion of  the bladder is cal led 

(A)  over f low incont inence. 

(B)  urge incont inence. 

(C)  s t ress incont inence. 

(D)  funct ional  incont inence. 

(E)  t ransient  incont inence. 

View Answer8.  The answer is  A[see] .9.  A colostomy or i leostomy could 

be performed for a l l  of  the fol lowing conditions except  

(A)  lower bowel  obst ruct ion. 

(B)  mal ignancy of  the colon or rec tum. 

(C)  u lcerat ive col i t is .  

(D)  duodenal u lcer.  

(E)  Crohn disease. 



View Answer9.  The answer is  D[seeand] .10. Pregnancy test  k i ts  are 

designed to detect  which substance? 

(A)  lute in iz ing hormone (LH) 

(B)  progesterone 

(C) human chorionic gonadotropin (hCG) 

(D) est rogen 

(E)  fol l ic le-st imulat ing hormone 

View Answer10. The answer is  C[see] .P.604 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [see  I .B.2.a ] .  

When a pat ient  is  f i t ted for  an axi l lary crutch,  the top of  the crutch should be 2 

inches below the axi l la (underarm). 

2.  The answer is  B  [see  I .A.1 ] .  

When a pat ient  is  properly f i t ted for  a  cane,  the elbow should form a 25° angle.  Th is  

a l lows for  maximum weight  t ransfer .  

3.  The answer is  E  [see  X.B ] .  

A vaporizer  produces mois ture by heat ing water to  produce s team. A humid i f ier  a lso 

produces moisture;  however,  i t  works by mechanica l ly c reat ing smal l  water  

par t ic les.  A nebul izer  is  used to  de l iver l iquid  to  the mouth and throat .  A vent i la tor  

is  used to  ass is t  in  breath ing.  A peak f low meter  is  used to detect  ai rway 

constr ic t ion. 

4.  The answer is  B  [see  VI I .B.1 ] .  

Sh ields  are pads that  are p laced in  the underwear and held wi th  adhesive s tr ips .  

They are used for  pat ients  wi th  l ight  incont inence problems. 

5.  The answer is  B  [see  XI .A.1 ] .  

Ora l  temperature is  taken by inser t ing the bulb of the thermometer  under the tongue 

and seal ing the l ips around the thermometer  for  3-4  min. 

6.  The answer is  C  [see  XI I .B ] .  

The French scale is  used to  measure the d iameter  o f  a  ur inary catheter.  The Leur 

sca le is  used to measure syr inge t ip s ize.  The gauge scale is  used to  measure 

needle d iameter.  The metr ic scale is  a  genera l  sys tem of  measurement .  

7.  The answer is  D  [see  VI I I .D.3 ] .  

An ext r icat ion co l lar  (a lso known as a Phi ladelph ia  co l lar )  is  used to  immobi l ize the 

neck.  I t  is  commonly used in emergency si tuat ions.  Sof t  or  foam cervica l  co l lars  

provide mi ld  support and remind the pat ient to  keep the neck s t ra ight .  Hard or  r ig id  

cervica l  co l lars  provide moderate support but  al low some movement .  

8.  The answer is  A  [see  VI I .A.3 ] .  

Over f low incont inence is caused by obst ruct ion of  the bladder.  Urge incont inence is  

caused by uncontro l led b ladder contract ions. St ress  incont inence is  caused by 

increases in  in t ra-abdominal  pressure.  Funct ional  incont inence is re la ted to  phys ica l  

or  psycholog ical  prob lems.  Trans ient  incont inence is  caused by medicat ions,  ur inary 

t ract  in fec t ions or menta l  impairments . 



9.  The answer is  D  [see  IX.A.1 and  2 ] .  

Lower-bowel  obstruct ion,  mal ignancy of  the colon or  rectum, and d ivert icu l i t is  may 

a l l  requi re  a colostomy.  Ulcerat ive co l i t is  and Crohn d isease may requi re an 

i leostomy.  The t reatment o f  a duodenal  ulcer  would not  inc lude a co lostomy or  an 

i leostomy. 

10.  The answer is  C  [see  V.B.1.d ] .  

Pregnancy tes ts detect  hCG in  the ur ine.  Th is  is  secreted af ter  the embryo has 

implanted in  the uterus. Ovulat ion-predic t ion tes ts  detect  LH.  Progesterone,  

es t rogen,  and fol l ic le-s t imulat ing hormone are a l l  invo lved in  contro l l ing the 

menstrua l  cycle . 
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I. OTIC OVER-THE-COUNTER (OTC) PRODUCTS 
A.  The ear  can be d iv ided into  three dist inc t  parts :  the external  ear ,  the middle ear ,  

and the inner  ear.  

1.  The external  ear  is typ ica l ly thought  of  as  the par t  o f  the ear  one can see.  

However,  be ing made up of  the auric le ,  the external  audi tory canal ,  and the outer 

sur face of the tympanic membrane, the external  ear  extends much far ther .  

a.  The auricle,  a lso re ferred to  as the pinna,  funct ions to co l lect  sound and channel  

i t  toward the middle ear.  

b.  The external  auditory canal ,  a lso known as the ear canal,  is  about  1  inch in  

length, leading d i rect ly to  the eardrum. The ear  canal  conta ins  smal l  glands that are 

respons ib le for secret ing cerumen,  better  known as earwax.  

c .  The outer  sur face of the tympanic  membrane is  known as the eardrum.  The 

eardrum separates the external  audi tory canal  f rom the middle ear .  

2.  The middle ear  is  an a i r - f i l led chamber that  provides di rec t  access to  the inner  

ear  and ind i rec t access to  the nose and throat  by way of  the eustachian tube. The 

middle ear  houses three smal l  bones (mal leus, incus,  and s tapes)  known as the 

oss ic les .  W hen sound s tr ikes the eardrum, i t  v ibrates,  t ransmi t t ing the sound 

vibrat ions to  the oss ic les,  which in  turn t ransmit  the sound to  the inner  ear .  

3.  The inner ear  is  a  de l icate s t ruc ture composed of  audi tory and vest ibular  

components . 

a.  The audi tory component  o f the inner  ear  ( the cochlea)  is  respons ib le for  hear ing.  

The cochlea,  a  snai l -shaped s t ruc ture f i l led wi th  f lu id ,  is  a t tached to  one of  the 

oss ic les  ( the s tapes)  in  the middle ear .  When the s tapes moves,  i t  creates waves 

wi th in  the cochlea.  Depending on the wave produced,  neural  impulses are created 

and t ransmi tted to  the bra in  for  in terpretat ion. 

b.  The vest ibu lar  component o f  the inner ear ( the semici rcu lar  canals and the 

vest ibu le)  is  respons ib le for  mainta ining ba lance and equi l ibr ium. 

B. Common ear disorders  

1.  Excessive/ impacted cerumen  (earwax) .  Contrary to  current socia l  bel ie fs ,  

earwax does not  need to be removed wi th  objects such as f ingers , towels, and 

cot ton-t ipped appl icators because these objects  typ ical ly cause impact ion of  the 

earwax,  ra ther  than i ts  removal .  Instead,  the external  ear  has a un ique se l f -

c leans ing mechanism. Ear  canal  skin  is constant ly shed and removed via la tera l  

migrat ion f rom the tympanic membrane (at  a ra te of  2-3 mm per day)  to  the external  

canal ,  where cerumen adheres to  the shed sk in and other  debris.  Movement  such as 

chewing moves the cerumen outward where i t  is  removed by drying,  f lak ing,  or  

s imply fa l l ing out .  The use of  hearing a ids or  earp lugs can block this  outward 

migrat ion,  develop ing earwax impact ion and leading to  hear ing loss. 

a.  The functions  o f  cerumen inc lude 

(1)  Lubr icat ion of  the l in ing of  the ear  canal 



(2)  Temporari ly  repel l ing water  

(3)  Res is tance to in fec t ion owing to i ts  ac id ic  nature (pH = 4-5) ,  which creates an 

unfavorable envi ronment for  organism surviva l  

(2)  Trapping dust,  debr is,  and fore ign objects 

b.  Epidemiology.  As ide f rom impact ion caused by manipulat ion,  some pat ient  

populat ions are more prone to  exper ience impacted cerumen,  inc lud ing pat ients  wi th  

an overproduct ion  
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o f  cerumen,  pat ients  wi th  narrowed ear  canals ,  the elder ly,  and pat ients wi th  mental  

re tardat ion. 

c .  Symptoms  o f  impacted cerumen inc lude earache,  i tch ing of  the ear ,  re f lex cough,  

d izziness,  ver t igo, t inni tus ,  and compromised hear ing. 

d.  Earwax-softening agents  may be used alone or  fol lowed by the use of an ot ic  

syr inge (see I .C) .  

(1)  Carbamide peroxide  6 .5% in  anhydrous g lycer in is  the only U.S.  Food and 

Drug Administrat ion (FDA) approved agent for cerumen removal.  W hen 

carbamide peroxide makes contact  wi th  t issue enzymes,  oxygen is  re leased,  

producing a foaming act ion.  Th is  foaming act ion softens impacted cerumen.  

(a)  Avai lable agents.  Mur ine,  Debrox,  Dent 's  Ear  W ax 

(b)  Instructions for use.  Pat ients  aged 12 and older  should t i l t  the head sideways 

and ins t i l l  5-10 drops in to  the ear .  The appl icator t ip should not  be inserted into  the 

ear  canal .  Pat ients should keep the head t i l ted to the s ide (or  inser t  cot ton)  for 

several  minutes to  increase contact t ime wi th the cerumen.  Repeat  the process 

tw ice dai ly for up to 4 days.  For  ch i ldren < 12 wi th  suspected cerumen impact ion,  

a  medical  provider  should be consulted. 

(2)  Ol ive o i l  (sweet  oi l )  is  used to sof ten earwax and a l leviate i tch ing. 

(3)  Minera l  oi l ,  recommended as 2 drops in the af fected ear(s) once per week,  has 

been used to l iquefy the cerumen,  thus aiding in i ts  removal .  

(4)  Docusate sodium given 15 min before provider  in-of f ice i r r igat ion has shown 

ef f icacy,  but  no data exis t  to  support the super ior i ty o f  docusate sodium over  

carbamide peroxide. 

(5)  Hydrogen peroxide is a  component o f carbamide peroxide and has weak 

ant ibacterial  proper t ies . As an ot ic so lut ion,  hydrogen peroxide may be d i lu ted 1:1 

wi th  warm water  and inst i l led in  the ear to  a id  in  cerumen sof tening and removal .  

(6)  Ear candles,  a lso known as coning candles,  are made of  paraff in-coated fabric 

wound into  a foot - long cone. Pat ients  are ins t ructed to  place the cone in the ear  

canal  and l ight  the dista l  end wi th  a match.  Al legedly,  the cerumen is l iquef ied and 

negat ive pressure draws out  the wax.  In  one s tudy of  ear  candles,  more candle wax 

was deposi ted in to  the ears  of  pat ients  than earwax was removed. However,  no data 

support this dangerous process for  e ff icacy.  Furthermore,  compl icat ions may include 

external  ot i t is ,  temporary hear ing loss,  and burns. 

e.  Pat ients  wi th  per forated tympanic  membrane,  ear  dra inage,  ear  pain,  or  a  rash in 

the ear  should be referred to  a heal thcare provider .  In  the of f ice,  providers  may use 

var ious devices or  i r r igat ing systems to  remove impacted cerumen. 



2.  Vertigo  is  a  loss of  equi l ibr ium, in  which one might  descr ibe a room as sp inn ing. 

As descr ibed in I .A.2.B, the vest ibular  compartment  o f  the inner  ear  is responsib le  

for  maintaining balance and equi l ibr ium. The autonomic  system may become 

invo lved i f  the ver t igo is  severe,  produc ing d izziness,  pa l lor ,  sweat ing, and nausea. 

Pat ients  express ing symptoms of  vert igo (as ide from mot ion s ickness)  should be 

referred to  a medical  provider .  

3.  Tinnitus  may be descr ibed by pat ients  as a r ing ing,  buzzing, h iss ing,  whist l ing, 

or  humming noise las t ing f rom seconds to  minutes.  Tinn i tus has been l inked to  a 

var ie ty of  causes,  includ ing Ménière disease,  head injur ies ,  o t i t is  media,  syphi l is ,  

temporomandibular- jo in t  (TMJ) dysfunct ion,  and cer tain  medicat ions (sal icyla tes,  

nonstero ida l  ant i - in f lammatory drugs,  aminoglycos ides,  loop diuret ics,  and 

chemotherapeut ic  agents) .  I f  t inni tus  is  constant or  severe,  a  medical  consul t  is  

advised. Current ly,  there are no FDA-approved t reatments  for  t inn i tus. 

4.  External  ot i t is ,  a lso re ferred to  as ot i t is  externa,  is  inf lammation of the 

external  auditory canal  secondary to  a bacter ial  or  fungal  in fect ion. 

a.  Cause.  External  o t i t is ,  f requent ly re ferred to  as swimmer 's  ear ,  is  thought  to  be 

most  commonly the resul t  o f  local  trauma  to the external  canal  (e .g .  cot ton- t ipped 

appl icators , f ingers , sharp objects)  or prolonged exposure to moisture.  Pro longed 

exposure to  mois ture (e .g. ,  humid envi ronment ,  underwater  swimming,  d iving) 

promotes macerat ion of  the th in sk in  l in ing the ear  canal,  al lowing bacter ia  to  

penetrate and grow.  Trauma to the external  canal  lends i tse l f  to  suscept ib i l i ty  to 

damage and thus easier  in f i l t ra t ion of  microorganisms. The predominant  

microorganisms isola ted f rom pat ients  wi th  swimmer 's ear  are Pseudomonas 

aeruginosa  and Staphylococcus aureus.  

P.607 

 

 

b.  Symptoms.  In i t ia l  symptoms include i tching  and a sensat ion of 

pressure/ful lness in the ear,  fo l lowed by pain,  an otic discharge,  and a poss ible  

decrease in hearing.  The pain may become qui te in tense,  espec ia l ly i f  the outer  

ear  is  touched or  wi th  movement  o f  the jaw,  such as chewing. 

c .  Treatment  is  wi th  a  prescript ion ot ic  antibiot ic  and cort icosteroid  i f  bacter ia l  

in  or igin  and ot ic ant ibio t ic  a lone i f  fungal in or ig in ,  as  wel l  as d iscont inuat ion of 

mechanica l  t rauma and/or  swimming (unt i l  reso lut ion of  in fec t ion).  Ora l  ant ib io t ics 

are not  necessary unless the in fect ion is  unresponsive to  o t ic t reatment ,  the pat ient  

is  immunocompromised,  or  a  middle ear  in fec t ion coexis ts .  External  ot i t is  should 

not be self - treated.  

d.  Prevent ion of  external  o t i t is  is  the key.  Mechanica l  t rauma to the ear ,  by way of  

cot ton-t ipped appl icators,  and f ingers should cease immediate ly.  W ater  should be 

removed as gent ly and ef fect ive ly as  possible  af ter  swimming or  shower ing/bath ing 

us ing a towel  around the edges of  the ear or  a  hai r  dryer set  on low heat.  I t  may 

a lso be benef ic ial  to  t i l t  the head to the s ide to he lp expel  water .  I f  reoccurrence is  

f requent,  one might consider using molded ear p lugs,  but  cons iderat ion should be 

g iven to  the r isk  of  impacted cerumen wi th  the use of  such devices. 



5.  Water-clogged ear  may be a contr ibut ing factor  to external  o t i t is  owing to  t issue 

macerat ion f rom prolonged per iods of exposure to  water ;  however,  water-c logged 

ear  is  a  separate disorder .  Therefore, label ing of  products  approved by the FDA for  

the treatment  o f  water-c logged ear  may not  a l lude to  i ts  use for  prevent ion of  

external  ot i t is .  The only agent  FDA approved as safe and ef fec t ive as an ear-drying 

agent  is  isopropyl  alcohol  95% in  anhydrous glycer in 5%, approved for  use in 

pat ients  12 years  of  age and o lder .  A home so lut ion of  50/50 isopropyl  a lcohol  and 

whi te  v inegar may a lso be used to  dry the ear .  Caut ion must  be taken not  to  

recommend se l f - t reatment  for  water-c logged ear  for  pat ients  wi th  s igns of in fec t ion,  

d ischarge or  b leeding f rom the ear ,  ear  surgery wi th in  the previous 6 weeks,  or  

tympanostomy tubes. 

6.  Furuncles,  a lso known as bo i ls ,  are smal l  abscesses surrounding the base of  a  

ha i r fo l l ic le  in  the outer  por t ion of  the external  ear  canal .  Staphylococcus aureus  is  

typ ica l ly the of fending organism. Furuncles are usual ly se l f - l imi t ing and may be 

managed wi th  warm compresses and a topica l  ant ib io t ic .  

7.  Oti t is  media  is  a bacter ial  in fec t ion that  is  most  prevalent between the ages of  3 

months and 3 years ,  owing to  the length, angle,  and funct ion of  the eustachian tube 

in  ch i ldren. Symptoms inc lude ear  pain,  fever ,  f lu id  discharge f rom the ear ,  and 

poss ib le decreased hearing. Al l  pat ients  wi th  suspected ot i t is  media must be 

referred to  a medical  provider  for  evaluat ion and t reatment .  

C. Administrat ion of  ot ic  agents  

1.  Ins t ruct ions for use of o t ic  drops 

a.  Warm the so lut ion by ho ld ing the bot t le  in  the hand for a  few moments . 

b.  Ti l t  the head s ideways wi th  the af fec ted ear  upward.  

c .  Pul l  the ear lobe up and back to s tra ighten the canal  for  adul ts  and down and back 

to  st raighten in ch i ldren. 

d.  Use the other  hand to squeeze the bot t le  of  drops,  carefu l ly del ivering the 

number of  recommended drops in to  the ear  canal.  Caut ion should be taken not  to 

inser t  the appl icator  in to the ear canal .  

e.  Keep the head t i l ted s ideways for  several  minutes or  p lace cot ton in  the ear  to  

prevent the medicat ion from dra in ing out .  I f  cot ton is  used,  i t  must  be large enough,  

so as not to  become lodged in  the ear,  and should not  be le f t  in  the ear  for  longer 

than 1 hr .  

f .  Repeat  the procedure on the opposi te ear,  i f  necessary. 

2.  Instructions for use of  an ot ic syringe  

a.  Prepare a warm  so lut ion of  pla in  water .  F i l l  the ot ic  syr inge wi th  the warm water 

so lu t ion. 

b.  St ra ighten the ear  canal  us ing the appropr iate  method,  as  noted above. Ti l t  the 

head over  a  s ink  or  basin  to  catch the out f low solu t ion. 

c .  Inser t  the t ip o f the ot ic  syr inge in to ear,  wi th  the t ip  po inted s l ight ly upward.  

d.  Gent ly squeeze the bu lb of  the ot ic  syr inge to a l low the solu t ion to  enter  the ear .  

Al low the so lut ion to  dra in  f rom the ear  into  the s ink  or  basin . I f  pa in  or dizziness 

occurs ,  remove the syr inge and consul t  a  medica l  provider .  

e.  Repeat on oppos i te  ear ,  i f  necessary. 
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II. DENTAL OTC PRODUCTS 
A. Dental  anatomy.  Anatomica l ly,  the teeth are div ided in to  two par ts :  the crown  

(above the g ingiva l  l ine)  and the root  (be low the g ing iva l  l ine) .  

1.  Enamel  is  the crys ta l l ine calc ium sal ts  (hydroxyapat i te)  that  cover  the crown to  

protect the underly ing tooth s t ruc ture. 

2.  Dentin  is  the largest  par t  o f  the tooth s t ruc ture,  located beneath the enamel .  I t  

protects  the denta l  pulp . 

3.  Cementum  is  a  bone- l ike s tructure that  covers  the root and provides the 

at tachment  of  the tooth wi th  the periodonta l  l igaments . 

4.  Pulp  cons is ts  of  f ree nerve endings. 

B. Common dental  problems and  OTC products  

1.  Dental  caries  ( i .e. ,  cavit ies )  are formed by the growth and implantat ion of  

car iogenic  microorganisms. 

a.  Causes  

(1)  Bacteria  (pr imar i ly Streptococcus mutans  and Lactobaci l laceae )  produce acids 

(e .g.,  lac t ic ac id)  that  demineral ize enamel .  In i t ia l ly ,  deminera l ized enamel  appears  

as a whi te , chalky area and becomes b lu ish whi te and eventual ly brown or ye l low. 

(2)  Diet  is  another  fac tor in  the development  o f  dental  car ies.  Foods wi th  a h igh 

concentrat ion of  ref ined sugar ( i .e . ,  sucrose)  increase the r isk  of  denta l  car ies .  

Sucrose is  converted by bacter ia l  p laque in to vo la t i le  ac ids that  dest roy the 

hydroxyapat i te.  

(a)  Fructose  and lactose  are less car iogenic  than sucrose. 

(b)  Noncariogenic sugar substi tutes  are xyl i to l ,  sorb i to l ,  and aspartame. 

b.  OTC products  for  denta l  car ies  inc lude products that  can a l levia te the pa in and 

sens i t iv i ty unt i l  the pat ient  can get to  the dent is t .  Examples of ingredients that are 

benef ic ia l  in  th is  regard inc lude l idocaine,  benzocaine (e.g. ,  Anbesol ,  Ora je l ) ,  or  an 

ora l  analgesic (e .g. ,  asp ir in ,  acetaminophen). 

2.  Plaque and calculus  

a.  Causes  

(1)  Plaque  is  a  s t icky substance formed by the attachment  o f  bacteria  to  the 

pe l l ic le,  which is  a thin ,  acel lu lar,  glycoprote in (a mucoprote in coat ing that  adheres 

to  the enamel  wi th in  minutes after  c leaning a tooth) .  

(2)  Calculus  (or  tartar )  is  the substance formed when p laque is  not  removed wi th in 

24 hr.  The p laque begins to  ca lc i fy into  calculus when calc ium sal t  precipi ta tes f rom 

the sal iva.  Calculus can be removed only by a professional  denta l  c leaning. 

b.  OTC products  

(1)  Toothbrushes.  Sof t ,  rounded,  nylon br is t les  are preferred by dent is ts  because 

hard br is t les  can i r r i ta te  the g ing ival  margins and cause the gums to  recede.  Some 

toothbrushes have specia l ly designed br is t les  that  reach deep between teeth and 

a long the gumline to  remove s ta ins  and pol ish teeth  and massage gums.  Examples 

include Colgate W hitening and Colgate Massager toothbrushes.  Electr ic  

toothbrushes can benef i t  pat ients  who requi re someone to  c lean the i r  teeth for them 



or pat ients  who have or thodont ic  appl iances.  Toothbrushes should be rep laced when 

they begin to  show wear or  every 3 months, whichever  comes f i rs t .  Pat ients  should 

rep lace the i r toothbrush af ter having an upper-resp i ra tory in fect ion. 

(2)  I rr igat ing devices  d irec t a  h igh-pressure st ream of  water  through a nozzle to  

the hard- to-c lean areas by gent ly l i f t ing the f ree g ing iva to  r inse out  c revices.  Two 

types are avai lable : pulsat ing  ( i .e . ,  in termi t tent low- and high-pressure water  

s t reams) and steady ( i .e . ,  constant  and consistent  water  pressure) ,  nei ther  o f which 

has shown superior  i r r igat ing ab i l i ty .  

(a)  I r r igat ing devices should serve as adjuncts  in mainta ining ora l  hyg iene. 

(b)  Examples  inc lude In terp lak  W ater  Jet,  Hydro-Pik , and the Waterp ik  ora l  

i r r igator .  

c .  Dental f loss  is  ava i lab le  waxed,  unwaxed,  th ick , thin , f lavored,  or unf lavored. 

Some dental  f losses are impregnated or  coated wi th  addi t ives such as baking soda 

and f luor ide.  Also,  severa l  manufacturers  are market ing f loss made of  mater ia ls  wi th  

super ior  ant ishredding propert ies  (e .g. ,  Gl ide,  Colgate Precis ion).  There are no 

d i f ferences among  

P.609 

 

denta l  f losses in  terms of  p laque removal  and prevent ion of  gingiv i t is .  There is  no 

evidence of a  residual  wax f i lm wi th  the use of  waxed denta l  f loss . 

(1)  The se lect ion of  denta l  f loss  depends on the character is t ics  of  the pat ient,  such 

as tooth roughness or  t ightness of tooth contacts  (e .g.,  waxed f loss is  recommended 

for  t ight - f i t t ing teeth because i t  can pass eas i ly between the teeth wi thout 

shredding).  

(2)  The American Dental  Associat ion (ADA) recognizes the fo l lowing brands as safe 

and ef fec t ive:  But ler ,  Johnson & Johnson,  and Ora l -B. 

d.  Denti fr ices  are products that  enhance the removal  of  sta ins and denta l  p laque by 

the toothbrush.  These inc lude toothpastes,  ant ip laque and ant icalcu lous 

mouthwashes, cosmetic whi teners ,  desens i t iz ing agents,  disc losing agents ,  and 

denta l  gums. 

(1)  Toothpastes  are benef ic ial  in  decreas ing the incidence of  denta l  caries ,  

reduc ing mouth odors , and enhancing personal  appearance.  Some toothpastes may 

conta in  the ant ioxidant coenzyme Q10 (CoQ10; e.g. ,  Per fec t Smi le Q10). 

Ingredients  include the fo l lowing: 

(a)  Abrasives  are respons ib le  for phys ica l ly removing p laque and debris.  Examples 

include s i l icates, sodium b icarbonate, d icalc ium phosphate,  sodium metaphosphate,  

ca lc ium pyrophosphate,  ca lc ium carbonate,  magnes ium carbonate,  and a luminum 

oxides.  Mentadent contains sodium b icarbonate,  whereas PeroxiCare and Colgate 

baking soda and peroxide whi tening conta in sodium b icarbonate and peroxide.  High-

abras ive formulat ions are not  advised for  long- term use or  for  use by pat ients  wi th  

exposed root sur faces. 

(b)  Surfactants  are foaming agents that  are incorporated in to most dent i f r ices 

because thei r  detergent  ac t ion a ids in removing debris .  The most frequently used  

sur fac tants  are sodium lauryl  sulfate  and sodium dodecyl  benzene sulfonate.  

Sodium lauryl  su l fa te-conta in ing dent i f r ices have been associated wi th an increase 



in  the occurrence of  canker  sores.  Dent i f r ices such as Rembrandt  Natura l ,  

Sensodyne,  and Biotene do not  contain  sodium lauryl  su l fa te. 

(c)  Humectants  prevent  the preparat ion f rom drying.  Examples include sorb i to l ,  

g lycerin ,  and propylene g lycol .  

(d)  Suspending agents  add th ickness to the product .  Examples inc lude 

methylce l lu lose,  t ragacanth,  and karaya gum. 

(e)  Flavoring agents  include sorbi tol  or sacchar in . 

( f )  Pyrophosphates  are found in  tar tar-contro l  toothpastes.  These products  re tard 

tar tar format ion;  however,  they form an alka l ine so lu t ion that  may i r r i ta te the skin .  

Some pat ients  might  exper ience a rash around the outside of  the mouth.  These 

pat ients  should use regular  toothpaste and only occasional ly brush wi th tar tar-

contro l  toothpaste (e .g. ,  Colgate Tar tar  Control  Whiten ing).  Tar tar-contro l  

toothpastes do not penetrate be low the guml ine, where tar tar  does the most  

damage. 

(g)  Fluoride  is  ant icariogenic  because i t  replaces the hydroxyl  ion in  hydroxyapat i te  

wi th  the f luor ide ion to form f luorapat i te  on the outer  surface of  the enamel .  

F luorapat i te  hardens the enamel  and makes i t  more ac id res is tant .  F luor ide a lso has 

demonstrated ant ibacter ia l  ac t iv i ty.  

( i )  F luoride is  most beneficial  i f  used f rom b i rth through age 12 or 13  because 

unerupted permanent teeth are minera l iz ing during that  t ime. W hether  or not  a  

pat ient rece ives f luor ide depends on the concentrat ion in  his or  her  local  dr ink ing 

water  (Table 29-1) .  

Table 29-1. Daily Fluoride Supplement Requirements for Infants and Children, 
Based on Concentration of Fluoride in Drinking Water 

Fluoride Concentration 
(ppm) Age 

Fluoride Supplement Required 
(mg/day) 

> 0.6 6 months to 3 
years 

0 

 3-6 years 0 

0.3-0.6 6 months to 3 
years 

0 

 3-6 years 0.25 

 6-16 years 0.50 

< 0.3 6 months to 3 
years 

0.25 



 3-6 years 0.50 

 6-16 years 1.00 
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( i i )  Common f luoride compounds  in toothpaste inc lude 0.24% sodium f luor ide and 

0.76% or 0 .80% sodium monof luorophosphate (e .g. ,  Aim, Crest ,  Aquafresh,  

Colgate) .  Crest  Gum Care conta ins  a re formulated version of s tannous f luor ide 

(0 .454%),  which might  reduce gingiv i t is  and b leeding of  the gums by an average of 

20% and 33%. However,  i t  can a lso s ta in the teeth brown. 

( i i i )  A f luor ide warning label ,  which recommends contact ing a po ison contro l  center 

or  seek ing profess ional  ass is tance i f  more than a brushfu l  o f  f luor ide toothpaste is  

ingested, is  required by the FDA on f luor ide-conta ining dent i f r ices because the 

federa l  agency l is ts  f luoride as a toxic  substance. 

( iv)  The est imated toxic  dose of  f luoride is  5-10 mg/kg. 

(v)  Acute f luoride toxic i ty causes nausea,  vomi t ing,  and d iarrhea. The ADA l imi ts  

the maximum amount o f  f luor ide in  ADA-accepted toothpaste to  260 mg per  

conta iner .  

(2)  Agents  wi th  antiplaque  potent ia l  for  inc lus ion in  dent i f r ices inc lude plant  

ext rac ts  (sanguinar ine) ,  meta l  sal ts (z inc  and s tannous) ,  phenol ic  compounds 

( t r ic losan) ,  and essent ia l  o i ls  ( thymol  and eucalypto l ) .  

(a)  Tric losan  is  an ant imicrobial  agent  that  has been demonstrated c l in ica l ly to  help 

prevent g ingiv i t is ,  p laque,  cavi t ies,  and tar tar .  

( i )  Colgate Total  conta ins  0.24% sodium f luoride and 0.30% t r ic losan and is  

formulated wi th  the po lymer Gantrez,  which works to  prolong the contact o f  

t r ic losan wi th  ora l  s t ructures. 

( i i )  Therefore,  Colgate Tota l  cont inues to  work in between brushings. 

(b)  Colgate Total  has been accepted by the ADA as ef f icac ious. 

(3)  Anticalculous denti fr ices  inc lude the ingredients  z inc  ch lor ide,  z inc c i t ra te ,  

and 33% pyrophosphate to  prevent calcu lus format ion. 

(a)  The ADA does not  eva luate ant ica lculous c laims because i t  regards the 

inhib i t ion of  supragingiva l  ca lculus as a nontherapeut ic  use. 



(b)  The ADA has di rec ted that  the fo l lowing s tatement  appear on al l  package and 

conta iner  label ing for accepted f luor ide dent i f r ice products  wi th ca lcu lus-control  

ac t iv i ty:  “ [Product name ]  has been shown to  reduce the formation of tartar above the 

guml ine,  but has not  been shown to  have a therapeut ic e f fect  on per iodonta l  

d iseases.” 

(4)  Cosmetic whitening agents.  The most common ingredient  in these products  

that  is responsible  for  whi ten ing the teeth is  10% carbamide peroxide  ( i .e . ,  in  Gly-

Oxide,  Simply W hite,  or Proxige l )  and hydrogen peroxide ( i .e. ,  in  Crest Whitest r ips) .  

(a)  Carbamide peroxide is  a  whi te  crys tal  that reacts wi th  water  to  release hydrogen 

peroxide,  which in  turn l iberates f ree oxides. 

(b)  Some cosmetic  whi teners may contain  hydrogen peroxide or  perhydro l  urea in 

ge l  or  l iqu id form. 

(c)  Products spec i f ica l ly marketed to  dent ists inc lude Colgate Plat inum Professional  

Tooth Whi ten ing System and Rembrandt  L ighten Gel .  

( i )  Pat ients should per form tooth bleaching only wi th  a  dent is t 's  supervis ion. 

( i i )  Crest  Ext ra  Whi ten ing uses a patented sof t -s i l ica technology. Owing to  this  

technology, the product  conta ins 50% more si l ica,  which great ly enhances the 

removal  of  ext r ins ic  sta ins  wi thout  increasing abras iveness. 

( i i i )  Colgate Luminous a lso contains a s i l ica whi ten ing technology and f luor ide. 

(d)  Possible r isks  assoc iated wi th  us ing whi ten ing products  inc lude a l terat ion of  

normal  f lora,  t issue damage, tooth sensi t iv i ty,  ging iv i t is ,  and potent ia t ion of  

carc inogenic  e f fec ts  of  other  agents . 

(e)  Antiseptics  have been used as whi teners  (e .g. ,  Gly-Oxide,  Proxigel ) .  

(5)  Desensit iz ing agents  reduce the pa in in  sens i t ive teeth caused by cold ,  heat ,  

ac ids,  sweets ,  or  touch.  These products  should be nonabras ive and should not  be 

used on a permanent  bas is  un less di rec ted by a dent ist .  

(a)  Examples of  5% potassium nitrate compounds  include Colgate Sensi t ive, 

Sensodyne,  Aquafresh Sensi t ive,  and Crest Sensi t iv i ty.  

(b)  Dibasic sodium ci t rate  in Pluronic gel  and 10% stront ium chlor ide were c lassi f ied 

as c lass I I I  pending fur ther  evidence of  e f fec t iveness. 

(6)  Disclosing agents  a id  in  v isual iz ing where dental  plaque has formed. These 

products  are for  occas ional  use only and should not  be swal lowed.  The FDA-

approved product  is  a vegetable dye, Food,  Drug, and Cosmet ic  (FD&C) Red No 3.  

Fo l lowing use,  the consumer should r inse the mouth wi th  water and then 

expectorate. 
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(7)  Mouthwashes  may contain  ast r ingents,  demulcents ,  detergents,  f lavors ,  

germicida l  agents ,  and f luor ide.  They can be used for cosmetic purposes, reduc ing 

p laque,  or  supplement ing f luoride consumpt ion. 

(a)  Cosmetic mouthwashes  f reshen the breath.  They are nontherapeut ic and are 

not  e f fec t ive as an ant isept ic  agent .  These mouthwashes are c lassi f ied by the i r 

ac t ive ingredients ,  a lcohol  content ,  and appearance.  The most popular  products  are 



those that conta in medicinal  phenol  and mint.  The h igher  the percent o f alcohol ,  the 

h igher  the ef fect  o f the f lavor  wi th in the mouth. 

(b)  Antiplaque mouth r inses.  Mouth r inses claiming ant icalcu lous or  tartar-cont ro l  

ac t iv i ty conta in the same act ive ingredients  as ant ica lcu lus dent i f r ices.  Cool  Mint  

L ister ine has received the ADA seal  o f approval .  

( i )  Cetylpyr id in ium chlor ide (CPC), a  mouthwash ingred ient ,  has been approved for  

c lass I  for  p laque and ging iv i t is  t reatment .  Examples of  products  in  th is  c lass 

include Cepacol ,  Scope,  Ora l -B Ant i -Plaque Rinse,  and Crest Pro-Health  Rinse. 

( i i )  Chlorhexid ine is  an act ive ingredient  in  some mouthwashes. An example is  

Colgate Per ioGard. 

( i i i )  Sta in ing is  assoc iated wi th  the overuse of  CPC and ch lorhexid ine. 

( iv)  Fluoridated mouthwashes  are used after  c leaning the teeth and should be 

expectorated.  Noth ing should be put  in to  the mouth for  30 min after  using these 

mouthwashes. The ADA has approved the fo l lowing products :  ACT Ant i -Cavi ty 

Dental  Rinse,  ACT for Kids,  F luor igard Ant i -Cavi ty Dental  Rinse,  and Reach 

Fluor ide Dental  Rinse,  Ora l -B Rinse Therapy and Ant i -Cavi ty Treatment ,  and 

Colgate Phos-Flur .  

(8)  Dental  gums  are promoted to  reduce p laque,  whi ten teeth,  poss ib ly reduce the 

r isk  of  tooth decay,  and freshen breath. Chewing gum is  associated wi th increased 

sa l ivary f low,  which apparent ly produces a benef ic ia l  buffer ing ef fect  against  acids  

in  the oral  cavi ty.  

(a)  Some contain  bak ing soda as a mi ld  abras ive c leaner and to  neutral ize ac id. 

(b)  Calc ium may be added to  he lp remineral ize the teeth and prevent  cavi t ies . 

(c)  These gums a lso conta in xyl i to l ,  a  sweetener that  is less l ike ly to  cause cavi t ies  

than sugar or  sorb i to l .  Examples are Tr ident  Advantage, Arm & Hammer Dental  

Care,  BreathAsure, Denta l  Care,  Advance Breath Care,  Aquafresh W hitening, and 

Biotene. BreathAsure Denta l  Gum conta ins  an ingredient  cal led PXT-20,  which is  an 

emulsion of polyd imethyls i loxane and poloxamer 407. I t  forms a th in coat ing on the 

tooth that  is supposed to reduce p laque bui ldup. 

(d)  These gums are not  a  subst i tu te for good oral  hyg iene,  includ ing brushing and 

f lossing,  but  may be usefu l  for  people who are unable to  brush af ter lunch. 

(e)  I t  is  not  known i f  these products  have any advantage over regular  sugar less 

gum. 

3.  Gingivi t is  is  in f lammat ion of the gingiva.  The g ing iva may appear larger  in  s ize 

wi th  a  blu ish hue caused by engorged g ing ival  capi l lar ies and a s low venous return. 

a.  Cause.  Ging iv i t is  is  caused by microorganisms that  eventual ly damage ce l lu lar  

and in terce l lu lar  t issues. Chronic gingivi t is  may be loca l ized or  genera l ized.  The 

gums readi ly bleed when probed or  brushed,  and the pat ient  should seek denta l  

ass is tance. 

b.  OTC products  include anesthet ics  contain ing eugenol  or  benzocaine (e.g. ,  

Ora je l)  to rel ieve the pain.  Mouthwashes may f reshen the breath;  however,  i t  is  

important  to  consider the potent ia l  o f  these products to d isguise and delay 

t reatment  o f  patho log ical  condit ions (e .g. ,  g ing iv i t is )  before use.  Also,  

acetaminophen (Tylenol ) can be recommended.  The pat ient should seek the advice 

of  a  dent is t .  



4.  Periodontal  disease  is  the resul t  o f  chronic  g ing iv i t is  lef t  unt reated. 

a.  The per iodontal  l igament  a t tachment  and a lveolar bone support  o f  the tooth 

deteriorate. 

b.  Risk factors  inc lude gender (men affec ted more than women), age (> 35 years  

o ld),  smoking, lack of ora l  care and regular  dent is t  v is i ts ,  d iabetes,  hypertens ion,  

rheumato id arthr i t is ,  and loss of  anter ior  teeth. 

c .  Per iodont i t is  may be treated wi th  prescrip t ion products : 

(1)  Perios tat  (doxycyc l ine hycla te,  20-mg capsules) 

(2)  At r idox (doxycyc l ine hyc late 10%) in the Atr ige l  Del ivery System. 

(a)  At r idox provides local  ant ibacter ia l  e f fects .  

(b)  Low-dose doxycyc l ine inh ib i ts  co l lagenase,  an enzyme that  dest roys connect ive 

t issue in  the gums,  leading to  tooth loss. 

P.612 

 

 

5.  Acute necrotiz ing ulcerat ive gingivi t is  (ANUG)  (a lso ca l led trench mouth )  is  

character ized by necros is  and u lcerat ion of  the ging ival  sur face wi th  under ly ing 

in f lammat ion.  Th is  condit ion is  usual ly seen in  teens and young adul ts .  

a.  Signs  and symptoms  o f  ANUG include severe pa in,  ha l i tos is ,  b leeding,  foul  

tas te,  and increased sal ivat ion. 

b.  The cause  of  ANUG is  unknown.  I t  is  postu lated that  i t  might be associated wi th  

the overgrowth of  sp irochete and fusi form organisms. 

c .  Risk factors  include anxiety,  s t ress,  smoking, malnutr i t ion,  and poor  ora l  

hyg iene. 

d.  Treatment  cons is ts  of loca l  débr idement .  Also, penic i l l in VK (penic i l l in  V is a  

der ivat ive of  penic i l l in  G;  however,  i t  is  more stab le in  an acidic  medium and, 

therefore,  is  bet ter  absorbed f rom the gastroin test inal  t ract ;  K s tands for  potassium) 

or  metron idazole may be used in  certa in  cases (e.g. ,  widespread lesions) .  

e.  OTC products  include acetaminophen and products  wi th  benzocaine (not  eugenol  

because i t  may cause sof t  t issue damage). The pat ient  should be advised to  see a 

dent ist .  The use of  sa l icyla tes is  not  recommended i f  the pat ient is  predisposed to 

b leeding. Also,  adequate nutr i t ion, h igh f lu id  intake,  and rest  are essent ial .  Rinsing 

the mouth wi th warm normal sa l ine or  1.5% peroxide solut ion might  be he lpfu l  for 

the f i rs t  few days. 

6.  Temporomandibular joint  syndrome  is  caused by an improper work ing 

re lat ionship between the chewing musc les and the TMJ.  

a.  Signs  and symptoms  inc lude a du l l ,  aching pain around the ear ,  headaches,  

neck aches,  l imi ted opening of  the mouth,  and a c l ick ing or popping noise upon 

opening the mouth. 

b.  Risk factors  inc lude bruxism ( i .e. ,  gr ind ing the teeth) and occlusal  ( i .e. ,  b i te)  

abnormal i t ies . 

c .  Treatment  consists  o f mois t heat  appl ied to  the jaw,  musc le relaxants,  b i te p la tes 

or  occlusal  sp l in ts ,  a diet  o f  sof t  foods,  correct ing the occlus ion,  or  surgery.  

d.  OTC products  that  can help re l ieve the pain inc lude oral  analges ics (e .g. ,  

acetaminophen, ibuprofen) .  



7.  Teething pain.  The ADA has not  accepted any product  for  teething pa in.  A 

frozen teething r ing  can provide symptomatic re l ie f .  Persist ing pa in may be t reated 

wi th  a loca l  anesthet ic  such as benzocaine (found in Anbesol  Baby and Ora jel  

Baby) .  I f  a  teeth ing chi ld presents  wi th a  fever ,  a  phys ic ian should be contacted. 

8.  Xerostomia  ( i .e . ,  dry mouth)  is caused by improper funct ion ing of  the sa l ivary 

g lands (as in  Sjögren syndrome and diabetes mel l i tus) .  Arti f ic ia l  sal iva  is  avai lab le  

as an OTC product .  The ADA has approved the fol lowing ar t i f ic ia l  sal iva products :  

Moi -St i r ,  Sal ivar t ,  Xero-Lube, and OralBalance Gel .  

C. Common oral  lesions and  OTC products  

1.  Canker sores  (also ca l led recurrent aphthous ulcers or recurrent aphthous 

stomati t is )  

a.  The cause  of  canker sores is  unknown.  Studies suggest  that  the sores may be 

caused by hypersens i t iv i ty to  bacter ia  found in  the mouth or dysfunct ion of  the 

immune system in i t iated by minor  t rauma or  s t ress.  Th is  is  why physic ians or  

dent ists  may use prednisone or  a top ica l  steroid  to  reduce al lerg ic  react ion or  have 

the pat ient  r inse wi th  a te t racyc l ine suspens ion. Per idex and Lis ter ine appear to  

he lp decrease bacteria  in  the mouth. 

b.  Lesions  can occur  on any nonkerat inized mucosal  sur face in  the mouth ( i .e . ,  

tongue, l ips) and usual ly appear gray to  ye l low wi th  an erythematous halo of  

in f lamed t issue surrounding the u lcer.  Most  lesions pers is t  7-14 days and heal  

wi thout  scarr ing. 

c .  OTC products  can control  the pa in of canker  sores,  shor ten the durat ion of  

current  les ions,  and prevent  new lesions. Products  include protectants,  local  

anesthetics,  and débriding and wound-cleansing agents.  

(1)  Protectants  inc lude Orabase,  denture adhes ives (see I I .F.2) ,  and benzoin 

t inc ture.  Denture adhesives are not  approved for th is  use by the FDA. 

(2)  Local anesthetics,  such as benzocaine or  butacaine,  are the most common 

anesthetics  found in  these OTC products. 

(a)  The FDA has approved the fo l lowing ingredients : 

( i )  Benzocaine (5%-20%) 

( i i )  Benzyl  a lcohol (0 .05%-0.1%) 

( i i i )  Dyclonine (0.05%-0.1%) 

( iv)  Hexyl resorc inol  (0.05%-0.1%) 

(v)  Menthol  (0.04%-2%) 

(vi )  Phenol  (0 .5%-1.5%) 
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(vi i )  Phenolate sodium (0.5%-1.5%) 

(vi i i )  Sa l icyl  a lcohol  (1%-6%) 

(b)  Examples of  OTC local  anesthet ics  for ora l  use inc lude Anbesol,  B l is tex,  

Campho-Phenique,  Oraje l ,  Orajel  CoverMed,  Zi lac t in-B, Z i lac t in-L, Benzodent ,  and 

Rembrandt  Canker Pain Rel ief  Ki t .  

(c)  The use of  products conta in ing substant ia l  amounts  of menthol ,  phenol ,  

camphor,  and eugenol  should be discouraged owing to  thei r  ab i l i ty  to  i rr i ta te  t issue. 



(d)  Aspi r in  should not  be re tained in  the mouth or p laced on an ora l  les ion in  an 

at tempt to provide re l ie f .  

(e)  Prescription products.  Amlexanox (Aphthasol )  has been approved for  the 

t reatment  o f  canker sores. 

( i )  I t  is  appl ied 4 t imes dai ly af ter meals  and at  bedt ime. 

( i i )  Advise pat ients  to s tar t  us ing the product  as  soon as they not ice symptoms and 

to  cont inue unt i l  the u lcer  is healed,  approximate ly 10 days. 

( f )  Gelc lai r  is  ind icated for  local  management  and rel ief  o f  oral  pa in  assoc iated wi th  

aphthous u lcers .  I t  provides oral  pa in  rel ie f  by act ing as a protect ive adherent  

barr ier  over  the sur face of  the mouth and throat.  

( i )  Pat ient  should use one packet  a t  least  3  t imes a day or  as  needed. 

( i i )  Advise pat ients  to mix 1 packet  wi th  3  tab lespoons of  water ,  swish for  a  minute,  

then expectorate.  Do not eat  or  dr ink  for  approximate ly 1  hr  a f ter t reatment .  

(g)  Invest igat ional  products. Thal idomide  is  being s tud ied for  the t reatment  o f 

AIDSassoc iated ora l  canker  sores. 

(3)  Débriding and wound-cleansing agents  inc lude 10%-15% carbamide peroxide, 

3% hydrogen peroxide, 1.2 g sodium perborate monohydrate,  and sodium 

b icarbonate.  The FDA cons iders  these four act ive ingredients  to  be safe and 

ef fec t ive for débr id ing or wound-cleansing agents for  ora l  heal thcare. 

2.  Cold sores/fever bl isters  (also ca l led herpes simplex labial is )  are caused 

pr imar i ly by the herpes simplex v i rus  type 1 (HSV-1) .  HSV-1 is  contagious and is  

thought to  be t ransmi tted by di rec t  contact .  An outbreak may be provoked by st ress,  

minor  in fec t ion,  fever ,  or sunl ight.  Cold sores usual ly occur  on the l ips and are 

recurrent ,  of ten ar is ing in  the same locat ion. 

a.  Presentat ion.  An outbreak is  preceded by burn ing,  i tch ing,  or  numbness. Red 

papules of  f lu id-conta in ing ves ic les  then appear, and these eventual ly burs t  and 

form a crust .  These sores are typical ly sel f - l imi ted and heal in  10-14 days wi thout  

scarr ing. 

b.  OTC products  for  co ld  sores include products that conta in sof ten ing compounds 

(e.g.,  emol l ient c reams, pet rola tum, protectants) ,  which keep the cold  sore mois t  to  

prevent i t  f rom drying and f issur ing. Local  anesthet ics  in  nondrying bases (e.g.,  

Orabase,  wi th benzocaine)  decrease pain.  Highly astr ingent  bases should be 

avoided.  The ADA contraindicates caust ic  agents  (e .g.,  phenol ,  s i lver  n i t rate) ,  

camphor and other  counter i r r i tants,  and hydrocor t isone for  the t reatment of  cold  

sores.  Les ions should be kept  c lean by gent ly washing wi th mi ld soap. 

( i )  Docosanol  10% c ream (Abreva )  is  ind icated for  the t reatment  of  co ld  sores.  I t  

prevents  the cold  sore infec t ion f rom enter ing heal thy cel ls .  I t  is  approved by the 

FDA to shor ten heal ing t ime and durat ion of  symptoms.  Pat ients  should apply the 

cream at  the f i rs t  s ign of an outbreak and cont inue to  apply the cream f ive t imes a 

day unt i l  the lesion is  healed. 

( i i )  Viract in gel  (2% tet racaine)  is  used for  the temporary re l ie f  o f  pa in  and i tch ing 

associated wi th co ld sores. 

(1)  I f  a  secondary infect ion  develops,  baci t rac in or  Neospor in  ant ib io t ic  o in tments  

should be recommended. I f  necessary,  the pat ient should consul t  a  phys ic ian for  a 

systemic  ant ib io t ic  prescr ip t ion. 



(2)  A l ip sunscreen  should be used for  pat ients  whose co ld sores appear to  be 

caused by sun exposure. 

(3)  The essent ial  amino ac id  L- lys ine has been used in oral  doses of  300-1200 mg 

dai ly to  accelerate recovery or  suppress recurrence of  co ld  sores. However,  s tud ies 

have produced conf l ic t ing data regard ing L- lysine and i ts  ef fec t  on the durat ion,  

sever i ty,  and recurrence rate of  cold  sores. 

c .  Prescript ion products  

(1)  Valacyclovir  (Valtrex)  is  indicated for the t reatment  o f  herpes lab ia l is.  

(2)  Acyclovir  cream 5% (Zovirax)  is  ind icated for  the t reatment o f co ld sores in 

adul ts and adolescents  > 12 years  of  age.  Therapy should be ini t ia ted at  the onset  

o f  s ign and symptoms and appl ied 5 t imes per day for  4  days. 
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(3)  Penciclovir  cream 1% (Denavir)  is  an ant iv i ra l  medicat ion for  the t reatment  o f  

co ld  sores in  adul ts  and ch i ldren 12 years  of  age and o lder .  Pat ients  should apply 

the cream every 2 hr  whi le  awake for  4  days,  beginning at  the f i rs t  s ign of t ing l ing 

or  swel l ing. 

D. Common oral  infect ions and  OTC products  

1.  Candidiasis  (also ca l led thrush )  is  caused by the fungus Candida a lbicans,  

which is  the most  common opportun is t ic  pathogen associated wi th  oral  infec t ions. 

Thrush has a mi lky curd appearance,  and af fected pat ients  should contact  a  

phys ic ian. 

2.  Oral  cancer.  The most  common oral  cancer  is  squamous cel l  carcinoma,  which 

can appear as red or  whi te  lesions,  u lcerat ions,  or  tumors. 

a.  Signs  and symptoms  inc lude a co lor  change in  the tongue,  a  sore throat  that  

does not  heal ,  and pers is tent  or  unexpla ined b leeding.  Pat ients  wi th  any of  these 

s igns should contact  a  phys ic ian or a  dent is t .  

b.  Risk factors  inc lude smoked and smokeless tobacco as wel l  as a lcohol .  

c .  Treatment  consists  o f e l iminat ing use of  tobacco and a lcohol  in any form (e.g. ,  

a lcohol ic  beverages,  mouth r inses wi th  alcohol ) .  A lso,  t reatment  genera l ly includes 

wide local excision  for  smal l  les ions and en bloc excisions  for larger les ions ( in 

cont inu i ty wi th  radica l  neck d issect ion i f  lymph nodes are involved) .  Radiat ion,  

a lone or  combined wi th  surgery,  may be appropria te .  Chemotherapy may be used as 

pa l l iat ion or as  an adjunct  to  surgery and rad iat ion. 

d.  OTC medicat ions  should not be admin is tered unt i l  af ter checking wi th  a  

phys ic ian. For example,  OTC medicat ions used for  in f lammation can increase the 

ef fec ts  o f methotrexate.  Chemotherapeut ic agents  can produce many poss ible  s ide 

ef fec ts  that  requi re immediate medica l  a t tent ion (e .g. ,  chest  pa in ,  in f lammat ion,  

unusual  bleeding) .  Some examples of  s ide ef fec ts that usual ly do not  require  

medica l  a t tent ion inc lude nausea,  vomi t ing,  loss of  appet i te  or  ha i r,  and t rouble 

s leeping.  OTC medicat ions can be usefu l  in  these cases; however,  nausea and 

vomi t ing are t reated by prescr ip t ion medicat ions such as ondansetron or 

metoclopramide.  Nonpharmacologica l  measures,  such as avoiding dis turbing 



envi ronmenta l  odors  and vest ibular  d is turbances, might  be helpfu l  in  min imizing 

nausea and vomi t ing. 

E. Recommended standard prophylaxis for prevention of  endocardit is  

1.  Amoxici l l in  2.0  g ora l ly 1  hr before the procedure for  adul ts,  and 50 mg/kg ora l ly 

for  ch i ldren,  is the recommended s tandard prophylact ic  reg imen for a l l  dental ,  oral ,  

upper-respi ra tory t rac t ,  and esophageal procedures. 

2.  For  pat ients  who are al lergic to penici l l in,  the recommended alternative oral  

regimens  inc lude the fol lowing: 

a.  Cl indamycin,  600 mg for  adul ts ;  20 mg/kg for  ch i ldren 

b.  Cephalexin  or  cefadroxi l ,  2 .0  g for  adul ts ;  50 mg/kg for ch i ldren 

c .  Azithromycin  or  clarithromycin,  500 mg for  adul ts ;  15 mg/kg for  ch i ldren,  1  hr 

before the procedure 

F.  OTC denture products  

1.  Denture cleansers  are e i ther chemical  or  abrasive  in  respect  to the i r  c leans ing 

abi l i ty .  

a.  Chemical  denture c leansers inc lude alkal ine peroxide,  alka l ine hypochlor i te ,  or 

d i lu te  acids . 

(1)  Alkal ine peroxide  is  the most commonly used  chemical  denture c leanser  and 

is  avai lable  as table ts  or powders.  I t  causes oxygen to  be released,  which creates a 

c leans ing ef fec t .  A lka l ine peroxide does not  damage the sur face of  acryl ic  res ins ; 

however,  i t  may b leach them. 

(2)  Alkal ine hypochlori te  ( i .e . ,  b leach)  d isso lves the matr ix o f  plaque but has no 

ef fec t  on calcu lus.  I t  is  both bacteric idal  and fungic idal .  A disadvantage  of  a lkal ine 

hypochlor i te  is  that i t  corrodes metal  denture components.  I t  can a lso b leach 

acryl ic  resin . Therefore, i t  should not  be used more than once a week. 

b.  Abrasive  denture c leansers are avai lab le as ge l ,  paste,  or  powder (e .g. ,  

s i l icates,  sodium b icarbonate,  dica lc ium phosphate,  ca lc ium carbonate) .  
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(1)  Dentures should not  be soaked in  hot  water  because the heat could dis tort  or 

warp the appl iances. 

(2)  The ADA accepts the fo l lowing denture c leansers  as  safe and effect ive:  Denture-

Br i te ,  Ef ferdent ,  and Pol ident.  

2.  Denture adherents  contain  mater ia ls  (e .g.,  karaya gum, pect in ,  methylce l lu lose)  

that  swel l ,  gel ,  and become viscous to  promote adhes ion,  which increases the 

denture at tachment  to  underly ing sof t  t issues. 

a.  Disadvantages.  As the use of  denture adherents  increases, the sof t  t issue 

deteriorates.  Denture adherents can a lso provide a medium for  bacter ia l  and fungal  

growth.  Dai ly use of  denture adherents  is not  recommended. 

b.  The ADA accepts the fo l lowing denture adherents  as safe and effec t ive:  F ixodent,  

ORAf ix,  Sea-Bond,  Super Pol i -Gr ip,  and Effergr ip.  

G. Pharmacist 's responsibi l i t ies to the patient using  OTC oral  products  

1.  Refer  a  pat ient  to  a  dent is t  i f  the oral  compla in t  invo lves an abscess wi th  fever ,  

swel l ing,  malaise,  lymphadenopathy,  or  purulent  exudate. 



2.  Remind  pat ients  that  co ld  and canker  sores,  wi th  appropria te  t reatment,  are 

usual ly a  se l f - l imi t ing problem. 

3.  Pat ients  should be in formed about  how to use recommended products,  the 

durat ion of use, the expectat ions of us ing the product ,  and the procedure to  fol low i f  

the product  is  inef fec t ive.  

4.  I f  a  nonprescrip t ion product  does not  improve a condi t ion, or  i f  the condi t ion 

worsens,  use of  the product  should be d iscont inued and a phys ic ian or  dent is t  

should be contacted. 

III. OPHTHALMIC OTC PRODUCTS 
A. Anatomy of  the eye  

1.  The sclera,  a lso known as the whi te o f  the eye,  funct ions to  protect int raocular  

contents  and maintain  the shape of  the eye. 

2.  The cornea  is  the main re f ract ing sur face of  the eye. 

3.  The anter ior chamber of  the eye houses a cont inuous supply o f aqueous humor,  

which is  produced in  re lat ion to the in t raocular pressure.  The aqueous humor is 

respons ib le for nour ishing the cornea. 

4.  The i r is  is  the co lored par t  o f  the eye that regulates the entrance of  l ight  through 

the pupi l .  

5.  The pupi l  is  the contract i le opening at  the center  of  the i r is  that  d i la tes and 

constr ic ts  in  response to l ight .  

6.  The lens  is  found di rec t ly behind the i r is  and pupi l  and is  responsib le  for  

enabl ing the eye to  accommodate,  focus ing for  near  and d is tance vis ion.  The lens 

cont inues to  grow throughout l i fe ,  gradual ly becoming th icker  over t ime. The lens is ,  

therefore,  suscept ib le  to the degenerat ive ef fec ts o f  ag ing,  most not iceably evident  

in  the 5th decade of  l i fe as  the inabi l i ty  to  focus and refocus for  near and d is tance 

vis ion. 

7.  Approximate ly two thi rds  of  the volume of  the eye is  occupied by the vitreous 

humor.  As one ages,  the ge l- l ike character is t ics of  the v i t reous humor is los t  and 

shadows are cast  by various ce l ls ,  g iv ing the i l lus ion of  “ f loaters . ” 

8.  The retina  is  composed of  the opt ic  d isc , the re t ina l  vessels ,  and the macula.  

The opt ic  nerve enters  the ret ina through the opt ic  d isc . The macula is  responsib le  

for  centra l  v is ion and the remaining par ts  o f the re t ina are respons ib le for peripheral  

and color  v is ion. 

9.  The optic nerve,  a lso known as the second crania l  nerve (CN I I ) ,  t ransmi ts  

impulses f rom the ret ina to  the bra in . 
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B. Ophthalmic Formulat ions  

1.  Vehicles  provide increased viscosi ty,  thereby enhancing contact  t ime of  the 

product.  Vehic les  commonly found in  ophthalmic products  inc lude 

carboxymethylcel lu lose (CMC),  povidone, polyvinyl  a lcohol  (PVA),  and 

hydroxypropyl  methylce l lu lose (HPMC).  



2.  Preservat ives  provide ant imicrobial  ac t iv i ty for  ophthalmic  preparat ions and 

include benzalkonium chlor ide (BAK),  chlorhexid ine,  methylparaben, propylparaben,  

e thylenediaminetet raacet ic  acid  (EDTA),  and sorb ic ac id. 

3.  Antioxidants  prevent product deteriorat ion.  Common ant ioxidants  found in  

ophthalmic  preparat ions include edet ic ac id,  sodium b isu l f i te ,  sodium metabisul f i te ,  

sodium th iosul fate ,  and th iourea. 

4.  Wett ing agents  reduce sur face tens ion of  the lens and include polysorbate 20,  

po lysorbate 80, poloxamer 282,  and ty loxapol.  

5.  Buffers  are used in  ophthalmic  preparat ions to  mainta in  a pH between 6.0 and 

8.0.  Buf fers inc lude acet ic  acid ,  boric ac id,  hydrochlor ic  ac id ,  phosphoric  ac id ,  

potass ium b icarbonate, potass ium borate,  potass ium c i tra te ,  sodium acetate, 

sodium bicarbonate,  sodium b isphosphate,  sodium borate,  sodium carbonate,  

sodium c i t ra te,  sodium hydroxide,  and sodium phosphate. 

6.  Tonici ty adjusters  ensure an isoton ic  agent ,  equal  to 0 .9%-60.2% sodium 

chlor ide.  These agents  inc lude dextrose,  g lycer in ,  potassium chlor ide,  propylene 

g lycol ,  and sodium chlor ide. 

C. Nonprescript ion ophthalmic agents  

1.  Art i f ic ial  tears  are used to  hydrate and lubricate the eye  by s t imulat ing tear  

product ion and decreas ing tear  evaporat ion. Ini t ia l  dosing is  recommended as 2 

t imes dai ly,  up to  4 t imes dai ly,  as needed.  However,  so lu t ions may be used hour ly,  

i f  c l in ica l ly ind icated. To reduce ocular  i r r i ta t ion, preservat ive- f ree art i f ic ia l  tears  

should be recommended to  pat ients  who wi l l  need to  use the medicat ion frequent ly.  

2.  Lubricat ing ointments  inc lude whi te  petro la tum, mineral  oi l ,  and lanol in ,  which 

act  to  lubr icate and hydrate the eye.  As an ointment ,  these agents  are able to  

provide increased contact  t ime with the ocular surface but may result  in 

blurred vision.  I f  possible ,  b lurred vis ion may be min imized (or  less not iceable)  by 

decreas ing the amount  of  o in tment ins t i l led into  the eye or  by admin is ter ing the 

o in tment  a t  bedt ime.  In i t ia l  dosing is  recommended as 2 t imes dai ly,  but  may be 

used as of ten as every few hours,  or only occas ional ly,  depending on pat ient 

response. Preservat ive- free ophthalmic  o in tments  may reduce ocular  i r r i ta t ion in  

pat ients  requi r ing f requent  dosing.  W hen using eye drops and o in tment ,  drops 

should be inst i l led into the eye before applying ointment.  

3.  Vasoconstrictors  (decongestants)  work  by produc ing a temporary constriction 

of  the conjunctival  blood vessels,  thereby reduc ing eye redness.  Avai lab le  

ophthalmic  vasoconstr ictors  inc lude naphazol ine, phenylephr ine, te trahydrozol ine,  

and oxymetazol ine.  These agents  may have a rebound effect  (congestion) i f  used 

in excess  or  for  extended durat ions and should be avoided in pat ients  wi th  narrow-

angle g laucoma. 

4.  Antihistamines  may be used for  the t reatment  o f  ophthalmic condi t ions 

associated wi th a l lerg ic  rh ini t is ,  though the i r  use has been c lass i f ied by the FDA as 

less than effec t ive because of  the lack of  data demonstrat ing c l in ical  ef fec t iveness. 

Ketot i fen,  sold  under the brand name Zaditor®,  is the only avai lable  nonprescr ipt ion 

ocular  ant ihis tamine and mast  cel l  s tab i l izer  ind icated for the temporary prevent ion 

of  i tching of the eye due to  al lerg ic  conjunct iv i t is .  Pheni ramine and antazol ine are 



also nonprescrip t ion ophthalmic  ant ih is tamines,  but  are on ly avai lab le  in  

combinat ion wi th  the ophthalmic  decongestant  naphazol ine. 

a.  Typ ical  dosing of ophthalmic  ant ih is tamines is  1-2  drops in  each eye 3-4 t imes 

dai ly.  

b.  Ophthalmic  ant ihis tamines should not  be recommended in  pat ients wi th  g laucoma 

or  pat ients  at  high r isk  of  developing narrow-angle  g laucoma, as pupi l  d i lat ion 

associated wi th the use of  these agents may cause th is  disorder .  

c .  Side ef fects  o f  these agents may inc lude burning, s t ing ing,  i tch ing, fore ign body 

sensat ion,  dry eye,  l id edema, and pupi l  d i lat ion. Pat ients  using ketot i fen drops 

should also be advised of  the poss ible  adverse effec t o f b lood shot  eyes. 
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5.  Astr ingents decrease ocular inf lammation.  The only FDA-recommended 

ast r ingent is  zinc sulfate,  recommended as 1-2 drops four  t imes dai ly.  

6.  I rr igant solut ions  work  to  r inse and remove debris and contaminants  f rom the 

eye,  whi le mainta in ing ocular  mois ture. 

7.  Hyperosmotic agents  increase the ton ic i ty o f  the tear  f i lm,  eventual ly el iminat ing 

excess f lu id  f rom the cornea. 

D. Eye disorders  

1.  Dry eye,  a lso known as keratoconjunct iv i t is  s icca,  is  a  common condi t ion in  

which pat ients  compla in  of  a  fore ign body sensat ion,  ophthalmic i tching,  decreased 

tear  product ion,  redness,  pain , and di f f icul ty moving the eyel ids .  Symptoms are the 

resul t  o f  a  def ic iency to  produce aqueous,  mucin,  or  l ip id  tear  f i lm components ,  

which may be att r ibutab le to  cer tain  d isease s tates  (e .g. ,  thyro id d isease, Parkinson 

d isease) ,  infec t ion, or  medicat ions (e .g. ,  ant ih is tamines,  ora l  contracept ives) .  

Nonprescr ip t ion treatment  for  dry eye inc ludes the use of  arti f icia l  tears during the 

day and ophthalmic ointment at  n ight .  

2.  Conjunctivi t is  is  inf lammat ion of  the conjunct iva which may be caused by 

bacter ia l  or  v i ra l  in fect ion,  al lergy,  or environmenta l  factors . 

a.  Al lergic conjunctivi t is  symptoms affec t  both eyes and inc lude redness,  mi ld  

edema of  the eyel id ,  excess ive tearing,  ext reme i tching,  st r ing- l ike mucoid 

d ischarge,  and chemosis.  Nonprescrip t ion t reatment  recommendat ions avoidance of  

the a l lergen i f  feas ib le,  co ld  compresses,  vasoconstr ictors ,  and ant ihis tamines.  

Nonprescr ip t ion ophthalmic  products  conta in ing a combinat ion of  a  vasoconstr ic tor 

and an ant ihis tamine are avai lable  (e .g.,  Naphcon A,  Opcon A,  Vis ine-A).  

b.  The causes of  bacterial  conjunctivi t is  depend on pat ient 's age.  Approximate ly 

one quar ter o f  pat ients present ing wi th bacter ial  conjunct iv i t is  wi l l  have 

concomitant ot i t is  media.  Therefore i t  is  prudent  for  a l l  ch i ldren present ing wi th  a  

purulent  ocular  d ischarge on wak ing in  the morn ing and abrupt  onset o f  redness to 

have the i r ears  examined for o t i t is  media. Treatment for bacteria l  conjunctivi t is  is 

prescript ion only.  

c .  Viral  conjunctivi t is  is  most  o ften att r ibutab le to  the adenovirus  and is  highly 

contagious.  More commonly known as “pink eye ,”  indiv iduals  of ten exper ience an 

upper-respi ra tory infec t ion or are exposed to  another ind iv idual  wi th  v i ral  



conjunct iv i t is  before the onset  o f  symptoms (e.g. ,  p ink  eye,  th ick  ocular  discharge,  

ext reme tear ing, fore ign body sensat ion) .  Treatment is  supportive  and may inc lude 

co ld compresses,  art i f ic ia l  tears ,  and top ica l  vasoconstr ic tors . 

3.  Chemical  burns  can resul t  f rom medicat ions,  ch lor inated swimming pools,  or 

exposure to  toxic  fumes or  i r r i tants  (e.g. ,  hai rsprays,  bat tery acid,  v inegar,  oven 

c leaners , lye) .  Treatment includes immediate and continued irr igation  o f  the 

eye(s)  wi th sal ine or  s ter i le  water and emergency a t tent ion f rom a phys ic ian or eye 

care spec ial is t .  

4.  Corneal  edema  is  character ized by halos or star bursts  around l ights , which are 

the resul t  o f  an under ly ing disorder  (e.g.  damage to  the eye) .  Once diagnosed by a 

phys ic ian, hyperosmotic agents  such as Muro so lut ion or o in tment  may be used to  

draw the f luid away from the cornea.  Dos ing should begin wi th  a  2% solut ion used 

4 t imes dai ly wi th  the addi t ion of  a  5% ointment  used at  n ight t ime i f  needed.  I f  

unresolved,  the 2% solut ion may be changed to  a 5% solut ion wi th  cont inued use of  

the o intment .  

5.  A hordeolum,  more commonly known as a sty,  is  an in fect ion of  the g lands of  the 

eyel ids  caused by Staphylococcus aureus.  St ies  present  as painfu l ,  red,  and 

edematous but  may be re l ieved by the appl icat ion of  warm compresses  for  10-15 

min 3-4 t imes dai ly.  Topica l  ant ibio t ics  may be requi red. 

6.  A chalazion,  s imply a granuloma,  may invo lve the glands of  the eyel ids  or  the 

surrounding area but is  not infectious.  When in i ts  early s tages, the in f lammat ion 

may be rel ieved by warm compresses  appl ied for  10-15 min 3-4 t imes dai ly.  I f  not  

resolved wi thin  1  week, provider  consul ta t ion is  appropr ia te,  and surg ical  exc is ion 

may be necessary. 

7.  Blepharit is  is  a  bi lateral  inf lammation of  the eyel id margins,  at t r ibutable to  

Staphy lococcus,  seborrhe ic dermat i t is ,  or a  combinat ion of the two.  Blephar i t is  may 

be ident i f ied by red,   
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sca ly,  th ickened eyel ids  wi th  possib le  loss of  the eyelashes.  Staphylococcal  

b lephari t is  requi res  ant ibio t ic  t reatment ,  but  seborrhe ic  b lephar i t is  may respond to  

l id  hygiene wi th  warm compresses for  15-20 min 2-4 t imes dai ly,  fo l lowed by l id  

scrubs wi th  a mi ld detergent.  

E. Antioxidants  

1.  The ant ioxidant  v i tamins inc lude vi tamin A ( ret ino l  and β-carotene) ,  v i tamin C,  

and vi tamin E.  β-Carotene 50  mg every other  day may prevent  the development o f  

cataracts,  especia l ly in smokers .  However,  the use of  ant ioxidants in patients 

who smoke increases the r isk of lung cancer and should,  therefore,  not be 

recommended. Vitamin C  has been s tud ied for  the prevent ion of cataracts .  

However,  insuf f ic ient  data in publ ished t r ia ls  l imi ts  the recommendation of th is  

supplement  for  th is  purpose. 

2.  Lutein,  an ant ioxidant p igment  that funct ions to  f i l ter and protect the v isual  

apparatus and i ts  vascular  supply,  may be benef ic ia l  for  improvement in v is ion in  

pat ients  wi th  dry age-rela ted macular degenerat ion and prevent ion of  cataracts . 



However,  more data by way of  large randomized control led t r ia ls  are necessary to 

assess safety and ef f icacy of  th is  supplement .  

3.  Pat ients  wi th  moderate and advanced age-related macular  degenerat ion (ARMD) 

have shown a reduct ion in  the progress ion of  the d isease and i ts  assoc iated vis ion 

loss wi th  ant ioxidants  p lus  z inc , as  wel l  as  a combinat ion of the fol lowing 

supplements :  v i tamin C 500 mg,  v i tamin E 400 IU,  β-carotene 15 mg,  z inc  oxide 80 

mg,  and copper 2  mg.  Ocuvi te  PreserVis ion,  a formulat ion of  the above ant ioxidants,  

z inc ,  and copper,  is  a  d ie tary supplement  current ly under patent  based on the 

promising resul ts  o f the Nat ional  Eye Ins t i tute 's (NEI 's )  landmark Age-Related Eye 

Disease Study (AREDS). Studies of  pat ients  wi th  mi ld  or  borderl ine ARMD have not  

shown benef i t  f rom ant ioxidant  p lus z inc  supplementat ion.  Therefore,  th is  

formulat ion should be recommended only to pat ients who are nonsmokers  (owing 

to  an increased r isk of  lung cancer) with a diagnosis of  moderate or advanced 

ARMD.  

F.  Contact  Lenses  

1.  Types of  contact  lenses  

(a)  Hard contact lenses  were the f i rs t  “or ig ina l ” contact  lens,  which were made of  

po lymethylmethacrylate (PMMA).  Because of  the hydrophobic nature of  PMMA, the 

permeabi l i ty  o f oxygen is l imi ted, thus rest r ic t ing the once-common use of hard 

contact  lenses. 

(1)  A spectacle blur,  the inabi l i ty  to  see wel l  wi th  g lasses af ter removal  o f  the 

contact  lens,  may occur  wi th  the use of  hard lenses.  The smal l  d iameter  of  the lens 

may also contr ibute to  loss of  the lens f rom the eye.  

(2)  Care of hard contact  lenses includes cleaning between the f inger t ips , soak ing, 

and wet t ing wi th  each removal o f  the lens f rom the eye.  Fur thermore,  care must  be 

taken to  avoid scratching and ch ipp ing the sur face of  the contact  lens. 

b.  Rigid gas-permeable (RGP) lenses  infuse oxygen permeabi l i ty  o f sof t  contact  

lenses wi th  the features of  the hard contact lenses.  RGP lenses are genera l ly 

th icker  than sof t  lenses,  but  more oxygen is  de l ivered to  the cornea by these 

agents. 

(1)  The RGP lenses are avai lab le  in  da i ly-  and extended-wear versions, approved 

for  up to  7  days of  wear. 

(2)  Care of the RGP lens inc ludes c leaning the lens in  the palm of  the hand wi th  a 

sur face-act ive c leaning product and an enzymatic  product .  The lens should then be 

soaked for  a  min imum of 4  hr in a  condit ion ing solu t ion before re inser t ion. 

c .  Soft  lenses  are more comfortable and eas ier  to  remove than other contact 

lenses,  however,  the v isual  improvement  noted may not  be as s ign i f icant as  that  

which is  seen wi th  RGP or  hard lenses.  Soft  lenses should not be worn when 

applying topical ophthalmic products,  except  those products  speci f ical ly 

formulated for such use (e.g.,  rewet t ing solu t ion).  

(1)  Extended-wear sof t  contact  lenses are approved for  7 days of cont inuous wear.  

However,  a  rela t ive ly new product ,  Focus Night  and Day,  is approved for cont inuous 

30day use,  though not a l l  pat ients  wi l l  be ab le to  to lerate the lens placement  for  30 

days. 
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(2)  Dai ly-wear sof t  contact  lenses are designed to  be worn for 1  day,  up to  3  

months,  depending on the lens chosen. Because the lenses wi l l  be d iscarded wi thin  

a  shor t  period of t ime,  an enzymat ic  so lu t ion is genera l ly not  necessary for  this type 

of  lens,  but  general  c leaning and dis infect ing each t ime they are removed f rom the 

eyes is  advisable. Sleeping in  these lenses is  not recommended. 

2.  Solut ion ingredients  are genera l ly spec i f ic  to  the type of  contact  lens chosen 

(e.g.,  sof t ,  hard,  or  RPG).  Therefore, the pat ient  should ensure the product  se lected 

is  in  accordance wi th  the type of  lens worn. 

a.  Cleaning solutions  ac t  to  remove res idue (e.g. ,  debris,  oi ls )  f rom the contact  

lens by nonionic or  amphoteric sur fac tants .  I f  not  c leaned regular ly,  the res idue wi l l  

bu i ld  and harden,  c reat ing an ocular  i r r i tant ,  and possib ly an ophthalmic in fec t ion.  A 

homemade cleaning solut ion of bak ing soda and d ist i l led water  may be used,  but  is 

not  typica l ly recommended owing to the increased r isk of  ocu lar  in fec t ion and 

d i f f icu l ty in  removing the agent  from the lens. 

b.  Soaking solut ions  are used to  provide an asept ic  envi ronment  for  the lens once 

removed f rom the eye and may a lso a id  in  removal  of  res idual  contaminant  on the 

lens not  removed dur ing c leaning.  Soaking solut ions genera l ly have a higher  

concentrat ion of  preservat ive than wet t ing agents ,  but  the lens should be thoroughly 

r insed before insert ion. 

c .  Wetting solut ions  are appl ied d i rect ly to the lens before insert ion in to the eye.  

The funct ion of  the wet t ing so lu t ion is to  t ransi t ion the lens sur face f rom 

hydrophobic to  hydrophi l ic ,  provide lubr icat ion,  and enhance f inger t ip  adhes ion to  

a l low for  eas ier  inser t ion.  W ett ing so lu t ions are not  necessary for  inser t ion i f  the 

pat ient has s ign i f icant  tear ing immediate ly a fter  insert ion of  the lens.  Sal iva should 

not  be used in  p lace of  a wet t ing solu t ion because of  the potent ial  for  in fec t ion. 

d.  Mult ipurpose products  are genera l ly a  so lu t ion composed of a  c leaning so lut ion, 

soak ing solut ion,  and wet t ing so lu t ion for  ease of use wi th  contact  lenses. However,  

a  mul t ipurpose product  may not  be as ef f icac ious in  the removal  o f  the res idue or  

providing adequate lubr icat ion as the use of  the three ind iv idual  agents . 

e.  Rewetting solut ions  may be used to c lean and mois ten the sur face of  the 

contact  lens whi le the lens is  s t i l l  in  the eye. 

f .  Condit ioning solut ion  is  essent ia l ly  an enhanced wet t ing so lut ion,  provid ing 

improved comfor t  and wet tab i l i ty  of  the lens. 

G. Inst i l lation of  eye medicat ion  (Figure 29.1) 

1.  Wash hands. 

2.  Shake suspens ions to evenly d is t r ibute ingredients . 

3.  Hold the lower eye l id down to  form a pouch between the l id and the eyebal l .  

4.  A lways apply eye drops before apply ing eye oin tment .  Dispense the 

recommended number of drops in to  the pouch for eye drops.  Keep the eyel ids  

c losed and apply gent le  pressure to  the inner  canthus for  1-2 min.  Wai t  5-10 min 

before inst i l l ing another  eye medicat ion. 

5.  Ointments  should be appl ied to  the lower conjunct iva l  sac as a 1/2- inch r ibbon.  

To minimize blurred vis ion,  a  decreased amount  o f  o in tment  may be appl ied to  the 



eye.  Blurred vis ion wi l l  be less not iced by the pat ient i f  the oin tment  is  administered 

at  bedt ime,  i f  feas ible . 
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Figure 29-1. Guidelines for instilling eye 
medication. [Modified with permission from 
Smeltzer SC, Bare BG. Brunner & Suddarth's 
Textbook of Medical-Surgical Nursing, 10th ed. 
Philadelphia: Lippincott Williams & Wilkins, 
2004.] 
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STUDY QUESTIONS 
Direct ions for questions 1-3:  The quest ions and incomplete s ta tements in  th is  

sect ion can be correct ly answered or  completed by one or more  of  the suggested 

answers.  Choose the answer,  A-E.  

1.  Which of  the fol lowing nonprescription products is  approved by the U.S. 

Food and Drug Administrat ion (FDA) for treatment of impacted cerumen? 

I .  ol ive oi l  

I I .  carbamide peroxide 

I I I .  isopropyl  a lcohol  95% in anhydrous glycer in 

A  i f  I  and I I  are correct 

B  i f  I ,  I I ,  and I I I  are correct 

C  i f  I I  only is  correct 



D  i f  I I I  only is  correct 

E  i f  I  only is  correct 

View Answer1.  The answer is  C[see] .2.  Which of  the fol lowing ot ic 

condit ions can be treated with a nonprescript ion agent? 

I .  vert igo 

I I .  t innitus 

I I I .  external  ot i t is 

IV.  water-clogged ear 

A  i f  I ,  I I ,  and I I I  are correct 

B  i f  I I I  and IV  are correct  

C  i f  I  and IV  are correct 

D  i f  I  and I I  are correct 

E  i f  IV only is  correct 

View Answer2.  The answer is  E[seeand].3.  Which of  the fol lowing 

condit ions is  appropriate for the use of  isopropyl  a lcohol  95% in anhydrous 

glycerin? 

I .  t reatment of impacted cerumen 

I I .  t reatment of  water-clogged ears 

I I I .  prevention of  external  ot it is 

IV.  treatment of external  ot it is 

A  i f  I  and I I  are correct 

B  i f  I I  and I I I  are correct 

C  i f  I I I  and IV  are correct  

D  i f  I I  only is  correct 

E  i f  I I I  only is  correct 

View Answer3.  The answer is  D[see] .Directions for questions 4-5:  Each of  

the quest ions,  s ta tements ,  or  incomplete s tatements  in  this  sect ion can be correct ly 

answered or  completed by one  o f  the suggested answers or  phrases.  Choose the 

best  answer.  

4.  Al l  of  the fol lowing are true regarding carbamide peroxide except  which 

one? 

(A)  Carbamide peroxide sof tens earwax by the foaming act ion produced when 

oxygen is  re leased. 

(B)  Carbamide peroxide is  safe for  pharmacis t  recommendat ion in  pat ients  age 6 

years  and o lder .  

(C)  Appropria te  dos ing for  carbamide peroxide is 5-10 drops in  the ear  2 t imes 

dai ly.  

(D)  Carbamide peroxide should be used for a  maximum of 4  days unless otherwise 

d i rec ted. 

View Answer4.  The answer is  B[see] .5.  Al l  of the following are true 

regarding external  ot i t is  except  which one? 

(A)  Ini t ia l  t reatment  for  external  o t i t is  is  an oral  ant ibio t ic and cor t icosteroid . 

(B)  Symptoms of  external  o t i t is  inc lude ot ic  i tch ing,  pressure and fu l lness in  the ear ,  

pa in ,  and ot ic  d ischarge. 



(C)  Mechanical  t rauma to  the ear  wi th  cotton-t ipped appl icators  can contr ibute to  

increased suscept ib i l i ty  to  external  o t i t is .  

(D)  External  ot i t is  is  also re ferred to  as swimmer 's  ear .  

View Answer5.  The answer is  A[seeand] .P.622 

 

 

Direct ions for question 6:  The quest ion in this  sect ion can be correct ly answered 

by one or more  of  the suggested answers.  Choose the answer,  A-E.  

6.  Which of  the fol lowing is an appropriate counsel ing t ip for administrat ion of  

ot ic  drops? 

I .  Pull  the earlobe up and back to straighten the ear canal for chi ldren. 

I I .  Pul l  the earlobe down and back to straighten the ear canal  for adults. 

I I I .  Fi l l  the ot ic syringe with hot water. 

IV.  I f  cotton is  used to retain medicat ion in the ear, i t  should not be left  in the 

ear for longer than 1 hr.  

A  i f  I I I  only is  correct 

B  i f  IV only is  correct 

C  i f  I  and I I  are correct 

D  i f  I ,  I I ,  and IV  are correct 

E  i f  I I I  and IV  are correct  

View Answer6.  The answer is  B[see] .Directions for questions 7-17:  Each 

of  the quest ions,  s tatements ,  or  incomplete s tatements  in  th is  sect ion can be 

correct ly answered or  completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

7.  Al l  of  the fol lowing are true regarding ophthalmic formulat ions except  which 

one? 

(A)  Vehic les  enhance contact  t ime of  the ophthalmic  product .  

(B)  Ant ioxidants  prevent  product deteriorat ion. 

(C)  W ett ing agents  reduce sur face tens ion of  the lens. 

(D)  Tonic i ty ad justers are used to  mainta in  a pH between 6.0 and 8.0. 

View Answer7.  The answer is  D[see] .8.  Which of  the fol lowing is  

appropriate treatment of  diagnosed corneal edema? 

(A)  hyperosmotic agent 

(B)  vasoconstr ic tor 

(C)  ant ihis tamine 

(D) ar t i f ic ia l  tears 

View Answer8.  The answer is  A[see] .9.  Which of  the fol lowing is  also 

known as “pink eye”? 

(A)  a l lerg ic  conjunct iv i t is  

(B)  bacter ial  conjunct iv i t is  

(C)  v i ra l  conjunct iv i t is  

(D)  envi ronmenta l  conjunct iv i t is  

View Answer9.  The answer is  C[see] .10.  Al l  of  the fol lowing are 

antioxidants used for the treatment and/or prevention of  ophthalmic disorders 

except  



(A)  v i tamin D. 

(B)  β-carotene. 

(C)  v i tamin C. 

(D)  lu te in . 

View Answer10. The answer is  A[see] .11.  Which of  the following 

solut ions may be used to clean and moisten the surface of  the contact  lens 

whi le  the lens is  st i l l  in the eye? 

(A)  c leaning so lut ion 

(B)  wet t ing so lut ion 

(C) soaking so lut ion 

(D) rewet t ing so lu t ion 

View Answer11. The answer is  D[see] .12.  Which of  the following is true 

regarding ophthalmic antihistamines? 

(A)  Pheni ramine and te t rahydrozol ine are the on ly two nonprescr ip t ion ophthalmic 

ant ih is tamines avai lab le . 

(B)  Ophthalmic  ant ih is tamines are avai lab le only in  combinat ion wi th  naphazol ine. 

(C)  Ophthalmic  ant ih is tamines may cause burning,  st ing ing,  dry eyes,  or  mydr ias is .  

(D)  Ophthalmic  ant ih is tamines may produce rebound congest ion i f  used in  excess or 

for  extended durat ions. 

View Answer12. The answer is  C[see] .13.  Which of  the following is the 

only astr ingent used in nonprescript ion ophthalmic agents that  is  

recommended by the U.S.  Food and Drug Administration (FDA)? 

(A)  edet ic  ac id 

(B)  benzalkonium chlor ide 

(C) z inc su l fa te 

(D)  povidone 

View Answer13. The answer is  C[see] .P.623 

 

 

14.  The def ini t ion of a  surfactant (an ingredient in toothpaste)  can best be 

described by which of  the following statements? 

(A)  I t  prevents  drying of  the preparat ion. 

(B)  I t  removes debr is  by i ts  detergent act ion and causes foaming,  which is  usual ly 

desi red by the pat ient .  

(C)  I t  phys ical ly removes p laque and debris.  

(D)  I t  determines the texture, d ispersiveness,  and appearance of  the product .  

(E)  I t  adds f lavor to  the preparat ion,  which makes i t  more appeal ing to  the pat ient .  

V iew Answer14. The answer is  B[see] .15.  A 16-year-old gir l  stops by a  

pharmacy on her way home from school .  She says to the pharmacist ,  “ I  have 

been using Proxigel  dai ly to bleach my teeth in preparat ion for my spring 

formal.  However,  my teeth are becoming very sensit ive.”  Each of the fol lowing 

statements is  advice that  the pharmacist might suggest except  which one? 

(A)  There is  a  poss ib i l i ty that you may damage the g ingiva l  t issue and tooth pu lp. 

(B)  Oxid iz ing agents may have the potent ia l  for  mutat ing or  enhancing the 

carc inogenic  e f fec ts  of  other  agents  (e.g. ,  tobacco) .  



(C)  Bleaching teeth is  best  done under dental  supervis ion. 

(D)  Proxige l  is  an ant isept ic  that  contains  z inc  and should not  be used for  cosmetic  

whi ten ing of  the teeth. 

(E)  The most  common ingredient  in  products  responsible  for  teeth whi ten ing is  10% 

carbamide peroxide,  which can cause sensi t iv i ty.  

View Answer15. The answer is  D[see] .16.  Al l  of  the fol lowing products 

may be recommended by a pharmacist  for the treatment of canker sores except  

(A)  benzocaine. 

(B)  Z i lac t in-B. 

(C)  Bayer  aspi r in  placed d i rec t ly on the oral  lesion. 

(D)  Anbesol .  

(E)  Ora je l .  

V iew Answer16. The answer is  C[see] .17.  The U.S.  Food and Drug 

Administrat ion (FDA) has approved which ingredient for protect ion against  

painful  sensit ivi ty of  the teeth caused by cold, heat,  acids,  sweets,  or contact? 

(A)  d icalc ium phosphate 

(B)  sodium lauryl  su l fa te 

(C)  5% potass ium n i t ra te 

(D)  z inc ch lor ide 

(E)  calc ium carbonate 

View Answer17. The answer is  C[see] .Directions for questions 18-20:  The 

quest ions and incomplete s ta tements  in  this sect ion can be correct ly answered or  

completed by one or more  o f  the suggested answers.  Choose the answer,  A-E.  

18.  Which of the fol lowing compounds is/are considered a suspending agent 

(an ingredient in denti fr ices)? 

I .  dicalcium phosphate 

I I .  karaya gum 

I I I .  methylcel lulose 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer18. The answer is  D[see] .19.  Cold-sore treatment might 

include which of  the following ingredients? 

I .  benzocaine 

I I .  docosanol 

I I I .  camphor 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 



View Answer19. The answer is  C[seeand] .20. Pharmacists can 

recommend over-the-counter (OTC )  drug treatment for which of the fol lowing 

ear conditions? 

I .  t reatment of accumulated earwax 

I I .  prevention of  blocked ears caused by al t i tude changes 

I I I .  t reatment of  water-clogged ears 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer20. The answer is  E[see] .P.624 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  ( I I )  [see  I .B.1.d. (1) ] .  

Carbamide peroxide is the on ly FDA-approved agent for cerumen removal .  Ol ive o i l  

and minera l  o i l  are used to  remove cerumen,  but  are  not  FDA approved.  Isopropyl  

a lcohol  95% in anhydrous glycerin  is FDA approved for  water-c logged ears ,  but  not 

cerumen removal .  

2.  The answer is  E  ( IV)  [see  I .B.1.d;  I .B.2, 3  and  4 ] .  

Pat ients  exhib i t ing symptoms of  ver t igo,  as ide from motion s ickness,  should be 

referred to  a medical  provider .  There is  no FDA-approved t reatment  for  t inn i tus .  

External  o t i t is  (swimmer 's  ear)  should be t reated wi th  a prescr ip t ion ot ic  ant ibio t ic 

and cort icostero id.  Only impacted cerumen and water-c logged ears  may be t reated 

wi th  nonprescrip t ion products . 

3.  The answer is  D  ( I I )  [see  I .B.5 ] .  

Isopropyl  a lcohol  95% in anhydrous glycerin  is FDA approved only for  t reatment  o f  

water-c logged ears .  Labels on products  of isopropyl  a lcohol  95% in  anhydrous 

g lycerin  should not  c la im to  be used for  t reatment or  prevent ion of external  o t i t is  

(swimmer 's  ear)  because th is  is  a  separate disorder  f rom water-c logged ears . 

Treatment  for  impacted cerumen is  carbamide peroxide. 

4.  The answer is  B  [see  I .B.1.d. (1) ] .  

Carbamide peroxide sof tens earwax through i ts  foaming act ion when oxygen is 

re leased.  I t  is  labeled for  ages 12 and o lder .  Therefore,  for  ch i ldren < age 12 wi th  

suspected cerumen impact ion should be seen by a medical  provider .  Pat ients  should 

inst i l l  5-10 drops of  carbamide peroxide into  the ear  2 t imes dai ly for up to  4  days. 

5.  The answer is  A  [see  I .B.4.a, b  and  c ] .  

External  o t i t is  is  re ferred to  as swimmer 's  ear.  Though pro longed exposure to  

mois ture is the typ ical  cause of  external  o t i t is ,  mechanical  t rauma, such as the use 

of  cot ton- t ipped appl icators , f ingers ,  or  sharp objects  in  the ear ,  may cause the 

external  ear  canal to  be more suscept ib le to  damage and microorganism in f i l t ra t ion.  

Pat ients  wi th  external  o t i t is  may present  wi th  ot ic  i tch ing, a  sensat ion of  pressure or  

fu l lness in the ear ,  pa in , or  an ot ic  discharge.  In i t ia l  t reatment  is  wi th  an ot ic  



ant ib io t ic  and cort icostero id , not  an ora l  ant ibio t ic .  Oral  ant ib io t ics are ind icated 

when the infect ion is  unrespons ive to  ot ic  t reatment ,  the ind iv idual  is  

immunocompromised,  or a  middle ear  infect ion coexis ts .  

6.  The answer is  B  ( IV)  [see  I .C ] .  

The earlobe should be pul led up and back to s t raighten the canal  for  adults  and 

down and back to s tra ighten the canal  in  chi ldren.  Only warm water should be used 

in  the ot ic  syr inge,  as cold  or  hot  water  may induce d izziness.  I f  cot ton is used in  

the ear  to  re tain  the medicat ion,  i t  must  be large enough to  remove easi ly and 

should not  be le f t  in  the ear  for  longer than 1 hr .  

7.  The answer is  D  [see  I I I .B ] .  

Buf fers  are used in  ophthalmic  preparat ions to  mainta in  a pH between 6.0 and 8.0.  

Tonic i ty adjusters  ensure the product  is isoton ic ,  equal  to  0 .9%-60.2% sodium 

chlor ide. 

8.  The answer is  A  [see  I I I .D ] .  

Once d iagnosed by a phys ic ian,  corneal edema is  t reated wi th  hyperosmot ic  agents  

such as Muro so lut ion or o intment  to  draw the f lu id  away f rom the cornea. 

9.  The answer is  C  [see  I I I .D.2 ] .  

V i ra l  conjunct iv i t is  is  most  of ten at t r ibutab le to  the adenovirus  and is  more 

commonly known as p ink eye. 

10.  The answer is  A  [see  I I I .E ] .  

The ant ioxidant v i tamins examined for  the prevent ion and/or t reatment  o f ophthalmic  

d isorders inc lude vi tamin A ( re t ino l  and β-carotene) ,  v i tamin C, and vi tamin E.  

Lutein  is an ant ioxidant  p igment  that  funct ions to f i l ter  and protect  the v isual  

apparatus and i ts  vascular  supply.  Lutein , is  therefore,  thought to  be benef ic ial  for  

improvement in v is ion in pat ients  wi th  dry age-rela ted macular degenerat ion and 

prevent ion of cataracts . Vi tamin D is  not  an ant ioxidant  v i tamin. 
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11.  The answer is  D  [see  I I I .F .2 ] .  

Rewet t ing solu t ions are the on ly contact  lens so lut ions that may be used whi le  the 

lens is  s t i l l  in the eye. 

12.  The answer is  C  [see  I I I .C.4 ] .  

Current ly,  there are three avai lab le ophthalmic  ant ihistamines:  ketot i fen, 

pheni ramine, and antazol ine.  Pheni ramine and antazo l ine are only avai lable  in  

combinat ion wi th  the ophthalmic  decongestant  naphazol ine.  Ophthalmic  

ant ih is tamines may cause burn ing,  s t inging,  dry eyes,  or  mydr iasis .  

Vasoconstr ic tors ,  not ant ih is tamines,  may produce rebound congest ion when used in  

excess or  for  extended durat ions. 

13.  The answer is  C  [see  I I I .B ] .  

Edet ic  acid  is an ant ioxidant and benzalkonium chlor ide (BAK) is a  preservat ive 

used in  ophthalmic  formulat ions. Z inc sul fate  is the on ly FDA-recommended 

ast r ingent.  Povidone is  a vehic le used in ophthalmic  formulat ions. 

14.  The answer is  B  [see  I I .B.2.d. (1) ] .  



Sodium lauryl  su l fa te  is  used f requent ly as  a surfac tant  in  most  dent i f r ices.  I ts  

detergent  ac t ion a ids in the removal  of  debris ,  and the foaming is  usual ly desi red by 

the pat ient .  There is  no evidence that  sur factants  possess ant icar ies act iv i ty or  

decrease periodonta l  d isease.  The FDA cons iders  sur fac tants  an inact ive ingredient  

in  dent i f r ices. 

15.  The answer is  D  [see  I I .B.2.d. (4) ] .  

Teeth-whi tening agents  usual ly contain  10% carbamide peroxide,  which is  a  whi te  

crys tal  that reacts  wi th  water  to  re lease hydrogen peroxide and,  therefore, l iberates 

f ree oxides. Cosmet ic  agents  can a l ter  the normal f lora or cause t issue i r r i ta t ion, 

g ing iv i t is ,  and teeth sens i t iv i ty.  Ant isept ics  have been used as cosmet ic  whi teners  

(e .g.,  Gly-Oxide,  Proxigel )  along wi th  ca lc ium peroxide (e.g. ,  Calprox in  EpiSmi le) .  

EpiSmi le  also conta ins  sodium monofluorophosphate. 

16.  The answer is  C  [see  I I .C.1.c . (2) ] .  

Local  anesthet ics  can provide re l ie f  o f  canker  sore pain. The most  common local  

anesthet ics found in OTC products  inc lude benzocaine and butacaine.  Some 

examples are Anbesol ,  Zi lac t in-B,  and Ora je l .  Aspi r in  should not  be reta ined in  the 

mouth before swal lowing or  placed in the area of  the ora l  lesions because of  the 

h igh r isk for chemical  burn wi th  necrosis.  

17.  The answer is  C  [see  I I .B.2.d. (5) ] .  

Desensi t iz ing agents  should not  be abras ive or  used on a chronic bas is  un less 

d i rec ted by a dent is t .  The products  approved by the ADA inc lude the ingredients 5% 

potass ium n i t ra te,  10% st ront ium chlor ide,  and dibasic sodium ci t ra te  2% in  Pluronic  

ge l .  

18.  The answer is  D  ( I I ,  I I I )  [see  I I .B.2.d. (1) .D ] .  

Suspending agents  are products  that  add thickness to  the dent i f r ices.  Examples are 

t ragacanth,  karaya gum, and methylce l lu lose.  Dica lc ium phosphate is  categor ized as 

an abras ive product .  

19.  The answer is  C  ( I ,  I I )  [see  I I .C.2.a and  b ] .  

Cold-sore t reatment  involves keeping the les ion mois t  wi th emol l ient  c reams, 

pet rola tum, or protectants .  Local  anesthet ics  (e .g. ,  benzocaine,  dyc lon ine,  sal icyl  

a lcohol )  may be used.  In addi t ion, docosanol 10% cream (Abreva)  and tet racaine 2% 

gel  (Vi rac t in)  are avai lable  wi thout  a  prescr ip t ion for  the treatment  o f  cold  sores.  

Topical  counteri r r i tants (e .g. ,  camphor)  and caust ics  or escharot ic  agents  (e .g.,  

phenol,  menthol ,  s i lver ni t ra te)  are not  recommended because they may fur ther  

i r r i ta te the t issue.  Cold sores are usual ly se l f - l imit ing and heal  wi th in 10-14 days 

wi thout  scarr ing. 

20.  The answer is  E  ( I ,  I I ,  I I I )  [see  I .B ] .  

OTC drug t reatment  can be recommended for a l l  o f  these ear  condi t ions. 
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OTC Dermatological Agents 
Larry N.  Swanson 

I. PEDICULOSIS AND PEDICULICIDES 
A. Introduction.  Pedicu los is  is  a  skin  in fes tat ion produced by b lood-

sucking l ice.  Lice are smal l ,  f la t ,  wing less insects wi th  s tubby antennae and 

three pai rs  o f legs that  end in  sharp,  curved claws.  Three types of  l ice 

infest humans.  

1.  Pedicu lus humanus capi t is  ( i .e. ,  the head louse)  

2.  Pedicu lus humanus corpor is  ( i .e. ,  the body louse) 

3.  Phth i rus pubis  ( i .e . ,  the pubic ,  or  c rab,  louse) 

B. Li fe cycles.  The l ice that  infest  humans pass through s imi lar l i fe  cyc les . 

1.  Location.  A l l  l ice need human warmth to survive.  

a.  Head  and pubic l ice  spend thei r  ent i re  cyc le  on the skin  of  the human 

host .  

b.  Body l ice  l i ve in  c lo thing, coming to  the sk in  sur face only to  feed. 

2.  Development  

a.  Each type of  louse develops f rom eggs (ni ts)  that  incubate for  about 1 

week.  W hen the smal l ,  gray-whi te ,  tear-shaped eggs hatch,  the nymphs 

appear. 

b.  In about 3  weeks,  the nymphs  mature; then the females star t  to  lay 

eggs. 

c .  Each type of  louse survives about 1  month as a mature adult .  During 

th is  t ime,  the female head louse can produce 3-6 eggs a day. 

3.  Egg deposit  

a.  Body l ice  deposi t  their  eggs on f ibers of  c lo thing,  par t icu lar ly in  the 

seams.  These l ice can survive wi thout  food up to 10 days, and the eggs 

may remain v iab le  for  about  1  month.  Dai ly c lo thing changes and boi l ing or  

i roning infested clo th ing can eradicate body l ice.  

b.  Head  and pubic l ice  depos i t  the i r  eggs on hair  s t rands,  about  1 /4 inch 

f rom the sk in .  Adult  head l ice can survive on inanimate objects  for  about 20 

hr ;  head l ice n i ts may survive up to  10 days of f  the body. 

C. Incidence.  The incidence of  l ice in festat ions increases each year .  

1.  More than 10 mi l l ion cases of  head l ice occur  each year in the Uni ted 

States. 

2.  The bulk  of  these cases occur  between September and November,  when 

s tudents  are back in school .  

3.  In outbreaks of  head l ice,  70% of  cases occur  in  ch i ldren younger than 

12 years . 

4.  Infes tat ions tend to  be more common in  g i r ls,  presumably because of  

the ir  greater  tendency to share grooming i tems. 

5.  Unl ike the other  two forms of  l ice,  body l ice are associated wi th  improper 

hygiene and are of ten present  in  homeless people.  Th is in fes tat ion is  rare 

in  the Uni ted States, espec ia l ly when people fo l low proper hygiene rout ines. 



D. Medical  problems  

1.  Both adul t  and nymph l ice are b lood suck ing;  they feed on humans by 

p ierc ing the sk in and in t roduc ing a smal l  amount  o f  sa l iva (which conta ins 

an anticoagulant)  in to  the feeding area.  Al l  l ice types feed on blood for  

about  30-45 min every 3-6 hr .  

a.  The at tachment  of  l ice to  the body causes an erythematous papule,  

which may i tch.  

b.  The female louse produces a s t icky cement-l ike secretion  that  ho lds the 

eggs in  place on the hai r shaf t  so secure ly that ord inary shampooing does 

not  remove i t .  
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2.  Nei ther  head nor crab l ice t ransmi t  in fect ions,  but  body l ice transmi t  

t yphus,  relapsing fever,  and trench fever.  

3.  L ice and humans have a t rue parasit ic relat ionship;  l i ce depend on the 

human host  for  shel ter ,  food, and reproduct ive success.  Once hatched, 

nymphs must  have access to the human host  wi thin  the f i rs t  12-  to  24-hr 

per iod,  i f  they are to  survive.  

E. Methods of transmission  

1.  Head l ice  are most commonly spread by head-to-head contact  wi th  an 

in fested person through hats ,  caps,  scarves,  pi l lowcases,  communal  combs 

and brushes, or  c lo thing that  is hung c lose together  (e .g. ,  on a coat  rack) .  

2.  Pubic l ice  are transmitted primari ly through sexual contact ,  but  a lso 

through shared undergarments , towels ,  or  toi le t  seats . 

a.  The l ice af fec t  teens and young adul ts  most  of ten through sexual  contact .  

b.  L ice f requent ly coexis t  wi th  o ther  sexual ly t ransmi t ted diseases. 

c .  Scratching in  the genita l  areas may t ransmi t  pubic  l ice to  o ther hai ry 

reg ions,  such as the eyelashes,  eyebrows,  s ideburns,  and mustaches. 

F.  Signs and symptoms  

1.  Head l ice  

a.  Most  pat ients  have fewer than 10 l ice. 

b.  The most  common s ign is  head scratching.  

c .  Skin redness around the nape ( i .e . ,  back) of the neck  and above the 

ears is  usual ly seen. 

d.  The l ice can be ident i f ied by d i rect  examinat ion us ing wooden appl icator  

s t icks  or  a comb to part  the ha i r ,  then look ing at  the ha i r  through a 

magni fy ing g lass. 

e.  The l ice appear as t iny brownish gray spots that  are of ten di f f icul t  to  see.  

The shiny,  whitish si lver eggs,  which appear almost  as  gra ins of sugar,  

are more l ike ly to be seen than the l ice. The ni ts  are in i t ia l ly  deposited  

about  1/4 inch from the scalp  on the ha i r shaf t ,  and they may be confused 

with dandruff  or hairspray droplets.  Usual ly,  ha i r  grows at a  ra te of  about  

1 /2 inch per  month, so the durat ion of  in festat ion can be assessed based on 

th is  in format ion. 



2.  Pubic l ice.  The pr imary symptom is  scratch ing in  the geni ta l  area. 

3.  Body l ice.  The most  common symptoms are bi tes  and i tching,  which are 

commonly seen as vert ica l  excor ia t ions on the trunk area. 

G. Treatment  

1.  There are three steps  in  the t reatment o f head and body l ice.  

a.  Treat  the l ice and ni ts wi th  a  pedicu l ic ide agent .  

b.  Control  the symptoms of  i tch ing to  prevent secondary in fect ion. 

c .  Clean the envi ronment  o f  potent ial  l ice and n i ts .  

2.  I tching.  Pharmacis ts should advise pat ients  that  even af ter the causat ive 

organism and ni ts have been ki l led,  i tching may persist  for  several  days.  

Th is  aspect is  very important because pat ients  may dec ide to  use 

pedicul ic ides excess ively,  th ink ing that  they have been inef fec t ive when the 

i tch ing cont inues.  Excessive use of  pediculic ides may result  in 

excessive drying,  which can cause further i tching.  

3.  Home remedies.  Because of  the socia l  s t igma at tached to  l ice 

in fes tat ion,  some ind iv iduals  may resort  to harmfu l  home remedies. 

Examples of  such uncomfor tab le,  ineffec t ive, and potent ia l ly  dangerous 

approaches that should not  be used inc lude 

a.  Shaving the head and pubic area 

b.  Apply ing heat to  the in fes ted area wi th  a ha i r dryer 

c .  Soaking the head in  hot  water  for  several  minutes 

d.  Soaking the area of  infes tat ion wi th gasol ine or  kerosene 

4.  Over-the-counter (OTC )  pedicul ic ide products  are cons idered f i rs t - l ine 

t reatments and include 

a.  Pyrethrins 0.17%-0.33% with piperonyl  butoxide 2%-4%.  Th is  product  

is  safe and ef fec t ive for  the treatment  o f  head  and pubic l ice.  The 

combinat ion of ingredients  is  an example of  pharmacological synergism.  
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(1)  Pyrethrins  k i l l  by disrupting ion-transport mechanisms at  the nerve 

membranes.  These natura l  insect ic ides are der ived f rom a mixture of  

substances obta ined from  the f lowers  of  the chrysanthemum  p lant .  

Because not  a l l  eggs may be ki l led ( i t  takes about  4  days for  the nervous 

system of  the louse to  develop)  wi th  a s ingle  appl icat ion of  th is  agent  or  

removed wi th  a ni t  comb,  i t  may be necessary to  reapply the pyrethr in  

product wi th in 7-10 days of  the f i rs t  appl icat ion (because the usual  hatch ing 

t ime of the eggs is  7-10 days) .  

(2)  Piperonyl  butoxide  enhances the pedicul ic ide ef fect  of  pyrethr ins by 

suppressing the oxidative degradation mechanisms of the l ice.  

Therefore,  the length of t ime that  the pyrethr ins  contact  the l ice is  

increased. 

(3)  Side effects  f rom e i ther  agent  are uncommon.  

(a)  Contact  dermati t is  (see IV)  is  the most f requent ly repor ted side effect .  



(b)  Al lergic react ions.  Because pyrethr ins are der ived f rom a plant  

(chrysanthemum),  they may produce hay fever  ( i .e . ,  a l lergic rhin i t is )  and 

asthma attacks in  suscept ible  ind iv iduals .  Thus pat ients  who have known 

a l lerg ies to ragweed or  chrysanthemum plants  should  use th is  product  wi th  

caut ion. 

(4)  Common trade names  for this  product  include RID maximum st rength 

Shampoo,  A-200 maximum st rength Shampoo. 

(5)  Direct ions for use (shampoo)  

(a)  Apply the product,  undi luted,  to the dry ha ir  unt i l  i t  is  ent i rely wet .  

(b)  A l low the product  to  remain on the head for 10 min.  

(c)  Rinse thoroughly wi th  warm water .  

(d)  Dry the area,  preferably wi th  a  d isposable c loth . 

(e)  Comb hair  in  the previously infes ted area with a f ine-toothed comb  to  

remove dead l ice and eggs. 

( f )  Do not  exceed two appl icat ions wi thin  24 hr .  I t  may be necessary to  

reapply the shampoo in  7-10 days [see I .G.4.a. (1) ] .  

b.  Permethrin  (Nix)  is  a  pyrethro id ( i .e . ,  a  synthet ic  version of  a  pyrethr in) .  

I t  is  indicated for the t reatment  o f  head l ice only.  

(1)  Mechanism of act ion.  Permethr in  has a similar mechanism of action 

as the pyrethrins.  

(2)  Appl icat ion.  Permethr in comes in  the form of a  1% creme rinse  and 

should be appl ied l ike a convent ional  ha i r condi t ioner  a f ter  the ha ir  has 

been shampooed (use a shampoo wi th  no condi t ioner),  r insed, and towel  

dr ied.  The hai r  should be thoroughly saturated wi th  undi lu ted permethrin  

(25-30 mL),  which should remain on the hair  for 10 min. then r insed.  

(3)  Effect iveness.  A s ing le  appl icat ion is  general ly e ffect ive in  k i l l ing l ice.  

Because the agent  is  re ta ined on the ha ir  shaft ,  the product provides 

continuing act ivi ty for up to 14 days.  Th is  residual  e ffec t  persists 

regard less of normal  shampooing. 

(a)  Even wi th the res idual  ac t iv i ty,  there s t i l l  may be the need for 

re t reatment in 7-10 days.  

(b)  Comb hair  in  the previously infes ted area with a f ine-toothed comb  to  

remove dead l ice and eggs. 

(c)  There is ,  at  least  theoret ical ly,  the speculat ion that  because low- level  

res idual  amounts  of  th is  agent  are re tained on the hai r ,  i t  may be poss ib le  

that  when subopt imal  leve ls are present ,  some l ice may survive and give 

r ise to s tra ins  that  are res is tant .  

c .  OTC pediculic ide treatment fai lure.  Treatment  fai lure wi th the use of 

the preceding agents  has been repor ted.  Speculat ions as to the cause of 

th is  t reatment  fa i lure include fai lure to  fo l low product  ins truct ions,  

noncompl iance wi th  ni t  removal ,  and head-l ice drug res is tance.  Studies 

support the theory that there are now “super l ice”  that  have survived 

exposure to  pyrethr ins  and permethr in.  

5.  Prescription products  are inc luded here to put  in to perspect ive how the 

OTC agents f i t  in to therapy.  



a.  Malathion (Ovide)  is  an organophosphate chol inesterase inh ibi tor  that 

has been widely used as a lawn and garden insect ic ide.  Resistance has 

a lso become an issue with  this agent.  

(1)  Mechanism of act ion.  Sul fur a toms in  the malath ion b ind wi th  su l fur  

groups on the hai r ,  g iv ing a residual  protect ive ef fec t against rein festat ion.  
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(2)  Appl icat ion.  Malathion is  prepared as a lot ion in 78% alcohol ;  

therefore,  caut ion should be used near an open f lame or  a hai r  dryer .  The 

product should be sprinkled on dry hai r  and lef t  for  8-12 hr  before r insing.  A 

f ine- toothed comb should be used to  remove the dead l ice and eggs. 

(3)  No systemic adverse effects  have been reported wi th  topica l  use of  this  

medicat ion. 

(a)  The alcohol ic  vehic le may produce st ing ing and poss ib le f lammabi l i ty .  

(b)  A l though this  agent  may be effec t ive, i ts  unpleasant  odor  (owing to  

su l fhydryl  compounds),  the requi red t ime of  8-12 hr  on the scalp, and those 

points noted in I .G.5.a. (3) . (a) represent the main drawbacks. 

b.  Lindane,  or  γ -benzene hexachlor ide has fa l len into  d is favor because of  

the potent ia l  for toxic i ty and the fac t  that i ts  e f f icacy is  less than the other  

agents avai lable  (both prescr ipt ion and OTC products) .  Resis tance to  th is  

agent  is  widespread. 

(1)  I t  has neurotoxici ty potentia l  because of percutaneous absorpt ion;  

therefore,  i ts  use should be avoided in  in fants ,  pregnant  and nursing 

women,  and anyone wi th a neurolog ica l  d isorder.  Severe central  nervous 

system (CNS) toxici ty has occurred in  in fants ,  wi th  seizures and deaths 

reported,  par t icular ly when the lo t ion is  used or when the agent  is ingested.  

Toxic i ty has been minimal  when the shampoo is  used proper ly to t reat  head 

l ice. 

6.  Adjunctive therapy  

a.  Nit  removal  

(1)  The pedicu l ic ide products  ment ioned vary in the i r  abi l i ty  to  k i l l  the l ice 

n i ts .  To ensure successfu l  therapy,  af ter  pedicu l ic ide appl icat ion,  the ni ts 

should be removed wi th  a f ine-toothed comb.  A s turdy metal  comb  ( l ike 

the L iceMeis ter)  is  recommended by the National  Pedicu losis  Assoc iat ion 

(NPA).  Many schools  have a “no nit” policy—that  is ,  a  ch i ld 's hai r  and 

scalp must be f ree of  ni ts  before he or she is  a l lowed to  re turn to  the 

c lassroom. 

(2)  A l though var ious substances have been used in  an ef fort  to d is lodge the 

n i ts  f rom the hai r  shaf ts ,  most ,  i f  not a l l ,  have been unsuccessfu l .  A mixture 

of  50% vinegar and 50% water  has been recommended,  but  i ts 

e f fec t iveness has been quest ioned.  A l ice egg remover contain ing various 

enzymes comes as part  o f  a  k i t ,  but  chal lenges have been made to  i ts 

e f fec t iveness. 



b.  Treatment of  other household members.  Once a l ice in fes tat ion has 

been ident i f ied in one member of  the household,  a l l  o ther  members should 

be examined carefu l ly.  Everyone who is  in fes ted should be t reated at  the 

same t ime. 

c .  Adjunctive methods for control l ing l ice infestat ions  

(1)  Washable material  i tems  such as l inens,  towels,  hats,  and c lo thing 

should be machine-washed in  hot  water  and dried in a  hot  dryer  to  dest roy 

l ice and n i ts .  

(2)  Nonwashable material  goods  should be dry-c leaned or  sealed in a  

p las t ic  bag for 2  weeks. 

(3)  Personal  i tems  (e .g .,  comb,  brushes)  should be soaked in  hot  water  

(130°F) for  a t least  15 min. 

(4)  Furniture and household i tems  (e.g .,  carpets ,  chai rs,  couches, 

p i l lows)  should be vacuumed thoroughly.  OTC spray products that  conta in 

pyrethr ins  are no more ef fect ive than vacuuming in  terms of removing the 

r isk  of  rein festat ion. 

d.  Pedicu l ic ides should not  be used around the eyes.  For  eyelash pubic 

l ice infestations,  petrolatum  appl ied f ive t imes a day has been used to  

supposedly “asphyxiate”  l ice but  th is  may only s low l ice movement .  Gent le 

removal  wi th  baby shampoo may be helpful .  

H. Head l ice myths  are numerous. The fol lowing addi t ional  facts  may 

reassure and in form pat ients  and parents  of pat ients . 

1.  No s igni f icant  di f ference in  inc idence occurs  among the various 

soc ioeconomic c lasses or  races. 

2.  Hygiene and hai r  length are not  contr ibut ing fac tors . 

3.  Head l ice do not  f ly  or jump from person to  person. 

4.  Head l ice do not  carry o ther  diseases. 

5.  Head l ice cannot be contracted f rom animals ,  and pets  are not  

suscept ib le  to  Pedicu lus humanus capi t is .  
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6.  The head does not  have to  be shaved to  get  r id  o f  l ice. 

7.  Washing hai r  wi th “brown” soap is  not  e f fec t ive. 

8.  Head l ice are unrela ted to  t icks . 

9.  Hai r  does not  fa l l  out  as  a consequence of infes ta t ion. 

10.  Head l ice infes tat ions can occur a t  any t ime of  the year .  

II. ACNE AND ITS TREATMENT 
A. Overview  

1.  Defini t ion.  Acne vu lgar is is  a d isorder o f  the p i losebaceous uni ts ,  main ly 

o f  the face,  chest,  and back.  The les ions usual ly s tart  as  open or  c losed 

comedones and evolve in to  in f lammatory papules and pustules that  e i ther  

resolve as macules or  become secondary pyoderma,  which resul ts  in  

var ious sequelae. 



2.  Incidence  

a.  Acne vulgar is  is  the most common  sk in  d isease of  adolescence; i t  

a f fec ts  about  85% of  al l  people between the ages of  12 and 24. 

b.  I t  a f fects  pr imari ly adolescents  in  junior  h igh and senior  high,  then 

decreases in  adulthood. 

3.  Importance  

a.  Acne vulgar is  is  usual ly self -l imit ing.  

b.  However,  the condi t ion is  s ign i f icant  to  adolescents  because of  

he ightened se l f-consc iousness about appearance.  

c .  A great  major i ty o f  people do not  consul t  a  phys ic ian for t reatment o f 

acne;  therefore,  a  pharmacis t  can play a s igni f icant  role . 

B. Origins and pathophysiology 

1.  The pathogenesis  o f  acne vu lgaris  involves three events.  

a.  Increased sebum production  

(1)  Sebum secret ion is regulated pr imari ly by androgens,  which are 

act ive ly secreted in  both sexes beginning at  puberty.  

(2)  One of  these androgens,  tes tosterone, is  conver ted to  

dihydrotestosterone (DHT).  

(3)  DHT leve ls  induce the sebaceous glands to  increase in s ize and act iv i ty,  

resul t ing in increased amounts  of sebum. 

b.  Abnormal clumping of  epithelia l horny cel ls  within the 

pi losebaceous unit  

(1)  Normal ly,  kerat in ized horny cel ls  are s loughed f rom the epi the l ia l  l in ing 

of  the pi losebaceous duct  in the hai r  fo l l ic les  and are carr ied to  the skin  

sur face wi th  a f low of  sebum. 

(2)  In the pat ient wi th  acne,  the kerat in izat ion process is  abnormal ,  

character ized by increased adherence and product ion of  fo l l icu lar  ep i thel ia l  

ce l ls.  Th is process is  cal led retention hyperkeratosis,  and i t  resu l ts  in  

obst ruct ion of  the outf low of  the p i losebaceous uni t .  

c .  Presence of  Propionibacterium acnes  (a  gram-pos i t ive anaerobe) 

(1)  People wi th  acne have sk in  co lony counts  of  P. acnes  that are 

s ign i f icant ly h igher  than the counts  of  those wi thout  acne. 

(2)  P. acnes  produces severa l  enzymes,  inc lud ing l ipases,  that break down 

sebum t r ig lycer ides to shor t  chain f ree fa t ty ac ids  (FFAs), which are 

i r r i ta t ing, cause comedones,  and resul t  in inf lammation. 

2.  Sequence of  acne lesion development  

a.  Mechanica l  b lockage of  a  p i losebaceous duct  by c lumped horny cel ls  

resul ts  in  a closed comedo ( i .e . ,  a  whitehead).  

b.  W hen a c losed comedo develops, i t  can form ei ther  a  papule or an open 

comedo (i .e . ,  a  blackhead).  The dark color  of  the blackhead is  a t t r ibuted 

to  a combinat ion of  melanin, oxid ized l ip id,  and kerat inocytes,  not  to  dirt.  

c .  The les ion may enlarge and f i l l  wi th  pus, which is  then termed a pustu le.  
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d.  In more severe cases of  acne,  papules may develop in to  nodules or  

cysts .  

e.  The term pimple  nonspeci f ical ly refers  to  whi teheads,  blackheads,  

papules,  and pustu les . 

C. Cl inical features  

1.  Location.  Acne vu lgar is  les ions usual ly occur  on the face,  neck, chest ,  upper 

back,  and shoulders.  Any or  a l l  types of  les ions may be seen on a s ing le pat ient .  

2.  Symptoms.  Th is  condi t ion is  usual ly asymptomatic ;  however,  some pat ients  may 

have prur i tus or  pain i f  large, tender lesions are present.  

3.  Classificat ion.  I t  is  important  to  di f ferent iate  noninflammatory f rom 

inf lammatory acne to  determine the best  t reatment  approach. There have been 

many rat ing or  grading sca les for acne severi ty (Table 30-1).  Cystic acne  is  present 

when the fol l icular  wal l  ruptures occur  deeper in  the dermis  and nodules and cysts  

are seen.  Because of  the potent ial  for  scarr ing,  cyst ic  acne pat ients  should be 

referred to  a phys ic ian for  t reatment .  Scarr ing occurs  wi th  hyper t rophic r idges,  

ke lo ids , or  a t rophic  “ ice p ick”  p i ts .  

D. Complicat ing factors.  Other  fac tors have been impl icated in  the exacerbat ion of 

acne. 

1.  Drugs and hormones  

a.  Many top ical  and systemic  medicat ions (e .g.,  bromides, iod ides,  top ica l  coal  tar  

products ,  androgens,  phenyto in ,  progest ins ,  l i th ium, cor t icostero ids) can be 

comedogenic  and can make acne worse or  can induce acne-l ike erupt ions ( i .e . ,  

acnei form les ions) .  

b.  Acneiform eruptions  d i f fer  f rom t rue acne lesions in  that  apparent ly no comedo 

forms,  erupt ions are usual ly acute,  and the lesions usual ly are a l l  in  the same s tage 

of  development.  

2.  Stress  does not  cause acne but  may exacerbate i t .  

3.  Diet.  There is  very l i t t le  evidence to support  a  re lat ionship between diet  and 

acne.  Many d i f ferent  foods have been blamed for acne,  f rom chocolates and sweets  

to  shel l f ish to nuts and other  fa t ty foods. Severa l  s tud ies have demonstrated that  

chocolate does not affect  acne.  The major i ty o f  dermatolog is ts today make the 

fo l lowing recommendations regard ing d iet .  

a.  The pat ient should be eat ing a wel l -balanced d ie t.  As wi th  most  other d iseases,  

and as a matter  o f  good heal th , excess fa ts and simple carbohydrates should be 

avoided. 

b.  The pat ient who ins is ts  that  certa in  foods cause exacerbat ion of  acne should 

probably avoid those foods. 

4.  Physical  trauma  or i rr i tat ion  can promote the rupture of  p lugged fo l l ic les,  which 

can produce more in f lammatory react ions.  Scrubbing the face,  wear ing headbands, 

c radl ing the chin  wi th the hand, and pick ing at  the p imples can contr ibute to  the 

pr imary in f lammation process. Gentle  regular  washing  wi th  soap and water  can be 

benef ic ia l .  

Table 30-1. Assessment of Acne Severity 



Grade of 
Acne Qualitative Description Quantitative Description 

I Comedonal acne Comedones only, < 10 on face, none 
on trunk, no scars; noninflammatory 
lesions only 

II Papular acne 10-25 papules on face and trunk, mild 
scarring; inflammatory lesions < 5 
mm in diameter 

IIIa Pustular acne More than 25 pustules, moderate 
scarring; size similar to papules but 
with visible, purulent core 

IVa Severe/persistent 
pustulocystic acne 

Nodules or cysts, extensive scarring, 
inflammatory lesions > 5 mm in 
diameter 

— Recalcitrant severe 
cystic acne 

Extensive nodules/cysts 

a Some overlap with previous grade of acne. 

Reprinted with permission from Berardi RR. Handbook of Nonprescription 
Drugs: An Interactive Approach to Self-Care, 14th ed. Washington, DC, 
American Pharmaceutical Association, 2004:916. 
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5.  Cosmetics.  Some cosmetic  bases and certa in  cosmet ic  ingredients  are 

comedogenic  (e.g.,  lanol ins,  pet roleum bases,  cocoa but ter).  Preparat ions such as 

c leans ing creams,  suntan o i ls,  and heavy foundat ions should be avoided. 

6.  Menstrual cycle.  Some women may not ice f lare-ups of  acne during the 

premenstrua l  part  o f  the cyc le .  Fluc tuat ions in  the level  of  progesterone are the 

probable cause. 

7.  Environmental  factors.  Very humid envi ronments  or  heavy sweating lead to  

kerat in hydrat ion,  swel l ing,  and a decrease in the s ize of the pi losebaceous fol l ic le  

or i f ice,  which resul ts  in  duct  obst ruct ion.  The sun,  as  wel l  as ar t i f ic ia l  u l t ravio le t  

(UV) l ight ,  can help acne by drying and peel ing the sk in ,  but  both also can 

aggravate acne. 



E. Treatment and care  

1.  General  

a.  Most  pat ients  can be treated successful ly wi th  e i ther  topical ly or  systemica l ly 

adminis tered medicat ions or both.  Acne of ten improves when pat ients  reach the i r  

ear ly 20s. 

b.  Even the most e f fect ive t reatment  programs may take several  weeks to produce 

any cl in ica l  improvement.  Th is  aspect  must  be emphasized. 

c .  People af fec ted wi th  acne should avoid anyth ing that  seems to worsen the 

condi t ion (e .g. ,  cosmetics ,  c loth ing, c radl ing the ch in  wi th  the hand).  

d.  The number and type of  lesions should be roughly determined to assess fur ther  

therapeut ic  responses. 

e.  Self - treatment with  OTC agents  is  appropriate  on ly for  pat ients  wi th  

noninflammatory grade I  acne  o f  mi ld  to  moderate severi ty.  

2.  Cleansing recommendations  

a.  Because many acne pat ients  have oi ly sk in ,  gentle cleansing  two to  three t imes 

dai ly is recommended for  removing excess oi l .  

b.  Acne les ions cannot  be scrubbed away.  Compulsive scrubbing may actua l ly 

worsen the acne by d isrupt ing the fol l icular wal ls  and thus set t ing the s tage for  

in f lammat ion. 

c .  Mi ld  facial  soaps, such as Dove, Neutrogena,  and Purpose,  should be used to  

c leanse the sk in. 

d.  Medicated soaps conta ining su l fur ,  resorcinol ,  or  sa l icyl ic ac id are of  l i t t le va lue 

because the medicat ion r inses away rather  than penetrates the fol l ic le .  

e.  Pat ients  wi th  mi ld  comedonal  acne might  f ind benef i t  f rom c leansers  containing 

pumice,  po lyethylene, or a luminum oxide par t ic les  (e.g. ,  Bras ivol ) .  However,  

pat ients  wi th  in f lammatory acne or sensi t ive sk in should avoid these products . 

3.  Approaches  to  t reatment  depend on the sever i ty o f  the condi t ion.  Al though acne 

cannot be cured,  most  cases can be managed successful ly wi th  topica l  t reatment  

a lone.  Based on the pathogenes is  of  the condi t ion,  potent ia l  methods inc lude 

a.  Unblocking  the sebaceous duct so that  the contents  can be easi ly expel led 

b.  Decreasing  the amount  o f sebum that is  secreted 

c .  Changing  the composi t ion of  the sebum  to  make i t  less  i r r i ta t ing by decreas ing 

the populat ion of  P. acnes  

4.  Nonprescript ion topical  medications  

a.  Benzoyl  peroxide  (2 .5%-10%)—for example, Clearasi l  Maximum Strength Acne 

Treatment  Cream, PanOxyl  Aqua Gel  (U.S.  Food and Drug Adminis tra t ion [FDA] 

category 3)—has t radi t ional ly been recognized as the most e f fect ive topica l  OTC 

agent  for  acne,  and many OTC acne products  conta in  i t .  However,  the lates t  

monograph f rom the FDA changed the s tatus of  benzoyl  peroxide f rom category 1 

(genera l ly recognized as safe and ef fec t ive)  to  category 3I ,  ind icat ing that more 

data are needed to  prove i ts  safety in  regard to long- term photocarcinogenic e f fects .  

Market ing of this  agent  is  permi t ted pending f inal  eva luat ion of  i ts  tumorigenic  

potent ia l .  



(1)  Effects.  Benzoyl  peroxide has i rr i tant ,  dry ing,  peel ing, comedolyt ic ,  and 

ant ibacterial  e f fec ts .  The c l in ical  response shows only min imal d i f ferences among 

the 2.5%, 5%, and 10% concentrat ions. 

(a)  A beneficial  effect  should be not iced wi th in  about  2 weeks,  but  the usual  length 

of  a  therapeut ic t r ia l  is  6-8 weeks. 

(b)  As for adverse effects,  benzoyl  peroxide may cause a burning or  s t ing ing 

sensat ion,  which gradual ly d isappears . Most  o f the adverse ef fects  f rom this  agent  

re late to  i ts  therapeut ic e f fec t  o f  i r r i ta t ing and drying the skin . For this  reason,   
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the lowest  concentrat ion avai lable  should be chosen ini t ia l ly .  About  2.5% o f  pat ients  

wi l l  develop a contact dermati tis  wi th i ts  use. 

(c)  The vehic le  for  the benzoyl  peroxide is  a lso important  in  i ts  overal l  act iv i ty.  The 

a lcohol  ge l  vehic le  tends to  be more effec t ive than the lo t ion or  c ream formulat ions. 

(d)  Benzoyl  peroxide can d isco lor  cer ta in  types of  fabr ic  or  c loth ing mater ial  and 

can a lso b leach hair .  

(2)  Mechanism of act ion.  Benzoyl  peroxide has a dual  mode of  ac t ion,  so i t  is  

e f fec t ive against both in f lammatory and noninf lammatory acne. 

(a)  Benzoyl  peroxide decomposes to  re lease oxygen,  which is  le thal  to the P. acnes  

anaerobe. 

(b)  As an i r r i tant ,  i t  increases the turnover  ra te of ep i thel ia l  cel ls ,  resu l t ing in 

increased sloughing and promoting of reso lut ion of  comedones. 

(3)  Appl icat ion  

(a)  The af fec ted area should be washed wi th  mi ld  soap and water ,  then gent ly 

pat ted dry. 

(b)  The product should be massaged gent ly in to the skin ,  avo id ing the eyes,  mouth,  

l ips ,  and ins ide of  the nose. 

(c)  The product can be appl ied at  n ight ,  lef t  on for  15 or  20 min to tes t  sens i t iv i ty,  

then washed off .  

(d)  I f  no excessive i r r i ta t ion develops,  apply once da i ly for the f i rs t  few days.  

(e)  I f  dry ing,  redness,  or peel ing does not  occur in  3  days, increase appl icat ion to  

twice da i ly.  

( f )  I f  pat ients  have to  use benzoyl  peroxide dur ing the day,  advise them to use a 

sunscreen and avoid unnecessary sun exposure. 

b.  Salicyl ic  acid  (0.5%-2%),  an i r r i tant  kerato lyt ic  agent ,  resul ts  in  increased 

turnover  o f the ep i the l ia l  l in ing (category 1) .  Through th is  e f fec t ,  sa l icyl ic  ac id  

probably promotes the penetrat ion of  o ther  acne products . 

c .  Sulfur  (3%-8%),  sulfur  (3%-8%) combined with resorcinol  (2%),  or resorcinol  

monoacetate  (3%)—for  example, Clearas i l  Adul t  Care Acne Treatment  Cream, 

Acnomel  (category 1) 

(1)  Sul fur is  a  kerato lyt ic agent  and has ant ibacter ia l  ac t ions. 

(2)  Sul fur t rad i t ional ly has been recognized as a less  des i rab le product because i t  

may be acnegenic  wi th  cont inued use,  and i t  has an of fensive co lor  and odor .  



d.  Resorcinol  (as a s ingle  agent-category 2)  is  a keratolyt ic  agent that  has been 

recognized as safe and ef fec t ive (category 1) against  acne when the agent is  

combined with sulfur.  

F.  Prescription medications, both topical  and systemic,  are inc luded here for  

completeness and to put in to  perspect ive how OTC agents f i t  in to  acne therapy. 

1.  Topical  prescript ion agents  

a.  Tretinoin  (v i tamin A ac id,  t rans - re t ino ic  ac id,  Ret in-A)  increases the turnover  

ra te of  nonadher ing horny ce l ls  in  the fol l icu lar canal ,  which resul ts  in  comedo 

c lear ing and inh ib i ts  new comedo development .  

(1)  Effect iveness.  Tret ino in  is  probably the most  e f fect ive topical  agent  for  acne,  

especia l ly acne character ized by comedones. I t  is  best used for noninf lammatory 

acne.  Tret inoin  a lso may be used in  combinat ion wi th  ant ib io t ics  or benzoyl  peroxide 

for  management  o f  in f lammatory acne. 

(2)  Side effects.  Because of  i ts  i rr i tant  proper t ies ,  t re t inoin  can cause excessive 

irr i tat ion,  erythema, peel ing,  and increased r isk for  severe sunburn.  There may 

be an in i t ia l  exacerbat ion of  the acne (pustu lar  f lare)  a t  2-4 weeks,  but usual ly by 8 

weeks,  the pat ient  wi l l  see marked improvement .  Because th is  agent  may cause 

photosens i t iv i ty,  i t  should genera l ly be appl ied at  n ight .  

(3)  Appl icat ion.  The cream formulat ion of  t re t inoin ,  which is  less i r r i tat ing than the 

ge l  form should be used in i t ia l ly  for  pat ients  wi th  dryer  sk in .  The pat ient  wi th  very 

o i ly skin  may do wel l  in i t ia l ly  wi th  the ge l  form.  The ret ino ids should be appl ied 30 

min af ter  washing because mois ture on the sk in  increases absorpt ion and i r r i ta t ion.  

To minimize i rr i ta t ion,  in i t ia l ly  such a product  can be appl ied every other  day for 2  

weeks,  then dai ly.  Other i r r i ta t ing substances,  such as s t rong abrasive c leaners  and 

ast r ingents , should be avoided dur ing t reatment  wi th  t re t inoin . Newer micros ize 

re formulat ions of  th is  agent  (Ret in-A Micro, Avi ta)  are less i r r i tat ing. 
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b.  Adapalene  (Di f fer in)  is  a  topica l  re t inoid- l ike compound that is  dosed once dai ly.  

I t  can be appl ied in  the morning because of  no photodegradat ion, and i t  has less 

potent ia l  for  photosens i t iv i ty.  

(1)  Effect iveness.  I t  appears to cause less i r r i ta t ion than t ret ino in wi th  equiva lent  

e f f icacy.  Therapeut ic  resul ts  should be not iced in 8-12 weeks.  I t  can be used as an 

a l ternat ive to  t re t ino in  in indiv iduals  wi th  mi ld  to  moderate acne. 

(2)  Side effects.  The same precaut ions that  apply to  t ret ino in  apply a lso for  

adapalene. 

c .  Tazarotene gel  and cream  (Tazorac)  is a  re t ino id  prodrug for mi ld to moderately 

severe fac ia l  acne that is  appl ied once dai ly in  the evening.  I t  has s imi lar  e f f icacy 

and precaut ions as t re t ino in , and the dose-related adverse effects  include i tching,  

burning,  st ing ing,  and erythema (redness) .  The gel  form appears  to  be more 

i r r i ta t ing than t re t ino in .  A pustular  f lare may occur  a t about 10-14 days af ter  th is  

product is  begun. 

d.  Topical  ant ibiot ics: erythromycin  (Eryderm),  cl indamycin  (Cleoc in-T)  and 

tetracycl ine.  These top ica l  ant ibio t ics  are most  e f fec t ive when used in  combinat ion 



with benzoyl  peroxide or topica l  re t inoids.  Combinat ion products conta ining benzoyl  

peroxide and erythromycin (Benzamycin)  and benzoyl  peroxide and cl indamycin 

(BenzaCl in)  are a lso avai lab le.  When these ant ibio t ics  are used a lone,  bacterial  

res is tance occurs  rap id ly.  Benzoyl  peroxide use in  combinat ion wi th these 

ant ib io t ics protects against  th is  resistance. 

(1)  Mechanism of act ion.  The mechanism of  act ion apparent ly invo lves suppress ion 

of  the P. acnes  organism, which in  turn minimizes the inf lammatory response due to  

the acne. 

(2)  Appl icat ion.  These ant ib io t ics are appl ied d irec t ly to  acne s i tes ,  thus min imizing 

ser ious s ide ef fec ts  f rom oral  admin is t ra t ion. 

(3)  Side effects.  There are minimal  s ide ef fects to  these topica l ly appl ied 

ant ib io t ics.  Mild burning  or  i rr i tat ion  may occur .  Al though dai ly topica l  

Clindamycin  does not  produce detectable levels in  the ur ine af ter  8 weeks of  

adminis t ra t ion, there is a potent ia l  r isk o f  pseudomembranous col i t is .  

Tetracycl ine  can cause a yel low staining of  the skin.  

e.  Azelaic acid  (Azelex)  and sodium sulfacetamide and sulfur  are addit ional  

top ical  agents that  are less ef fec t ive than the other  top ica l  prescr ip t ion agents .  

These agents might  be used when others  are not  to lerated or  as  ad juncts to  o ther 

therapies. 

2.  Systemic prescript ion agents  

a.  Oral  ant ibiot ics/anti- infectives  are the most  e f fec t ive against inf lammatory 

lesions because they suppress P. acnes.  They may be used when topica l  

combinat ions are not tolerated or  have fai led.  Ora l  ant ib io t ics have an onset  o f  

ac t ion of  3-4 weeks.  They are prescr ibed for  dai ly use over  4-6 months and then 

tapered and ul t imate ly discont inued wi th  acne improvement.  Ant ibio t ics  do not  a ffec t  

exis t ing les ions,  but  prevent  future lesions through th is  e ffec t .  P. acnes  res is tance 

to  ant ib iot ic  therapy has become an increas ing prob lem; erythromycin res is tance is  

the most  commonly repor ted, and minocycl ine res is tance is  reported rarely.  As 

noted previously,  concomi tant  admin is t rat ion of  benzoyl  peroxide may decrease the 

incidence of  res is tance. 

(1)  Tetracycl ine  is  the most frequently used  ora l  ant ib io t ic  for  acne.  I t  is  preferred 

because of  i ts  e f fect iveness,  low toxic i ty,  and low cost .  Th is  agent  should be taken 

on an empty s tomach;  food,  antacids,  i ron,  and dai ry products  decrease absorpt ion. 

The te t racycl ines also have d i rect  ant i - in f lammatory ef fec ts  in  acne. 

(a)  Ini t ial  doses  are 250 mg, 2-4 t imes dai ly,  gradual ly reduced to  a maintenance 

dose of  about  250 mg per  day. 

(b)  Side effects.  The more common adverse ef fec ts  include upset  s tomach,  vagina l  

moni l ias is ,  and photosens i t iv i ty.  

(2)  Erythromycin  (E-Myc in) may be used as an a l ternat ive to  te t racyc l ine. 

(a)  Ini t ial  doses  range from 500 to 2000 mg per day in d iv ided doses.  A 

maintenance dose ranges f rom 250 to 500 mg per  day. 

(b)  Side effects.  The pr imary s ide effec t  assoc iated wi th  erythromyc in is  

gast ro in test inal  dist ress. 

(3)  Minocycl ine  (Minocin)  or doxycycl ine  (V ibramycin) .  Ei ther  o f  these agents can 

be taken in  doses of 50-200 mg per day.  Because of  greater l ip id  so lub i l i ty  and 



enhanced penetrat ion in to  sebaceous fol l ic les ,  these agents  may be useful  for 

re f rac tory cases.  Ei ther  can be taken i f  bacter ial  res is tance is  suspected to  

erythromycin or i f  into lerab le gast r ic i r r i tat ion occurs  af ter  ora l  te t racycl ine.  These 

two agents  can be taken wi th  food.  Side effec ts to  minocycl ine,  inc lud ing d izziness 

or  ver t igo and headache, d isco lorat ion  
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o f  sk in  and visceral  t issue,  and drug- induced lupus erythematosus,  l imit  the use of  

th is  agent .  Doxycyc l ine may be photosensi t iz ing and should be swal lowed wi th  

adequate f lu ids to prevent  esophageal  ulcerat ions. 

(4)  Trimethoprim-sulfamethoxazole  (Bactr im,  Septra)  has been used successfu l ly 

in  pat ients  wi th  acne resis tant  to  erythromycin or te t racycl ines.  Minocycl ine and 

doxycyc l ine are preferred over  th is  drug combinat ion because of  i ts  s ide-ef fec t  

prof i le.  Oral  c l indamycin  (Cleocin)  is used rare ly because of  the r isk  of  

pseudomembranous co l i t is .  

b.  Oral  isotret inoin  (Accutane) is  a v i tamin A der ivat ive indicated for  severe 

nodulocystic  acne.  A s ing le  course of  therapy resul ts  in  a  long- term s tab le 

remiss ion in  > 80% of  pat ients . 

(1)  Mechanism of act ion.  A l though the exact  mechanism is  unknown,  isot re t inoin 

decreases sebum product ion and kerat inizat ion, and i t  reduces the populat ion of  P. 

acnes.  

(2)  Dosage.  Treatment  is  usual ly begun wi th  a da i ly dose of  0 .5  mg/kg and 

increased to 1 mg/kg g iven in  two div ided doses wi th  food for  the usual  durat ion of  

20 weeks.  A micronized formulat ion al lows for  lower  once dai ly dosing wi th  no 

regard to  food in take. 

(3)  Side effects  include 

(a)  Mucocutaneous dryness.  Chei l i t is  ( i .e. ,  in f lammat ion of  the l ips) ,  dryness of  

the nasal mucosa,  and fac ia l  dermati t is  may occur  wi th  isot re t inoin  use.  These 

ef fec ts  can be t reated wi th  top ical  lubricants .  Dryness of  the eyes can also occur ,  

so people us ing isot re t ino in  should not  wear contac t  lenses. 

(b)  Elevated serum levels.  Isot re t inoin  may e levate serum t r ig lycer ides and 

cholestero l ,  as  wel l  as  l iver  enzymes. 

(c)  Birth defects.  Isot ret inoin  is a  potent teratogen  and should not  be g iven to  

pregnant  women.  A s t r ic t  r isk  management  program for  isotre t inoin  use requi res 

phys ic ians to reg is ter pat ients  to  document  negat ive pregnancy tes ts before use. 

Phys ic ians who prescr ibe this  agent  and pharmacies that d ispense i t  must  be 

reg is tered in an e lect ronic  FDA system. 

(d)  Psychiatr ic  effects.  There have been repor ts o f  depress ion,  suic ida l  behavior ,  

and suic ide.  Data are inadequate to  estab l ish a causal  rela t ionship between 

isot re t inoin admin is t rat ion and depress ion and suic ide. Th is information must  be 

taken in  the context  that  teenagers  wi th acne may of ten be depressed related to  

the ir  appearance. 

c .  Antiandrogens and hormones  

(1)  Estrogens  can decrease sebum product ion through an ant iandrogenic  e f fec t .  



(2)  Some progest in  agents  in  ora l  contracept ives (e .g. ,  noreth indrone,  norgestre l)  

have androgenic  act iv i ty that  can s t imulate sebum secret ion resul t ing in  acne.  One 

of  the progest ins ,  norgestimate,  is  min imal ly androgenic ,  and when i t  is  combined 

wi th  ethinyl  estradiol  as  a t r iphas ic  combinat ion oral  contracept ive agent (Ortho 

Tr i -Cyc len) ,  i t  is  e ffec t ive in the t reatment  of  moderate acne in  some women and is  

FDA approved for such.  Norethindrone acetate/ethinyl  estradiol  (Estrostep)  is  

a lso FDA approved for acne. 

(3)  Spironolactone (Aldactone)  is  an oral  ant iandrogen which acts  to  decrease 

sebum product ion and may be used on a l imi ted basis.  

(4)  Cort icosteroids.  Al though cor t icosteroids  have been impl icated as caus ing 

acne,  they also can be used to  t reat  severe acne. In t ra les ional  in ject ions of  

t r iamcinolone and systemic  cor t icosteroids  have been used for severe in f lammatory 

acne and severe cyst ic  acne,  respect ive ly.  Prednisone (or  i ts  equiva lent )  in  doses of  

20 mg per  day or h igher  may be used for a  shor t  per iod of  t ime to  qu ickly improve 

acne for  important  events  l ike a wedding.  Topica l  cort icostero ids  are not e f fec t ive. 

III. SUNLIGHT, SUNSCREENS, AND SUNTAN PRODUCTS 
A. Introduction.  Overexposure to  sunl ight damages sk in .  A suntan,  which has 

t radi t ional ly been associated wi th  health ,  is  ac tua l ly a response to  in jury.  Of  the 

three types of  so lar  rad ia t ion,  on ly the UV spectrum produces sunburn and suntan. 

1.  The UV spectrum  ranges f rom 200 to  400 nanometers  (nm). Natura l  and art i f ic ial  

UV l ight  is  fur ther subdiv ided in to  three bands. 
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a.  UVA  (320-400 nm) can cause the sk in to  tan,  and i t  tends to  be weak in  caus ing 

the skin  to  redden. UVA is  about  1000 t imes less potent  than a comparable dose of  

UVB in  causing erythema,  but  i t  is  on ly s l ight ly blocked out  by the ozone layer  and 

reaches the ear th 's  surface in  10-100 t imes the amount  o f  UVB. Some have 

proposed that UVA be fur ther  subdiv ided in to UVA I  (340-400 nm) and UVA I I  (320-

340 nm).  UVA I is  less erythrogenic  and melanogenic  than UVA I I  or  UVB. UVA I I  is  

s imi lar  in  e f fec t  to  UVB. 

(1)  Uses.  UVA is  o ften used in tanning booths and in psoralen plus  UVA (PUVA) 

t reatment  o f  psorias is .  

(2)  Disadvantages.  UVA is  responsib le  for  many photosensit ivi ty react ions,  

photoaging,  and photodermatoses.  UVA rays can also penetrate deeply into the 

dermis  and augment  the cancerous ef fec ts  of  UVB rays. 

b.  UVB  (290-320 nm) causes the usual  sunburn reaction  and st imulates tanning.  

I t  has long been associated wi th  sunl ight  sk in  damage,  inc lud ing the various sk in  

cancers .  I t  is  the most erythrogenic  and melanogenic  o f  the three UV rad iat ion 

bands. Smal l  amounts  of th is  rad iat ion are requi red for  normal  vitamin D synthesis  

in  the skin . 

c .  UVC  (200-290 nm) does not  reach the ear th 's sur face because most  o f i t  is  

absorbed by the ozone layer .  Ar t i f ic ia l  UVC sources (e.g. ,  germic idal  and mercury 

arc  lamps) can emi t  th is  rad iat ion. 



2.  The visible spectrum  (400-770 nm) produces the “br ightness”  o f  the sun. 

3.  The infrared spectrum  (770-1800 nm) produces the “warmth”  o f  the sun. 

B. Sunburn and suntan  

1.  Sunburn  is  genera l ly a  superf icial burn involving the epidermis.  Th is  layer  is  

rap id ly repai red whi le  o ld  ce l ls  are be ing s loughed of f  in  a process ca l led peel ing.  

The newly formed sk in is th icker  and of fers protect ion for  the lower dermal  layers . 

a.  Normal sequence after mild to moderate sunl ight UV radiat ion (UVR) 

exposure  

(1)  Erythema occurs wi thin  20-30 min as a resul t  o f  oxidat ion of  b leached melanin 

and d i la t ion of  dermal  venules. 

(2)  The in i t ia l  erythema rap id ly fades,  and t rue sunburn erythema begins 2-8 hr  a f ter  

in i t ia l  exposure to  the sun. 

(3)  Di la t ion of  the ar ter ioles resul ts in increased vascular permeabi l i ty ,  loca l ized 

edema, and pain,  which become maximal a f ter  14-20 hr  and las t  24-72 hr.  

b.  Manifestat ions  range f rom mi ld  (a s l ight  reddening of  the skin) to  severe 

( format ion of  b l is ters and desquamation) .  I f  the ef fec t  is  severe,  the pat ient  may 

exper ience pain,  swel l ing,  and b l is ter ing.  Fever ,  ch i l ls ,  and nausea may also 

develop,  as wel l  as  prostra t ion,  which is re la ted to  excess ive synthesis and 

d i f fusion of  prostag landins. 

2.  Suntan  is  the resul t  of  two processes: 

a.  Oxidat ion of melanin,  which is a lready present  in the epidermis 

b.  St imulat ion of  melanocytes  to  produce addi t ional  melanin,  which is  

subsequent ly oxid ized on further exposure to  sunl ight 

(1)  W ith  increased melanin product ion,  the melanocytes  in t roduce the pigment  in to  

kerat in-produc ing ce l ls,  which gradual ly become darkened kerat in  and a fu l l  suntan 

in  2-10 days. 

(2)  Tanning increases tolerance to  addi t ional  sunl ight and reduces the l ikel ihood of  

subsequent  burning.  However,  dark  sk in is  not  to ta l ly immune to  sunburn. 

C. Factors affect ing exposure to UVR  

1.  Time of  day and season.  The greatest exposure to  harmfu l  UVB rays occurs  

between 10 A.M. and 4 P.M.  in  midsummer.  UVA rays are fa i r ly  cont inuous 

throughout  the day and season. 

2.  Alt i tude.  Sunburn is  more l ikely to occur  a t h igh al t i tudes.  UVB in tensi ty 

increases 4% wi th  each 1000-f t .  increase in  al t i tude. 

3.  Environmental  factors.  Atmospher ic  condit ions (e.g. ,  smog,  haze,  smoke) may 

af fec t  ( i .e. ,  decrease) the amount  o f  UVR reaching the skin . Al though d i rec t  sunl ight  

great ly reduces the amount  o f  UV exposure needed to  produce a burn,  sunburn can 

occur  wi thout  i t .  For example,  a  sunburn can a lso develop on a c loudy day because 

there is  some UVR penetrat ion through cloud layers  (60%-80%).  However,  the 

ref lection of  l ight  rays  (e .g .,  by snow, sand,  water)  great ly increases  the amount  

o f  UV exposure to sunl ight.  

4.  Predisposing factors.  People wi th  fai r  skin  and l ight hai r  are at  greater  r isk  for  

develop ing sunburn and other UVR sk in  damage than thei r  darker  counterpar ts .  
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D. Other react ions to sunl ight (UVR) exposure  

1.  Actinic keratosis  is  a precancerous condi t ion and may occur  a f ter  many years  of  

excess ive exposure to  sunl ight .  Typica l ly ar is ing during middle age or  la ter ,  th is  

d isorder  mani fes ts  as a sharp ly demarcated,  roughened, or  hardened growth,  which 

may be f la t  or  raised, and i t  may progress to  squamous cel l  carcinoma.  

2.  Skin cancer.  Chronic overexposure to sunl ight may lead to squamous cel l  

carcinoma, basal  cel l  carcinoma,  or  malignant melanoma.  

a.  Squamous cell  carcinoma.  Lesions usual ly appear as th ickened,  rough,  scaly 

patches,  which can bleed,  and most  commonly develops f rom act in ic  keratos is .  I t  

accounts for about 15% of  sk in  cancers . 

b.  Basal  cel l  carcinoma.  Th is  is the most  common of  al l  sk in  cancers and accounts  

for  about  80% of  skin  cancers .  I t  may appear as pearly or  trans lucent  bumps and 

or iginates in  the basal  ce l ls .  

c .  Malignant melanoma.  Mal ignant  melanoma orig inates f rom melanocytes and is  

the deadl iest  form of  sk in  cancer ,  and i ts  inc idence has been increasing.  Moles 

should be watched for  ind icat ions of  mal ignancy—the ABCDs are 

(1)  Asymmetr ical  shape 

(2)  Border  i r regular i ty 

(3)  Color  that is  nonuni form 

(4)  D iameter  > 6 mm. 

d.  Mal ignant melanoma format ion may be associated wi th  in tense, intermi t tent  

overexposure to the sun (sunburn ing) .  

3.  Drug-induced photosensitivi ty react ions  

a.  Types  

(1)  Photoallergy react ions  occur  when l ight makes a drug become ant igenic  or ac t  

as  a hapten ( i .e. ,  a photoal lergen).  These react ions a lso requi re  previous contact  

wi th  the of fending drug.  Photoal lergy react ions are rela t ive ly rare  and are 

associated more frequent ly wi th  top ica l ly appl ied agents than wi th  oral  medicat ions. 

(a)  Occurrence  of  these react ions is  not  dose re la ted.  The pat ient is  usual ly c ross-

sens i t ive wi th  chemical ly re la ted compounds. 

(b)  Rashes  are most  prominent on l ight-exposed s i tes  ( i .e . ,  face,  neck, forearms, 

back of  hands) ,  and they usual ly occur ,  af ter an incubat ion per iod of  24-48 hr  o f  

combined drug and sun exposure, as  an in tensely prur i t ic  eczematous dermati t is  (a  

severe rash) .  

(2)  Phototoxic reactions  occur  when l ight  a l ters a  drug to  a toxic  form,  which 

resul ts  in  t issue damage that is  independent  o f  an a l lerg ic  response. 

(a)  Occurrence.  These react ions are usual ly dose rela ted,  and the pat ient  usual ly 

has no cross-sens i t iv i ty to  o ther  agents . 

(b)  Rashes  o f ten appear as an exaggerated sunburn and are usual ly conf ined to  

areas of  combined chemical  and l ight  exposure. 

b.  Impl icated drugs.  Many drugs have been impl icated in caus ing photoal lergy and 

phototoxic  react ions:  th iazides,  te t racycl ines,  phenoth iazines,  sul fonamides,  and 

even sunscreens. Some drugs may produce both types of  react ions. 



c.  Prevention.  Standard sunscreens do not  always prevent  photosens i t iv i ty 

react ions caused by drugs.  UV l ight above 320 nm ( i .e . ,  UVA l ight )  has been 

impl icated in  induc ing photosens i t iv i ty react ions,  so a chemical  or  physical  

sunscreen must  cover  this  spectrum (see I I I .E.2) .  

4.  Photodermatoses  are skin  condi t ions that  are t r iggered or worsened by l ight  

wi th in  spec i f ic  wavelengths.  These condi t ions include polymorphous l ight erupt ion 

(PMLE),  lupus erythematosus,  and so lar  urt icar ia .  

5.  Photoaging  is  a  skin condi t ion that  is  not mere ly an accelerat ion of  normal 

ag ing.  UVA radiat ion is  thought  to  be invo lved.  The skin  appears  dry,  scaly,  ye l low,  

and deeply wr inkled;  i t  is  a lso th inner and more f rag i le .  

E. Sunscreen agents.  People can protect  thei r  sk in f rom harmful  UVR by avoiding 

exposure to  sunl ight and other  sources of  UVR, wear ing protect ive c loth ing,  and 

apply ing sunscreen. 

1.  Appl icat ion and general  information.  A l l  exposed areas should be covered 

evenly and l iberal ly (2 mg/cm 2 ,  which requi res about  1  ounce of  sunscreen per one 

to tal  body appl icat ion  
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for  an average-size adult  in  a  swimsui t )  wi th sunscreen,  opt imal ly 30 min (2  hr  for  

PABA and PABA esters)  before sun exposure to  al low for  penetrat ion and b ind ing to  

the skin . 

a.  Substantivi ty.  Persp ira t ion,  swimming,  sand,  towels ,  and clo th ing tend to  remove 

sunscreen and may increase the need for  reappl icat ion. 

(1)  Substant iv i ty is  the ab i l i ty  o f a  sunscreen formulat ion to  adhere to  the sk in  whi le 

swimming or  persp ir ing. 

(2)  Water resistant  label ing ind icates that  the formula re tains  i ts  sun protect ion 

fac tor  (SPF) af ter 40 min of  ac t iv i ty in  the water ,  sweat ing,  or  persp i r ing. 

(3)  Label ing a product  as  very water resistant  ind icates that  the product re tains  

SPF af ter  80 min of ac t ivi ty in the water ,  sweat ing,  or perspi r ing. 

b.  Protect ion.  Sunscreen products  vary wide ly in thei r  ab i l i ty  to  protect  against 

sunburn;  the SPF and UVA/UVB ray protect ion should be noted to  determine the 

leve l  o f  protect ion.  Moreover ,  baby oi l ,  minera l  o i l ,  o l ive o i l ,  and cocoa but ter  are 

not  sunscreens (but  are of ten used to at ta in  a  tan) .  

(1)  SPF  g ives the consumer a gu ide for  determining how the product  wi l l  protect the 

skin  from UV rays,  pr inc ipa l ly UVB rays.  An SPF of  30 blocks about  97% of  the UVB 

rays.  Sc ient i f ic  evidence shows a po int  of  dimin ish ing returns at  leve ls  > 30;  any 

benef i ts  that might  be der ived f rom us ing sunscreens wi th  an SPF > 30 are 

negl igible .  The FDA's  most  recent monograph requi res sunscreens wi th  an SPF > 30 

to  use one co l lec t ive term “SPF 30 Plus”  or  “30+.”  An SPF of  a t  least 15 for  most  

indiv iduals  is  recommended by the Skin Cancer Foundation. 

(a)  Defini t ions.  A minimal  sun protection product  has an SPF of 2  to  under 12;  a  

moderate sun protect ion product  has an SPF of  12 to  under 30;  a  high sun 

protection product  has an SPF of  30 or  above. 



(b)  Derivat ion.  SPF is  def ined as the minimal  erythema dose (MED)  o f  protected 

skin  d iv ided by the MED of  unprotected sk in .  MED is  the amount  o f  so lar  rad ia t ion 

needed to  produce minimal sk in  redness. 

(c)  Example.  A person who usual ly gets  red af ter 20 min in  the sun and wants  to 

s tay in  the sun for  2  hr  (120 min)  should apply a  sunscreen wi th  an SPF of  6  (120 

min ÷ 20 min = SPF 6) .  An SPF 6 product should provide adequate coverage, 

provided i t  is  not washed of f  (as f rom swimming)  or  disso lved by sweat .  An SPF of  

15 blocks approximately 93% of  the UVB rays. 

(d)  Up unt i l  now,  there has been no generally accepted comparable term that 

measures UVA protect ion,  a l though a few have been proposed (see below).  One 

major  concern is  that  people may be s taying out  in  the sun longer when they use 

sunscreen products  that have high SPF values.  I f  inadequate UVA protect ion is 

provided in  that product ,  these ind iv iduals  may be expos ing themselves to  very h igh 

amounts  of  UVA, wi th  the potent ial  for  s ign i f icant overexposure to  this form of UV 

rad iat ion. 

(2)  Proposed FDA UVA Protect ion Rating System.  In  August  2007,  the FDA 

proposed a “consumer-f r iendly”  rat ing system to ra te sunscreen products  regard ing 

the ir  leve l  o f  UVA protect ion us ing a one to  four  s tars  ra t ing.  I f  the product  does not  

provide at least  a “one star”  protect ion,  then “no UVA protect ion”  would need to  be 

noted on the label .  

(a)  One star:  low UVA protect ion 

(b)  Two stars:  medium UVA protect ion 

(c)  Three stars:  h igh UVA protect ion 

(d)  Four stars:  h ighest  UVA protect ion 

I f  approved,  an additional  warning would be required on sunscreen products:  

“UV exposure f rom the sun increases the r isk  of  skin  cancer ,  premature sk in aging,  

and other  skin  damage.  I t  is  important  to  decrease UV exposure by l imi t ing t ime in 

the sun,  wear ing protect ive c lo thing,  and using a sunscreen.”  SPF maximums, under 

th is  new proposed rule , would increase f rom SPF 30+ to  SPF 50+. 

(3)  Skin cancer prevention.  Sunscreen appl icat ion has been shown to  prevent  

squamous ce l l  carc inoma,  but  i t  is  not  absolute ly conf i rmed that  thei r  use prevents  

melanoma. In  fac t ,  some s tud ies have found that  indiv iduals  who regular ly use 

sunscreen have a h igher r isk  of  th is  cancer (perhaps because they can s tay out  in  

the sun longer before burn ing and thus exper ience longer per iods of sun exposure) .  

c .  Sensitivi ty.  Some people may be hypersensi t ive to  sunscreen agents.  

Discont inue use i f  s igns of  i r r i ta t ion or  a  rash occur .  Contact  dermati t is  may occur  

wi th  some of  these agents .   
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I f  sens i t ive to  benzocaine,  procaine,  sul fonamides,  or  thiazides,  avoid PABA or  

PABA esters . 

d.  Specif ic  information  

(1)  Do not use these products  on in fants  younger than 6 months of  age ( there is 

concern about  absorpt ion of  these agents) .  



(2)  Do not use a product wi th  an SPF < 4 on chi ldren younger than 2 years  of  age 

( there is  concern that an SPF < 4 wi l l  not provide adequate protect ion) .  

(3)  Recommend sunscreen products  that are broad-spectrum sunscreens ( i .e. ,  that 

b lock both UVB and UVA).  

2.  The two basic  types of  sunscreen agents  are phys ical  sun b locks and chemical  

sunscreens (Table 30-2).  

a.  Physical  sun blocks  are opaque formulat ions that  re f lec t  and scat ter  up to  99% 

of  l ight  in  both the UV and vis ible  spectrums (290-700 nm).  Examples include 

t i tanium dioxide  and zinc oxide.  These sun b locks are less cosmet ical ly 

acceptable than chemical  sunscreens because they have a greasy appearance,  but  

they may be usefu l  for  protect ing smal l  areas (e.g. ,  the nose) .  These sun b locks are 

a lso usefu l  for photosens i t izat ion protect ion.  Newer,  more d i lu te  vers ions of t i tanium 

d ioxide products  and microf ine,  t ransparent  forms of  z inc  oxide are more 

cosmet ical ly appeal ing. Red petrola tum covers  a lesser  spectrum (290-365 nm). 

Table 30-2. Sunscreen Ingredients 

Type Sunscreens 

UV 
Spectrum 

(nm) 
Concentrations 

(%) 

Chemical 

Benzophenones UVA 
and 

UVB 
 

 
Oxybenzone 270-

350 
2-6 

 
Dioxybenzone 260-

380a 
3 

PABA and PABA esters UVB  

 
P-aminobenzoic acid 260-

313 
5-15 

 
Ethyl dihydroxy propyl 
PABA 

280-
330 

1-5 

 
Padimate O (octyl dimethyl 
PABA) 

290-
315 

1.4-8 



 
Glyceryl PABA 264-

315 
2-3 

Cinnamates UVBb  

 
Cinoxate 270-

328 
1-3 

 
Ethylhexyl-p-
methoxycinnamate 

290-
320 

2-7.5 

 
Octocrylene 250-

360 
7-10 

 
Octyl methoxycinnamate 290-

320 
— 

Salicylates UVBc  

 
Ethylhexyl salicylate 280-

320 
3-5 

 
Homosalate 295-

315 
4-15 

 
Octyl salicylate 280-

320 
3-5 

Miscellaneous UVB  

 
Menthyl anthranilate 
(meradimate) 

260-
380d 

3.5-5 

 
Digalloyl trioleate 270-

320 
2-5 

 Avobenzone (butyl UVA 3 



methoxydibenzoylmethane; 
Parsol 1789) 

320-
400 

 
Phenylbenzimidazole 
sulfonic acid 

290-
320 

4 

Physical 

Titanium dioxide 290-
700 

2-25 

Red petrolatum 290-
365e 

30-100 

Zinc oxide 290-
700 

— 

a Values available when used in combination with other screens. 
 
b Some UVA spectrum. 
 
c Primarily UVB, but has about one third the absorbency of PABA. 
 
d Values are concentrations higher than normally found in nonprescription 
drugs. 
 
e At 334 nm, 16% UV radiation is transmitted; at 365 nm, 58% is 
transmitted. 

Reprinted with permission from Drug Facts and Comparisons, 60th ed. St. 
Louis, MO: Wolters Kluwer, 2005. 
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b.  Chemical  sunscreens  ac t  by absorbing a spec i f ic  port ion of  the UV l ight  

spectrum to keep i t  f rom penetrat ing the skin .  They can be categor ized on the bas is  

o f  the i r  spectra of  UVR blockage and bas ic  chemical  c lassi f icat ion.  Five main 

groups of  chemical  sunscreens are avai lab le. 

(1)  PABA  and PABA esters  pr imar i ly absorb UVB rays.  Examples are p-

aminobenzoic  acid , padimate O,  and g lyceryl  PABA. 

(2)  Cinnamates  pr imar i ly absorb UVB rays. Examples are c inoxate and octy l  

methoxyc innamate. 



(3)  Salicylates  pr imari ly absorb UVB rays.  Examples are ethylhexyl  sa l icyla te and 

homosalate. 

(4)  Benzophenones  absorb UVB rays and somet imes extend in to  the UVA range.  

Examples are oxybenzone and dioxybenzone. Because of  thei r  extens ion in to the 

UVA range,  they are somewhat  protect ive against  photosens i t iv i ty react ions. 

(5)  Dibenzoylmethane derivat ives.  Avobenzone (Parsol  1789)  or  buty l  

methoxydibenzoylmethane,  provides coverage over  the ent i re UVA range a l though 

i ts  absorbance decreases dramat ical ly at  370 nm. Photosens i t iv i ty react ions from 

medicat ions may not  be completely prevented in  the 370-400 nm range.  In  

combinat ion wi th  other agents  that cover  the UVB range,  reasonable protect ion for 

both the UVA and UVB ranges can be achieved.  I t  is  the on ly avai lab le  agent that  

b locks UVA wavelengths up to  400 nm. 

(6)  Other chemical  sunscreens.  Phenylbenzimidazole sulfonic acid  does not  

match up wi th any of  the c lasses above. I t  covers jus t  the UVB range 290-320 nm. 

(7)  A new agent  ecamsule,  incorporated in to  a combinat ion product  (Anthel ios  SX) 

wi th  avobenzone and octocrylene was approved by the FDA in Ju ly,  2006.  The 

combinat ion protects  against  both UVA and UVB. 

c .  OTC sunscreen products.  Most  sunscreen products  on the market  conta in  

combinat ions of  two or more of the c lasses of  chemical  sunscreen agents  descr ibed 

in  preceding sect ions. To get  adequate UVA protect ion,  choose a product wi th  

avobenzone or  a product wi th  t i tan ium dioxide or z inc  oxide. 

F.  Special  agents of interest  

1.  Dihydroxyacetone  (DHA) is a  chemical  agent  that  darkens the sk in  by in teract ing 

wi th  kerat in  in  the s t ratum corneum to produce an art i f ic ia l  suntan.  I t  provides no 

protection against UV rays  and may not produce a natura l- looking tan.  Th is  is  

known as an art i f ic ial  tan extender.  DHA must  be appl ied evenly.  I f  an art i f ic ia l  

suntan is  achieved wi th th is chemical ,  i t  wears  of f  in  a  few days.  In  addit ion,  i t  can 

d iscolor  hai r  and c lo thing. 

2.  Bronzers  are ar t i f ic ia l  tan products that  s tain  the skin .  They are fu l ly  washable 

wi th  soap and water and wi l l  not  protect  against  so lar  rad ia t ion. 

3.  β-Carotene,  a  v i tamin A precursor,  may produce skin  colorat ion when ingested 

ora l ly.  A l though β-carotene is  protect ive against  some forms of  abnormal  

photosens i t iv i ty (e .g. ,  erythropoiet ic protoporphyr ia) ,  i t  has not  been shown to  

protect against  sunburn in  normal  indiv iduals .  

4.  Canthaxanthin  is  a  carotenoid (provi tamin A) .  I t  has been used as a food-

co lor ing agent  but  has not  been approved by the FDA for  use as an ora l  tanning 

agent .  I t  does not produce a true suntan  but  is  deposi ted in to fa t ty t issues under 

the skin . I t  probably does not  protect the sk in  f rom sunburn. 

5.  Tyrosine  has been promoted as a tan accelerator  or tan promoter.  Because 

melanin p igment  is  eventual ly synthesized f rom tyros ine, the theory is  that topica l ly 

appl ied tyros ine wi l l  enhance the formation of  melanin.  However,  studies have not 

confirmed an enhanced tanning effect  from this agent.  

IV. CONTACT DERMATITIS AND ITS TREATMENT 
A. Introduction  



1.  Types of  contact  dermati t is .  Contact dermat i t is  is  one of  the most common  

dermatolog ica l  condi t ions encountered in  c l in ical  pract ice.  I t  has t radi t ional ly been 

d iv ided in to  i rr i tant  contact  dermati t is  and al lergic contact  dermati t is  on the 

basis o f  the or ig in  and immunologica l  mechanism. 
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a.  I rr i tant  contact  dermati t is  is  caused by di rec t contact  wi th  a  pr imary i rr i tant .  

These i r r i tants  can be class i f ied as absolute or  re la t ive pr imary i r r i tants . 

(1)  Absolute primary irr i tants  are in t r insica l ly damaging substances that in jure,  on 

f i rst  contact ,  any person 's  sk in .  Examples include s t rong acids,  a lka l is,  and other  

industr ia l  chemicals .  

(2)  Relat ive primary irr i tants  cause most  cases of  contact  dermat i t is  seen in 

c l in ical  pract ice.  These i r r i tants are less toxic  than absolute pr imary i r r i tants ,  and 

they require  repeated or pro longed exposure to provoke a react ion. Examples of  

re lat ive pr imary i rr i tants  include soaps,  detergents ,  benzoyl  peroxide,  and certa in  

p lant  and animal  substances. 

b.  Al lergic contact dermati t is .  Many p lants ,  and a lmost  any chemical ,  can cause 

a l lerg ic  contact  dermati t is .  Poison ivy is a  c lass ic example of  a l lergic contact  

dermat i t is ,  which is  c lass i f ied as a type IV hypersens i t iv i ty react ion.  Th is type of  

a l lerg ic  react ion is T ce l l -mediated, and the fo l lowing sequence of  events  must 

occur  to  provoke i t :  

(1)  The epidermis  must  come in contact  wi th  the hapten ( i .e. ,  the speci f ic  a l lergen) .  

(2)  The hapten-epidermal  protein complex  ( i .e . ,  the complete ant igen)  must  form. 

(3)  The ant igen must  enter the lymphatic system.  

(4)  Immunological ly competent lymphoid cel ls,  which are select ive against  the 

ant igen,  must  form. 

(5)  On reexposure  to the hapten,  the typ ica l ,  loca l  de layed hypersens i t iv i ty react ion 

( i .e . ,  contact  dermat i t is )  occurs . 

(6)  The induction period,  dur ing which sens i t iv i ty develops, usual ly requires  14-21 

days but  may take as few as 4 days or  more than severa l  weeks.  Once sensitivi ty 

is  fully developed:  

(a)  Reexposure to  even minute amounts  of the same materia l  el ic i ts  an eczematous 

response, typ ical ly wi th  an onset  o f  12 hr and a peak of  48-72 hr  a f ter  exposure. 

(b)  Sensi t iv i ty usual ly pers is ts  for l i fe .  

( i )  Most  contact al lergens produce sensi t izat ion in  only a  smal l  percentage of  

exposed persons. 

( i i )  A l lergens or  substances such as po ison ivy,  however,  produce sensi t izat ion in > 

70% of  the populat ion (50%-95% are sensi t ive to  the po ison ivy plant ) .  

2.  General  phases of  contact dermati tis  

a.  Acute stage.  Wet  les ions,  such as b l is ters  or  denuded and weeping skin ,  are 

evident  in  wel l -out l ined patches.  Also evident  are erythema,  edema, vesic les ,  and 

oozing. 



b.  Subacute stage.  In  this  phase,  c rusts  or  scabs form over  the previous ly wet  

lesions. Al lergic contact dermat i t is  and i r r i tant  contact  dermati t is  caused by 

absolute pr imary i r r i tants  produce both the acute and subacute s tages. 

c .  Chronic stage.  In  th is phase,  the lesions become dry and thickened ( i .e . ,  

l i cheni f ied).  In i t ia l ly ,  dryness and f issur ing are the s igns.  Later ,  erythema, 

l icheni f icat ion,  and excor ia t ions appear. The chron ic  phase of  contact  dermati t is  

usual ly occurs  more often wi th  i r r i tant  contact  dermati t is  caused by re la t ive pr imary 

i r r i tants . 

B. Toxic plants.  Po ison ivy and poison oak are the most common causes  o f  

a l lerg ic  contact  dermati t is  in  North  America.  These p lants  were former ly known as 

the Rhus  genus,  but  they are now properly re ferred to  as the Toxicodendron  genus. 

1.  Poison ivy (Toxicodendron rad icans  and T.  rydberg i i)  grows as a v ine or  as  a 

bush.  I t  is  found in  most  par ts  of  the Uni ted States,  but  is espec ia l ly prevalent in the 

nor theastern par t  o f  the country.  Poison ivy is o f ten ident i f ied by i ts  character ist ic  

growth pat tern,  described by the saying “Leaves of  three,  le t  i t  be. ” 

2.  Poison oak  (T. d iversi lobum )  is  found in  the western Uni ted States and Canada.  

I t  grows as an upright  shrub or  a  woody vine.  T.  tox icarium  is  found in  the eastern 

Uni ted States. 

3.  Poison sumac  (T.  vern ix )  grows in  woody or  swampy areas as a coarse shrub or  

t ree and is  prevalent  in  the eastern United States and southeastern Canada. 

C. Toxicodendron dermati t is.  For  dermat i t is  to develop,  previous sens i t izat ion (a  

5-  to 21-day incubat ion per iod)  caused by d i rect  contact  wi th  a  sens i t iz ing agent is  

requi red (see IV.A.1.b).  An o leoresin , urushiol oi l ,  which is  a pentadecacatechol ,  is  

the act ive sens i t iz ing agent  in  po ison ivy,  po ison oak,  and poison sumac. There are 

s l ight d i f ferences in  the chemical  s t ruc tures of the sens i t iz ing agent in each of  

these p lants ,  but  the three agents cross-react .  
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1.  Release of the urushiol  oi l .  The p lants  must  be bru ised or in jured to  re lease the 

o leores in.  I t  is  present in  the roots,  stems, leaves,  and frui t .  The urushio l  oi l  may 

remain act ive on tools ,  toys,  c lothes,  pets ,  and under f ingernai ls i f  those i tems have 

had contact  wi th the broken p lants . 

a.  Urushio l  o i l  does not  vo la t i l i ze, so one cannot get  dermat i t is  f rom just  be ing near 

a  poison ivy p lant ;  d i rec t contact  is  necessary.  Burning plants,  however, can cause 

droplets  of  oi l  carr ied by smoke to  enter the respira tory system, which can cause 

s ign i f icant resp ira tory d is t ress. 

b.  A cut  or  damaged poison ivy,  poison oak,  or  po ison sumac plant  in i t ia l ly  y ie lds  a 

clear f luid  conta in ing the o leoresin ,  which turns to a black inky lacquer  on 

exposure to  a i r  wi thin  a  few minutes.  Th is  change can be a means for  conf i rming 

ident i f icat ion of  these p lants . 

c .  Because the o leores in can rap idly penetrate the sk in ,  the af fec ted area must be 

washed with soap and water within 10 min  af ter  exposure to  prevent the 

dermat i t is  erupt ion.  Washing up to 30 min af ter  exposure is  s t i l l  useful  in  removing 

some of  the o leores in . 



2.  I f  an ind iv idual  has been previously sensit ized,  the lesions usual ly occur  wi thin  

6-48 hr  a f ter  contact  wi th  the al lergen. 

3.  Typ ical ly,  the in i tia l  eruption  exis ts as  smal l  patches of  erythematous papules 

(usual ly s t reaks).  Pruri tus ( i tching) is  the primary symptom.  

a.  Papules may progress to  ves ic les ,  which may then ooze and b leed when they are 

scratched.  Secondary in fec t ion may then develop.  Of ten,  the in f lammat ion is  severe,  

and a s ign i f icant amount o f  edema occurs  over  the exposed area. 

b.  The lesions may las t  f rom a few days to severa l  weeks.  Left  unt reated, the 

condi t ion rare ly persists  longer than 2-3 weeks. 

4.  Poison ivy dermati t is  does not spread.  New les ions,  however,  may cont inue to 

appear for  severa l  days despi te  lack of  fur ther  contact  wi th  the p lant .  Th is react ion 

may be owing to  the fol lowing fac ts :  

a.  Skin that  has been min imal ly exposed to the ant igen begins to  react  only as the 

person 's  sens i t iv i ty he ightens. 

b.  Ant igen is  absorbed at  varying ra tes through the skin  of  di f ferent  par ts o f  the 

body. 

c .  The person inadvertent ly touches contaminated ob jects  or  may have residual  

o leores in—for  example,  underneath the f ingernai ls .  

5.  Poison ivy is  not contagious.  The serous f lu id  f rom the weeping ves ic les  are 

not  ant igenic .  No one can “catch”  po ison ivy f rom another person. 

D. Treatment.  The t reatment  o f i r r i tant  and a l lerg ic contact dermat i t is  focuses on 

therapy for the spec i f ic  symptomato logy. 

1.  A pharmacis t  should refer a patient  wi th  a  poison ivy erupt ion to  a phys ic ian i f :  

a.  The erupt ion invo lves a large area of  the body (about  25%). 

b.  The erupt ion invo lves the eyes, geni ta l  area,  mouth,  or resp ira tory t rac t (some 

pat ients  may exper ience respi ra tory di f f icu l t ies  i f  they inhale the smoke of  burn ing 

poison ivy p lants) .  

2.  The severi ty of  the eruption  depends on: 

a.  The quant i ty o f  a l lergen that  the pat ient  has been exposed to 

b.  The indiv idual  pat ient 's  sens i t iv i ty to the al lergen 

3.  For severe eruptions,  a  pat ient should consult  a  phys ic ian, who may prescr ibe 

systemic corticosteroids.  

a.  Systemic cor t icostero ids  are the corners tone of  therapy.  One should use 

suf f ic ient ly high doses to suppress this inf lammation.  Genera l ly,  i t  is  recommended 

that  prednisone be g iven in  a  dose of 60 mg/day for  5  days, then reduced to  40 

mg/day for 5  days, then 20 mg/day for 5  days, then discont inued.  Prepacked dosage 

packs of cor t icostero ids used over 6  days provide too low of  a  dose over  too shor t  a  

per iod of  t ime. 

b.  Some b l is ters may be dra ined at  thei r  base.  The sk in  on top of  the bl is ter  should 

be kept  in tac t .  Dra in ing the bl is ter al lows more top ica l  medicat ion to penetrate for 

an ant iprur i t ic  e f fec t.  Baths and soaks [see IV.D.4.b. (1) . (b) ]  may be benef ic ia l  as 

wel l .  

4.  For a less severe eruption,  the pr inc ipa l  goals  are to  rel ieve the i tching and 

in f lammat ion and to  protect  the integr i ty of  the sk in. 
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a.  Severa l  therapeut ic  c lasses of agents  can be used to rel ieve i tching.  

(1)  The appl icat ion of  local  anesthetics—for example, benzocaine (5%-20%)—may 

re l ieve i tching.  Rel ie f  may be of shor t  durat ion (30-45 min) ,  but appl icat ion of  

benzocaine may be espec ial ly usefu l  a t  bedt ime, when pruri tus  is  most  bothersome.  

There is  some quest ion about  the frequency of the sens i t iz ing ab i l i ty  of  benzocaine 

(0.17%-5%).  Certainly,  t reatment  should be d iscont inued i f  the rash worsens. 

(2)  Topical  ant ihistamines—for example, d iphenhydramine (Benadryl  c ream or  

spray)—may provide rel ie f  o f  mi ld  i tching princ ipa l ly through a top ical  anesthet ic  

e f fec t  ra ther  than any ant ih is tamine effect .  Many would not  recommend the i r  use 

because they may also have a s ign i f icant  sens i t iz ing potent ial ,  and in  chi ldren wi th 

var icel la  in fec t ions (where the in tegr i ty o f  the sk in  is  compromised) ,  sys temic  

absorpt ion has occurred wi th  symptoms of  ant ichol inergic toxic i ty produced.  Topica l  

and oral  diphenhydramine should not be used concurrent ly.  

(3)  Counterirr i tants  inc lude camphor (0 .1%-3%), phenol  (0 .5%-1.5%),  and menthol  

(0 .1%-1%).  These agents  have an analges ic  e ffec t  as  a resul t  o f  depress ion of  

cutaneous receptors .  The exact  ant iprur i t ic  mechanism is  not  fu l ly  known,  but  a  

p lacebo ef fec t  may resul t  f rom the character ist ic  medicinal  odors  of  these agents . 

(4)  Astr ingents  are mi ld prote in precip i tants  that resu l t  in contract ion of t issue,  

which in  turn decreases the loca l  edema and in f lammation. 

(a)  The pr inc ipa l  agent used is  aluminum acetate  (Burow's  so lu t ion).  

(b)  Calamine  (z inc  oxide wi th  ferr ic oxide,  which provides the p ink co lor)  is  also 

used sometimes. Calamine contracts t issue and helps  dry the area, but  the 

format ion of  the th ick  dr ied paste may not  be to lerated by some people. 

(5)  Topical  hydrocort isone  (e .g .,  Corta id) ,  which is  avai lab le  in  concentrat ions up 

to  1%, is  min imal ly useful  for i ts  ant iprur i t ic  and ant i - in f lammatory ef fec ts .  

b.  Basic treatment  

(1)  Acute (weeping) lesions  (see IV.A.2.a) 

(a)  Wet dressings  work on the pr inc ip le  that  water  evaporat ing f rom the skin  cools  

i t  and thus re l ieves i tching.  W et  dressings have an addi t ional  benef i t  o f  causing 

gent le  débr idement and c leans ing of  the skin . 

(b)  Burow's solut ion  (Domeboro)  in  concentrat ions of  1:20-1:40 as a wet  dress ing 

or  a  cool  bath of  15-30 min 3-6 t imes per  day provides a s igni f icant  ant iprur i t ic  

e f fec t .  

(c)  Col loidal  oatmeal  baths  (e .g. ,  Aveeno) may a lso provide an ant iprur i t ic  e f fect .  

(d)  Topical  therapy that  may hinder treatment  

( i )  Local  anesthetics and topical antihistamines  may sensi t ize. 

( i i )  Calamine  may make a mess wi thout  do ing much good!  

(2)  Subacute dermati t is  (see IV.A.2.b) .  A thin layer of  hydrocort isone cream or 

lot ion (0.5%-1%)  may be appl ied 3-4 t imes a day to  t reat  subacute dermat i t is .  

Supplementa l  agents ,  such as topica l  anesthet ics,  may be used as wel l .  

(3)  Chronic dermati t is  (see IV.A.2.c)  is  best  t reated wi th  hydrocort isone o in tment .  

Th is  stage is  observed more f requent ly in  forms of  contact  dermati t is  that  involve 

cont inuous exposure to  the i r r i tant  or  a l lergen. 



E. Prevention  

1.  The best  t reatment  for po ison ivy contact  dermat i t is  is  to prevent contact  wi th  

the of fending cause.  This  approach invo lves avoid ing the plant  and wearing 

protect ive c loth ing. 

2.  Barrier preparat ions. Bentoquatam  (quaternium-18 bentoni te),  Ivy Block,  an 

organoc lay,  is  the f i rs t  po ison ivy b locker  proven safe and ef fec t ive.  I t  comes as a 

lo t ion that  should be appl ied at least  15 min before contact wi th  the plant  and then 

every 4 hr for cont inued protect ion against urushio l .  I t  should be appl ied to  leave a 

smooth,  wet ,  v is ible  f i lm on the skin . Ivy Block may be removed wi th  soap and 

water .  Because of  i ts  alcohol  content,  pat ients  should be ins t ructed to  s tay away 

f rom f lame dur ing appl icat ion unt i l  the product  has dr ied on the skin . 
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STUDY QUESTIONS 
Direct ions:  Each of  the quest ions,  s tatements , or  incomplete sta tements  can be 

correct ly answered or  completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

1.  A woman, who has not been in the sun for 4 months,  develops redness on 

her chest after lying in the sun for 20 min.  The next day,  she applies a suntan 

lot ion and develops the same degree of  redness on her back in 2 hr and 20 min.  

What is  the sun protection factor (SPF) of  the lot ion she is  using? 

(A)  14 

(B)  10 

(C) 12 

(D) 9 

(E)  7 

View Answer1.  The answer is  E[see] .2. Which of  the fol lowing cleansing 

products would a pharmacist  recommend for a patient with inf lammatory acne? 

(A)  an abrasive facia l  sponge and soap used 4 t imes a day 

(B)  a luminum oxide part ic les  used 2 t imes a day 

(C) sul fur 5% soap used 2 t imes a day 

(D) mi ld  fac ial  soap used 2 t imes a day 

View Answer2.  The answer is  D[see] .3.  I f  a patient  needs a second 

appl icat ion of  an over-the-counter (OTC )  pyrethrin pedicul ic ide shampoo, how 

many days after the fi rst  appl icat ion should this be done? 

(A)  4-5 

(B)  6 

(C)  7-10 

(D) 14-21 

(E)  15-17 

View Answer3.  The answer is  C[see] .4.  Al l  of the following treatments for 

personal  art icles infested with head l ice would be effect ive except  

(A)  p lacing woolen hats in  a  p las t ic  bag for  2  weeks. 



(B)  using an aerosol  o f pyrethr ins  wi th p iperonyl  butoxide sprayed in  the a i r  o f  al l  

bathrooms. 

(C)  machine-washing c lothes in  hot  water  and drying them using the hot  set t ing on 

the dryer .  

(D)  dry-cleaning woolen scarves. 

(E)  soaking hai r  brushes in  hot water  for 15 min. 

View Answer4.  The answer is  B[see] .5.  Al l  of the following sunscreen 

agents or combinations of  agents would l ikely help prevent a drug-induced 

photosensit ivi ty react ion except  

(A)  t i tanium dioxide. 

(B)  octy l  methoxyc innamate p lus  homosalate. 

(C)  oxybenzone and padimate O. 

(D)  z inc oxide. 

(E)  padimate O plus avobenzone. 

View Answer5.  The answer is  B[see] .6.  Al l  of the following would be 

appropriate recommendations for an adult  patient  in the acute stage ( i .e . ,  

bl istering,  weeping) of  poison ivy contact  dermati t is  except  

(A)  60 mg per  day of  prednisone in i t ia l ly ,  then tapered over  15 days. 

(B)  Burow's  so lu t ion; 1 :20 wet  dressing to area for  15-30 min,  4 t imes per  day. 

(C)  two soaks per  day in Aveeno Bath Treatment .  

(D)  two appl icat ions of  Ivy Block. 

View Answer6.  The answer is  D[seeand] .not7.  Al l  of  the fol lowing 

nonprescript ion agents have been classified by the U.S.  Food and Drug 

Administrat ion (FDA) as safe and effect ive (category 1)  for acne except  

(A)  sul fur .  

(B)  sal icyl ic  ac id . 

(C)  sul fur- resorc ino l  combinat ion. 

(D)  benzoic ac id. 

View Answer7.  The answer is  D[see] .8.  Pharmacists educating pat ients 

about acne should mention al l  of  the following except  

(A)  e l iminat ing al l  chocolate and f r ied foods f rom the d iet .  

(B)  c leansing sk in  gent ly 2-3 t imes dai ly.  

(C)  using water-based noncomedogenic cosmetics . 

(D)  not squeezing acne les ions. 

(E)  keeping in mind that  acne usual ly reso lves by one 's  ear ly 20s. 

View Answer8.  The answer is  A[see] .P.645 

 

 

9.  A 15-year-old male pat ient has been using benzoyl  peroxide 5% cream 

fai thful ly every day for the past 2  months with no apparent side effects.  Al l  of  

the fol lowing can be said about this pat ient  except  

(A)  he has been us ing this  product  for  a  long enough t ime to  determine i f  the dose 

and dosage form are going to  have any benef i t .  

(B)  he should use this product  no more f requent ly than every other  day because of  

i ts  i r r i ta t ing propert ies . 



(C)  th is  s tar t ing dose and dosage form are usefu l ,  espec ia l ly i f  he has dry skin  or  i t  

is  winter t ime. 

(D)  h is  sca lp hai r  may look b leached i f  the product  comes in  contact  wi th  i t .  

(E)  the product  would s t ing i f  i t  got  in to h is  eyes. 

View Answer9.  The answer is  B[see] .10.  Al l  of  the fol lowing descript ions 

match the therapeutic agent for poison ivy except  

(A)  calamine:  phenolphthale in g ives i t  the p ink  co lor.  

(B)  Ivy Block: usefu l  in  prevent ing poison ivy dermati t is .  

(C)  benzocaine:  data regard ing inc idence of  hypersens i t iv i ty are conf l ic t ing. 

(D)  hydrocor t isone:  usefu l  for  i ts  ant iprur i t ic  and ant i - inf lammatory ef fec ts.  

View Answer10. The answer is  A[see] .11.  Al l  of  the fol lowing statements 

related to sun protect ion are true except  which one? 

(A)  The sun 's intens i ty increases 20% when going f rom sea leve l  to  an al t i tude of  

5000 f t .  

(B)  W ater  resis tant label ing on a sunscreen product  ind icates that  i t  wi l l  re ta in  i ts 

SPF af ter  40 min of ac t ivi ty in water ,  sweat ing,  or persp ir ing. 

(C)  Baby oi l  is  not  a sunscreen,  but  i ts appl icat ion to  the sk in  after  tanning causes 

melanin to  r ise to the sur face. 

(D)  Per  the FDA, a product  wi th an SPF of  50 must  now be labeled “SPF 30 Plus. ” 

(E)  The SPF is real ly on ly a  measure of  u l t raviolet  B (UVB) protect ion. 

View Answer11. The answer is  C[seeand] .12. Al l  of  the fol lowing 

statements about sunscreens are correct  except  which one? 

(A)  Mal ignant  melanoma format ion may be assoc iated wi th  in tense,  in termi t tent  

overexposure to the sun (sunburn ing) .  

(B)  Dihydroxyacetone (DHA) wi l l  not  prevent sunburn. 

(C)  Sunscreens are best appl ied immediate ly before go ing out  in  the sun. 

(D)  Avobenzone provides sunscreen coverage for  the UVA spectrum. 

(E)  Tyros ine has been marketed as a tan accelerator  or  tan magnif ier .  

V iew Answer12. The answer is  C[see] .P.646 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  E  [see  I I I .E.1 ] .  

The SPF is  the min imal  erythema dose (MED) of  protected skin  d iv ided by the MED 

of  unprotected sk in .  Thus 2 hr  and 20 min (140 min) div ided by 20 min equals  an 

SPF of  7 . 

2.  The answer is  D  [see  I I .E.2 ] .  

For  pat ients  wi th  in f lammatory acne, the best product  is  a  mi ld  facia l  soap used 2 

t imes a day.  The soap should be gent ly rubbed in to  the sk in wi th  on ly the f ingert ips . 

Cleans ing products that  i r r i ta te  al ready in f lamed skin  should be avoided. 

3.  The answer is  C  [see  I .G.4.a. (1) ] .  

Reappl icat ion of pyrethr ins  wi th  p iperonyl  butoxide should be wi thin  7-10 days of  

the f i rs t  appl icat ion.  Any l ice n i ts  that were not  k i l led on the f i rst  appl icat ion would 

have t ime to hatch and then be k i l led wi th  the second appl icat ion. 



4.  The answer is  B  [see  I .G.4 a;  I .G.6.c ] .  

Pyrethr ins  wi th p iperonyl  butoxide in an aerosol  form can be sprayed di rec t ly on 

inanimate objects  (e.g.,  chai rs,  headrests) to  k i l l  head l ice,  but  the combinat ion 

should not  be sprayed in the a i r  l ike an aerosol  deodor izer .  Moreover ,  vacuuming 

the furni ture would probably be as ef fec t ive as spraying i t .  The other  se lect ions are 

appropr ia te for personal  ar t ic les  in fested wi th  head l ice. 

5.  The answer is  B  [see  I I I .E.2;  I I I .D.3.c ] .  

Octyl  methoxyc innamate and homosalate protect  against  on ly UVB exposure.  

Because photosens i t iv i ty react ions are of ten assoc iated wi th  UVA radiat ion 

exposure, people also need sunscreen protect ion for this  port ion of  the UV rad iat ion 

band.  The other  agents  l is ted cover  a t  least part  o f  both UVA and UVB spectra. 

6.  The answer is  D  [see  IV.D.3 and  4;  IV.E.2 ] .  

Ivy Block is  used as a barr ier  protectant  for  the prevent ion of  po ison ivy dermat i t is ,  

not  for  the t reatment o f  an acute erupt ion.  The other  opt ions are appropria te  to  

recommend to  someone suf fer ing f rom the acute s tage of  po ison ivy dermat i t is .  

7.  The answer is  D  [see  I I .E.4 ] .  

Benzoic  ac id  has not  been shown to be effect ive for  acne t reatment .  The other 

agents,  su l fur ,  sal icyl ic  ac id ,  and a sul fur- resorcinol  combinat ion,  are al l  safe and 

ef fec t ive products  for  t reat ing acne. 

8.  The answer is  A  [see  I I .D.3 ] .  

Evidence does not show that  acne worsens f rom any part icu lar  type of  food,  

includ ing chocolate or f r ied foods.  The other  choices are pieces of informat ion that  

the pharmacis t  should convey to  a pat ient wi th  acne. 

9.  The answer is  B  [see  I I .E.4.a ] .  

A l though the i r r i ta t ing proper t ies  of  benzoyl  peroxide might  d ic ta te apply ing i t  on ly 

every other  day on ini t ia t ing t reatment,  this pat ient  has to lerated the agent  on a 

da i ly bas is  for  2 months. Thus there would be no need to decrease the appl icat ion 

f requency.  Al l  of  the other  choices do apply to  this  pat ient 's  use of benzoyl  

peroxide. 

10.  The answer is  A  [see  IV.D.4.a ] .  

Ferr ic  oxide provides the p ink  color  o f  calamine.  A l l  o f  the other  descr ip t ions match 

the ir  associated agents . 

11.  The answer is  C  [see  I I I .C.2; I I I .E.1.b and  c ;  I I I .E.2.b ] .  

Baby o i l  is  not a  sunscreen,  and i t  has no ef fec t  on melanin.  SPF does measure 

UVB protect ion,  and an SPF h igher  than 30 must be labeled SPF 30 Plus. W ater  

res is tant sunscreen products  must  re tain  thei r  SPF va lue after  40 min of  water  

ac t iv i ty.  The in tens i ty of  the sun does increase by 4% wi th  each 1000-f t .  r ise in 

e levat ion. 

12.  The answer is  C  [see  I I I .D.2; I I I .E.1; I I I .E.2.b;  I I I .F .1;  I I IF .4 ] .  

Opt imal ly,  sunscreens should be appl ied 1-2 hr  before exposure to  the sun.  This  

a l lows t ime for  the product  to  bind to the st ra tum corneum, which provides bet ter  

protect ion.  The other  responses are correct.  
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I. WEIGHT CONTROL 
A.  Obes i ty is  a  growing epidemic in  Amer ica,  spanning a l l  age groups f rom 

chi ldhood to adul thood.  Approximate ly 30.5% of  adul ts were considered obese in  the 

year  2000, and 15.5% of adolescents  were cons idered overweight .  Th is  growing 

epidemic was respons ible  for 5 .7% of  to tal  recent U.S.  health  expendi tures. 

1.  The U.S.  Prevent ive Services Task Force (USPSTF) determined that  the body 

mass index (BMI)  is  re l iab le  and va l id  ident i f ier for  adults  a t  increased r isk  for  

morbidi ty and morta l i ty owing to  overweight and obesi ty.  The BMI is ca lcu la ted as 

e i ther  weight  ( in  pounds) d iv ided by height  ( in  inches squared)  mul t ip l ied by 703 or  

as  weight  ( in  k i lograms) d iv ided by he ight ( in  meters  squared) .  The fol lowing 

guide l ines re la te BMI to  overweight  and obesi ty:  

a.  Morbid obesity is  def ined as a BMI  >  40 kg/m2. 

b.  Obesity is  def ined as a BMI  >  30 kg/m2. 

c .  Overweight  is  def ined as a BMI between 25 and 30 kg/m2. 

2.  Trunkal fa t  accumulat ion,  measured by waist  circumference,  is  a  r isk factor for 

cardiovascular disease and other diseases  (e .g . ,  type 2 d iabetes,  s leep apnea,  

knee osteoarthr i t is )  regard less i f  the ind iv idual  is  considered obese.  Waist  

c i rcumference is not  a  va l id  measurement  in  ind iv iduals  wi th a  BMI > 35 kg/m2. 

Ind iv iduals  wi th  the fo l lowing wais t  c i rcumferences are considered at  increased r isk  

for  cardiovascular  and other  diseases: 

a.  A waist  c i rcumference in  men  >  40 inches  (102 cm) 

b.  A waist  c i rcumference in  women  >  35 inches  (88 cm) 

B. Management.  Die t  and exerc ise ( l i festy le  modi f icat ions)  are the recommended 

f i rst  approach to  weight  loss,  as  wel l  as  susta ined weight contro l .  Though i t  seems 

re lat ive ly s imple to  eat  a wel l -balanced die t and exerc ise regular ly,  t ime constra ints  

and ease of  access to  h igh ly processed foods are hurd les that  Amer icans face in  the 

f ight  against  the bu lge. 

1.  Caloric restr ict ion.  To reduce weight  (and thus BMI) ,  energy in take should be 

less than the energy expended. 

a.  The approximate adul t  energy requi rements ,  based on actua l  weight ,  may be 

roughly est imated as fol lows.  A 120 lb .  ac t ive woman would requi re approximate ly 

1800 kcal /day to  mainta in  her current  weight .  

(1)  Bedr idden or sedentary indiv iduals :  10-12 kcal / lb.  

(2)  Moderate ly ac t ive indiv iduals  (walk ing at  regular  pace) :  13 kca l / lb .  

(3)  Act ive indiv iduals :  15 kca l / lb .  

(4)  Very act ive indiv iduals :  20 kca l / lb .  

b.  To lose about 0 .5 kg/week,  a  defici t  of  500-1000 calories (kcal) per day must  

be met .  A safe rate of  weight loss is  considered to be 1-2  lb . /week.  

c .  Severa l  commerc ia l ly ava i lab le  weight  loss programs (e.g. ,  Weight  W atchers  and 

Jenny Cra ig)  exis t  today. W hen compared to  se l f -he lp  weight loss programs, some 



commercia l ly ava i lab le programs have shown enhanced and susta ined weight  loss, 

which may be att r ibutab le to  the socia l  support  provided. 

2.  Dietary Fat  Absorption Inhibitor.  Current ly,  the on ly avai lable  nonprescr ipt ion 

agent  that  is  FDA approved for  weight  loss is  orl istat ,  a  die tary fat  absorpt ion 

modi f ier .  Dietary modif icat ions in combinat ion wi th  or l is ta t can produce c l in ica l ly 

modest  weight loss (approximate ly 5% of  basel ine weight).  Or l is ta t  has been 

avai lab le  in  prescr ip t ion form (Xenica l®) s ince 1999,  and gained FDA approval  for  

nonprescrip t ion s ta tus in 2007 under the brand name Al l i®. 

a.  A l l i® is  avai lable  for  ind iv iduals 18 and older who are mi ld ly to  moderate ly over-

weight  (BMI between 25 and 28 kg/m2). 
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b.  Nonprescr ipt ion dosing is  60  mg TID  (as  compared to  120 mg TID for Xenical®) 

dur ing or  wi th in  1 hour  of  each fa t -containing meal .  Dose-rela ted ef f icacy is  

observed wi th or l is ta t up to  300-400 mg dai ly,  but e f fec ts  plateau thereaf ter .  

c .  Onset o f  or l is ta t  takes approximately 2  weeks and s tat is t ical ly s ign i f icant  weight  

loss has been observed in  obese pat ients  af ter 3  months.  Thus ind iv iduals should 

be counseled that  weight loss may not  be s igni f icant  wi th  or l is ta t  and may take 

several  months for  not iceable resul ts .  

d.  The use of  or l is ta t  wi l l  resu l t  in gastrointestinal  adverse effects,  inc lud ing sof t  

or  l iquid  s too ls  which may be fat ty or  o i ly in appearance, increased defecat ion,  feca l  

urgency,  and abdominal  pa in .  Adverse effects are d irect ly rela ted to  the dose and 

inverse ly re lated to  the fa t  content o f  the die t .  Gastro intest ina l  adverse ef fects may 

lessen over t ime. 

e.  Prescr ipt ion doses or l is ta t  have been associated wi th  decreased absorpt ion of  

v i tamins A,  D,  E,  K,  and beta-carotene. However, a t  doses ≤180 mg/day given for  

short  per iods of t ime (e.g. ,  2-3 months) ,  reduced absorpt ion of  these vi tamins has 

not  been observed. 

3.  Exercise  can decrease the appet i te  and increase body metabol ism.  Exerc ise 

adds only modest ly to in i t ia l  weight loss but  is  the key component  o f  sustained 

weight loss.  

C. Dietary supplements.  In  2001,  re tai l  sales  of  weight  loss supplements in  the 

Uni ted States were est imated to  be > $1.3 bi l l ion.  Amer icans have begun to  seek 

nonprescrip t ion weight loss products  for  a var iety o f  reasons. 

1.  Some ind iv iduals  may view d ie tary supplements  as a quick  resolut ion to  the 

growing epidemic ,  because the obta inment  o f  desi red or  reduced body weight  wi th  

long- term l i fes ty le  changes is  perceived as d i f f icul t .  Many adver t isements  of  weight  

loss products  g ive in f la ted c laims,  o f fer ing rap id resul ts  wi th  l i t t le  to  no modi f icat ion 

in  l i fes ty le  habits.  Some people v iew d ie tary supplements  as natural  and,  therefore,  

mis takenly be l ieve they are safe to  use. 

2.  W ith  the implementat ion of  the Dietary Supplement  Heal th  and Educat ion Act  of  

1994,  manufacturers  are not required to demonstrate product safety and efficacy 

before marketing  supplements .  In  addit ion,  the adherence to good manufacturing 

pract ices is  not mandatory for  manufacturers of d ietary supplements .  The lack  of 



evidence for product  safety and eff icacy,  coupled wi th  potent ial  devia t ion f rom good 

manufactur ing pract ices ra ises concerns for  heal thcare providers who at tempt  to  

make appropria te  recommendations to  pat ients  seeking nonprescr ip t ion weight  loss 

products . 

3.  The U.S.  Food and Drug Admin is t ra t ion (FDA) f i les  act ion against  manufacturers  

of  supplements determined unsafe,  false ly labeled,  labeled wi th  mis leading cla ims,  

adul terated,  or  misbranded. 

4.  The Federa l  Trade Commiss ion (FTC) takes act ion against manufacturers  

providing product  adver t is ing that  is misleading or  makes unsubstant ia ted c la ims. 

5.  Numerous sing le- and mul t ip le-ent i ty products  are avai lab le  on the market  today,  

each under the scrut iny of  the FDA and FTC. The most commonly seen ingredients  

in  weight  loss products  current ly marketed,  organized by purpor ted mechanisms of 

ac t ion,  are the fo l lowing: 

a.  Increase energy expenditure  

(1)  Ephedra.  Conta ins supplements  that  were banned by the FDA in Apr i l  2004  

owing to unreasonable r isks  of  i l lness or  in jury when used as labeled. Products  

formulated wi th  ephedr ine a lkaloids  (ephedra, ma huang, s ida cord i fo l ia ,  Pinel l ia)  

were removed immediately,  though,  un l ike other die tary supplements  current ly 

avai lab le ,  ephedracontain ing supplements d id  have convincing evidence for  shor t -

term weight  loss. 

(2)  Bit ter orange  is  an ext ract  f rom the peel ,  f lower,  leaf,  and fru i t  o f  the Sevi l le  

orange.  Typica l  dosage is  about  1  g/day,  standard ized to  1.5%-6.0% synephr ine,  a  

s t imulat ing agent that  is  chemical ly s imi lar  to  ephedr ine.  Current ly,  there are no 

data to  support  i ts  e f f icacy as an agent for weight  loss.  I f  combined wi th other 

s t imulants  such as caf fe ine,  b i t ter  orange may be card iotoxic .  

(3)  Guarana  seed contains  2.5%-7% caf feine and exer ts  a  d iuret ic  act ion. 

Ef fect iveness has been demonstrated only in combinat ion wi th  ephedr ine.  To lerance 

and dependence can develop wi th  chronic  use. 

(4)  Caffeine  is  an FDA-approved product ,  e f f icacy of  this agent  for  weight loss has 

been demonstrated only in  combinat ion wi th  ephedr ine,  which has been removed 

f rom the market .  To lerance and dependence can develop wi th  chronic  use.  
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b.  Modulate carbohydrate metabol ism  

(1)  Chromium,  an essent ia l  minera l ,  increases insu l in  sensi t iv i ty,  lean body mass,  

and basal metabol ic ra te and decreases insul in blood levels  and body fa t.  Chromium 

is  used in  weight  loss products  in  the form of  chromium p icol inate,  200-400 µg/day,  

wi th  no reported signi f icant  adverse ef fec ts .  Rhabdomyolysis  and renal fai lure have 

been repor ted wi th  the use of  chromium p icol inate in doses exceeding 1000 µg/day.  

Though widely marketed, there have been no large,  wel l -designed s tudies for  the 

use of  chromium in  weight  loss.  Though i ts  e f f icacy for  weight  loss remains 

uncer tain , a t  least  115 products  marketed for  weight  loss contain  chromium. 

(2)  Ginseng,  in  the form of  Panax g inseng,  may improve g lucose to lerance,  

according to prel iminary data.  Though g inseng is found in  at  least  20 commerc ial ly 



avai lab le  weight  loss products , i t  has no demonstra ted eff icacy for  weight  loss in  

humans. 

c .  Enhance sat iety  

(1)  Guar gum,  a  f iber  der ived f rom the Ind ian c lus ter bean, has been deemed 

re lat ive ly safe in  doses of  7 .5-30.0 g/day,  however ,  i t  has not demonstrated ef f icacy 

for  weight  loss in  at  least  20 c l in ica l  t r ia ls.  Adverse ef fec ts  include abdominal  pa in,  

f la tu lence,  and d iarrhea. 

(2)  Glucomannan  (Amorphophal lus  konjac )  purpor tedly absorbs water  in  the gut ,  

contr ibut ing to  enhanced sat ie ty and thus decreased ca lor ic intake.  Pre l iminary 

evidence has demonstrated that  g lucomannan (3-4 g/day)  may be wel l  to lerated and 

ef f icac ious for  weight loss.  However,  th is  agent  can have a laxat ive ef fec t.  

(3)  Psyl l ium  forms a f ibrous mass wi th  a bulk laxat ive ef fec t but has not 

demonstrated ef f icacy for  weight  loss. Potent ial  adverse ef fects  are s igni f icant ,  

includ ing esophageal  obst ruct ion and nephrotoxic i ty  ( i f  seeds are crushed,  chewed,  

or  ground,  a  pigment  may be depos i ted in the renal  tubules) .  I f  used,  pat ients  

should be ins t ructed to  not  crush,  chew, or  ground the seeds, and adequate f lu ids 

must  be consumed. 

d.  Increase fat  oxidat ion or reduce fat synthesis  

(1)  L-Carnit ine  is  synthes ized in the l iver ,  k idney,  and bra in.  I t  is  fundamental ly 

important  for  fa t ty acid  transport  for energy product ion.  No t r ia ls  demonstrate 

ef f icacy of  L-carni t ine for  weight  loss. 

(2)  Hydroxycitr ic  acid (HCA)  is  derived from the r ind of the br indle  berry,  a  t ropica l  

f ru i t  nat ive to  Ind ia .  I t  is  purpor ted to  inh ib i t  mi tochondria l  c i t rate  lyase,  thereby 

suppressing acetyl  coenzyme A and fa t ty ac id  synthes is .  In  doses of 300-3,000 

mg/day,  HCA has been wel l  to lerated, wi th  adverse ef fec ts  o f  headache and 

gastro in test inal  symptoms repor ted. Ef f icacy of  HCA remains quest ionable.  

(3)  Green tea  conta ins  a po lyphenol ,  epiga l locatechin-3-gal la te ,  bet ter known as 

EGCG.  Each cup (8 oz)  o f  green tea provides 10-80 mg of  caffe ine, contr ibut ing to 

the tea 's  diuret ic  ac t ion and central  nervous system (CNS) s t imulat ion (e .g. ,  

increased heart  ra te ,  increased b lood pressure,  anxie ty) .  Green tea has 

demonstrated increased fa t  oxidat ion and thermogenes is  but lacks data regard ing 

ef f icacy in weight loss. 

(4)  Vi tamin B5  has been postula ted to  induce weight loss;  however ,  data are lack ing 

to  support this .  

(5)  Licorice  safety and ef f icacy for weight loss remains unclear .  Reported adverse 

ef fec ts  o f l icor ice inc lude pseudoaldosteronism, hyper tension,  and hyperka lemia. 

(6)  Conjugated l inoleic acid (CLA)  is  a  group of t rans - fa t ty ac ids,  which is  

purpor ted to  al ter body composi t ion by increasing lean t issue depos i t ion and 

decreas ing t r ig lyceride uptake in  ad ipose t issue.  In  doses of  1 .4-6.8 g/day,  CLA may 

have ef f icacy in weight loss,  especia l ly in  obese pat ients .  Adverse ef fec ts inc lude 

mi ld  to  moderate gast ro in test ina l  symptoms.  CLA may increase insul in leve ls and 

insu l in  resis tance. 

(7)  Cl in ical  t r ia ls  o f  pyruvate,  in doses of  6-44 g/day,  have demonstrated weak 

evidence of i ts  ef fec t iveness for  weight  loss.  Reported adverse ef fec ts  inc lude 

d iarrhea and audib le  abdominal  sounds. 



(8)  Calcium  suppresses parathyro id  hormone and 1,25-d ihydroxyvi tamin D to  reduce 

fa t  synthesis  and increase fa t oxidat ion. Ora l  doses of  ca lc ium obta ined through 

both d ie t  (1 .2-1.3 g/day)  and supplementat ion (800 mg/day)  have produced pos i t ive 

resul ts  in  at  least  one randomized contro l led t r ia l  (n  =  32).  A larger  randomized 

contro l led t r ia l  is  needed to  substant ia te  current  adver t is ing. 

e.  Block dietary fat  absorption.  Chitosan,  a common ingredient  in  “ fa t - trapper”  

supplements ,  is  derived f rom the exoskeleton of shel l f ish.  In  doses of  2 .0-4.5 g/day,  

ch i tosan has not  demonstrated c l in ical ly s igni f icant  increases in  fecal  fa t  excret ion 

or  weight loss.  Adverse ef fec ts  include nausea,  const ipat ion, and f la tu lence.  

Fur thermore,  i t  is  quest ionable i f  chi tosan is  safe  in ind iv iduals wi th  shel l f ish 

a l lerg ies. 

P.650 

 

 

f .  Increase water elimination  

(1)  Dandel ion  (Taraxacum of f ic ina le )  seems to have a d iuret ic  e f fec t,  but has not  

been studied for weight loss in  humans.  At  least 15 die tary supplements for  weight 

loss contain  dandel ion. 

(2)  Cascara  st imulates per istals is  and evacuat ion,  a l lowing FDA to approve this  

agent  for  use as a s t imulant  laxat ive.  However,  cascara has not  been s tud ied in  

humans for  weight  loss. 

g.  Miscel laneous. Spirul ina  (b lue-green algae)  contains  phenyla lan ine, an agent 

theorized to  inhibi t  appet i te .  Spi ru l ina was declared ineffec t ive for  weight  loss in  

1981 by the FDA, and no publ ished s tud ies have proven otherwise. At  least  13 

products  for  weight  loss current ly on the market  contain  spi rul ina. 

II. SLEEP AIDS 
A. Normal sleep and sleep requirements  

1.  S leep requi rements  vary wide ly among indiv iduals  and change throughout  the l i fe  

cyc le .  The usual range of  s leep t ime per  night  is  5-10 hr ,  wi th an average of  about  

7 .5 hr .  Newborns requi re a cons iderable amount  o f  s leep t ime,  up to  18 hr .  

Adolescents typ ical ly do not  become s leepy unt i l  a f ter midnight  and awaken very 

la te in the morning ( i f  a l lowed),  but  require  a total  o f  9 .5  hr  o f  s leep.  The typ ical  

adul t  requi res  7-8 hr  o f s leep to fee l  adequately res tored,  but  th is  t ime may d imin ish 

wi th  ag ing. 

2.  Polysomnography is  the predominant  tool  for  character iz ing s leep phys iology,  

though guidel ines f rom the American Sleep Disorders Assoc iat ion do not  ind icate i t  

as  useful  in  the diagnos is  and management  o f  pat ients  wi th insomnia. Using 

polysomnography,  researchers  have ident i f ied f ive s tages of  s leep,  subdivided in to  

rap id eye movement  (REM) s leep and non-REM s leep. 

a.  Non-REM s leep cons is ts o f four  stages.  Each s tage is  a  progress ion into  a 

deeper s leep;  and s tages 3 and 4 are considered deep,  restorat ive s leep. I f  t ime 

spent  in  s tages 3 and 4 of  s leep is  d imin ished (as seen wi th  ag ing) ,  then s leep 

qual i ty is  compromised. 



b.  REM s leep is  cons idered s tage 5 of s leep.  Most  dreaming occurs  dur ing REM 

s leep. I f  awoken whi le  in REM s leep, dreams may be described in  v iv id deta i l .  

B. Insomnia  

1.  Defini t ion.  Insomnia is  def ined as one or  more of  the fo l lowing s leep-rela ted 

compla ints:  di f f icul ty in  s leep in i t ia t ion (arb i t rar i ly  def ined as a de lay of  > 30 min),  

d i f f icu l ty in  maintenance of  s leep, shor tened durat ion of  s leep,  or  qual i ty o f  s leep 

that  resu l ts  in  adverse dayt ime consequences. 

2.  Epidemiology.  Insomnia is the most  common s leep d isorder  in  the United States, 

a f fec t ing approximate ly 35% of  the adul t  populat ion. Those affec ted most inc lude 

women,  the less educated or  unemployed,  separated or  divorced ind iv iduals ,  

pat ients  wi th  chronic  medica l  or  psychiat r ic  disorders,  and substance abusers .  

Economic costs  o f  insomnia are est imated to  be > $46 bi l l ion annual ly in  the Uni ted 

States.  Di rec t  costs  include prescrip t ion and nonprescrip t ion medicat ions,  as wel l  as  

v is i ts  to  a heal thcare provider .  Indi rec t  costs  include absenteeism, d imin ished 

product iv i ty,  fa t igue-related automobi le  crashes,  and industr ia l  acc idents . 

3.  Class i f icat ion of  insomnia by durat ion. 

a.  Transient insomnia  las ts  < 1 week  and is  typical ly the resul t  o f  acute s i tuat ional  

s t ress or  c ircadian issues such as je t  lag or sh i f t  work .  Th is  type of  insomnia is 

o f ten se l f- l imit ing. 

b.  Short-term insomnia  las ts 1-4 weeks  and is  a t t r ibutable to  s i tuat ional  s tress 

(e .g.,  acute personal  loss) ,  o f ten related to  work and fami ly l i fe  or to  medica l  or  

psycholog ical  disorders.  I f  shor t- term insomnia is not  managed appropr iate ly,  i t  may 

progress to  chronic  insomnia because indiv iduals  become increas ing ly anxious and 

f rust ra ted about  the inabi l i ty  to  s leep.  There are no estab l ished predic tors  to 

determine i f  shor t - term insomnia wi l l  cont inue to  become chronic  insomnia. 

c .  Chronic insomnia  lasts  > 1 month.  People wi th  chronic insomnia need fur ther  

evaluat ion because the condi t ion is  o f ten the resul t  of  a  medical  disorder (e .g. ,  

s leep apnea, res t less  
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leg syndrome,  pr imary insomnia) ,  psychiat r ic  d isorder ,  or  substance abuse.  Up to  

40% of  chronic  insomnia cases are corre lated wi th  psychiat r ic  d isorders ,  par t icular ly 

depress ion. 

4.  Class i f icat ion of  insomnia based on cause 

a.  Primary insomnia  is  the main patholog ical  condi t ion in  which a pat ient 

exper iences cont inued insomnia in  the absence of  a  re lated medical  or psychiat r ic  

condi t ion.  I ts  pathogenes is  is  unknown,  but  the condi t ion is  t reatable.  Idiopath ic  

insomnia is  the inabi l i ty  to  obtain  adequate s leep,  possibly s temming from a 

misa l igned ci rcadian rhythm. Psychophys io log ic  insomnia is increased wakefu lness 

associated wi th the bed envi ronment .  

b.  Secondary insomnia  is  more common than primary and can be att r ibuted to  the 

fo l lowing: 

(1)  Adjustment insomnia is  assoc iated wi th  s i tuat ional  st ress. 

(2)  Inadequate s leep hygiene is  associated wi th  l i fes ty le  habi ts that  reduce the 

amount o f  qual i ty s leep,  such as no ise in the bedroom or  the use of  caf fe ine. 



(3)  Insomnia owing to  a psychiat r ic  disorder 

(4)  Insomnia owing to  a medica l  condit ion,  which may include rest less leg 

syndrome,  chronic  pa in (ar thr i t is ) ,  migraines, or  cancer 

(5)  Insomnia owing to  substance abuse 

5.  Treatment 

a.  Nonpharmacologic intervention  is  inexpensive and may be ef fec t ive. 

(1)  Maintain  a regular  schedule and do not  nap; avoid s leeping in late  af ter  a  poor  

n ight 's  s leep. 

(2)  Use the bed only for  s leep; avoid reading or  watch ing televis ion in  bed. 

(3)  I f  unable to  in i t ia te  s leep (or  go back to  s leep)  wi th in  20 min,  engage in  a  

re laxing act iv i ty (away f rom bed) unt i l  drowsy,  and then return to  bed. 

(4)  Avoid exerc ise wi thin 3-4 hr  of  bedt ime. 

(5)  Min imize or avoid caffe ine af ter noon. 

(6)  Min imize or avoid alcohol ,  tobacco,  or  s t imulants .  Many people bel ieve a lcohol  

to  be an agent  for s leep induct ion;  however,  a lcohol  can act  as a CNS st imulant,  

thereby increasing nocturnal  awakenings. 

b.  Nonprescr ipt ion drug therapy:  I t  has been est imated that 40% of  pat ients  wi th 

insomnia se l f -medicate wi th  e i ther  a lcohol  or  nonprescript ion medicat ions in  an 

ef fort  to correct  the condi t ion.  The sa les of  s ing le-ent i ty nonprescr ip t ion hypnot ics  

(e .g.,  diphenhydramine,  doxylamine)  have increased since that es t imate was made,  

but  the sales of  night t ime analgesics  (nonprescr ip t ion hypnot ic p lus an analgesic,  

typ ica l ly acetaminophen) have surpassed the s ing le-ent i ty products .  Current ly,  data 

support ing the safety and ef f icacy of  complementary therapy as s leep a ids  are 

lack ing. 

(1)  Diphenhydramine,  an ethanolamine, blocks his tamine1  and muscar in ic 

receptors , thus inducing sedat ion. Diphenhydramine is  marketed as a n ight t ime 

s leep a id  as Unisom SleepGels ,  Sleepina l ,  Compoz,  and Simply Sleep. 

(a)  Diphenhydramine may be dosed for  s leep induct ion as 25-50  mg /n ight  in  

pat ients  aged 13 and o lder .  Doses > 50  mg show no additional  benefi t ,  but  

increased adverse effec ts .  An in i t ia l  dose of  25 mg may be recommended for  

pat ients  over  the age of  65 wi th  no contraindicat ions to  the agent.  A dose of  1 

mg/kg/n ight  (not  to exceed 50 mg) may be recommended for pat ients  aged 6-12.  

Diphenhydramine is  not  recommended for s leep induct ion in  pat ients younger than 

age 6. 

(b)  Adverse effects  o f  diphenhydramine are antichol inergic,  inc lud ing dry mouth,  

b lurred vis ion, const ipat ion,  and ur inary re tent ion.  Diphenhydramine use should be 

avoided in  pat ients  wi th g laucoma (narrow-angle),  benign prostat ic hypertrophy,  

dementia , or  card iovascular d isease. 

(c)  The durat ion of  sedat ion f rom diphenhydramine is  3-6 hr.  However,  th is  may be 

extended in  e lder ly pat ients  or  those wi th delayed metabol ism. 

(d)  The use of  d iphenhydramine for  the al levia t ion of  insomnia should be l imited to 

7-10 consecutive nights.  I f  used longer than recommended,  decreased ef f icacy 

may be noted and REM s leep may be suppressed. 

(e)  Diphenhydramine is avai lab le  in  combinat ion wi th  aspi r in  or  acetaminophen as a 

nightt ime analgesic.  Data are avai lab le  to support  the use of  these agents  in  



combinat ion i f  pain  is present .  However,  in the absence of pain,  the addit ion of  an 

analges ic  s imply provides increased opportuni t ies  for  compl icat ions and drug-

misadventures. 
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(2)  Doxylamine,  l ike d iphenhydramine,  is  an ethanolamine ant ih is tamine which 

induces s leep through the b lockade of  h is tamine and muscar in ic  receptors .  

Therefore,  adverse ef fects  and durat ion of  sedat ion are s imi lar  to  diphenhydramine. 

There are current ly no s tud ies demonstrat ing enhanced ef f icacy or safety o f  

doxylamine compared to  d iphenhydramine. 

(a)  Doxylamine is  dosed as 25  mg /n ight.  

(b)  Doxylamine is  the act ive ingredient  in Unisom Night t ime Sleep Aid Tablets .  

However,  i t  should be noted that Unisom SleepGels  contain  d iphenhydramine. 

(3)  Melatonin,  a nocturnal  neurohormone secreted by the pineal g land,  has a 

sleepphase-shif ting effect  on circadian rhythm.  Recent  t r ia ls  have observed 

ef fec t iveness of  melatonin for s leep onset  in  pat ients  wi th misa l igned c i rcadian 

rhythms at t r ibutable to  sh i f t  work  or  je t  lag. 

(a)  Melaton in product ion decreases wi th  age,  poss ibly a t tr ibut ing to  s leep d isorders 

noted in  elder ly pat ients . 

(b)  Melatonin product ion can be decreased by tobacco,  alcohol ,  and cer ta in  

medicat ions (nonstero ida l  ant i - inf lammatory drugs,  ca lc ium channel blockers , 

s tero ids , benzodiazepines,  and f luoxet ine).  

(c)  W hen exogenous melatonin is given in the early evening,  the circadian phase 

wi l l  be advanced.  A l though th is  may be benef ic ia l  for  indiv iduals  who exper ience 

d i f f icu l ty in  in i t iat ing s leep,  melaton in given in  this  manner may worsen the problem 

of  ind iv iduals  who compla in  of  d i f f icu l ty in  re in i t ia t ing s leep af ter  awakening too 

ear ly.  

(d)  I f  melatonin is  given in the morning,  the circadian phase is  delayed,  o f fer ing 

the possib i l i ty  that the pat ient  may become s leepier  ear l ier and awaken ear l ier .  At  

present,  i t  is  unclear  i f  cont inued adminis tra t ion of  exogenous melaton in wi l l  

suppress endogenous product ion. 

(e)  Melaton in may be dosed as 0.3-5  mg during the day or at  night,  depending on 

the des i red ef fec t .  A phys iolog ic  dose of melatonin  is  0 .1 mg, an intermediate dose 

is  0 .3 mg,  and a pharmacologic  dose is 3  mg. Doses  >  1  mg may improve s leep 

ef f ic iency but have not demonstrated the abi l i ty to provide quali ty sleep 

restoration  as wel l  as  the intermediate dose. 

( f )  At t r ibutable to  i ts shor t  hal f - l i fe  (30-50 min) ,  melaton in should have minimal ,  i f  

any,  residual  effects the fol lowing morning.  

(4)  Valerian root,  der ived f rom Valeriana of f ic inal is,  is  c lass i f ied as genera l ly 

recognized as safe (GRAS) for  food use in the Uni ted States.  In  doses of  600  

mg /day,  va ler ian root  is purpor ted to  induce sedat ion through i ts b lockade of  γ -

aminobutyr ic  ac id  (GABA) breakdown.  Adverse react ions of  va ler ian root inc lude 

viv id  dreaming.  Fur ther  research is  necessary to  determine the safety and ef f icacy 

of  va ler ian root  as a s leep a id . 



(5)  Kava,  derived from Piper methyst icum,  is  one of  the most  common d ietary 

supplements  used in  the sel f -management  o f  anxie ty.  I t  is  theor ized that  i f  insomnia 

is  caused by a s ta te of  hyperarousal ,  then management  o f  anxie ty and nervousness 

wi l l  help  induce the desi red s leep. 

(a)  A typica l  dose of  kava is  120  mg /day.  

(b)  Reported adverse ef fec ts  of  kava are s ign i f icant ,  inc lud ing d iarrhea,  

ext rapyramidal s ide ef fec ts,  and hepatotoxic i ty.  A recent FDA advisory has 

recommended against the use of kava because of  the reports of  hepatotoxici ty,  

includ ing hepat i t is ,  c i r rhos is ,  and l iver  fa i lure. 

(6)  L-Tryptophan  was banned in 1989  owing to  i ts  associat ion with eosinophi l ia-

myalgia syndrome;  however,  i t  remains avai lab le  as a 500-mg capsule.  The safety 

and ef f icacy of  L-t ryptophan as a s leep a id  has not  been s tudied and should not be 

recommended at this  t ime. 

III. SMOKING CESSATION 
A. Introduction.  More than 400,000 deaths annual ly are at t r ibutable  to  diseases 

d i rec t ly l inked to  c igarette  smoking,  inc lud ing atherosc lerot ic  vascular  d isease,  lung 

cancer,  and chronic  obstruct ive pu lmonary d isease.  I t  is  the most  preventable 

contr ibutor  to morbid i ty and morta l i ty in  the Uni ted States and yet  nearly one thi rd  

of  the adul t  populat ion (approximately 48 mi l l ion  
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adul ts ) cont inues to  smoke.  The resul t ing economic burden is  s tar t l ing,  es t imated at  

$50 b i l l ion annual ly to t reat  smoking-rela ted disorders  and $47 b i l l ion for  the loss of  

wages and product iv i ty.  

B. Physiologic effects  o f  nicot ine invo lve the CNS (e.g. ,  enhanced re laxat ion,  

improved at tent ion)  and the card iovascular  system (e.g. ,  e levated blood pressure,  

tachycard ia).  The mani fes tat ions of  smoking become more pronounced as one ages 

and may inc lude any or a l l  o f  the fol lowing:  deepening of  the voice (an untoward 

ef fec t  in  women); a  constant ,  hack ing cough; ye l lowed f ingernai ls and surrounding 

skin  from substances found in  c igarette  smoke;  and premature ag ing of  the sk in ,  

most  not iceable on the face. 

C. Benefi ts  of  smoking cessation  are evident  for  both the pat ient  and soc iety.  

1.  Pat ient 

a.  Decreased carbon monoxide leve ls 

b.  Restorat ion of  o l fac tory and gustatory senses wi th in  days 

c .  Increased se l f - respect,  sense of  accompl ishment 

d.  Improved lung funct ion (up to 30%) wi th in  2-3 months 

e.  Reduct ion in  the r isk  of  coronary hear t  d isease (50%) af ter  1  year .  Af ter  2  years,  

the r isk  is  equiva lent to  ind iv iduals who never  smoked. 

f .  Paral le l  r isk  o f  s t roke to  that  o f  a  nonsmoker wi th in  5-15 years 

g.  Progressive decl ine in the r isk  of  lung cancer as number of  years  of  abst inence 

increases.  However,  the r isk  wi l l  never  be equiva lent  to  one who never  smoked. 

2.  Soc iety 

a.  Decreased heal thcare costs  for  t reatment  of  diseases di rec t ly l inked to  smoking 



b.  Decreased work  absenteeism owing to smoking rela ted disease 

c .  Cleaner envi ronment from decreased secondhand smoke and c igaret te  remains 

(e .g.,  ashes or  but ts  of  c igaret tes)  in  publ ic  p laces 

D. Complicat ions of smoking cessation.  Smoking is  an addict ion and, therefore,  

not  easy to  g ive up.  Nicot ine wi thdrawal  symptoms include tobacco cravings,  

depressed mood,  insomnia,  i r r i tabi l i ty ,  inabi l i ty  to concentrate, anxie ty,  decreased 

heart  ra te ,  and increased hunger.  In  a 1991 s tudy in  which ind iv iduals t r ied to  stop 

smoking wi thout a id ,  a l l  symptoms of  nicot ine wi thdrawal  reso lved wi th in 30 days,  

except  increased hunger,  which pers is ted past  the 30-day cessat ion per iod. 

E. Tailored interventions  for  smoking cessat ion should be of fered to  every pat ient 

who smokes.  The U.S.  Publ ic  Health  Service endorses an approach known as the 

5As,  developed in  1996 by the Agency for  Heal th Care Pol icy and Research: 

1.  Ask  pat ients  i f  they smoke. 

2.  Advise  pat ients  who smoke to  qu i t .  

3.  Assess  the pat ient 's  wi l l ingness to  qu i t .  

4.  Assist  the pat ient  in  e f forts  to  qu i t  through counsel ing and/or pharmacolog ic  

therapy.  (The combinat ion of  counsel ing and pharmacolog ic  therapy has proven to  

be the most  successful  method.) 

5.  Arrange  fo l low-up wi th in  a  short  t ime f rame. 

6.  To assess the pat ient 's  wi l l ingness to  qu i t ,  the t ranstheoret ical  model  of  behavior 

change may be a usefu l  too l .  Accord ing to  th is  model ,  pat ients  are in  one of  f ive 

motivat ional  s tages to change the i r  current  behavior—that  is,  to  stop smoking: 

a.  Pre-contemplat ion.  Pat ient  is  not ready to change current behavior .  

b.  Contemplat ion.  Pat ient  is  cons idering a change in  current  behavior in the fu ture 

but  not  a t  the present  t ime. 

c .  Preparation.  Pat ient  is  ac t ively cons ider ing a change in current  behavior  and is  

ac t ive ly engaged in seeking more in format ion. 

d.  Action.  Pat ient is  ac t ive ly a t tempt ing to  change behavior  or has changed 

behavior  wi thin  the las t  6  months 

e.  Maintenance.  Pat ient has susta ined changed behavior  for  a t  leas t  6  months. 
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7.  For  pat ients  in  the precontemplat ion and contemplat ion s tages,  the heal thcare 

profess ional  should s t i l l  advise the pat ient  to qui t  smoking and repeat  the 

assessment  a t future v is i ts .  For  pat ients in the contemplat ion s tage,  the heal thcare 

profess ional  should ass is t  the pat ient  by of fer ing a referra l  for  smoking-cessat ion 

counsel ing and/or pharmacologic therapy.  Behavior  modif icat ion works best  as  a 

mult id isc ip l inary approach,  invo lv ing the heal thcare provider,  pharmacis t ,  nurse,  

and dent is t .  

F.  Nicotine-Replacement Therapy  

1.  Overview.  Nicot ine-rep lacement  therapy (NRT) is a  smoking-cessat ion a id  used 

to  amel iorate nicot ine wi thdrawal  symptoms by provid ing a nontobacco,  control led-

release amount of  nicotine.  



a.  Research has demonstrated that  the use of  NRT in  ind iv iduals  who smoke > 10 

c igarettes  a day can double the chances of successful smoking cessation;  but  i t  

is  most  successfu l  when combined wi th  other nonpharmacologic measures,  such as 

counsel ing. 

b.  Current ly,  three avai lab le  dosage forms of  NRT are approved by the FDA (gum, 

lozenges,  and patches) ;  however,  none is  effect ive i f  the patient is  not mental ly 

ready to quit .  Fur thermore,  NRT is  not effect ive for the cessation of smokeless 

tobacco  (e .g. ,  chewing tobacco,  c igars ,  and p ipes) .  

2.  Safety.  Though i t  is  recommended by the U.S. Publ ic Heal th Service that  al l  

people t ry ing to absta in from smoking should receive pharmacotherapy support,  not  

everyone is an ideal  candidate. 

a.  For  pat ients  wi th  acute cardiovascular disease  (e.g .,  st roke, acute myocardial  

in farc t ion,  unstable angina)  and pregnant or breastfeeding women, absolute 

abstainment from nicotine should be recommended.  However,  i f  the pat ient  

makes an in formed decis ion, under the supervis ion o f  a  provider ,  a  rap idly 

reversib le  preparat ion is advisable (e .g. ,  gum or  lozenge). 

b.  In recent  studies,  NRT appears to be safe in pat ients with stable 

cardiovascular disease.  B lood pressure should be moni tored c lose ly.  

c .  The sale of  NRT is restr icted to those over age 18.  Therefore adolescents  

desi r ing smoking cessat ion,  should consul t  a medica l  provider .  

d.  Pat ients wi th  asthma or depression  are ins t ruc ted to consult  the i r  phys ic ian 

before the use of NRT. The leve ls  of  cer tain medicat ions used for  management  o f 

these d isease s tates (e .g. ,  theophyl l ine,  imipramine) may be a l tered by smoking 

cessat ion.  The n icot ine found in  NRT does not  a l ter  these leve ls .  

e.  I t  is  recommended that  pat ients do not smoke while  using NRT  because the 

purpose of NRT is  to  al levia te symptoms whi le  weaning f rom cigaret tes.  Al though 

some s tud ies have indicated that  the combinat ion may be safe,  unt i l  fur ther  

research is  conducted,  concomi tant  use of NRT and c igarettes  should not  be seen 

as permissib le . 

f .  Pat ients  are advised on the label ing of  NRT products  not  to  combine two forms of 

NRT. However,  a  few smal l  s tud ies have shown combinat ions of NRT to be superior 

to  ei ther  agent  alone.  Therefore,  some special is ts  in  the f ie ld  do recommend 

combinat ion therapy.  However,  unt i l  fur ther  research is  conducted in  the form of  

wel l -developed,  large tr ia ls,  combinat ion therapy wi th  NRT should be d iscouraged 

unless prescr ibed by the supervis ing medica l  provider .  

3.  Avai lable forms of  NRT  

a.  Nicotine polacri lex gum  received FDA approval  for  prescrip t ion sales in  1984 

and nonprescr ipt ion s ta tus in  1995. 

(1)  Dosing.  So ld under the t rade name Nicoret te , the gum is  avai lable  in  a  2-mg 

dose  for  people who smoke < 25 c igaret tes  da i ly and a 4-mg dose  for  those who 

smoke > 25 c igaret tes  da i ly.  The typ ical  usage is 10 pieces daily,  wi th  a  maximum 

recommended usage of  60 mg/day for up to 3  months.  The strength of  gum 

purchased does not change;  ins tead,  the number of p ieces used decreases over  

the course of t reatment  (Table 31-1).  



(2)  Chew-and-park method.  The gum should be chewed s lowly,  re leasing a 

peppery,  t ingl ing sensat ion,  a t  which po int  the gum should be “parked”  between the 

cheek and the gum to enhance buccal  absorpt ion of  the n icot ine. 

(3)  Adverse effects  most  commonly repor ted are sore jaw and mouth, mouth u lcers ,  

and dyspeps ia. 
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Table 31-1. Recommended Scheduling of Nicotine Gum and Lozengesa 

Weeks Dose 

1-6 1 piece gum or 1 lozenge every 1-2 hr (at least 9/day) 

7-9 1 piece gum or 1 lozenge every 2-4 hr 

10-12 1 piece gum or 1 lozenge every 4-8 hr 

aThe recommended scheduling of nicotine polacrilex gum (Nicorette) and 
lozenges (Commit) is identical. If nicotine is needed past the 12-week 
schedule, a medical provider should be consulted. 

 

(4)  Counsel ing t ips  

(a)  S lowly chew the gum unt i l  a  peppery,  t ingl ing sensat ion is  fe l t ,  then park  the 

po lacri lex gum between the cheek and the gum. Once the peppery, t ing l ing 

sensat ion disappears ,  begin to s lowly chew the gum again unt i l  the sensat ion 

re turns. The gum should be parked in a  d i f ferent  area than before.  Once the gum 

looses the ab i l i ty  to  produce the peppery,  t ingl ing sensat ion (approximately 30 min),  

d iscard the gum. 

(b)  Do not eat  or drink for 15 min before using nicotine gum  because i t  requi res  

a bas ic  pH for proper re lease and absorpt ion of  the nicot ine. 

(c)  Do not use other forms of NRT or smoke  whi le  using the gum product ,  unless 

otherwise di rec ted by a supervis ing provider.  

(d)  The gum may be chewed at  the beginning of  the f i rst  day or  at  least  30 min af ter  

the las t  c igaret te  was smoked. 

b.  Nicotine lozenges,  current ly so ld  on ly under the trade name Commit ,  de l ivers  

n icot ine in to  the buccal  mucosa when the ind iv idual  sucks on the tab let ,  s imi lar  to  a 

cough drop. 

(1)  Dosing.  Commit  has a unique dosing strategy,  based on the t iming of  the 

f i rst  cigarette.  I f  the f i rs t  c igaret te  is c raved wi th in  30 min of  wak ing,  the 4-mg 

lozenge may be recommended.  I f  the f i rs t  c igarette  craving is  a f ter 30 min of  

wak ing, the 2-mg lozenge may be recommended. The strength chosen wi l l  not  



change  throughout the course of  cessat ion;  ins tead fewer lozenges wi l l  be 

consumed each day during the 12-week proposed schedule  (Table 31-1).  

(2)  Adverse effects.  I f  the lozenge is  consumed too quick ly or swal lowed ( ra ther  

than d isso lved)  dyspepsia may be exper ienced.  Other  repor ted adverse effec ts  

include insomnia,  nausea,  hiccups, coughing,  headache,  and f latu lence. 

(3)  Counsel ing t ips  

(a)  Avoid chewing  or b i t ing the lozenge.  Rather suck on the lozenge slowly,  moving 

i t  f rom s ide to  s ide, unt i l  i t  is  complete ly dissolved (20-30 min) .  I f  acc identa l ly 

swal lowed,  wai t  a t  least  1  hr  before using another  lozenge. 

(b)  Do not use other forms of NRT and do not smoke  c igaret tes whi le  us ing th is  

product,  un less otherwise d irected by a supervis ing provider .  

(c)  The f i rst  lozenge may be taken at  the beginning of  the f i rst  day or  a t  least  30 

min af ter  the las t  c igarette  was smoked. 

(d)  Do not take more than 20 lozenges per day o f  ei ther  the 2-mg or  4-mg dose. 

c .  Nicotine patches  were int roduced in  1992 and acqui red nonprescr ipt ion s ta tus n 

1996.  Comparat ive studies of  the avai lable  formulat ions of  NRT have revealed that  

most  indiv iduals  prefer  the patch over  the gum or  a  prescr ip t ion n icot ine inhaler.  

The patch must  be placed on a clean,  dry,  and hair- free area  (e .g .,  s tomach,  

th igh,  back),  but  not  over  jo in ts  (e.g.,  ankles,  knees,  elbows).  The patch should 

never  be placed over  wounds or open areas and caut ion must  be used in  the pat ient  

wi th  severe psorias is  and eczema. The most  common adverse ef fect  o f the patches 

is  skin irr i tat ion,  but  th is  may be reduced by ro tat ing the patch s i te .  Two t rade 

name nonprescrip t ion n icot ine patches are avai lab le :  NicoDerm CQ and Nicot ro l .  

(1)  NicoDerm CQ  may be worn for 16-24 hr/day.  Pat ients  wi th  early-morning 

c igarette  cravings may requi re  24-hr  use. However,  i f  insomnia or  v iv id  dreaming 

occurs ,  the patch may be removed af ter  16 hr .  

(a)  Dos ing:  NicoDerm CQ is  avai lable  in  three strengths:  21-,  14- ,  and 7-mg 

patches.  The patch should be tapered over 2-4 months,  depending on the s tart ing 

dose. 

( i )  NicoDerm CQ 21-mg patch may be recommended to  an indiv idual who smokes > 

10 c igarettes /day and then tapered as fol lows: 

P.656 

 

 

{1 }  Step 1:  21 mg/day for  6  weeks 

{2 }  Step 2:  14 mg/day for  2  weeks 

{3 }  Step 3:  7  mg/day for  2  weeks 

( i i )  Those who smoke < 10 c igarettes /day may begin wi th  the NicoDerm CQ 14-mg 

patch and taper  as fo l lows:  

{1 }  Step 1:  14 mg/day for  6  weeks 

{2 }  Step 2:  7  mg/day for  2  weeks 

(2)  Nicot ro l  patches were formerly avai lab le only as a  non-taper ing s ing le 15-mg 

dose to  be used over  a  6 week per iod.  The new Nicot rol  patches are avai lab le  in  a  

s tepping pattern s imi lar  to  Nicoderm CQ and are recommended to  be worn for  16 

hours  and removed at  bedt ime. 



Weeks 1-6:  Step 1 (15 mg) 

Weeks 7-8:  Step 2 (10 mg) 

Weeks 9-10:  Step 3 (5 mg) 
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STUDY QUESTIONS 
Direct ions:  Each of  the quest ions,  s tatements , or  incomplete sta tements  can be 

correct ly answered or  completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

1.  Al l  of  the fol lowing statements about dietary supplements are true except  

which one? 

(A)  Manufacturers  are not  required to  demonstrate product safety and ef f icacy 

before market ing supplements . 

(B)  Adherence to good manufactur ing pract ices is mandatory for  manufacturers  of 

d ie tary supplements. 

(C)  The U.S.  Food and Drug Admin is t ra t ion (FDA) f i les act ion against  supplements 

determined unsafe. 

(D)  The Federal  Trade Commission (FTC) takes act ion against  manufacturers  who 

present misleading product  adver t is ing. 

View Answer1.  The answer is  B[see] .2.  Al l  of the following statements 

about chitosan are true except  which one? 

(A)  I t  is  a  common ingredient  found in  fa t - t rapper supplements . 

(B)  I t  is  derived f rom the Indian clus ter bean. 

(C)  I ts safety is quest ionable for ind iv iduals wi th  shel l f ish al lerg ies. 

(D)  I t  is  purpor ted to  inhib i t  d ietary fa t  absorpt ion.  

View Answer2.  The answer is  B[see] .3.  Jane is 36 years old and wants to 

lose weight.  Her current body mass index (BMI)  is  32 kg/m2 ,  and her waist  

c ircumference is  40 inches.  She has lost  a minimal  amount of  weight in the 

past using fad diets and nonprescript ion weight loss products but has been 

unable to maintain the weight loss.  Which of  the following is true regarding 

Jane? 

(A)  Based on her BMI,  Jane is considered obese.  

(B)  Her waist  c i rcumference of  40 inches increases her  r isk  for  card iovascular  

d isease. 

(C)  A safe ra te of weight loss for  Jane would be 1-2 lb /week. 

(D)  Exerc ise wi l l  provide only a  modest amount  of  weight  loss but  wi l l  he lp  her 

maintain  the weight loss. 

(E)  Al l  o f  the above 

View Answer3.  The answer is  E[seeandand].4.  Since the sudden death of  

his father 2 weeks ago, Bob has been unable to sleep at  night. He has dif ficulty 

going to sleep and awakens early in the morning,  unable to return to sleep.  

Which of  the fol lowing would be the correct  c lassificat ion of  Bob's current 

insomnia? 



(A)  t ransient ,  pr imary insomnia 

(B)  shor t - term,  pr imary insomnia 

(C) t rans ient,  secondary insomnia 

(D) shor t - term,  secondary insomnia 

View Answer4.  The answer is  D[seeand] .5.  Will iam works the swing shif t  

at  the local  manufacturing plant.  Based on a recommendation from a fr iend at  

work,  Wil l iam would l ike to try melatonin to help him get to sleep faster.  Which 

of  the fol lowing is  true regarding Wil l iam's use of melatonin? 

(A)  An appropria te  star t ing dose of  melaton in is  5  mg/night .  

(B)  W il l iam may exper ience cont inued drowsiness the fo l lowing morn ing owing to 

melaton in 's  long hal f - l i fe.  

(C)  Recent  t r ia ls  have noted the effec t iveness of melaton in in  indiv iduals  

par t ic ipat ing in  sh i f t  work . 

(D)  Al l  o f  the above 

View Answer5.  The answer is  C[see] .6.  Which of  the fol lowing 

complementary al ternative medicines (CAM) has been banned because of  i ts  

association with eosinophi l ia-myalgia syndrome? 

(A)  melatonin 

(B)  kava 

(C) L- t ryptophan 

(D) va ler ian root 

View Answer6.  The answer is  C[see] .7.  Sylvia is  33 years old and wishes 

to purchase a sleep aid for her recent bout of  insomnia (duration 2 days).  She 

has l inked it  to an overwhelming amount of stress she has been under lately at  

work,  trying to meet deadl ines, and her recent lack of  s leep is  not helping. She 

has no current medical condit ions and takes a mult ivi tamin dai ly.  Al l  of  the 

fol lowing are true regarding Sylvia 's  taking diphenhydramine and doxylamine 

except  which one? 

(A)  Sylv ia  may benef i t  f rom d iphenhydramine 50 mg used n ight ly.  

(B)  Sylv ia  should l imi t  the use of  diphenhydramine for insomnia to  10 consecut ive 

n ights. 

(C)  Sylv ia  may benef i t  f rom doxylamine 50 mg used night ly as  needed. 

(D)  Sylv ia  may exper ience ant ichol inerg ic  s ide ef fects wi th  the use of  doxylamine. 

View Answer7.  The answer is  C[seeand] .P.658 

 

 

8.  J il l ,  a  22-year-old col lege student,  has been encouraged by her healthcare 

provider to stop smoking.  She tel ls her doctor that she wants to quit but she 

does not want to gain weight r ight now or to sacri fice her grades as a result  of  

an inabil i ty to concentrate during the day.  According to the 5As and the 

transtheoretical  model of  change,  what is the next step Jil l 's healthcare 

provider should take? 

(A)  J i l l  is  in  the precontemplat ion s tage of  change.  Her provider  should reassess her  

wi l l ingness to  qu i t  at  the next  v is i t .  



(B)  J i l l  is  in  the contemplat ion s tage of  change.  Her provider should reassess her  

wi l l ingness to  qu i t  at  the next  v is i t .  

(C)  J i l l  is  in the preparat ion s tage of  change.  Her provider  should reassess her  

wi l l ingness to  qu i t  at  the next  v is i t .  

(D)  J i l l  is  in the preparat ion s tage of  change.  Her provider  should of fer  her  

counsel ing and/or pharmacologic therapy for  smoking cessat ion. 

View Answer8.  The answer is  B[see] .9.  Zack is 55 years old and wishes 

to start taking nicotine lozenges to quit smoking.  Which of  the fol lowing is  

important in the recommendation and select ion of  nicotine lozenges? 

(A)  number of  c igaret tes smoked dai ly 

(B)  t iming of  his f i rs t  urge for a  c igaret te 

(C)  concomi tant  disease s tates and therapies 

(D) both the number of  c igaret tes  smoked dai ly and concomitant disease s tates and 

therapies 

(E)  both the t iming of  his f i rs t  urge for  a  c igaret te and concomi tant  d isease s tates 

and therapies 

View Answer9.  The answer is  E[see] .10.  Al l  of  the fol lowing are important 

counsel ing tips for the use of  nicotine replacement therapies except  which 

one? 

(A)  Do not  eat  or  dr ink  wi th in  15 min of chewing nicot ine gum. 

(B)  The in i t ia l  s tar t  o f  n icot ine replacement  therapy may be 30 min af ter  the last  

c igarette . 

(C)  Sk in i r r i ta t ion assoc iated wi th  the use of  a  patch may be min imized by ro tat ing 

the patch s i te .  

(D)  Al l  n icot ine patches should be removed and rep laced every morn ing. 

View Answer10. The answer is  D[seeand] .11. Wendy,  a  45 year old 

female,  is  seeking advice about the use of  Al l i® for weight loss. Her current 

weight is  228 lbs and her height is  5′6″. At  her last provider visi t ,  her provider 

suggested she set  a  weight loss goal  of 2  pounds per week through diet  and 

exercise.  Wendy has type 2 diabetes and hypertension,  both of  which are well  

controlled.  Which of  the fol lowing would be appropriate information to provide 

Wendy? 

(A)  Or l is tat  may assis t  in modest  amounts  of  weight  loss,  but not iceable resul ts  may 

not  be evident  for  several  months. 

(B)  Or l is tat  is  contraindicated in  indiv iduals  wi th  d iabetes mel l i tus . 

(C)  Or l is ta t is  taken as 1 capsule three t imes dai ly one hour a f ter  a  fat -conta in ing 

meal .  

(D)  Or l is ta t may reduce the absorpt ion of fa t-so lub le v i tamins,  thus a mult iv i tamin 

should be taken when nonprescript ion or l is tat  is  in i t ia ted. 

View Answer11. The answer is  A[seeand] .P.659 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [see  I .C ] .  



Manufacturers  of  die tary supplements  are not  requi red to demonstrate product  

safety and ef f icacy before market ing, nor are they required to  adhere to  good 

manufactur ing pract ices. 

2.  The answer is  B  [see  I .C.5 ] .  

Der ived f rom the exoskeleton of  shel l f ish, ch i tosan is  purpor ted to b lock d ie tary fa t  

absorpt ion and thus is  a  common ingredient  found in fat - t rapper supplements .  

Because i t  is  der ived f rom the exoskeleton of  shel l f ish,  the safety o f  ch i tosan in  

indiv iduals  wi th  shel l f ish a l lergies  remains in  quest ion. 

3.  The answer is  E  [see  I .A.1 and  2;  I .B.1.b and  c ;  I .B.2 ] .  

A BMI > 30 kg/m2 but < 40 kg/m2 is cons idered obese, but  not  morbidly obese. 

Women wi th  a waist  c i rcumference > 35 inches are at increased r isk  of  developing 

cardiovascular  disease,  as  wel l  as  type 2 d iabetes,  s leep apnea,  and osteoar thr i t is .  

I f  Jane 's  BMI had been > 35 kg/m2,  her  wais t c i rcumference measurement would not  

be va l id  for  determining an increased cardiovascular r isk . Diet  and exerc ise are the 

best  approach to  weight loss.  A reasonable weight  loss is  1-2 lb . /week.  Al though 

exerc ise is  benef ic ial ,  i t  adds a only modest  amount  to  the weight  loss; i t  has 

greater  e f fec t  in  the maintenance of  the weight  loss. 

4.  The answer is  D  [see  I I .B.3 and  4 ] .  

Trans ient  insomnia is  insomnia las t ing < 1 week,  and shor t - term insomnia is  

insomnia las t ing f rom 1 to  4 weeks. Pr imary insomnia is  a  patholog ical  condi t ion in  

which the pat ient  exper iences cont inued insomnia in the absence of  a re la ted 

medica l  or  psychiat r ic  condi t ion.  Secondary insomnia can be at tr ibuted to a var ie ty 

o f  s i tuat ions,  espec ial ly s i tuat ional  s t ress,  such as the death of  a  loved one. 

5.  The answer is  C  [see  I I .B.5.b. (3) ] .  

Melaton in effec t iveness for  s leep onset  has been observed in  recent t r ia ls  in  

indiv iduals  par t ic ipat ing in  sh i f t  work . However,  melaton in is  not  FDA approved for  

th is  purpose.  An ini t ia l  star t ing dose of  melaton in is  0 .1-0.3 mg in  the evening for 

pat ients  des i r ing improved s leep onset.  Doses > 1 mg dai ly have not  been able to  

demonstrate the qual i ty s leep restorat ion seen in 0 .3-mg doses.  Melaton in has 

minimal ,  i f  any,  residual e f fec ts  the fo l lowing morn ing,  owing to i ts  short  ha l f - l i fe  o f 

30-50 min. 

6.  The answer is  C  [see  I I .B.5.b. (6) ] .  

L-Tryptophan was banned in 1989 because of  i ts  associat ion wi th  eosinophi l ia-

myalgia  syndrome.  However,  i t  remains avai lable  for  sa le  as a 500-mg capsule. 

7.  The answer is  C  [see  I I .B.5.b. (1)  and  (2) ] .  

Diphenhydramine may be dosed as 25-50 mg n ight ly for  a  s leep aid  used for  up to  

7-10 consecut ive n ights . The recommended dosage for  doxylamine is  25 mg n ight ly.  

Both d iphenhydramine and doxylamine are ethanolamine ant ih is tamines.  Therefore,  

ant ichol inerg ic  ef fec ts  may be exper ienced wi th  the use of  e i ther agent .  

8.  The answer is  B  [see  I I I .E ] .  

J i l l  is  in  the contemplat ion s tage,  as she is  consider ing a change in the fu ture,  but  

she does not fee l  that  this  is  the r ight  t ime to  begin a smoking cessat ion program. 

Therefore,  J i l l 's  provider should reassess her  wi l l ingness to  qu i t  a t  her next  v is i t ,  

when,  i t  is  hoped that  J i l l  wi l l  be ready to  qu i t .  

9.  The answer is  E  [see  I I I .F.3 .b ] .  



The only current ly avai lab le  n icot ine lozenge is  Commit ,  which is  un ique in  i ts  

dosing st ra tegy.  Dos ing is  based on the t iming of  the f i rs t  urge for  a  c igaret te , ei ther  

wi th in  or a fter  30 min of  wak ing up.  Concomi tant d isease s tates should be 

cons idered as wel l .  I f  the pat ient  has hypertension,  he wi l l  need to  be moni tored 

more close ly whi le  us ing n icot ine replacement  therapy.  I f  he uses cer ta in 

prescrip t ion medicat ions for  as thma or depression,  his  medicat ion may need to  be 

adjusted when he s tops smoking. 

10.  The answer is  D  [see  I I I .F .3.a, b  and  c ] .  

Nicot ro l  n icot ine patches are to  be used only dur ing the dayt ime for  16 hr  and 

removed before bed. NicoDerm CQ patches may be worn for  24 hr i f  early-morn ing 

cravings for c igaret tes  are st rong.  I f  the pat ient  develops insomnia or  v ivid  dreams 

f rom NicoDerm CQ, he or  she may benef i t  f rom removing the patch before bed,  thus 

a l lowing only 16 hr o f  exposure to  the n icot ine. 
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11.  The answer is  A  [see  I .B.2.a,  b  and  c ] .  

Or l is ta t  may a l ter  metabol ic  contro l ,  necess i ta t ing a change in  diabetes medicat ion 

dosing reg imen,  however,  or l is ta t  is  not  contra indicated in pat ients  wi th  diabetes.  

Or l ista t  is  dosed as 1 capsule three t imes dai ly wi th  a  fa t -conta in ing meal ,  but  for  

opt imal  ef fec ts ,  i t  should be dosed during or  wi thin  1  hour o f the meal  not  a f ter the 

meal .  I t  is  advisable to  recommend a mul t iv i tamin to  ind iv iduals  who wi l l  be us ing 

doses of  or l is ta t  greater than 180 mg/day or  who wi l l  be using orl is ta t for greater  

than 2-3 months. However,  at  in i t ia t ion of nonprescrip t ion st rength or l is tat  (60 mg 

TID),  a  mul t iv i tamin has not  been observed as necessary;  however,  i t  would be 

advisable i f  the indiv idual  does cont inue the medicat ion past  2-3 months to  

recommend a MVI.  
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OTC Agents for Fever, Pain, Cough, Cold, and 
Allergic Rhinitis 
Jennifer D. Smith 

Gerald E. Schumacher 

I. ANALGESIC, ANTI-INFLAMMATORY, AND 

ANTIPYRETIC AGENTS. 
Over- the-counter (OTC) analges ics and ant ipyret ics  re l ieve mi ld  to  moderate pa in 

and reduce in f lammation and fever.  These agents are ef fec t ive for  somatic pa in 

(e .g.,  musculoskeleta l  pa in  in  the join ts ;  pain  f rom headache,  myalg ia ,  and 

dysmenorrhea;  discomfor t  resu l t ing f rom genera l ized inf lammation),  but  they are not 

e f fec t ive in reducing discomfort  f rom the viscera l  organs (e.g. ,  s tomach,  lungs,  

hear t) .  Sal icylates and nonsteroida l  ant i - in f lammatory drugs (NSAIDs) reduce pain,  

in f lammat ion,  and fever,  but  acetaminophen genera l ly is  e f fec t ive for  on ly pa in and 

fever .  

A. Pathogenesis of pain.  Intense s t imulus (e .g.,  t issue in jury)  releases substances 

that  sensi t ize pain receptors to  mechanical ,  thermal,  and chemical  s t imulat ion.  Th is  

t r iggers  pa in receptors  to  send pain impulses over  a fferent  nerve f ibers to  the 

centra l  nervous system (CNS).  

1.  Awareness  o f  pain  occurs  in  the thalamus. 

2.  Pain recognit ion  and localizat ion  occur  in  the cortex.  

3.  Mechanism of analgesic,  ant i- inf lammatory,  and antipyret ic  act ion.  These 

agents inh ibi t  (centra l ly,  per iphera l ly,  or  both)  the b iosynthesis o f var ious 

prostaglandins,  substances invo lved in  the development  o f  pa in  and in f lammation 

as wel l  as  in  the regulat ion of  body temperature. 

B. Sal icylates  

1.  Therapeutic uses.  

a.  Sal icyla tes are used to  rel ieve mi ld to  moderate pain and reduce in f lammation 

and fever .  

b.  Aspi r in  (acetylsa l icyl ic  ac id) ,  spec i f ical ly,  is  a lso used to  reduce the inc idence of  

some forms of  card iovascular  disease. Current  evidence supports a  modest  

reduct ion in  the r isk of  st rokes in women but notes  less ef fec t in men. On the other  

hand,  evidence supports a  s ign i f icant  reduct ion in  the r isk  of myocard ial  in farc t ion 

in  men and women > 65 years  but  shows l i t t le  ef fec t  on younger women. 

c .  Men and women who have had a previous myocardial  in farc t ion,  stable and 

unstable angina pector is,  or  coronary ar tery bypass surgery,  are candidates for  

aspi r in  use. 

d.  No consensus has emerged on the prophylact ic  use of  asp i r in  in  heal thy adults .  

The r isks  associated wi th  aspi r in  use (see I .B.e.d)  may outweigh the benef i ts  of  i ts  

widespread use. 

2.  Mechanism of act ion  

a.  Analgesic and anti - inf lammatory act ions.  The act ion of  asp i r in  resul ts  f rom 

both the acetyl  and the sa l icyla te por t ions of  the drug. Act ions of  o ther  sal icyla tes 



(e .g .,  sodium sal icyla te, sa l icylsal icyl ic  ac id ,  chol ine sal icyla te)  resu l t  only f rom the 

sa l icyla te port ion of  the agents. 

(1)  These drugs inhibi t  cyclooxygenase,  the enzyme that  is  respons ib le for  the 

format ion of  precursors  of  prostaglandins (PGs) and thromboxanes f rom arachidonic 

ac id  (Figure 32-1) .  
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Figure 32-1. Inhibition of prostaglandin 
formation by aspirin, nonsteroidal anti-
inflammatory drugs (NSAIDs), and 
acetaminophen. 

(2)  Analgesia is produced mainly by blocking the peripheral  generat ion of  pain 

impulses  mediated by prostag landins and other  chemicals.  Analgesia probably 

secondari ly  invo lves a reduct ion in  the awareness o f  pa in  in  the CNS. 

b.  Antipyret ic  act ion.  The princ ipa l  ant ipyret ic  ac t ion occurs  in  the CNS. 

Sal icyla tes act  on the hypothalamic  heat- regulat ing center  to  produce periphera l  

vasodi lat ion,  which resul ts  f rom the inh ib i t ion of prostaglandin synthes is .  

c .  Antiplatelet  and anti thrombotic act ions  

(1)  Antiplatelet.  Aspi r in  (but  not o ther  sal icyla tes,  acetaminophen,  or  NSAIDs) 

i rreversibly inhibits cyclooxygenase in platelets,  which prevents  the format ion of  

the aggregat ing agent  thromboxane A2 .  

(2)  Anti thrombotic.  At low doses,  asp i r in  inhibi ts  thromboxane A2  formation but has 

a rela t ive ly smal l  e f fec t on prostacyc l in .  This  resul ts  in  blocking the pla tele t  

aggregat ing agent  thromboxane A2  whi le  preserving the act ion of the aggregat ion 

inhib i tor  prostacycl in (prostag landin I 2 ;  PGI2 ) .  

3.  Administrat ion and dosage  

a.  For  analgesia  or antipyresis in adults,  325-650 mg every 4 hr  or  650-1000 mg 

every 6 hr should be administered as needed.  The maximum dai ly dose is  4000 mg 

for  no longer than 10 days for  pain  or  3  days for fever  wi thout  consul t ing a 

phys ic ian. 

b.  Chi ld dosage  depends on age.  The dosages are 160 mg every 4 hr  for  ch i ldren 

2-4 years  of  age and 400-480 mg every 4 hr for ch i ldren 9-12 years  of  age.  

Sal icyla tes should be g iven for  no longer than 5 days for pain,  3  days for  fever ,  and 

2 days for sore throat  without  consul t ing a phys ic ian. 



c.  The antirheumatic dosage for adults  is  3600-4500 mg dai ly in  d iv ided doses. 

d.  For pat ients  wi th  ischemic heart  disease,  a  325-mg dose is  g iven dai ly.  Every 

other day is recommended for  indiv iduals  wi th  s tab le or  unstab le angina and 

evolv ing myocard ial  in farc t ion.  For  pat ients wi thout  c l in ica l ly apparent  ischemic 

hear t  d isease,  the hemorrhagic  compl icat ions assoc iated wi th  rout ine aspir in  use 

may outweigh i ts  benef i t ,  un less indiv iduals  have estab l ished r isk fac tors  for  

a therosc lerot ic disease. 

e.  For  pat ients  at  r isk  o f s t roke, an 81-mg dose is g iven dai ly or every other  day. As 

descr ibed ear l ier  (see I .B.3.d),  the r isks may outweigh the benef i ts .  

f .  Anti - inf lammatory dosages.  Al though ant ipyret ic  and analges ic  e f fec ts  should 

appear wi thin  the f i rs t  few doses,  the ant i - inf lammatory ef fect  may take 2 weeks or  

more to appear,  even at  h igh doses. The usual  ant i - in f lammatory dosage of  aspi r in 

is  4000-6000 mg/day. The usual  ant i - in f lammatory dosage of  ibuprofen is  1200-3200 

mg/day. 

P.663 

 

 

4.  Precautions  

a.  Hypersensitivi ty to  aspi r in occurs  in  up to  0.5% of  the populat ion. 

(1)  A l lerg ic  react ions resul t ing in  bronchoconstr ict ion occur  most  f requent ly in  

people wi th  nasal polyps.  

(2)  Cross-reactivi ty wi th  o ther  NSAIDs occurs  in  > 90% of  people.  Cross-react iv i ty 

wi th  acetaminophen occurs  in  5% of  people. 

b.  Contraindications.  Aspi r in is  contra ind icated in  pat ients  wi th  b leeding d isorders  

or  pept ic  u lcers .  Also,  asp i r in  should not  be given to  ch i ldren or  teenagers who have 

a v i ral  i l lness,  because Reye syndrome ( i .e . ,  fa t ty l iver  degenerat ion accompanied 

by encephalopathy)  may occur .  

c .  Pregnancy.  Sa l icyla tes in  chronic  high doses are recommended wi th ext reme 

caut ion dur ing the las t  t r imester  of  pregnancy because of :  

(1)  Potent ial  bleeding problems in  the mother,  fetus ,  or  neonate 

(2)  Prolonging or  compl icat ing del ivery 

d.  Gastrointest inal  (GI)  disturbances  resu l t ing f rom the inh ib i t ion of the gast r ic  

prostaglandins occur  in  10%-20% of  people at  analgesic and ant ipyret ic  dosages.  

Ant i - in f lammatory reg imens af fect  up to 40% of  people.  These ef fec ts  decrease by 

us ing enter ic -coated dosage forms and by taking sa l icyla tes wi th  food or large 

doses of  antacids .  Buf fered aspi r in  products  conta in  insuff ic ient  buf fers  to 

counteract  the adverse GI  e f fec ts  of  aspi r in .  

e.  CNS disturbances  such as t inn i tus,  dizziness, or  headache may occur  a t  ant i -

in f lammatory doses in  some pat ients . 

f .  Salicyl ism  (sa l icyla te toxic i ty)  may occur  a t ant i - in f lammatory doses.  In addi t ion 

to  the CNS d is turbances (see I .B.4.e) ,  resp i ra tory a lka los is ,  nausea,  hyper thermia,  

confus ion,  and convuls ions may occur .  

5.  Signif icant interactions  

a.  Sal icyla tes potent ia te  the ef fec t o f  anticoagulants  and thrombolyt ic  agents.  

b.  Sal icyla tes potent ia te  (a t  ant i - in f lammatory doses)  the ef fect  o f hypoglycemics.  



c.  Sal icylates potent iate  the adverse gastroin test ina l  react ion resul t ing f rom chronic  

alcohol  or  NSAID  use. 

d.  Aspi r in  may compet i t ive ly inhibi t  the metabol ism of zidovudine,  resu l t ing in  

potent ia t ion of  z idovudine or  aspi r in  toxic i ty.  

e.  Caffeine  taken in  conjunct ion wi th  sal icyla tes appears  to enhance the analges ic  

e f fec t .  

C. Acetaminophen  

1.  Therapeutic uses.  Acetaminophen is used to  re l ieve mi ld  to moderate pa in and 

to  reduce fever .  Guide l ines from the American Col lege of  Rheumato logy now 

recommend i t  as  f i rst - l ine therapy for  os teoar thr i t is  o f  the knee and h ip .  Because i t  

has min imal  ant i - inf lammatory act iv i ty,  i t  cannot  be used to  t reat  the swel l ing or 

s t i f fness resul t ing f rom rheumato id ar thr i t is .  

2.  Mechanism of act ion.  The analges ic  and ant ipyret ic  ac t ions of  acetaminophen 

are the same as those for  asp i r in  (see I .B.2.a and b) .  

3.  Administrat ion and dosage.  Avai lab le dosage forms are 325 mg and 500 mg.  A 

pro longed-dosage-form caplet  of  650 mg is a lso avai lab le. 

a.  For  analgesia  or antipyresis in adults,  the dosage is 500-1000 mg three t imes 

dai ly as needed.  The maximum dai ly dose is  4000 mg for  no longer than 10 days for  

pa in  or  3  days for  fever  wi thout  consul t ing a phys ic ian.  For  os teoar thr i t is ,  1000 mg 

four  t imes dai ly is  recommended. 

b.  For chi ldren age 6 years or older,  325 mg is adminis tered every 4-6 hr  as 

needed. The maximum dai ly dose is  1600 mg for  no longer than 5 days for  pain ,  3  

days for  fever ,  or  2 days for  sore throat  wi thout  consul t ing a physic ian. 

c .  Routine use.  Acetaminophen is rout ine ly used in  pat ients  who are 

(1)  Sensi t ive to  the GI  dis turbances caused by sal icyla tes and NSAIDs 

(2)  Prone to  b leeding d isorders 

(3)  Hypersens i t ive to  sal icylates 

4.  Precautions.  

a.  Pat ients  wi th  act ive alcohol ism,  hepat ic  d isease,  or v i ra l  hepat i t is  are at  r isk  f rom 

chronic  adminis tra t ion of acetaminophen.  Toxic i ty is  rare,  but  chronic  da i ly ingest ion 

of  5  g  or  more for  longer than 1 month is  l ike ly to resul t  in l iver damage. Acute 

doses of  10 g or more are hepatotoxic .  
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b.  Many OTC products  contain  acetaminophen in addi t ion to  o ther  ingredients .  I t  is  

important  to  counsel  pat ients  that  the dai ly dosage l imits c i ted in  I .C.3.a and b 

apply to  the to ta l  acetaminophen consumed f rom a l l  products dai ly.  

5.  Signif icant interactions.  Acetaminophen may compet i t ive ly inh ib i t  the 

metabol ism of  zidovudine,  resul t ing in  potent ia t ion of  z idovudine or  acetaminophen 

toxic i ty.  

D. NSAIDs.  Current ly,  ibuprofen,  naproxen,  and ketoprofen  are the on ly NSAIDs 

avai lab le  wi thout  a prescr ip t ion. 

1.  Therapeutic uses.  NSAIDs are used to  rel ieve mi ld to moderate pain and to  

reduce in f lammat ion and fever .  OTC drug use large ly focuses on the analgesic and 



ant ipyret ic  indicat ions of these agents .  Maximum OTC drug dosage is genera l ly 

recommended for os teoar thr i t is .  

2.  Mechanism of act ion  

a.  Analgesic and anti - inf lammatory act ions.  NSAIDs inhib i t  prostaglandin 

synthesis  both per ipheral ly and centra l ly.  Like sal icyla tes,  these drugs inh ibi t  

cyc looxygenase (Figure 32-1).  NSAIDs produce analgesia mainly by b locking the 

per iphera l  generat ion of  pa in  impulses that  are mediated by prostaglandins and 

other chemicals .  Secondar i ly ,  analgesia probably invo lves a reduct ion in  the 

awareness of  pa in  in  the CNS. 

b.  Antipyret ic  act ion.  The princ ipa l  ant ipyret ic  ac t ion is  centra l .  NSAIDs act  on the 

hypothalamic  heat- regulat ing center  to  produce per iphera l  vasodi la t ion,  which 

resul ts  f rom the inh ib i t ion of  prostag landin synthes is .  

3.  Administrat ion and dosage.  The avai lable  OTC dosage forms of  ibuprofen are a 

200-mg tablet and a 100-mg per  5-mL ora l  suspens ion. Naproxen sodium OTC is  

avai lab le  as a 220-mg (200 mg of  naproxen) table t .  Ketoprofen OTC is sold  in  a 

12.5-mg tab let .  

a.  For  analgesia  or antipyresis in adults,  the dosage of  ibuprofen  is  200-400 mg 

every 4-6 hr  as  needed.  The maximum dai ly dose is  1200 mg for  no longer than 10 

days for  pa in  or 3  days for  fever wi thout  consult ing a physic ian.  For  naproxen 

sodium,  the recommended dose is  220 mg every 8-12 hr  as needed.  The maximum 

dai ly dose is 660 mg.  Ketoprofen  is  recommended as 12.5 mg every 4-6 hr  as 

needed, wi th  a maximum dai ly dose of  75 mg.  The l imita t ions on the durat ion of  

t reatment  wi thout  consult ing a physic ian recommended for  ibuprofen a lso apply to  

naproxen and ketoprofen.  

b.  For rheumatoid arthri t is  dosage in adults,  ibuprofen  is  recommended to  a 

maximum dai ly dosage of  3200 mg (admin is tered on a 4-  to  6-hr  bas is) ,  naproxen 

sodium  to  a dai ly maximum of  1100 mg (div ided doses every 8-12 hr) ,  and 

ketoprofen  to  a  maximum of 300 mg per  day (administered every 4-6 hr) .  

c .  Naproxen sodium  and ketoprofen  are not  recommended for ch i ldren < 12 years  

of  age.  Ibuprofen  is  avai lab le as a suspens ion for  chi ldren 2-11 years  of  age. 

4.  Precautions  

a.  NSAIDs are contra indicated in  pat ients  wi th bleeding disorders  or  peptic 

ulcers.  

b.  NSAIDs are recommended wi th  ext reme caut ion dur ing the las t  t r imester  of  

pregnancy because of :  

(1)  Potent ial  adverse ef fec ts  on fe tal  blood f low 

(2)  The poss ib i l i ty  of  prolonging pregnancy 

c .  GI  disturbances  resul t ing f rom the inh ibi t ion of  the gast r ic prostag landins occur  

in  5%-10% of  people at  analges ic  and ant ipyret ic doses.  Ant i - in f lammatory reg imens 

( i .e . ,  higher  doses) a ffect  up to  20% of people.  These ef fec ts  decrease when 

NSAIDs are taken wi th  food or  large doses of  antacids .  Ibuprofen is  o f ten preferred 

to  aspi r in by pat ients  because ibuprofen causes fewer GI  d is turbances and bleeding 

events . 

d.  Renal  toxici ty dur ing chronic  adminis tra t ion is a  s ign i f icant  concern and may 

occur  in  the form of  nephrot ic  syndrome,  hyperka lemia,  or  in ters t i t ia l  nephr i t is .  



5.  Signif icant interactions  

a.  NSAIDs potent ia te  the ef fec t o f  anticoagulants  and thrombolyt ic  agents.  

b.  NSAIDs potent ia te  (a t ant i - in f lammatory doses)  the ef fect  o f hypoglycemics.  

c .  NSAIDs potent ia te the adverse GI  react ions resul t ing f rom chronic alcohol  or 

sal icylate  use. 

d.  Caffeine  taken in  conjunct ion wi th  ibuprofen appears  to  enhance the analgesic 

e f fec t .  

e.  Hypersensi t iv i ty to  aspir in  can occur  wi th  NSAID use. 

f .  OTC label ing for  these agents  caut ions against use of combining NSAIDs. 
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II. THE COMMON COLD 
A. General  

1.  The common cold is  genera l ly a  mi ld  and sel f - l imit ing v i ra l  in fec t ion of the upper 

respi ratory t rac t,  though i ts  economic burden of  los t  product iv i ty and expendi tures 

in  symptom rel ief  has a s ign i f icant impact  in  the Uni ted States. 

2.  Rather  than typica l  epidemio log ic  measures,  the prevalence of the common co ld 

is  expressed as the number of  incidences per indiv idual ,  per year .  Adul ts typ ica l ly 

exper ience 2-3 colds per year ;  preschool  ch i ldren typ ica l ly exper ience 5-7 colds per  

year .  Chi ldren < 5 years  o ld  who at tend daycare or  have f requent  in teract ions wi th  a  

number of  o ther  ch i ldren may exper ience as many as 12 co lds per year .  

3.  Approximate ly $2 bi l l ion is  spent  each year  in  the Uni ted States on OTC cough 

and cold medicat ions by pat ients  seeking symptom rel ie f .  

4.  The common cold accounts  for  approximately 26 mi l l ion days of  school (people 

aged 5-17 years) and 23 mi l l ion days of work  missed annual ly.  

B. Et iology 

1.  The coronavi ruses,  resp i ra tory syncyt ial  v i rus  (RSV),  and rh inovi ruses are the 

most  contr ibut ing pathogens of  the common co ld, and the rhinovirus  is  the most  

f requent ly associated pathogen. Other pathogens invo lved include in f luenza,  

parain f luenza,  and adenovi ruses. 

2.  Three accepted genera l  modes of  t ransmission of  the common cold exis t :  smal l -

par t ic le  aerosols,  large-par t ic le  aerosols,  and di rec t  contact .  Di rec t contact  between 

the vi rus and the nasal  mucosa is  the most prevalent  mechanism of  t ransmiss ion of  

the rh inovi rus . 

3.  Colds occur  year-round,  but  peak incidences of  the common co ld are September,  

October ,  and early spr ing (March and Apr i l ) .  

C. Pathogenesis.  Pathogenic  events  of  the common co ld caused by the rh inovi rus  

begin when a smal l  dose of  v i rus  is depos i ted in to  the nose or  the eye e i ther  by 

d i rec t  contact  or  by aerosol  t ransmission (Figure 32.2).  

1.  Mucoci l iary act ion t ransports  the v i rus  to  the adenoid where the v irus  is  ab le to  

a t tach to  the int racel lu lar  adhesion molecule ( ICAM) receptors  on lymphoepi thel ia l  

ce l ls.  There,  the v i rus  begins to  rep l icate, t r igger ing the re lease of  in f lammatory 



mediators,  including his tamines,  k in ins ,  certain  prostag landins,  and severa l  

in ter leukins (e.g. ,  inter leuk in  1 [ IL-1] ,  IL-6,  and IL-8) .  

2.  W ithin  8-12 hr  o f  v i ra l  ent ry in to  the nose or eye,  the inf lammatory mediators and 

parasympathet ic  nervous system ref lex mechanisms lead to  nasal  congest ion, 

rh inorrhea,  sore throat ,  headache, and s t imulat ion of  cough and sneezing ref lexes. 

3.  Cold symptoms dec l ine and the r isk  of  t ransmission of  the v i rus  is  min imized af ter  

3  days of infec t ion. 

D. Symptoms  

1.  Once vi ra l  contact  has been made,  indiv iduals  may begin to  not ice a scratchy 

throat  1-2 days af ter  contact.  

2.  A sore throat  is  fo l lowed by a thin , watery d ischarge,  known as rh inorrhea,  and 

sneezing.  W ithin  1-2 days,  the th in ,  watery discharge may become th ick and 

purulent .  

3.  A dry,  nonproduct ive cough may develop between days 3 and 5,  o f ten evolv ing 

in to a product ive cough. 

4.  The genera l  peak of co ld  symptoms is  2-4 days,  and the median durat ion of  the 

common cold is  7-13 days. 

5.  The pharmacis t  may recommend se l f- t reatment  for  the fol lowing condi t ions:  

rh inorrhea,  congest ion,  cough,  headache, and sore throat.  
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Figure 32-2. Pathogenesis of the common cold. 

E. Nonpharmacologic treatment  

1.  Adequate f lu id intake 

2.  Adequate rest 

3.  Increased humid i f icat ion 

4.  Nasal  i r r igat ion 

F.  Pharmacologic treatment  



1.  Decongestants,  a lso known as sympathomimet ics ,  are the primary t reatment  for  

nasal  congest ion. 

a.  Both ora l  and top ical  decongestants  produce vasoconstr ic t ion by s t imulat ing α-

adrenergic receptors ,  thereby reduc ing the volume of  blood c i rcula ted to the nasal  

mucosa and decreasing mucosal edema. 

b.  Only under the advice of  a  medical  provider,  and with extreme caution  should 

decongestants  be recommended to pat ients with disease states that  are 

sensit ive to adrenergic st imulation,  inc luding coronary hear t  d isease,  

hyper tension,  thyro id d isease,  d iabetes,  narrow-angle glaucoma, and di f f icu l ty in  

ur inat ion owing to  an enlarged prostate gland. 

c .  Patients currently taking  monoamine oxidase inhibi tors  (MAOIs)  or who are 

within 2 weeks of  discontinuation should avoid the use of  oral  and topical 

decongestants  owing to an increased ef fec t  on blood pressure (Table 32-1) .  

d.  Intranasal  decongestants  cause loca l ized vasoconstr ic t ion by b ind ing d i rec t ly to  

adrenergic receptors .  I f  the medicat ion is used appropria te ly,  sys temic  s ide ef fects  

should be minimal .  However,  g iven the di f f icu l ty of  admin is t rat ion,  systemic  s ide 

ef fec ts  are of ten seen wi th  top ical  decongestants.  Table 32-2 provides advice for  

pat ient counsel ing on device selected. 

P.667 

 

 

Table 32-1. Available Topical and Oral Decongestants 

Agent Products Dosing Avoid Use In … 
Comments/Coun
seling Points 

Topical decongestants 

Oxymetazoli
ne 

Afrin; 
Neo-
Synephr
ine 12 
hr; 
Vicks 
Sinex 
12 hr; 
Mucine
x Full 
Force; 
and 
Mucine
x 
Moistur
e Smart 

2-3 
sprays 
q10-12h 

Questionabl
e use in 
hypertensio
n or 
receiving 
MAOI 
May 
exacerbate: 
hyperthyroi
dism, 
intraocular 
pressure, 
coronary 
heart 
disease, 
prostatic 
hypertrophy 

Use for only 
3-5 days 
owing to 
potential for 
rebound 
congestion 
(rhinitis 
medicamento
sa) 
Oxymetazoli
ne is long 
acting 
Adverse 
effects: 
cardiovascula
r and CNS 
stimulation; 
burning; 



stinging; 
sneezing 

Phenylephrin
e 

Neo-
Synephr
ine; 
Vicks 
Sinex 

2-3 gtt 
q4h 

 

Xylometazoli
ne 
discontinued, 
but generics 
available 
Naphazoline 
(previously 
sold as 
Otrivin) has 
been 
removed 
from market, 
but generics 
may still be 
available 

Levmetamfet
amine 

Vicks 
Vapor 
Inhaler 

6-12 
years: 1 
inhalati
on, no 
more 
than 
every 2 
hr 
12+ 
years: 2 
inhalati
ons, no 
more 
than 
every 2 
hr 

 

Does not 
cause rhinitis 
medicamento
sa within a 7-
day period; 
thus 
approved for 
up to 7-day 
use 
Lacks 
vasopressor 
effect; thus 
not 
contraindicat
ed in patients 
with 
hypertension, 
thyroid 
disease, 
diabetes, 
narrow-angle 
glaucoma, or 
difficulty in 
urination 
owing to 
enlarged 



prostate 

Oral decongestants 

Pseudoephedr
ine 

Sudafed
; 
Drixoral 

2-6 
years: 
15 mg 
q4-6h 
6-12 
years: 
30 mg 
q4-6h 
12+ 
years: 
60 mg 
q4-6h 

Hypertensio
n 
May 
exacerbate: 
hyperthyroi
dism, 
intraocular 
pressure, 
coronary 
heart 
disease, 
prostatic 
hypertrophy 

Pseudoephed
rine is 
absorbed 
well orally; 
however, 
phenylephrin
e has low 
oral 
bioavailabilit
y 
Adverse 
effects: 
cardiovascula
r (↑ BP, 
arrhythmias, 
tachycardia) 
and CNS 
stimulation 
(restlessness, 
insomnia, 
anxiety, 
hallucination
s) 

Phenylephrin
e 

Sudafed 
PE 

2-6y: 
2.5 mg 
q4h 
6-12y: 
5 mg 
q4h 
12 + y: 
10 mg 
q4h  

Concomitant 
use with 
TCA may 
affect BP (↑ 
or↓), 
depending on 
specific 
decongestant 

BP, blood pressure; CNS, central nervous system; MAOI, monoamine 
oxidase inhibitor; TCA, tricyclic antidepressant. 
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Table 32-2. Patient Counseling Information for Nasal Decongestants 



Drops Spray (Atomizer) Inhalers 
Metered-Dose 
Pump (Spray) 

• Blow 
nose 

• Squee
ze 
rubber 
bulb 
on 
droppe
r and 
withdr
aw 
medic
ation 
from 
bottle 

• Reclin
e on 
bed 
and 
hang 
head 
over 
side 
(prefer
red) or 
tilt 
head 
back 
while 
standi
ng or 
sitting 

• Place 
drops 
into 
each 
nostril 
and 
gently 
tilt 
head 
from 
side to 
side to 

• Blow 
nose 

• Remove 
cap from 
spray 
containe
r 

• For best 
results, 
do not 
shake 
squeeze 
bottle 

• Adminis
ter one 
spray 
with 
head in 
upright 
position 

• Sniff 
deeply 
while 
squeezin
g bottle 

• Wait 3-5 
min, 
then 
blow 
nose 

• Adminis
ter 
another 
spray if 
necessar
y 

• Rinse 
spray tip 
with hot 
water, 
taking 
care not 
to allow 
water to 

• Blow 
nose 

• Warm 
inhaler 
in 
hand 
to 
increa
se 
volatil
ity of 
medic
ation 

• Remo
ve 
protect
ive 
cap 

• Inhale 
medic
ated 
vapor 
in one 
nostril 
while 
closin
g off 
other 
nostril
; 
repeat 
in 
other 
nostril 

• Wipe 
inhaler 
clean 
after 
each 
use 

• Replac
e cap 
immed
iately 

• Blow 
nose. 

• Remove 
protectiv
e cap 

• Prime 
metered 
pump by 
depressi
ng 
several 
times 
(for first 
use), 
pointing 
away 
from 
face 

• Hold 
bottle 
with 
thumb at 
base and 
nozzle 
between 
first and 
second 
fingers 

• Insert 
pump 
gently 
into nose 
with 
head 
upright 

• Depress 
pump 
complete
ly, and 
sniff 
deeply 

• Wait 3-5 
min, 
then 



distrib
ute 
drug 

• Keep 
head 
tilted 
back 
for 
severa
l 
minute
s after 
instilli
ng 
drops 

• Rinse 
droppe
r with 
hot 
water 

enter 
bottle 

• Replace 
cap 

• Note: 
Inhale
r loses 
its 
potenc
y after 
2-3 
month
s even 
though 
aroma 
may 
linger 

blow 
nose 

• Adminis
ter 
another 
spray if 
necessar
y 

• Rinse 
spray tip 
with hot 
water, 
taking 
care not 
to allow 
water to 
enter 
bottle 

• Replace 
cap 

 

(1)  Int ranasal decongestants  avai lab le in  sprays and drops inc lude phenylephr ine 

and the imidazol ines (oxymetazol ine,  naphazol ine,  and xylometazol ine).  

Xylometazol ine and naphazol ine,  previous ly sold under the t rade names of  Otr iv in  

and Pr iv ine,  respect ively,  have been removed f rom the market,  but  some gener ic  

formulat ions may be avai lab le. 

(2)  Int ranasal decongestants  approved by the U.S.  Food and Drug Adminis t ra t ion 

(FDA) are as fo l lows: 

(a)  Ephedrine ( top ical ) :  0 .5%, every 4-6 hr ;  not  less than (NLT) age 6 years 

(b)  Naphazol ine ( top ical ) :  0 .025%-0.05%, every 4-6 hr ;  NLT age 12 years 

(c)  Phenylephrine ( top ica l ;  Neo-Synephrine,  Nostr i l )  

( i )  0 .25%-1%, every 4-6 hr ;  NLT age 6 years 

( i i )  0.125%, every 4-6 hr;  NLT age 2 years 

(d)  Xylometazol ine ( top ica l )  

( i )  0 .05%, every 8-10 hr ;  NLT age 2 years 

( i i )  0.1%, every 8-10 hr ;  NLT age 12 years 

(e)  Oxymetazol ine ( topica l ;  Af r in,  Neo-Synephr ine 12 Hour,  Nostr i l la ,  Mucinex)  

( i )  0 .05%, every 10-12 hr ;  NLT age 6 years 

( i i )  0.025%, every 10-12 hr ;  NLT age 2 years 

(3)  Side effects.  Topica l  nasal decongestants  may cause a temporary burn ing or  

s t ing ing sensat ion when used and may also increase nasal  discharge. 

(4)  Counsel ing t ips  

(a)  Pat ients us ing top ical  nasal  decongestants  should be caut ioned to  l imit  use of  

the product to 3-5 days  to  avoid rh in i t is  medicamentosa,  a  worsening of symptoms  
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d i rec t ly re la ted to extended use and then d iscont inuat ion of the product .  Treatment  

o f  this condi t ion is to s lowly wi thdraw the topica l  decongestant  and begin ora l  

decongestants . Topica l  normal  sal ine may also be used to  re l ieve i r r i ta ted nasal  

passages. 

(b)  To avoid spread of  infec t ion,  pat ients  should be counseled not  to  share top ica l  

nasal  decongestants  wi th  o thers . 

(5)  Levmetamfetamine  is  an inhaler  ingredient  that  has been deemed by the FDA 

as safe and ef fec t ive as a nasal  decongestant .  I t  is  current ly found in Vick 's  Vapor 

inhalers . 

(a)  Dos ing 

( i )  Ages 12 years and older :  2  inhalat ions in each nostr i l  no more than every 2 hr 

( i i )  Ages 6-12 years : 1  inhalat ion in each nostr i l  no more than every 2 hr 

(b)  Side effects.  Levmetamfetamine lacks a vasopressor e ffec t  and, therefore, does 

not  need to  carry the warn ing for  pat ients  wi th  card iac  condi t ions, hypertens ion, 

hyper thyroidism, d iabetes,  or  di f f icul ty in  ur inat ion owing to  an enlarged prostate 

g land. 

(c)  Counsel ing t ips  

( i )  Unl ike the imidazol ines,  levmetamfetamine has not  demonstrated rebound 

congest ion wi thin  a  7-day per iod;  thus i ts use is  approved for  7 days rather  than 

carry ing the 3-  to  5-day l imit .  However,  the manufacturers  of  the product vo luntari ly  

packaged the product  with  ins truc t ions to seek consul ta t ion wi th a  provider  i f  

symptoms have not  improved wi th in  3 days. 

( i i )  Once opened,  nasal  inhalers  should be d iscarded af ter  2-3 months because the 

act ive ingredient  d issipates, even when the product  is t ight ly capped. 

( i i i )  Eff icacy of  th is  product  may be d iminished in the pat ient  who has severe ly 

obst ructed nasal  passages because i ts  use requires the abi l i ty  o f  the medicat ion to  

be del ivered to  the nasal mucosa. 

e.  Oral  decongestants  ava i lab le  in  the Uni ted States include pseudoephedr ine and 

phenylephr ine. 

(1)  Phenylpropanolamine,  a  common ingredient  found in  weight- loss and co ld 

products ,  was wi thdrawn f rom the market in recent  years  owing to an increased 

occurrence of  st roke in  cer tain  populat ions (espec ial ly women). 

(2)  Pseudoephedr ine has quickly become known in  al l  s ta tes and communi t ies  as 

the key ingredient in the i l legal  manufactur ing of  methamphetamine because of  the 

s impl ic i ty o f the diversion.  The sa le of  pseudoephedrine has been rest r icted,  p lac ing 

i t  behind pharmacy counters in a l l  s ta tes. 

(3)  Phenylephrine is  not  as  eas i ly conver ted in to  methamphetamine and thus is  

more readi ly avai lable  to consumers who are seek ing rel ie f  f rom congest ion. 

(4)  Pseudoephedrine  acts  di rec t ly on both α-  and β-adrenerg ic  receptors,  

producing vasoconstr ic t ion of  respi ra tory mucosa,  re laxat ion of  the bronchioles ,  and 

increased heart  ra te  and contract i l i ty .  Pseudoephedr ine a lso enters the CNS readi ly.  

(a)  Dose 

( i )  Pat ients 2-5 years  of  age: 15 mg every 4-6 hr ;  maximum dose 60 mg/24 hr 



( i i )  Pat ients  6-12 years of  age:  30 mg every 4-6 hr ;  maximum dose 120 mg/24 hr 

( i i i )  Pat ients  > 12 years  of  age:  30-60 mg every 4-6 hr  or  for  susta ined re lease 120 

mg every 12 hr ;  maximum dose 240 mg/24 hr 

(b)  S ide ef fec ts  include centra l  nervous st imulat ion ( res t lessness, insomnia,  

anxie ty,  or  ha l luc inat ions) ,  hyper tens ion,  and palp i tat ions. 

(c)  Drug in teract ions inc lude MAOIs (see I I .F.1.c) and t r icycl ic  ant idepressants  

owing to an increased pressor  response. 

(d)  Counseling t ips  

( i )  Not i fy a  heal thcare provider  i f  symptoms worsen or do not  improve wi th in  7  days. 

( i i )  Take the last  dose no later  than 4-6 hr  before bedt ime owing to  the potent ial  for  

insomnia. 

(5)  Ora l  phenylephrine  is  a  more di rec t  act ing sympathomimet ic  agent  than 

pseudoephedrine because i t  acts on α-adrenerg ic receptors and has weak act ion at 

β-adrenergic receptors .  Th is  spec i f ic i ty of  ac t ion a l lows for min imized 

cardiovascular  s ide  
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e f fec ts  compared to  pseudoephedr ine, but  such ef fec ts  are s t i l l  o f  concern when 

recommending i ts use in pat ients  wi th coronary hear t  d isease.  Though data is  

avai lab le  support ing the ef f icacy of  topica l  phenylephrine,  l i t t le  is  ava i lable  to  

support the eff icacy of  ora l  phenylephr ine.  W hen administered ora l ly,  phenylephr ine 

is  metabol ized by gut  hormones,  al lowing only 38% of  a  10 mg dose of  

phenylephr ine to  reach the nasal  passages.  Pseudoephedr ine,  when admin istered 

ora l ly,  is  ab le  to bypass these gut  hormones,  al lowing approximately 90% of  a  

pseudoephedrine dose to  reach nasal  passages. Thus,  oral  phenylephr ine may have 

a c leaner card iovascular prof i le  than oral  pseudoephedr ine, but  i ts  b ioavai lab i l i ty  

reduces i ts  e f f icacy s ign i f icant ly.  Phenylephrine is  also an ingredient  found in 

products  for  the t reatment  o f hemorrhoids and ophthalmic  preparat ions for  rel ief  

f rom redness of  the eye. 

(a)  Dose may be given every 4 hr ,  not to exceed s ix doses wi thin  24 hr .  

( i )  Pat ients 2-5 years  of  age: 2 .5 mg every 4 hr 

( i i )  Pat ients  6-12 years of  age:  5  mg every 4 hr 

( i i i )  Pat ients  > 12 years  of  age:  10 mg every 4 hr 

(b)  Side effects  may include increased heart  ra te  and insomnia,  though the 

occurrence of  these ef fec ts are less than that  noted wi th  ora l  pseudoephedr ine. 

(c)  Drug in teract ions inc lude MAOIs (see I I .F.1.c) and t r icycl ic  ant idepressants  

owing to an increased pressor  response. 

(d)  Counseling t ip.  Not i fy a  heal thcare provider  i f  symptoms worsen or  do not  

improve wi th in  7 days. 

f .  Nasal  s t r ips  (Breathe Right) are ideal  in pregnancy,  chi ldren,  and in the elderly 

who take numerous medications.  

(1)  Bandage l ike in  appearance, nasal  s t r ips funct ion to physica l ly open the nasal  

passages. 

(2)  Some s t r ips  are avai lab le  wi th  menthol .  

(3)  The s t r ip  should be placed between the bridge and the t ip  o f  the nose.  



(4)  As the s t r ip  at tempts  to  resume a f la t tened shape, the nares are pu l led into  a 

more opened s tate. 

g.  Decongest ion a l ternat ives (e .g. ,  Coric idin  HBP and i ts  re lated l ine of  products)  

are marketed for  pat ients  who are unable to  take oral  or  topica l  nasal  

decongestants . 

(1)  Chlorpheni ramine, an ant ih is tamine,  is  typica l ly the ingredient found in these 

products . 

(2)  Ant ihistamines are advantageous since pat ients  may only exper ience minimal  

s ide ef fec ts ;  however,  ant ihistamines fai l  to  target  the pr imary problem, which is  

obst ruct ion of  the nasal passages. 

2.  Antihistamines  

a.  Overview.  

(1)  First-generation  ant ih istamines have been widely used in  cough and co ld 

preparat ions for  re l ie f  f rom rh inorrhea and sneezing, but  have no effec t  on nasal  

congest ion. 

(a)  These agents are not FDA approved for  use in  ch i ldren aged 2-5 years  who are 

not  under the supervis ion of  a  medica l  provider  for  such t reatment .  Many providers 

advise against  t reat ing ch i ldren for rhinorrhea and sneezing wi th  the common co ld 

owing to the increased r isk  of  adverse ef fec ts .  

(b)  The best  advice to a  caregiver seeking t reatment  o f  a runny nose for a chi ld < 6 

years  of  age is to s imply le t  i t  run i ts  course because the cold  is  a  se l f - l imi t ing v i ral  

in fec t ion. 

(2)  Second-generat ion  ant ih is tamines have not  demonstrated ef f icacy in the 

common cold,  a t t r ibutable to  the lack of substant ia l  ant ichol inerg ic  ac t iv i ty o f  these 

products  and should, therefore,  not  be recommended in  the pat ient  seeking rel ief  

f rom the common co ld (Table 32-6) .  

b.  Common nonprescrip t ion f i rs t -generat ion ant ihis tamines 

(1)  Brompheni ramine (Dimetapp) 

(a)  Pat ients 6-12 years  of  age:  2 mg every 4-6 hr ;  maximum dose 12 mg/24 hr 

(b)  Pat ients > 12 years  of  age:  4 mg every 4-6 hr ;  maximum dose i24 mg/24 hr 

(2)  Chlorpheni ramine (Chlor-Tr imeton, Act i fed)  is the least sedat ing of  the f i rs t -

generat ion ant ihistamines and is  considered a drug of  choice in  pregnancy for  

rh inorrhea and sneezing. 
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(a)  Pat ients 6-12 years  of  age:  2 mg every 4-6 hr ;  maximum dose 12 mg/24 hr 

(b)  Pat ients > 12 years  of  age:  4 mg every 4-6 hr ;  maximum dose 24 mg/24 hr 

(3)  Diphenhydramine (Benadryl )  

(a)  Pat ients 6-12 years  of  age:  12.5-25 mg every 4-6 hr ;  maximum dose 150 mg/24 

hr  

(b)  Pat ients > 12 years  of  age:  25-50 mg every 4-6 hr ;  maximum dose 300 mg/24 hr 

(4)  Dexbrompheni ramine (Dr ixora l )  

(a)  Pat ients 6-12 years  of  age:  1 mg every 4-6 hr ;  maximum dose 6 mg/24 hr  

(b)  Pat ients > 12 years  of  age:  2 mg every 4-6 hours ; maximum dose 12 mg/24 hr 



c.  Side effects  

(1)  Owing to ant ichol inerg ic propert ies ,  f i rs t -generat ion ant ih is tamines may cause 

dry mouth (cot ton mouth) ,  b lurred vis ion,  d i f f icu l ty in  ur inat ion,  const ipat ion,  

i r r i tab i l i ty ,  and dizziness.  

(2)  Pat ients wi th  narrow-angle g laucoma and benign prostat ic hypert rophy should 

avoid f i rs t -generat ion ant ih is tamines because the ant ichol inerg ic  ac t iv i t ies may 

exacerbate the i r condi t ion. 

(3)  Pat ients tak ing f i rs t -generat ion ant ihistamines typ ical ly exper ience sedat ion, so 

caut ion should be taken dr iv ing or operat ing heavy machinery unt i l  one can ident i fy 

how he or she wi l l  react  to  the ingredients . 

(4)  Though f i rs t -generat ion ant ih is tamines cause sedat ion in  the adul t  pat ient ,  

ch i ldren may exper ience paradoxical  CNS st imulat ion. 

3.  Expectorants,  a lso known as mucolyt ic  agents ,  work  to  loosen sputum and thin  

bronchia l  secret ions by i r r i ta t ing the gast r ic  mucosa and st imulat ing secret ions of  

the respi ra tory t ract .  Th is  increases the vo lume of  the respi ra tory f lu id and thins  

mucus.  Therefore,  i t  is  log ical  to use expectorants  on ly to  t reat  a  product ive cough.  

The only avai lable  expectorant  is  guai fenes in,  approved for  pat ients aged 2 years  

and o lder .  Cl in ica l  e f f icacy of  guai fenes in as an expectorant  lacks demonstrated 

data.  Thus some name brands,  such as Robi tussin ,  have removed guaifenes in as 

the act ive ingredient.  

a.  Dos ing 

(1)  Adul ts 

(a)  Syrup:  200-400 mg every 4 hr ;  maximum dose 2.4 g/day 

(b)  Extended-re lease tablet :  600-1200 mg every 12 hr ;  maximum dose 2.4 g/day 

(2)  Pediat r ic 

(a)  Pat ients 2-5 years  of age:  50-100 mg every 4 hr ;  maximum dose 300 mg/day 

(b)  Pat ients 6-12 years  of  age:  100-200 mg every 4 hr;  maximum dose 1.2 g/day 

b.  Side effects.  Guai fenes in is  general ly wel l  to lerated,  but s ide ef fects  may 

include nausea and vomit ing,  dizziness, headache,  rash,  or  d iarrhea. 

c .  Counsel ing t ips  

(1)  For  enhanced ef f icacy in  the loosening of  mucus or  phlegm in  the lungs,  pat ients 

should dr ink  an ample amount  o f  water  when taking guai fenes in. 

(2)  I f  symptoms worsen (development o f fever ,  rash,  or  unremit t ing headache) or  no 

improvement is  noted in  7  days,  consul t  a  medical  provider.  

4.  Anti tussives  are recommended for  a  nonproduct ive cough. 

a.  Dextromethorphan,  though a re la t ive of  morphine,  is  a  nonnarcot ic ,  having no 

analges ic  or  addic t ive proper t ies ,  except  in  overdose.  I t  is  cons idered equipotent to  

codeine as a cough suppressant ,  however,  data demonstrat ing i ts  e f f icacy as a 

cough suppressant  is  lack ing.  Based on th is  lack of  data, c l in ic ians are 

recommending against  the use of  dext romethorphan as a cough suppressant ,  and 

many manufacturers  are responding by ei ther  changing the act ive ingredient  to a  

f i rst  generat ion ant ihis tamine,  which has eff icacy data as a cough suppressant ,  or  

by adding the f i rst  generat ion ant ih is tamine to  the dext romethorphan-conta ining 

product.  



(1)  Dextromethorphan works centra l ly in the medul la  to increase the cough 

threshold. 

(2)  Dos ing 

(a)  Pat ients 2-5 years  of age:  2 .5-5 mg every 4 hr  or  7.5 mg every 6-8 hr (one 

quar ter  o f  adul t  dose) ;  maximum dose 30 mg/day 

(b)  Pat ients 6-12 years  of  age:  5-10 mg every 4 hr  or  15 mg every 6-8 hr , ;  

extended-re lease form 30 mg twice dai ly (ha l f  o f  adul t  dose) ;  maximum 60 mg/day 

(c)  Pat ients > 12 years  of  age:  10-20 mg every 4 hr  or  30 mg every 6-8 hr,  

extended-re lease form is 60 mg twice da i ly;  maximum dose 120 mg/day 

P.672 

 

 

(3)  Adverse ef fects  are not  genera l ly seen at  typica l  doses,  but const ipat ion,  GI  

upset ,  abdominal  d iscomfor t ,  and dizziness may occur .  

(4)  Dextromethorphan should not  be recommended for pat ients  tak ing an MAOI 

(Nard i l  or Parnate)  or who are wi th in 2  weeks of  discont inuat ion of these agents  

because the combinat ion may cause serotonerg ic syndrome. 

(5)  Reports  of  abuse of  dext romethorphan in  powder form (capsules) for a  euphor ic  

e f fec t  have recent ly increased in  the adolescent  populat ion in  the Uni ted States.  

Though adverse ef fec ts  o f  dext romethorphan are general ly benign in  recommended 

doses,  bra in damage, seizures,  loss of  consciousness,  i r regular  heart  beat ,  and 

death have been repor ted wi th  abuse of  the drug. 

b.  Codeine is  a  schedule C-V drug in  a cough syrup,  thus i ts sale  may be rest r icted 

in  some s tates. 

(1)  Codeine,  l ike dext romethorphan,  works centra l ly in  the medul la  to  increase the 

cough threshold. 

(2)  Dos ing of  codeine is  not  recommended for  ch i ldren < the age of  6  years . 

(a)  Pat ients 6-12 years  of  age:  5-10 mg every 4-6 hr ;  maximum dose 60 mg/day 

(b)  Pat ients > 12 years  of  age:  10-20 mg every 4-6 hr ;  maximum dose 120 mg/day 

(3)  Adverse ef fects  inc lude drowsiness,  nausea and vomi t ing,  exc i tement ,  abdominal  

d iscomfor t ,  or  worsening/aggravat ion of  const ipat ion. An overdose of codeine may 

cause death f rom respi ratory depression and cardiovascular  col lapse.  Caut ion 

should be used in recommending th is  product for pat ients  wi th  pulmonary d isease or  

shortness of breath. 

c .  Fi rst  generat ion ant ihis tamines are one of  the few agents  used for  cough 

suppression that  have demonstrated ef f icacy.  For  th is  reason,  many cough 

formulat ions now conta in a f i rs t  generat ion ant ih is tamine. 

(1)  As wi th  dext romethorphan and codeine,  f i rs t  generat ion ant ih is tamines exhib i t  an 

ant i tussive effec t  by act ing centra l ly in the medul la  to  suppress the cough threshold. 

(2)  Fi rs t  generat ion ant ihis tamines are not recommended in ch i ldren < 6 years of 

age as an ant i tuss ive. 

(3)  Adverse ef fects  inc lude somnolence;  sedat ion;  and ant ichol inerg ic  e ffec ts,  such 

as dry mouth,  blurred vis ion, d i f f icul ty in  ur inat ion,  and const ipat ion. 

d.  Camphor and menthol  are the only FDA-approved top ica l  ant i tuss ives. 



(1)  Topical  oin tments conta in ing 4.7%-5.3% camphor or  2 .6%-2.8% menthol  are FDA 

approved for  al levia t ion of  cough.  L ikewise,  steam inhalants conta ining 6.2% 

camphor or 3 .2% menthol  are approved for  use in s team vaporizers. 

(2)  Menthol  or camphor o in tment  may be appl ied as a th ick  layer rubbed in to  the 

throat  and chest.  A warm, dry c lo th may be used to  cover the area. Appl icat ion may 

be repeated up to three t imes dai ly or  as d i rected by supervis ing physic ian. 

(3)  A menthol  and camphor patch may be appl ied to  the throat or  chest of  pat ients > 

2 years  of age.  I f  the pat ient has sensi t ive sk in,  the patch may be appl ied to  

c loth ing covering the throat  or  chest ,  but  the patch may not  adhere to  some types of  

po lyester c lo th ing.  Cloth ing should be lef t  loose so that  vapors reach the nose and 

mouth.  The patch should be removed and a new patch appl ied,  i f  needed, up to  

three t imes dai ly.  

(4)  Menthol  or camphor s team inhalants  may be added di rec t ly to  the water  (1  

tab lespoon per  1  quar t  of  water)  in  a  hot steam vaporizer ,  bowl ,  or  bas in .  Vapors  

should be breathed in.  Th is process may be repeated up to  three t imes dai ly or  as  

d i rec ted by supervis ing provider .  

(5)  In 2002, the FDA ru led that  al l  top ica l  or  inhalant  products  containing camphor 

or  menthol  must warn pat ients  that  the i r  use near a  f lame,  in  hot water ,  or in  a  

microwave oven may cause the products to spla tter  and cause ser ious burns to  the 

user.  

(6)  Menthol  (5-10 mg) is  a lso ef fec t ive as an ant i tuss ive avai lab le  in  ora l  lozenges 

or  compressed tablets .  Menthol  s t imulates cold  sensory receptors,  produc ing a 

sensat ion of  coolness and a loca l  anesthet ic  e ffec t  on the respi ra tory passageways,  

thus engendering a sooth ing,  ant i tussive effec t .  

5.  Intranasal normal  sal ine,  ava i lab le in drops and sprays,  may be used to  mois ten 

nasal  membranes and ass is t  in  the removal  o f  encrusted secret ions. 

a.  Typ ical  use of most int ranasal  normal sal ine products  is  2-3 sprays in  each 

nostr i l  as  needed. 
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b.  Some products may be used as a spray when held upr ight ,  or  as  drops when held 

upside down. 

c .  In t ranasal  normal  sal ine may be recommended for  use in  al l  pat ients , inc luding 

in fants  and pregnant  women,  un less di rec ted otherwise by a phys ic ian. 

6.  Local anesthetics  in  the form of lozenges and sprays may be usefu l  in the 

a l levia t ion of  a  sore throat .  Mouthwashes have been recommended for  use in the 

past ;  however,  owing to  local ized act ion in  the ora l  cavi ty,  the pharyngeal wal l  may 

not  be af fec ted by these products . 

a.  Because a sore throat is  the in i t ia l  symptom of many other  i l lnesses, care should 

be taken to  recommend products  for  sore throat  a l levia t ion only to  pat ients  who 

have concurrent symptoms of  the common co ld.  I f  the throat  is  red and inf lamed,  

unusual ly pa inful ,  or  has pers is ted for  several  days,  the pat ient  should be referred 

to  a pr imary-care provider  for further evaluat ion. 



b.  Throat sprays containing phenol  (Chlorasept ic ) are  approved down to age 2 and 

those contain ing benzocaine (Cepacol ) are approved down to age 3. 

c .  Throat  lozenges,  approved for  pat ients  older  than 2 years ,  may be used every 2 

hr .  Counsel caregivers that  lozenges are potent ia l  chok ing hazards in  young 

ch i ldren. 

7.  Analgesics  are occasional ly indicated in  the treatment  o f common co ld symptoms 

when sore throat ,  myalgia ,  and/or  headache exis t .  Aspi r in ,  acetaminophen,  

ibuprofen,  or  naproxen sodium may be recommended, wi th  cons iderat ion g iven to  

pat ient a l lerg ies , concurrent  medicat ions and d isease s tates,  and age. 

8.  Combination products  

a.  Numerous products  are avai lab le that  conta in  var ious combinat ions of  

ant ih is tamines,  decongestants,  analges ics,  expectorants ,  and ant i tuss ives.  Certa in  

product name des ignat ions he lp ident i fy the ingredients. 

(1)  Night t ime  and P.M.  usual ly s ign i fy that the product  contains diphenhydramine,  

ch lorpheni ramine,  or  doxylamine. 

(2)  Sinus  usual ly s ign i f ies  a decongestant  (e .g. ,  pseudoephedrine,  phenylephr ine)  

and/or  an analges ic  (e .g. ,  acetaminophen). 

(3)  Cough  usual ly s ign i f ies  that the product conta ins  dext romethorphan,  but  some 

a lso conta in  guaifenesin in  combinat ion wi th  dext romethorphan. 

(4)  Nondrowsy,  A.M. ,  and dayt ime  usual ly indicate that  the product  conta ins  a 

decongestant  (e.g. ,  pseudoephedr ine,  phenylephrine) and typ ical ly does not  conta in  

an ant ih is tamine. 

(5)  Allergy  s igni f ies  that  the product  conta ins  an ant ih is tamine. 

(6)  Cold  and f lu  ind icate that  the product  may conta in any combinat ion of  

ingredients ,  inc lud ing a decongestant ,  ant ih is tamine,  cough suppressant,  and/or 

ant ipyret ic .  

b.  Combinat ion products may be usefu l  for s impl ic i ty of  dosing and adherence i f  

pat ients  are exper ienc ing a varie ty o f  symptoms that  can be al levia ted by one 

product.  For  example,  i f  a  pat ient  has a dry,  hacking, nonproduct ive cough,  

headache, and nasal  congest ion,  he or  she may benef i t  f rom a combinat ion product  

o f  dext romethorphan,  acetaminophen, and pseudoephedrine.  However,  i t  would be a 

shotgun approach to  recommend a product  contain ing an ant ih is tamine and 

expectorant  in  combinat ion wi th  o ther  ingredients for  th is  pat ient.  

c .  Disadvantages to  combinat ion products  occur when previously t reated symptoms 

resolve,  but the pat ient  cont inues to  treat  o ther  symptoms wi th  the same product.  

Th is  adds unnecessary medicat ion(s)  to  the reg imen,  increas ing the r isk  of  adverse 

events .  Combinat ion products  can also be di f f icu l t  to  recommend when se lect ing the 

appropr ia te product  for  pat ients  wi th  coexis t ing medical  condi t ions. 

9.  Complementary therapy  

a.  Zinc gluconate 's  e ffects  on the durat ion or  sever i ty of  the common cold have 

been studied.  Resul ts have been mixed,  lending to  what  remains a controvers ial  

subject .  

(1)  Current l i terature descr ibes severa l  poss ible  mechanisms by which z inc  may 

exer t  i ts  e f fec t,  but  such means remain unc lear .  



(2)  Despite  i ts  controvers ial  use,  a  number of z inc  products  have been formulated,  

includ ing tab le ts ,  capsules,  chewing gums,  lozenges,  nasal  ge ls ,  nasal sprays,  and 

nasal  swabs. 
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(3)  In studies showing the ef f icacy of  z inc , formulat ions were begun wi th in 24-48 hr  

o f  the onset  o f  symptoms.  Lozenges are recommended every 2 hr for the durat ion of 

the cold ,  and the nasal  spray is  recommended four  t imes dai ly.  

(4)  S ide ef fec ts  reported wi th  products conta ining zinc  inc lude nausea,  GI upset ,  

and unpleasant  tas te. 

b.  Vitamin C.  Only a  smal l  number of studies have demonstrated the ab i l i ty  o f  

v i tamin C (dose > 1 g per  day)  to  reduce the f requency or  severi ty o f the common 

co ld.  The c l in ica l  s ign i f icance of  the resul ts  of  these s tudies remains quest ionable. 

c .  Echinacea has been used as a popular  remedy for  the common co ld s ince the la te  

1800s. Unfor tunate ly,  current  l i terature does not  g ive def in i t ive support ive evidence 

for  the ef f icacy of Echinacea in  the prevent ion and/or t reatment  o f the common cold. 

(1)  Obstac les in  s tudying echinacea l ie in  the fac t that three d i f ferent  species of  

Echinacea  exis t ,  each with  a d i f ferent  phytochemical  composi t ion.  The composit ion 

may fur ther  be al tered, depending on the part  o f  the plant  used and the t ime of  year 

the p lant  is  harvested. 

(2)  Current l i terature suggests  that  for  echinacea to  reta in  an immunost imulant  

e f fec t ,  i t  should not  be taken for  longer than 2-3 weeks at  a t ime. 

G.  Exc lus ions to se l f - t reatment  o f  the common co ld 

1.  Fever  > 101.5°F 

2.  Chest pain 

3.  Shor tness of  breath 

4.  Worsening of  symptoms or  development  o f addi t ional  symptoms 

5.  Concurrent  underly ing chronic  card iopulmonary d iseases 

6.  AIDS or  chronic  immunosuppressant  therapy 

7.  Fra i l  pat ients  o f advanced age 

III. ALLERGIC RHINITIS 
A. Introduction.  Rhin i t is  is  an inf lammation of  nasal membranes,  character ized by 

the four card inal  symptoms: nasal  congest ion, rhinorrhea,  sneezing,  and nasal  

i tch ing. 

1.  Between 20 and 40 mi l l ion people in  the Uni ted States are affec ted by a l lerg ic  

rh ini t is :  10-30% of  the adul t  populat ion and 40% of  ch i ldren.  Al lerg ic  rh in i t is  

typ ica l ly develops before age 20,  but  i ts f requency increases wi th  age unt i l  

adul thood. 

2.  Treatment  expendi tures for  a l lergic  rh in i t is  and loss of product iv i ty owing to  

absence from work  or  school  are repor ted to  be sl ight ly over $5 b i l l ion. 

3.  Risk fac tors  for  a l lergic  rhini t is  include the fo l lowing: 

a.  Fami ly his tory of a topy 

b.  Higher soc ioeconomic c lass 



c.  Exposure to  indoor a l lergens (animals  and dust  mi tes) 

d.  Pos i t ive al lergy sk in  pr ick  tes t 

4.  A l lerg ic  rhini t is  may be classi f ied as seasonal ,  perennia l ,  ep isodic,  or 

occupat ional .  Seasonal  and perennial ,  or a  combinat ion of the two,  are the most 

f requent c lassi f icat ions. 

a.  Seasonal  al lerg ic  rh in i t is .  Symptoms may occur wi th  repet i t ive and predic tab le 

seasonal symptoms. 

b.  Perennial  al lerg ic  rh ini t is .  Symptoms persis t  throughout  the year wi thout  regard 

to  changes in  seasons. 

c .  Combinat ion seasonal and perennial  al lerg ic  rh in i t is .  Symptoms persist  

throughout  the year  wi th seasonal exacerbat ions. 

B. Et iology.  There are f ive main tr iggers  for  al lerg ic rhin i t is :  po l lens,  molds,  dust  

mi tes , animal  a l lergens,  and insect  a l lergens.  These a l lergens tr igger  an 

immunoglobul in  E (IgE) mediated immunologica l  react ion. 
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1.  Seasonal  al lerg ic  rh in i t is  is  typ ical ly caused by po l lens and molds. 

2.  Perennial  al lerg ic  rh ini t is  is  typica l ly caused by dust mi tes ,  molds,  and animal  

a l lergens. 

C. Pathogenesis.  Pat ients  become sens i t ized to  a l lergens;  on subsequent  

exposure, the al lergens tr igger  a genet ica l ly predetermined immune response that  

resul ts  in  the symptoms of  al lerg ic  rh ini t is .  A l lergic  rh in i t is  may then be 

character ized by early-  or  la te-phase responses. 

1.  Early-phase response 

a.  Reexposure to  the a l lergen t r iggers mast ce l ls and eos inophi ls  to  generate 

in f lammatory mediators (e .g. ,  PGD2  and leukotr ienes) and release preformed 

mediators (e .g. ,  h is tamine,  t ryptase,  chymase,  and kin inogenase).  

b.  Generat ion and re lease of  the inf lammatory mediators resul ts in increased 

vascular permeabi l i ty ,  mucosal  edema, and watery rh inorrhea.  Di lated b lood vessels 

cause sinusoidal  f i l l ing and the subsequent  nasal congest ion. 

c .  Sensory nerves are s t imulated,  engender ing a sensat ion of  nasal  i tch,  and thus 

sneezing. 

2.  Late-phase response 

(a)  Mast-ce l l -derived mediators lead to  a migrat ion and act ivat ion of  eos inophi ls ,  

neutrophi ls ,  and basophi ls ,  T lymphocytes, and macrophages wi th in  the nasal  

mucosa. 

b.  During the 4-8 hr a f ter  a l lergen exposure,  these ce l ls  become act ivated and 

re lease in f lammatory mediators,  providing reoccurrence of  in i t ia l  symptoms,  wi th  the 

predominant  symptom of congest ion. 

D. Signs and symptoms.  The four  c lass ic  symptoms of a l lerg ic  rhini t is  inc lude 

rh inorrhea,  nasal  congest ion,  sneezing,  and nasal  prur i tus . Nasal prur i tus is  

typ ica l ly not  a  symptom of  the common cold.  Because ch i ldren of ten cannot  

verbal ize the symptoms of  al lerg ic  rh ini t is ,  i t  is  important  to  recognize the s igns. 

1.  Repercussions of  nasal  prur i tus  include the fol lowing: 



a.  Goth ic  arch, a  s teady upward movement  o f  the upper  l ip and teeth which may 

resul t  in  an overbi te ,  as  a resul t  of  the “al lergic  sa lu te, ”  character ized by the 

constant  upward rubbing of  the nose wi th  the palm of the hand. 

b.  A l lergic crease: a  v is ib le  t ransverse l ine appear ing between the t ip and the 

br idge of  the nose,  caused by constant rubbing. 

2.  Ophthalmic condi t ions present  in  the indiv idual wi th  a l lergic rhin i t is  include 

a l lerg ic  shiners , a  darkening of the lower eyel id  a t t r ibutable to  chronic  nasal  

obst ruct ion, and Morgan l ines (a lso known as the Dennie s ign) ,  which are seen as 

p leats under the eyes,  running paral le l  to  the lower eyel id  marg ins. 

3.  Ind iv iduals wi th  al lergic  rh in i t is  may a lso exper ience fa t igue,  i r r i tabi l i ty ,  and 

mala ise. Owing to these symptoms,  a l lergic rhin i t is  may be a contr ibut ing fac tor  to  

poor  schoolwork  in  chi ldren af f l ic ted by this condi t ion. 

E. Treatment.  The pr imary goal in the t reatment  o f  al lerg ic  rh ini t is  is  to  control  the 

symptoms wi thout  a l ter ing the pat ient 's  ab i l i ty  to funct ion.  Treatment opt ions inc lude 

envi ronmenta l  control ,  nonprescr ip t ion pharmacologic  t reatment,  and prescr ipt ion 

t reatment .  Th is  sect ion focuses on envi ronmenta l  control  and nonprescr ipt ion 

t reatment  (Tables 32-3 and 32-4).  

1.  The best  t reatment  remains avoidance of  the a l lergen(s) ,  once determined,  

though th is  is  somet imes impract ical .  Envi ronmenta l  controls d i rected toward 

par t icular a l lergens can be the f i rs t  in i t iat ive toward resolut ion of  symptoms. 

2.  Ant ihistamines,  both f i rs t  and second generat ion,  are the mainstay of  t reatment  

for  al lerg ic  rh in i t is .  

a.  Fi rs t-generat ion ant ih is tamines are l imi ted in  cont inuous t reatment  o f al lergic 

rh ini t is  owing to the i r  f requent  dosing and re lated sedat ion.  These agents remain 

the least  expensive t reatment  opt ion at  th is  t ime;  however,  this  aspect  must  be 

weighed against  the abi l i ty  to  remain a ler t  for  work  and school  ac t iv i t ies. 

(1)  Owing to the i r  l ipophi l ic i ty,  f i rst -generat ion ant ih is tamines eas i ly c ross the 

b lood-bra in  barr ier ,  causing s igni f icant  sedat ion. Though pat ients may not not ice 

sedat ion, s tudies have clear ly demonstrated a reduct ion in  in tel lec tual  and motor 

funct ion in  pat ients  tak ing f i rs t -generat ion ant ih istamines. 
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Table 32-3. Environmental Control Measures for Indoor and Outdoor Allergens 



Allergen Environmental Control Measure 
 Indoor 

Dust Mites Encase bedding or wash at least weekly in hot (130°F) 
water 

 Remove carpets (especially in bedrooms) 

 Remove upholstered furniture 

 
Remove stuffed animals from home that cannot be 
laundered 

Animal 
Dander 

Avoid pets with fur if established allergen 

 
Some patients are allergic to long-haired dogs but are not 
affected by shorthaired breeds 

Cockroaches Use of pesticides or professional extermination 

Mold Check houseplants often for mold growth; move outdoors 
if source of problem 

 Use of HEPA filter 

 Lower household humidity 

 Vent food preparation areas and bathrooms 

 Repair damp basements and crawl spaces 

 Apply fungicide to obvious molded areas 

 Outdoor 

Pollen Avoid outdoor activities when pollen counts are high 



 Close house and car windows 

 HEPA filters 

HEPA, high-efficiency particulate air. 
 

(2)  Chi ldren and the elder ly are most  suscept ible  to  the adverse ef fec ts  of 

ant ih is tamines;  thus they are at  increased r isk  of  exper ienc ing nightmares,  anxie ty,  

res t lessness, unusual exc i tement ,  or  i r r i tabi l i ty .  

b.  Second-generat ion ant ih is tamines are advantageous because of  thei r  preferent ia l  

per iphera l  H1 - receptor b ind ing.  Th is  a l lows for min imal  CNS ef fects ,  min imal 

sedat ive ef fects ,  and min imal  ant ichol inergic  act iv i ty.  

3.  Ora l  decongestants  are ef fect ive in  re l ieving symptoms of  nasal  congest ion but  

have no ef fec t  on other  symptoms of  al lerg ic  rh in i t is ,  such as rhinorrhea, pruri tus ,  or 

sneezing. 

a.  Because t reatment  of  a l lerg ic  rh in i t is  is  for extended per iods of  t ime,  ora l  

decongestants  should be used for  nasal  congest ion rather  than topica l  

decongestants  owing to  the potent ia l  for  rh in i t is  medicamentosa. 

b.  The combinat ion of a  decongestant  and an ant ih is tamine has proven to be an 

opt imal  t reatment  reg imen for a l lerg ic  rhini t is .  

c .  Considerat ion must be taken in to  account  when recommending products 

conta in ing pseudoephedr ine to  adolescents  and adul ts part ic ipat ing in spor ts 

programs,  because of  the “doping”  e f fec t o f  these agents . 

4.  Ocular ant ihistamines may be used for the t reatment  of  ophthalmic  condi t ions 

associated wi th a l lerg ic  rh ini t is ,  though the i r  use has been c lass i f ied by the FDA as 

less than effec t ive owing to  a lack of  data demonstrat ing c l in ical  e f fec t iveness. 

a.  Current ly there are three ocular  ant ihis tamines avai lable  on the market :  

pheni ramine, antazol ine, and ketot i fen.  Pheni ramine and antazol ine are on ly 

avai lab le  in  combinat ion wi th  naphazol ine (a decongestant) .  Ketot i fen (Zadi tor)  

became avai lab le  as a nonprescr ip t ion product  in 2007 and is the on ly avai lab le  

ocular  ant ihis tamine that does not  contain  a decongestant .  

b.  Avoid the use of  ocu lar  ant ihis tamines in  g laucoma, as pupi l  d i la t ion may cause 

angle-c losure glaucoma. 

c .  Side ef fects  may inc lude burning,  st ing ing,  i tching, fore ign body sensat ion,  dry 

eye,  l id  edema, and pupi l  d i la t ion. 

5.  Cromolyn sodium (e.g. ,  Nasalcrom) is best  used as a prevent ive measure for the 

symptoms of  al lerg ic  rh in i t is  but may a lso be used as t reatment  for  al l  symptoms 



except  nasal  congest ion. However,  maximum benef i t ,  when used as treatment ,  wi l l  

not  be seen for  1-2 weeks.  When used for prevent ion,  cromolyn sodium should be 

in i t ia ted approximate ly 1 week before al lergen contact .  
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Table 32-4. OTC Treatment of Allergic Rhinitis 

Agent Product(s) Dosing 
Avoid Use In 
… 

Comments/Counse
ling Points 

Nonsedating (second-generation) antihistamine 

Loratadine Claritin 
Alavert 
Tavist 
ND 
Triamini
c 
AllerChe
ws 

2-6 
year
s: 5 
mg 
q24h 
6+ 
year
s: 10 
mg 
q24h 

 

No 
anticholinergic 
activity 
Penetrates 
poorly into 
CNS; free of 
sedating 
effects at usual 
doses 
Liver/kidney 
disease may 
need lower 
dosage 

Cetirizine Zyrtec 2-5 
year
s: 
2.5-
5 mg 
qd 
5+ 
year
s: 5-
10 
mg 
qd  

No 
anticholinergic 
activity 
May cause 
CNS 
depression 
Liver/kidney 
disease may 
need lower 
dosage 

Sedating (first-generation) antihistamines 

Chlorpheniramin
e 

Chlor-
Trimeton

2-6 
year

Narrow-
angle 

Largest side 
effect is 



, Actifed s: 
1mg 
q4-
6h 
6-12 
year
s: 2 
mg 
q4-
6h 
12+ 
year
s: 4 
mg 
q4-
6h 

glaucoma 
MAOI 
use 
Prostatic 
hypertrop
hy 
Use 
caution 
in 
emphyse
ma and 
chronic 
bronchiti
s 

drowsiness, 
followed by 
typical 
anticholinergic 
side effects 
Phenindamine 
may cause 
nervousness 
and insomnia 
Children and 
elderly may 
experience 
paradoxical 
stimulation 
Older adults 
are likely to 
have CNS 
depressive side 
effects, 
including 
confusion and 
hypotension 
Photosensitizin
g: Advise 
patients to 
wear sunscreen 
and protective 
clothing 
Chlorpheniram
ine is least 
sedating and is 
antihistamine 
of choice 
during 
pregnancy 

Diphenhydramin
e 

Benadryl 2-6 
year
s: 
12.5
-25 
mg 
q4-
6h 
12+ 
year

  



s: 
25-
50 
mg 
q4-
6h 

Brompheniramin
e 

Dimetap
p 

6-12 
year
s: 2 
mg 
q4-
6h 
12+ 
year
s: 4 
mg 
q4-
6h 

  

Phenindamine Nolahist 6-12 
year
s: 
12.5 
mg 
q4-
6h 
12+ 
year
s: 
25m
g 
q4-
6h 

  

Dexbromphenira
mine 

Drixoral 6-12 
year
s: 1 
mg 
q4-
6h 
12+ 
year
s: 2   



mg 
q4-
6h 

Ocular antihistamines (in combination with naphazoline) 

Pheniramine Naphcon 
A 
Opcon-A 
Visine-A 

1-2 
gtt 
TID-
QID 

Narrow-
angle 
glaucoma
: pupil 
dilation 
can cause 
angle-
closure 
glaucoma 

Side effects: 
burning, 
stinging, 
itching, 
foreign body 
sensation, dry 
eye, lid edema, 
and pupil 
dilation 

Antazoline Vasocon 
A 

1-2 
gtt 
TID-
QID   

Ocular Antihistamines 

Ketotifen Zaditor 1-2 
gtts 
BID 

Narrow-
angle 
glaucoma
: pupil 
dilation 
can cause 
angle-
closure 
glaucoma 

Side effects: 
burning, 
stinging, 
itching, 
foreign body 
sensation, dry 
eye, lid edema, 
and pupil 
dilation 

Mast cell stabilizer 

Cromolyn 
sodium 

Nasalcro
m 

6+ 
year
s: 1 
spra
y in 
each 
nostr
il 3-
6 
time
s  

Most 
efficacious if 
started before 
seasonal 
symptoms 
May take 3-7 
days for initial 
response and 
2-4 weeks for 
maximal 
response 



daily Side effects: 
sneezing, nasal 
stinging, 
burning 
Drug of choice 
in pregnancy 
for sneezing 
and rhinorrhea 

CNS, central nervous system; MAOI, monoamine oxidase inhibitor. 
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a.  Cromolyn sodium has a shor t  durat ion of  ac t ion and,  therefore,  must  be dosed 

three to four  t imes dai ly.  Th is  f requency in  dos ing may resul t  in  dimin ished 

adherence. 

b.  Cromolyn sodium is  approved for use in  pat ients  2  years  of  age and older  and 

should be dosed as one spray in  each nostr i l  three to  four  t imes dai ly.  I t  should not  

be used more than s ix t imes dai ly.  A provider should be consulted i f  symptoms 

worsen or no improvement  is  seen wi th in  2 weeks. 

c .  Adverse effec ts may inc lude a br ie f  s t ing ing or sneezing di rec t ly a f ter  

adminis t ra t ion. 

d.  Cromolyn sodium is  considered a preferred in i t ia l  drug of  choice dur ing 

pregnancy for rhinorrhea and sneezing. 

F.  Exclusions to self - treatment of  a llergic rhini t is  

1.  Symptoms of  o t i t is  media or  s inusi t is  

2.  Symptoms that  suggest  lower-respi ra tory trac t problems 

3.  His tory of  nonal lergic rh ini t is  
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STUDY QUESTIONS 
Direct ions:  Each of  the quest ions,  s tatements , or  incomplete sta tements  can be 

correct ly answered or  completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

1.  Which statement concerning the use of  over-the-counter (OTC )  analgesic 

agents is  true? 

(A)  Aspi r in  is  indicated for  mi ld  to moderate analgesia, inf lammatory d iseases,  

ant ipyresis,  and prophylaxis  for  pat ients  wi th ischemic hear t  d isease. 



(B)  Ibuprofen is  ind icated for mi ld to  moderate analgesia,  reduct ion of  fever ,  and 

prophylaxis  for pat ients  wi th  ischemic  hear t  disease but  not  for  in f lammatory 

d isorders. 

(C)  Acetaminophen is ind icated for  mi ld  to  moderate  analges ia but  not for reduct ion 

of  fever  and ar thr i t is .  

(D)  Naproxen sodium is  ind icated for  mi ld  to  moderate analges ia,  ant ipyres is ,  and 

prophylaxis  for pat ients  wi th  ischemic  hear t  disease. 

View Answer1.  The answer is  A[see] .2.  Which statement concerning drug 

interact ions with over-the-counter (OTC )  analgesic agents is  true? 

(A)  Aspi r in  potent ia tes the ef fec ts  o f ant ihyper tens ives,  card iac  g lycosides,  and 

ant icoagulants. 

(B)  Ibuprofen potent iates the ef fect  o f z idovudine, hypoglycemics,  and 

aminoglycos ides. 

(C)  Acetaminophen potent iates the ef fec t  o f  z idovudine. 

(D)  For  naproxen sodium, the OTC dosage recommendat ions are s imi lar to  the 

prescrip t ion dosage. 

View Answer2.  The answer is  C[see] .3.  Al l  of the following statements 

concerning contraindicat ions with chronic  use of  over-the-counter (OTC )  

analgesic agents are correct  except  which one? 

(A)  Aspi r in ,  ibuprofen,  naproxen sodium, and ketoprofen are contra ind icated in  

pat ients  wi th  b leeding d isorders,  pept ic u lcer,  and the thi rd t r imester  o f pregnancy.  

(B)  Aspi r in ,  acetaminophen,  and ibuprofen are impl icated in  Reye syndrome. 

(C)  Acetaminophen is contraindicated in  pat ients  wi th  act ive alcohol ism,  hepat ic 

d isease, or  v i ra l  hepat i t is .  

V iew Answer3.  The answer is  B[see] .4.  Which statement concerning 

dosage recommendations for over-the-counter (OTC )  analgesic agents is  true? 

(A)  Aspi r in  for  analges ia or  ant ipyresis in adul ts  is  325-650 mg every 4 hr or  650-

1000 mg every 6 hr,  wi th a  maximum dai ly dose of  4000 mg for  no longer than 10 

days for  pa in  or 3  days for  fever wi thout  consult ing a physic ian;  the ant i rheumatic 

dosage for adul ts  is  3600-4500 mg dai ly in  div ided doses; and pat ients  wi th  

ischemic  heart  disease should take 325 mg dai ly or  every other day. 

(B)  Ibuprofen for analges ia or  ant ipyres is  in  adults  is  300-600 mg every 6-8 hr ,  wi th  

a  maximum dai ly dose of 1800 mg for  no longer than 10 days for  pain  or  3  days for 

fever  wi thout  consul t ing a phys ic ian;  the ant i - in f lammatory dosage for  adul ts  is  

1800-3600 mg dai ly in  div ided doses. 

(C)  Acetaminophen for  analgesia or  ant ipyres is  in  adul ts  is  325 mg every 8-12 hr ,  

wi th  a  maximum dai ly dose of  2000 mg for  no longer than 10 days for  pa in  and 3 

days for  fever  wi thout  consul t ing a phys ic ian; pat ients  wi th  ischemic  heart  d isease 

take 325 mg dai ly or  every other day. 

View Answer4.  The answer is  A[see] .5.  Which of  the fol lowing is  an 

inhaler ingredient deemed safe and effective as a nasal  decongestant? 

(A)  oxymetazol ine 

(B)  phenylephrine 

(C) levmetamfetamine 

(D) ephedrine 



View Answer5.  The answer is  C[see I I .F.1.a. (2)] .6.  Al ice is  27 years old 

and in the f i rst  tr imester of  her pregnancy.  She needs a recommendation for 

sneezing,  rhinorrhea,  and nasal i tching,  which started 2 days ago.  She feels 

miserable with her symptoms, which worsen when she cleans the house.  Her 

current medicat ions include calcium carbonate and docusate sodium. Which of  

the fol lowing would be the best  recommendation for Al ice's symptoms? 

(A)  chlorpheni ramine 

(B)  pseudoephedr ine 

(C) Breathe Right  Nasal  St r ips 

(D)  in tranasal  c romolyn 

View Answer6.  The answer is  A[see] .P.681 

 

 

7.  John is  a 48 year old male interstate truck driver w ith a chief  complaint  of  a 

dry,  hacking cough.  He states the cough started yesterday,  but he has not had 

any fever,  chi l ls ,  sore throat,  or congestion.  His only medical condition is 

hypertension, which is controlled with hydrochlorothiazide (HCTZ). What would 

be the best  recommendation for John's cough? 

(A)  dext romethorphan 

(B)  codeine 

(C) d iphenhydramine 

(D) guai fenes in 

View Answer7.  The answer is  A[seeand] .8.  The appropriate dose of  

pseudoephedrine for a  3-year-old child is 

(A)  2 .5 mg q4-6h. 

(B)  5  mg q4-6h. 

(C)  15 mg q4-6h. 

(D)  30 mg q4-6h. 

View Answer8.  The answer is  C[see I I .F.1.b. (1). (a)] .For questions 9-10:  

JB,  a 42-year-old whi te  male,  compla ins of  a  scratchy throat ,  nasal  congest ion,  and 

a cough that  s tar ted 2 days ago.  W hen he coughs,  he br ings up yel low-whi te 

ph legm. He has hypertens ion and dys l ip idemia. 

9.  Which of  the fol lowing would be the best  recommendation for JB's cough? 

(A)  codeine 

(B)  dext romethorphan 

(C) d iphenhydramine 

(D) guai fenes in 

View Answer9.  The answer is  D[see] .10.  Which of  the following would be 

the most  appropriate over-the-counter (OTC )  product for JB's nasal  

congestion? 

(A)  pseudoephedr ine 

(B)  phenylephrine 

(C) oxymetazol ine 

(D) levmetamfetamine 



View Answer10. The answer is  D[seeand] .11. SO, a 22-year-old female,  

asks for a  recommendation for sneezing,  watery and i tchy eyes,  and a runny 

nose.  She has no significant medical  history.  She is  in the midst of  f inal  exams 

and must remain alert.  What would be the best  recommendation for SO? 

(A)  Alavert  

(B)  Benadryl  

(C)  Dimetapp 

(D) Dr ixora l  

View Answer11. The answer is  A[seeand] .P.682 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  A  [see  I .B ] .  

Aspir in is  the on ly analges ic  agent  wi th  an approved label ing for  analges ia,  

ant ipyresis,  in f lammat ion,  and prophylaxis  for ischemic hear t  d isease. 

2.  The answer is  C  [see  I .C ] .  

Acetaminophen may compet i t ive ly inhibi t  the metabol ism of  z idovudine,  resul t ing in  

potent ia t ion of  z idovudine or  acetaminophen toxic i ty.  As for  the other  choices,  OTC 

dosage levels are genera l ly one hal f  the prescript ion dosage; aspi r in  is not  

commonly recognized to  in teract  wi th  ant ihypertens ives or  cardiac  glycos ides;  nor  is  

acetaminophen expected to  in teract  wi th  aminoglycosides. 

3.  The answer is  B  [see  I .B.4.b ] .  

Aspir in is  the on ly analges ic  agent  assoc iated wi th  the development  o f Reye 

syndrome. 

4.  The answer is  A  [see  I .B.3;  I .C.3;  I .D.3 ] .  

The aspi r in  dosage OTC recommendations are correct;  the leve ls  for  acetaminophen 

are too low,  and for  ibuprofen,  too h igh.  In  addi t ion,  acetaminophen does not  carry 

an ischemic  heart  disease prophylaxis  recommendat ion. 

5.  The answer is  C  [see I I .F.1.a. (2)] .  

Levmetamfetamine is  an inhaler ingredient  that  has been deemed by the FDA as 

safe and ef fec t ive as a nasal  decongestant .  I t  is  current ly found in  Vicks Vapor 

Inhaler .  Oxymetazol ine,  ephedr ine, and phenylephr ine are top ical  nasal  

decongestants  found in  pumps and drops,  but  not  in inhalers . 

6.  The answer is  A  [see  I I .F .2 .b. (2);  I I I .E.5.d ] .  

Rhinorrhea,  sneezing,  and nasal  i tch ing are symptoms of  a l lergic rh in i t is ,  

d i f ferent ia ted f rom the common co ld by the nasal i tch ing. Pseudoephedr ine and 

Breathe Right Nasal St r ips  are indicated for  nasal  congest ion,  which she does not  

have.  Both chlorpheni ramine and in t ranasal  c romolyn sodium are recommended 

t reatments for the rel ie f  o f  sneezing and rhinorrhea in  pregnancy.  However,  th is  

pat ient needs rel ie f  f rom symptoms now. Cromolyn sodium may be used for  

t reatment ,  but wi l l  take 1-2 weeks for not iceable symptom improvement .  

Chlorpheni ramine wi l l  produce symptom improvement  wi th in  hours . 

7.  The answer is  A  [see  I I .F .3  and  4 ] .  



The compla in t  is  a  dry,  hack ing cough,  warrant ing the use of  an ant i tussive ra ther  

than an expectorant  (e.g. ,  guai fenesin) .  Dextromethorphan,  d iphenhydramine,  and 

codeine are a l l  ant i tuss ives used for rel ief  o f  a  dry,  hack ing cough.  However,  the 

pat ient in quest ion is  an in ters tate t ruck dr iver  and codeine and diphenhydramine 

wi l l  both cause sedat ion. In  addi t ion, codeine may be a l imited opt ion due to  i ts 

res t r icted sa le in some states and the potent ial  for  al lerg ic  react ions.  

Dextromethorphan has min imal  adverse effec ts when used at  recommended doses 

and may provide some re l ie f .  I t  is  a lso prudent to  advise this  pat ient  that symptoms 

of  the common cold wi l l  resolve in  t ime wi thout  t reatment .  

8.  The answer is  C  [see I I .F.1.b. (1). (a) ] .  

Pseudoephedr ine should be dosed as 15 mg every 4-6 hr up to  a  maximum of 60 mg 

in  24 hr for pat ients  2-5 years  of  age. Pat ients aged 6-12 years  may be safe ly 

recommended 30 mg every 4-6 hr,  wi th  a  maximum recommended dose of 120 mg in  

24 hr.  Pseudoephedr ine is  not  recommended for  ch i ld ren < 2 years of  age,  unless 

under medica l  advice. 

9.  The answer is  D  [see  I I .F .3 ] .  

The pat ient  is  exper ienc ing a product ive cough,  as  noted by the yel low-whi te  

ph legm. An expectorant  is  the best  agent  for  rel ief  o f  a  product ive cough. The only 

avai lab le  expectorant  is  guai fenesin, which works to loosen sputum and to  thin  

bronchia l  secret ions by i r r i ta t ing the gast r ic  mucosa and st imulates secret ions of  

the respi ra tory t ract .  

10.  The answer is  D  [see  I I .F .1 .a and  b ] .  

Pseudoephedr ine is an ora l  decongestant ,  whereas phenylephr ine can be found as 

an act ive ingredient  in  ora l  and topica l  products for  nasal  congest ion. 

Oxymetazol ine and levmetamfetamine are top ical  decongestants.  Pseudoephedr ine, 

phenylephr ine,  and oxymetazol ine should be used caut ious ly in  the pat ient wi th  

hyper tension or  d iabetes,  despi te  adequate contro l ,  owing to  st imulat ion of  

adrenergic receptors .  Levmetamfetamine lacks a vasopressor e f fect  and, therefore,  

does not  need to carry the warn ing for  pat ients  wi th  card iac  condit ions,  

hyper tension,  or diabetes. 
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11.  The answer is  A  [see  I I .F .2 .b and  c ;  I I I .E.2 ] .  

The act ive ingredient in Alaver t  is  loratad ine, a  second-generat ion ant ih istamine.  

Benadryl ,  Dimetapp,  and Dr ixora l  al l  contain  f i rs t-generat ion ant ihistamines as the 

act ive ingredient .  Though the least  expens ive t reatment  opt ion,  the use of  f i rs t -

generat ion ant ihistamines is  l imi ted owing to s igni f icant  sedat ion.  Studies have 

c lear ly demonstrated a reduct ion in  in te l lec tua l  and motor  funct ion in  pat ients  tak ing 

f i rst -generat ion ant ih is tamines.  Second-generat ion ant ihistamines are advantageous 

because thei r  preference for  per iphera l  H1 - receptor  binding.  Th is  al lows for  minimal  

CNS ef fec ts ,  sedat ive effec ts ,  and ant ichol inergic ac t iv i ty.  

 



33 
OTC Agents for Constipation, Diarrhea, 
Hemorrhoids, and Heartburn 
Laura K.  Wil l i ford Owens 

I. CONSTIPATION 
A. General  information  

1.  Defini t ion.  Const ipat ion is  def ined as a decrease in the f requency of  

feca l  e l iminat ion and is  character ized by the passage of  hard,  dry,  and 

sometimes painfu l  s too ls.  Normal s too l  f requency ranges f rom three t imes 

dai ly to  three t imes per week.  Pat ients may exper ience abdominal  b loat ing,  

headaches,  low back pain,  and/or  a sense of  rec ta l  fu l lness f rom incomplete 

evacuat ion of  feces. 

2.  Epidemiology 

a.  Age.  Const ipat ion is  common in a l l  age groups,  however;  there is  a 

h igher  prevalence in  people > 65 years  of  age. 

b.  Gender.  Women suf fer  f rom const ipat ion more of ten than men. 

3.  Causes.  Const ipat ion can be caused by many fac tors , including the 

fo l lowing: 

a.  Diet  

(1)  Insuf f ic ient d ie tary f iber 

(2)  Inadequate f lu id intake 

b.  Lack of  exercise  

c .  Poor bowel  habits,  such as fai lure to  respond to  the defecatory urge or  

hurr ied bowels ( i .e . ,  incomplete evacuat ion) 

d.  Medicat ions,  such as narcot ic analgesics ,  d iuret ics,  or ant ichol inergics  

(e .g.,  ant idepressants ,  ant ihyper tensives,  ant ih istamines,  phenoth iazines, 

ant ispasmodics).  In addit ion,  nonprescrip t ion medicat ions such as i ron 

supplements ,  ca lc ium- or  a luminum-conta in ing antac ids,  nonprescr ipt ion 

NSAIDs,  and h is tamine-2 receptor  antagonis ts  (H2RAs) ( i .e . ,  ran i t id ine)  may 

contr ibute to const ipat ion. 

e.  Pregnancy is  a  common contr ibutor  to const ipat ion.  The increased s ize 

of  the uterus, hormonal  changes,  intake of  ca lc ium- and i ron-conta ining 

prenatal  v i tamins,  and a reduct ion in  physica l  act iv i ty are a l l  cons idered 

contr ibut ing fac tors . 

f .  Organic problems,  such as in test ina l  obst ruct ion,  tumor,  in f lammatory 

bowel  d isease,  d iver t icu l i t is ,  hypothyro idism, hyperg lycemia, i r r i tab le bowel  

syndrome,  cerebrovascular  disease,  or  Parkinson d isease 

4.  Pract i t ioners should question the pat ient  about the following:  

a.  Normal  stool  f requency 

b.  Durat ion of  the const ipat ion 

c .  Frequency of const ipat ion episodes 

d.  Exerc ise rout ine 

e.  Amount  of  die tary f iber  consumed and f lu id intake 

f .  Presence of  o ther  symptoms 



g.  Current  medicat ions 

h.  Medicat ions used to re l ieve const ipat ion and the i r e f fect iveness 

B. Treatment  

1.  Nonpharmacological  

a.  Increase in take of f lu ids  (a t  least  e ight  8-oz.  servings of  noncaf fe inated 

f lu ids dai ly)  and f iber  (e .g. ,  whole-grain breads and cereals ,  beans,  prunes,  

ra is ins ,  peas, carrots ,  corn) .  

b.  Increase exerc ise to  increase and mainta in bowel  tone. 
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c .  Bowel  t rain ing to  increase regular i ty ( i .e.  al lowing regular  and adequate 

t ime for  defecat ion) .  

2.  Pharmacological .  Therapeut ic  agents  are c lassi f ied accord ing to  the i r  

mechanism of  act ion.  Refer  pat ients  taking prescr ip t ion medicat ions that  

might  cause const ipat ion to  thei r  provider .  Laxat ives should not be taken i f  

symptoms of  appendic i t is  are present ( i .e .  nausea,  vomi t ing, or  abdominal  

pa in) .  

a.  Bulk-forming laxat ives.  These medicat ions are natura l  or  synthet ic  

po lysacchar ide der ivat ives that adsorb water  to  sof ten the s too l  and 

increase bulk ,  which s t imulates per is ta ls is .  Bulk- forming laxat ives work  in  

both the smal l  and the large in test ines. The onset o f  ac t ion of these agents  

is  s low (12-24 hr  and up to  72 hr),  which is  why they are best  used to  

prevent const ipat ion ra ther  than to  treat severe acute const ipat ion. 

(1)  Administrat ion guidel ines.  Al l  bulk-forming agents must be g iven wi th  

at  least  8 oz.  of  water  to min imize the possible  esophagus,  stomach,  smal l  

in tes t ine,  and colon obstruct ion exper ienced by some pat ients .  Some bulk-

forming laxat ives may conta in  sugar,  so pat ients wi th  d iabetes should use 

sugar- f ree products . 

(2)  Adverse effects.  Abdominal  c ramping and f la tu lence are the most 

common adverse ef fec ts  exper ienced by pat ients . 

(3)  Warnings  

(a)  Bulk-forming agents should not  be used i f  pat ients  have an obstruct ing 

bowel  les ion, intes t ina l  st r ictures, or  Crohn 's  disease because they can 

make th is  s i tuat ion worse and poss ib ly resul t  in  bowel  per forat ion. 

(b)  Do not  recommend sugar-f ree bulk-forming agents  to  pat ients  wi th  

phenylketonur ia . 

(c)  Pat ients should be advised not  to  use bulk-forming laxat ives for  more 

than 1 week to t reat  const ipat ion;  however,  they can be used on a long- term 

basis for prevent ion. 

(4)  Natural  bulk-forming laxat ives  

(a)  Psyl l ium  (e .g. ,  Metamuci l ,  Konsyl -D,  F ibera l l ,  Perdiem Fiber  Granules) .  

Adul ts :  3 .5  g (1  rounded teaspoon) in  8  oz.  o f  water  one to  three t imes per 

day;  ch i ldren:  ha l f  the adul t  dosage one to  three t imes per  day 



(b)  Malt  soup extract  (e.g . ,  Mal tsupex) .  Adul ts :  8-16 g (1-2 scoops)  two to  

four  t imes per  day;  ch i ldren:  16 g one to  two t imes per  day 

(5)  Synthetic  bulk-forming laxatives  

(a)  Methylcel lulose  (e .g. ,  Ci t ruce l ).  Adul ts :  1-2 g (1  tab lespoon) one to  

three t imes per  day;  ch i ldren: 0 .5 g one to three t imes per day 

(b)  Polycarbophi l  (e .g .,  Konsyl  F iber ,  F iber  Con, F iberCon Mi t ro lan) .  

Adul ts :  1  g  (2  table ts)  one to  four  t imes per  day;  ch i ldren:  0 .5 g one to 

three t imes per  day.  Calc ium polycarbophi l  may impai r  the absorpt ion of  

te t racyc l ines i f  the drugs are taken concurrent ly.  

b.  Saline  and osmotic laxat ives  work  by creat ing an osmot ic  gradient  to 

pu l l  water  in to the smal l  and large in test ines. Th is  increased vo lume resul ts  

in  distent ion of  the in tes t inal  lumen,  causing increased per is tals is and 

bowel  mot i l i ty .  These laxat ives also increase the act iv i ty o f cholecystok inin-

pancreozymin, which is an enzyme that increases the secret ion of f lu ids  

in to the gastro in test inal  (GI)  t rac t .  The onset of  act ion  depends on the 

ingredient and dosage form.  Recta l  formulat ions (e .g. ,  enemas,  

suppos i tor ies)  have an onset  o f ac t ion of  5-30 min,  whereas ora l  

preparat ions work  wi thin 3-6 hr .  

(1)  Administrat ion guidel ines.  Pat ients  should be advised to  consume 8 

oz.  o f  water wi th  each dose to  prevent  poss ib le  dehydrat ion. 

(2)  Adverse effects.  Diarrhea and abdominal  c ramping are common 

adverse ef fec ts .  Less common adverse ef fec ts  inc lude excessive diuresis,  

nausea,  vomi t ing,  and dehydrat ion. 

(3)  Warnings  

(a)  Pat ients wi th  hyper tens ion or  congest ive heart  fai lure should not  receive 

sa l ine laxat ives on a prolonged bas is  owing to f lu id  re tent ion f rom sodium 

absorpt ion. 

(b)  Pat ients wi th  severe k idney disease should not  use products conta ining 

magnes ium unless advised by a phys ic ian. 

(4)  Saline laxat ives  inc lude sodium and magnesium sal ts.  As much as 20% 

of  magnes ium may be absorbed f rom these products,  which may lead to  

hypermagnesemia in  pat ients  wi th  preexis t ing renal  impai rment .  Products  

include the fo l lowing: 
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(a)  Magnesium citrate  (e .g . ,  Magnesia Ci t rate) .  Adul ts :  one ful l  bot t le ;  

ch i ldren 6-12 years  of  age:  one th i rd  to  one hal f  bot t le .  Advise pat ients  to  

re f r igerate to  increase palatabi l i ty  and help prevent  c rys ta l l izat ion. 

(b)  Magnesium hydroxide  (e.g . ,  Phi l l ips '  Mi lk  of Magnes ia,  Phi l l ips  

Caplets,  and Freelax Caplets) .  Adul ts :  30-60 mL or  2-4 caplets  da i ly;  

ch i ldren 6-12 years  of  age:  15-30 mL;  chi ldren 2-5 years  of age:  5-15 mL 

(c)  Magnesium sulfate  (e .g . ,  Epsom sal t ) .  Adults:  10-30 g in  8 oz.  of  water ;  

ch i ldren 6-12 years  of  age:  5-10 g 



(d)  Sodium phosphate  (e .g . ,  F leet Phospho-Soda).  Adul ts :  20-45 mL;  

ch i ldren 6-12 years  of  age:  5-20 mL 

(5)  Osmotic laxat ives  

(a)  Glycerin  is  avai lab le in  recta l  products  in  supposi tory or  enema form 

(e.g.,  Fleet Babylax) .  

( i )  The only safe and ef fec t ive use of  g lycer in is  rec ta l .  Recta l  burn ing may 

occur  wi th  g lycer in  products .  In  addi t ion to  the osmot ic  ef fec t ,  sodium 

stearate in  these products  can produce a loca l  i r r i tant  e f fect .  

( i i )  Adul ts :  3  g in supposi tory form or  5-15 mL as an enema; chi ldren ≥ 6 

years  of  age: 1-1.5 g in  suppos i tory form or  2-5 mL as an enema 

(b)  Lactulose  (e .g . ,  Chronulac,  Enulose)  is  avai lab le  on ly by prescr ip t ion 

and is used to  decrease b lood ammonia levels  in  hepat ic  encephalopathy. 

( i )  I t  may cause f la tulence and cramping and should be taken wi th  f rui t  

ju ice, water ,  or  mi lk  to  increase the pa latabi l i ty .  Onset o f  act ion is  24-48 hr .  

( i i )  Adul ts :  15-30 mL one to  two t imes dai ly;  ch i ldren:  7 .5 mL once dai ly,  

usual ly g iven after  breakfast 

(c)  Sorbitol ,  a  nonabsorbable sugar,  is  s imi lar  in e f f icacy to lac tu lose,  

which can be admin is tered ora l ly (70% solut ion)  or  rec tal ly (25% solut ion) .  

( i )  The adverse effects  are the same as for lac tulose and inc lude 

f la tu lence,  c ramping,  and abdominal pain  over  the f i rs t  few days. 

( i i )  Adul ts :  30-150 mL ora l ly (70% solut ion)  or 120 mL rectal ly (25% 

solut ion) ;  ch i ldren 2-11 years of age:  15 mL oral ly (70% solut ion)  or  30-60 

mL of  a rec tal  so lu t ion (25%) 

(d)  Polyethylene glycol  3350 (Miralax).  In October  2006,  the FDA 

swi tched Mira lax to  OTC status for  the re l ie f  o f  occasional  const ipat ion.  I t  

can be used as an a l ternat ive to  other  osmot ic  laxat ives and i t  is  approved 

for  pat ients  17 years  of  age or  older .  

( i )  I t  has been shown to  be more effect ive than lac tulose in  shor t - term t r ia ls  

wi th  less abdominal  c ramping. Mi ra lax typ ical ly produces a bowel  movement  

in  1 to 3  days. 

( i i )  Adul t  dosage: 17 g ( f i l l  to  top in whi te  sect ion of  cap)  dissolved in  any 

4-8 oz. o f  beverage (water ,  ju ice, co la,  or tea)  and drink once dai ly for  up 

to  7  days.  The beverage can be cold,  hot ,  or  room temperature. 

( i i i )  Adverse effects:  High doses of  Mi ra lax can cause d iarrhea,  excess ive 

s too l  f requency,  nausea, b loat ing, c ramping,  and f la tu lence. 

( iv)  Warnings:  Do not  recommend use in  pat ients wi th  k idney d isease,  

dur ing pregnancy or whi le  breast feeding, or  in  pat ients  wi th i r r i tab le bowel  

syndrome. 

c .  Stimulant laxat ives.  These medicat ions work  in  the smal l  and large 

in test ines to  s t imulate bowel  mot i l i ty  ( i .e . ,  propuls ive per is ta l t ic  ac t iv i ty)  

and increase the secret ion of  f lu ids  into  the bowel .  The oral  preparat ions 

usual ly have an onset  o f ac t ion wi th in  6-12 hr ;  rec tal  preparat ions usual ly 

have an onset  of  ac t ion wi th in  15-60 min. St imulant  laxat ives are ef fect ive 

as in i t ia l  drug therapy to t reat  const ipat ion but  should not  be used for  more 

than 1 week. 



(1)  Administrat ion guidel ines.  Pat ients  wi th  undiagnosed rectal  bleeding 

or  s igns of  in tes t ina l  obst ruct ion should not  use st imulant  laxat ives. 

(2)  Adverse effects.  A l l  s t imulant  laxat ives can cause abdominal  cramping.  

Elect rolyte  and f lu id  def ic iencies,  enter ic  loss of  protein , malabsorpt ion,  

and hypokalemia are addi t ional  possib le  adverse ef fec ts .  The supposi tory 

form may cause recta l  burn ing. 

(3)  Warnings  

(a)  Chronic  use of s t imulant  laxat ives can lead to cathart ic colon,  which 

resul ts  in  a poor ly funct ion ing colon and resembles  the symptoms of  

u lcerat ive co l i t is .  However,  most  cases of cathar t ic  colon were publ ished 

before 1960,  when more toxic  ingredients (e .g. ,  podophyl l in)  were used in 

laxat ive products . 
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(b)  Another  issue surrounds the poss ible carcinogenic i ty o f  s t imulant  

laxat ives.  Phenolphthalein  was removed f rom the market  as  suggested by 

the U.S.  Food and Drug Admin is t ra t ion (FDA) when data of  carc inogenic 

tumors and genet ic  damage in  ra ts  were repor ted.  Subsequently,  senna and 

the s t ruc tural ly s imi lar  products  aloe and cascara sagrada are now 

cons idered category 3 drugs;  more data are needed to  assess thei r  safety.  

(4)  Anthraquinone laxatives  inc lude senna (sennosides) 

(a)  Melanosis col i ,  which is  a  dark  p igmentat ion of  the co lonic  mucosa,  can 

resul t  wi th long- term use of  anthraquinone laxat ives.  Th is  usual ly 

d isappears  6-12 months af ter d iscont inu ing the medicat ion.  I t  was 

previously thought  that  melanos is  d id not  resul t  in  adverse consequences;  

however,  pat ients  wi th  melanosis have a threefold  h igher  r isk  of cancer .  

(b)  Disco lorat ion (p ink/ red,  yel low,  or brown) of  the ur ine may occur .  

(c)  Addi t ional  anthraquinone laxat ives (cascara,  casanthranol ,  and aloe) 

were removed f rom the U.S.  market  because of  carc inogenic i ty concerns.  

(d)  Anthraquinone products inc lude the sennosides  (e.g .,  Senokot ,  Ex-Lax,  

F le tcher 's  Castor ia ,  Perdiem),  which are cons idered to  be potent  and cause 

abdominal  cramping. 

( i )  Sennos ides can a lso be combined wi th  docusate (s too l  sof tener) for 

re l ie f  o f  const ipat ion (Per i -Colace,  Senokot-S) .  

( i i )  Adul ts :  12-50 mg twice da i ly;  ch i ldren:  6-25 mg twice da i ly 

(5)  Bisacodyl  (e .g . ,  Dulco lax,  Doxidan,  Correctol )  is  a diphenylmethane 

derivat ive.  

(a)  The tab let  formulat ions of  bisacodyl  are enteric  coated,  so they should 

not  be crushed or  chewed.  Also,  bisacodyl -conta in ing products  should not 

be taken wi thin  1  hr  o f  ingest ing antac ids or  mi lk .  

(b)  Adul ts  (ora l ) :  is  5-15 mg dai ly;  ch i ldren ≥ 6 years  of  age (oral ) :  5  mg 

dai ly;  adul ts  ( recta l) :  10 mg (1 suppos i tory) ;  ch i ldren > 2 years  of  age 

( rec ta l ) :  5  mg (1/2 suppos i tory) .  

(6)  Castor oil  (e.g .,  Purge)  has an onset  o f ac t ion wi th in 2-6 hr .  



(a)  Castor o i l  works pr imar i ly a t  the smal l  in tes t ine,  which can resul t  in 

s t rong cathart ic  e ffec ts (e .g. ,  excess ive f lu id  and e lec t ro lyte loss) .  These 

cathar t ic e f fects  can lead to  dehydrat ion. 

(b)  Castor o i l  should not be used in  pregnant  pat ients  because i t  may 

induce premature labor.  

(c)  Adul ts :  15-60 mL; ch i ldren 2-12 years of  age:  5-15 mL 

d.  Emoll ient  laxat ives  ac t  as  surfac tants by al lowing absorpt ion of  water 

in to the stool ,  which makes the sof tened s tool  eas ier to pass.  Emol l ient  

laxat ives have a slow onset of  act ion  (24-72 hr) ,  which is why they are not  

cons idered the drug of choice for  severe acute const ipat ion, and they are 

more usefu l  for  prevent ing const ipat ion. 

(1)  Administrat ion guidel ines.  These medicat ions are par t icu lar ly usefu l  in  

pat ients  who must  avoid s t raining to  pass hard s too ls ,  such as those who 

recent ly had a myocardia l  in farc t ion or  rec tal  surgery.  However,  c l in ical  

t r ia ls  evaluat ing emol l ient  stool -sof tening laxat ives show that  these 

products ,  when compared to  p lacebo,  do not  af fec t  the weight  or  water  

content  o f the stool  or  the f requency of  s too l  pass ing. 

(2)  Adverse effects.  Diarrhea and mi ld  abdominal  c ramping are potent ia l  

adverse ef fec ts .  

(3)  Warnings.  Use should be avoided i f  nausea and vomi t ing,  symptoms of  

appendic i t is ,  or  undetermined abdominal  pa in  exis t .  Docusate products  may 

faci l i ta te  the systemic  absorpt ion of  mineral  oi l ,  so these agents  should not  

be used concurrent ly.  

(4)  Products.  Emol l ient  laxat ives are sa l ts  o f  the sur fac tant docusate.  

These products  contain  ins igni f icant  amounts  of  ca lc ium, sodium, or  

potass ium, and there are no speci f ic  gu ide l ines for  the se lect ion of  any one 

product.  The products  inc lude 

(a)  Docusate sodium  (Colace) 

(b)  Docusate calcium  (Kaopectate) 

(5)  Dosage information  

(a)  Adul ts :  50-300 mg per  day;  chi ldren ≥ 2 years of  age: 50-150 mg per  

day 

(b)  Each dose must  be taken wi th  at  least  8  oz.  o f  water .  L iqu id  

preparat ions should be taken in  f ru i t  ju ice or infant  formula to  increase 

palatab i l i ty .  

e.  Lubricant laxat ive (mineral  oi l ) .  Minera l  o i l  works at the co lon to  

increase water re tent ion in  the s too l  to  sof ten the s too l .  I t  has an onset of  

act ion  o f  6-8 hr wi th  oral  admin is t ra t ion and 5-15 min after  rec tal  

adminis t ra t ion. 
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(1)  Administrat ion guidel ines  



(a)  Minera l  oi l  should be taken on an empty stomach.  Because of possible  

aspi ra t ion of minera l  o i l  in to  the lungs,  pat ients  should not  take mineral  oi l  

a t  bedt ime or rec l ine af ter  admin is t ra t ion. 

(b)  Adul ts :  15-45 mL per day;  ch i ldren: 5-15 mL per  day 

(2)  Adverse effects.  Mineral  oi l  products may cause anal seepage,  which 

resul ts  in  i tch ing ( i .e .  prur i tus  an i)  and per ianal  d iscomfor t .  

(3)  Warnings  

(a)  Minera l  oi l  can decrease absorption of fat-soluble vi tamins  ( i .e . ,  

v i tamins A,  D,  E,  and K) ,  so i t  should not  be used on a chronic  basis .  

(b)  E lder ly,  young,  debi l i ta ted,  and dysphagic pat ients  are at  the greatest  

r isk  of  l ip id pneumonit is  f rom mineral  oi l  asp i rat ion. 

(c)  Emol l ients  (e.g. ,  docusate)  may increase the systemic  absorpt ion of  

mineral  oi l ,  which can lead to  hepatotoxici ty.  

(d)  Minera l  o i l  should not  be g iven to pat ients  wi th  rec tal  bleeding or  

appendic i t is .  

(e)  Minera l  oi l  should not  be g iven to ch i ldren < 6 years  of age. 

C. Special patient issues  

1.  Pediatr ic  pat ients.  The bowel  pat terns of  pediat r ic  pat ients vary.  During 

the f i rs t  weeks of  l i fe,  in fants  pass approximately four  s too ls  per  day.  As 

ch i ldren get  o lder ,  approximate ly one to  three stoo ls are passed per day.  

Const ipat ion should be expected i f  there is  a drast ic  change from a chi ld 's 

basel ine bowel  funct ion. 

a.  Nonpharmacological methods,  such as increas ing the amount  o f f lu id or  

sugar in  a ch i ld 's  formula in younger chi ldren or  increas ing the bulk  content  

o f  the ch i ld 's  die t  ( f rui t ,  f iber cereals,  vegetables),  should be tr ied before 

medicat ions are used. 

b.  I f  nonpharmacological  methods do not work,  rec tal  st imulat ion may be 

usefu l .  Pharmacolog ical  agents that  can be used for  acute re l ie f  inc lude 

g lycerin  supposi tor ies  and magnesium laxat ives.  St imulant  laxat ives should 

be adminis tered as a last  resor t ,  but  enemas should  not be used in ch i ldren 

< 2 years  of  age and wi th  ext reme caut ion in  chi ldren 2-5 years  of age (see 

I .C.4) .  Bulk- forming agents  and stool  sof teners  can be used i f  the 

const ipat ion does not  need immediate rel ie f .  

2.  Pregnant patients.  Const ipat ion in  pregnancy is  common and can be the 

resul t  o f  compress ion of  the colon by the en larged uterus,  ingest ion of 

prenatal  v i tamins conta in ing i ron and ca lc ium, and the in f luence of  

progesterone can cause bowel  hypomot i l i ty .  Pregnant pat ients  should avoid 

any preparat ion that may be absorbed systemica l ly (e .g. ,  s t imulant 

laxat ives) ,  any preparat ion that  can in ter fere wi th  v i tamin absorpt ion (e .g. ,  

mineral  oi l ) ,  or  any preparat ion that  can induce premature labor (e .g. ,  

castor  o i l ) .  Pregnant  pat ients  should use bulk forming agents or  s too l  

sof teners . 

3.  Geriatr ic  pat ients  tend to  be at  r isk  for  const ipat ion because of  

insuf f ic ient  die tary ( f iber)  and f lu id  ingest ion,  fai lure to  estab l ish a regular  

bowel  t ime habi t ,  and abuse of  s t imulant  laxat ives resul t ing in  a  loss of  



smooth musc le tone in the bowel ,  which promotes const ipat ion (see I .C.5) .  

These causes should be invest igated in  addit ion to  pr imary d isease states 

(e .g.,  hypothyroid ism) and medicat ions (e .g. ,  opiates, ant ichol inergics)  that  

may lead to  const ipat ion in  e lder ly pat ients . A major concern  wi th  geria tr ic  

pat ients  is  the poss ible  loss of f lu id that  can be induced by aggress ive 

laxat ive t reatment  (e .g. ,  enemas,  h igh-dose sa l ine laxat ives) .  Geria t r ic 

pat ients  should not  use s t imulant  laxat ives on a chronic  basis,  and pat ients  

wi th  renal  impai rment  should not  use magnesium products .  Glycerin  

suppos i tor ies  or  ora l ly admin is tered lac tulose may be usefu l  for  in i t ia l  

t reatment  o f  const ipat ion and bulk-forming agents used to  prevent 

const ipat ion. 

4.  Use of  enemas.  Enemas are usefu l  for  evacuat ion of  the bowel  before 

surgery,  ch i ldbi r th ,  and for  the t reatment  of  acute const ipat ion that has not  

responded to  other  medicat ions (e .g. ,  bisacodyl  suppos i tor ies) .  

a.  An enema is  inst i l led in to  the rectum, works loca l ly,  and the enema f lu id  

determines the mechanism of evacuat ion (e.g.,  st imulant,  osmot ic ) .  W hen 

adminis tered correct ly,  an enema evacuates on ly the d is tal  co lon,  s imi lar to  

a  normal  bowel  movement .  Th is  is  accompl ished by having the pat ient  l ie  on 

h is or  her  s ide wi th the knees tucked toward the chest .  W hi le in  this 

posi t ion, 1  p int  (500 mL) of  enema solut ion should be slowly squeezed in to  

the rectum. This  should be reta ined up to 1 hr  or unt i l  def in i te  lower 

abdominal  cramping is fe l t .  At  th is  po int ,  the bowel  movement is  ready for  

expuls ion. 
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b.  A l though a l l  enemas cause abdominal  cramping,  some may have more 

ser ious adverse effects  than others .  Soap suds enemas can cause much 

recta l  i r r i ta t ion and have been reported to  cause anaphylaxis  and recta l  

gangrene. 

c .  The popular  sodium phosphate enemas (e.g. ,  F leet )  are very ef fec t ive but  

have resul ted in  hyperphosphatasemia,  hypocalcemia ( te tany) ,  

hypokalemia,  metabol ic  ac idos is ,  and card iac death,  usual ly owing to  

conduct ion abnormal i t ies in  very smal l  ch i ldren.  Th is has main ly occurred in  

ch i ldren < 2 years of  age or  f rom 2 to  5 years  of age wi th  predispos ing 

fac tors. 

(1)  The factors  include chronic  renal  d isease,  anorecta l  mal format ions,  

and/or  Hirschsprung d isease,  which al low phosphate b lood concentrat ions 

to  become abnormal ly high and potass ium and calc ium to become low,  

predispos ing these pat ients  to  card iac  arrhythmias and potent ia l ly  death. 

(2)  Therefore,  the use of enemas is  h igh ly d iscouraged in  ch i ldren < 5 years  

of  age. 

5.  Laxative abuse  is  a  term to  describe the rout ine,  chronic  use of 

laxat ives on a da i ly basis  (e.g. ,  e lderly pat ients)  to  the adminis tra t ion of  

h igh doses severa l  t imes dai ly by pat ients  wi th  anorexia  nervosa or  bu l imia 



for  weight  contro l .  Excess ive use of laxat ives can lead to  excess ive 

d iarrhea and vomi t ing,  resul t ing in  f lu id  and elect ro lyte abnormal i t ies .  In  

addi t ion to  the r isks  to pat ients  f rom hypokalemia (e .g. ,  metabol ic  a lkalos is ,  

cardiac  conduct ion problems),  pat ients  can also develop osteomalacia , l iver  

d isease, and cathar t ic  co lon.  Cathart ic  co lon resul ts  f rom superf ic ial  

u lcerat ions in  the co lon as wel l  as  damage to  the muscular is  mucosa and 

submucosa. This resul ts  in  a loss of tone of  the smooth and s t r iated muscle 

and causes poor  bowel  funct ion. 

II. DIARRHEA 
A. General  Information  

1.  Defini t ion.  Diarrhea is  def ined as an increase in  the f requency and 

looseness of  s too ls  compared to one 's  normal  bowel  pat tern. The overa l l  

weight  and volume of  the s tool  is  increased (> 200 g or  mL/day) ,  and the 

water  content  is  increased to  60%-90%. In genera l ,  d iarrhea resul ts  when 

some factor  impairs  the ab i l i ty  of  the in tes t ine to absorb water  f rom the 

s too l ,  which causes excess water in the stool .  

2.  Classificat ion.  Diarrhea can be class i f ied based on mechanisms or  

or igin . 

a.  Classificat ion by mechanism  

(1)  Osmotic diarrhea  occurs  when a nonabsorbable solu te pu l ls  excess 

water  in to  the in tes t inal  t rac t.  Osmotic d iarrhea ceases when the pat ient 

converts  to  a  fas t ing sta te. 

(a)  Ingest ion of  large meals or  certa in  osmotic  substances (e.g. ,  sorb i to l ,  

g lycerin) can lead to  diarrhea. 

(b)  Disacchar idase def ic iency which is  a  lack of  enzymes needed to break 

down d isacchar ides in  the gut  for  absorpt ion (e .g.,  lac tase def ic iency) ,  

resul ts  in  an increase in  osmotic  sugars  ( i .e . ,  lactose,  sucrose)  in  the 

in tes t inal  t ract .  

(c)  Medicat ions that  can induce osmot ic  diarrhea include lac tulose and 

magnes ium-contain ing antac ids and laxat ives. 

(2)  Secretory diarrhea  occurs  when the in test ina l  wal l  is  damaged,  

resul t ing in an increased secret ion rather than absorpt ion of  elec t rolytes  

in to the in test inal  t rac t.  Common sources inc lude 

(a)  Bacterial  endotoxins  (e .g . ,  Escherich ia  co l i ,  V ibr io  cholerae, Shigel la ,  

Staphy lococcus aureus )  

(b)  Bacterial  infections  (e .g. ,  Shigel la ,  Salmonel la )  

(c)  Viral  infections  (e .g. ,  ro tavi rus ,  Norwalk  v i rus) 

(d)  Protozoal  infections  (e .g. ,  Giard ia  lambl ia ,  Entamoeba h is tolyt ica )  

(e)  Miscel laneous causes.  In f lammatory bowel  d isease and medicat ions 

(e .g.,  prostaglandins, ant ib io t ics ,  co lchic ine,  chemotherapeut ic  agents) 

(3)  Moti l i ty disorders.  Diarrhea induced by moti l i ty  d isorders  resul ts  f rom 

decreased contact t ime of  the feca l  mass wi th  the intes t ina l  wal l ,  so less 

water  is  absorbed f rom the feces. 



(a)  Moti l i ty disorders  inc lude i r r i table  bowel  syndrome,  scleroderma,  

d iabet ic  neuropathy,  gast r ic/ intes t ina l  resect ion, and vagotomy. 
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(b)  Medicat ions  that  can induce mot i l i ty  disorders  include 

parasympathomimet ic  agents  that  enhance the effec ts  o f  acetylchol ine 

(e .g.,  metoc lopramide,  bethanechol ) ,  d ig i ta l is ,  quin id ine,  and ant ibio t ics . 

( i )  Ant ibio t ics  cause d iarrhea by caus ing in test ina l  i r r i ta t ion, increased 

bowel  mot i l i ty ,  and al tered bowel  microbia l  f lora. 

( i i )  Most  ant ib io t ic - induced diarrhea can be min imized by tak ing the agent  

wi th  food. 

b.  Classification by origin  

(1)  Acute diarrhea  (usual ly se l f - l imi t ing for  2-3 days but  may las t  up to  2  

weeks) 

(a)  Infection. Most common  sources inc lude vi ra l  and bacterial ,  but  

protozoal  d iarrhea a lso occurs . Organisms include the fol lowing: 

( i )  Viruses  that  commonly cause diarrhea are ro tavi ruses and the Norwalk  

v i rus . 

{a }  Rotaviruses  usual ly a f fec t  chi ldren < 2 years of  age. The vi rus  has an 

onset  o f  1-2 days and las ts 5-8 days.  Pat ients  usual ly have vomit ing and a 

mi ld  fever ,  and may exper ience severe dehydrat ion.  There is  usual ly no 

b lood or  pus in  the s tool .  

{b }  The Norwalk virus  af fects o lder  chi ldren and adul ts.  I t  has an onset  o f 

1-2 days and las ts  24-48 hr  ( the “24-hr  bug”).  As wi th  ro tavi ruses,  there is 

mi ld  fever  but  no b lood or  pus in  the s too l .  

( i i )  Bacteria .  Most  bacter ia l  d iarrhea resul ts  from consumpt ion of  

contaminated water  or  food,  wi th  an onset o f  d iarrhea in  8  hr  to severa l  

days.  Diarrhea caused by the consumpt ion of  contaminated food or  water 

that  occurs  in  a  fore ign country (e .g. ,  Mexico,  thi rd-wor ld  countr ies) is  

re ferred to  as “t raveler 's d iarrhea.” 

{a }  Toxigenic bacteria .  Diarrhea caused by toxigenic  E. col i ,  

Staphy lococcus aureus, V.  cholerae,  and Shigel la  resu l ts f rom the secretory 

ef fec ts  o f enterotoxins  re leased by these organisms in  the smal l  in tes t ine.  

Pat ients  usual ly exper ience large-volume s too ls  that  are watery or  greasy.  

{b }  Invasive bacteria.  Diarrhea caused by invas ive E. co l i ,  Shige l la ,  

Salmonel la ,  Campylobacter ,  and Clost r id ium d i f f ic i le  resul ts  f rom mucosal 

invasion of the co lon.  This  resul ts  in  a  dysentery- l ike diarrhea,  which is  

character ized by an ext reme urgency to  defecate,  abdominal  c ramping,  

tenesmus,  fever ,  ch i l ls ,  and smal l -vo lume stools that  contain  b lood or  pus.  

( i i i )  Protozoa.  G. lambl ia ,  Entamoeba h is toly t ica,  and Cryptospor id ium  

cause explosive,  fou l-smel l ing,  large-vo lume,  watery s too ls .  Th is  is  thought  

to  be caused by invasion of  the smal l  in tes t ine,  which causes damage to the 

microvi l l i  and,  therefore, decreases absorpt ion of f lu ids .  Th is  type of 

d iarrhea can resul t  in large f lu id  losses,  and pat ients  are at  r isk for 



dehydrat ion.  Al though protozoan- induced diarrhea is  se l f- l imit ing,  i t  may 

persist  for  several  months,  so therapy should be cons idered to  eradicate 

the organism. 

(b)  Diet-induced diarrhea.  Diarrhea induced by foods resul ts  f rom food 

a l lerg ies,  high- f iber  d iets ,  fa t ty or sp icy foods,  large amounts  of  caffe ine, or  

mi lk  in to lerance. The best  t reatment  is  prevent ion,  by avoiding t roublesome 

foods. 

(c)  Drug-induced diarrhea  (see I I .A.2.a) 

(2)  Chronic diarrhea  ( las ts longer than 2 weeks).  I f  a  pat ient  suf fers  from 

d iarrhea for long periods of  t ime,  or  f rom recurrent  ep isodes of  d iarrhea,  

the fo l lowing causes must  be cons idered:  protozoal  organisms, food-

induced diarrhea (e.g. ,  lac tose in tolerance) ,  i r r i tab le  bowel  syndrome,  

malabsorpt ion syndromes (e.g. ,  ce l iac sprue,  diver t iculosis,  short  bowel  

syndrome),  in f lammatory bowel  disease,  pancreat ic  d isease,  and 

hyperthyroidism. 

B. Patient  evaluat ion  

1.  Pharmacists  who are consul ted by pat ients  should ask the pat ient  for  the 

fo l lowing in format ion before recommending a therapy: 

a.  Age of  the pat ient 

b.  Onset  and durat ion of the d iarrhea 

c .  Descr ipt ion of  stool  ( i .e . ,  f requency,  vo lume,  b lood, pus,  watery) 

d.  Other  symptoms (e.g.,  abdominal  c ramping,  fever ,  nausea,  vomit ing,  

weight  loss) 

e.  Medicat ions recent ly star ted or medicat ions used to  rel ieve the diarrhea 

f .  Recent t ravel  (where and how long ago) 

g.  Medical  history (h is tory of  GI  disorders) 
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2.  Referrals to a physician  should be made by the pharmacis t  who 

encounters  a pat ient  wi th  d iarrhea that  meets  the fol lowing cr i ter ia:  

a.  Younger than 3 years  o f  age or older than 60 years  o f  age (wi th  

mult ip le  medical  prob lems),  pregnant  or breast - feed ing pat ients , and 

pat ients  wi th  HIV. 

b.  Blood or mucus in the stools  

c .  High fever  (>  101°F or  38°C) 

d.  Dehydrat ion or weight loss  > 5% of  to ta l  body weight ;  s igns of  

dehydrat ion—dry mouth, sunken eyes, c ry ing wi thout tears,  dry skin  that is  

not  e las t ic  l ike normal  skin 

e.  Duration of  diarrhea  >  2 days  

f .  Vomit ing  

C. Treatment  

1.  Nonpharmacological  

a.  Food/breast-feeding.  In  the past ,  there was much controversy regard ing 

the dec is ion to  feed or  not  to feed chi ldren during acute ep isodes of  



diarrhea.  Or ig ina l ly,  parents  were told  that  ch i ldren should not  receive food,  

mi lk  products , or  breast-feed for 6-48 hr a fter  the onset  o f  d iarrhea.  Parents  

were a lso to ld that  i f  ch i ldren d id  receive food, they should receive the 

BRAT d iet ,  which consis ts  o f bananas,  r ice,  applesauce,  and toast .  Th is  

d ie t does not  work  and is  def ic ient  in  calor ies ,  prote in ,  and fa t.  A l l  pat ients  

should receive the i r normal d ie t  or  breast - feeding during bouts  of  diarrhea 

because these do not make the diarrhea worse and may actua l ly improve 

the condit ion.  Fat ty foods,  foods r ich in  s imple sugars  (can cause osmotic  

d iarrhea) ,  and spicy foods (may cause GI  upset) should be avoided.  

Caf feine-containing beverages,  which may worsen the diarrhea,  should a lso 

be avoided. 

b.  Fluids.  The most  important  par t  o f  t reat ing acute d iarrhea is  the 

rep lacement  o f  los t  f lu ids  and e lec t ro lytes .  I f  pat ients  exper ience mi ld  to  

moderate f lu id  loss, f lu id replacement can be achieved wi th oral - rehydrat ion 

so lu t ions (ORS).  I f  f lu id  loss is  severe (> 10% loss of body weight) and/or 

severe vomi t ing pers is ts,  then pat ients  may need in t ravenous rehydrat ion 

before ora l  maintenance f lu ids can be administered.  ORSs can be eas i ly 

made at  home (Table 33-1)  or purchased ready- to-use (e.g.,  Pedialyte , 

Rehydra-lyte) .  Al l  o f  these solut ions are considered equal ly safe and 

ef fec t ive but  have no effec t  on the durat ion of  the d iarrhea. The secretory 

and absorpt ive mechanisms of  the bowel  funct ion separate ly,  and this 

a l lows these ORS to be absorbed dur ing acute ep isodes of  d iarrhea,  

prevent ing severe dehydrat ion and compl icat ions.  Not  every pat ient  needs 

ORS. For  a  ch i ld  wi thout evidence of  dehydrat ion (see I I .B.2.d) ,  admin is ter  

10 mL/kg or  1/2-1 cup of ORS for  each loose s too l .  I f  a ch i ld  is  vomi t ing,  

adminis ter  smal ler  amounts  (1-2 teaspoonsfu l )  every 2-5 min as to lerated. 

(1)  Fluid and electrolyte replacement.  Fluid  and e lect ro lyte  therapy is  

a imed at  rep lacing what  the body has los t.  During this  s i tuat ion,  the 

pat ient 's  f lu id  input  and output  as  wel l  as  weight  should be monitored.  The 

World  Heal th Organizat ion (W HO) has estab l ished guide l ines for  ora l -

rep lacement  therapy (Table 33-1) .  Recommended doses are given in  Table 

33-2. 

(2)  Fluids to be avoided  inc lude hypertonic f rui t  ju ices and dr inks (e .g. ,  

apple ju ice,  powdered drink mixes,  gela t in  water),  carbonated beverages,  

and caf feine-containing beverages,  which can make d iarrhea worse and do 

not  contain  needed e lectro lytes  ( i .e . ,  Na+ ,  K+ ) .  Gatorade d i lu ted in  water 

(1 :1)  is adequate and provides the necessary combinat ion of g lucose,  

sodium, and potass ium. 

2.  Pharmacologic. Antidiarrheals  may serve to  prevent an at tack of  

d iarrhea or  to  re l ieve exis t ing symptoms. Based on the FDA review of  

ant id iarrheal products ,  three agents  have been  
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ident i f ied as category 1 ( i .e . ,  safe and ef fec t ive) ingredients :  kaolin,  

bismuth subsal icylate,  and loperamide.  In  Apr i l  2003,  the FDA 



rec lass i f ied at tapulg i te  and polycarbophi l  products  f rom category 1 to  

category 3 because of  insuf f ic ient  ef fec t iveness data.  Ant id iarrheal agents 

are c lass i f ied in d i f ferent categor ies  on the bas is  o f  the i r  chemical  c lass or  

pharmacologic mechanism of ac t ion. 

Table 33-1. Guidelines for Oral-Replacement Therapy Established by the World 
Health Organization (WHO) 

Ingredients Dose 

Sodium chloride (table salt) 90 mEq (1/2 teaspoon) 

Potassium chloride (potassium salt) 20 mEq (1/4 teaspoon) 

Sodium bicarbonate (baking soda) 30 mEq (1/2 teaspoon) 

Glucose (sugar) 20 g (2 teaspoons) 

Water Enough to make 1 L of solution 
 

Table 33-2. Guidelines for Fluid- and Electrolyte-Replacement Therapy 

 Dose 
Age Group Mild (2-3 stools/day) Moderate (4-5 stools/day) 

> 5 years 
of age 

2 L/first 4 hr, then replace 
ongoing losses 

2-4 L/first 4 hr, then 
replace ongoing losses 

< 5 years 
of age 

50 mL/kg/first 4 hr, then 10 
mL/kg or 1/2-1 cup per stool 

100 mL/kg/4 hr, then 10 
mL/kg or 1/2-1 cup per 
stool 

 

a.  Antiperistal tic  drugs  

(1)  Mechanism of act ion.  Ant iper is tal t ic  drugs act  by s t imulat ing µ op io id  

receptors  on the ci rcu lar and longi tud ina l  musculature of the smal l  and 

large in test ines to  normal ize per is tal t ic  in test ina l  movements . They s low 

in test inal  moti l i ty  and af fec t  water and elec t rolyte movement  through the 

bowel .  Loperamide is  cons idered two to  three t imes more potent  than 

d iphenoxylate and 50 t imes more potent than morphine in i ts  ab i l i ty  to  s low 

GI  moti l i ty .  Loperamide does not  appreciably penetrate the centra l  nervous 

system (CNS) and thus has a low r isk for CNS side ef fects .  Loperamide is  



ef fec t ive in acute,  nonspec i f ic  diarrhea,  t rave ler 's  diarrhea,  and chronic  

d iarrhea associated wi th in f lammatory bowel  disease.  The f requency of 

bowel  movements  is  decreased, and the consis tency o f s tools  is increased.  

However,  rep lacement o f f lu ids  ( through ORS) and d ie tary management are 

s t i l l  the main focus of  therapy for  diarrhea. 

(2)  Contraindicat ion.  Ant iper is tal t ic  medicat ions have a lways been 

rest r icted in pat ients  wi th  acute bacter ia l  d iarrhea associated wi th  feca l  

leukocytes,  high fever,  or  b lood or  mucus in  the stoo l  because of  the 

potent ia l  for  these drugs to  decrease c learance of  the organism and 

enhance systemic  invas ion of  the organism. Most in format ion shows that  

th is  is  not  s ign i f icant  and probably wi l l  cause no harm. However,  these 

medicat ions should not  be used in pat ients  wi th  co l i t is  (potent ia l  for  the 

development o f toxic  megacolon)  or  in  ch i ldren < 6 years  of  age. 

(3)  Prescription agents  in  th is  c lass include the op iate-re la ted agent  

d iphenoxylate/at rop ine (e.g. ,  Lomot i l ) .  

(4)  Nonprescript ion agents. Loperamide  (e .g . ,  Imodium A-D) provides 

ef fec t ive contro l  o f  d iarrhea as quick ly as  1 hr a f ter  adminis t ra t ion. 

Ant iper is ta l t ic  drugs should not be used for  more than 48 hr in acute 

d iarrhea. 

(a)  Administrat ion guidel ines.  Adul ts:  4  mg fol lowed by 2 mg af ter  each 

loose s too l ,  not  to  exceed 16 mg/day;  ch i ldren:  1-2 mg up to three t imes per  

day,  depending on weight  and age. 

(b)  Adverse effects.  At  recommended doses,  loperamide is  genera l ly wel l  

to lerated.  Side effec ts are inf requent  and consist  pr imar i ly o f  abdominal  

pa in ,  distent ion,  or  discomfort ;  drowsiness;  d izziness;  and dry mouth. 

b.  Adsorbents.  These medicat ions are not se lect ive and adsorb toxins ,  

bacter ia ,  gases,  and f lu ids .  In  addi t ion, adsorbents  may adsorb drugs in  the 

GI  t rac t .  They are not  absorbed systemica l ly,  so they produce few adverse 

effects.  These products are given for  symptomatic  rel ie f  and are usual ly 

adminis tered in  large doses immediate ly fol lowing a  loose s tool .  They are 

genera l ly not  e ffec t ive for  severe acute d iarrhea. 

(1)  Kaol in  

(a)  Administrat ion guidel ines  

( i )  Adul ts  and chi ldren 12 years  of age and o lder (oral ) :  26.2 g af ter  each 

loose s too l .  

( i i )  Cont inue to  take every 6 hr  unt i l  s too l  is  f i rm but  not  for  more than 2 

days. 

( i i i )  Do not  exceed 262 g in  24 hr .  

(b)  Adverse effects.  Because act ivated kaol in  is iner t  and is not  absorbed 

systemical ly,  adverse ef fec ts  are minor  wi th  few pat ients  exper ienc ing 

const ipat ion,  b loat ing, and fu l lness. 
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(c)  Warnings.  I t  is  recommended that  this product  not  be g iven wi th in 3  hr  

o f  o ther medicat ions because i t  may decrease the absorpt ion of  o ther  oral ly 

adminis tered medicat ions. 

c .  Miscellaneous agents  

(1)  Bismuth subsal icyla te  (e .g . ,  Pepto-Bismol and Maalox Tota l  Stomach 

Rel ief ) .  Bismuth sal ts work  as adsorbents  but  a lso are bel ieved to  decrease 

secret ion of water  in to  the bowel .  I t  is  e f fect ive and can reduce the number 

of  stools by 50%. Bismuth preparat ions have moderate effec t iveness 

against  the prevent ion and t reatment  o f  t rave ler 's  diarrhea and nonspec i f ic  

d iarrhea,  but  doses requi red for  re l ie f  are large and must  be adminis tered 

f requent ly,  so these preparat ions may be inconvenient .  

(a)  Administrat ion guidel ines  

( i )  Adul ts :  2  tab le ts or  30-60 mL (524 mg) every hour  as needed to  a 

maximum of 8  doses in  a 24-hr  per iod;  chi ldren > 2 years  of age:  one thi rd 

to  one hal f  o f  adul t  dose.  

( i i )  B ismuth subsal icyla te can prevent  t rave ler 's  d iarrhea when 2 tab lets  are 

taken four t imes per  day. 

( i i i )  Shake the suspens ion wel l  before use. 

(b)  Adverse effects  may inc lude harmless grayish charcoal  co lor ing of  

s too ls  or tongue.  Ringing in the ears ( i .e .  t inn i tus)  can occur wi th  high 

doses,  espec ia l ly i f  the pat ient  is  s imul taneous ly tak ing other  sa l icyla te 

products . 

(c)  Warnings/Contrandicat ions  

( i )  Pat ients wi th  black or b loody s too ls  should not  use th is  product.  

( i i )  B ismuth subsal icyla te should not be g iven to ch i ldren or  teenagers  

dur ing or  af ter recovery from chickenpox or  f lu  because of  the possible  

associat ion of  sa l icyla tes wi th  Reye 's  syndrome. 

( i i i )  Pat ients  wi th  documented al lerg ies to  sal icyla tes should not  take this 

product.  

( iv)  Pat ients  on ant icoagulants should be moni tored c losely i f  tak ing these 

products . 

(v)  Pregnant  or  breast - feeding pat ients  should not  take these products. 

(2)  Lactobacil lus  (e.g . ,  Bac id,  Lact inex)  products  are in tended to  rep lace 

the normal bacter ia l  f lora that  is  los t  dur ing the adminis t ra t ion of  oral  

ant ib io t ics.  However,  there is  l i t t le  in format ion to  show that  these products  

are usefu l  for ant ibio t ic- induced d iarrhea; wi th  the increase in  bowel  

organisms,  pat ients  can exper ience f la tu lence.  Most  c l in ic ians do not  

recommend the i r use. 

(3)  Lactase  (e .g. ,  LactAid,  Lactrase,  Dai ry Ease) is  indicated for  indiv iduals  

who have insuf f ic ient amounts  of  lactase in  the smal l  in tes t ine.  Lactose (a 

d isacchar ide present  in  da i ry products)  must  be broken down to g lucose 

and galactose to  be fu l ly d igested.  I f  i t  is  not ,  lactose draws water  into  the 

GI  t rac t ,  and d iarrhea resul ts .  Lactase is  the enzyme respons ible  for  

d igest ing lac tose.  The dose is  1-2 capsules taken wi th  mi lk  or  da i ry 



products  or  added to  mi lk  before dr ink ing.  Ti t ra t ion of  doses to  h igher  

leve ls  may be requi red in  some pat ients . 

(4)  Anti - infect ives.  Depending on the suspected or ig in o f  the infec t ious 

d iarrhea,  prescr ip t ion ant ib io t ics  and ant iprotozoal  medicat ions can be used 

to  eradicate the organisms and decrease the durat ion of  symptoms (Table 

33-3).  I f  ant ibio t ics  are used to  prevent  t rave ler 's d iarrhea,  therapy should 

be s tarted 1 day before arr iva l  in h igh-inc idence reg ions and cont inued unt i l  

2  days after  departure.  I f  d iarrhea has occurred,  ant ib io t ic  t reatment  should 

last  for  3  days. 

(5)  Antichol inergics  (e .g . ,  at rop ine,  hyoscyamine)  decrease bowel  mot i l i ty ,  

which resul ts  in  an increase of  f lu id  absorpt ion f rom the in test ina l  t rac t  and 

a decrease in  abdominal c ramping.  These products  are found in  

combinat ion wi th  adsorbents  or opiates. However,  the amount  o f  

ant ichol inerg ic  found in  most  products  is not cons idered to be enough to  

a l ter  the course of  severe acute diarrhea.  Adverse effects  include dry 

mouth,  b lurred vis ion,  and tachycardia .  These products  should not  be used 

in  pat ients  wi th  narrow-angle glaucoma. 

III. HEMORRHOIDS 
A. General  Information  

1.  Defini t ion.  Hemorrhoids (a lso known as p i les)  are def ined as abnormal ly large,  

bu lg ing,  symptomatic  c lus ters  of  di la ted blood vessels ,  support ing t issues,  and 

over ly ing mucosus  
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membranes.  Hemorrhoids can present  in  the lower rec tum ( in ternal  hemorrhoids) or  

anus (external  hemorrhoids).  Simply,  hemorrhoids represent  downward d isp lacement 

o f  anal cushions that  conta in  arter iovenous anastomoses. 

Table 33-3. Antibacterials Used For the Prophylaxis and Treatment of Traveler's 
Diarrhea 

Antibacterialsa Prophylaxis doseb Treatment dosec 

Azithromycin n/a 1000 mg po 1 × dose 

Ciprofloxacind 500 mg once daily 500 mg twice daily 

Levofloxacind n/a 500 mg once daily 

Norfloxacind 400 mg once daily 400 mg twice daily 

Ofloxacind n/a 200 mg twice daily 



Rifaximin 200 mg once or twice 
daily 

200 mg three times 
daily 

a Sulfonamides, neomycin, ampicillin, doxycycline, tetracycline, and TMP-
SMX are no longer recommended due to world-wide drug resistance. 
 
b Prophylaxis should only be used for 2-3 weeks. 
 
c Antibiotics are used for a 3-day course. 
 
d Campylobacter species exhibit resistance to fluoroquinolones and should be 
considered in treatment. 

n/a, not applicable; po, by mouth. 
 

2.  Epidemiology.  Hemorrhoids are common,  wi th approximately 10%-25% of  the 

U.S.  populat ion af f l ic ted. The r isk  of  developing hemorrhoids increases wi th  

advanc ing age and peaks in  ind iv iduals  45-65 years  of  age.  The incidence of  

hemorrhoids in  pregnant women is  h igher than that  o f nonpregnant women of  s imi lar 

age. Al though they are considered a minor  medica l  problem, they may cause 

cons iderable discomfor t  and anxiety.  

B. Types  o f  hemorrhoids are determined by thei r  anatomica l  pos i t ion and vascular 

or igin . 

1.  An internal  hemorrhoid is  an exaggerated vascular  cushion wi th an engorged 

in ternal  hemorrhoida l  p lexus located above the dentate l ine and covered wi th  a 

mucous membrane. 

2.  An external  hemorrhoid is  a  di lated ve in of the in fer ior  hemorrhoida l  p lexus 

located below the dentate l ine and covered wi th  squamous epi thel ium. 

3.  A mixed  hemorrhoid appears  as a baggy swel l ing and exhib i ts  s imultaneous 

character is t ics  of  in ternal  and external  hemorrhoids. 

C. Origin.  A l though heredi ty may predispose a person to  hemorrhoids,  the exact  

cause is  probably rela ted to  acqui red fac tors . 

1.  S i tuat ions that  resul t  in  increased venous pressure  in the hemorrhoida l  plexus 

(e.g.,  chronic  st rain ing dur ing defecat ion;  smal l ,  hard s too ls ;  prolonged si t t ing on 

the to i le t ;  occupat ions that  rout inely requi re heavy l i f t ing;  pe lv ic  tumors; pregnancy)  

can t ransform an asymptomat ic  hemorrhoid into  a problem. Pregnancy is  the most  

f requent cause of  hemorrhoids in  women of  chi ldbearing age. 

2.  The hemorrhoida l  ve ins  are pushed downward dur ing defecat ion or  st rain ing;  wi th 

increased venous pressure,  they dilate  and become engorged.  Over  t ime,  the 

f ibers  that  anchor the hemorrhoidal  ve ins to the ir  under ly ing muscular  coats  

stretch,  which resul ts  in prolapse.  

D. Signs/symptoms  



1.  The most common  s ign/symptom of  hemorrhoids is  painless bleeding  occurr ing 

dur ing a bowel  movement .  The blood is  usual ly br ight red and may be vis ib le  on the 

s too l ,  on the toi let  t issue,  or  color ing the water  in the toi let .  

2.  Prolapse  is  the second most common  s ign/symptom of  hemorrhoids.  A 

temporary protrusion may occur  dur ing defecat ion,  and i t  may need to  be replaced 

manual ly.  A permanently prolapsed hemorrhoid may g ive r ise to  chronic ,  mois t  

so i l ing of  the underwear. These pat ients may complain  of  a dul l ,  ach ing fee l ing. 
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3.  Pain  is  unusual  unless thrombosis  involv ing external  t issue is  present ,  and then 

the pa in can be excruciat ing. 

4.  Discomfort ,  soreness,  pruritus, swell ing,  burning,  and seepage  may a lso 

occur  wi th  hemorrhoids. 

E.  A proper  diagnos is  is  important ,  because there are a number of  condit ions that  

may produce symptoms that  mimic  those of  hemorrhoids.  Other condit ions  that  may 

mimic  hemorrhoids inc lude the fo l lowing, which usual ly requi re  a phys ic ian 's  

in tervent ion: 

1.  An anal  abscess,  usual ly a Staphy lococcus  in fec t ion 

2.  Crypti t is ,  which is  in f lammat ion of  the crypts  (smal l  indentat ions at  the 

mucocutaneous junct ion) 

3.  An anal  f issure,  which is  a  smal l  tear  in  the l in ing of the anus 

4.  An anal  f istula,  which is  an abnormal communicat ion between the mucosa of  the 

rectum and the skin  ad jacent  to the anus 

5.  Inflammatory bowel  diseases  

6.  A polyp,  which is  a  tumor of  the large in test ine 

7.  Colorectal  cancer  

F.  Internal  hemorrhoids are graded and classi f ied into  one of  four  groups.  

1.  A f i rst-degree  hemorrhoid (grade 1)  does not descend or  pro lapse dur ing 

s t raining on defecat ion. Painless b leeding is  present .  

2.  A second-degree  hemorrhoid (grade 2) descends wi th  defecat ion but re turns 

spontaneously wi th  relaxat ion.  Mi ld  d iscomfor t  and b leeding are present.  

3.  A third-degree  hemorrhoid (grade 3) requi res manual rep lacement  in to the 

rectum af ter  pro lapse (which occurs  dur ing defecat ion or exer t ion rela ted to  work) .  

Pain, b leeding,  and d ischarge of mucus are present .  

4.  A fourth-degree  hemorrhoid (grade 4)  is  permanent ly pro lapsed and cannot  be 

manipulated manual ly.  Thrombosis  of ten occurs. 

G. Treatment.  The symptoms of  hemorrhoids are produced by a cyc le  of  events :  the 

prot rusion of  the vascular  submucosal  cushion through a t ight  anal  canal ,  which 

becomes fur ther congested and hypert rophic ,  which causes the cushion to prot rude 

far ther .  Al l  t reatments  of hemorrhoids a im to  break th is  cyc le ,  and they fa l l  in to  a 

number of  broad groups. 

1.  For  f i rst-  and second-degree internal  hemorrhoids that  bleed minimal ly,  a  

conservat ive approach can usual ly be taken. 



a.  To reduce straining  and downward pressure  on the hemorrhoids,  pat ients  

should avoid s t raining when defecat ing and avoid s i t t ing on the toi le t  longer than 

necessary (suggest  removing a l l  reading materials  f rom the bathroom). 

b.  Correct ion of  constipat ion is of  paramount importance.  Th is  can be 

accompl ished by eat ing a h igh- f iber  die t and increasing water  in take and phys ical  

ac t iv i ty.  Bulk-forming laxat ives,  such as psyl l ium, and s tool  sof teners , such as 

docusate, may be helpful .  

c .  Sitz  baths  for  15 min, three to  four  t imes a day,  can soothe the anal  mucosa.  

Tepid water  should be used,  and pro longed bath ing should be avoided.  Epsom sal ts 

(magnes ium sul fate)  added to  the bath or  the appl icat ion of  an ice pack can help 

reduce the swel l ing of an edematous or  c lo t ted hemorrhoid. 

d.  OTC hemorrhoidal  ointments,  creams, foams,  and suppositories  may a lso 

he lp rel ieve symptoms (see I I I .H) .  

2.  Higher-grade internal  hemorrhoids  usual ly requi re  physic ian expert ise and 

spec ia l ized procedures for  t reatment .  

a.  Symptomatic grades 2 or  3 hemorrhoids are of ten best  t reated wi th  hemorrhoid 

banding  ( rubber band l igat ion) .  Th is procedure is  per formed through an anoscope;  

a  rubber band l igature is p laced on the recta l  mucosa above the hemorrhoid, wel l  

above the dentate l ine to avoid excess ive d iscomfor t .  The l igated area sloughs of f  in  

a  few days. 
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Table 33-4. Guide to Hemorrhoidal Therapy Based on Approved Indication for 
OTC Anorectal Drug Products 

Therapy Burnin
g 

Discomfor
t 

Irritatio
n 

Itching Pain Sorenes
s 

Swellin
g 

Analgesic, 
anesthetic, 
antipruritic 

Ye
s 

Yes 

 

Ye
s 

Ye
s 

Ye
s  

Astringent Ye
s 

Yes Yes Ye
s 

   

Keratolytic 
 

Yes 
 

Ye
s 

   

Local 
anesthetic 

Ye
s 

Yes 
 

Ye
s 

Ye
s 

Ye
s 

 



Protectant Ye
s 

Yes Yes Ye
s 

   

Vasoconstrict
or  

Yes Yes Ye
s   

Ye
s 

Hydrocortiso
ne  

Yes 
 

Ye
s   

Ye
s 

 

b.  Infrared photocoagulat ion  can be used for  grade 2 hemorrhoids;  i t  is  less 

ef fec t ive than banding wi th  large hemorrhoids. Inf rared l ight  is  focused at the base 

of  the hemorrhoid,  thereby destroying the varicos i ty secondary to  the formation of  a  

whi te  coagulum. 

c .  Sclerotherapy ( in ject ion of  a  sc lerosing agent  in to the hemorrho id) or  

c ryotherapy ( “f reezing” the hemorrhoid)  are older therapies that  have been used. 

d.  Surgical hemorrhoidectomy should be undertaken only for  grades 3 or  4  

hemorrhoids. W hether  the procedure is  done t radi t ional ly or wi th  a  laser ,  most  

pat ients  have s ign i f icant d iscomfor t  and a period o f  postoperat ive disabi l i ty .  

3.  An external ,  thrombosed hemorrhoid  can be completely exc ised in  an of f ice 

set t ing,  c l in ic ,  or  operat ing room. 

H. Nonprescript ion medication for hemorrhoidal  and other anorectal diseases  

(Table 33-4).  The FDA has ident i f ied several  ingred ients  as safe and ef fec t ive to  

a l levia te burn ing, d iscomfor t ,  in f lammation, i r r i tat ion,  i tch ing,  pain ,  and swel l ing.  

These products  are s imply pa l l ia t ive; they are not meant  to  cure hemorrhoids or  

o ther anorectal  d isease. I f  these products  do not  improve symptoms wi thin  7 days, a  

phys ic ian should be consulted.  A phys ic ian should a lso be consulted i f  b leeding,  

pro lapse,  seepage of  feces or  mucus,  thrombosis,  or  severe pa in occurs . Pat ients  < 

12 years  of  age should not  rely on se l f - t reatment  but  should seek medica l  a t tent ion 

immediate ly.  

1.  Ointments or creams versus suppositories.  General ly,  the o in tment or  c ream 

dosage form is  bel ieved to  be super ior  to a  suppos i tory,  which may bypass the 

af fec ted area. Pat ients should wash the anorectal  area wi th  mi ld  soap and warm 

water  and pat  (not  wipe) the area dry before apply ing a product .  A l ternat ive ly,  

pat ients  can use an OTC anal -c leans ing pad (e.g.,  Tucks) .  Some ointments  come 

wi th  rec ta l  p ipes (pi le  pipes) that  a l low the pat ient  to inser t  and apply the 

medicat ion d i rec t ly in the rectum. The openings in  the recta l  p ipe al low the o in tment  

to  cover  large areas of  the recta l  mucosa unreachable wi th  the f inger.  The rectal  

p ipe should be lubr icated by spreading o in tment around the t ip o f the pipe before 

inser t ion. Some c l in ic ians advise against the use o f  the recta l  p ipe because the anal 

canal  could be t raumat ized i f  the pipe is  not  inser ted proper ly.  



2.  Local anesthetics  work  by blocking nerve- impulse t ransmiss ion.  Agents  deemed 

safe and ef fec t ive include benzocaine 5%-20% (e.g. ,  Lanacane),  pramoxine 1% 

(e.g.,  ProctoFoam), benzyl  a lcohol  1%-4% (e.g. ,  Tucks Clear  Gel ) ,  d ibucaine 0.25%-

1% (e.g.,  Nuperca ina l) ,  dyc lon ine 0.5%-1% (e.g.,  Dyc lone) ,  l idocaine 2%-5% (e.g.,  

Xylocaine) ,  and te t racaine 0.5%-1% (e.g.,  Pontocaine) .  

a.  Administrat ion guidel ines.  Local  anesthet ics  should be used for symptoms of  

pa in ,  i tch ing,  burning,  discomfor t ,  and i rr i ta t ion in  the per ianal  reg ion or  lower anal  

canal  (not in the rectum).  The rectum contains  no sensory pain receptors.  The 

products  should not  be appl ied to  abraded skin  as this wi l l  increase absorpt ion 

systemical ly.  

b.  Adverse effects.  These agents may produce a hypersensi t iv i ty react ion wi th  

burning and i tch ing s imi lar  to that  of  anorecta l  d isease.  Systemic  absorpt ion is 

minimal  unless the perianal  sk in is  abraded. As a resul t  o f  i ts  un ique chemical  

s t ruc ture,  pramoxine exhib i ts  l i t t le c ross-sens i t iv i ty compared to  the other loca l  

anesthet ics. 
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c .  Warnings  

(1)  A l lerg ic  react ions may occur  in  some pat ients.  

(2)  Advise pat ients not  to  use preparat ions longer than 7 days. 

3.  Vasoconstrictors  decrease mucosal perfus ion by causing ar ter io le  constr ic t ion 

in  the anorecta l  area af ter  top ica l  appl icat ion. However,  because b leeding in this 

area may be a s ign of more serious disease, vasoconstr ic tors  are not  approved for  

contro l  o f  minor b leeding.  For  temporary rel ie f  of  i tch ing,  d iscomfor t ,  and i r r i ta t ion,  

these agents have a loca l  anesthet ic  e f fec t  o f  unknown mechanism. 

a.  Agents  deemed safe and ef fec t ive include ephedrine su l fa te  0.1%-1.25% in  

aqueous so lut ion, epinephr ine HCl 0 .005%-0.01% in aqueous so lut ion,  and 

phenylephr ine HCl 0 .25% in aqueous so lut ion.  These agents  are present  in  various 

o in tments  (e.g. ,  Pazo)  and suppos i tor ies  (e .g. ,  Preparat ion H). 

b.  Adverse effects.  Topical  vasoconstr ic tors,  at  recommended doses,  may cause 

nervousness,  t remor,  s leeplessness,  nausea,  and loss of  appet i te .  Cardiac 

arrhythmias, i r regular  hear t  rate , and elevat ion of b lood pressure are potent ial ly  

ser ious adverse ef fec ts ,  but  less l ikely a t  recommended doses. 

c .  Warnings/contraindicat ions  apply to  people wi th  card iovascular  disease,  high 

b lood pressure,  hyperthyro idism, d iabetes,  and pros tate enlargement because of  the 

poss ib i l i ty  of  sys temic  absorpt ion. 

4.  Protectants  provide a physical  barrier,  forming a protect ive coat ing over  skin  or  

mucous membranes,  for  temporary re l ie f  o f  i tch ing,  i r r i ta t ion,  d iscomfor t ,  and 

burning.  They prevent  i r r i ta t ion of anorectal  t issue and prevent water  loss f rom the 

s t ratum corneum. Protectants  are of ten the bases or vehic les  for  o ther  agents  used 

for  anorecta l  d isease.  Products  include aluminum hydroxide gel ,  cocoa but ter ,  

kaol in ,  lanol in ,  hard fat ,  mineral  oi l ,  whi te  pet ro latum, petrola tum, g lycer in (external  

use only) ,  top ical  starch, cod l iver  oi l ,  shark  l iver  o i l ,  and zinc  oxide.  W hen 

protectants  are incorporated into  the formulat ion o f  an OTC product ,  they should 



make up at  least  50% of  the dosage uni t .  I f  two to four protectants are used,  the i r  

to tal  concentrat ion should represent a t least  50% of  the whole product.  Lanol in ,  a  

der ivat ive of  wool  a lcohol ,  may be a l lergenic to suscept ible  indiv iduals .  

a.  Absorbents  take up f lu ids  that  are on or  secreted by sk in or  mucous membranes. 

b.  Adsorbents  at tach to substances secreted by skin  or  mucous membranes. 

c .  Demulcents  combine wi th  water  to  form a col lo ida l  solu t ion,  which protects  the 

skin  in  a  way s imi lar  to  mucus. 

d.  Emoll ients,  which are derived f rom animal  or  vegetable fa ts  or petro leum 

products ,  sof ten or protect  in ternal  or external  body sur faces. 

5.  Astr ingents  lessen mucus and other  secret ions and protect underly ing t issue 

through a loca l  and l imi ted protein  coagulant  e f fec t .  Act ion is  l imi ted to  sur face 

ce l ls,  but  as t r ingents  provide temporary re l ie f  o f  i tching,  discomfort ,  i r r i ta t ion, and 

burning.  Products  cons idered to  be safe and ef fec t ive inc lude ca lamine 5%-25%, 

wi tch hazel  10%-50% (external  use only) ,  and zinc  oxide 5%-25%. 

6.  Keratolyt ics  cause desquamation and débridement  o f  the surface cel ls  o f the 

ep idermis  and provide temporary rel ief  of  discomfor t  and i tch ing. Theoret ica l ly,  

kerato lyt ics  expose under ly ing t issue to  other  therapeut ic  agents.  Products  

cons idered to  be safe and ef fect ive inc lude a luminum chlorhydroxyal lanto inate 

(a lc loxa)  0 .2%-2.0% and resorcino l  1%-3%. Resorc ino l  should not  be used on an 

open wound owing to  the potent ia l  for a  serious hypersensi t iv i ty react ion.  

Kerato lyt ics are reserved for external  use only.  

7.  Analgesics,  anesthetics,  and antipruri tics  provide temporary rel ief  o f  burning,  

d iscomfor t ,  i tch ing, pain , and soreness.  The FDA has redesignated several  

ingredients  in to  this category that  were former ly c lass i f ied as counterirr i tants.  

Ingredients  cons idered to  be safe and effec t ive for  external  use in  the anorecta l  

area inc lude menthol  (0 .1%-1%),  juniper  tar  (1%-5%),  and camphor (0 .1%-3%).  

These agents should not be used to  t reat internal  hemorrhoids. 

8.  Wound-heal ing agents.  L ive yeast  cel l  derivat ive (LYCD; sk in-respi ra tory 

fac tor) ,  which is a  water-so luble ext ract  o f brewer 's  yeast ,  was present  in  

Preparat ion H in the past .  LYCD was removed f rom the l is t  of  safe and effect ive  

ac t ive ingredients  by the FDA, which determined that  s tud ies have not  proven this  

agent  ef fec t ive.  Preparat ion H products  have been reformulated  
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wi thout  LYCD. Preparat ion H Ointment now conta ins  protectants  (pet ro latum, 

mineral  oi l ,  shark  l iver  oi l ,  lanol in ,  and g lycer in)  and the vasoconstr ictor  

phenylephr ine. 

9.  Hydrocort isone (0.25%-1%)  causes vasoconstr ic t ion,  s tab i l izat ion of  lysosomal 

membranes,  and ant imi to t ic  ac t iv i ty.  These agents  have the potent ia l  to  reduce 

i tch ing,  in f lammat ion, and d iscomfor t  in  the anorectal  area. Unt i l  recent ly,  

hydrocor t isone-contain ing hemorrhoidal  products  were avai lab le  by prescrip t ion 

on ly.  As wi th  any stero id cogener,  hydrocor t isone may mask the symptoms of 

bacter ia l  or  fungal infec t ions.  Hydrocor t isone concentrat ions > 1% are avai lab le by 

prescrip t ion only.  



IV. GASTROESOPHAGEAL REFLUX DISEASE 

(HEARTBURN) 
A. General  information  

1.  Defini t ion.  Gastroesophageal  ref lux d isease (GERD) is  def ined as the re t rograde 

movement  o f gast r ic contents  in to the esophagus ( i .e. ,  gast roesophageal  re f lux) .  

Gastroesophageal re f lux is  general ly a benign phys io logical  process that  occurs  in  

normal  ind iv iduals  mul t ip le  t imes throughout  the day.  However,  pat ients  wi th  GERD 

may exper ience esophageal  t issue damage ( ref lux esophagi t is ) and/or symptoms of  

hear tburn when the acidic  gast r ic contents  s tay in  prolonged contact  wi th the 

esophagus. 

2.  Epidemiology.  Between 30% and 50% of  the populat ion has exper ienced 

occasional episodes of  hear tburn.  The fo l lowing are  predisposing fac tors  for  this 

condi t ion: 

a.  Age.  Pat ients  o f any age can exper ience hear tburn; however,  th is  condi t ion is  

most  common in  people > 50 years  of age. 

b.  Gender,  males are more l ike ly to  exper ience GERD. 

c .  Pregnancy.  Between 30% and 50% of  pregnant  pat ients exper ience hear tburn 

dur ing the course of  pregnancy;  25% exper ienc ing dai ly symptoms.  I t  has been 

suggested that  hormonal changes as wel l  as  the increase in  in t ra-abdominal  

pressure contr ibute to the h igh inc idence of  hear tburn during pregnancy.  

d.  Obesity may corre la te to  hear tburn owing to  the increase in  in tra-abdominal  

pressure or  lower esophageal  sphincter  (LES) pressure.  Th is predisposing fac tor  

can be vo luntari ly  modi f ied ( i .e . ,  weight  loss)  to  reduce the pat ients r isk of  

hear tburn. 

3.  Symptoms.  Heartburn (pyrosis) typ ical ly is  described as a burn ing sensat ion or  

pa in located in  the lower chest.  The pain may radia te h igher  in  the chest,  in to the 

back,  and in to  the throat or  neck.  Because the pain  may rad iate up in to  the chest ,  

hear tburn may be confused wi th  pa in associated wi th  myocardia l  infarc t ion 

(sweat ing associated wi th  severe,  c rushing chest pa in suggests a myocard ial  

in farc t ion and medica l  a t tent ion must be sought  immediately) .  Symptoms usual ly 

occur  soon af ter  meals  and when ly ing down at  bedt ime;  pat ients  may be awakened 

dur ing the n ight  wi th the pa in.  Pain on swal lowing (odynophagia)  may suggest  

severe mucosal  damage in  the esophagus. 

4.  Complicat ions.  Pat ients  wi th severe,  uncontro l led GERD may suf fer  bleeding 

f rom esophageal  ulcers  and pulmonary compl icat ions resul t ing f rom the aspi ra t ion of  

re f luxed mater ia l  in to  the upper a i rways and lungs.  Pat ients  who describe d i f f icul ty 

swal lowing ( i .e . ,  dysphagia) may have an esophageal  s t r ic ture, cancer ,  or  a  mot i l i ty  

d isorder .  

5.  Causes.  There is  an imbalance of aggressive forces (promote the development  o f  

GERD) and protect ive forces (prevent the development  o f  GERD).  Aggress ive forces 

include acid  and pepsin. The most important  protect ive force is  probably the LES. 

Many pat ients  wi th GERD have a weak LES. As a resul t ,  the h igh pressure in  the 

s tomach creates enough force to  overcome the weak squeeze of the LES and a l lows 



re f lux to  occur .  Other  protect ive forces include esophageal  c learance,  gast r ic -

emptying rate,  sal iva,  and esophageal  mucosal  defense. 

a.  Drugs that  reduce LES tone include ca lc ium channel  antagonis ts  (e .g.,  n i fed ip ine,  

verapamil ,  d i l t iazem),  n i tra tes,  ant ichol inerg ic  agents  (e.g. ,  t r icycl ic  

ant idepressants ,  ant ih is tamines) ,  and oral  contracept ives and est rogen. 

b.  Foods that  reduce LES tone include chocolate,  fa t ty foods,  on ions,  peppermint,  

and garl ic .  

c .  Smoking (n icot ine) reduces LES tone. 
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6.  Pharmacists  who are consul ted by pat ients  should ask for the fol lowing 

in format ion before recommending a therapy: 

a.  Durat ion and f requency of  symptoms 

b.  Severi ty o f the pa in and symptoms 

c .  Timing of the symptoms (espec ia l ly in  re la t ion to  meals  and at  bedt ime) 

d.  Presence of o ther  symptoms (nausea,  vomi t ing,  bloody s tools ,  weight loss) 

e.  Use of  alcohol  or tobacco 

f .  Amount  o f h igh-fa t  foods,  caf feine-containing products ,  chocolate,  and tomato-

based foods consumed 

g.  Medicat ions used current ly,  inc lud ing nonprescr ip t ion medicat ions 

h.  Medicat ions used to re l ieve hear tburn and thei r  e f fec t iveness 

7.  Pat ients  wi th  the fo l lowing symptoms or  condit ions should be referred to  a 

phys ic ian for  eva luat ion ra ther  than t reated wi th  nonprescrip t ion agents : 

a.  Severe abdominal  or back pa in 

b.  Unexplained weight  loss 

c .  Chest  pa in that  is  indis t inguishable f rom ischemic  pa in 

d.  Di f f icu l ty or  pa in  on swal lowing 

e.  Presence or h is tory of vomi t ing blood 

f .  B lack tarry bowel  movements  ( i f  not  taking i ron or  b ismuth subsal icyla te)  

g.  Chi ldren < 12 years  of age 

h.  Possibi l i ty  o f  being pregnant 

i .  Symptoms not responding to  antacids or nonprescr ipt ion H2RAs wi th in  2 weeks or  

recurr ing soon af ter s topping 

B. Treatment  

1.  Nonpharmacological  in tervent ions for  GERD at tempt to reduce or e l iminate 

d ie tary and l i fes ty le  fac tors  that  promote re f lux.  Speci f ic  recommendat ions inc lude 

the fo l lowing: 

a.  E levate the head of  the bed 6-10 inches wi th blocks.  Th is  posi t ion improves 

esophageal  c learance and reduces the durat ion of  re f lux.  Try to  avoid jus t propping 

a pat ient 's head up wi th  p i l lows because th is  may worsen symptoms by increas ing 

abdominal  pressure. 

b.  Eat evening meals  at  least  3-5 hr before going to  bed to  al low adequate t ime for  

gast r ic  emptying. 

c .  Avoid foods that  reduce LES tone. 



d.  Avoid foods that  i r r i tate  the esophagus such as tomato-based products,  cof fee,  

c i t rus juices,  and carbonated beverages (wi th or  wi thout  caffe ine) .  

e.  Reduce the s ize of  meals. 

f .  Avoid ly ing down for  at  least 2  hr  af ter meals . 

g.  Stop use of  tobacco products . 

h .  Limi t  a lcohol  in take. 

i .  L imi t  caf fe ine-conta in ing beverages. 

j .  Lose weight i f  appropr ia te . 

k.  Avoid wear ing t ight - f i t t ing c lo th ing. 

2.  Pharmacological .  The management  o f GERD may be viewed as a stepped-care 

approach,  wi th antac ids, nonprescrip t ion H2RAs,  and nondrug measures forming the 

basis for the f i rs t  s tep (Figure 33-1) .  These measures may help a l levia te symptoms 

in  pat ients  wi th  mi ld  to  moderate GERD but  cannot  be expected to heal  damaged 

esophageal  mucosa or  prevent  compl icat ions.  Steps 2  and h igher  use prescrip t ion-

s t rength H2RAs and other  prescrip t ion medicat ions as wel l  as intervent ions such as 

surgery. 

a.  Antacids.  Antac ids are bas ic  compounds that  neutra l ize gastr ic  ac id ,  which 

increases the pH of re f luxed gastr ic  contents .  As a resul t ,  the re f luxed contents  are 

not  as  damaging to  the esophageal  mucosa and alkal in izat ion of  gast r ic  contents  

increase LES tone. 

(1)  Antacids genera l ly rel ieve hear tburn wi thin  5-15 min of  admin is t rat ion. Antac id  

suspensions general ly disso lve more easi ly in  gast r ic  acid  and thereby work  

qu icker .  In  addi t ion, sodium b icarbonate and magnesium hydroxide disso lve qu ick ly 

a t  gastr ic  pH and provide rapid re l ie f ;  however,  ca lc ium carbonate and aluminum 

hydroxide dissolve s lowly in  stomach acid  wi th  a  longer t ime f rame for  symptom 

re l ie f  (10-30 min) .  

(2)  The durat ion of  rel ief  ranges f rom 1 to 3 hr  i f  taken 1 hr a f ter  meals (durat ion of  

neutra l izat ion las ts only 20-40 min i f  taken wi thout  food).  Because of the ir  shor t  

durat ion,  pat ients  may need to  take 4-5 doses throughout  the day for adequate 

symptom re l ief .  Antac ids wi l l  not  provide susta ined neutral izat ion of ac id throughout  

the n ight .  
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Figure 33-1. Step-wise progression of therapy for 
gastroesophageal reflux disease (GERD.) ac, 
before meals; ANC, acid-neutralizing capacity; 
bid, twice daily; HS, bedtime; pc, after meals; qid, 
four times daily. 

(3)  Adul ts :  40-80 mEq acid-neutra l iz ing capac i ty (ANC) taken as needed for  

symptoms.  I f  necessary, these doses may be t i t rated to  a scheduled reg imen,  such 

as 40-80 mEq af ter  meals  and at  bedt ime. 

(4)  Sodium bicarbonate  (e .g. ,  Alka-Seltzer ,  Bromo-Sel tzer) should be used for only 

short - term re l ie f  o f  symptoms.  Because each gram of sodium b icarbonate contains  

12 mEq of  sodium, i t  is  contraind icated in  pat ients  wi th  edema, congest ive hear t  

fa i lure,  renal fai lure,  c i r rhosis,  and pat ients  on low-sal t  die ts .  I t  is  the only systemic  

antac id  avai lab le  and can thus a l ter  systemic  pH. 

(5)  Calcium carbonate  (e .g . ,  Tums) is  the most  potent  antac id  ingredient  but  may 

cause const ipat ion or ,  less l ikely,  d iarrhea. I t  is  a good source of  e lementa l  ca lc ium. 

(6)  Aluminum hydroxide  (e .g . ,  Amphoje l ,  ALternaGEL) of ten causes const ipat ion 

and should be avoided in  pat ients  wi th  hemorrhoids or  const ipat ion, which is  

common in  the e lder ly.  Aluminum hydroxide has the lowest  neutra l iz ing capaci ty o f 

a l l  the antac ids.  Aluminum accumulat ion can be a problem in  pat ients  wi th chronic  

renal  insuf f ic iency. 

(7)  Magnesium hydroxide  (e.g . ,  Mi lk  of  Magnesia)  rare ly is  used alone for  

hear tburn because i t  f requent ly causes diarrhea. I f  used in  renal  fai lure pat ients ,  

hypermagnesemia can occur  rap id ly.  

(8)  Magnesium-aluminum  combinat ion antacids (e .g.,  Maalox,  Mylanta)  provide the 

h ighest  ANC per  volume of  antac id  and are used most  f requent ly.  The predominant  

adverse ef fec t  o f  these combinat ions is  diarrhea. 

(9)  Patient information  

(a)  Pat ients wi th  renal  fai lure should avoid the use of  a l l  antac ids . Potass ium and 

magnes ium content  of  antac ids  should be cons idered for  pat ients wi th  card iac  

d isease. 

(b)  Pat ients should not take > 500-600 mEq ANC of  antac id  per  day. 

(c)  Palatab i l i ty  wi th  antac id l iquids  may be increased wi th  re fr igerat ion (do not  

f reeze) .  
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(d)  Tablets must be chewed thoroughly to achieve opt imal e ffect .  

(e)  Antacids can inter fere wi th  the absorpt ion of many drugs.  In  general ,  antac ids 

should be spaced at  least  2  hr  apar t  f rom the admin is t ra t ion of  in teract ing drugs.  

Th is  is  of ten qu i te  di f f icul t  to  accompl ish.  Important  c l in ica l  interact ions with  

antac ids may occur wi th  the fo l lowing drugs: 

( i )  Tet racyc l ine ant ibio t ics 

( i i )  Quinolone ant ib io t ics (e .g. ,  c iprof loxac in, levof loxac in) 

( i i i )  I ron supplements 

( iv)  Digoxin 

b.  Alginic acid  

(1)  Mechanism of act ion.  A lg inic ac id works by react ing wi th  sodium b icarbonate 

and sal iva to  form a v iscous so lut ion of  sodium alginate.  Th is v iscous so lut ion 

f loats  on the sur face of  gast r ic  contents  so that ,  when ref lux occurs , sodium 

a lginate ra ther  than ac id is  re f luxed,  and i r r i ta t ion is  minimized. 

(2)  Patient information  

(a)  A lg inic-ac id tab lets  must  be chewed to  be effec t ive and should be fo l lowed by a 

fu l l  g lass of  water  so that  the v iscous foam can f loat  on i t  in  the s tomach. 

(b)  A lg inic -acid  products work  best  when pat ients are in  the upright  posi t ion.  Thus 

these products  should not  be taken at  bedt ime or  jus t  before ly ing down. 

c .  Nonprescription H2RAs.  These medicat ions inh ib i t  gast r ic  acid  secret ion by 

compet i t ive ly blocking H2 - receptors on the par ie ta l  ce l l .  By decreas ing gast r ic  acid  

secret ion,  the re f luxed materia l  is  less damaging to  the esophagus.  The onset  o f 

symptom re l ief  wi th  H2RAs is  1-2 hr ,  which is  cons iderably longer than antac ids;  

however,  the durat ion of ac t ion can las t  up to  10 hr .  A l l  H2RAs are contraind icated 

in  ch i ldren < 12 years  of age.  Nonprescr ipt ion H2RAs can be used for  re l ie f  or 

prevent ion of hear tburn. 

(1)  Cimetidine (Tagamet-HB)  

(a)  Adul ts  (nonprescrip t ion) :  200 mg as needed for  symptoms,  up to  twice da i ly.  

Cimet idine 200 mg suppresses gastr ic ac id for approximately 6  hr .  

(b)  Nonprescript ion doses of c imet id ine may impair  the hepatic metabol ism  and 

thus increase serum concentrat ions and the pharmacolog ical  ef fec ts  of  the fol lowing 

drugs: 

( i )  W arfar in 

( i i )  Phenytoin 

( i i i )  Theophyl l ine 

(2)  Famotidine (Pepcid-AC, Pepcid Complete, Maximum Strength Pepcid-AC).  

Unl ike c imet idine,  famot id ine rare ly impai rs  hepat ic  metabol ism of o ther  drugs 

(a)  Adul ts  (nonprescrip t ion) :  10-20 mg as needed for  symptoms, up to  twice da i ly;  

maximum dose 40 mg/day.  Pat ients  who ant ic ipate hear tburn or  indigest ion may 

take 10-20 mg (1 tab let )  1  hr  before eat ing;  maximum of 2  table ts  wi th in  a  24-hr  

per iod.  Famotidine 10 mg suppresses ac id  secret ion for  8-10 hr.  

(b)  Famot idine,  ca lc ium carbonate, magnesium hydroxide (Pepc id Complete) .  A 

chewable combinat ion of an H2RA and an antac id.  

(3)  Ranit idine (Zantac 75,  Zantac 150 Maximum Strength) .  



(a)  Adul ts  (nonprescrip t ion) :  75-150 mg as needed for symptoms,  up to  twice dai ly;  

maximum 150 mg/day 

(b)  Rani t id ine inhibi ts hepat ic  metabol ism 5-10 t imes less than cimet id ine;  

therefore,  the potent ia l  for  drug in teract ions is  very smal l .  

(4)  Nizat idine (Axid-AR).  Adul ts :  75 mg as needed for symptoms,  up to  twice dai ly.  

Nizat idine rare ly impai rs hepat ic  metabol ism of other  drugs. 

(5)  Adverse effects.  These agents  are ext remely wel l  to lerated. The most common  

adverse ef fec ts  repor ted wi th  nonprescr ipt ion doses are headache, d iarrhea,  

d izziness,  and nausea. 

d.  Prescription H2RAs.  Pat ients  wi th  moderate to  severe symptoms and/or  

esophageal  mucosal lesions requi re  higher  doses of  H2RAs than are avai lab le  over  

the counter .  Unl ike pat ients  wi th pept ic  u lcer  d isease,  pat ients  wi th  GERD respond 

best  to mul t ip le  da i ly doses of H2RAs rather  than to  s ing le  bedt ime doses.  

e.  Prokinetic  agents.  Pat ients  wi th  moderate to  severe GERD may benef i t  f rom the 

addi t ion of  these medicat ions,  which s t imulate esophageal  moti l i ty  and increase LES 

tone.  Prok inet ic agents  are avai lab le only by prescr ipt ion. 

(1)  Metoclopramide (Reglan, generic) .  Adverse effects,  such as sedat ion,  

depress ion,  and ext rapyramidal  e ffec ts,  l imi t  the usefu lness of  th is  agent  for  many 

pat ients . 
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(2)  Cisapride (Propulsid) .  The numerous drug in teract ions wi th  th is  product  have 

caused the manufacturer to  vo luntar i ly  remove i t  f rom the market .  Propuls id  may 

s t i l l  be obta ined through an invest igat ional  l imi ted-access program. 

f .  Proton pump inhibitors.  These prescr ip t ion-only agents  (except  omeprazole) 

provide complete acid  suppression by inhib i t ing the hydrogen-potassium ATPase 

pump on the sur face of  the par ie tal  ce l l .  The durat ion of  ac id  suppression wi th  these 

agents is  about  3  days.  Proton pump inh ib i tors are the most  potent  and ef fect ive 

agents avai lable  for  re l ieving severe GERD symptoms and heal ing esophageal  

lesions. In  June 2003,  the FDA swi tched omeprazole to  OTC status for  the 

prevent ion of symptoms of  f requent (occurr ing 2 or  more days per week)  hear tburn.  

These OTC drugs should be used for  no more than 14 days every 4 months,  un less 

d i rec ted by a phys ic ian. 

(1)  Omeprazole (Pri losec and Pri losec  OTC )  

(a)  Th is drug may inhib i t  hepat ic  metabol ism and thus increase serum 

concentrat ion/pharmacolog ic  ef fec ts  o f the fo l lowing drugs: phenytoin , warfar in ,  and 

d iazepam. 

(b)  Adverse effects.  A l though rare, these may inc lude headache,  diarrhea,  

const ipat ion,  or  dizziness. 

(2)  Lansoprazole (Prevacid)  has no c l in ical ly s ign i f icant drug in teract ions. 

(3)  Pantoprazole (Protonix)  is  the only proton pump inh ib i tor  wi th  an oral  and 

in t ravenous formulat ion. 

(4)  Rabeprazole (Aciphex)  

(5)  Esomeprazole (Nexium)  



C. Special patient populat ions  

1.  Pediatr ic  pat ients.  Gastroesophageal  ref lux occurs  commonly in infants  and 

ch i ldren.  Signs and symptoms in  pediat r ic  pat ients  include vomi t ing,  chest  pain, 

i r r i tab i l i ty ,  feeding refusal ,  be lching,  and apnea. Ser ious compl icat ions (e.g. ,  fa i lure 

to  thr ive,  esophageal s tr ic tures) can occur  in  in fants  and ch i ldren. 

a.  Antacids,  wi th  or  wi thout  a lginic  acid , have been widely used in  in fants and 

ch i ldren,  but the i r  safety has not  been clear ly es tab l ished. 

b.  H2RAs  have been used safely in  chi ldren under the supervis ion of  heal thcare 

providers.  However,  the nonprescrip t ion H2RAs are not  approved for  use in  ch i ldren 

< 12 years  of age unless d i rec ted by a phys ic ian. 

2.  Pregnant patients.  Heartburn occurs  commonly during pregnancy because of  

increased abdominal pressure owing to  the expanding uterus, as  wel l  as  reduced 

LES pressure resul t ing f rom h igh concentrat ions of  es t rogen and progesterone.  

Near ly ha l f  o f  pregnant  women exper ience GERD, espec ial ly dur ing the th i rd  

t r imester .  

a.  Antacids  are genera l ly cons idered safe in  pregnancy as long as chronic  high 

doses are avoided.  I t  is  best  to avoid sodium bicarbonate because of  the r isks of  

systemic  a lka losis and the sodium load leading to  edema and weight  ga in.  

b.  Data regard ing the safety o f  alginic acid  dur ing pregnancy are not  ava i lab le . 

c .  Control led data regarding the  safety o f H2RAs  in  pregnancy are l imited.  

Pregnant  women seeking a nonprescr ip t ion H2RA for  GERD should be d i rec ted to 

use antacids,  unless a phys ic ian has ins t ruc ted her  o therwise. 

3.  Elderly pat ients.  Antac ids and nonprescrip t ion H2RAs may be safe ly used in 

e lder ly pat ients  wi thout  any dosage adjustments . 

a.  Dosage reduct ion of  prescr ip t ion H2RAs may be necessary in  elderly pat ients  wi th  

reduced renal funct ion. 

b.  E lder ly pat ients are more l ike ly to  be taking drugs that  in teract  wi th  antac ids,  

H2RAs,  omeprazole, and/or  c isapride. 

c .  Elderly pat ients  are also more l ike ly to  have symptoms or condi t ions that  require  

re ferra l  to  a  phys ic ian before beginn ing nonprescr ipt ion therapy. 
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STUDY QUESTIONS 
Direct ions for questions 1-20:  Each of the quest ions,  s ta tements,  or incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  Which laxat ive should not  be used to treat  acute constipat ion because of  i ts  

s low onset of  act ion? 

(A)  g lycer in 

(B)  b isacodyl  supposi tory 

(C)  psyl l ium 

(D) mi lk o f  magnesia 



View Answer1.  The answer is  C[see] .2.  Which is  not  a  r isk factor for 

hyperphosphatemia and death from sodium phosphate enemas when used in 

chi ldren? 

(A)  renal  insuff ic iency 

(B)  Hi rschsprung disease 

(C) anorectal  mal formations 

(D) chi ldren 6-12 years  of  age 

View Answer2.  The answer is  D[see] .3.  Al l  of the following statements 

about emoll ient  stool  softener laxat ives are true except  which one? 

(A)  They are not good for  acute const ipat ion. 

(B)  They are good for  pat ients  who should not  s t ra in  by passing a hard s too l  (e .g. ,  

postsurg ical  pat ients) .  

(C)  They never  have been found to  be better  than p lacebo for  long- term use. 

(D)  They are more ef fec t ive than p lacebo for  long- term use. 

View Answer3.  The answer is  D[see] .4.  Which of  the fol lowing statements 

adequately describes bulk-forming laxat ives? 

(A)  can cause d iarrhea i f  not  taken wi th  water 

(B)  are derived f rom polysacchar ides and resemble f iber  (bran)  in  mechanism of  

ac t ion 

(C) onset o f  act ion in  4-8 hr 

(D)  produce much more complete evacuat ion of const ipat ion than s t imulant  products 

View Answer4.  The answer is  B[see] .5.  Which of  the fol lowing statements 

about nondrug therapies for acute diarrhea is not  correct? 

(A)  Breast-feeding should be cont inued as normal .  

(B)  Even i f  the pat ient  is  not  vomit ing,  food should be wi thheld for  6-12 hr.  

(C)  F luids  can be g iven to  pat ients  who exper ience vomi t ing,  but smal l  amounts  of  

f lu id  should be used. 

(D)  Replacement f lu ids  main ly cons is t  o f  water ,  sugar ,  potass ium, sodium, and 

b icarbonate. 

View Answer5.  The answer is  B[see] .6.  Which of  the fol lowing products 

should not  be used to replenish lost  f luids from acute diarrhea? 

(A)  pedialyte  solu t ion 

(B)  Kool -Aid 

(C)  Gatorade (hal f -s t rength d i lu ted wi th  water) 

(D)  The W orld  Health  Organizat ion (W HO) solut ion 

View Answer6.  The answer is  B[see] .7.  Which of  the fol lowing statements 

about adsorbent drugs used for diarrhea is  true? 

(A)  useful  for  t reatment  o f  severe d iarrhea 

(B)  very unsafe because not  absorbed systemica l ly 

(C)  in  general ,  smal l  doses needed to re l ieve d iarrhea 

(D) kaol in  now genera l ly recognized as a safe and e f fect ive OTC ant idiarrheal  agent 

View Answer7.  The answer is  D[see] .8.  Which of  the fol lowing statements 

concerning traveler 's  diarrhea is true? 

(A)  I t  can usual ly be avoided by not  eat ing raw vegetables,  seafood,  or  eggs when 

t ravel ing to  th i rd  wor ld countr ies . 



(B)  I t  can be prevented by tak ing one dose of ant ib io t ic 1  day before a t r ip.  

(C)  Hel icobacter py lor i  is  the pr imary pathogen responsib le . 

(D)  Phi l l ips '  Mi lk o f Magnesia is used to  prevent  and t reat  the condi t ion. 

View Answer8.  The answer is  A[see] .Escherichia col iHel icobacter 

pylori9.  Al l  of  the fol lowing agents are considered close to ideal  

laxatives except  

(A)  emol l ient  laxat ives. 

(B)  bulk-forming laxat ives. 

(C)  f iber .  

(D)  s t imulant  laxat ives. 

View Answer9.  The answer is  D[see] .10.  A pat ient  suffering from acute 

infectious diarrhea caused by Shigel la  can be managed in al l  of  the fol lowing 

ways except  which one? 

(A)  No t reatment  necessary because signs and symptoms usual ly resolve in  48 hr .  

(B)  Use g lucose so lut ions (e.g. ,  soda,  apple ju ice)  to  sett le the stomach and 

decrease the number of  s too ls .  

(C)  Avoid food for  at  least  6 hr ,  then s lowly increase f lu id intake. 

(D)  Use ant ibio t ics  (e .g.,  Bactr im,  doxycyc l ine) for  7  days. 

View Answer10. The answer is  B[see] .P.704 

 

 

11.  Which local anesthetic  should be used to treat  symptoms of  pain,  i tching, 

burning,  and discomfort  in pat ients with an establ ished l idocaine al lergy? 

(A)  te t racaine 

(B)  d ibucaine 

(C) pramoxine 

(D) benzocaine 

View Answer11. The answer is  C[see] .12.  Al l  of  the fol lowing i tems are 

part  of  a  standard conservat ive approach to the treatment of  f i rst- or second-

degree hemorrhoids except  

(A)  topica l  anesthet ic (hemorrhoidal  ointment) .  

(B)  s too l  sof tener.  

(C)  s i tz baths. 

(D)  rubber band l igat ion. 

View Answer12. The answer is  D[see] .13.  What is  the most common 

sign/symptom of hemorrhoids? 

(A)  b leeding 

(B)  pain 

(C)  seepage 

(D) pruri tus 

View Answer13. The answer is  A[see] .14.  Which of  the following agents 

is  designated as a safe and effect ive analgesic,  anesthetic ,  and antipruri t ic  by 

the Food and Drug Administrat ion? 

(A)  wi tch hazel 

(B)  jun iper  tar 



(C)  hydrocor t isone 

(D) phenylephr ine 

View Answer14. The answer is  B[see] .15.  Al l  of  the fol lowing 

vasoconstrictors are deemed safe and effect ive for the temporary re l ief  of  

i tching and swel l ing except  

(A)  ephedrine 0.1%-1.25%. 

(B)  epinephrine 0.005%-0.01%. 

(C) phenylpropanolamine 1%-10%. 

(D) phenylephr ine 0.25%. 

View Answer15. The answer is  C[see] .16.  Al l  of  the fol lowing symptoms 

associated with gastroesophageal  ref lux disease (GERD) may be treated with 

nonprescript ion agents except  

(A)  burn ing sensat ion located in  the lower chest .  

(B)  pain that  is  worse af ter  meals . 

(C)  pain or  di f f icu l ty when swal lowing. 

(D)  pain that is  worse on ly ing down at  bedt ime. 

View Answer16. The answer is  C[seeand] .17. Which of  the fol lowing is an 

appropriate nonpharmacological  recommendation for patients with 

gastroesophageal ref lux disease (GERD)? 

(A)  Eat  larger  but fewer meals. 

(B)  Avoid meals  high in  protein . 

(C)  Eat  evening meals  at least  3  hr  before bed. 

(D)  Prop a pat ient 's  head up wi th  two p i l lows at  n ight .  

V iew Answer17. The answer is  C[seeand] .18. Al l  of  the fol lowing 

statements regarding antacid use in gastroesophageal  ref lux disease (GERD) 

are correct  except  which one? 

(A)  The onset  of  symptom rel ie f  wi th  antacids is  1-2 hr .  

(B)  Antacids wi l l  re l ieve symptoms for  1-3 hr .  

(C)  Sodium bicarbonate should not  be used in  pat ients  wi th edema, congest ive hear t  

fa i lure,  or  those on low-sal t  d iets 

(D)  The most f requent  s ide ef fec t  o f  aluminummagnes ium combinat ion antac ids is  

d iarrhea. 

View Answer18. The answer is  A[see] .19.  Al l  of  the fol lowing statements 

regarding use of  nonprescript ion H2RAs in gastroesophageal  reflux disease 

(GERD) are correct  except  which one? 

(A)  The most  common adverse ef fec ts  of  nonprescr ipt ion H2RAs are headache,  

d iarrhea,  dizziness, and nausea. 

(B)  Cimet id ine may increase serum concentrat ions of warfar in ,  theophyl l ine,  and 

phenyto in. 

(C)  The onset  o f symptom rel ie f  wi th  these agents  is  1-2 hr .  

(D)  Nonprescrip t ion H2RAs wi l l  heal  severely damaged esophageal mucosa. 

View Answer19. The answer is  D[seeand] .20. Al l  of  the fol lowing 

statements regarding use of nonprescript ion products for gastroesophageal  

ref lux disease (GERD) in special  populat ions are correct  except  which one? 

(A)  Nonprescrip t ion H2RAs are not  approved for  use in ch i ldren < 12 years  of age. 



(B)  Antacids may be safe ly used in pregnant  pat ients  as long as chronic  h igh doses 

are avoided. 

(C)  Sodium bicarbonate is  the preferred antac id in  pregnant  pat ients. 

(D)  Doses of  nonprescrip t ion H2RAs do not  need to  be reduced in  elder ly pat ients . 

View Answer20. The answer is  C[see] .P.705 

 

 

Direct ions for questions 21-23:  The quest ions and incomplete sta tements  in  th is  

sect ion can be correct ly answered or  completed by one or more  of  the suggested 

answers.  Choose the answer,  A-E.  

21.  Which of the fol lowing drugs most commonly causes constipat ion? 

I .  ampici l l in 

I I .  narcotic  analgesics 

I I I .  drugs possessing antichol inergic propert ies 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer21. The answer is  D[see] .22.  Which of  the following 

statements about st imulant laxat ives is  correct? 

I .  They produce a stool more quickly than any other type of  laxat ive. 

I I .  They are associated with more adverse effects than any other type of  

laxative. 

I I I .  They work by irr i tat ing the l ining of  the colon wal l  to increase peristalsis 

and produce a stool .  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer22. The answer is  D[see] .23.  When should a patient 

experiencing diarrhea be referred to a physician by a pharmacist? 

I .  I f  the pat ient  has pus or blood in the stool .  

I I .  I f  the patient a lso suffers from vomiting. 

I I I .  I f  the pat ient  has a fever.  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer23. The answer is  E[see] .P.706 

 

 



ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [see  I .B.2.a ] .  

Glycer in  and the b isacodyl  suppos i tory al l  produce s tools  in  30 min to  a few hours ,  

whereas psyl l ium, a bu lk- forming laxat ive,  produces s too l  in  24-72 hr  in  the same 

manner as a normal bolus of food or  f iber.  

2.  The answer is  D  [see  I .C.4 ] .  

The popular  sodium phosphate enemas (e.g. ,  F leet )  are very ef fec t ive but have 

resul ted in  hyperphosphatemia,  hypocalcemia ( te tany) ,  hypokalemia,  metabol ic  

ac idos is ,  and card iac death usual ly owing to  conduct ion abnormal i t ies  in  very smal l  

ch i ldren.  This  has main ly occurred in  chi ldren < 2 years  of  age or  between 2 and 5 

years  of  age wi th predisposing fac tors , such as chronic  renal  d isease,  anorecta l  

malformations, and/or Hirschsprung disease. The use of enemas is  highly 

d iscouraged in chi ldren < 5 years  of  age. 

3.  The answer is  D  [see  I .B.2.d ] .  

These agents have a long onset  o f ac t ion (24-48 hr) ;  thus they should never  be 

used for  acute const ipat ion but  should be used mainly for  pat ients who should not  

s t rain  to  pass hard stools  (e.g. ,  pregnant  pat ients ,  postsurg ical  pat ients , post -

myocard ia l  in farc t ion) .  However,  they have never been found to  be more ef fec t ive 

than p lacebo in long-term use. 

4.  The answer is  B  [see  I .B.2.a; I .B.2.c ] .  

St imulant  products resul t  in  a  qu icker ,  more complete,  and of ten more violent  

evacuat ion of  the bowel  than do the bu lk- forming agents .  Bulk- forming agents  are 

developed f rom complex sugars,  s imi lar  to  f iber,  that  provide bulk  to  increase 

gastro in test inal  moti l i ty  and water absorpt ion in to  the bowel .  However,  pat ients  

must  dr ink  plenty of water  to fac i l i ta te  the absorpt ion of  water  in to  the bowel ,  or  

they may become more const ipated. 

5.  The answer is  B  [see  I I .C.1 ] .  

The most  important part  o f  t reat ing acute diarrhea is  the rep lacement  o f  los t  f lu ids .  

I f  pat ients  exper ience mi ld  to  moderate f lu id  loss, replacement can be done wi th  

ora l - rehydrat ion solu t ions.  I f  f lu id  loss is  severe (> 10% loss of  body weight)  and/or  

severe vomi t ing,  then pat ients  may need in t ravenous rehydrat ion before ora l -

maintenance f lu ids  can be admin is tered. There has been much controversy 

regard ing the dec is ion to feed or not  feed chi ldren during acute ep isodes of  

d iarrhea.  Recent  in format ion shows that  chi ldren should remain on thei r  normal  diet  

or  breast- feeding during ep isodes of d iarrhea;  these do not  make the d iarrhea worse 

and may actua l ly improve the condi t ion. 

6.  The answer is  B  [see  I I .C.1.b ] .  

Replacement  f lu ids  for  diarrhea should conta in the appropr iate  amount  o f 

e lec t rolytes  (K+ ,  Na+ ,  Cl - ,  c i t ra te)  and g lucose per  speci f ied amount  o f water ,  as  

found in  commercia l ly ava i lab le  ora l - rehydrat ion so lu t ions such as Pedia lyte  and 

Rehydra lyte .  The W orld  Heal th  Organizat ion (W HO) so lut ion, which can eas i ly be 

made at  home,  and hal f -s t rength Gatorade provide the necessary elec t rolytes  and 

g lucose to  rep lenish los t f lu ids .  Kool -Aid does not  contain  potass ium. Carbonated 

beverages are low in  potass ium, and some are too h igh in  g lucose. 



7.  The answer is  D  [see  I I .C.2.b ] .  

Adsorbents are not  ef fect ive for  severe d iarrhea because they s imply cannot  adsorb 

enough water and do not reverse the cause of the d iarrhea.  Large doses may 

decrease symptoms.  Of  a l l  the adsorbents,  kaol in  is  the most  ef fec t ive and is  now 

recognized by the FDA as safe and ef fec t ive.  Al l  adsorbents  are safe because they 

are not  adsorbed systemical ly.  

8.  The answer is  A  [see  I I .A.2.b;  I I .C.2 ] .  

Traveler 's  d iarrhea is  pr imar i ly caused by bacter ia  (mainly enterotoxin  Escherich ia  

co l i ) .  Prophylaxis  and treatment  reg imens inc lude oral  ant ib io t ics ( f luoroquino lones,  

su l fonamides, doxycyc l ine)  and bismuth subsal icyla te (Pepto-Bismol) .  Hel icobacter  

py lor i  is  the organism shown to  contr ibute to  re f rac tory pept ic  ulcer  d isease. 
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9.  The answer is  D  [see  I .B.2 ] .  

The ideal  laxat ive is  natura l  ( i .e . ,  s imi lar to  food)  and produces s too l  on a regular  

basis.  The product produces stool  qu ickly ( i .e . ,  in severa l  hours)  wi thout adverse 

ef fec ts .  such as abdominal  c ramping or  the format ion of a  hard s tool ,  which may be 

d i f f icu l t  to  pass.  Products  such as f iber  or bulk-forming agents produce a s too l  

s imi lar  to  a bolus of  food,  wi thout adverse effects.  Emol l ient  laxat ives ( i .e. ,  s too l  

sof teners) produce sof t  stoo ls  wi thout  d i f f icu l t  defecat ion.  St imulants  produce a 

s too l  qu ick ly,  but  pat ients  o ften exper ience severe abdominal c ramping and hard 

s too ls .  

10.  The answer is  B  [see  I I .C;  Table 33-3 ] .  

Giv ing h igh ly osmot ic  solu t ions of  g lucose (e.g. ,  soda, f rui t  ju ice) can resul t  in  more 

water  absorbed in to  the in tes t ina l  t rac t  and thus fur ther  diarrhea.  Many cases of 

d iarrhea resolve wi th in 48 hr  wi thout t reatment.  People wi th  d iarrhea can avoid food 

for  at  least  6 hr ,  then increase the ir  f lu id  in take s lowly.  Severe cases of  infec t ious 

d iarrhea can be t reated wi th  ant ib io t ics  or ant ipro tozoals,  depending on the 

organism that  caused the episode. 

11.  The answer is  C  [see  I I I .H.2.b ] .  

Because of  i ts  chemical ly d is t inc t  s t ruc ture,  pramoxine exhib i ts  less cross-

sens i t iv i ty compared to  the other anesthet ics  and should be used in  pat ients  wi th a  

l idocaine al lergy. 

12.  The answer is  D  [see  I I I .G.1 ] .  

A conservat ive approach to  t reatment  inc ludes s i tz baths,  the use of  stool  sof teners  

to  prevent s t ra in ing when pass ing a s tool ,  and the use of  an anesthet ic  

hemorrhoida l  preparat ion.  I f  improvement  is  not seen,  more aggress ive therapy may 

be pursued (e.g. ,  rubber band l igat ion) .  

13.  The answer is  A  [see  I I I .D.1 ] .  

The most  common s ign/symptom of  hemorrhoids is  pa inless b leeding occurr ing 

dur ing a bowel  movement .  

14.  The answer is  B  [see  I I I .H.7 ] .  



Juniper  tar ,  menthol ,  and camphor are the on ly three agents  deemed safe and 

ef fec t ive as analges ics,  anesthet ics,  and ant iprur i t ics  by the FDA. These agents 

were former ly c lass i f ied as counter i r r i tants. 

15.  The answer is  C  [see  I I I .H.3.a ] .  

Vasoconstr ic tors  deemed safe and effec t ive by the FDA are ephedrine HCl ,  

ep inephr ine,  and phenylephrine. 

16.  The answer is  C  [see  IV.A.2 and  3 ;  IV.A.6 ] .  

Pa in on swal lowing often suggests  severe esophageal  mucosal  damage,  which 

would requi re  prescrip t ion medicat ions for heal ing.  Di f f icu l ty on swal lowing may 

indicate an esophageal st r icture,  cancer,  or motor d isorder .  Al l  o f  these condi t ions 

requi re  d iagnosis  and t reatment  by a heal thcare provider.  

17.  The answer is  C  [see  IV.B.1.a,  b,  c,  d ,  e ,  f ,  g ,  h ,  i ,  j  and  k ] .  

Pat ients  should be ins t ruc ted to eat  evening meals  at least  3 hr  before go ing to  bed.  

This  al lows suff ic ient  t ime for gast r ic  emptying,  so that  the volume of  re f luxed 

mater ial  wi l l  be smal ler and less i r r i ta t ing to the esophagus. 

18.  The answer is  A  [see  IV.B.2.a ] .  

One of the major  advantages of  antac id  use in  hear tburn is  i ts  qu ick  onset  o f ac t ion. 

Most  pat ients  wi th  mi ld  GERD wi l l  exper ience rel ie f  f rom antacids wi th in  5-15 min of  

adminis t ra t ion. 

19.  The answer is  D  [see  IV.B.2.c  and  d ] .  

Nonprescr ip t ion doses of H2RAs are too low to  heal  esophageal  damage.  

Esophageal  mucosal  damage is  d i f f icu l t  to heal  and requi res h igh doses of  H2Ras,  

which are avai lab le  on ly by prescrip t ion.  Al ternat ive ly,  proton pump inh ibi tors , which 

completely suppress ac id  secret ion, may be used to  heal  esophageal  mucosal 

damage. 

20.  The answer is  C  [see  IV.C.2 ] .  

Sodium b icarbonate should be avoided in  pregnant  pat ients  because the h igh 

sodium load may cause systemic  a lka losis,  edema, and/or  weight  ga in. 
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21.  The answer is  D  ( I I ,  I I I )  [see  I .A.3.d ] .  

Opiate analges ics  (e .g. ,  narcot ics)  and drugs wi th  ant ichol inergic propert ies  

decrease bowel  moti l i ty ,  which resul ts  in  increased water  absorpt ion f rom the 

in test inal  t ract .  Th is  can cause a harder ,  dr ier  stoo l ,  which resul ts  in  const ipat ion.  

Ampic i l l in  is o f ten poor ly absorbed f rom the in test inal  t ract  and can al ter the f lora of 

the in tes t ina l  bowel .  Th is  dest ruct ion of  bowel  organisms causes increased 

secret ions in to  the bowel,  which resul ts  in  d iarrhea. 

22.  The answer is  D  ( I I ,  I I I )  [see  I .B.2.c ] .  

St imulant  laxat ives do have a qu ick onset  of  ac t ion but  not  any qu icker  than the 

sa l ine laxat ives,  which usual ly work  in  4-6 hr .  The mechanism of  ac t ion for  st imulant 

laxat ives is  that  they i r r i ta te  the l in ing of  the colon wal l ,  which increases per is tals is 

and produces a s too l .  These laxat ives are associated wi th  more adverse ef fec ts  

than other  laxat ives. 

23.  The answer is  E  ( I ,  I I ,  I I I )  [see  I I .B.2 ] .  



Pat ients  wi th  pus or  b lood in the stool ,  vomit ing,  or  fever may be suf fer ing f rom 

severe bacter ial  diarrhea and may lose large amounts  of f lu id,  which could resul t  in 

severe dehydrat ion. 

 



34 
OTC Menstrual, Vaginal, and 
Contraceptive Agents 
Laura K.  Wil l i ford Owens 

I. MENSTRUATION AND MENSTRUAL PRODUCTS 
A. Introduction.  Menstruat ion  is  a phys iologica l  d ischarge of  blood,  

endometr ia l  cel lu lar debris ,  and mucus through the vagina of  a  nonpregnant  

woman and is  a  resul t  o f  the monthly cycl ing of  female reproduct ive 

hormones. The menstrual  cycle  e l iminates a mature,  unfert i l i zed egg and 

prepares the endometr ium for  the poss ib le  implantat ion of  a  fer t i l i zed egg 

the fo l lowing month. 

1.  Onset.  The average age at  which the in i t ia l  menstrual  cyc le  occurs in 

U.S.  women is  12 years . Normal  menarche ( in i t ia l  menstrua l  cyc le)  can 

occur  between the ages of  9  and 16 years .  Factors  such as race,  genet ics ,  

nut r i t ional  s ta tus,  and body mass determine the onset .  

2.  Duration.  The average  durat ion of  the menstrua l  cycle  is  28 days ( the 

t ime between the onset o f  one menstrual  f low and the beginning of  the next )  

and the normal  range is  21-35 days.  Day 1 is  the f i rs t  day of  menstrua l  

f low,  which can last  for 3-7 days (average durat ion of  f low is  5 days) .  

3.  Physiology.  The menstrua l  cyc le  resul ts  f rom a complex in terp lay of  

hormones produced by the hypothalamus,  p i tu i tary g land,  and the ovaries 

(hypothalamic-p i tu i tary-ovar ian axis) .  

B. Menstrual  abnormalit ies  

1.  Dysmenorrhea  is  pa in fu l  menstruat ion. I t  is  the most  common 

gynecolog ic  problem in  the Uni ted States. 

a.  Types  

(1)  Primary dysmenorrhea  is  pa in  associated wi th  menstruat ion in  the 

absence of  ident i f iab le pe lv ic d isease.  I t  is  prompted by increased levels o f  

prostaglandins in the menstrua l  f lu ids . 

(2)  Secondary dysmenorrhea  is  assoc iated wi th  an under ly ing pe lv ic  

d isorder .  Poss ib le causes include endometr iosis ,  pe lv ic  in f lammatory 

d isease (PID),  and ovar ian cysts . 

b.  Symptoms  o f  dysmenorrhea are pr imar i ly lower abdominal  c ramping and 

can of ten inc lude nausea,  vomi t ing, diarrhea, headache,  and d izziness.  

Abdominal c ramping usual ly begins at onset  o f menst rual  f low or  a few 

hours  before onset .  

c .  Pract i t ioners should question the pat ient  about  the fo l lowing: 

(1)  Current medicat ions ( includ ing over the counter  and herbals) 

(2)  Age 

(3)  Durat ion of  dysmenorrhea 

(4)  A descrip t ion of  the dysmenorrhea symptoms 

(5)  His tory of  pe lv ic  disease (endometr ios is ,  PID, ovar ian cysts ,  in fer t i l i ty) 

(6)  A l lergy to  aspi r in  or  nonstero ida l  ant i - in f lammatory drug (NSAID) 

(7)  B leeding disorder 



(8)  Exerc ise rout ine 

d.  Treatment  

(1)  Recommendation of therapy should be based on the pat ient 's  

assessment  o f the degree of  pain .  Pain associated wi th  dysmenorrhea 

genera l ly tapers  wi th in  2 days. Prolonged pain may be assoc iated wi th  an 

under ly ing problem, and pat ients  should be referred to  a physic ian. 

(2)  Nonpharmacological  recommendat ions include rest,  heat ,  wear ing 

loose- f i t t ing c lo th ing,  and exerc ise. 

(3)  Agents  for  the re l ie f  o f  dysmenorrhea inc lude 

(a)  Analgesics  are used as pr imary treatment  o f  dysmenorrhea and for  

re l ie f  o f  c ramping assoc iated wi th  premenstrua l  syndrome (PMS; see I .B.4] .  

Analges ic   
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t reatment  provides re l ie f  for  mi ld  to  moderate symptoms but  wi l l  probably 

not  he lp  pat ients  wi th  severe symptoms. 

( i )  Nonsteroidal anti - inflammatory drugs  (NSAIDs) inh ib i t  the synthes is  

and act ion of  prostaglandins.  Because prostag landins are responsib le  for 

the cramping of dysmenorrhea i t  makes log ical  sense to  recommend 

NSAIDs to  a pat ient .  

For  women who do not  receive rel ie f  f rom over- the-counter  (OTC) 

analges ics,  prescr ip t ion NSAIDs may prove more useful .  

{a }  Administrat ion guidel ines.  Begin therapy at the onset  o f  pa in ;  there is  

no proven value in  beginn ing therapy in  ant ic ipat ion of  dysmenorrhea. 

•  Ibuprofen (e.g.,  Advi l ,  Mido l  Cramp & Body Aches,  Motr in  IB) :  200 mg every 

4-6 hr ;  maximum 1200 mg/day 

•  Naproxen (e.g. ,  A leve,  Pamprin  Al l  Day) :  200 mg every 8-12 hr ;  maximum 

600 mg/day 

{b }  Adverse effects.  From a few days of  use,  adverse effects are l imited.  

Common adverse ef fects assoc iated wi th  NSAIDs inc lude upset s tomach,  

vomi t ing,  hear tburn,  abdominal  pa in,  diarrhea,  const ipat ion,  and d izziness.  

NSAIDs should be taken wi th  food to decrease adverse gastroin test ina l  (GI)  

e f fec ts  or b leeding. 

{c }  Warnings.  Pat ients  should be advised to  use the lowest  e f fec t ive dose 

for  the shor tes t  durat ion needed to  lessen the potent ia l  r isk  for  

cardiovascular  events.  Pat ients  wi th  an al lergy to NSAIDs or  ac t ive GI  

d isease should not  take any NSAIDs. 

( i i )  Treatment  wi th  aspir in  or  acetaminophen  can prove of benef i t  for  the 

symptoms assoc iated wi th  pr imary dysmenorrhea, however;  aspi r in is  not  as  

potent  as  the other  NSAIDs and acetaminophen is  not  thought to  prevent  

prostaglandin product ion to  a great  extent ,  al though i t  can be helpfu l  for  

t reat ing the headache and backache that  may occur  wi th  menstrua l  

c ramping. 



(b)  Diuret ics  are recommended  by the U.S.  Food and Drug Admin is t rat ion 

(FDA) for use in  e l iminat ing water during premenstrua l  and menstrua l  

per iods.  When admin is tered approximately 5  days before menses,  d iuret ics  

he lp rel ieve b loat ing,  excess water,  cramps,  and tens ion.  Inc luded in  this 

category are ammonium chlor ide,  caf feine,  and pamabrom. 

( i )  Ammonium chloride  (Aqua-Ban) is  an ac id- forming sa l t  of ten used in  

combinat ion wi th  caf fe ine. 

{a }  Up to  3 g of  ammonium chlor ide (NH4Cl)  per  day can be admin is tered in  

three d iv ided doses for  no longer than 6 days. 

{b }  Larger doses are of ten associated wi th GI  symptoms. 

{c }  Aqua-Ban Plus contains both ammonium chlor ide and caf fe ine. 

( i i )  Caffeine  (e.g .,  Midol  Menstrual  Complete and Menstrual  Headache,  No 

Doz,  Vivar in) ,  a  xanth ine derivat ive, promotes diures is  by inh ibi t ing tubular  

reabsorpt ion of  sodium and ch lor ide. 

{a }  The recommended dosage  is  100-200 mg every 3-4 hr .  

{b }  Side effects  associated wi th  caf feine use are GI  d is turbances and 

centra l  nervous system (CNS) s t imulat ion. 

{c }  Pat ients should be counseled to  l imi t  the consumption of  caf feine-

conta in ing foods or  beverages whi le  tak ing th is  product .  

( i i i )  Pamabrom  (e .g . ,  Midol  PMS, Midol  Teen Formula,  Pampr in)  is  a 

theophyl l ine der ivat ive of ten used in  combinat ion wi th  analgesics  and 

ant ih is tamines.  The recommended dosage is  50 mg four t imes dai ly,  not  to  

exceed 200 mg/day. 

2.  Amenorrhea  is  the absence of  menstruat ion.  The development o f  pr imary 

or  secondary amenorrhea requi res physic ian evaluat ion. 

3.  Intermenstrual  pain  and bleeding  genera l ly occur  a t  midcycle  and may 

last  f rom severa l  hours  to  days.  Pain is o ften assoc iated wi th  ovulat ion 

(mi t te lschmerz) .  Therapy consis ts  o f  nonprescrip t ion analgesics .  Pat ients  

wi th  pa in last ing longer than 2 days should be referred to  a phys ic ian. 

4.  PMS  

a.  Symptoms  (e .g. ,  marked mood swings,  fa t igue,  appet i te  changes,  

b loat ing,  breast tenderness,  i r r i tab i l i ty ,  fee l ings  of  depress ion)  begin 1-7 

days before the onset o f menses. 
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b.  Nonpharmacological  therapy includes regular exerc ise,  dietary 

modi f icat ions,  and reduct ion of s t ress factors .  Die tary modi f icat ions inc lude 

avoiding a lcohol and caffe ine,  which can increase i r r i tab i l i ty ,  and 

consuming a ba lanced d ie t  o f  f rui ts ,  vegetables, and complex carbohydrates 

whi le  avoid ing sal ty foods and s imple sugars  (can exacerbate f lu id 

re tent ion) .  Pat ients  exper ienc ing symptoms abnormal to  thei r  cyc le  should 

be referred to  a phys ic ian. 

c .  Pharmacological  treatment.  The ef f icacy and safety o f  pharmacolog ica l  

t reatment  o f  PMS are aimed at  the proposed causes (e.g. ,  a  drop in 



progesterone concentrat ions,  high levels o f  prolac t in ,  elevated est rogen 

concentrat ions,  def ic iencies of  v i tamins A or  B6 ,  or  an under ly ing d isorder) 

and are not wel l  s tud ied. Al though c l in ical  t r ia ls  do not  support  the eff icacy 

of  v i tamins A or B6, both have been used for  the t reatment  o f  PMS. 

(1)  Prescription drug products  that  have been stud ied in  the management  

o f  PMS include benzodiazepines, monoamine oxidase inhib i tors  (MAOIs) ,  

t r icyc l ic  ant idepressants  (TCAs),  and se lect ive serotonin reuptake inh ibi tors  

(SSRIs) .  F luoxet ine (under the brand name Sarafem) has been approved for  

the treatment  o f  premenstrua l  dysphor ic  d isorder.  

(2)  Combination products  are marketed for  women wi th  PMS symptoms. 

These products  contain  acetaminophen, pamabrom, and pyr i lamine (Midol  

and Pampr in) .  Nonprescrip t ion d iuret ics  such as pamabrom are commonly 

used to  reduce f lu id  accumulat ion associated wi th  PMS. Pain is an 

uncommon symptom of  PMS, and the sedat ive ef fec t  o f  an ant ih is tamine 

(pyr i lamine)  is unl ikely to  provide re l ie f  o f  the emotional  symptoms 

associated wi th PMS. Combinat ion products  should be recommended only 

wi th  caut ion. 

(3)  Dai ly calcium supplementat ion  (equiva lent  to  the recommended dai ly 

ca lc ium intake for  women of  reproduct ive age)  has been shown to reduce 

the emot ional  and physica l  symptoms of  PMS. 

5.  Menorrhagia  is  excess ive menstrual  blood loss.  (The development  of  

menorrhagia requi res phys ic ian evaluat ion. )  Low hematocr i t ,  low 

hemoglobin, and low serum i ron leve ls may occur.  Treatment for 

menorrhagia is  usual ly an est rogen-progest in  combinat ion ( i .e . ,  oral  

contracept ive) .  

C. Toxic shock syndrome (TSS)  is  a rare but  somet imes fata l  i l lness often 

associated wi th menstruat ion. 

1.  TSS can be categorized ei ther  as  menstrual  or  nonmenstrual ,  wi th 

approximately two th i rds of  cases associated wi th  menstruat ion. TSS is  

known to occur  in  both men and women. 

2.  The condi t ion usual ly a f fec ts  women < 30 years  of age who use tampons.  

Women between the ages of 15 and 19 years  are at  the h ighest  r isk . 

3.  TSS is character ized by an abrupt  onset  (8-12 hr)  of  f lu- l ike symptoms 

(e.g.,  high fever ,  myalgia ,  vomi t ing, diarrhea).  Neurologic symptoms such 

as headache,  ag i ta t ion,  le thargy,  se izures,  and confus ion can also occur .  

4.  TSS resul ts  f rom an exotoxin  produced by Staphylococcus aureus.  

5.  The primary r isk factor  for  TSS is  the use of  tampons.  Addi t ional  r isk 

fac tors include barr ier  contracept ives (e .g. ,  diaphragms,  cervica l  sponges) .  

6.  When TSS is  suspected,  pat ients  should be hospi tal ized immediate ly.  To 

lower the r isk of  TSS,  women should use lower-absorbency tampons and 

a l ternate the use of tampons wi th  feminine hygiene pads;  however,  to lower 

the r isk  to  nearly zero,  women should use sani tary pads ins tead of 

tampons. 

D. Menstrual  products  l i ke femin ine hygiene pads and tampons are used to 

absorb menstrual  and other  vagina l  d ischarges. 



1.  Feminine hygiene pads  are avai lab le  in  a wide var iety o f  s izes and 

absorbencies.  Super or maxi  pads may be used for  the heaviest  menstrual  

f low (usual ly occurr ing on day 2 of the cyc le) .  Min i  or  l ight  pads and junior  

or  teen pads are des igned for women wi th smal ler anatomy and/or  l ighter  

f low.  Frequent  changing of  sani tary pads minimizes the occurrence of  

unpleasant  odors  and helps min imize i r r i tat ion and chaf ing. 

2.  Tampons  are in travaginal  inser ts des igned to  absorb vagina l  d ischarge.  

Many women prefer  tampons because they are worn in ternal ly,  which 

lessens chaf ing, odor ,  bu lk iness,  and  
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i r r i ta t ion. Super tampons are des igned for  heavier  f low.  Junior  or  regular  

tampons are des igned for  moderate to  l ight  menstrual  f low.  Frequent  

changing of  tampons wi l l  min imize the r isks  assoc iated wi th  TSS. 

II. VAGINAL PRODUCTS 
A. Vulvovaginal  candidiasis  

1.  General  considerat ions  

a.  Occurrence.  Approximate ly 75% of  al l  women wi l l  exper ience 

vu lvovagina l  candid iasis (yeast  infect ion)  a t  least once,  and 50% wi l l  have 

a second episode.  Only 5% of  women exper ience recurrent  in fec t ions (four  

or  more in fect ions wi th in a  1-year  per iod) .  

b.  Cause.  Candida albicans  is  respons ible  for  up to  92% of  in fect ions.  

In fect ions owing to C. glabrata  are increas ing. 

c .  Predisposing factors.  Ant ib io t ics ,  ora l  contracept ives conta ining high-

dose est rogen,  pregnancy,  d iabetes, poor  post -bowel  movement hygiene,  

and immunosuppression increase the r isk for infec t ion. 

d.  Symptoms.  Can inc lude a thick ,  whi te ,  “cottage cheese-l ike, ”  

nonmalodorous vagina l  discharge; dysur ia;  vagina l  burning;  and pruri tus . 

2.  Patient assessment  

a.  Pat ients  should be quest ioned about  presence of  symptoms, medicat ion 

use,  medica l  condit ions,  and h is tory of  vagina l  yeast  in fect ions. 

b.  The fo l lowing pat ients should be referred to  a pr imary-care provider  for 

d iagnos is  and t reatment:  

(1)  Fi rs t  episode of symptoms 

(2)  Pregnant 

(3)  Younger than 12 years  of  age 

(4)  Systemic  symptoms such as fever 

(5)  His tory of  recurrent  vagina l  yeast  in fec t ions 

(6)  Discharge wi th  a f ishy odor  ( ind icates bacteria l  vaginosis ,  most o f ten 

caused by anaerobic bacter ia)  or a  th in ,  malodorous purulent  discharge 

( indicates of  Trichomonas  in fec t ion) 

3.  Pharmacological  treatment  



a.  Nonprescript ion agents  are recommended only for  pat ients  who have 

had a pr ior yeast  in fec t ion and who can potent ial ly  recognize the in fect ion 

and sel f -medicate. 

b.  The choice of  nonprescr ipt ion therapy is  based on pat ient  preference. 

c .  Avai lab le formulat ions inc lude in travaginal  c reams,  suppos i tor ies , and 

o in tments . 

d.  External  vagina l  c reams can be used in  combinat ion wi th int ravagina l  

products  to  t reat vu lvar  symptoms of  prur i tus . 

e.  Int ravagina l  products are used at  bedt ime,  whereas the external  c reams 

can be used any t ime of  day. 

f .  Avai lable  nonprescrip t ion therapies include the ant i fungal  agents Gyne-

Lotr imin and Mycelex-T (c lot r imazole) ,  Monis tat  3 and Monis tat  7 

(miconazole) ,  Femstat  3 (butoconazole) ,  and Monis ta t  1 and Vagis tat  1 

( t ioconazole) .  

(1)  Gyne-Lotr imin and Monis tat  7  are used for  7  consecut ive days;  Monistat  

3  and Femstat  3  are used for 3  consecut ive days;  Monis tat  1 and Vagis tat 1  

are used for  1 day. 

(2)  Ef f icacy ra tes approach 80%-90%. 

(3)  Many products  are avai lab le as a “combinat ion pack”  including an 

in ternal  cream or  supposi tory and cream for externa l  use. 

4.  Patient counsel ing  

a.  Nonpharmacological  

(1)  Dry vaginal  area wel l  a f ter  bathing wi th  a  towel .  

(2)  Avoid t ight  or  damp clo thing. 

(3)  W ear cotton underwear. 

(4)  Use unscented soap to  avoid i r r i ta t ion. 

(5)  Avoid douching. 

(6)  Decrease consumption of  sucrose and s imple sugars.  
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b.  Pharmacological  

(1)  Complete the course of  therapy even i f  symptoms improve. 

(2)  W ash vaginal  area with  mi ld  soap before appl icat ion. 

(3)  Reusable appl icators should be washed wi th  soap and water.  

(4)  Avoid sexual  in tercourse during therapy. 

(5)  Avoid condoms and diaphragm use for 72 hr  af ter  therapy is  completed.  

(6)  Cont inue use dur ing menstrua l  per iod. 

(7)  Avoid tampons dur ing use. 

(8)  Sani tary pads can be used for  leakage of  in t ravagina l  products. 

(9)  S ide ef fec ts  can include burn ing or i r r i tat ion. 

B. Feminine hygiene products.  There are a var ie ty o f  feminine hygiene 

products  avai lable  for  c leans ing and control l ing odor  assoc iated wi th  normal 

vaginal  d ischarge.  These products  are not  used to  t reat  vagina l  infec t ions. 



1.  Vagina l  douches (Summer 's Eve)  i r r igate the vagina and can be used for  

c leans ing,  for  soothing,  as  an ast r ingent ,  or  to produce a mucolyt ic  e f fec t.  

2.  Vagina l  supposi tor ies  (Betadine-medicated supposi tor ies)  are used for  

sooth ing, to  re l ieve minor  i r r i ta t ions,  and to reduce the number of  

pathogenic  microorganisms. 

III. OTC CONTRACEPTIVES 
A. Introduction.  The efficacy and pregnancy ra tes  for  various means of 

contracept ion depend great ly on the degree of  compliance.  Table 34-1 

l is ts  ranges of  pregnancy rates repor ted for  a  var ie ty of  contracept ives. 

Table 34-1. Pregnancy Rates for Various Means of Contraception (%)a 

Method of Contraception Typicalb Lowestc 

Oral contraceptives 

Combination (estrogen-progestin) 0.1-0.34 0.1 

Progestin only 0.5-1.5 0.5 

Mechanical/chemical 

Cervical capd   

 Multiparous 40 26 

 Nulliparous 20 9 

Male condom without spermicide 12-14 3 

Male condom with spermicide 4-6 1.8 

Diaphragmd 20 6 

Female condom 21 5 

Intrauterine device ≤ 1-2 ≤ 1-1.5 



Levonorgestrel implants ≤ 1 ≤ 1 

Medroxyprogesterone injection ≤ 1 ≤ 1 

Spermicide alone 20-22 6 

Other 

Rhythm (all types) 25 1-9 

Vasectomy/tubal ligation ≤ 1 ≤ 1 

Withdrawal 40-50 30 

No contraception 85 85 

aDuring first year of continuous use. 
 
b A typical couple who initiated a method that either was not always used 
correctly or was not used with every act of sexual intercourse, and who 
experienced an accidental pregnancy. 
 
c The method of birth control was always used correctly with every act of 
sexual intercourse but the couple still experienced an accidental pregnancy. 
 
d Used with spermicide. 
 
Adapted with permission from Nonprescription Drug Therapy Guiding 
Patient Self-Care, 4th ed. St. Louis, MO, Wolters Kluwer Health, 2005. 
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B. Methods  of  contracept ion that  may make use of  nonprescr ip t ion products 

or  devices inc lude the fol lowing: 

1.  Ferti l i ty awareness methods  make use of  informat ion concern ing the 

menstrua l  cycle  to  determine the days when intercourse is  most  l ike ly to  

resul t  in  a  pregnancy.  Periodic abstinence  is  a lso re ferred to  as the 

rhythm method, natural family planning,  or ovulat ion detection method.  

The var ious natural  fami ly p lanning methods a l low the pat ient  to  moni tor the 



natura l  physiologica l  s igns that can,  in  many women,  predic t  the fert i le  

per iod (periovu latory phase of  the menstrua l  cycle) ,  enabl ing the couple to  

avoid coi tal  exposure at  that  t ime. These methods are based on 

reproduct ive anatomy and phys iology and are appl ied accord ing to  the s igns 

and symptoms natural ly occurr ing in the menstrua l  cyc le . 

a.  Calcu lat ions of  the per iod of  fer t i l i ty  take in to  account  the sperm 

viabi l i ty in  the female reproduct ive t ract ,  which is  es t imated to  average 2-3 

days  (up to 5  days) ,  and the fert i le  period of  the ovum,  which is est imated 

to  be 24  hr.  Recent  studies indicate that  concept ion is  most  l ike ly to  occur 

when couples have intercourse during a 6-day per iod ending on the day of  

ovu lat ion.  Conception is  highly unl ikely i f  sexual  intercourse occurs 6 

or more days before ovulat ion or the day after  ovulat ion.  

b.  Disadvantages  to the rhythm method (but necessary to ensure ef f icacy)  

include both the long periods of  abstinence  and the charting of  menses.  

Methods of  natura l  fami ly p lanning and periodic abst inence inc lude the 

temperature method, ca lendar method, Bi l l ings method,  and symptothermal  

method. 

c .  Temperature method. Basal  body temperature  (BBT) determinat ion 

makes use of  a  basal thermometer,  which can be purchased wi thout a  

prescrip t ion.  The thermometer  covers  the range of  temperature f rom 96°F to  

100°F in 0 .1°  gradat ions.  

(1)  The s ign i f icance of  basal  temperature determinat ion l ies  in  the fact  that  

wi th in  24 hr preceding ovulat ion, there is a  moderate drop in the basal  

temperature  fo l lowed by a noticeable r ise in the body temperature,  

usual ly about  24 hr  af ter ovu lat ion.  Th is  r ise is  usual ly maintained for  the 

remainder o f  the cycle  and is  thought  to be the resul t  o f  the thermogenic 

proper t ies of  progesterone,  the hormone indicat ing the trans i t ion f rom the 

ovulatory phase to  the lutea l  phase.  Therefore,  ovu lat ion is marked by the 

t rans i t ion of the fal l ing temperature to  the r is ing temperature. 

(2)  For  many women,  abstinence  should be pract iced from approximate ly 5 

days after the onset of  menses until  3  days after the transit ion in 

temperature.  

(3)  Because the basal  temperature re f lec ts  the amount  o f  heat radiat ion 

when the body is a t i ts  metabol ic  low,  the temperature should be taken f i rs t  

th ing in  the morn ing ( i .e . ,  before any act iv i ty) .  The thermometer may be 

p laced under the tongue, in  the rectum, or  in  the vagina ( the temperature 

should always be taken from the same p lace)  and should be le f t  undis turbed 

for  at  least  5 min (mercury thermometer) .  Elec t ron ic d ig i ta l  thermometers  

are also avai lab le  that  have shor ter  record ing t imes (45-90 sec).  Infec t ion,  

tens ion,  a  res t less n ight ,  or  any type of  excessive movement  can cause 

var ia t ions in  temperature readings that  do not  re f lec t  the BBT.  

d.  The calendar method  es t imates the possible  day of  ovulat ion.  

Abstinence  should be pract iced dur ing the period around ovula t ion when 

there may be a fer t i l i zab le egg present.  Whereas the calendar rhythm 

method was used for severa l  decades,  i t  has not been promoted as a 



method of  natural  fami ly p lanning for  many years. A l though women who 

have regular  menstrual  cyc les  are ab le to  use the calendar rhythm method 

successful ly,  women wi th  i r regular  cycles ,  women who are breast- feeding,  

or  women wi th  postponed ovulat ion cannot  depend on the calendar rhythm 

method. 

(1)  For  a  span of  approximately 1 year,  the pat ient  records her  

menstruat ion dates on a ca lendar.  

(2)  Calendar char t ing a l lows the pat ient  to  ca lcula te the onset and durat ion 

of  her  fer t i le  period—the t ime dur ing which a v iable  egg is avai lab le for 

fer t i l i zat ion by sperm. Calcu la t ion of  the fer t i le per iod rests  on three 

assumptions: 

(a)  Ovulat ion  occurs  on day 14 (± 2 days) before the onset of  the next 

menses.  

(b)  Sperm remain viable for 2-3 days.  

(c)  The ovum survives for 24  hr .  

(3)  The ca lendar is then reviewed to determine the length of  her  shortes t  

and longest  cyc le . 

(a)  The pat ient then subtracts  18 days from the number of  days of  her  

shortes t  cyc le .  Th is  number should correspond to the f i rs t  possib le  fer t i le  

day in any g iven cycle—14 + 2 = 16 days;  16 + 2 = 18 days (v iab i l i ty  of  

sperm); see I I I .B.1.b. 
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(b)  Next ,  the pat ient  subtracts  11 days f rom the number of  days of  the 

longest  cyc le.  Th is  number should correspond to  the las t  poss ib le  fer t i le  

day in any g iven cycle—14 -  2  = 12 days;  12 -  1  = 11 days (v iabi l i ty  o f ova) ;  

see I I I .B.1.b. 

(4)  Abstinence  should be pract iced f rom the f i rst  possib le  fer t i le  day 

through the las t possible fer t i le day. 

(5)  Example.  Assume the shor test number of  days between two consecut ive 

menses is  25 and the longest  number of  days between two consecut ive 

menses is  32. Then,  25 days ( the shor test cycle) -  18 days = 7 (or day 7),  

and 32 days ( the longest cyc le)  -  11 days = 21 (or  day 21) .  Therefore,  

abst inence should be pract iced from day 7 through and inc lud ing day 21 of  

each cyc le. 

e.  The cervical mucus (Bi l l ings or cervical  secret ions)  method of  rhythm 

is  based on the princ iple that the normal ,  th ick ,  creamy whi te  vaginal  mucus 

becomes c lear and tenacious around the t ime of  ovu lat ion (much l ike a raw 

egg whi te) .  

(1)  The woman should watch for  this change in  mucus cons is tency and 

pract ice abst inence around the t ime of  ovulat ion. 

(2)  The woman should consider  herse l f  fer t i le  for 3-4 days af ter  the peak 

change. 



f .  The symptothermal  method,  ra ther  than re ly ing on a s ing le  phys io log ica l  

index,  uses several  ind ices to  determine the fert i le  period. 

(1)  The most common  ca lendar ca lcu la t ions and changes in the cervical  mucus  

are used to  est imate the onset of  the fert i le  period.  

(2)  Changes in  the mucus or basal  temperature are used to est imate the end of  the 

fer t i le  period. 

(3)  Because several  ind ices need to  be moni tored,  this method is more d i f f icu l t  to 

learn than the single- index method,  but  i t  is  more ef fec t ive than the cervica l  mucus 

method ( i .e . ,  Bi l l ings method) a lone. 

2.  Spermicidal  agents  are composed of  an active spermicidal  chemical,  which 

immobi l izes or  k i l ls  sperm, and an inert base  (e .g . ,  foam, cream, jel ly ,  gel ,  tab le t ,  

or  supposi tory) ,  which loca l izes the spermic ida l  chemical  in  proximity to  the cervica l  

os .  These agents  work  by d is rupt ing the sperm membrane and by decreasing the 

ab i l i ty  of  sperm to metabol ize f ruc tose.  Two forms of iner t  bases (ge ls  and foams) 

act  as a physica l  barr ier  against  sperm. 

a.  The act ive ingredient  inc ludes nonoxynol-9.  which is  cons idered safe and 

ef fec t ive by the FDA. 

(1)  Administrat ion guidel ines.  Appl icators  may be pref i l led before use. 

(2)  Side effects—for example, sensat ion of  warmth, rare al lerg ic  react ions (contact  

dermati t is  wi th  rash, st ing ing,  i tch ing, and swel l ing)—are minimal .  I f  a  suspected 

react ion occurs ,  one should be ins t ruc ted to  use another  product  because the issue 

might  be the concentrat ion of  the spermicide or  an addi t ive spec i f ic  to a  given 

brand.  There are no signi f icant  di f ferences in  b i r th-defect  rates between users  and 

nonusers . 

b.  Effects against sexual ly transmitted diseases (STDs).  Nonoxynol -9  is  le tha l  to 

se lected microbes in  the laboratory set t ing and may help inhib i t  a  variety o f  sexual ly 

t ransmiss ib le organisms, inc lud ing those responsib le  for  gonorrhea, ch lamydia l  

in fec t ion,  candidias is ,  geni tal  herpes, syphi l is ,  t r ichomonias is ,  and HIV/AIDS.  There 

have been inconsistent  resul ts  in  human s tud ies, however.  One concern re la tes to  

the fact  that  f requent  use of  spermicides can cause vulvovagina l  epi the l ia l  

d is rupt ion,  which may increase suscept ibi l i ty  to HIV.  In addi t ion,  spermicides  may 

a l ter  the vaginal  f lora and,  therefore,  should not be rel ied on alone for STD 

prevention.  

c .  Dosage forms.  Contraceptive spermicides,  which are avai lab le  in  severa l  

forms,  o f fer  the greatest  var ie ty wi th in  one speci f ic  method of  contracept ion (Table 

34-2).  

(1)  Creams, je l l ies,  and gels  are used wi th  a d iaphragm. The concentrat ion of  

spermic ide is less than the necessary 8% to be employed as a s ing le  contracept ive 

method. 

(2)  Foams  d isperse bet ter  in to  the vagina and over  the cervica l  opening but  provide 

less lubricat ion than creams,  je l l ies , and gels .  They usual ly conta in  a h igher  

concentrat ion of  spermicide ( i .e . ,  the optimal  concentrat ion of  8% or higher ) .  

Because of  vo lume di f ferences among brands,  the dosage amounts  vary. I f  vaginal  

or  peni le  i r r i ta t ion develops,  another  brand should  be t r ied. 

(a)  The can should be shaken vigorously 20 t imes before use. 



(b)  The foam should be inserted int ravagina l ly about  two th i rds  the length of  the 

appl icator ,  and the contents  should be d ischarged. 

(c)  Foam should be reappl ied dur ing prolonged intercourse ( i .e. ,  las t ing > 1 hr)  and 

before every subsequent ac t o f intercourse. 
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Table 34-2. Spermicidesa 

Type (Product) Comments 

Film (VCF) Inserted by the female directly over the 
cervix; insert not less than 15 min and not 
more than 3 hr before intercourse; 
contraceptive protection begins 5-15 min 
after insertion and remains effective no 
more than 3 hr 

Foam (Ortho Options Delfen 
foam, VCF Vaginal 
Contraceptive foam) 

Contraceptive protection is immediate; 
remains effective no more than 1 hr, 
additional dose is needed before any 
subsequent intercourse 

Jellies, creams, gels (KY 
Plus Lubricating, Ortho 
Options Gynol II jelly, Ortho 
Options Conceptrol gel, 
Advantage-S) 

Contraceptive protection is immediate; 
used alone remains effective no more than 
1 hr; when used with diaphragm or cap, 
keep diaphragm or cap in place for at least 
6 hr after last intercourse 

Suppositories and tablets 
(Encare Insert) 

Contraceptive protection begins 10-15 min 
after insertion; remains effective no more 
than 1 hr 

aThe spermicidal agent in all listed products is nonoxynol-9. 
 
Reprinted with permission from Hatcher RA. Contraceptive Technology 
1994-1996, 16th ed. New York, Irvington, 1994:180. 

 

(d)  To ensure ef f icacy,  the pat ient should wai t  a t  least  8  hr  before douching to  avoid 

d i lu t ing the spermicide ef fect  or “ forc ing” sperm in to the cervix.  

(3)  Suppositories and foaming tablets.  These agents are both smal l  and 

convenient .  A l though sol id  at  room temperature, suppos i tor ies  mel t  a t  body 

temperature,  whereas foaming tablets  e f fervesce.  

(a)  The tab lets  should be wet ted before insert ion,  which may create a sensat ion of  

warmth. 



(b)  The tab let  or  suppos i tory should be inser ted high in to  the vagina,  10-15 min 

before in tercourse. 

(c)  Intercourse must  occur  wi th in 1  hr  or  the dose must be repeated. 

(d)  Another  tab le t  or  supposi tory should be inser ted before each repeated act o f 

in tercourse. 

(e)  To ensure ef f icacy,  the pat ient should wai t  6-8 hr  a f ter  the last  ac t  o f  in tercourse 

before douching. 

(4)  Film  comes as smal l  paper- thin  sheets  (e .g.,  VCF).  I t  is  inser ted on the t ip  of  

the f inger  in to  the vagina and placed at the cervica l  opening 5-15 min before 

in tercourse. 

(5)  Sponge.  Th is fai r ly  popular  product  was removed f rom the market  in  the mid-

1990s because of  cost  issues re lated to  i ts  manufacture. The new owner of  the 

Today sponge (Al lendale Pharmaceut ica ls)  is  current ly remarket ing th is  product .  I t  

is  a  doughnutshaped polyurethane device contain ing the spermic ide nonoxynol -9 ;  i t  

is  inser ted in to  the vagina before sexual  intercourse.  Ef f icacy is  approximate ly 

comparable to  that  o f  a  cervical  cap.  I t  is  be l ieved to  act  as  a contracept ive in  three 

ways:  (1)  mechanica l ly block ing the cervica l  ent rance,  (2)  absorbing semen,  and (3)  

providing a spermicide.  I t  can remain in p lace for 24 hr .  Concerns are a higher  r isk  

for  TSS and a h igher  pregnancy rate for  women who have never  given b i r th  

(nu l l iparous women). 

3.  Condoms  are used to prevent  t ransmiss ion of  sperm in to the vagina. 

a.  Types.  They are made of  latex rubber,  processed co l lagenous lamb caecum 

sheaths ( lambskin) ,  or  po lyurethane. 

(1)  Latex  condoms may help prevent  the t ransmission of  many STDs.  They are 

usual ly packaged wi th  the fol lowing label  “when used properly,  the la tex condom 

may prevent  the t ransmission of  many STDs such as syphi l is ,  gonorrhea, chlamydia 

in fec t ions,  geni ta l  herpes,  and AIDS.” 

(a)  Latex af fords greater e las t ic i ty than lambskin, and latex condoms are more l ikely 

to  remain in  p lace on the penis.  

(b)  A var ie ty of  types are avai lab le (e .g. ,  lubr icated,  r ibbed,  co lored) ,  including 

some wi th  spermicide (concentrat ion much less than that  o f a  vagina l  spermic ide 

product) .   
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I t  is  doubt ful  that  spermic ide- lubricated condoms of fer  any better  protect ion than 

p lain  la tex condoms,  and they have a shor ter  shel f  l i fe .  There is  a  s tandard s ize,  but  

smal ler  and larger  vers ions are avai lable . 

( i )  Latex condoms are avai lab le  wi th  a  pla in  end or  wi th  a reservo ir  t ip  (somet imes 

designated as “enz”) .  The reservoi r  t ip  provides room for the ejaculate;  however,  a  

space may be le f t  when us ing the p la in-end condom, which accommodates the f lu id  

just  as  ef fec t ive ly.  

( i i )  The prelubricated condom  helps prevent dyspareunia in a  couple wi th  

insuf f ic ient  natura l  lubr icat ion.  Pre lubr icat ion decreases the r isk  of tear ing the 

condom. However,  the ext ra  lubr icat ion may be excess ive, lessening sexual  



fu l f i l lment  for  a  couple who have adequate natural  lubr icat ion or when contracept ive 

foam is  also used. 

( i i i )  Latex rubber may cause an a l lerg ic  react ion.  An es t imated 1%-2% of  the 

populat ion is  sens i t ized to  natural  rubber la tex,  and higher  percentages are l ike ly 

for  those f requent ly exposed to  la tex (e .g. ,  heal thcare workers) .  The most common 

symptoms are geni tal  in f lammat ion wi th  redness,  i tch ing,  and burn ing.  Sometimes, 

ant ioxidants  or accelerators  used dur ing the manufactur ing process may be the 

cause of  the a l lergy.  

(2)  Lambskin  condoms are not  cons idered as effec t ive as la tex condoms (and 

cannot be labeled as such)  in  prevent ing the t ransmiss ion of  STDs,  inc luding AIDS.  

The lambskin condoms are st ruc tured to  cons is t  o f  membranes that  reveal  layers  of  

f ibers  cr isscross ing in  var ious pat terns.  Th is  gives the lambsk in s t rength,  but  a lso 

a l lows for  an occas ional  pore. Therefore,  lambsk in may a l low HIV and hepat i t is  B 

v i rus , which are smal ler than sperm, to  pass through. 

(a)  Lambsk in has less e las t ic i ty than la tex,  and lambskin condoms may sl ip  of f  the 

penis .  

(b)  Lambsk in af fords greater sensit ivi ty than la tex.  

(c)  Lambsk in condoms are more expens ive than la tex condoms. 

(3)  A polyurethane condom  (e .g .,  Avant i ,  Tro jan Supra)  is  ava i lable  for  men and is  

marketed for  indiv iduals  who are al lerg ic  to  la tex.  Some evidence exis ts that  

s l ippage and breakage rates may be h igher  than for  la tex condoms.  In  contrast  to  

the la tex condom, petro leum-based products  wi l l  not  degrade the po lyurethane. 

b.  Advantages and disadvantages.  The re la t ive access ib i l i ty ,  ease of  t ransport ,  

and low cost  make condoms an att rac t ive method of  contracept ion. However,  the 

co i ta l  ac t  must  be in terrupted to  apply the condom, and of ten one or  both par tners  

compla in of a  par t ia l  or  complete decrease in  sensat ion. 

c .  Use  

(1)  The female external  geni tal ia should not be touched wi th  the exposed penis,  and 

the vagina should not  be penetrated,  unt i l  the condom is  unrol led onto the erect 

penis .  

(2)  The condom should be unro l led onto the penis as far  as i t  wi l l  go.  W ith the p la in-

end condom, a space between the t ip  of  the penis  and the t ip o f the condom should 

be le f t  to  catch the ejaculate. 

(3)  W ith  e i ther reservo ir - t ip  or  plain-end condoms,  the t ip  of  the condom must  be 

he ld between the thumb and index f inger  to avoid t rapping ai r  whi le  unrol l ing the 

condom onto the penis .  (The space wi l l  decrease the l ike l ihood of  both rupture 

secondary to  pressure and regurg i ta t ion of  the e jaculate onto the external  

geni tal ia. )  

(4)  Proper  lubr icat ion to minimize the possib i l i ty  o f  tear ing can be ensured by us ing 

e i ther  a lubr icated condom or by apply ing KY jel ly or  spermic idal  c ream or  je l ly  to  

e i ther  the condom or  the woman's  geni ta l ia .  (Note:  Petro leum je l ly [Vasel ine] should 

never  be used because i t  causes deter iorat ion of the rubber [ latex]  and is a  poor  

lubricant .)  Spermicidal  foam, cream, or  je l ly  is  an excel lent adjunct ive 

contracept ive. 



(5)  Before the penis becomes f laccid,  i t  must  be wi thdrawn f rom the vagina and 

the condom eased of f .  The condom  should be handled wi th  specia l  care so as not  

to  lose i t  in to  the vagina or  sp i l l  any of the ejaculatory f lu id  onto the external  

geni tal ia.  

(6)  A condom should never  be reused. 

(7)  Condoms should not be s tored near excess ive heat .  

(8)  I f  the condom should break or  leak,  spermicide foam should be immediate ly 

inser ted vagina l ly.  
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(9)  Do not buy or  use condoms that  have passed the ir  exp i ra t ion date. 

(10)  Be sure to  s tore condoms in  a  cool ,  dry p lace,  out  of  di rec t  sunl ight.  The g love 

compartment  o f  a  car  is  not  a  good p lace to  store condoms.  Do not  s tore condoms in  

pockets , purses,  or  wal lets  for  more than a few hours. 

4.  The female condom  (Real i ty)  is  a disposable polyurethane sheath  that  f i ts  into  

the vagina and provides protect ion from pregnancy and STDs.  

a.  The sheath resembles a plas t ic  vagina l  pouch and consis ts  o f  an inner r ing,  

which is  inser ted in to  the vagina near  the cervix much l ike a diaphragm, whereas 

the outer ring  remains outside the vagina,  cover ing the labia . The condom is  

pre lubricated,  and addi t ional  lubr icant  is  provided for use i f  needed. The 

polyurethane sheath is  stronger  and probably less l ikely to tear or break  than the 

la tex sheath of male condoms.  I t  should be removed immediately a f ter  in tercourse 

(before the woman s tands up) .  I t  may be inser ted up to  8 hr  before intercourse. 

b.  I f  i t  is  used properly,  i t  provides the woman wi th  a method of prevent ing the 

t ransmiss ion of  STDs.  However,  wi th  the noted pregnancy fa i lure rate (Table 34-1) ,  

i t  is  cer ta in ly not  that re l iable  for  d isease t ransmission.  I t  has not  been very 

popular;  some women compla in  that  i t  in ter feres wi th  sensat ion and that  i t  makes 

unpleasant  no ises dur ing use. 

5.  The diaphragm  is  a contracept ive device that  is  sel f - inser ted in to the vagina to  

b lock access of sperm to the cervix.  I t  requi res  a prescrip t ion and must  be used in  

conjunct ion wi th  a nonprescr ipt ion spermicide to  seal  of f  c revices between the 

vaginal  wal l  and the device. 

a.  The diaphragm is  he ld in  p lace by the spring tens ion of  a  wi re  r im encased by 

rubber.  When posi t ioned proper ly,  the d iaphragm forms a f lexib le  dome to cover  the 

cervix,  the s ides press ing against the vaginal  muscle wal l  and the pubic  bone. 

b.  There are four types  o f  diaphragms:  the coil  spring,  the f lat  spring,  the arcing 

spring,  and a wide-seal r im.  The tone of  vaginal  muscles as wel l  as the posi t ion of  

the uterus and adjacent  organs usual ly determine the type of  d iaphragm necessary. 

c .  Sizes of  the d iaphragm range f rom 50 to  95 mm in  diameter ,  in  5-mm gradat ions. 

d.  Use  

(1)  The diaphragm plus spermic ide can be inser ted as long as 6 hr  before co i tus . 

The device should be le f t  in p lace for  6-8 hr a f ter in tercourse, but  no longer than 24 

hr .  Addi t ional  spermic ide is  requi red for  repeated in tercourse. 



(2)  Before insert ing the d iaphragm, 1 teaspoonful  (a  2-  to  3- inch r ibbon) o f  

spermic idal  cream or  je l ly  should be spread over the ins ide of  the rubber dome. 

(3)  A lso, spermic ide should be spread around the r im to  permi t  a  good seal  between 

the d iaphragm and the vagina l  wal l .  (For  added protect ion, i t  can be appl ied outs ide 

the dome.) 

e.  Proper care  

(1)  The diaphragm should be washed wi th  soap and water ,  r insed thoroughly,  and 

dr ied wi th  a towel .  

(2)  I t  should be dusted wi th  cornstarch and kept  in  i ts  or igina l  container (away f rom 

heat).  

6.  The cervical cap  is  a prescrip t ion rubber device smal ler than a diaphragm that 

f i ts  over  the cervix l ike a th imble. I t  is  more d i f f icu l t  to  f i t  than the diaphragm. 

a.  I t  remains effect ive for  more than one episode of  in tercourse,  wi thout adding 

more spermic ide. 

b.  The cap should be f i l led one th i rd  fu l l  o f  spermic ide cream or  je l ly ;  the spermic ide 

is  then appl ied to the r im.  

c .  The cervical  cap may be le f t  in p lace for  a  maximum of  48 hr  and should be lef t  in  

p lace for  a t  least  8  hr a fter  in tercourse. 
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STUDY QUESTIONS 
Direct ions for questions 1-8:  Each of  the quest ions,  sta tements ,  or  incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  The most common cause of  vaginal  yeast infect ions is 

(A)  Candida albicans.  

(B)  Candida glabrata.  

(C)  Tr ichomonas.  

(D)  anaerobic  bacter ia .  

View Answer1.  The answer is  A[see] .andida albicansC. 

glabrataTrichomonas2. The eff icacy rate for nonprescript ion anti fungal  

agents for vaginal  yeast infect ions is 

(A)  50%. 

(B)  60%. 

(C) 70%. 

(D) 80%. 

View Answer2.  The answer is  D[see] .3.  Which of  the fol lowing statements 

about nonprescript ion anti fungal  agents for vaginal  yeast infections is  

incorrect? 

(A)  Femstat  3  should be appl ied in t ravagina l ly for 3  consecut ive nights. 

(B)  Ant i fungal  agents should be cont inued during menstruat ion. 

(C)  Monis tat  1  contains  miconazole. 

(D)  The choice of  formulat ion is  based on pat ient preference. 



View Answer3.  The answer is  C[see] .4.  The best product to treat  vulvar 

pruri tus in a woman with a vaginal  yeast infection is 

(A)  external  miconazole (Monis tat ).  

(B)  external  miconazole and in t ravaginal  miconazole  (Monis tat  7 combinat ion pack).  

(C)  in travaginal  t ioconazole (Vagista t  1) 

(D)  in travaginal  butoconazole (Femstat  3) .  

V iew Answer4.  The answer is  B[see] .5.  A patient  complains of  vaginal 

yeast infection symptoms. Under which of  the fol lowing circumstances should 

she be referred to a physician? 

(A)  There is  a  history of  recurrent  vaginal  yeast  in fec t ions. 

(B)  She is  pregnant.  

(C)  She is < 12 years  of  age. 

(D)  Al l  o f  the above 

View Answer5.  The answer is  D[see] .6.  Al l  of the following statements 

regarding contraceptives are correct  except  which one? 

(A)  Us ing the basal  temperature method,  in tercourse should be avoided for  a  fu l l  6  

days af ter the noted temperature t ransi t ion. 

(B)  I f  a  condom should break or  leak, one could recommend immediate inser t ion of a  

vaginal  spermicide foam. 

(C) Vaginal  spermic ides may ki l l  many of  the causat ive agents  of  sexual ly 

t ransmi t ted d iseases (STDs),  but  they should not  be rel ied on a lone for  STD 

prevent ion. 

(D)  Latex condoms can be labeled for  the prevent ion of  HIV t ransmiss ion. 

(E)  Nonoxynol -9  is  a  safe and ef fec t ive vaginal  spermicide. 

View Answer6.  The answer is  A[see] .7.  Al l  of the following statements 

concerning the vaginal  spermicides are correct  except  which one? 

(A)  Used wi thout  a  condom or  diaphragm, i t  is  recommended that the nonoxynol -9  

concentrat ion should be at  least  8%. 

(B)  Foams probably d isperse the spermic ide throughout  the vagina l  canal bet ter  

than cream or je l ly  forms.  

(C)  Douching should not  occur  for  6-8 hr  af ter the las t  in tercourse because i t  may 

d i lu te  the spermic ide ef fec t  or  even force sperm in to the cervix.  

(D)  Evidence to date shows no def ini te  l ink  between these agents and bi r th  defects. 

(E)  None;  al l  o f  the s ta tements  are correct .  

V iew Answer7.  The answer is  E[see] .8. Al l  of  the following statements 

concerning contraception or contraceptive agents are correct except  which 

one? 

(A)  Progesterone is apparent ly responsible  for  the increase in  basal  temperature 

af ter ovu lat ion. 

(B)  Vasel ine should not be used as a lubr icant  with  la tex condoms. 

(C)  Us ing a condom alone is  more ef fect ive as a contracept ive than tak ing a 

combinat ion ora l  contracept ive. 

(D)  According to the Bi l l ings method,  vagina l  mucus has an appearance simi lar  to  

raw egg whi tes  at  around the t ime of ovu lat ion. 



(E)  Sperm may be viab le for  up to  5 days in  the female reproduct ive t rac t under the 

r ight  condi t ions. 

View Answer8.  The answer is  C[see] .P.720 

 

 

Direct ions for questions 9-10:  Each statement  in  this  sect ion is  most  c lose ly 

re lated to  one  o f  the fol lowing drug types.  The drug types may be used more than 

once or not  a t al l .  Choose the best  answer,  A-E.  

9.  The primary nonprescript ion pharmacological  treatment for pain associated 

with dysmenorrhea 

A  Diuret ics 

B  Sa l icylates 

C  Nonsteroida l  ant i - in f lammatory drugs (NSAIDs) 

D  Narcot ic  analges ics 

View Answer9.  The answer is  C[see] .10.  Recommended by the Food and 

Drug Administrat ion (FDA) for e l imination of water before and during 

menstruat ion 

A  Diuret ics 

B  Sa l icylates 

C  Nonsteroida l  ant i - in f lammatory drugs (NSAIDs) 

D  Narcot ic  analges ics 

View Answer10. The answer is  A[see] .P.721 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  A  [see  I I .A.1.b ] .  

Candida a lb icans  remains the most  common cause.  Infect ions caused by C. g labrata  

are increas ing. Tr ichomonas  and anaerobic  bacter ia  cause other  types of vaginal  

in fec t ions. 

2.  The answer is  D  [see  I I .A.3. f . (2) ] .  

Nonprescr ip t ion ant i fungal  agents '  e f f icacy rates approach 80%-90%. 

3.  The answer is  C  [see  I I .A.3. f ] .  

Monis ta t  1  conta ins t ioconazole,  a long-act ing ointment .  

4.  The answer is  B  [see  I I .A.3.d ] .  

External  c reams can be helpful  for  t reat ing externa l  i tch ing. The vaginal  yeast  

in fec t ion s t i l l  must  be t reated wi th  an in t ravagina l  c ream. 

5.  The answer is  D  [see  I I .A.2.b ] .  

A l l  o f  these pat ients  should be referred for d iagnos is  and t reatment.  

6.  The answer is  A  [see  I I I .B.1.c . (2) ] .  

In tercourse should be avoided for  a ful l  3  days after  the noted temperature 

t rans i t ion.  Al l  of  the other  s ta tements are correct .  

7.  The answer is  E  [see  I I I .B.2 ] .  

A l l  the s ta tements are correct.  

8.  The answer is  C  [see  Table 34-1 ] .  



The most  e f fec t ive contracept ive product  avai lable  today is  the combinat ion ora l  

contracept ive.  Al l  o f  the other sta tements  are correct.  

9.  The answer is  C  [see  I .B.1.d. (3) . (a) ] .  

10.  The answer is  A  [see  I .B.1.d. (3) .(b) ] .  

NSAIDs are approved by the FDA for  the t reatment  o f pr imary dysmenorrhea. For 

premenstrua l  and menstrua l  re l ie f  o f  water re tent ion,  b loat ing, and tens ion,  the FDA 

has approved OTC d iuret ics . 
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Herbal Medicines and Nutritional Supplements 
Teresa Klepser 

I. INTRODUCTION. 
Many of  the drugs avai lab le  on the market  are der ived f rom p lants .  Some of  those 

include aspi r in ,  a t rop ine, be l ladonna, capsaic in ,  cascara,  co lchic ine,  digoxin  

(Lanoxin) ,  ephedrine,  ergotamine, ipecac,  op ium, physost igmine, p i locarpine, 

podophyl lum, psyl l ium, qu inid ine, reserpine,  scopolamine,  senna,  Taxol ,  

tubocurar ine, v inblast ine,  and vincr is t ine.  Herb products  are also der ived from 

p lants;  however,  these products  are not  cons idered drugs by the U.S.  Food and 

Drug Admin is t ra t ion (FDA).  

A. Regulat ions  

1.  The Federal  Food, Drug,  and Cosmetic Act of  1938  mandated pharmaceut ica l  

companies to  test  drugs for  safety before market ing. 

2.  The Kefauver-Harris  Drug Amendments of  1962  mandated pharmaceut ica l  

companies to  test  drugs for  ef f icacy before market ing. 

3.  The Dietary Supplement Health and Education Act of  1994  mandated the 

fo l lowing: 

a.  Die tary supplements  are not  drugs or food. They are in tended to  supplement  the 

d ie t.  

b.  Herbs are considered d ie tary supplements. 

c.  Die tary supplements  do not  have to be s tandard ized. 

d.  The secretary of  Health  and Human Services may remove a supplement f rom the 

market only when i t  has been shown to  be hazardous to  health . 

e.  Die tary supplements  may make c laims only regarding the effec ts on struc ture or  

funct ion of  the body.  No c laims regard ing a par t icu lar d isease or condi t ion may be 

made. 

f .  The fol lowing s tatement  is  requi red on the product  label :  “Th is  product has not  

been evaluated by the FDA. I t  is  not intended to d iagnose, t reat ,  cure,  or  prevent. ”  

4.  German Federal  Health Agency  

a.  In 1978, the German Federa l  Heal th  Agency estab l ished Commission E.  

b.  Commiss ion E evaluates the safety and ef f icacy of  herbs through c l in ica l  t r ia ls  

and cases publ ished in  sc ient i f ic  l i terature. 

c.  There are > 380 publ ished monographs on herbs. 

B. Herbs considered unsafe for human consumption  

1.  Carc inogenic  herbs inc lude borage,  ca lamus, co l ts foot,  comfrey,  l i fe  root ,  and 

sassafras. 

2.  Hepatotoxic  herbs include chaparra l ,  germander,  kava,  and l i fe  root .  

3.  High doses of l icor ice for  long per iods may cause pseudoaldosteronism, a 

condi t ion that  may include headache,  le thargy,  sodium and water re tent ion,  

hypokalemia,  h igh blood pressure,  hear t  fa i lure,  and cardiac arrest .  

4.  Ma huang may cause myocard ia l  in farc t ion,  s t rokes or  se izures. 

5.  Pokeroot may be fa ta l  in  chi ldren. 



6.  Unsafe herbs according to the FDA.  In  the 1990s,  the FDA's  Center  for  Food 

Safety and Appl ied Nutr i t ion created the Spec ia l  Nutr i t ional  Adverse Event  

Moni tor ing System W eb s i te  for  die tary supplements . Unfor tunate ly,  by 1999 the s i te  

was no longer be ing updated and thus was eventual ly  deleted.  According to  the last  

update f rom that  W eb si te ,  the fo l lowing d ietary supplements  were considered 

unsafe by the FDA: 

a.  Arnica:  muscle para lys is ,  death 

b.  Amer ican and European mis t le toe:  se izures,  coma 

c.  B i t tersweet  and deadly n ightshade:  card iac  toxic i ty 

d.  B loodroot:  hypotension,  coma 
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e.  Broom: dehydrat ion 

f .  Comfrey:  cancer 

g.  Dutch and Engl ish tonka bean:  hepatotoxic i ty 

h.  Hel io trope:  hepatotoxic i ty 

i .  Horse chestnut:  bleeding 

j .  J imson weed:  ant ichol inergic ,  hal lucinat ions 

k.  Kava: hepatotoxic i ty 

l .  L i ly  o f the va l ley:  cardiac  toxic i ty 

m.  Lobel ia  (nicot ine) :  coma,  death 

n.  Mandrake/mayapple:  severe gast ro intest ina l  symptoms 

o.  Morn ing g lory:  psychos is 

p.  Periwink le :  renal  and hepatotoxic i ty 

q.  Snakeroot :  reserp ine der ivat ive 

r .  Sp ind le t ree: se izures 

s.  St .  John 's  wort :  drug in teract ions 

t .  Sweet  f lag: hal lucinat ions,  l iver  cancer 

u.  True ja lap: purgat ive cathar t ic 

v.  W ahoo:  se izures 

w.  W ormwood:  se izures, paralys is 

x.  Yohimbe:  renal  fai lure,  hypertens ion 

II. COMMONLY USED HERBS 
A. Black cohosh (Cimicifuga racemosa )  

1.  Commission E indicat ions.  Premenstrual  symptoms, painfu l  or  d i f f icu l t  

menstruat ion,  and neurovegetat ive symptoms (hot  f lashes)  caused by menopause 

2.  Mechanism of act ion  

a.  B lack cohosh has est rogen- l ike ef fects  that  are exer ted by an unknown 

mechanism, di f ferent f rom an est rogenic  mechanism. 

b.  I t  does not appear to b ind to est rogen receptors .  Nor does i t  appear to up-

regulate est rogen-dependent genes. 

c.  I t  does not a ffec t  the growth of  est rogen-dependent  tumors in exper imental  

an imals . 



3.  Eff icacy 

a.  Uncontrol led as wel l  as  double-b l ind, randomized,  p lacebo-control led c l in ical  

t r ia ls  compared black cohosh to  hormone therapy in  perimenopausal  and 

postmenopausal  women wi th  neurovegetat ive menopausa l  symptoms of  d i f ferent  

degrees of sever i ty.  The Kupperman menopausal index and psychiat r ic c l in ica l  and 

se l f -eva luat ion scales were s ign i f icant ly reduced af ter  3  months of  t reatment  wi th  

b lack cohosh. Vagina l -cyto log ical  parameters a lso improved in  regard to  est rogen 

s t imulat ion.  Black cohosh was shown to  be superior  to  placebo and comparable to  

est r io l ,  conjugated est rogens,  and est rogen-progesterone therapy (Mahady) .  

b.  B lack cohosh may not be ef fec t ive in  premenopausal  breast  cancer survivors  wi th  

tamoxi fen- induced hot  f lashes (Jacobsen). 

4.  Contraindicat ions/precautions  

a.  Pregnancy 

b.  Unknown i f  su i table  for  pat ients for whom hormone-replacement therapy is  

contra indicated,  such as estrogen-receptor-pos i t ive  breast  cancer 

c.  Commiss ion E recommends that  length of  use should not  exceed 6 months. 

d.  Use caut ion in  l iver  disease,  such as hepat i t is  and fu lminant  l iver  fa i lure. 

5.  Drug interact ions  

a.  Cispla t in  (Plat ino l )  e f f icacy may be reduced. 

b.  Theoret ical ly,  black cohosh may in teract  wi th  hepatotoxic  drugs,  such as 

acetaminophen (Tylenol ),  carbamazepine (Tegreto l ) ,  and isoniazid  (Nydrazid)  

because i t  is  an inh ibi tor o f  cytochrome P450 3A4 (CYP34A) and CYP2D6 

isoenzymes. 

6.  Side effects  

a.  Occas ional  in tes t inal  problems may occur ,  such as nausea and vomi t ing;  weight  

ga in is  poss ib le. 
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b.  L iver  toxic i ty may occur ;  l iver  funct ion tests should be moni tored per iodical ly.  

c.  Large doses of  black cohosh may cause d izziness,  nausea,  severe headaches,  

s t i f fness,  and t rembl ing l imbs. 

d.  Does not  seem to increase r isk  of endometr ial  hyperplas ia. 

7.  Dosage.  Remi femin is a  standard ized product  that  contains  20 mg black cohosh 

and is taken twice dai ly.  I t  is  s tandard ized to 1 mg of  27-deoxyactein  per  tab le t .  

B. Chaste tree berry (Vi tex agnus-castus )  

1.  Commission E indicat ions.  Disorders  of the menstrua l  cycle , breast  swel l ing,  

and premenstrual  symptoms 

2.  Mechanism of act ion  

a.  Chaste t ree berry binds to dopamine receptors  and inh ibi ts  pro lac t in  secret ion. 

b.  One of  i ts  ingredients , l ino le ic  ac id ,  binds to  es t rogen receptors . 

c.  I t  increases the pi tui tary g land 's  product ion of lu te iniz ing hormone and inhibi ts 

fo l l ic le-s t imulat ing hormone (FSH). 

3.  Eff icacy.  One randomized,  double-b l ind,  placebo-contro l led,  paral le l  group s tudy 

included 170 women wi th  premenstrual  syndrome (Schel lenberg) .  Vi tex  was g iven 20 



mg dai ly for 3  cyc les.  Sel f -assessment and c l in ica l  global impress ion s igni f icant ly 

improved. 

4.  Contraindicat ions/precautions  

a.  Pregnancy and lac tat ion 

b.  W omen receiv ing hormone-replacement  therapy 

5.  Drug interact ions  

a.  Theoret ical ly,  chaste tree berry may interact wi th  medicat ions that  increase 

dopaminerg ic  ac t iv i ty,  such as bromocr ip t ine (Parlodel )  and levodopa. 

b.  Theoret ical ly,  i t  may in teract wi th  medicat ions that  decrease dopaminerg ic 

ac t iv i ty,  such as the ant ipsychot ics . 

c.  Theoret ical ly,  i t  may in teract wi th  hormone-rep lacement  therapy and ora l  

contracept ives. 

6.  Side effects  

a.  Mi ld  gastro in test inal  upset 

b.  Skin  rash 

c.  Increased menstrual  f low 

7.  Dosage.  Doses depend on the formulat ion.  Typica l  dose range of  chaste t ree 

berry is  20-240 mg per day.  

C. Cranberry (Vaccinium macrocarpon )  

1.  Commission E indicat ions.  Recurrent  ur inary t ract  in fec t ions 

2.  Mechanism of act ion  

a.  Ur inary ac id i f icat ion 

b.  Benzoic and quin ic  acids break down and form h ippuric  acid  (bacter ios tat ic ) .  

c.  Inh ib i t ion of Escher ichia  co l i  adherence to  epi the l ia l  ce l ls  o f  ur inary t rac t 

d.  Cranberry ju ice may suppress Hel icobacter  pylor i  in fec t ion. 

3.  Eff icacy 

a.  A quas i - randomized,  double-b l ind,  placebo-control led study inc luded 153 women 

who received 300 mL of c ranberry ju ice dai ly for  6  months (Avorn et  al . ) .  Bacter iur ia 

wi th  pyur ia occurred less of ten in  the cranberry group (15%) versus placebo (28%). 

4.  Contraindicat ions  

a.  Benign prostat ic hyperp las ia 

b.  Ur inary obstruct ion 

c.  Nephrol i th iasis 

d.  Cranberry ju ice conta ins  h igh amounts  of  sa l icyl ic  acid  and may t r igger an 

a l lerg ic  react ion in  pat ients  wi th an aspi r in  a l lergy or  asthma. 

e.  Discont inue 2 weeks before surgery. 

f .  Ulcers ,  GERD 
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5.  Drug interact ions  

a.  Increased vi tamin B1 2  absorpt ion 

b.  Potent ial  to enhance e l iminat ion of  renal ly excreted drugs by changing urine pH 

c.  Cranberry ju ice may in teract wi th  warfar in ,  increasing the in ternat ional  

normal ized rat io  ( INR). 



d.  May inh ibi t  cytochrome P450 2C9.  Drugs that  are metabol ized by CYP2C9 include 

amit r ip ty l ine (Elavi l )  and d iazepam (Val ium). 

6.  Side effects  

a.  Nausea,  vomit ing,  d iarrhea 

b.  Nephrol i th ias is 

7.  Dosage.  Recommended dose of  c ranberry is  300-400 mg twice da i ly using a 

s tandard ized product  to  inc lude 11%-12% quin ic  ac id  per  dose.  Pat ients  may also 

take 8-16 oz.  100% cranberry ju ice da i ly.  Dr inking lots  o f  f lu ids  is  recommended. 

D. Dong quai  (Angel ica senensis )  

1.  Tradit ional Chinese Medicine indicat ions.  Menstrua l  d isorders ,  anemia,  

const ipat ion,  insomnia,  rheumatism, neura lg ia ,  and hypertension 

2.  Mechanism of act ion  

a.  Dong quai  is  on ly 1:400 as act ive as est rogen.  However,  i t  does not appear to 

produce any changes to  the ovar ies  or  vaginal  t issue (Murray) .  

b.  I t  contains  seven d i f ferent  coumar in  der ivat ives:  oxypeucedanin,  os tho le,  

psora len,  angelo l ,  angel icone,  bergapten, and 7-desmethylsuberos in.  Many 

coumarins  have been shown to  have vasodi la tory and ant ispasmodic  ef fects .  One of  

the coumar ins  (osthole)  is  a  central  nervous system (CNS) s t imulant .  

c.  I t  inh ib i ts  exper imental ly induced immunoglobul in  E ( IgE) t i ters ,  suggest ing that  

components  of  the p lant may have immunosuppressive act iv i ty.  

d.  I t  inh ibi ts  prostaglandin E2  (PGE2 )  re lease and,  therefore, possesses analgesic,  

ant ipyret ic ,  and ant i - in f lammatory act ions. 

e.  I t  has a quinid ine-type ef fec t,  so i t  may contro l  tachycard ia . 

f .  I t  normal izes uter ine contract ions. 

g.  I t  has ant ib io t ic  ac t iv i ty against  gram-negat ive bacter ia  (Baci l lus dysenter iae,  B. 

typhi ,  B.  comma, B. paratyphi ,  and Escher ichia  co l i )  and against  gram-pos i t ive 

bacter ia  (hemolyt ic  Streptococcus  type A and B,  Corynebacter ium d iphther iae ) .  

3.  Eff icacy.  A randomized,  double-b l ind,  placebo-contro l led t r ia l  included 71 

postmenopausal  women (mean age, 52.4 years) who had FSH < 30 mIU/mL wi th  hot 

f lashes (Hi ra ta et  al . ) .  Women received 3 capsules of dong quai  three t imes dai ly 

(equiva lent  to  4.5 g of  dong quai  root  dai ly)  or p lacebo for  24 weeks. Dong quai  d id  

not  produce est rogen- l ike responses in endometr ia l  th ickness or in vaginal  

maturat ion or  re l ieve menopausal  symptoms.  The s tudy is  cr i t ic ized for  using dong 

quai  alone,  because in  Tradi t ional  Chinese Medicine, dong quai  is  used in 

combinat ion wi th  four  or  more other  herbs. 

4.  Contraindicat ions/precautions  

a.  Pregnancy (uter ine st imulant) and lactat ion 

b.  Diarrhea 

c.  Hemorrhagic d isease; d iscont inue 2 weeks before surgery 

d.  Hypermenorrhea 

e.  Hypotens ion 

f .  Dur ing colds or f lus 

g.  A l lergy to  pars ley 

5.  Drug interact ions  

a.  Dong quai  in teracts  with  ant icoagulants,  such as warfar in  (Coumadin) 



b.  Ant ihyper tensives (hypotension) 

c.  Theoret ical ly,  may in teract  wi th  hormone-rep lacement  therapy.  

d.  Unknown i f  i t  interacts  wi th  other cardiovascular  drugs such as procainamide 

(Pronestyl )  

6.  Side effects  

a.  Photodermati t is  may occur  in  people col lec t ing the p lant .  

b.  Burp ing,  f latu lence, and headache 
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c.  Safro le ,  found in  the oi l  of  dong quai ,  is  carc inogenic and not  recommended for 

ingest ion. 

d.  May s t imulate breast cancer ce l ls .  

7.  Dosage.  A varie ty of  doses are suggested. No s tandard ized product is  ava i lab le .  

Accord ing to  t radi t ional  Chinese medic ine, dong quai  alone may not  be effec t ive. 

E. Echinacea (Echinacea purpurea, E.  angusti fol ia )  

1.  Commission E indicat ions  

a.  Internal  use:  support ive therapy for  in fec t ions of  the upper respi ra tory trac t 

(co lds)  and lower ur inary t rac t 

b.  External  use:  loca l  appl icat ion for  the t reatment  o f hard- to-heal superf ic ial  

wounds and u lcers 

2.  Mechanism of act ion.  Echinacea increases the body's  res is tance to  bacter ia by: 

a.  Caffe ic  acid  der ivat ives,  which include c ichor ic acid ,  chlorogenic  ac id ,  and 

cynar in ,  increase phagocytosis and s t imulate the product ion of  immune-potent iat ing 

substances such as in terferon,  in ter leukins,  and tumor necros is  factor .  

b.  Polysaccharides,  such as inu l in ,  s t imulate macrophages and inhib i t  hya luronidase 

act iv i ty to decrease in f lammat ion. 

c.  A lkylamides,  such as echinacein, have a loca l  anesthet ic  e f fec t  and inhib i t  

hya luronidase act iv i ty to decrease inf lammation. 

d.  Echinacea has l i t t le  or  no d i rec t bacter ioc idal  or  bacter ios tat ic  proper t ies . 

3.  Eff icacy.  In  a  review of  26 contro l led c l in ica l  t r ia ls  evaluat ing echinacea 's  ab i l i ty  

to  st rengthen the body's  own defense mechanisms,  i t  was found that 30 of 34 

echinacea therapies were more ef fec t ive compared to  contro ls  (Melchar t  e t  al . ) .  

4.  Contraindicat ions/precautions  

a.  Echinacea is  contra ind icated in  in fec t ious and auto immune d iseases such as 

tuberculos is ,  leukos is ,  co l lagenos is ,  mul t ip le sc lerosis,  AIDS, HIV,  and lupus. 

b.  Caut ion should be used in  pat ients  who are a l lergic to  members of  the ragweed 

fami ly.  

c.  The ef fec ts  of  echinacea in  pregnancy,  lactat ion,  and chi ldren are unknown.  

Compar ison wi th  a contro l  group suggested no increased r isk  of  major  

malformations in  206 pregnant  women (Gal lo  e t  al . ) .  

d.  Therapy should not  exceed 8 weeks.  Theoret ica l ly,  prolonged use of  ech inacea 

may depress the immune system, poss ibly through overs t imulat ion. 

5.  Drug interact ions  

a.  Unknown i f  echinacea in teracts  wi th  immunosuppressants 



b.  Echinacea inh ibi ts  cytochrome P450 1A2. Some drugs metabol ized by CYP1A2 

are caffe ine (Cafc i t )  and theophyl l ine. 

c.  Echinacea induces and inh ib i ts  CYP3A4.  Some drugs metabol ized by CYP3A4 are 

midazolam (Versed),  i t raconazole (Sporanox)  and fexofenadine (Al legra) .  

6.  Side effects  

a.  Nausea,  vomit ing,  d izziness,  t i redness,  a l lergic  react ions, and anaphylaxis .  

b.  May in ter fere wi th male fert i l i ty .  

7.  Dosage.  There are a var ie ty of  doses recommended.  The most common dose is  

as  the dr ied powder,  1  g or  two 500-mg capsules ora l ly three t imes dai ly.  

Recommended to  use for 2  weeks only dur ing a co ld . 

F.  Feverfew (Tanacetum parthenium )  

1.  Commission E indicat ion.  Prophylaxis  o f migra ine headaches 

2.  Mechanism of act ion  

a.  Fever few inhibi ts  the re lease of 5-hydroxyt ryptamine (seroton in)  f rom platele ts ,  

which may be the same mechanism as methyserg ide maleate (Sansert ) .  

b.  I t  i r reversib ly inhibi ts prostaglandin synthes is  through a di f ferent  mechanism f rom 

that  o f  the sal icylates.  I t  inhibi ts phosphol ipase A2  by α-methylene butyro lac tones 

(par thenol ide and epoxyar temorin) .  

c.  There is  an ant i thrombot ic  potent ia l  owing to  a phosphol ipase inhibi t ion that  

prevents  the re lease of  arachidonic  acid . 
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d.  I t  inh ibi ts  po lymorphonuclear  leukocyte (PMN) degranulat ion,  which reduces 

PMN-induced damage to the rheumatoid synovium. 

e.  I t  inh ib i ts  phagocytosis  o f human neutrophi ls ,  which may reduce t issue damage 

f rom oxygen radica ls .  

f .  I t  inhibi ts  mast  ce l l  release of  his tamine. 

g.  I t  may have cytotoxic  ac t iv i ty against human tumor cel ls .  

h.  I t  may possess ant imicrobial  ac t iv i ty.  

3.  Eff icacy.  An evaluat ion of  f ive t r ia ls for the ef f icacy of feverfew in  the prevent ion 

of  migra ines compared to  p lacebo was conducted (Cochrane Database of Systematic 

Reviews).  A varie ty of  doses and durat ions were used.  Some t r ia ls  showed the 

number and sever i ty o f  migra ine at tacks and the degree of  vomit ing were reduced 

wi th  fever few.  The durat ion of  a ttacks was unal tered.  Other  t r ia ls  showed no 

benef i t .  

4.  Contraindicat ions/precautions  

a.  Fever few should be avoided in  pregnancy,  lactat ion, and ch i ldren < 2 years  of  

age. 

b.  Contraindicated in  indiv iduals  wi th  al lerg ies to  chrysanthemums. 

c.  Contraindicated in  pat ients  wi th  b leeding d isorders.  Discont inue 2 weeks before 

surgery. 

5.  Drug interact ions  

a.  Fever few may in teract wi th  ant icoagulants ,  increasing the r isk  of  bleeding. 



b.  Feverfew may inhib i t  the fo l lowing cytochrome P450 isoenzymes: 1A2,  2C19, 

2C9,  and 3A4. 

6.  Side effects  

a.  Gastr ic  d iscomfor t  on ora l  consumpt ion 

b.  Contact  dermati t is  

c.  Minor  ulcerat ions of  ora l  mucosa,  i r r i ta t ion of tongue,  and swel l ing of l ips  may 

occur  when f resh leaves are chewed. 

d.  Palp i ta t ions. 

e.  Post- fever few syndrome:  d iscont inuat ion of  fever few may produce musc le and 

jo in t  s t i f fness and a c luster  of  nervous system react ions ( rebound of migra ines, 

anxie ty,  and insomnia).  

7.  Dosage.  The usual  dose of  fever few is 125 mg dai ly.  A product  conta in ing at  

least  0 .2% par thenol ide is  recommended. 

G. Garl ic  (All ium sat ivum )  

1.  Commission E indicat ions.  Support  die tary measures for  the treatment  o f  

hyper l ipoprote inemia and to  prevent  age-re la ted changes in  the b lood vessels  

(ar ter iosclerosis) 

2.  Mechanism of act ion  

a.  Gar l ic  inh ib i ts  p late le t funct ion by inter fer ing wi th  thromboxane synthesis .  

b.  I t  increases the levels o f  two ant ioxidant  enzymes in  the blood:  cata lase and 

g lu tathione peroxidase. 

c.  Organic  disu l f ides found in  gar l ic  o i l  inact ivate the thio l  enzymes such as 

coenzyme A (CoA) and hydroxymethyl  g lu taryl  (HMG) CoA reductase. 

3.  Eff icacy 

a.  In a  meta-analys is  of  e ight  s tud ies evaluat ing the ef fec t on b lood pressure,  the 

overa l l  pooled d i f ference in  change of  systol ic  blood pressure was 7.7 mm Hg lower 

wi th  gar l ic  than wi th  p lacebo; d iasto l ic b lood pressure was 5.0 mm Hg lower wi th  

gar l ic  (Si lagy et  al . ) .  

b.  In a  meta-analys is  o f f ive studies evaluat ing the ef fec t  on to tal  serum cholestero l ,  

pat ients  were exc luded i f  they were receiv ing l ip id- lower ing drugs (Warshafsky et  

a l . ) .  The overa l l  pooled to ta l  cholesterol  di f ference between gar l ic  and placebo was 

-23 mg/dL ( -29 to  -17).  

4.  Contraindicat ions/precautions  

a.  Caut ion in  d iabetes.  Gar l ic  may increase the release of  insu l in  or  enhance the 

response to  insu l in .  

b.  Caut ion in  pregnancy (emmenagogue and abort i fac ient ) and lactat ion 

c.  Caut ion in  pept ic  ulcer  d isease and gastroesophageal  ref lux 

d.  Discont inue 2 weeks before surgery 
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5.  Drug interact ions  

a.  Ant icoagulants  ( increased b leeding) 

b.  Protease inh ibi tors  (decreased ef f icacy) 

c.  Nonnuc leos ide reverse t ranscr ip tase inh ib i tors,  such as nevi rapine,  efavi renz 



d.  Increases amphoteric in  B (Fungizone) act iv i ty against  Cryptococcus neoformans  

e.  Ant ihyper tensives (hypotension) 

f .  Ant id iabet ic  agents (hypoglycemia) 

g.  May inh ibi t  the fol lowing cytochrome P450 isoenzymes:  2C9,  2C19, 3A4,  2D6,  

and 2E1. 

h.  Caut ion should be used wi th  contracept ive medicat ions,  cyc losporine,  d i l t iazem, 

and verapami l .  

6.  Side effects.  Gastro in test ina l  d iscomfort  (hear tburn,  f la tu lence) ,  sweat ing,  l ight -

headedness, a l lerg ic  react ions,  and menorrhagia 

7.  Dosage.  Between 0.6 and 1.2 g dr ied powder (2-5 mg of  a l l i c in) dai ly or  2-4 g 

f resh gar l ic  

8.  Comments  

a.  A l l i inase ( the enzyme that  conver ts  al l i in to  a l l ic in) is  inact ivated by ac ids .  

Enteric -coated tab lets or capsules al low more absorpt ion because they pass through 

the s tomach and release thei r  contents  in  the a lka l ine medium of  the smal l  in tes t ine. 

b.  Odorless garl ic  preparat ions may not conta in the act ive compounds. 

H. Ginger (Zingiber off ic inale )  

1.  Commission E indicat ions.  Dyspeps ia and prophylaxis  o f  symptoms of  t ravel  

s ickness 

2.  Mechanism of act ion  

a.  Ginger  promotes sa l iva and gastr ic  ju ice secret ion,  which increases peris ta ls is  

and the tone of  the in test inal  muscle. 

b.  I t  acts on 5-hydroxyt ryptamine 3 (5-HT3 )  receptors  in  the i leum, s imi lar  to  

ondansetron. 

c.  I t  has posi t ive inot rop ic  act iv i ty.  

d.  I t  inh ibi ts  thromboxane synthes is  as a prostacyc l in agonis t.  

3.  Eff icacy.  A double-bl ind s tudy inc luded 36 bl indfolded subjects  wi th  high 

suscept ib i l i ty  to  motion s ickness who were g iven g inger  940 mg,  dimenhydr inate 100 

mg,  or  p lacebo for  the prevent ion of  motion s ickness induced by a t i l ted ro tat ing 

chai r .  Ginger  subjects remained in  the chai r  an average of  5 .5  min,  d imenhydr inate 

3.5 min,  and p lacebo 1.5 min.  The g inger group took longer to fee l  s ick,  but  once 

s ick , the sensat ions of  nausea and vomi t ing progressed at  the same rate in  a l l  

groups (Mowrey et  a l . ) .  

4.  Contraindicat ions/precautions  

a.  B leeding disorders . Discont inue 2 weeks before surgery 

b.  I t  is  contra ind icated for  gal ls tone pain. 

c.  I t  is  recommended by the American Col lege of Obstet r ic ians and Gynecolog is ts 

(ACOG) for  use in  pregnancy < 17 weeks of gestat ion wi th  the fo l lowing caut ions:  

g inger  is  a  uter ine re laxant  in  low doses and a uter ine s t imulant  in  high doses. 

d.  Diabetes (hypoglycemia) 

e.  Heart  condi t ions 

5.  Drug interact ions  

a.  Ant ipla te lets and ant icoagulants ( increased b leeding) 

a.  Diabet ic  agents  (hypoglycemia) 

a.  Calc ium channel  blockers  (hypotension) 



6.  Side effects  are dermat i t is ,  hear tburn,  and d iarrhea. 

7.  Dosage ( for travel  s ickness).  Dai ly dose is  2-4 g. Two 500-mg capsules taken 

30 min before t ravel ,  then 1-2 more capsules every 4 hr  as  needed.  The 1000 mg 

s tandard ized ext ract  is  equivalent  to:  

a.  1  teaspoon f resh grated rhizome 

b.  2  droppers  l iqu id  ext ract  (2  mL) 

c.  2  teaspoons syrup (10 mL) 

d.  8  ounces g inger  a le ,  made wi th  rea l  g inger 

e.  4  cups g inger  tea (made by s teeping 1/2 teaspoon grated g inger for 5-10 min in 

hot  water) 
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I .  Ginkgo (Ginkgo bi loba )  

1.  Commission E indicat ions  

a.  Treatment  for  cerebral  c i rcula tory d is turbances resul t ing in  reduced funct ional  

capaci ty and vigi lance (ver t igo,  t inn i tus,  weakened memory,  and mood swings 

accompanied by anxiety)  

b.  Treatment  of  per iphera l  ar ter ia l  c i rcu la tory disturbance such as in termit tent 

c laudicat ion 

2.  Mechanism of act ion  

a.  Ginkgo conta ins  f lavonoids (quercet in ,  kaempfero l ,  and isorhamnet in)  and 

terpenoids (ginkgol ides A,  B,  and C and bi lobal ide) .  

b.  F lavonoids provide the ant ioxidant  ac t iv i ty,  reduce capi l lary f rag i l i ty ,  and 

increase the threshold of b lood loss f rom capi l lar ies . 

c.  Ginkgol ides antagonize p la tele t-act ivat ing fac tor  (PAF),  which induces p la te le t  

aggregat ion,  the degranulat ion of neutrophi ls ,  and the product ion of  oxygen 

rad icals .  

d.  B i lobal ide protects nerve cel ls .  

3.  Eff icacy 

a.  In a  review of  the c l in ica l  and pharmacologica l  s tud ies on g inkgo and cerebral  

insuf f ic iency,  eight  were found to  be of good qual i ty (Klei jnen).  Seven of  the t r ia ls  

showed pos i t ive effec ts o f  ginkgo compared to  placebo. Symptoms of  cerebral  

insuf f ic iency evaluated were d i f f icu l t ies  of  concentrat ion and memory,  

absentmindedness,  confus ion, lack of energy,  t i redness,  decreased phys ica l  

per formance,  depress ion,  anxie ty,  dizziness, t inn i tus , and headaches. 

b.  For in termit tent  c laudicat ion,  there were 15 control led t r ia ls ,  2  o f  acceptable 

qual i ty (Rit t ler  et  al . ) .  

(1)  One showed an increase in walk ing d is tance (Bauer e t  a l .)—ginkgo, 112-222 m; 

p lacebo,  145-176 m. 

(2)  The other  demonstrated amel iorat ion of pain  at  res t  (Saudreau et a l . ) .  The use 

of  ginkgo showed a decrease on a 100-mm visual  analog scale for  pa in  f rom 61 to  

30 mm (p lacebo 51 to  39 mm). 

c.  A randomized, double-b l ind, p lacebo-contro l led s tudy included 202 pat ients  wi th  

e i ther  Alzheimer d isease or  mult i - in farc t dement ia .  These pat ients  were given 



ginkgo 40 mg three t imes dai ly or  placebo for  1 year .  Ginkgo had a s ta t is t ical ly 

s ign i f icant improvement  by at  least  two points or  bet ter  on the Alzheimer Disease 

Assessment Scale—Cogni t ive (a  70-point  subscale)  compared to  p lacebo (50% 

versus 29%). Ginkgo showed s tat ist ica l ly s igni f icant  improvement  on the Ger ia t r ic 

Evaluat ion by Relat ive 's  Rat ing Ins t rument (37% versus 23%). There was no 

d i f ference between ginkgo and p lacebo on the Cl inica l  Global  Impress ion of  Change 

scale (LeBars  et a l . ) .  

4.  Contraindicat ions/precautions.  

a.  Epi lepsy. Ginkgotoxin  may cause neurotoxic i ty and seizures. 

b.  B leeding disorders .  Discont inue 2 weeks before surgery 

c.  Diabetes (hypoglycemia) 

d.  Infer t i l i ty .  Caut ion in  d i f f icu l ty conceiv ing. 

4.  Drug interact ions  

a.  Ginkgo may potent iate  the bleeding proper t ies  of ant ipla te le ts—there is  a  case 

report  o f  spontaneous hyphema (b leeding f rom the i r is  in to  the anter ior  chamber)  

f rom g inkgo and aspi r in.  

b.  Aminoglycosides ( increased ototoxic i ty) 

c.  Th iazide ( increases b lood pressure) 

d.  Trazodone (Desyrel )  (coma) 

e.  Seizure threshold lower ing drugs. 

f .  Ant iconvulsants 

g.  Ant idiabet ic  drugs (hypoglycemia) 

h.  Ginkgo may mi ldly a ffec t  the cytochrome P450 isoenzymes 1A2, 2C19,  2C9,  2D6,  

and 3A4. 

5.  Side effects  

a.  Gastr ic  d is turbances,  headache, d izziness,  and ver t igo 

b.  Toxic  ingest ion may produce tonic-c lonic  seizures and loss of consciousness 

c.  Spontaneous bleeding 
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6.  Dosage.  Recommended dose is  40 mg three t imes dai ly wi th  meals  for  a t  least  4-

6 weeks.  Standardized preparat ions that  contain  6% terpene lac tones and 24% 

ginkgo f lavone g lycos ides are recommended. 

J.  Asian ginseng (Panax ginseng,  P. quinquefol ius )  

1.  Commission E indicat ions.  Tonic  to  combat fee l ings of  lass i tude and debi l i ty ,  

lack  of  energy,  and abi l i ty  to  concentrate,  and dur ing convalescence 

2.  Mechanism of act ion  

a.  At  least 28 act ive ingredients ,  known as g insenosides, have been ident i f ied. 

b.  Ginseng ef fec ts  vary wi th  ext ract  der ivat ive,  dry ing method,  dose,  durat ion of 

t reatment ,  and animal spec ies that  was s tud ied.  Each g insenos ide produces 

d i f ferent  pharmacological  e f fects on the centra l  nervous system, cardiovascular 

system, and other  body systems.  Dif ferent g insenosides are capable of  produc ing 

b iologica l  e f fec ts  in  d i rec t  opposi t ion wi th  those produced by others.  For  example, 



the g insenos ide Rb1  has been shown to  have a suppressive ef fec t  on the central  

nervous system, whereas Rg 1  produces a s t imulatory ef fect .  

3.  Eff icacy 

a.  A randomized, double-b l ind, p lacebo-contro l led,  crossover study included 50 

male sports  teachers who performed a t readmi l l  exerc ise tes t .  Volunteers received 2 

g inseng capsules (Geria tr ic  Pharmaton) dai ly for  6  weeks or  p lacebo. Volunteers 

used energy more ef f ic ient ly and had greater endurance whi le  taking ginseng 

(Pieral is i  e t  a l . ) .  

b.  A case-control led study inc lud ing 1987 pai rs  evaluated g inseng's  ef fec t  on 

var ious human cancers.  Ind iv iduals  who took g inseng had a s ign i f icant decreased 

r isk  for  cancer compared wi th  nonintakers .  There may be a dose-response 

re lat ionship;  as  the f requency and durat ion of g inseng use increased,  the r isk of  

cancer decreased. Accord ing to cancer  s i te ,  g inseng s igni f icant ly reduced the r isk  

of  cancer  o f  the l ip ,  oral  cavi ty,  and pharynx;  esophagus;  stomach; colon and 

rectum; l iver ;  pancreas; lung; and ovaries .  There was no r isk  reduct ion for cancers  

of  the female breast ,  u ter ine cervix,  ur inary b ladder,  and thyro id  gland (Yun et  a l . ) .  

4.  Contraindicat ions/precautions  

a.  Pregnancy and lac tat ion 

b.  Chi ldren 

c.  Avoid in  pat ients  wi th  hyper tension,  emot ional /psycholog ical  imbalances,  

headaches,  heart  pa lpi tat ions,  insomnia,  asthma, in f lammat ion, or  in fec t ions wi th  

h igh fever.  

d.  Caut ion should be used in  pat ients  wi th  a  history of  b leeding. Discont inue 2 

weeks before surgery 

e.  Diabetes (hypoglycemia) 

f .  Schizophrenia 

g.  Caut ion should be used in  pat ients  wi th  a  history of  breast  cancer .  Ginseng may 

s t imulate breast  cancer  ce l ls.  

5.  Drug interact ions  

a.  Ginseng may in teract  wi th  phenelz ine (Nardi l ) ,  producing hal lucinat ions and 

psychosis.  

b.  Ginseng may decrease the INR of  warfar in  (Coumadin) .  

c.  Ginseng may in teract  wi th  s t imulants,  including caf feine (Cafc i t ) .  

d.  Ginseng may in teract  wi th  hypoglycemics,  caus ing hypoglycemia. 

e.  I t  is  unknown whether g inseng in teracts  wi th  hormonal  therapy,  

ant ihyper tens ives,  or  card iac  medicat ions. 

f .  I t  may inhib i t  cytochrome P450 2D6.  Caut ion should  be used wi th  drugs that  are 

metabol ized via  cytochrome P450 2D6,  such as ami t r ip ty l ine (Elavi l )  and f luoxet ine 

(Prozac).  

g.  I t  may in ter fere wi th  immunosuppressants . 

6.  Side effects  

a.  Nervousness and exc i ta t ion for  the f i rs t  4  days 

b.  Inabi l i ty  to  concentrate wi th  long-term use 

c.  Di f fuse mammary nodular i ty and vagina l  b leeding may be caused by g inseng's 

est rogen- l ike ef fec t  in  women. 
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d.  Hypertens ion,  euphoria ,  res t lessness,  nervousness,  insomnia,  sk in erupt ions,  

edema, and diarrhea have been repor ted wi th  long- term ginseng use wi th  an 

average dose of 3  g  ginseng root dai ly.  

e.  May increase the QT in terva l .  

7.  Dosage.  1-2 g crude herb dai ly or 100-300 mg g inseng ext ract  three t imes dai ly.  

Standardized products  that  contain  at  least  4%-5% g insenos ides are recommended. 

K. Siberian ginseng (Eleutherococcus senticosus )  

1.  Commission E indicat ions.  Tonic  for  fa t igue,  convalescence,  decreased work  

capaci ty,  or di f f icul ty in  concentrat ion 

2.  Mechanism of act ion.  An imal  research suggests that  Siberian ginseng may 

s t imulate the hypothalamic-p i tui tary-adrenal cortex.  I t  may b ind to  progest in ,  

mineralocor t ico id,  and g lucocort ico id  receptors . 

3.  Eff icacy 

a.  A randomized, double-b l ind, p lacebo-contro l led s tudy evaluated 20 h igh ly t rained 

d istance runners  who received E. sent icosus  ext rac t 60 drops dai ly for  6 weeks or  

p lacebo.  Subjects underwent  a  maximal  t readmi l l  test  and a 10K race.  No s ign i f icant  

d i f ference was observed between t reatment and p lacebo for  heart  ra te ,  oxygen 

consumption,  exp i red minute vo lume,  vent i la tory equiva lent  for  oxygen,  or 

respi ratory exchange rat io  (Dowl ing et a l . ) .  

b.  A randomized,  p lacebo contro l led prospect ive s tudy evaluated 96 subjects wi th  

chronic ,  unexplained fa t igue who received s tandard ized E. sent icosus  2000 mg dai ly 

for  2 months. No s tat is t ica l ly s igni f icant  d i f ference was observed (Hartz e t  al . ) .  

4.  Contraindicat ions/precautions  

a.  Not recommended in  pat ients  wi th  febri le  s ta tes,  hyper tonic  cr is is ,  or  myocard ia l  

in farc t ion 

b.  Diabetes (hypoglycemia) 

c.  B leeding disorders . Discont inue 2 weeks before surgery 

d.  Card iovascular  condi t ions:  hyper tension,  tachycardia . 

e.  Hormone-sens i t ive condi t ions. 

f .  Psychiat r ic  condi t ions: sch izophrenia,  mania 

5.  Drug interact ions  

a.  Serum levels o f  d igoxin  (Lanoxin)  may increase when taken wi th  Siber ian 

g inseng. 

b.  Barb i turates.  Hexobarb i tal  and Siber ian ginseng increase s leep la tency and 

durat ion. 

c.  S iberian g inseng may increase the r isk of  hypoglycemia wi th  d iabet ic agents 

d.  S iber ian g inseng may in teract  wi th  ant icoagulants  and ant ip late le ts .  

e.  Theoret ical ly,  Siber ian g inseng may interact  wi th  s t imulants,  such as caf feine. 

f .  Theoret ica l ly,  S iberian g inseng may in teract  wi th  ant ihyper tensives 

g.  May inh ibi t  the fol lowing cytochrome P450 isoenzymes:  1A2,  2C9,  2D6,  and 3A4. 

6.  Side effects  

a.  Mi ld ,  t rans ient  d iarrhea,  and insomnia 



b.  S iber ian g inseng may lower b lood g lucose. 

c.  Tachycardia , hyper tens ion,  pa lp i ta t ions. 

7.  Dosage.  Two capsules (each capsule contain ing 400-500 mg of powdered root) 

three t imes dai ly for a  tota l  o f  2-3 g da i ly.  Sol id  concentrated ext ract standardized 

on eleutheros ides B and E 300-400 mg dai ly are recommended.  Recommended not  

to  use longer than 3 weeks. 

L.  Mi lk  thist le  (Silybum marianum)  

1.  Commission E indicat ions.  Chronic  in f lammatory l iver  condi t ions and c i r rhos is 

2.  Mechanism of act ion  

a.  Mi lk  th is t le  produces ant ioxidants ,  such as s i lyb in . 

b.  I t  s t imulates the act iv i ty o f  RNA polymerase A. 

c.  I t  a l ters  the outer  l iver  membrane ce l l  st ruc ture. 

3.  Eff icacy.  In  an evaluat ion of 13 t r ia ls  for  the ef f icacy of  mi lk  th is t le  in  the 

t reatment  o f  alcohol ic  and/or  hepat i t is  B or  C vi rus  l iver  diseases,  mi lk  th is t le  had 

no s ign i f icant e f fect  on overa l l  mortal i ty,  compl icat ions of  l iver d isease,  or  l iver  

h isto logy (Cochrane Database of  Systematic  Reviews) .  Liver- rela ted morta l i ty was 

s ign i f icant ly reduced wi th  mi lk  thist le   
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when a l l  t r ia ls  were evaluated but  was not s igni f icant ly reduced when only h igh-

qual i ty t r ia ls  were evaluated. 

4.  Contraindicat ions/precautions  

a.  Avoid in  pregnancy. 

b.  A l lergy to  chrysanthemums 

c.  Hormone-sens i t ive cancers 

5.  Drug interact ions  

a.  Mi lk  th is t le  may inh ib i t  cytochrome P450 2C9 and 3A4. 

b.  Mi lk  th is t le  does not  in teract wi th  ind inavi r  (Crixivan) .  

6.  Side effects  include diarrhea and other  gast roin test ina l  react ions (nausea,  

dyspepsia,  f la tulence) and al lerg ic  react ions 

7.  Dosage.  Recommended dose of  mi lk  th is t le  is 200-400 mg/day d iv ided in to  three 

doses using a s tandardized product that  includes 70%-80% si lymar in. 

M. Saw palmetto (Serenoa repens)  

1.  Commission E indicat ions.  Treatment  of  mictur i t ion d i f f icul t ies  assoc iated wi th  

benign prostat ic  hyperplas ia 

2.  Mechanism of act ion  

a.  Saw palmet to inh ib i ts  d ihydrotestosterone to  androgen receptors  in  prostate 

ce l ls.  

b.  I t  may inhibi t  testosterone-5-α-reductase,  the enzyme respons ib le for the 

convers ion of  testosterone to  dihydrotestosterone. 

3.  Eff icacy.  A randomized,  mul t icenter s tudy evaluated 1069 men wi th  moderate 

benign prostat ic  hyperplas ia  who received saw palmet to  160 mg twice da i ly or  

f inaster ide 5 mg dai ly for 6  months.  There was no s ign i f icant  di f ference between 

saw palmetto  and f inaster ide (Proscar)  for  the pat ients '  se l f - ra ted qual i ty-of - l i fe  

score and the Internat ional  Prostate Symptom score (Carraro et a l . ) .  



4.  Contraindicat ions/precautions  

a.  Avoid in  pregnancy 

b.  Avoid in  ch i ldren 

c.  Discont inue 2 weeks before surgery 

5.  Drug interact ions  

a.  Theoret ical ly,  saw palmet to  may in teract  wi th  ant icoagulants or  ant iplate lets .  

b.  Theoret ical ly,  saw palmet to  may in teract  wi th  cont racept ive drugs or  hormone-

rep lacement  therapy. 

6.  Side effects  

a.  Int raoperat ive hemorrhage 

b.  Headache 

c.  Stomach upset 

d.  Acute hepat i t is  and pancreat i t is  

7.  Dosage.  Recommended 1-2 g saw palmet to  or 320 mg of l ipophi l ic  ext rac t  dai ly,  

usual ly g iven 160 mg twice da i ly and taken wi th  food. Products s tandardized to  

conta in  90% f ree and 7% ester i f ied fa t ty ac ids  are recommended. 

N. St .  John's wort  (Hypericum perforatum )  

1.  Commission E indicat ions.  In support ive t reatment  for  anxie ty and depress ion 

2.  Mechanism of act ion  

a.  Act ive ingredients inc lude hyperic in ,  pseudohyper ic in ,  quercet in,  querc i t r in ,  

isoquerci t r in ,  hyperos ide,  ru t in ,  amentof lavone,  hyper in , hyperfor in ,  adhyperfor in ,  

and xanthones. 

b.  Hyperic in ,  f lavonoids, and xanthones show in  v i t ro  i rrevers ible  monoamine 

oxidase inhibi tor (MAOI)  type A and B act iv i ty.  

c.  St .  John 's  wort  may inh ibi t  serotonin reuptake. 

d.  St .  John 's  wort  may inh ibi t  synapt ic  γ-aminobutyr ic  ac id  (GABA) uptake and 

GABA-receptor  binding. 
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e.  I t  may reduce cytokine express ion,  such as inter leukin  6.  Th is  may be helpful  in  

depress ion because in ter leuk ins may induce depress ion. 

3.  Eff icacy.  An evaluat ion of  37 t r ia ls  for  the ef f icacy of St .  John 's wort  in the 

t reatment  o f  depress ion showed the herb may be more ef fec t ive than p lacebo for  

mi ld  to  moderate depress ion (Cochrane Database of  Systemat ic  Reviews).  St .  

John 's  wort  may be as effec t ive as other  ant idepressants  for  mi ld  to  moderate 

depress ion.  St .  John 's  wort  may not  be ef fec t ive for  major  depress ion. 

4.  Contraindicat ions/precautions  

a.  Caut ion in  fa i r -sk inned persons when exposed to  br ight  sunl ight 

b.  Caut ion in  pregnancy (emmenagogue and abort i fac ient ) 

c.  No negat ive in f luence on general  per formance or  the ab i l i ty  to  dr ive a car  or  

operate heavy machinery has been reported. 

d.  Psychiat r ic  condit ions such as b ipolar ,  sch izophrenia may be exacerbated. 

e.  Hypothyro id ism 

f .  Anesthes ia.  St .  John 's wort  may cause card iovascular  co l lapse. 



g.  Infer t i l i ty .  St .  John 's  wort  may inh ib i t  oocyte fer t i l i zat ion and al ter sperm DNA. 

5.  Drug interact ions  

a.  Ant idepressants  such as paroxet ine (Paxi l ) ,  ser t ra l ine (Zoloft ) ,  and nefazodone 

have been repor ted to  cause serotonin syndrome when taken wi th  St .  John 's  wort .  

b.  Ant i ret rovi ra l  (protease inh ib i tors and nonnucleoside reverse t ranscr ip tase 

inhib i tors)  leve ls  may decrease. 

c.  St .  John 's  wort  may decrease the ef f icacy of barb i turates. 

d.  St .  John 's  wort  may increase the eff icacy of  c lop idogre l  (Plavix) .  

e.  Cyc losporine (Sandimmune) leve ls  may decrease. 

f .  St .  John 's wort  may interact  wi th  o ther  drugs metabol ized through the cytochrome 

P450 isoenzymes 1A2,  2C9,  and 3A4. 

g.  Digoxin (Lanoxin)  leve ls may decrease. 

h.  I r inotecan (Camptosar)  and imatinib  (Gleevec)  leve ls  may decrease. 

i .  Methadone (Dolophine)  levels  may decrease. 

j .  St .  John 's  wort  may decrease the eff icacy of  omeprazole (Pr i losec) .  

k.  Ora l  contracept ives may have a decreased ef fec t .  

l .  St .  John 's  wort  may decrease the eff icacy of  HMG coenzyme reductase inhibi tors . 

m.  Tacro l imus (Prograf )  leve ls  may decrease. 

n.  Theophyl l ine levels may decrease. 

o.  Theoret ical ly,  St.  John 's  wort  may interact wi th  the t r ip tans. 

p.  Verapamil  (Calan,  Covera-HS, Isopt in ,  Vere lan)  leve ls may decrease. 

q.  St .  John 's  wort  may decrease the INR of  warfar in  (Coumadin) .  

r .  Serotonergic  Agents,  such as dext romethorphan,  fenf luramine,  narcot ics . 

6.  Food interact ions  

a.  Older  s tud ies suggested that  St .  John 's wort  was an MAOI (Suzuki  e t a l . ) .  

b.  Newer s tudies suggest  St .  John 's wort  is  a  weak MAOI (Mul ler  e t a l . ) .  

c.  One case repor t  publ ished of  MAO-type food in teract ions such as tyramine-

conta in ing foods: cheeses,  beer,  wine,  herr ing,  and yeast .  

7.  Side effects  

a.  Photodermati t is  

b.  Gastroin test ina l  i r r i ta t ions 

c.  A l lerg ic  react ions 

d.  Ti redness 

e.  Rest lessness 

f .  E levated thyroid-s t imulat ing hormone 

g.  E levated blood pressure 

h.  Mania or  hypomania 

i .  May cause in fer t i l i ty 

8.  Dosage.  Recommended 2-4 g dai ly in  two to three d iv ided doses.  Standardized 

products  contain ing 0.4-2.7 mg hyperic in /day or 0 .3% hyperic in  are recommended. 
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O. Valerian (Valeriana off ic inal is )  

1.  Commission E indicat ions.  Rest lessness and nervous d is turbance of  s leep 



2.  Mechanism of act ion  

a.  Severa l  act ive compounds have been iso la ted f rom valer ian and grouped in to 

three categories:  vo la t i le o i l ,  va lepotr ia tes ,  and a lka lo ids . I t  is  bel ieved that  the 

sedat ive act iv i ty o f  va ler ian is secondary to  the va lepotr ia tes . 

b.  Valepotr ia tes , va leranone 6,  kessane der ivat ives 3a- f ,  va lerenic ac id 5a,  and 

va lerenal 5b have been repor ted to  prolong barbi turate- induced sleeping t ime. 

c.  Valerenic  acid  5a has been shown to  possess pentobarb i ta l - l ike centra l  

depressant  ac t iv i ty ra ther  than musc le re laxant  or neuro lept ic  e f fects .  I t  has a lso 

been shown to  inh ibi t  the enzyme that  tr iggers  the breakdown of GABA. 

d.  Val t rate  and isoval t ra te  have exhib i ted ant idepressant  proper t ies . 

e.  Didroval t ra te  possesses a t ranqui l iz ing ab i l i ty  s imi lar  to  the benzodiazepines. 

3.  Eff icacy.  A double-bl ind,  randomized s tudy inc luded eight vo lunteers  suf fer ing 

f rom mi ld insomnia who received valer ian aqueous ext ract  450 mg or  900 mg or  

p lacebo at  bedt ime.  Valer ian 450 mg s ign i f icant ly improved sleep qual i ty,  s leep 

la tency,  and sleep depth compared to  p lacebo.  The 900-mg dose of fered no 

advantage over  the 450-mg dose (Leathwood et  a l . ) .  

4.  Contraindicat ions/precautions.  

a.  Caut ion whi le  dr iv ing or  per forming other  tasks requir ing aler tness and 

coord inat ion is  recommended. 

b.  Pregnancy and lac tat ion. 

5.  Drug interact ions.  

a.  CNS depressants.  Valer ian may potent iate  the sedat ive ef fect  o f barb i turates,  

benzodiazepines,  opiates,  alcohol ,  or  o ther  sedat ives. 

b.  Valer ian inh ibi ts  cytochrome P450 3A4. 

6.  Side effects  

a.  Headaches, hangover,  exc i tabi l i ty ,  insomnia, uneas iness,  and cardiac 

d isturbances 

b.  Hepatotoxic i ty 

c.  Toxic i ty inc ludes ataxia ,  decreased sensibi l i ty ,  hypothermia,  ha l lucinat ions,  and 

increased musc le relaxat ion 

d.  Pat ients may exper ience a benzodiazepine- l ike wi thdrawal ;  so doses should be 

tapered down slowly.  

7.  Dosage.  Dr ied root:  2-3 g per  cup,  one to  three t imes dai ly.  Standard ized to  

conta in  0.8%-1% valeremic  ac ids /dose ext ract :  400-900 mg 30-60 min before 

bedt ime. 

III. OTHER DIETARY SUPPLEMENTS THAT ARE 

POTENTIALLY SAFE 
A. Chondroit in  

1.  Nonapproved indications.  V iscoelast ic  agent  in  ophthalmic  procedures and the 

t reatment  o f  os teoarthr i t is  

2.  Mechanism of act ion  

a.  I t  concentrates in  cart i lage,  where i t  can be used in  the synthesis o f  new 

car t i lag inous matr ix.  



b.  I t  increases the RNA synthesis  o f  chondrocytes,  which may increase the 

synthesis  o f  proteoglycans and col lagens. 

c.  I t  may inh ibi t  leukocyte e lastase act iv i ty.  Leukocyte e las tase is  found in  h igh 

concentrat ions in the blood and synovia l  f lu id  o f  pat ients  wi th  rheumat ic  d iseases. 

3.  Eff icacy.  A mul t icenter ,  double-bl ind,  randomized s tudy inc luded 1583 pat ients  

wi th  symptomatic  knee osteoar thr i t is  who received g lucosamine 1500 mg dai ly,  

chondro i t in  1200 mg dai ly,  both g lucosamine and chondro i t in ,  ce lecoxib 200 mg 

dai ly,  or  p lacebo for  24 weeks.  Glucosamine and chondro i t in  sul fate  a lone or  in  

combinat ion did  not  s igni f icant ly reduce pain.  The combinat ion may be helpfu l  in a  

subgroup of  pat ients  wi th  moderate- to-severe knee pain (Clegg et  a l .) .  
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4.  Contraindicat ions/precautions  

a.  Previous hypersens i t iv i ty to  chondroi t in  sul fa te  

b.  B leeding disorders 

c.  Use caut ion because chondro i t in  is  usual ly produced f rom bovine car t i lage 

(poss ib le  t ransmiss ion of mad cow d isease) 

d.  Pregnancy and lac tat ion 

e.  Use caut ion in  as thma 

5.  Drug interact ions  

a.  May in teract wi th  hepar in 

b.  Theoret ical ly,  may in teract  wi th  warfar in  (Coumadin) 

6.  Side effects.  Nausea, ep igast r ic  pa in,  and headache 

7.  Dosage.  Recommended:  400 mg three t imes dai ly 

B. Coenzyme Q1 0  (ubiquinone or ubidecarenone)  

1.  Nonapproved indications.  Heart  fai lure (HF),  hyper tension,  s tab le angina, 

ventr icu lar  arrhythmias,  cancer,  hear t  surgery, and per iodontal  disease 

2.  Mechanism of act ion  

a.  I t  is  a  natural ly occurr ing coenzyme that  has a predominant  ro le  in  oxidat ive 

phosphorylat ion and synthes is  o f adenosine t r iphosphate (ATP),  which is  needed for  

muscle contract ion and re laxat ion. 

b.  I t  may have ant ioxidant  proper t ies . 

c.  I t  has been shown to reduce myocardia l  in jury f rom ischemia and to reduce toxic  

myocard ia l  damage f rom anthracyc l ines,  such as doxorubic in (Adriamycin).  

3.  Eff icacy 

a.  Heart  fa ilure.  One randomized,  double-b l ind, p lacebo-contro l led,  mult icenter  

s tudy inc luded 641 pat ients  wi th New York  Heart Associat ion c lass I I I  or  IV chronic  

congest ive hear t  fa i lure who were receiv ing convent ional  t reatment ,  such as d igoxin 

(Lanoxin) ,  d iuret ics ,  angiotens in-conver t ing enzyme (ACE) inh ib i tors,  and calc ium-

channel  blockers (Mor isco et  a l . ) .  Pat ients  received coenzyme Q1 0  2  mg/kg/day for  1  

year  or  p lacebo. The number of pat ients  requi r ing hospi tal izat ion secondary to  

congest ive HF was less in  the coenzyme Q1 0  group (n  =  73)  versus placebo (n  =  

118) ;  s igni f icance:  p  <  .001.  Episodes of  pulmonary edema and card iac asthma were 

reduced wi th  coenzyme Q1 0  (p  <  .001) .  



b.  Stud ies suggest that  there is a  20-50% reduct ion in  serum levels  o f  coenzyme 

Q1 0  in hypercholesterolemic  pat ients  af ter a  s tat in  has been in i t ia ted. The reduct ion 

in  coenzyme Q1 0  concentrat ion is  bel ieved to be dose re la ted.  However,  i t  is  s t i l l  

uncer tain  how much s tat ins  af fec t  musc le coenzyme Q1 0  concentrat ions. Musc le 

coenzyme Q1 0  may af fect  s ta t in- induced myopathy (Nawarskas) .  

c.  Severa l  s tud ies have evaluated the ef fec t  o f  coenzyme Q1 0  supplementat ion in  

pat ients  taking stat ins .  When coenzyme Q1 0  is  given 30-300 mg per  day,  coenzyme 

Q1 0  serum concentrat ions s ign i f icant ly e levate. However,  th is  elevat ion has not  been 

evaluated to see whether  i t  corre la tes to  decreasing s tat in- rela ted s ide effec ts  

(Nawarskas) .  

4.  Contraindicat ions/precautions  

a.  B i l iary obst ruct ion 

b.  Diabetes mel l i tus  (hypoglycemia) 

c.  Hepat ic  insuff ic iency 

d.  Renal  insuff ic iency 

e.  Hyper and hypotens ion 

f .  Pregnancy and lac tat ion 

5.  Drug interact ions  

a.  Hypol ipidemic  agents  lower p lasma concentrat ions o f  coenzyme Q1 0 .  

b.  Ora l  hypoglycemic  agents  potent ia l ly  inhibi t  ef fec ts  o f  exogenous admin ist ra t ion. 

c.  Doxorubic in  toxic i ty may be increased. 

d.  Ant ihyper tensives (addi t ive effect ) 

e.  Warfar in .  Coenzyme Q1 0  is  st ruc tura l ly re la ted to  v i tamin K2  so may have 

coagulant e ffec ts.  
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6.  Side effects  

a.  Rash and gastro in test inal  dis turbances,  such as nausea, anorexia ,  ep igast r ic 

pa in,  and d iarrhea 

b.  E levat ions of serum aminotransferases have occurred wi th  rela t ive ly high ora l  

doses. 

7.  Dosage.  Depends on ind icat ion:  100 mg dai ly,  up to  3000 mg dai ly in  2-3 d iv ided 

doses. 

C. Glucosamine  

1.  Nonapproved indication.  Osteoar thr i t is  

2.  Mechanism of act ion  

a.  Glucosamine enhances car t i lage proteoglycan synthesis .  

b.  I t  inh ibi ts  the deter iorat ion of  car t i lage secondary to  osteoar thr i t is .  

c.  I t  mainta ins an equi l ibr ium between car t i lage catabol ic  and anabol ic  processes. 

d.  I t  may have an ant i - inf lammatory act ion unl ike cyc looxygenase. 

3.  Eff icacy.  A double-bl ind t r ia l  included 40 pat ients  wi th uni la tera l  osteoar thr i t is  of  

the knee.  Pat ients  were g iven g lucosamine 500 mg three t imes dai ly or  ibuprofen 

400 mg three t imes dai ly for  8  weeks.  Pain scores decreased fas ter dur ing the f i rs t  



2 weeks in the ibuprofen group than in the glucosamine group.  No s ign i f icant  

d i f ference in swel l ing was observed between the two groups (Vaz) .  

4.  Contraindicat ions/precautions  

a.  Hypersensi t iv i ty to  glucosamine or shel l f ish 

b.  Diabetes.  Glucosamine may impai r  insu l in  secret ion. 

c.  Pregnancy and lac tat ion 

d.  Asthma 

5.  Drug interact ions  

a.  Fluoxet ine (Prozac)  may increase g lucosamine serum concentrat ions. 

b.  Glucosamine may in teract wi th  ant id iabet ic agents .  

c.  Glucosamine may induce res is tance to ant imi to t ic  chemotherapy (etopos ide-

VePesid),  doxorubic in) .  

d.  Theoret ical ly,  glucosamine may in teract wi th  warfar in .  

6.  Side effects  

a.  Gastroin test ina l  s ide ef fec ts  such as ep igast r ic  pa in and tenderness,  hear tburn,  

d iarrhea,  and nausea 

b.  Central  nervous system side effec ts such as drowsiness,  headache,  and insomnia 

c.  Long-term s ide ef fec ts are unknown. 

d.  E levated blood glucose 

7.  Dosage.  Recommended:  500 mg three t imes dai ly 

D. Melatonin  

1.  Orphan drug status.  Treatment  o f  c i rcadian rhythm s leep disorders  in b l ind 

people who have no l ight percept ion 

2.  Nonapproved indications.  Jet  lag, insomnia, depress ion,  and cancer 

3.  Mechanism of act ion  

a.  I t  is  a  hormone made f rom seroton in and secreted by the p ineal  g land. Melaton in 

contro ls  the periods of  s leepiness and wakefu lness. 

b.  I t  may possess ant ioxidant propert ies . 

4.  Eff icacy 

a.  Jet  lag.  A randomized,  p lacebo-control led t r ia l  eva luated the ef fec t  o f  melaton in 

in  52 ai rcraf t  personnel .  Melaton in was given e i ther  5  mg dai ly 3 days before 

departure unt i l  5 days after  arr iva l  (ear ly group) or  5  mg dai ly upon arr ival  and for  3 

addi t ional  days ( la te  group) .  The late  group had s ign i f icant ly less je t  lag, fewer 

overa l l  s leep d is turbances,  and a fas ter recovery o f  energy compared to the placebo 

group and the early group (Petr ie e t  a l .) .  

b.  Insomnia.  A meta-analys is  on 17 randomized, double-b l ind,  placebo-control led 

t r ia ls  that  evaluated the s leep ef fec t o f  melatonin in  subjects  showed that melaton in 

s ign i f icant ly decreased t ime to  s leep onset,  increased s leep ef f ic iency,  and 

increased tota l  s leep  
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durat ion compared to  placebo (Brzezinsk i  e t  a l . ) .  Unfor tunate ly,  melatonin 

preparat ions were varied and s tudy designs d i f fered. 



c.  Children.  Melaton in may be effec t ive in  decreasing the t ime to s leep onset  in  

ch i ldren wi th  neurodevelopmenta l  d isabi l i t ies.  Mela ton in does not  improve to tal  

s leep t ime or  night t ime awakenings (Phi l l ips  et  al . ) .  

5.  Contraindicat ions/precautions  

a.  Avoid in  pregnancy and lac tat ion 

b.  Melatonin may aggravate depress ive symptoms. 

c.  Melaton in may increase the inc idence of  seizures. 

d.  Diabetes (hyperg lycemia) 

e.  Hypertens ion (exacerbated) 

f .  Caut ion whi le dr iv ing or  per forming other  tasks requir ing aler tness and 

coord inat ion. 

6.  Drug interact ions  

a.  V i tamin B1 2  in f luences melaton in secret ion.  Low leve ls  o f  v i tamin B1 2  wi l l  produce 

low leve ls  of  melaton in. 

b.  MAOIs may increase melaton in serum concentrat ions. 

c.  Select ive seroton in reuptake inh ibi tors  may increase melaton in serum 

concentrat ions. 

d.  β-Blockers  may decrease nocturnal  secret ion of  melaton in. 

e.  Other  sedat ives may exacerbate the sedat ive ef fec ts  o f melatonin. 

f .  Melatonin may in teract wi th  immunosuppressants . 

g.  Ant idiabet ic  agents  may be less ef fec t ive. 

h.  Ant icoagulants  and ant ip la tele ts  ( increased ef fec t ) 

i .  Caffe ine (theoret ica l ly,  e f f icacy of melatonin may be decreased) 

j .  Contracept ives ( theoret ica l ly,  e f f icacy of  melaton in may be increased) 

k.  Verapami l  ( increased melaton in excret ion) 

7.  Side effects  

a.  S ide ef fec ts  inc lude drowsiness,  dayt ime fa t igue,  headache,  and trans ient  

depress ion. 

b.  Long-term side effec ts  are unknown.  

8.  Dosage.  0.3-5 mg at bedt ime 
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STUDY QUESTIONS 
Direct ions for questions:  Each of  the quest ions,  s ta tements,  or incomplete 

s ta tements  can be correct ly answered or  completed by one  o f  the suggested 

answers or  phrases.  Choose the best  answer. 

1.  Which of  the fol lowing herbs is  known to cause cancer? 

(A)  chaparral  

(B)  comfrey 

(C) Ma huang 

(D) l icor ice 

(E)  St .  John 's wort  



View Answer1.  The answer is  B[see] .2.  Which of  the fol lowing is  a 

correct statement? 

(A)  Dietary supplements must  be proven safe and ef fec t ive before market ing in  the 

Uni ted States. 

(B)  The fol lowing statement  is  opt ional  for label ing of  herbal  products :  “This  product  

has not  been evaluated by the FDA. I t  is  not  in tended to d iagnose,  t reat ,  cure,  or 

prevent. ”  

(C)  Herbs must  be s tandard ized to be cons idered d ietary supplements . 

(D)  Dietary supplement  manufacturers  may cla im that the i r  products affect  the 

s t ruc ture and funct ion of the human body. 

View Answer2.  The answer is  D[see] .3.  Tom would l ike to try echinacea 

to prevent colds and f lus during the winter months.  Which of  the fol lowing 

statements is  true about echinacea? 

(A)  I t  is  contra ind icated in  pat ients  al lerg ic  to  pars ley. 

(B)  I t  should be taken cont inuously on ly for  3  months. 

(C)  I t  is  contraind icated in  pat ients  wi th  lupus and leukosis.  

(D)  Pro longed use of  ech inacea wi l l  upregulate the immune system. 

(E)  Side ef fec ts  include headache, rash, and dizziness. 

View Answer3.  The answer is  C[see] .4.  Mary has a family history of  heart  

disease and wonders if  garl ic  would be beneficial  to her.  Which of  the 

fol lowing statements is correct  about garl ic? 

(A)  Enter ic -coated tablets  release the i r  contents  in  the stomach. 

(B)  Side ef fec ts  include hear tburn,  f la tu lence,  and sweating. 

(C)  The safety o f  gar l ic  in  pregnancy is unknown.  

(D)  Gar l ic  does not  in teract  wi th warfar in .  

View Answer4.  The answer is  B[see] .5.  An 80-year-old man takes warfarin 

for his mechanical  heart  valve.  He would also l ike to take the fol lowing herbs: 

Asian ginseng,  feverfew, garl ic ,  and dong quai .  Which of  the these herbs may 

decrease the effect iveness of  warfarin? 

(A)  Asian g inseng 

(B)  fever few 

(C) metronidazole 

(D)  garl ic  

(E)  dong quai 

View Answer5.  The answer is  A[see] .6.  A 30-year-old female is 10 weeks 

pregnant with her second chi ld. During her f i rst  pregnancy,  she became 

depressed and was started on Prozac 20 mg  every day.  She is already 

beginning to notice early symptoms of  depression during her second 

pregnancy.  She would l ike to try St .  John's wort  for her depression. Which of  

the fol lowing statements is  correct  regarding St.  John's wort? 

(A)  The safety o f  St .  John 's  wort  in  pregnancy is  unknown. 

(B)  St .  John 's wort  is  not he lp ful  in  t reat ing mi ld  depress ion. 

(C)  St .  John 's  wort  may in teract wi th  serotonin reuptake inh ibi tors . 

(D)  St .  John 's  wort  may in teract wi th  dai ry products  l ike mi lk  and eggs. 



View Answer6.  The answer is  C[see] .7.  A 65-year-old is interested in 

taking ginkgo.  Which of  the fol lowing statements is correct  regarding ginkgo? 

(A)  There are no contraind icat ions wi th g inkgo. 

(B)  There is  a  drug-herb in teract ion between g inkgo and aspi r in .  

(C)  Toxic  e f fec ts inc lude hypertens ion and card iac arrest .  

(D)  There is  a  drug-herb in teract ion between g inkgo and phenelz ine. 

(E)  Ginkgo is  contra ind icated in pat ients  wi th  ga l ls tone pain. 

View Answer7.  The answer is  B[see] .P.739 

 

 

8.  A 20-year-old athletic  man would l ike to take Asian and Siberian ginseng to 

increase his physical  stamina.  His gir l fr iend suggested that he ask a 

pharmacist  about the safety of  Asian and Siberian ginseng. Which of  the 

fol lowing statements is correct? 

(A)  Siber ian g inseng may in teract  wi th  phenelz ine,  warfar in ,  and d igoxin. 

(B)  Asian g inseng is  potent ia l ly  harmful  in  pat ients  wi th  auto immune d iseases. 

(C)  As ian and Siber ian ginseng are the same g inseng but  grown in d i f ferent  

countr ies. 

(D)  As ian and Siber ian ginseng should be avoided in pat ients  wi th  hyper tension. 

View Answer8.  The answer is  D[see] .P.740 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [see  I .B.1 ] .  

Comfrey may be carc inogenic . Chaparra l  may be hepatotoxic .  High doses of  l icor ice 

for  long per iods may cause pseudoaldosteronism. Ma huang may cause myocardial  

in farc t ion,  s t rokes,  or  seizures.  St .  John 's  wort  has many drug in teract ions. 

2.  The answer is  D  [see  I .A.3 ] .  

The Dietary Supplement  Heal th  and Educat ion Act  o f  1994 s tates that  d ietary 

supplements  are not  cons idered drugs or food.  Since d ie tary supplements are not 

regulated as drugs, the i r  safety and ef f icacy are not  mandated by the FDA. Dietary 

supplements  are in tended to  supplement  the die t,  do not  have to  be s tandard ized,  

may make c laims regard ing only the ef fec ts  on s t ruc ture or  funct ion of  the body.  The 

fo l lowing is  the correct  requi red label ing s ta tement :  “Th is  product has not been 

evaluated by the FDA. I t  is  not  intended to  d iagnose,  t reat ,  cure,  or  prevent . ”  

3.  The answer is  C  [see  I I .E.4 ] .  

Echinacea is  contra indicated in infec t ious and auto immune d iseases such as 

tuberculos is ,  leukos is ,  co l lagenos is ,  mul t ip le sc lerosis,  AIDS, HIV,  and lupus.  

Caut ion should be used in  pat ients  who are al lergic  to  members of  the ragweed 

fami ly.  Therapy should not  exceed 8 weeks. Theoret ical ly,  pro longed use of  

echinacea may depress the immune system, possib ly through over  s t imulat ion.  Side 

ef fec ts  include nausea,  vomit ing,  a l lergic react ions,  anaphylaxis ,  and interference 

wi th  male fer t i l i ty .  

4.  The answer is  B  [see  I I .G.4 ] .  



Garl ic  should be avoided in  pregnancy because i t  is  an emmenagogue and 

abor t i fac ient.  I t  may interact wi th  ant icoagulants ,  increas ing the r isk of  b leeding.  

Side ef fects  inc lude gastro intest ina l  d iscomfor t  (hear tburn,  f la tulence) ,  sweat ing, 

l ightheadedness,  a l lergic  react ions, and menorrhagia.  Enteric -coated tab lets  or  

capsules al low more absorpt ion because they pass through the s tomach and re lease 

the ir  contents  in  the a lkal ine medium of the smal l  in tes t ine. 

5.  The answer is  A  [see  I I .J .5 ] .  

As ian ginseng may decrease the INR of  warfar in.  Fever few,  gar l ic ,  and dong quai  

may increase the INR of warfar in .  Metronidazole may increase the INR, but  i t  is  not  

cons idered to  be an herb.  

6.  The answer is  C  [see  I I .N.4 ] .  

St .  John 's  wort  is  indicated in  by Commission E for  depression and anxiety.  St .  

John 's  wort  should be avoided in  pregnancy because i t  is  an emmenagogue and 

abor t i fac ient.  St .  John 's  wort  in teracts  wi th many medicat ions,  inc lud ing seroton in 

reuptake inhib i tors .  Food in teract ions may be simi lar  to  those of  the MAOIs 

( tyramine-contain ing foods:  cheese, beer ,  wine,  herr ing, and yeast) .  

7.  The answer is  B  [see  I I . I .5 ] .  

Contraind icat ions and precaut ions for  ginkgo inc lude d iabetes,  ep i lepsy,  b leeding 

d isorders,  and in fer t i l i ty .  Ginkgo may potent ia te the bleeding proper t ies  of  

ant ip la tele ts .  Side effec ts  include gastr ic  dis turbances,  headache,  d izziness,  and 

ver t igo.  Toxic  ingest ion may produce ton ic-c lonic seizures and loss of  

consciousness. 

8.  The answer is  D  [see  I I .J .4 ; I I .K.4 ] .  

As ian ginseng's  contraind icat ions include pat ients  wi th  hyper tension.  As ian ginseng 

may in teract wi th  phenelz ine,  producing hal lucinat ions and psychosis;  may decrease 

the INR of  warfar in;  and may in terfere wi th  immunosuppressants .  Siberian g inseng's  

contra indicat ions/precaut ions inc lude hypertens ion.  I t  may in teract  wi th 

ant icoagulants and ant ihyper tens ives and may inh ibi t  cytochrome P450 isoenzymes.  

As ian and Siber ian ginseng are not  the same p lant  and are not  o f  the same genus. 

 



36 
Clinical Pharmacokinetics and 
Therapeutic Drug Monitoring 
Gerald E. Schumacher 

I. INTRODUCTION 
A. Object ives  

1.  Therapeutic drug monitoring  (TDM) in  a  genera l  sense is  about  using 

serum drug concentrat ions (SDCs),  pharmacok inet ics ,  and 

pharmacodynamics to  ind iv idual ize and opt imize pat ient responses to  drug 

therapy. 

2.  TDM  a ims to  promote opt imum drug t reatment  by mainta ining SDC wi thin  

a therapeutic range,  above which drug- induced toxic i ty occurs too often 

and below which the drug is  too of ten ineffec t ive. 

B. Defini t ions  

1.  Speci f ical ly,  TDM  is  a pract ice appl ied to  a  smal l  group of  drugs in  which 

there is  a d i rect  rela t ion between SDCs and pharmacolog ical  response, as  

wel l  as a narrow range of  concentrat ions that are e f fec t ive and safe and for  

which SDCs are used in conjunct ion wi th  other measures of  c l in ica l  

observat ion to  assess pat ient  sta tus. 

2.  Cl inical  pharmacokinetics,  a term of ten used in terchangeably wi th  

TDM, is  more general ly the appl icat ion of  pharmacok inet ic  pr inc ip les  for  the 

ra t ional  design of  an ind iv idual ized dosage reg imen. 

3.  For  def in i t ions of  the terms used and the concepts  appl icable in  basic 

and c l in ica l  pharmacok inet ics , see Chapter  6  on pharmacok inet ics . 

C. Rationale and reasons  

1.  The rationale  for  TDM makes three assumptions. 

a.  Measuring pat ient  SDC provides an opportuni ty to  adjust  for  varia t ions in  

pat ient pharmacokinet ics by ind iv idual iz ing drug dosage. 

b.  The SDC is  a  bet ter  pred ic tor  o f pat ient  response than is  dose. 

c.  There is  a  good re lat ion between SDCs and pharmacolog ical  response.  

2.  Reasons for measuring SDC  

a.  Drug leve ls  are used in  conjunct ion wi th o ther  c l in ical  data to  ass is t  

pract i t ioners  in  determin ing how a pat ient  is  responding. 

b.  Drug leve ls provide a basis for individualiz ing  pat ient  dosage regimens. 

c.  Drug leve ls  assist  in  determining i f  a  change in patient-specif ic  

pharmacok inet ics  has occurred dur ing a course of  t reatment,  ei ther  as  a 

resul t  o f  a  change in  phys iolog ica l  s ta te,  a  change in d ie t ,  or  addi t ion of  

o ther drugs. 

d.  Assuring drug compliance  is  o ften c i ted as a reason for  measur ing SDC, 

but  i t  is  unre l iable  for  th is  purpose.  In t ruth , a  noncompl iant  pat ient  may 

outwi t  pract i t ioners by manipulat ing preappointment  behavior  to  induce an 

SDC that is  nonref lec t ive of  the pat ient 's  drug- taking behavior.  

P.742 



 

 

II. APPLYING CLINICAL PHARMACOKINETICS IN 

TDM 
A. What the pract i t ioner controls and does not control  in TDM  

1.  Figure 36-1 shows the re la t ion between dose rate o f  drug admin is tered,  

pharmacok inet ic  variab les,  SDC, and pharmacolog ica l  response. 

2.  Note that  the only var iab les that  the pract i t ioner  controls are the amount  

o f  drug administered and how of ten i t  is  given. These var iab les may be 

manipulated to  compensate for  the pat ient 's  pharmacokinet ic  and 

pharmacodynamic var iables ( i .e . ,  b ioavai lab i l i ty ,  c learance,  s teady-s tate 

SDC, pharmacolog ica l  response),  which the pract i t ioner does not contro l ,  to  

achieve some des ignated SDC that  y ie lds  a pharmacolog ical  response 

usual ly observed wi th in the drug 's  commonly accepted therapeut ic  SDC 

range. 

B. The concept of  therapeutic range  

1.  For  many drugs,  a  spec i f ic  serum concentrat ion range can be des ignated 

for  each drug that  maximizes ef fec t iveness and min imizes toxic i ty.  The 

range of SDC is  ca l led the therapeutic range  for  the drug. 

2.  The not ion of  a  therapeut ic  range is  more a probabil istic  concept  than 

an absolute ent i ty.  I t  is  probable that  the majori ty o f  pat ients  wi l l  show 

ef fec t ive and safe responses wi thin  the therapeut ic  range. However,  a  

minor i ty o f  pat ients  wi l l  need SDC above or  be low the upper or  lower l imits ,  

respect ive ly,  o f  the therapeut ic range to  achieve an ef fec t ive response.  

Simi lar ly,  a  minori ty o f pat ients  wi l l  not  show toxic i ty at  SDC modest ly 

above the therapeut ic range, whereas others  wi l l  show toxic i ty be low the 

therapeut ic  range. 

3.  Therefore,  TDM is  about  individual iz ing  pat ient  dosage reg imens to  

achieve SDC wi thin  pat ient -spec i f ic  therapeut ic  ranges for  a  drug. More 

of ten than not,  a pat ient -spec i f ic  range wi l l  fa l l  wi th in the genera l ly s ta ted 

therapeut ic  range. 

C. The concept of  populat ion pharmacokinetic  values  

1.  A populat ion pharmacokinetic  value or parameter  re fers  to  the mean 

(average) va lue noted for  a  given cohort  o f  people (e .g. ,  adul ts  20-60 years  

of  age,  pat ients wi th  a  def ined range of  renal  impai rment) .  Usual ly,  th is  

populat ion va lue is  normal ized on a weight  bas is  (e .g.,  theophyl l ine vo lume 

of  dis tr ibut ion in  adul t  normals of 0 .5  L/kg).  When a populat ion parameter  is 

s ta ted wi thout def ining the target  populat ion,  i t  usual ly refers  to  adults ;  

fur ther ,  when the va lue also is  not  normal ized (e.g . ,  vo lume of  dist r ibut ion 

of  theophyl l ine of 35 L) ,  i t  usual ly re fers  to  adul ts o f  average weight  

(approximately 60-80 kg).  

2.  Hard ly anyone is  average. Ind iv idual  va lues of the populat ion s tud ied are 

summed to  determine a mean va lue that  is  then repor ted as the populat ion 

value.  Indiv idual iz ing pat ient  dosage regimens takes this into  account  by 



adjust ing observed pat ient -spec i f ic  va lues and responses to  expected 

populat ion measures. 

3.  So the pract i t ioner  s tar ts  the determinat ion of  a  pat ient -spec i f ic  dosage 

reg imen by assuming that  the pat ient  behaves l ike the average member of 

h is or  her  populat ion wi th  respect  to   
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pharmacok inet ics ,  serum level ,  and expected response, and uses 

populat ion pharmacok inet ic  parameters  to  ca lculate the dosage reg imen 

needed to  meet  the des i red SDC object ive. 

 

Figure 36-1. Pharmacokinetic factors influencing 
serum drug concentration and pharmacological 
response. Bioavailability is f, clearance is Cl, 
steady-state serum drug concentration is Css, D is 
dose, and τ is frequency of administration of 
dose. 

4.  I f  a f ter  administer ing the dosage regimen unt i l  s teady state is  reached,  

based on using populat ion va lues,  the pat ient  is  responding appropr ia tely,  

then no adjustment  in  reg imen is necessary. 

5.  I f ,  however,  the s tar t ing assumption of  using average va lues turns out to  

be incorrect ,  because the pat ient 's response is  ei ther  subtherapeut ic  or  

toxic  due to pat ient -speci f ic  pharmacok inet ic  and/or  pharmacodynamic 

va lues that  are atyp ical  for  the populat ion,  the pract i t ioner 's  on ly opt ion 

(except  for  changing the drug) is  to manipulate the pract i t ioner-contro l led 

input  var iables,  dose and frequency,  to  br ing the pharmacolog ical  

response wi thin  the des ired range. 

D. Timing of  SDC measurements  

1.  SDCs are somet imes measured early in a course of  therapy,  before 

s teady state is  reached,  to  determine pat ient -spec i f ic  pharmacokinet ic  

parameters,  rather  than re ly ing on populat ion va lues. 

2.  More commonly,  SDCs are measured during a steady-state dosage 

interval  (τ s s ) ,  because the object ive is  to  determine i f  the SDC is  wi th in  a 

desi red therapeut ic  range,  a  range that  has previously been determined 

a lmost  invar iab ly dur ing τ s s .  

3.  Because SDCs are most  commonly measured at  s teady s tate and 

referenced to  values obta ined at  s teady state,  i t  is  necessary to  wai t  af ter 

s tart ing drug admin is t ra t ion unt i l  a t  least three to four assumed hal f- l i fe  



( t1 / 2 )  values (88%-94% of  reaching ful l  s teady s tate)  so that SDC wi l l  be 

measured during a per iod when steady s tate may be assumed,  for  c l in ica l  

purposes, to  have been reached or  approximated (e.g .,  approximate ly 90% 

of  steady s tate or  greater ;  so for  an assumed t1 / 2  o f  6  hours,  wai t  18-24 

hours  af ter in i t ia t ing drug t reatment  to measure SDC).  

4.  I f  there are no changes in  pat ient  response,  there is  usual ly no need to 

take subsequent daily SDC measurements,  once an appropria te  SDC has 

been achieved. Only i f  someth ing occurs  that may be expected to  a l ter  the 

pat ient 's  pharmacok inet ic  va lues (e.g. ,  co-admin is t rat ion of  another  

potent ia l ly  modi fy ing drug,  change in physiologica l  s ta te) ,  are f requent  

measurements  necessary.  

5.  I f  a  s teady-state SDC (C s s )  is  used appropr ia tely to  re late a pat ient 's  C s s  

to  a  populat ion or  pat ient -speci f ic  therapeut ic  range,  then i t  is  important  to  

note when dur ing the s teady-s tate dosage in terval  ( τ s s )  the C s s  was 

measured in  s tud ies determin ing the therapeut ic range.  In  other words,  is 

the therapeut ic  range the pract i t ioner  is  us ing as a basis  for  ind iv idual iz ing 

reg imens based on C s s  measured early (apparent  Cm a x , s s ) ,  near the 

midpoint  (apparent  Ca v g , s s ) ,or  near  the end (apparent Cm i n , s s )  of  τs s? 

6.  Errors  in interpretat ion occur  when C s s  for  a  pat ient  is  measured at a  

t ime dur ing τ s s  that  is  markedly d i f ferent than the t ime used for  es tab l ishing 

the therapeut ic  range [e .g. ,  measuring C s s  in  a  pat ient  1 hour  af ter g iv ing a 

dose on a q12h regimen when the C s s  for  the referenced therapeut ic  range 

was actua l ly taken at the end of  τ s s  (Cm i n , s s) ] .  

7.  Errors  in  t iming of  C s s  are of  greater  concern for  drugs wi th  a shor t  t1 / 2  

than for drugs wi th  a  long t1 / 2 .  C s s  f luc tuat ion during τ s s  is  much greater  in 

the former than the la t ter  case. 

III. TDM DRUGS AND COMMON CHARACTERISTICS 
A. TDM drugs  

1.  Drugs for  which TDM is  commonly used are noted in  Table 36-1,  along 

wi th  the populat ion therapeut ic range. 

2.  Drugs for  which TDM is  in f requent ly used in  general  s i tuat ions,  but 

perhaps commonly used by specia l ty pract i t ioners  or c l in ics ,  are noted in  

Table 36-2. 

B. Common characterist ics of  TDM drugs.  Drugs that  qual i fy for  TDM 

have,  as  a minimum, the fo l lowing character ist ics in  common. 
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Table 36-1. Drugs Often Monitored Using Serum Drug Concentrations 



Drug Therapeutic Range for Css 

Amikacin Cmax,ss
a = 20-30 µg/mL; Cmin,ss <10 mcg/mL 

Cyclosporine Varies with transplanted organ, time after transplant, time 
of sampling during dosage interval, and method of 
analysis 

Digoxin 0.8-2b ng/mL 

Gentamicin Cmax,ss
a = 5-10 µg/mL; Cmin,ss <2 mcg/mL 

Phenytoin 10-20 µcg/mL 

Theophylline 5-20 µcg/mL 

Tobramycin Cmax,ss
a = 5-10 µg/mL; Cmin,ss <2 mcg/mL 

Vancomycin Cmax,ss
a = 30-50 µg/mL; Cmin,ss = 5-10 mcg/mL 

a End of 30- to 60-min infusion. 
 
b Levels for atrial fibrillation often exceed 2 ng/mL. 

 

Table 36-2. Drugs Monitored Using Serum Drug Concentrations in Specialty 
Situations 

Amitriptyline 

Carbamazepine 

Indinavin 

Lidocaine 

Lithium 



Methotrexate 

Nortriptyline 

Salicylates 

Valproic acid 
 

1.  SDC is  the most  pract ical  in termediate end point  to be used when there 

is  no c lear ly observable therapeut ic  or  toxic  end point .  

2.  SDC is  a  reasonable proxy for  drug concentrat ion a t the s i te o f  act ion. 

3.  The range of  therapeut ic  and safe serum concentrat ions is  narrow.  

4.  There is  no predic tab le dose-response rela t ion.  

5.  The pharmacologica l  e f fec t  observed pers is ts  for  a re la t ively long t ime.  

Acute,  shor t ,  or  in termi t tent  e f fec ts  are not  wel l  regulated by using serum 

drug levels .  

6.  A drug assay is avai lab le  that  is  accurate, precise,  spec i f ic ,  rap id ,  and 

re lat ive ly inexpens ive. 

IV. EQUATIONS FREQUENTLY USED IN TDM 
A. Linear pharmacokinetic  drug clearance—normal renal  function.  

L inear  c learance assumes that  a  proport ional  change in  dose leads to  the 

same proport ional  change in  SDC. I t  a lso assumes that t1 / 2  and drug 

c learance remain constant  as  the dose changes.  See IV.D for an example 

of  us ing some of  the fo l lowing equat ions. 

1.  Estimating drug clearance (Cl) :  

 

where V is  the apparent  vo lume of  dis tr ibut ion of  drug. 

2.  Maximum concentration (Cm a x , s s )  during τ s s ,  when absorpt ion is  

assumed to  be much fas ter  than e l iminat ion: 
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where S is  the f ract ion of  the dosage form that  is the act ive moiety and f  is  

the b ioavai labi l i ty .  

3.  Minimum concentrat ion (Cm i n , s s )  dur ing τ s s ,  when absorpt ion is  assumed 

to  be much fas ter  than el iminat ion: 

4.  Average concentrat ion result ing from intermittent  administration 

(Ca v g , s s )  dur ing τ s s :  

 

where dose/τ  is  the amount  o f  drug admin is tered during each selected uni t  

o f  t ime (e.g. ,  hours,  minutes) .  

5.  Steady-state concentrat ion result ing from continuous administrat ion 

(C i n f , s s ) .  For  the same dose rate (dose/τ ),  (Ca v g , s s )  for  in termi t tent 

adminis t ra t ion is  the same as  (C i n f , s s )  for  cont inuous admin is t ra t ion: 

 
B. Linear pharmacokinetic  drug clearance—impaired renal  function  

1.  Estimating creat inine clearance from serum creatinine  when serum 

creat inine is  assumed to be s tab le,  not  changing da i ly,  and weight  is  

expressed by the pat ient 's  to ta l  weight ,  unless tota l  weight  is  equal to  or  

more than 20% of ideal  ( lean)  body weight,  in  which case ideal  weight  

should be used in the calcula t ion: 

where Cr s  denotes serum creat inine in mg/dl .  The female value is  85% of 

the est imated male va lue in (6) .  

2.  Estimating prolonged drug t1 / 2  or reduced drug Cl  associated with 

reduced Clc r :  

where r i  and n denote the renal  impai red and normal condi t ions,  

respect ive ly;  F is  the f rac t ion of  drug admin is tered that  is  e l iminated 



unchanged (unmetabol ized) ;  and Cl c r  represents  creat inine c learance in 

mL/min.  Important  F va lues for  some common TDM drugs are:  

aminoglycos ides = 0.98,  d igoxin  = 0.98,  and vancomycin = 0.95. 

3.  Using Ca v g , s s  as a target  so that Ca v g , s s  in  the renal  impai red pat ient  is  

maintained the same as Ca v g , s s  in  normals : 

4.  Using Cm a x , s s  as a target  so that Cma x , s s  in  the renal  impai red is 

maintained the same as C ma x , s s  in  normals : 

where dose L  is  a  loading dose in tended to  achieve the same Cma x , s s  in  the 

renal  impai red as in  the normal  pat ient .  

C. Nonl inear pharmacokinetic  drug clearance—normal renal  function.  

Nonl inear  c learance assumes that a  propor t ional  change in  dose leads to a 

disproport ional  change in  SDC. I t  a lso assumes that  t1 / 2  and Cl change  as  

the dose changes and also as the amount  o f  drug in  the body f rom a g iven 

dose changes.  Drugs exhibi t ing nonl inear c learance present  a  much greater  

chal lenge than l inear  c learance drugs because the assumpt ions in the la t ter  

case of  propor t ional  changes in  dose yield ing same proport ional  changes in  

C s s  and constant  Cl and t1 / 2  do not  apply for nonl inear  drugs. For nonl inear  

drugs,  increases in  dose lead to  increases in  t1 / 2 ,  decreases in  Cl ,  and 

changes in  C s s  that  are excess ive compared to the proport ionate change in  

dose. 
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1.  Estimating drug clearance:  

 

where Vma x  is  the maximum amount  o f drug that can be e l iminated per  uni t  

o f  t ime (e.g. ,  day)  and Km  is  the drug serum concentrat ion at  which the rate 

of  el iminat ion is 50% of  V ma x .  

2.  Estimating Ca v g , s s  result ing from a given dose/τ:  

3.  Estimating dose/τ needed for a desired Ca v g , s s :  



 
D. An example of  applying some of  the above equations to developing 

and modifying dosage regimens  

1.  A common dosage regimen for  in t ravenous (IV) gentamic in is  1 .7 mg/kg 

q8h (as a 30-minute in fus ion) .  Regimens are usual ly  ad justed to  achieve 

C ma x , s s  and Cmi n , s s  wi th in 5-10 mcg/mL and less than 2 mcg/mL,  

respect ive ly.  Does the above reg imen meet the target concentrat ion 

object ives in normal  pat ients? Assume the fo l lowing populat ion parameters  

in  normals :  Cl  = 0.09 L/kg/hr ,  t1 / 2  =  2 .5 hr ,  V = 0.25 L/kg.  For  IV 

adminis t ra t ion, f  =  1 , and S = 1 for  the dosage form ( label  amount  

represents the actua l  amount o f  gentamic in) .  

2.  In normals,  us ing equat ions (2)  and (3):  

 

These values fa l l  wi th in  the target  concentrat ion ranges for  the average 

pat ient wi th  normal  renal funct ion. 

3.  In the renal  impaired,  what  should be done to modi fy the above regimen 

for  a pat ient  who is  60 years o ld ,  70 kg, male,  wi th  a  Crs  o f  2 .5  mg/dl? In  

th is  pat ient ,  i f  the above regimen were used,  the pro longed t1 / 2  would y ie ld  

C ma x , s s  =  15.2 mcg/mL and Cmi n , s s  = 8 .4 mcg/mL,  va lues c lear ly above the 

target  concentrat ion ranges. 

a.  Using equat ion (6) for es t imat ing Cl c r  in this  pat ient :  

 
b.  Then using equat ion (7)  for es t imat ing t1 / 2  in  th is pat ient ,  assuming F = 

0.98 and (Cl c r )n  =  120 mL/min: 

 
c.  Then using equat ion (9) ,  f i rst  determine a loading dose (DL )  to  achieve 

the same Cma x , s s  o f  approximate ly 8  mcg/mL as est imated in  IV.D.2 for  a  

pat ient wi th  normal  renal funct ion: 

DL  =  (Cma x , s s ) (V) / (S)( f )  



DL  =  (8 mcg/mL)(0.25 L/kg) / (1)(1) = 2 mg/kg 

Next ,  determine f ract ion of  drug los t  dur ing τ ,  assuming a τ r i  of  24 hours ,  

and using the ( t1 / 2 ) r i  o f  9.3  hours  est imated in IV.D.3.b: 

Fract ion lost  = 1 -  10 - 0 . 3 ( τ / t
1 / 2

)  = 1  - 10 - 0 . 3 ( 2 4 / 9 . 3 )  = 0 .84 

Last ly,  ca lcula te D per  τ r i :  
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D per τri = (DL)[1 - 10-0.3(τ/t
1/2

)] 

 = (2 mg/kg)(0.84) = 1.7 mg/kg 
 

Thus,  a DL  of  2 mg/kg fo l lowed by 1.7 mg/kg q24h is  expected to  maintain  

leve ls  in  th is  pat ient  s imi lar  to  that  in  normals. 

V. EFFECT OF PHYSIOLOGICAL ALTERATIONS ON 

PHARMACOKINETIC VARIABLES 
A. General  considerations.  I t  is  apparent  from Figure 36-1 and the 

equat ions in Sect ion IV,  that  any changes in  pharmacokinet ic  variables 

resul t  in  changes in C s s  and perhaps pharmacodynamic outcomes.  This  may 

necess i ta te changes in  D/τ  compared to  normals.  For  renal  impai rment ,  

quanti tat ive  est imates of  resu l t ing changes in  Cl and t1 / 2 ,  compared to  

normal  values, are avai lab le  us ing the equat ions in  Sect ion IV. For hepat ic ,  

cardiac ,  pu lmonary,  and other impai rments  potent ia l ly  induc ing changes in 

normal  pharmacokinet ic  var iables,  on ly qual itat ive  es t imates are poss ib le . 

B. Renal  impairment,  when marked,  reduces drug clearance for  drugs 

pr imar i ly dependent  on the k idney for  el iminat ion.  As noted in  the equat ions 

in  Sect ion IV.B,  phys iolog ica l  markers  l ike serum creat in ine and creat in ine 

c learance are used to est imate the changes in  Cl and t1 / 2  resu l t ing f rom 

reduct ions in  Cr s  and Cl c r .  

C. Hepatic impairment  exer ts  a  complex in f luence on drug 

pharmacok inet ics .  Two processes may be a l tered,  b lood f low rate in  

de l iver ing drug to  the l iver  and the capac i ty of  enzymes to  metabol ize the 

drug. In genera l  terms, moderate to  severe hepat ic  impai rment is  expected 



to  s low overal l  Cl  and pro long t1 / 2  for  drugs h igh ly dependent  on the l iver 

for  el iminat ion. 

D. Cardiac impairment,  when substant ial ,  decreases hepat ic and renal  

c learances, reduces vo lume of  dist r ibut ion,  and may s low absorpt ion for  

some drugs.  The effect  of  compromised perfus ion is  most c r i t ical  for  drugs 

that  are both h igh ly dependent  on the l iver for c learance and ef f ic ient ly 

metabol ized by the l iver  in  normal pat ients. 

E. Aging  resul ts in reduct ions in  renal (cons is tent ly)  and hepat ic  

( incons is tent ly)  c learances.  The clearance of  drugs pr imari ly dependent  on 

the k idney decl ines by near ly 50% and the ha l f- l i fe  near ly doubles over  a 

40-50-year  period f rom young adul thood.  On the other hand, some drugs 

pr imar i ly dependent  on the l iver  for  c learance show no age-rela ted 

changes,  whi le  o thers do.  Changes wi th  age in absorpt ion,  volume of  

d ist r ibut ion,  and serum protein  bind ing of  drugs show no cons is tent  pat tern. 

F.  From a c l in ical  v iewpoint ,  serum protein binding  o f  drugs becomes an 

important  issue in  TDM for  drugs bound more than 80% to serum prote ins.  

Because hepat ic  and renal  c learances, vo lume of d is t r ibut ion,  and 

pharmacologica l  response are mediated by the f ree (unbound) form of  the 

drug in  serum, in terpat ient  var ia t ions in  protein  binding not  on ly resul t  in  

var ia t ions in  pharmacok inet ics  in  normals ,  but  a lso loss of  serum prote ins  

dur ing renal  and hepat ic impairments  may resul t  in  modi f ied drug clearance 

and pharmacolog ica l  response. 

VI. THE TOTAL TESTING PROCESS APPLIED TO 

TDM 
A. Defining the total test ing process (TTP)  

1.  TDM involves both the laboratory for  analysis and c l in ic ians for 

in terpretat ion of  SDC. TTP refers to  a l l  aspects  of  the s teps of  laboratory 

tes t ing beginning wi th a  c l in ical  quest ion that is  prompted by the pat ient -

c l in ic ian encounter and concluding wi th  the impact  o f  the tes t  resu l t  on 

pat ient care. 

2.  TTP emphasizes that  TDM is  a  process invo lv ing a ser ies  of  s teps and 

in terre la ted act iv i t ies  and should not be viewed simply as a numerica l  value 

for  an SDC. 

3.  TTP focuses on ident i fy ing a l l  s teps of  the TDM test ing process,  

h igh l ight ing where varia t ions and errors  can occur ,  interpret ing SDC resul ts  

in  l ight  of  the s teps involved,  and improving the contr ibut ion of tes t ing to  

achieving desi red pat ient  outcomes. 
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B. Components and steps in TTP.  There are 4 components  and 11 s teps 

in  TTP.  

1.  The preanalyt ical  component  cons is ts  o f  four  s teps: 



(1)  c l in ica l  quest ion,  (2)  tes t se lec ted,  (3)  test  ordered,  and (4)  specimen 

co l lec t ion. 

2.  The analyt ical  component  then fo l lows wi th  three s teps: 

(5)  sample prepared, (6) analys is  per formed, and (7)  resul t  veri f ied. 

3.  The postanalyt ical  component  then conc ludes wi th  four steps:  (8)  resu l t  

reported,  (9) c l in ica l  answer,  (10)  ac t ion taken,  and (11)  e f fec t  on pat ient  

care. 

4.  The three components are af fec ted by the four th  component ,  the 

regulatory environment  wi th in  which TDM is  performed. 

C. Contributions of TDM to TTP  

1.  TDM has the potent ial  to  improve many of  the s teps in  TTP:  provid ing 

educat ion,  drug in formation,  in terpretat ion of TDM resul ts ,  assess ing the 

appropr ia teness of  the TDM order ,  schedul ing spec imen co l lec t ion, 

develop ing drug dosage guide l ines, and providing wr i t ten and ora l  

consul tat ion concern ing TDM resul ts .  

2.  The pharmacis t 's  greatest involvement in TTP is  in  steps (2)  assessing 

the appropria teness of TDM for  a  g iven si tuat ion, (4)  t iming of specimen 

co l lec t ion, and (9)  c l in ica l  in terpretat ion of  TDM resul ts .  

VII. USING TEST PERFORMANCE 

CHARACTERISTICS IN TDM 
A. Rationale and reasons  

1.  In TDM, the SDC funct ions l ike a diagnost ic  tes t  to  assist  in  c lass i fy ing 

pat ient s ta tus. 

2.  On the one hand,  the pat ient 's  SDC may be used,  in  conjunct ion wi th  a 

populat ion SDC cutof f  value measure for  the drug,  which acts  as a 

separator ,  to  c lass i fy the pat ient  as  a member of  e i ther  drug-induced toxic 

(pat ient SDC > upper cutof f  va lue) or  therapeut ic  (wi th in  therapeut ic  range) 

subpopulat ions. 

3.  A l ternately,  the pat ient 's  SDC may classi fy the pat ient  as  par t  o f  the 

therapeut ic  or  subtherapeut ic  (SDC < lower cutoff  va lue)  subpopulat ions. 

4.  A l though classi fy ing pat ients  in  subpopulat ions is  the most  common use 

of  SDC in  TDM, a more in formed appl icat ion of  SDC is  to  use the resul t  to  

modi fy the c l in ic ian 's probabi l i ty  o f  pat ient  sta tus. Th is  is  the use of  SDC as 

par t  o f  a  Bayes ian approach to  d iagnost ic  tes t  in terpretat ion. 

B. Test performance characterist ics.  Test  per formance ind ices are not  

per fec t c lass i f iers  o f  pat ient  s tatus and should never  be used as the so le 

measure for  determin ing how the pat ient  is  react ing to  the drug.  A number 

of  tes t performance ind ices character ize the accuracy of a  d iagnost ic tes t  to  

accurate ly c lass i fy pat ients  as toxic ,  therapeut ic ,  or  subtherapeut ic .  Four  o f  

these indices are most usefu l  in  in terpret ing SDC. 

1.  Posit ive predict ive value (PPV )  

a.  Comparing drug-induced toxic versus nontoxic patients (using upper 

SDC cutoff level).  PPV denotes the propor t ion of  pat ients wi th  a  posit ive 

test  (pat ient  SDC > upper cutof f  SDC) who are in  a  drug- induced toxic  



condi t ion.  So,  the va lue of  PPV represents  the probabi l i ty  o f a  pos i t ive tes t  

be ing accurate in  c lass i fy ing the pat ient  as  toxic .  

b.  Comparing therapeutic versus subtherapeutic pat ients (using lower 

SDC cutoff level).  PPV denotes the propor t ion of  pat ients wi th  a  posit ive 

test  (pat ient  SDC > lower cutof f  SDC) who are responding appropriately.  

So,  the value of  PPV in  th is case represents  the probabi l i ty  o f  a pos i t ive 

tes t being accurate in  c lass i fy ing the pat ient  as  therapeut ic .  

2.  Negative predict ive value (NPV)  

a.  Comparing drug-induced toxic versus nontoxic patients (using upper 

SDC cutoff level).  NPV denotes the propor t ion of  pat ients wi th  a  negative 

test  (pat ient  SDC < upper cutof f  SDC) who are not  manifes t ing drug-

induced toxici ty.  So,  the va lue of  NPV represents  the probabi l i ty  o f  a  

negat ive tes t  be ing accurate in  c lass i fy ing the pat ient  as  nontoxic .  
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b.  Comparing therapeutic versus subtherapeutic pat ients (using lower 

SDC cutoff level).  NPV denotes the propor t ion of  pat ients wi th  a  negative 

test  (pat ient  SDC < lower cutof f  SDC) who are subtherapeutic.  So,  the 

va lue of  NPV in this  case represents  the probabi l i ty  of  a  negat ive tes t  being 

accurate in  c lass i fy ing the pat ient  as  subtherapeut ic .  

3.  Posit ive l ikel ihood rat io (PLR).  In  def in ing condi t ions as + or  -  (as  in + 

= toxic  and - = negat ive, or  + = therapeut ic  and - = subtherapeut ic ) ,  PLR  is  

the probabi l i ty  that  a + patient  has a + test  d iv ided by the probabi l i ty  that a  

-  patient  has a + test  (e.g . ,  the probabi l i ty  that  a toxic  pat ient  has an SDC 

> cutoff  div ided by the probabi l i ty  that  a  nontoxic  pat ient  has an SDC > 

cutof f ) .  The higher  the PLR,  the more  d iscr iminat ing the tes t .  

4.  Negative l ikel ihood rat io (NLR).  NLR is the probabi l i ty  that  a  + patient  

has a - test  d iv ided by the probabi l i ty  that a  - patient  has a -  test .  The 

lower  the NLR,  the more  d iscr iminat ing the tes t .  

5.  I l lustrat ing the use of  PPV, NPV, PLR, and NLR.  For theophyl l ine,  

us ing a tes t upper cutoff  o f  20 mcg/mL,  PPV is  0.5,  NPV is  0 .95,  PLR is  6, 

and NLR is  0.4. 

a.  For PPV,  th is  means that  the propor t ion of pat ients  wi th  a pos i t ive test  

resul t  (SDC > upper cutof f )  who t ruly have theophyl l ine- induced toxic i ty is 

50%. For an ind iv idual  pat ient  wi th  SDC > cutof f ,  the probabi l i ty  o f toxic i ty 

is  0 .5. 

b.  For NPV,  th is  means that  the propor t ion of pat ients  wi th  a negat ive tes t 

resul t  (SDC < upper cutof f )  who t ruly are nontoxic  is  95%. For  an indiv idual  

pat ient wi th  SDC < cutoff ,  the probabi l i ty  o f  nontoxic i ty is 0 .95. 

c.  For PLR,  toxic  pat ients  wi l l  have a posi t ive test  resu l t  s ix t imes more 

of ten than do nontoxic  pat ients . 

d.  For NLR,  toxic  pat ients  wi l l  have a negat ive tes t  resul t  40% as of ten as 

wi l l  nontoxic  pat ients . 



e.  These resul ts  suggest that a  negat ive theophyl l ine tes t resu l t  rules  out  

toxic i ty (0 .95)  about  twice as effec t ively as a pos i t ive tes t ru les in toxic i ty 

(0 .5) .  A posi t ive tes t  appears to be unre l iable  as an indicator  o f  toxic i ty,  but  

a  negat ive tes t appears  to  be h ighly predic t ive of  nontoxic i ty.  Fur thermore,  

the PLR suggests that  a posi t ive SDC test  is  s ix t imes more l ike ly to  come 

f rom a toxic  than a nontoxic  pat ient .  On the other  hand,  the NLR impl ies  

that  i t  is  cons iderably less than one-hal f  as  l ike ly (0 .4)  that a  negat ive tes t  

comes f rom a toxic  compared to  a nontoxic  pat ient .  

f .  Knowledge of  test  per formance character is t ics  of  SDC measures provides 

the pract i t ioner  wi th an index of  the usefu lness of  the SDC in  categoriz ing 

pat ients . 

C. Using a Bayesian approach.  Using SDC in  conjunct ion wi th  l ikel ihood 

rat io  in formation enhances the appl icat ion of  the SDC in  decis ion making. A 

Bayes ian approach to  probabi l i ty  revis ion a l lows the pract i t ioner  to  make a 

pretest assessment  o f  pat ient  s tatus,  order a  d iagnost ic  test ,  and use the 

probabi l i ty  in format ion contained in  the tes t  resul t  to  revise the assessment  

o f  sta tus. 

1.  The re lat ion between pretest,  tes t ,  and post tes t  assessment  is  shown in  

the fo l lowing equat ion: 

where pretest  refers  to  the pretest odds of  the condi t ion be ing present  pr ior  

to  obtain ing the pat ient 's SDC and posttest  refers to  the post tes t odds of  

the condit ion be ing present  a f ter  learning the SDC. 

2.  Odds  are def ined as + resul ts  d iv ided by -  resu l ts  (+/- ) .  Probabi l i ty is  

def ined as + resul ts  d iv ided by to ta l  resu l ts  (+/ tota l ,  where to tal  is  the sum 

of  + and -  resu l ts ) .  

3.  Odds are conver ted to probabi l i ty  as fol lows:  

4.  Probabi l i ty  is  converted to  odds as fol lows: 

5.  An example of apply ing a Bayesian approach to  modify ing the probabi l i ty  

o f  pat ient  s ta tus.  Us ing the theophyl l ine tes t performance character is t ics  

noted in  VII .B.5: 
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a.  Assume that  a pract i t ioner  assesses by v isual  inspect ion that  the 

probabi l i ty  o f  theophyl l ine- induced toxic i ty in  a  pat ient  is  0 .25 ( the pretest  

probabi l i ty) .  She orders  a serum theophyl l ine concentrat ion (STC),  and 

uses the measurement  to  revise her  assessment o f  toxic i ty in  the pat ient 

( the post tes t probabi l i ty).  



b.  Further  assume that  the tes t per formance character is t ics  for  the STC 

are:  PLR = 6 and NLR = 0.4. 

c.  Using equat ions (13),  (14) ,  and (15) ,  a  pretest  probabi l i ty  o f  0.25 is  the 

same as pretest  odds of toxic i ty o f 1 /3  [0.25/ (1 - 0 .25)] ,  using equat ion 

(15) .  

d.  I f  the STC test  for  the pat ient  comes back pos i t ive (STC > 20 mcg/mL), 

then PLR = 6 is used to  revise the odds of toxic i ty.  I f  the STC test  is  

negat ive (STC ≤ 20 mcg/mL), then NLR = 0.4 is used. 

e.  Assume the pat ient 's  STC =  22 mcg/mL,  then us ing equat ion (13) y ie lds  

(1 /3)(6)  = 2.  So,  the posttes t odds of  toxic i ty are 2/1.  Convert ing these odds 

to  probabi l i ty  us ing equat ion (14) :  [2 / (1 + 2) ]  = 0 .67.  The posttest 

probabi l i ty of  toxici ty is  0 .67.  The pretest  probabi l i ty  of  0.25 has nearly 

t r ip led using the STC as feedback. 

f .  Assume ins tead that  the pat ient 's  STC = 14  mcg /mL ;  then us ing equat ion 

(13)  y ie lds  (1 /3)(0.4)  = 0.13.  So,  the post test  odds of toxic i ty are 0.13/1.  

Convert ing these odds to  probabi l i ty  us ing equat ion (14):  [0.13/ (1 + 0.13)]  =  

0.12.  The posttest  probabi l i ty of  toxici ty is  0 .12.  

g.  W hi le  a  pos i t ive STC test  near ly t r ip led the probabi l i ty  o f  toxic i ty above,  

a  negat ive tes t cuts the probabi l i ty  in  ha l f .  Th is  demonstrates the 

usefu lness of  using SDC in  combinat ion wi th  pract i t ioner  assessment as a 

gu ide to  quant i fy ing the probabi l i ty  o f  pat ient  status. 

VIII. SUMMARY 
A.  TDM appl ies to  a  smal l  number of  drugs wi th a narrow range of  e f fec t ive 

and safe SDC wherein opt imum drug t reatment  is promoted by mainta in ing 

SDC wi th in  a populat ion or  pat ient -speci f ic  therapeut ic range, above which 

drug-induced toxic i ty occurs  too of ten and below which the drug is  too of ten 

ineffec t ive. 

B.  A pract i t ioner  in i t ia tes  drug t reatment  using a dose rate that  assumes 

that  the pat ient  shows mean populat ion values for  the pharmacokinet ic  

var iables,  even though i t  is  expected that  few pat ients  wi l l  ever  possess the 

mean va lue being used. I f  the resul t ing C s s  and/or  pharmacolog ica l  

response is o ther  than expected and the pat ient  becomes at  r isk  for  

subtherapeut ic  or  drug-induced toxic i ty,  i t  is  l ike ly due to  the in terpat ient  

var iabi l i ty  in pharmacokinet ic  values and pharmacodynamic response that 

character izes the need for  TDM; therefore,  the dose rate is  modi f ied to  

produce a pat ient -spec i f ic  C s s  that represents  the best  t radeof f  o f  

e f fec t iveness and toxic i ty.  

C.  Timing of  sampl ing of SDC is cr i t ical  to  reduce errors  in interpretat ion of  

the measurement .  SDC should be sampled at  s teady s tate,  a fter  

postabsorpt ion and postd ist r ibut ion equi l ibr ium is  achieved, and a t ime 

dur ing τ s s  that matches the t ime at which the therapeut ic  range was 

estab l ished. 



D.  The choice of  Cma x , s s ,  Cmi n , s s ,  Ca v g , s s ,  or  C i n f , s s  to  es t imate dosage 

reg imens depends on the therapeut ic range object ive  and,  in  the la t ter  

case,  in travenous rather than intermi t tent  admin ist ra t ion. 

E.  For the renal - impai red pat ient ,  the dosage reduct ion fac tor  is  calcu lated 

to  achieve,  depending on the therapeut ic  range object ive,  a  Cma x , s s  or  

Ca v g , s s  in  the renal - impaired pat ient that  is  s imi lar  to  that des ired i f  the 

pat ient had normal  renal funct ion. 

F.  The TTP is  the systematic  sequence of  events  in  which TDM is  pract iced 

f rom ident i f icat ion of  the need for  an SDC measurement ,  to  proper  t iming of  

sample co l lec t ion, laboratory analysis ,  in terpretat ion of  resu l ts ,  and dosage 

reg imen modi f icat ion,  i f  ind icated. 

G.  The SDC measure is  more than a number used to  re la te the pat ient 's  

va lue to  a populat ion therapeut ic  range.  The SDC is  a  form of d iagnost ic  

tes t used (1)  to  ass is t  in c lass i fy ing pat ient  s ta tus and (2)  as  feedback to 

revise pract i t ioner  es t imates of pat ient  s tatus.  Therefore,  i t  is  important  to  

know the predic t ive va lues and l ikel ihood rat ios  of  SDC tests .  
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STUDY QUESTIONS 
Direct ions:  Each of  the numbered i tems or  incomplete s ta tements  in  this  

sect ion is  fo l lowed by answers or by complet ions of  the s tatement.  Select  

the one let tered answer or  complet ion that is  best  in  each case. 

1.  Define therapeutic drug monitoring.  What is  meant by the term TDM? 

(A)  The use of  drug serum concentrat ion measurements ,  for  drugs in  

which there is  (1) a  corre la t ion between serum concentrat ion and 

response, as  wel l  as  (2)  a  narrow range of  e ffec t ive and safe 

concentrat ions,  to assess pat ient  s ta tus as an adjunct  to  c l in ical  

observat ion 

(B)  The use of  drug serum concentrat ion measurements  to determine 

populat ion va lues for  a  drug 's  hal f - l i fe va lue 

(C) The use of  drug serum concentrat ion measurements  to assess 

the accuracy of  the drug concentrat ion assay 

(D) Observing the effec ts  o f drugs in  man 

(E)  Us ing drug serum concentrat ion measurements  to  di f ferent iate  

ef fec t ive f rom inef fec t ive drugs 

View Answer1.  The answer is  A[1.B] .2.  The therapeutic range for 

theophyl l ine is  often stated as 10-20 mcg /mL .  What does this mean? 

(A)  F i f ty percent  o f  people taking theophyl l ine show a safe and 

ef fec t ive response when the serum drug concentrat ion is  between 

10-20 mcg/mL. 

(B)  Most  people achieve the des i red response to  theophyl l ine,  wi th  

minimum adverse ef fects when the serum theophyl l ine concentrat ion 

is  mainta ined between 10-20 mcg/mL. Fewer pat ients  are managed 



ef fec t ively a t <10 mcg/mL,  but  some may respond qui te 

appropr ia tely a t lower leve ls .  The f requency of  adverse ef fects  

increases as the level  increases above the upper l imi t  o f  the 

therapeut ic  range,  but  a  few pat ients  are managed ef fect ive ly,  

wi thout  advers i ty,  above the range. 

(C)  Twenty- f ive percent o f  people show an effec t ive response to  

theophyl l ine at  10 mcg/mL,  and 75% show an effec t ive response at  

20 mcg/mL. 

(D)  Twice dai ly admin is t ra t ion of  theophyl l ine,  but not  three t imes 

dai ly,  requi res that  serum drug concentrat ions stay wi th in  10-20 

mcg/mL. 

(E)  Theophyl l ine serum drug concentrat ions outside of  the 10-20 

mcg/mL range are ineffec t ive and/or unsafe. 

View Answer2.  The answer is  B[] .3.  Assume that  for a  digoxin,  

the therapeutic range is  ci ted as Ca v g , s s  = 0 .8-2 ng/mL .  I f  the pat ient  is  

assumed to have an estimated digoxin t1 / 2  of  48 hours,  how long would 

you wait  to take a serum digoxin concentrat ion measurement,  and when 

during τ would you schedule i t? 

(A)  28 days,  then 3-4 hours  af ter  the dose is  admin is tered 

(B)  14 days,  then 6-8 hours  af ter  the dose is  admin is tered 

(C) 7  days,  then 10-14 hours after  the dose is administered 

(D) 3  days,  then 1-2 hours  af ter the dose is  admin istered 

(E)  1  day,  then 18-22 hours  af ter  the dose is  admin is tered 

View Answer3.  The answer is  C[] .4.  Dif ferentiate l inear from 

nonl inear drug clearance.  What is  the effect  on TDM? 

(A)  L inear  drug c learance is  f i rs t  order ,  the Cl  and t1 / 2  are 

independent  o f  drug dosage, and propor t ional  changes in  dose 

resul t  in  the same proport ional  changes in  C s s .  Nonl inear  drug 

c learance is  zero order ,  Cl  and t1 / 2  change as dose changes (or  as  

the amount  o f drug in  the body changes) ,  and propor t ional  changes 

in  dose yield  d isproport ionate changes in  C s s .  

(B)  L inear  drug c learance presents  fewer serum concentrat ion peaks 

and t roughs dur ing the dosage in terva l  than does nonl inear drug 

c learance. 

(C)  L inear drug c learance is  zero order ,  the Cl  and t1 / 2  are 

dependent  on drug dosage,  and proport ional  changes in  dose do not  

resul t  in  the same proport ional  changes in  C s s .  Nonl inear  drug 

c learance is  f i rst  order ,  and equat ions are not  ava i lab le  to  predic t  

drug serum concentrat ion f rom the dose rate. 

(D)  Drugs wi th  l inear  c learance have shor ter t1 / 2  va lues than drugs 

wi th  nonl inear c learance.  

(E)  Drugs wi th  l inear c learance are admin is tered less of ten than 

drugs wi th  nonl inear c learance. 

View Answer4.  The answer is  A[] .P.752 



 

 

5.  What is  the posit ive predict ive value of  a  diagnostic test? 

(A)  The f rac t ion of pat ients  wi th a  pos i t ive outcome who have a 

posi t ive tes t  resu l t  

(B)  Being more than 50% correct  in  predict ing success or  fa i lure 

upon us ing a drug reg imen 

(C) The f rac t ion of  pat ients  who achieve a successfu l  response in  

us ing a drug 

(D) The f rac t ion of  pat ients  wi th a  pos i t ive tes t resul t  who turn out to 

have a pos i t ive outcome 

(E)  The probabi l i ty  that knowledge of a  drug serum concentrat ion 

resul ts  in  a successfu l  response to  t reatment 

View Answer5.  The answer is  D[] .6.  A 70-year-old,  80-kg male,  

with serum creat inine of  3  mg /dL ,  is  scheduled to start  tobramycin therapy.  

What regimen is  recommended to achieve Cm a x , s s  within 5-10 mcg /mL  (use the 

midpoint  of  7.5 mcg /mL  for the calculat ion) and Cm i n , s s  <2 mcg /mL .  Try a q24h 

regimen to start  and,  i f  unsuccessful  in achieving the target concentrat ion 

goals,  al ter τ and recalculate.  Assume in normals the fol lowing values: t1 / 2  =  

2 .5 hr,  V = 0.25 L/kg,  F = 0.98,  S = 1,  f  =  1,  Clc r  =  120 mg /dL .  

(A)  A loading dose of 1 .8-2.0 mg/kg fol lowed by 1.0  mg/kg qd 

(B)  A loading dose of 1 .8-2.0 mg/kg fol lowed by 1.5  mg/kg qd 

(C) 2 .0 mg/kg qd 

(D) 1 .0 mg/kg qd 

(E)  0 .5 mg/kg qd 

View Answer6.  The answer is  B[] .

D per τri = (DL)(fraction lost per τri) 

 = (1.9 /kg)(0.78) = 1.5 /kg 
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ANSWERS AND EXPLANATIONS 
1.  The answer is  A  [1 .B].  



2.  The answer is  B  [ I I .B ] .  

3.  The answer is  C  [ I I .D.3 ] .  

I f  the pat ient 's  es t imated t1 / 2  is  48 hours,  90% of  s teady state is  expected to  be 

achieved between 3-4 t1 / 2  interva ls  or  6-8 days in th is  case.  For  c l in ica l  purposes,  

we choose 90% atta inment  o f steady s tate as the minimum t ime to  est imate drug 

accumulat ion. A leve l  drawn at  7  days seems reasonable.  Once a τ s s  has been 

se lected,  the t ime for  schedul ing a leve l  should correspond wi th  the re ference t ime 

for  the therapeut ic  range.  In  th is  case, Ca v g , s s  was ci ted as the re ference t ime,  so a 

measurement scheduled for  sometime near the midpoin t  o f  τ s s  (around 12 hours)  is  

reasonable. 

4.  The answer is  A  [ IV.A,  C ] .  

Th is  presents  chal lenges in  TDM, because for  l inear  drugs the c l in ic ian can expect 

a  change in  C s s  proport ional  to a  change in  dose,  but for nonl inear  drugs th is  is  not  

t rue. 

5.  The answer is  D  [VII .B.1 ] .  

The pos i t ive predic t ive va lue of a  d iagnost ic tes t  is  an index of  how ef fec t ive the 

tes t is  in  c lassi fy ing pat ients  correct ly.  For example, us ing a C s s  measure for  a  

g iven drug,  knowing that the pos i t ive predict ive va lue is  0.8,  g iven a group of  

pat ients  wi th  a  C s s  above the tes t cutoff  va lue,  80% of  the pat ients  wi l l  be 

accurate ly c lass i f ied as having a pos i t ive outcome.  I f  the tes t  is  being used to  

c lass i fy toxic  versus nontoxic  pat ients,  80% of  the pat ients  wi th  C s s  above the tes t 

cutof f  wi l l  exper ience drug- induced toxic i ty.  I f ,  ins tead,  the tes t  is  being used to  

c lass i fy ef fec t ive versus subef fec t ive response in pat ients , 80% of  the pat ients  wi th  

C s s  above the tes t cutoff  wi l l  exper ience effec t ive response. 

6.  The answer is  B  [ IV.D.3 ] .  

Us ing the equat ion for  es t imating Cl c r  in  th is  pat ient  from IV B 1: 

 

then,  us ing the equat ion for  es t imat ing t1 / 2  in  th is  pat ient f rom IV.B.2: 

 

Then,  us ing equat ion [ IV.D.3.b] ,  f i rst  determine a loading dose:  (DL )  to  achieve the 

desi red Cma x , s s  o f  7 .5  mcg/mL: 

DL  =  (Cma x , s s ) (V) / (S)( f )  

DL  =  (7.5 mcg/mL)(0.25 L/kg) / (1)(1)  = 1.9 mg/kg 

Then,  determine f rac t ion of  drug los t  during τ ,  assuming a τ r i  o f  24 hr ,  and us ing the 

( t1 / 2 ) r i  o f  10.9 hr  es t imated above using the equat ion in IV.D.3.c : 

f ract ion lost  = 1 -  10 - 0 . 3 ( 2 4 / 1 0 . 9 )  = 0 .78 

Last ly,  ca lcula te D per  τ r i :  



D per τri = (DL)(fraction lost per τri) 

 = (1.9 mg/kg)(0.78) = 1.5 mg/kg 
 

Thus,  a DL  of  1.9  mg/kg fo l lowed by 1.5 mg/kg q24h is  expected to at ta in  the 

desi red Cma x , s s  and Cmi n , s s  levels  in  th is  pat ient .  Of  course,  many est imates were 

made along the way (Cl c r ,  t1 / 2 ,  V) ,  so i f  the pat ient 's  Cma x , s s  and Cmi n , s s  vary f rom 

what  has been expected f rom the ca lcula t ions,  i t  is  l ike ly due to  the est imates be ing 

at  var iance wi th  the actua l  va lue(s)  in  the pat ient.  
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I. PEDIATRIC PHARMACOTHERAPY 
A. General  considerations  

1.  Most  pharmacis ts in  communi ty and hospi ta l  set t ings provide care for  ch i ldren.  In  

the Uni ted States, chi ldren make up nearly one th i rd of  the to ta l  populat ion.  

Al though ch i ldren typica l ly requi re fewer medicat ions than adul ts  because of  thei r  

re lat ive good health ,  approximate ly 30% of a l l  prescrip t ions f i l led in  communi ty 

pharmacies are for  pediat r ic pat ients .  As a resul t ,  pharmacists need to have a 

basic knowledge of  pediatr ic  pharmacotherapy to appropriately assess and 

monitor drug therapy.  

2.  Provid ing care for  ch i ldren is o ften a chal lenge.  There is  l imited information on 

the select ion,  dosing,  and monitoring of  drugs  in  th is  populat ion.  I t  is  es t imated 

that  only 25% of the drugs avai lable  on the market  in  the Uni ted States carry a  Food 

and Drug Adminis tra t ion (FDA) approved ind icat ion for use in  pediat r ic pat ients ,  

a l though nearly 75% have been used to  t reat ch i ldren. As a resul t ,  most  pediat r ic  

dosing is  cons idered of f - label .  Dosing information typ ica l ly comes d i rec t ly f rom case 

reports  and smal l  c l in ical  t r ia ls  publ ished in  the medica l  l i terature.  In addi t ion to  

be ing able to  obtain  pediat r ic -spec i f ic  drug in format ion,  pharmacis ts  must  a lso be 

fami l iar  wi th  d i f ferences in  pediat r ic pharmacokinet ics  and pharmacodynamics as 

wel l  as the un ique aspects  of  medicat ion moni tor ing and compl iance in  th is  

populat ion. 

B. Pharmacokinetic considerat ions  

1.  Unl ike the re la t ively stab le pharmacok inet ic  prof i le  of  most  drugs in  adul ts ,  

ch i ldren 's pharmacokinetic  parameters change during maturat ion from neonates 

into adolescents  (Table 37-1) .  As a resul t ,  the pediat r ic  populat ion is  a  diverse and 

dynamic group. Each aspect  o f drug dispos i t ion is  a ffec ted,  includ ing absorpt ion, 

d ist r ibut ion,  metabol ism, and e l iminat ion.  None of  these processes is  fu l ly  mature at  

b i r th ,  and they develop at  d i f ferent  ra tes over  the f i rs t  years  of  l i fe .  The s tudy of  

these changes is known as developmenta l  pharmacology. 

2.  Drug absorption.  For many routes of admin is tra t ion,  the absorpt ion of  a  drug is  

most  great ly al tered dur ing in fancy.  Di f ferences in  drug absorpt ion dur ing th is  

per iod may af fec t  the choice of  de l ivery method,  dose,  or  moni tor ing. 

a.  Gastrointest inal  absorption.  Ora l  drug absorpt ion is  most  great ly al tered dur ing 

the f i rs t  year o f l i fe .  Severa l  aspects  of absorpt ion are age dependent ,  including 

gastr ic  pH, gast r ic emptying t ime, intes t ina l  mot i l i ty ,  b i le  sa l t  product ion,  and 

pancreat ic  enzyme funct ion. 

(1)  Elevated gastr ic  pH.  At  bi r th,  gast r ic pH is  e levated (pH > 4) .  Th is resul ts  f rom 

a rela t ive decrease in  gast r ic  acid  product ion and an overa l l  decrease in  the vo lume 

of  gastr ic  secret ions.  As a resul t ,  acid- labi le drugs such as penic i l l in G may have a 

greater  b ioavai labi l i ty  in neonates than in  older  infants .  Converse ly,  drugs that are 



weak acids such as phenobarb i ta l  (Luminal ) may not  be as wel l  absorbed. To 

compensate for  th is  e f fec t ,  neonates may requi re larger  ora l  doses of  these drugs 

than o lder  in fants  to  produce the desi red therapeut ic  e ffec t .  Ac id  product ion r ises 

s teadi ly a f ter  b i r th ,  reaching adult  leve ls  wi th in 2 months. 
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Table 37-1. Age Definitions 

Age Group Age 

Newborn  

 Preterm or premature < 36 weeks' gestationa 

 Term > 36 weeks' gestationa 

Neonate < 1 month 

Infant 1 month-1 year 

Child 1-11 years 

Adolescent 12-16 years 

a Gestational age as measured from the time of the mother's last menstrual 
period. 

 

(2)  Prolonged gastr ic  emptying and intest inal  moti l i ty.  The rate of  passage of  

drugs through the gastroin test inal  t ract  is  also important  in  determining the ra te and 

extent  o f  thei r  absorpt ion.  Coord inat ion of contrac t ions wi th in  the s tomach begins to  

improve short ly af ter b i r th ,  whi le intes t ina l  perista ls is increases more s lowly,  over  

the f i rs t  4 months of  l i fe .  As a resul t  of  th is  pro longed t ransi t  t ime,  absorpt ion of 

drugs may be sign i f icant ly s lowed. 

(a)  Preterm neonates typically have more delayed gastr ic  emptying t ime than 

term neonates,  so that changes in  oral  absorpt ion may be most  pronounced in 

these pat ients . 

(b)  Breast-fed infants empty their  stomachs approximately tw ice as fast  as 

formulafed infants.  The increased ca lor ic  dens i ty o f  formula feedings delays 

gast r ic  emptying. 

(3)  Bi le  salt  and pancreat ic  enzyme production.  The rate of  bi le sa l t  synthes is  in  

preterm and term in fants is  reduced to  approximate ly 50% of  adul t  va lues. 



Decreased fa t  absorpt ion f rom entera l  feedings,  as  wel l  as  decreased drug 

absorpt ion,  can occur .  For  example,  when l ip id-so lub le v i tamin D is  admin istered to  

neonates, b ioavai lab i l i ty  is  on ly 30% as compared wi th  70% in  adults .  The 

absorpt ion of l ip id-so lub le drugs is  fur ther  reduced as a resul t  o f  lower leve ls o f  

pancreat ic  enzymes. 

(4)  Other  fac tors af fect ing oral  drug absorpt ion inc lude reduced sp lanchnic  blood 

f low in  the 1st  month of  l i fe  and reduced act iv i ty o f  in tes t inal  metabol ic  enzymes 

(a l ter ing the f i rs t -pass effec t) .  In  addit ion,  neonates lack normal  gut  microf lora.  

Al though bacter ia l  colonizat ion normal ly occurs  shor t ly a f ter  bi r th,  i t  may be 

s ign i f icant ly delayed in preterm neonates who are be ing cared for  in  the s ter i le  

envi ronment  o f  an in tensive care un i t .  

b.  Percutaneous absorption  

(1)  Absorpt ion of  drugs through the sk in is  enhanced in infants  and young chi ldren 

owing to bet ter  hydrat ion of  the ep idermis ,  greater  per fusion of the subcutaneous 

layer ,  and the larger  rat io  o f  to ta l  body surface area to  body mass compared to  

adul ts.  

(2)  In preterm neonates, the s t ra tum corneum is  also thinner ,  fur ther  increas ing the 

potent ia l  for  the absorpt ion of  top ical  products . 

(3)  Th is route of  administ ra t ion should be used wi th  caut ion in  in fants  and young 

ch i ldren to  avoid overdosage.  There are numerous accounts  of  toxic i ty resul t ing 

f rom percutaneous absorpt ion.  For  example,  repeated appl icat ions of top ica l  

hydrocor t isone cream for d iaper  rash or  eczema can produce adrenal  axis  

suppression after  as  l i t t le  as  2 weeks of  use in  an infant .  

c.  Intramuscular absorption  

(1)  The absorpt ion of drugs administered by th is  route may be reduced in  neonates 

as a resul t  o f  reduced blood f low to  ske letal  musc les.  In  addi t ion, weak or  errat ic  

muscle contract ions in  neonates may resul t  in  reduced drug dis t r ibut ion. These 

fac tors may be part ia l ly  o f fset  by the h igher  densi ty o f  capi l lar ies  in  ske leta l  muscle 

dur ing in fancy,  which increases b lood ci rcu la t ion. 

(2)  Int ramuscular  admin is t rat ion of  drugs is  genera l ly  d iscouraged in the pediat r ic  

populat ion because of  the pain assoc iated wi th  the injec t ion and the r isk  of  nerve 

damage f rom inadver tent in ject ion in to nerve t issue. 
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(3)  Th is route is genera l ly reserved for  the adminis t rat ion of  v i tamin K, vacc ines,  

and occas ional ly ant ib io t ics  when in t ravenous access is not  avai lab le .  I f  i t  is  used,  

the volume should not  exceed 0.5 mL for  in fants  and younger ch i ldren and 1 mL for  

o lder  ch i ldren. 

d.  Rectal  administrat ion.  Absorpt ion by th is  route is  fa i r ly  re l iab le,  even for  

preterm neonates.  Admin ist ra t ion may be compl icated in  in fants ,  however,  by the 

increased number of  pu lsat i le contract ions in the rectum compared to  adul ts ,  making 

expuls ion of  a supposi tory more l ikely.  

e.  Pulmonary administrat ion.  Inhalat ion of  medicat ions is  increasingly be ing used 

in  in fants  and o lder  ch i ldren to  avoid systemic  exposure. W hi le  developmental  



changes in  the pulmonary vasculature and respi ra tory mechanics  l ikely a l ter  the 

pharmacok inet ics  of  drugs g iven by inhalat ion,  l i t t le is  known about the ef fects o f  

growth and maturat ion on this  route of  drug admin ist ra t ion. 

3.  Drug distribution.  Growth and maturat ion af fec t  many of  the fac tors  that  

determine drug dist r ibut ion.  Body water  content ,  fa t  s tores,  plasma protein  

concentrat ions,  organ size and perfus ion,  hemodynamic s tab i l i ty ,  t issue per fus ion,  

ac id-base balance,  and ce l l  membrane permeabi l i ty  a l l  undergo sign i f icant  changes 

f rom infancy to adolescence. 

a.  Body water and fat content.  Total  body water content  decreases wi th  increasing 

age. This  is pr imar i ly the resul t  o f  a  larger  ext racel lu lar body water  content  in  

neonates and young in fants  which decreases wi th  age.  Approximate ly 80% of  a  

newborn 's  weight  is body water .  By 1 year  o f  age,  this va lue decl ines to 60%, 

s imi lar  to  that  o f  an adult .  High ly water-soluble compounds,  such as gentamic in  

(Garamycin),  have a larger  vo lume of d is t r ibut ion in  neonates than in  older chi ldren. 

As a resul t ,  larger  mi l l ig ram per  k i logram doses are often needed to  achieve des i red 

therapeut ic  concentrat ions.  Conversely,  body fa t increases wi th  age,  f rom 1%-2% in  

a preterm neonate to 10%-15% in  a term neonate and 20%-25% in a 1-year-old . 

L ipophi l ic  drugs, such as d iazepam (Val ium),  have a  smal ler  volume of  d is t r ibut ion 

in  in fants  than in  o lder  ch i ldren and adul ts.  

b.  Protein binding.  Acidic  drugs b ind to  albumin,  whi le  bas ic  substances b ind 

pr imar i ly to  α1 -acid glycoprotein  (AGP).  The quant i ty o f  to ta l  p lasma prote ins ,  

includ ing both of  these substances,  is reduced in neonates and young in fants .  In  

addi t ion,  the serum albumin of  newborns may have a reduced b inding af f in i ty.  These 

two fac tors resul t  in  an increase in  the free f rac t ion of  many drugs (Table 37-2) .  The 

increase in  the f ree f ract ion may resul t  in enhanced pharmacologica l  ac t iv i ty for  a  

g iven dose. The relat ive decrease in serum proteins may also produce 

increased competi t ion by drugs and endogenous substances,  such as bi l i rubin, 

for binding si tes.  Drugs that are highly bound to a lbumin, such as the 

su l fonamides, may d isp lace b i l i rub in  f rom i ts  bind ing si tes  and a l low depos i t ion in  

the bra in ,  re ferred to  as kernicterus. As a resul t ,  these drugs are considered 

contra indicated in  the f i rs t  2 months of  l i fe .  

4.  Metabol ism.  The most  s igni f icant  research in  developmenta l  pharmacology 

dur ing the past  decade has come in  the area of  drug metabol ism.  Developmental  

changes have been identi f ied for many phase I  (oxidat ion, reduct ion,  

hydroxyla t ion, and hydrolys is )  and phase I I  (conjugat ion)  react ions.  The maturat ion 

of  metabol ic  funct ion resul ts  in  the need for  age-re la ted dosage al terat ions for  many 

common therapies and may expla in  the increased r isk  for  drug toxic i ty in  in fants  and 

young chi ldren. 

a.  The act iv i ty o f phase I  enzymes,  such as the cytochrome P450 (CYP) enzymes,  

changes signif icantly during maturat ion.  The pr imary isoenzyme dur ing the 

prenatal  per iod,  CYP3A7,  peaks soon af ter b i r th  and then decl ines rap idly.  Th is  

enzyme exis ts  in  barely measurable quant i t ies  in adul ts .  I t  may appear ear ly in  fe ta l  

l i fe to detoxi fy re t ino ic  ac id,   
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a  potent ial  ratogen. Also at  the t ime of  bi r th ,  CYP2E1 and CYP2D6 leve ls  begin to  

r ise.  Enzymes assoc iated wi th  the metabol ism of many common drugs—CYP3A4,  

CYP2C9,  and CYP2C19—appear wi thin  the f i rs t  weeks of  l i fe,  but  the ir  leve ls  

increase s lowly.  The las t o f  the enzymes to  develop,  CYP1A2, is  present  by 1-3 

months of l i fe .  The act iv i ty o f  these enzymes does not  appear to  increase in  a d irect  

l inear  manner wi th  age, but  varies  over t ime. By 3-5 years  of  age,  most  pat ients  

have CYP isoenzyme act iv i ty levels  s imi lar to  that  o f  adul ts .  

Table 37-2. Protein-Bound Drugs with a High Free Fraction in Neonates 

Ampicillin (Principen) Penicillin G (Pfizerpen) 

Digoxin (Lanoxin) Phenobarbital 

Diazepam (Valium) Phenytoin (Dilantin) 

Lidocaine (Xylocaine) Propranolol (Inderal) 

Morphine (Duramorph) Theophylline 

Nafcillin (Nallpen)  
 

(1)  The al tered pharmacok inet ic prof i les of drugs in  chi ldren may, in large par t ,  be 

expla ined by these developmenta l  changes in the CYP enzyme system. One of  the 

most  wel l  s tud ied enzymes is  CYP1A2.  Th is  enzyme is  near ly nonexis tent in  fe ta l  

l iver  cel ls ,  and act iv i ty is min imal in neonates.  As a resul t ,  the ra te of  metabol ism of  

caf fe ine in  the neonate is  s low,  resul t ing in  an el iminat ion ha l f - l i fe  of  40-70 hr.  

Enzyme act iv i ty increases by 4-6 months of age.  W ithin  the f i rs t  year  of  l i fe  i t  

exceeds adul t  values, produc ing a caf fe ine ha l f - l i fe  o f approximate ly 5 hr .  In fants  

receiv ing caf fe ine (Cal fc i t )  for apnea of  prematur i ty or  chronic  lung d isease must 

have per iod ic  ad justments  in  thei r  dose to account  for  these changes in  metabol ism 

and mainta in  therapeut ic serum concentrat ions. 

(2)  Genetic polymorphism  a lso plays a s ign i f icant  role  in  determining metabol ic  

funct ion in  chi ldren. Recent  s tud ies wi th a tomoxet ine (Strat tera)  have shown that  

ch i ldren wi th  reduced CYP2D6 funct ion ( i .e. ,  poor  metabol izers)  had greater  

improvement in the i r  a t tent ion def ic i t  hyperact iv i ty d isorder  (ADHD) symptoms than 

ch i ldren who were extens ive metabol izers ,  using a s tandard weight-based dose.  The 

poor  metabol izers  a lso had an increased incidence o f  adverse ef fects  as a resul t  o f  

having higher  atomoxet ine serum concentrat ions.  

(3)  Alcohol dehydrogenase  act iv i ty is  on ly 3%-4% of  adul t  va lues at  b i r th  and does 

not  ach ieve adul t  va lues unt i l  approximately 5  years  of  age.  Because of th is,  



newborns have a reduced abi l i ty  to detoxi fy benzyl  a lcohol ,  a  preservat ive found in 

many in jectable products.  Newborns exposed repeated ly to  these products  wi l l  

accumulate benzyl  a lcohol ,  which may lead to a potent ial ly  fa tal  condi t ion re ferred 

to  as “gasping syndrome,”  wi th  metabol ic  ac idosis ,  respi ratory fa i lure, se izures,  and 

cardiovascular  co l lapse.  Because of  this r isk,  i t  is  recommended that  neonates 

receive preservat ive- f ree products  or  those contain ing al ternat ive preservat ives. 

b.  Phase I I  reactions  (conjugat ion wi th  glyc ine, g lucuronide, or  sul fate  to  form 

more water-so lub le compounds)  have not  been stud ied as extensive ly in the 

pediat r ic  populat ion. 

(1)  Glucuronidation is  general ly decreased in neonates,  compared wi th  o lder  

ch i ldren and adul ts .  The rate of  metabol ism increases wi th  increasing age.  This  can 

be seen in  the decreas ing hal f - l i fe  o f morphine (Duramorph)  dur ing the 1st  year o f 

l i fe.  The average hal f - l i fe  in a  preterm neonate is  10-20 hr ,  compared to  4-13 hr  in  a  

neonate,  5-10 hr  in  in fants  between 1 and 3 months of  age, and 1-8 hr  in  o lder  

in fants  and young chi ldren. 

(2)  Unl ike g lucuronidat ion,  sulfation develops in utero and is  wel l  developed in 

the neonate.  The var ia t ion in  the funct ion of  these two phase I I  react ions can be 

seen wi th  the developmenta l  changes in  acetaminophen (Tylenol )  metabol ism. In 

ear ly in fancy, acetaminophen is  converted pr imari ly  through format ion of  su l fa te  

conjugates; but  wi th  increasing age,  g lucuronidat ion becomes the predominate form 

of  metabol ism. 

c.  Whi le  most  of  the recent  research in to  pediat r ic  drug metabol ism has focused on 

the development  of  enzyme funct ion in  neonates, severa l  new s tud ies h igh l ight  

addi t ional  changes in  metabol ic  funct ion dur ing ado lescence.  For  example,  lop inavi r  

(marketed wi th r i tonavir  as  Kalet ra)  pharmacokinet ics  undergoes s ign i f icant  age and 

gender-re lated changes at  the t ime of  puberty.  Lopinavi r  c learance increases by 

more than 30% in boys af ter  age 12,  compared to g i r ls ,  which may resul t  in  a  need 

to  ad just  the recommended dose. 

5.  El imination.  Development  o f renal funct ion is  a  complex and dynamic  process.  

Nephrons begin forming as ear ly as  the 9th week of  gestat ion and are complete by 

36 weeks.  Al though the funct ional  uni ts  of  the k idneys are present ,  thei r  capac i ty is  

s ign i f icant ly reduced at  b i r th .  Glomeru lar  f i l t ra t ion ra te in  neonates is  approximate ly 

ha l f  that  of  adul ts.  Values are fur ther  reduced in  preterm neonates.  Glomeru lar  

f i l t ra t ion ra te increases rap id ly dur ing the f i rs t  2 weeks of  l i fe and typica l ly reaches 

adul t  va lues by 8-12 months of age.  Tubular  secret ion  
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ra te is a lso reduced at  b ir th  to  approximate ly 20% of  adul t  capaci ty,  but  matures by 

12 months of age. 

(a)  Immature renal  function results in signif icant a l terat ions in the el imination 

of  many drugs.  Pharmacok inet ic  s tud ies for  severa l  drugs,  including the 

aminoglycos ides and vancomycin (Vancoc in),  have shown a d irect  corre la t ion 

between c learance and pat ient  age.  Prolongat ion of  the ha l f- l i fe  should be 

ant ic ipated for  a l l  renal ly e l iminated drugs admin is tered to  neonates and is  most  

pronounced in  preterm neonates. 



(b)  To account for the reduced abi l i ty of  a  neonate to el iminate these drugs, 

longer dosing intervals are often required.  Fai lure to  account  for  the reduct ion in  

renal  funct ion may resul t  in  drug accumulat ion and toxic i ty.  

C. Pharmacodynamic considerat ions.  Unl ike the rapidly accelerat ing knowledge of  

the pharmacok inet ic changes associated wi th development ,  l i t t le is  known of  the 

pharmacodynamic changes assoc iated wi th  maturat ion.  Pre l iminary invest igat ions of  

warfar in  (Coumadin)  pharmacodynamics have demonstra ted a re la t ionship between 

ant icoagulant  response and pat ient  age. Other examples inc lude the increased 

incidence of  cer ta in adverse drug react ions in  younger ch i ldren,  such as 

hepatoxic i ty wi th  valpro ic  ac id  (Depakene).  Future research in age-rela ted 

pharmacodynamic changes is  needed to  opt imize the safe and ef fect ive use of  drugs 

in  in fants  and chi ldren. 

D. Pediatr ic drug administration and monitoring.  Drug adminis tra t ion,  includ ing 

the select ion of  agent  and dose as wel l  as  the preparat ion of  the dose and 

therapeut ic  drug monitor ing are compl icated in  the pediat r ic  populat ion.  Pharmacists  

car ing for  chi ldren must incorporate not only the changes in pharmacokinet ics  and 

pharmacodynamics descr ibed previous ly but a lso the need to  carefu l ly check dosage 

ca lcula t ions and,  i f  necessary,  a l ter  ava i lable  dosage formulat ions to  sui t  an in fant  

or  ch i ld 's  needs. 

1.  Accurate dosage calculations are cri t ical in the care of  infants and chi ldren.  

Pharmacists should use pediat r ic  dos ing in formation avai lable  in  general  drug 

references or  pediat r ic -speci f ic  re ferences such as  The Pediat r ic Dosage Handbook  

(Lexi -Comp),  or the Harrie t  Lane Handbook  (Mosby) .  To account for d i f ferences in 

pharmacok inet ic  parameters,  most  pediat r ic  doses are based on body weight .  In  the 

case of  some drugs,  such as chemotherapy,  doses are based on body sur face area 

(BSA).  Th is va lue can be determined f rom the pat ient 's  he ight  and weight,  using 

e i ther  a nomogram or  the fol lowing equat ion: 

 

There is  no absolute ru le for  when adolescent  pat ients  should s tar t  to be dosed as 

adul ts.  In genera l ,  adul t  dosing guide l ines may be used in pat ients  weighing more 

than 40-50 kg or  when the ca lcu la ted weight-based pediat r ic  dose exceeds the 

s tandard adul t  dose. 

2.  The need to calculate pediatr ic  doses introduces a greater r isk for dosage 

errors.  Dos ing errors  have been found to be more common in  medicat ion orders  for  

ch i ldren than in  any other  pat ient  populat ion.  The need to  ca lcula te ind iv idual  

doses,  along wi th  potent ia l  dec imal  errors and t ranscr ip t ion errors , increases the 

potent ia l  for  mis takes. In addi t ion, there is o f ten a wide range of pat ient  ages and 

weights wi th in  a  s ing le  hospi tal  or c l in ic .  I t  is  not uncommon to  have pat ient  doses 

vary by 10- fo ld,  as  an in fant  weigh ing 5 kg and an adolescent  weighing 50 kg may 

be cared for  by the same heal thcare providers.  Al l  ca lcu la t ions should be double-

checked, and orders  outs ide of  the normal pediatr ic  dosage range ver i f ied wi th  the 

prescriber.  

3.  Dosage formulations may need to be al tered to make them useful  for infants 

and chi ldren.  Because young ch i ldren cannot typical ly swal low tablets  and 



capsules,  these sol id dosage formulat ions must o f ten be conver ted to  ora l  so lu t ions 

or  suspens ions.  Severa l  compounding resources, inc lud ing Extemporaneous 

Formulat ions  (Amer ican Soc iety o f Heal th-System Pharmacists) ,  are avai lable  to  

provide pharmacis ts wi th formulat ions that  have been tes ted to ensure drug 

s tab i l i ty .  

4.  Intravenous ( IV )  medicat ions may be prepared as more concentrated 

solut ions,  because of  the l imits on f luid administration to infants and young 

chi ldren.  W hi le a  typica l  adul t  may receive up to  4-5 L of IV f lu ids per  day,  the tota l  

da i ly f lu id  requi rements  for  a  preterm neonate may be as l i t t le  as 20-50 mL.  Specia l  

equipment,  such as syr inge pumps and  
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microbore tub ing,  is  used to  ensure accurate de l ivery of  drugs in  smal l  f lu id  

vo lumes.  Current ly avai lab le  syr inge pumps can del iver  vo lumes as smal l  as  0.1 mL 

over  1  hr .  Microbore IV tub ing is  used to  min imize the amount  o f  dead space 

between the del ivery device and the pat ient ,  fur ther  improving the accuracy of  drug 

del ivery.  Pharmacis ts  must  a lso be capable of  assess ing l i terature on the 

compat ibi l i ty  wi th  drugs and IV f lu ids because pediatr ic  pat ients  of ten have l imited 

IV access,  so that  mul t ip le  so lu t ions may need to be in fused through the same IV 

s i te .  

E. Therapeutic drug monitoring  is  of ten essent ia l  to  opt imizing drug therapy in 

in fants  and chi ldren. For most  drugs, the therapeut ic  ranges developed for  and used 

in  adul ts are a lso appropr ia te  for monitor ing pedia t r ic  pat ients .  A potent ial  

compl icat ion in  in terpret ing serum drug concentrat ions is  the presence of  

endogenous substances,  which may cross-react wi th  analyt ical  drug assays.  Th is  

has been demonstrated for  digoxin  (Lanoxin)  in  neonates and in fants ,  for  whom 

endogenous d igoxin- l ike react ive substances (EDLRS) may produce fa lsely e levated 

serum d igoxin concentrat ions.  Standard assay techniques can be modi f ied to  

exc lude EDLRS as a compl icat ing fac tor.  

F.  Pharmacists should also be aware of  dif ferences in adverse drug react ions 

between chi ldren and adults.  Most  o f the adverse react ion in format ion avai lab le in 

drug product  label ing or  c i ted in  pharmacy references has been obta ined f rom 

c l in ical  t r ia ls  in  adul ts .  As several  studies have demonstrated,  the adverse react ion 

prof i le in ch i ldren may be signi f icant ly d i f ferent  from that  observed in  o lder  subjects. 

For  example, severe dermato log ic  react ions to  lamotr igine (Lamic ta l ) ,  inc lud ing 

Stevens-Johnson syndrome,  were in frequent  dur ing premarket ing phase I I I  c l in ica l  

t r ia ls .  W hen the drug was in t roduced onto the market in the Uni ted States and 

began to  be used in  ch i ldren of f - label ,  a  h igher ra te of  dermato log ic  react ions was 

reported in ch i ldren.  Subsequent  research revealed the inc idence of  severe 

dermatolog ic  react ions to  be 0.8% in  chi ldren compared to  0.3% in  adults.  

Di f ferences such as these further h ighl ight  the need for  c l in ical  research in  ch i ldren. 

G.  In  addi t ion,  pharmacists should take an act ive role in promoting medicat ion 

adherence (compliance) in chi ldren.  Several  s tud ies have shown compl iance rates 

in  pediat r ic pat ients to be 30%-70%. I t  is  surpr is ing that  some of  the poorest  

compl iance rates have been assoc iated wi th  chronic d iseases such as asthma,  



epi lepsy,  and d iabetes and in  ch i ldren requi r ing immunosuppress ive therapy af ter  

organ t ransplantat ion. As in  adults ,  counsel ing about medicat ion adherence should 

include ef forts to  ident i fy and overcome barr iers  to  therapy, educat ion about  the 

importance of  medica l  management,  and programs to incorporate medicat ion 

reg imens in to  normal dai ly tasks.  When work ing wi th  fami l ies  of younger ch i ldren,  

pharmacis ts  should a lso explore problems wi th  dosage formulat ion ( tas te or  texture 

avers ion),  and dosing f requency,  par t icu lar ly wi th medicat ions requi r ing 

adminis t ra t ion at  school  or  day care.  In  older  ch i ldren, pharmacists should be aware 

of  the i r  need for  autonomy,  and work  wi th  the pat ient 's  fami ly to  fos ter  the goal  o f  

se l f -care. Pharmacis ts  can serve a v i tal  ro le in improving medicat ion adherence in  

pat ients  o f  al l  ages. 

II. DRUG USE IN PREGNANT PATIENTS. 
Most  women would l ike to  avoid pharmacologic  therapy during pregnancy i f  a t  al l  

poss ib le.  However,  > 80% of  women are exposed to  substances,  such as medicat ion 

dur ing thei r  pregnanc ies. Preexis t ing condit ions and other problems occurr ing 

dur ing the pregnancy may require  cont inuat ion or in i t iat ion of  drug therapy.  In  rare 

c i rcumstances,  fe tal  therapy can be adminis tered through the mother .  I t  is  important 

to  unders tand maternal  pharmacok inet ic  changes,  placental  drug t ransfer ,  eventual  

d ispos i t ion of the drug, and l imi tat ions of the FDA c lass i f icat ion system to safe ly 

t reat pregnant  women. 

A. Fetal  development.  The ef fec ts  of  drug therapy in  pregnancy depend large ly on 

the s tage of  fe tal  development  dur ing which the exposure occurs .  Pregnanc ies are 

normal ly dated f rom the f i rst  day of  the las t  menstrual  cycle;  however,  when 

d iscussing fetal  development ,  fer t i l i zat ion occurs on day 1. 

1.  Weeks 1-2.  Dur ing the f i rs t  days af ter  fer t i l i zat ion,  the zygote forms in  the 

fa l lopian tube.  Over the next  few days,  div is ion of  the zygote eventual ly resul ts  in  

the formation of  the b lastocyst ,  which t rave ls  through the tube into  the uterus.  The 

b las tocyst conta ins  numerous types of  re la t ively undi f ferent ia ted t issues that  wi l l  

u l t imate ly become the fetus, the placenta,   
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and the fe ta l  membranes.  Superf ic ia l  implantat ion in  the endometr ium occurs  wi thin  

the f i rs t  5 days.  During the 2nd week,  di f ferent ia t ion begins and the p lacenta has 

s tarted to  form.  Dur ing these weeks,  there is  an “a l l  or  none” phenomenon.  W ith  no 

p lacenta to  transfer  substances to the blas tocyst ,  there is  no suscept ib i l i ty  to  

teratogens.  Exposure to  envi ronmenta l  agents dur ing this  t ime wi l l  have ei ther  l i t t le  

or  no effec t  on the embryo or  wi l l  dest roy most  ce l ls  leading to  pregnancy 

terminat ion. 

2.  Weeks 3-8.  I t  is  dur ing this  t ime that  the placenta becomes ful ly funct ional  and 

organogenes is  occurs .  Th is is  the most  c r i t ica l  per iod of development ,  when the 

embryo is  most  suscept ib le  to  teratogens.  Al l  major  organ systems develop 

s t ruc tura l ly during these weeks.  Al l  are complete ly formed by the end of  the 9th 

week,  wi th  the except ion of  the central  nervous sys tem. Major  congeni tal  anomal ies ,  

such as card iac  abnormal i t ies,  sp ina b i f ida,  and l imb defects  occur  during th is  t ime. 



3.  Weeks 9-38 (the fetal period).  At the 9th week,  the embryo is  re ferred to  as a 

fe tus.  Development during th is  t ime is  pr imar i ly funct ional ,  wi th  overa l l  growth 

occurr ing throughout .  The fe tus may be at  r isk  dur ing exposure to potent ia l ly  

fe to toxic  drugs or  v iruses.  Exposure to  a drug is  genera l ly not  associated wi th  major 

congeni tal  mal formations;  however,  minor congeni tal  anomal ies  and funct ional  

defects  may occur  dur ing this  t ime. 

B. Placental  transfer of drugs.  The placenta is the funct ional  un i t  between the 

fe tal  and the maternal  b lood supply. There is  no mixing of  the two systems,  but  

exchange of  nutr ients ,  oxygen,  and waste products  occurs  pr imar i ly v ia  pass ive 

d i f fusion.  Th is  process is  dr iven by the concentrat ion gradient  between the two 

systems.  There are a few substances that  are act ive ly t ransported across the 

p lacenta (e .g. ,  amino acids) ;  drugs that  are s t ruc tura l ly s imi lar to these compounds 

wi l l  a lso be t ransported by th is  mechanism. 

1.  Placental  metabol ism.  The placenta produces a number of pregnancy-re lated 

hormones that  are main ly secreted in to the maternal  c i rcula t ion.  Some of the other  

substances produced by the p lacenta are enzymes that  metabol ize drugs.  A common 

example of  th is  is  prednisone metabol ism,  so that  very l i t t le steroid  reaches the 

fe tus. 

2.  Factors affect ing placental  drug transfer.  For  a  drug to cause a teratogenic  or 

pharmacologica l  e f fec t in  the embryo or  fe tus,  i t  must  c ross f rom the maternal  

c i rcu la t ion to  the fe ta l  c i rcu la t ion or  t issues.  Genera l ly,  the pr inc ip les  that apply to  

drug t ransfer  across any l ip id  membrane can be appl ied to  placenta l  t ransfer o f  a  

drug. Most  substances admin is tered for  therapeut ic  purposes have,  by des ign,  the 

ab i l i ty  to  cross the p lacenta to  the fe tus. The cr i t ica l  fac tor  is  whether  the ra te and 

extent  o f  t ransfer  are suff ic ient  to  cause s ign i f icant  drug concentrat ions in the fe tus.  

There are many fac tors that  a f fec t the ra te and extent  o f  placenta l  drug t ransfer .  

(a)  Molecular weight.  Low molecular  weight  drugs (< 500 Da) di f fuse f ree ly across 

the p lacenta.  Drugs of  a  h igher  molecular  weight  (500-1000 Da) cross less easi ly.  

Drugs composed of  very large molecules (e .g. ,  hepar in)  do not  c ross the placenta l  

membranes. 

(b)  Drug pKa.  W eakly ac idic and weakly bas ic  drugs tend to  rap id ly di f fuse across 

the p lacental  membranes.  Ion ized compounds do not  c ross the p lacenta. 

(c)  Lipid solubi l i ty.  Moderate ly l ip id-soluble drugs eas i ly d i f fuse across the 

p lacental  membranes.  I t  is  important to  note that  many drugs that have been 

formulated for ora l  admin ist ra t ion and are designed for  opt imal  l ip id  membrane 

t ransfer.  

(d)  Drug absorption.  Dur ing pregnancy,  gast r ic  tone and mot i l i ty  are decreased, 

which resul ts  in  de layed gastro in test inal  emptying t ime. This typ ical ly does not  

a f fec t  drug absorpt ion.  However,  nausea and vomi t ing,  which are most  common in  

the f i rs t  t r imester  but may cont inue throughout pregnancy,  may af fec t absorpt ion. 

(e)  Drug distribution.  The vo lume of  dis tr ibut ion increases s ign i f icant ly  dur ing 

pregnancy and increases wi th  advanc ing gestat ional  age.  The a l terat ion in  vo lume 

of  dis tr ibut ion is the resul t  o f  an increased plasma volume.  Tota l  body f lu id  

( in t ravascular  and ext ravascular  vo lume) increases,  as does adipose t issue.  The 

p lacenta i tse l f  may a lso be a s i te  for  d is t r ibut ion. Hydrophi l ic  drugs wi l l  have a 



higher  volume of  dist r ibut ion leading to  lower peak leve ls .  Plasma concentrat ions of 

drugs that are wide ly dist r ibuted are usual ly lower  than those wi th  a smal l  vo lume of  

d ist r ibut ion.  Therefore,  less drug is  avai lable  to  cross the p lacenta. 

( f )  Plasma protein binding.  P lacenta l  t ransfer  of a  highly p lasma-prote in-bound 

drug is less l ike ly because only the f ree drug crosses the p lacenta.  Dur ing 

pregnancy,   
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a  reduct ion in  the leve ls  o f  two major drug-bind ing prote ins—albumin and AGP—is 

observed. A di lut ional  effec t occurs wi th  a lbumin and other  prote in concentrat ions,  

which can increase the free f ract ion of  drugs. 

(g)  Physical  characterist ics of  the placenta.  As a pregnancy progresses,  the 

p lacental  membranes become progress ively thinner ,  resul t ing in  a  decrease in  

d i f fusion d is tance.  The placenta also expands,  caus ing a greater  sur face area for  

the transfer  o f substances. 

(h)  Maternal  pharmacokinetic  changes.  The dramatic  increase in  blood vo lume 

that  occurs  pr imari ly dur ing the f i rs t  30 weeks of  pregnancy enhances b lood f low 

through the kidneys and l iver .  Drugs that  are excreted renal ly wi l l  exper ience a 

more rap id c learance, which could decrease the overa l l  exposure t ime of  the drug to 

the p lacenta.  Metabol ism of some drugs is  increased;  however,  the elevated levels 

o f  es t rogen and progesterone present  during the pregnancy can compet i t ive ly inh ib i t  

the metabol ism of o ther  drugs. 

3.  Teratogenic drugs  

a.  Teratogens are def ined as agents  that  increase the r isk  of or  cause a congenita l  

anomaly to  occur .  These defects  can be st ruc tural ,  funct ional ,  or  behaviora l  in  

nature.  W omen may b lame a spec i f ic  exposure dur ing the i r pregnancy as the cause 

of  a  fe ta l  anomaly;  however,  the defect  may have no known cause,  as  is  the case in  

3% of  al l  b i r ths in the Uni ted States. 

b.  I t  may take years  of  exposures to  actual ly l ink  a spec i f ic  drug to cer tain defects .  

Animal  s tud ies can only suggest  potent ia l  prob lems in  humans but are often the on ly 

source of  information regarding safety o f  agents dur ing early pregnancy.  The dose 

that  animals  often receive exceeds the normal  human dose,  which d imin ishes the 

appl icabi l i ty  o f  these data to  humans. 

c.  The fe tus is  unable to metabol ize or  e l iminate drugs as qu ick ly as  the mother .  

Some substances may be excreted in to  the amniot ic  f lu id  and then resorbed in  the 

fe tal  in tes t ines af ter the f lu id  is  swal lowed. Therefore, some drugs may have a 

longer exposure t ime in the fe tus,  whereas others are e l iminated more rapid ly.  

c.  Because feta l  organ systems develop at  d i f ferent  t imes,  spec i f ic  teratogenic  

e f fec ts  depend mainly on the po int  o f gestat ion when the drug was ingested. 

d.  The teratogenic  ra te of  substances indicates how f requent ly anomal ies  occur  and 

over  what  exposure per iod.  For  example,  one of  the most  potent  known teratogens, 

tha l idomide,  had a teratogenic ra te of  20% wi th  a s ingle  exposure,  yet  on ly one th i rd 

of  women who ingested the drug gave b i r th  to  af fec ted in fants .  Other  agents  may 

increase the rate of  speci f ic  defects  over the genera l  populat ion, but  the absolute 

incidence may be ext remely low. 



e.  The FDA developed a c lass i f icat ion system that  groups drugs according to  the 

degree of  the ir  potent ia l  r isk  dur ing pregnancy. 1  

(1)  Category A.  Adequate,  wel l -control led s tud ies in  pregnant women have not  

shown an increased r isk of  fetal  abnormal i t ies . 

(2)  Category B.  An imal s tud ies have revealed no evidence of  harm to the fe tus;  

however,  there are no adequate and wel l -control led s tud ies in pregnant  women.  Or 

an imal  studies have shown an adverse ef fect ,  but  adequate and wel l -contro l led 

s tud ies in  pregnant  women have fa i led to  demonstrate a r isk to the fetus. 

(3)  Category C.  An imal s tud ies have shown an adverse ef fect  and there are no 

adequate and wel l -contro l led s tud ies in  pregnant women.  Or no animal  s tud ies have 

been conducted,  and there are no adequate and wel l -control led s tud ies in pregnant  

women. 

(4)  Category D.  Stud ies, adequate wel l -contro l led or  observat ional ,  in  pregnant  

women have demonstrated a r isk to  the fe tus.  However,  the benef i ts  o f  therapy may 

outweigh the potent ia l  r isk . 

(5)  Category X.  Stud ies, adequate wel l -contro l led or  observat ional ,  in  an imals  or  

pregnant  women have demonstrated posi t ive evidence of  feta l  abnormal i t ies .  The 

use of  the product  is contra ind icated in  women who are or  may become pregnant .  

d.  Problems with the current system.  The current  system was created in  1979 and 

has not  been revised since i ts incept ion. W ith  many agents there is a  pauc i ty of  

human data,  despite  the fac t the drug may carry a  category B rat ing. Most  newly 

marketed agents  wi l l   
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be placed in category C, amid other  agents  wi th l i t t le  data in humans or  an imals .  

Th is  is  the most  d i f f icu l t  category to  assess. Al though there may be case reports  o f  

drug exposures, these tend to  bias  in format ion toward fe tal  r isk ;  most  publ ish on ly 

outcomes wi th  potent ia l  drug-re la ted effec ts.  Few drugs wi l l  ever  be ass igned a 

category A s tatus because large,  randomized, wel l -control led tr ia ls are rare ly 

conducted in  pregnant women. 

f .  Examples of  teratogenic agents.  

(1)  Vi tamin A derivat ives.  Drugs such as isot re t ino in  (Accutane)  and et ret inate 

(Tegison)  are potent  teratogens in humans. These agents  should be discont inued 

several  months before pregnancy. 

(2)  Warfarin  (Coumadin) is  most teratogenic in the f i rs t  t r imester (weeks 6-9) ,  but  

can a lso cause malformat ions dur ing the second and th i rd  t r imesters  as wel l .  Early 

exposure is assoc iated wi th  a  pat tern of  defects  known as fe tal  war far in  syndrome.  

These defects  can include hypoplas ia  of  the nose and ext remit ies ,  congeni ta l  hear t  

d isease, and se izures.  Central  nervous system abnormal i t ies  are increased wi th  

la ter  use. Hepar ins  may be an appropr ia te subst i tu te  when ant icoagulat ion is  

necessary;  however,  they are not  as  ef fec t ive for prevent ing thrombosis  in  women 

wi th  ar t i f ic ial  hear t  va lves. 

(3)  Androgenic agents  can cause vi r i l i zat ion of  female fe tuses,  creat ing ambiguous 

geni tal ia.  Finaster ide (Propec ia)  can cause genita l  abnormal i t ies  in  male of fspr ing. 

Est rogen and progest ins,  for tunately,  do not  have this  e f fect .  Many women cont inue 



to  take b ir th  control  pi l ls  during the f i rs t  month or two af ter concept ion unt i l  the 

pregnancy is  discovered. 

(4)  Ethanol.  A lcohol consumed in large amounts for  pro longed periods dur ing 

pregnancy (> 4-5 dr inks/day)  is  known to cause fe ta l  a lcohol  syndrome (FAS).  

Features of  FAS inc lude growth rest r ic t ion,  craniofacia l  dysmorphology and centra l  

nervous system mal funct ions,  a long wi th var ious other abnormal i t ies .  At least  30% 

of  women who abuse alcohol  wi l l  de l iver  an in fant  a f fected by FAS. Moderate 

a lcohol  consumpt ion (2 dr inks/day)  can also lead to  s imi lar defects,  al though 

usual ly not the complete syndrome.  Even though the most  problematic t ime is  dur ing 

the f i rs t  2 months of  pregnancy,  moderate dr ink ing dur ing the second t r imester is  

associated wi th an increased rate of  spontaneous abor t ions. 

(5)  Antineoplast ics.  Many agents in  this c lass are associated wi th  fe ta l  anomal ies  

af ter f i rs t  t r imester chemotherapy adminis t ra t ion.  Growth rest r ict ion of ten occurs  

regard less of the t iming of  exposure.  Owing to  the mechanism of  ac t ion of  these 

agents,  many are embryoc idal .  

(6)  Anticonvulsants.  Drugs such as phenyto in (Di lant in) ,  va lproic ac id (Depakene),  

and carbamazepine (Tegretol )  have al l  been assoc iated wi th  feta l  anomal ies .  

However,  maternal  benef i t  f rom these agents  of ten outweighs the r isk  to  the fe tus.  

Ant iconvulsants  should not  be stopped dur ing pregnancy,  but  i f  appropria te ,  they 

should be d iscont inued severa l  months before fert i l i zat ion.  Valpro ic  acid  and 

carbamazepine can increase the r isk of neural  tube defects ;  women taking these 

agents should receive fol ic ac id supplementat ion s tart ing before concept ion.  Toxic  

epoxide rad icals are thought to  be the mechanism of teratogenic i ty wi th  several  of  

these agents.  Genet ic  a l terat ions in  the epoxide hydro lase enzyme act iv i ty can 

reduce or  increase the sever i ty of  abnormal i t ies . 

(7)  Infections.  V i ra l  infec t ions,  such as rubel la ,  cytomegalovi rus,  parvovirus , 

coxsack ie,  and varice l la  can be assoc iated wi th  growth rest r ic t ion, congeni ta l  

anomal ies ,  premature del ivery,  and potent ia l  embryotoxic i ty or  fe ta l  demise.  Near ly 

a l l  maternal  infec t ions have been thought  to cause growth rest r ic t ion. 

(8)  Cigarette smoking.  Cigaret tes  contain  many toxic  and carcinogenic  compounds 

in  addi t ion to  nicot ine. Nicot ine is  a  potent  vasoconstr ic t ing agent  capable of  

reduc ing uter ine b lood f low and increas ing uter ine vascular  resistance. Smoking not  

on ly increases the r isk  of  a  growth rest r ic ted fe tus but  also increases the r isk  of  

spontaneous abor t ions,  premature de l ivery,  placental  abrupt ion,  and premature 

rupture of  the membranes.  Smal l  increases in  defects  of  the heart ,  l imbs and feet ,  

sku l l ,  ur inary system, abdomen, intes t ines,  and muscles have a lso been associated 

wi th  c igaret tes .  Smoking may also al ter  the ef fec ts  o f o ther  substances,  perhaps 

enhancing toxic i ty o f  both agents . 

4.  Other problematic therapies.  Some agents g iven during pregnancy may resul t  in 

pharmacologica l  e f fec ts  that  are not  necessari ly  toxic ,  yet  need to  be cons idered 

when medicat ions are g iven during the la ter  weeks o f  pregnancy. 

P.763 

 

 



a.  Central  nervous system (CNS) depression  may occur  wi th barb i turates,  

t ranqui l izers ,  ant idepressants , and narcot ics .  Also,  anesthet ics and other agents 

commonly g iven during labor  may cause signi f icant  CNS and respi ra tory depression 

in  newborns (e .g. ,  magnes ium sul fa te  or  op io id analgesics) .  

b.  Neonatal  bleeding.  Maternal  ingest ion of  agents  such as nonsteroidal  ant i -

in f lammatory drugs (NSAIDs) and ant icoagulants  at  therapeut ic  doses near  term 

may cause b leeding problems in  the newborn. 

c.  Drug withdrawal .  Habi tua l  maternal  use of  barb i turates, narcot ics,  

benzodiazepines,  alcohol ,  and other  substances of  abuse may lead to wi thdrawal  

symptoms in  newborns. 

d.  Constriction of  the ductus arteriosus.  Maternal  use of  NSAIDs in  the th i rd  

t r imester  may cause the ductus ar ter iosus to  c lose premature ly and could resul t  in  

pu lmonary hypertension in  the newborn. 

III. DRUG EXCRETION IN BREAST MILK. 
Today,  > 60% of  women choose to breast- feed the i r  in fants .  Of  these women,  90%-

95% receive a medicat ion during the f i rst  postpartum week,  most  commonly for  pa in  

contro l  a f ter  de l ivery.  I t  is  important  to  unders tand the princ iples  of  drug excret ion 

in  breast  mi lk and spec i f ic  in format ion on the var ious medicat ions to  min imize r isks 

f rom drug ef fec ts  in  the nursing in fant .  

A. Transfer of  drugs from plasma to breast milk.  Drug t ransfer in to  breast  mi lk is  

governed by many of  the same pr incip les that  in f luence human p lacenta l  drug 

t ransfer.  

1.  Most  drugs cross in to  breast  mi lk v ia  pass ive di f fus ion a long a concentrat ion 

gradient  formed by the un- ion ized drug content  on each side of  the membrane. 

2.  Breast  mi lk  contents  change throughout a  feeding. Colost rum, the very f i rst  mi lk  

produced,  is much higher  in  prote in  than mature mi lk  and the fat  content is  minimal .  

Mature mi lk consists o f  fore-mi lk  a t  the beginn ing of  a feeding and hind-mi lk a t the 

end. The protein  and fat  content  increase throughout  the nurs ing session.  Therefore 

drugs that part i t ion into  more l ip id  so lu t ions wi l l  have the h ighest  concentrat ion in  

h ind mi lk .  

3.  A mi lk  to  p lasma rat io can be determined for speci f ic  agents  when both b lood and 

mi lk  concentrat ions are known.  Most  drugs have a ra t io  < 1; lower numbers indicate 

that  less drug crosses into  breast  mi lk .  Because the mi lk  to  plasma rat io  may 

change wi th in a feeding, the average breast mi lk  concentrat ion is  usual ly used,  i f  

ava i lab le . 

4.  I t  is  poss ib le to  calcu la te the dose an in fant rece ives i f  the breast mi lk  

concentrat ion is  known.  A typ ica l  infant  dr inks 150 mL/kg per  day.  Mul t ip ly ing the 

average concentrat ion by the breast  mi lk vo lume consumed wi l l  g ive the to ta l  dai ly 

exposure. I t  is  important to  remember that this drug must  now be ingested by the 

in fant ,  so the bioavai lab i l i ty  of  the drug is c r i t ical  to  ca lcula te the actual  da i ly dose.  

Doses < 10% of  the maternal  dose on a mi l l ig ram per  k i logram per  day bas is  are 

preferable. 

5.  Some medicat ions are not  absorbed oral ly,  but may pass in to  breast  mi lk  when 

adminis tered in t ravenous ly to the mother .  Al though the drug may not enter  the 



in fant 's b lood,  i t  may have ef fec ts  on the gastroin test ina l  t rac t .  For example, the 

b ioavai lab i l i ty  o f  gentamic in is  negl igib le ;  however,  i t  may cause diarrhea or  

s ter i l ize the bowel .  

B. Drug factors.  The drug and i ts  envi ronment  in f luence the rate and extent  o f  drug 

passage in to  the breast  mi lk .  

1.  Molecular weight.  Drugs weigh ing < 200 Da cross in to mi lk  easi ly.  Larger  

molecules can dissolve in  the l ip id  membrane or  pass through smal l  pores.  Large 

molecules, such as insu l in ,  do not  c ross in to breast  mi lk.  

2.  pH gradient.  Human mi lk  is more acid ic  than p lasma. 

a.  Weak ac ids may di f fuse across the membrane and remain un- ion ized,  a l lowing for  

passage back in to  the p lasma.  Lower amounts  of these drugs wi l l  cross than those 

that  are weak bases. 

b.  W eak bases may di f fuse in to  the breast  mi lk and ionize,  which causes drug 

t rapping.  This  creates higher  levels  o f  drug in  the breast  mi lk ;  these drugs wi l l  have 

a mi lk  to plasma rat io  > 1.  Th is e ffec t  though, is  not  usual ly c l in ica l ly s ign i f icant ,  

especia l ly when the maternal  serum concentrat ion is  very low.  
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3.  Drug pKa.  Only the un- ion ized form of  a drug is  ab le to  pass through the l ip id  

membrane. 

4.  Plasma protein binding.  The f ree f rac t ion of  a  drug is  avai lable  to  pass in to  the 

breast  mi lk.  In genera l ,  drugs wi th  h igh plasma-protein-b ind ing proper t ies  tend to  

remain in the plasma and pass in to  the mi lk  in  low concentrat ions.  Mi lk  prote ins and 

l ip ids  also may b ind drugs when they are created in  the mammary glands; th is  may 

represent  another route of  ent ry,  rather  than pass ive d i f fusion. 

5.  Lipid solubi l i ty.  L ip id solubi l i ty  is  necessary for  a  drug to pass in to  the breast  

mi lk .  High ly l ip id-so lub le drugs (e.g. ,  diazepam, Val ium) may pass into  the breast  

mi lk  in  re la t ively h igh amounts  and,  therefore,  may present  a  s ign i f icant dose of  

drug to  the nurs ing in fant .  

6.  Equi l ibrat ion.  Some drugs may rap idly equi l ibrate between maternal  p lasma and 

breast  mi lk.  These agents  wi l l  d i f fuse across the membrane as the drug 

concentrat ion changes in  the maternal  system. Other  agents may never  reach an 

equi l ibr ium between mi lk and p lasma.  These drugs tend to  s lowly d i f fuse in to  breast 

mi lk  and wi l l  respond gradual ly to changes in  maternal  concentrat ions. 

C. Maternal  factors.  Maternal  pharmacology p lays a s ign i f icant role  in  the ra te and 

extent  o f  drug passage in to  breast mi lk .  The extent  o f plasma protein  b inding and 

changes in  the mother 's  ab i l i ty  to  metabol ize or  el iminate the drug in f luence the 

amount o f  drug that  is ava i lab le  to  pass in to the breast  mi lk .  Equal ly important  are 

the maternal  dose of  the drug,  the dosing schedule or  f requency,  and the route of 

adminis t ra t ion. 

D. Drugs affect ing hormonal  influence of  breast milk production.  The primary 

hormone respons ible  for  contro l l ing breast mi lk  product ion is prolac t in .  A decrease 

in  mi lk  product ion may resul t  in  d iminished weight  ga in in the nursing infant ,  the 

need for supplementat ion,  or premature cessat ion of  breast - feeding. 



1.  Drugs that  decrease serum prolact in levels.  Drugs such as bromocr ip t ine have 

been used to suppress lac tat ion in  women who choose not to  breast- feed.  This  

pract ice has long been abandoned because myocard ia l  in farct ions,  se izures,  and 

s t roke were at t r ibuted to i ts use. Other drugs inc lude 

a.  Ergot  a lka lo ids 

b.  L-dopa 

2.  Drugs that  increase serum prolact in levels.  Metoc lopramide (Reglan)  has been 

usefu l  therapeut ica l ly to  enhance mi lk  product ion.  The fol lowing drugs are known to  

increase serum pro lact in leve ls ,  but they are not  used for  th is  purpose.  These drugs 

include 

a.  Methyldopa (Aldomet) 

b.  Haloper ido l  (Haldo l) 

c.  Phenoth iazines 

E. Factors to assess.  In assessing the safety o f  an agent  dur ing breast-feeding,  

several  cons iderat ions should be addressed: 

1.  Inherent toxic i ty o f  the drug 

2.  Drug safety data in  in fants 

3.  Amount  of  drug ingested 

4.  Durat ion of  therapy 

5.  Age of  the in fant  or  degree of prematuri ty 

6.  Drug pharmacok inet ics  in  the mother  and ch i ld 

F.  Factors to minimize drug exposure to the infant.  One of  the goals  when using 

medicat ions in  the breast- feeding mother  is to mainta in  a natural ,  un in terrupted 

pat tern of  nurs ing.  In  many ins tances, i t  may be poss ible  to  wi thhold a drug when i t  

is  not  essent ia l  or  de lay therapy unt i l  a f ter  weaning.  Other  factors  include 

1.  Medicat ion select ion.  W hen a spec i f ic  product  is being se lected, i t  is  important  

to  choose the agent  that is  d is t r ibuted into  the mi lk  the least,  i f  poss ib le. 

a.  Other  desi rab le character ist ics  inc lude a shor t  ha l f - l i fe ,  inact ive metabol i tes,  and 

h igh protein  b ind ing. 
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b.  In addi t ion,  i t  is  desi rab le to se lect  agents  wi th  lower plasma concentrat ions,  

which may involve an al ternat ive route of admin ist ra t ion. 

c.  S ing le doses may be preferable to  a  longer therapy course i f  the agent is  

contra indicated in  breast- feeding.  This  can a l low for  the mother  to  pump and discard 

her  mi lk  for  a  def ined per iod of  t ime,  o f ten 12-24 hr ,  rather  than d iscont inue breast-

feeding al together .  

2.  Maternal  dose relat ive to infant feeding.  One of  the goals o f drug dosing in  

lactat ing women is minimal infant  exposure to  the drug.  I t  is  des i rab le to  ad just the 

dosing and nursing schedules so that  a drug dose is  admin is tered at the t ime of  or  

immediate ly af ter the in fant 's feeding. Medicat ions should be dosed before the 

in fant 's longest s leep. 

G. Examples of drugs that  readi ly enter breast milk.  These agents should be 

used wi th  caut ion in  nursing mothers . 



1.  Narcotics,  barbiturates,  and benzodiazepines.  CNS act ive agents , such as 

d iazepam, may have a hypnot ic  e f fec t  on the nurs ing in fant .  These effects  are 

re lated to  the maternal  dose.  Alcohol consumption may have a s imi lar  ef fec t .  

2.  Antidepressants and antipsychotics.  These c lasses of drugs appear to  pass 

in to the breast  mi lk ;  however,  no ser ious adverse ef fec ts  have been reported.  The 

long- term behaviora l  e f fec ts  of  chronic  exposure to  these drugs on develop ing 

newborns are unknown.  

3.  Antichol inergic compounds.  These drugs may resul t  in adverse CNS ef fec ts  in  

the in fant  and may reduce mi lk  vo lume in  the mother .  Dicyclomine (Bentyl)  is  

contra indicated in  nursing mothers  because i t  may resul t  in  neonata l  apnea. 

IV. DRUG USE IN GERIATRIC PATIENTS. 
In  2000,  more than 12% of  the American populat ion was > 65 years  of age,  

represent ing more than 35 mi l l ion Americans.  I t  is  es t imated that  three out  o f  every 

four  e lder ly people are tak ing prescrip t ion medicat ions.  Ant ic ipated total  drug 

usage, inc lud ing nonprescrip t ion medicat ions,  revea ls that  50% of  a l l  drugs used in  

the Uni ted States are used by the geria t r ic populat ion. 

A. Adverse drug react ions.  Ger iat r ic  pat ients  are at increased r isk  for  drug-

induced adverse ef fec ts .  Incidence of  adverse drug react ions (ADRs) in pat ients  

over  the age of  65 is  two to  three t imes greater  compared to younger pat ients .  The 

r isk  is  f ive t imes h igher in  people approaching age 90.  One in f ive of  a l l  e lder ly 

pat ients  exper iences an ADR. In  some pat ients,  these are overlooked because they 

mimic  the character is t ics of  other  diseases. 

1.  Factors that  are respons ib le  for the higher  prevalence of  ADRs in  the ger iat r ic  

populat ion include polypharmacy,  poor  rela t ionship wi th  heal thcare providers , 

mult ip le  d isease states, increasing sever i ty o f  i l lness,  reduced drug e l iminat ion,  and 

increased sens i t iv i ty to drug ef fec ts .  

a.  Stud ies have shown that  > 35% of  ger ia t r ic  pat ients  l iv ing in  the communi ty use 

s ix or  more medicat ions; approximately one hal f  o f  pat ients  resid ing in  long- term-

care fac i l i t ies  use f ive or more medicat ions.  People 65 and o lder  use approximate ly 

40% of  the drugs prescr ibed and 50% of  the over- the-counter  (OTC) medicat ions 

taken. 

b.  Pat ients tak ing mul t ip le  medicat ions have a greater chance of  exper ienc ing ADRs 

owing to drug-drug in teract ions and the potent ial  for  over lap or  synergy between 

adverse ef fec t  prof i les . 

c.  Pat ients  wi th  mult ip le  d isease s tates are at  higher  r isk  of  having a drug-d isease 

s tate in teract ion. 

d.  In addi t ion to the aforement ioned r isk  fac tors  for  develop ing an ADR, i t  is  d i f f icul t  

to  predic t  how geria t r ic pat ients  wi l l  respond to  any g iven medicat ion owing to  

a l tered pharmacokinet ic  and pharmacodynamic prof i les. 

e.  Another  issue compl icat ing ger ia t r ic  drug therapy is  adherence.  Factors that have 

been shown to  increase nonadherence inc lude poor  re lat ionships wi th heal thcare 

providers,  lower soc ioeconomic s ta tus,  l iv ing a lone,  po lypharmacy,  compl icated 

drug regimens,  and mul t ip le  comorb id i t ies .  As many as 60% of geria tr ic  pat ients  do 

not  take the ir  medicat ions as prescribed and may sel f -medicate as often as once a 



week.  I f  pat ients are hospi tal ized,  the ir  prescr ibed drug doses may represent  a  

s ign i f icant overdosage or  underdosage,  which could cause unintended effec ts .  

f .  E lder ly pat ients  can have d iseases that  make adher ing to  drug therapy d i f f icu l t .  

Condit ions that  a f fec t  v is ion, such as macular  degenerat ion or  cataract  formation,  

can make reading  
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prescrip t ion labels  and medicat ion ins t ruc t ions troublesome.  Hearing loss can 

prevent pat ients  f rom understanding and heal thcare profess ionals  f rom effec t ive ly 

communicat ing medicat ion in format ion and pat ient  ins truc t ions.  Ar thr i t is  can add to  

the d i f f icu l ty o f  opening medicat ion bott les .  In  these ins tances,  providing pat ients  

wi th  medicat ion or  “p i l l ”  boxes and wr i t ten medicat ion l is ts  may l imi t  potent ial  

barr iers to pat ient  adherence.  Recogniz ing these factors ,  pharmacis ts  can increase 

adherence in e lderly pat ients . 

2.  Pharmacists  can provide recommendations to  e l iminate unnecessary drug therapy 

and moni tor  medicat ion prof i les  to  avoid potent ial  drug-drug or  drug-d isease s tate 

in teract ions that  may prove harmful .  Effor ts  to  opt imize drug therapy,  includ ing 

s impl i fy ing and employing more cost -e f fec t ive regimens,  may u l t imate ly af ford bet ter  

pat ient adherence. 

B. Pharmacokinetics.  Pharmacokinet ic  parameters  may be al tered in the e lder ly 

owing to age-rela ted phys iolog ica l  changes.  Speci f ic  age-re lated phys iolog ica l  

changes af fec t ing drug therapy are g iven in  Table 37-3. 

1.  Absorption.  Phys io log ica l  changes that  can al ter  absorpt ion in  the geria t r ic  

populat ion include delayed gastr ic  emptying, decreased splanchnic  blood f low,  

e levated gastr ic  pH,  and impaired intest ina l  mot i l i ty .  A l though the rate of  drug 

absorpt ion may be a l tered in some pat ients ,  the extent  o f  absorpt ion is  rare ly 

a f fec ted. 

2.  Distribution.  Several  age-re lated phys iolog ical  changes may affec t  drug 

d ist r ibut ion. 

a.  E lderly pat ients have a decrease in  to tal  body water ,  causing water-so lub le drugs 

(e.g.,  acetaminophen,  Tylenol )  to  have a smal ler  vo lume of  dis tr ibut ion. Peak 

concentrat ions of  these agents wi l l  be higher ,  and loading doses may need to  be 

adjusted to  incorporate th is change. 

b.  The vo lume of  dis tr ibut ion of l ip id-so lub le drugs (e.g. ,  d iazepam, Val ium; 

propranolol ,  Indera l )  is  increased because geria tr ic  pat ients tend to  have a greater  

ra t io  o f adipose t issue to lean muscle mass.  These medicat ions may accumulate in 

fa t  s tores,  increas ing thei r  durat ion of  act ion. 

c.  Aging may a lso af fect  the pharmacok inet ics  of  drugs that are h ighly prote in 

bound.  For  example,  drugs that are highly bound to  albumin (e.g.,  war far in ,  

Coumadin;  phenyto in ,  Di lant in) may have a greater  f ree concentrat ion because 

a lbumin can be decreased in the elderly who are chronical ly i l l .  

d.  Medicat ions may have a l tered binding aff in i ty in  the elderly or  a lbumin may 

exper ience a change in  conf igurat ion,  which can a lso lower b ind ing capaci ty.  

Compet i t ion for  ac id ic   
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b ind ing s i tes  could occur wi th  accumulated endogenous substances,  a l ter ing the 

f ree f rac t ion of  drugs. 

Table 37-3. Age-Related Physiological Changes Affecting Drug Therapy 

Factors ChangeClinical Significance 

Pharmacokinetic 

Gastrointestinal motility ↓ May affect the rate but not the extent 
of drug absorption 

Gastric pH ↑ No significant change in drug 
absorption 

Renal function ↓ Reduced elimination of renally 
excreted drugs 

Serum albumin ↓ Decreased protein binding leading to 
an increased free fraction of drug 

Phase I hepatic 
metabolism 

↓ Potential accumulation of drugs 
metabolized by oxidation, reduction, 
or hydrolysis reactions 

Body fat to lean muscle 
mass ratio 

↑ Increased volume of distribution of 
fat-soluble drugs 

Total body water ↓ Decreased volume of distribution of 
water-soluble drugs 

Pharmacodynamic 

β-receptor sensitivity ↓ Potential diminished response to β-
blockers 

Baroreceptor sensitivity ↓ Greater risk of orthostatic 
hypotension 



Response to 
benzodiazepines and 
opioid analgesics 

↑ Increased risk of adverse effects 
with typical doses 

 

e.  A l though AGP concentrat ions tend to  increase wi th  age,  the increase in  the 

concentrat ions of  bas ic  drugs (e.g.,  l idocaine,  Xylocaine;  propranolol ,  Inderal )  that  

b ind to AGP are usual ly c l in ical ly meaningful  on ly in  acute ly i l l  pat ients. 

3.  Renal  excret ion.  Perhaps the best  documented age-re lated phys iological  change 

is  the dec l ine in renal funct ion,  spec i f ica l ly g lomeru lar  f i l t ra t ion ra te and the tubular 

secret ion ra te. 

a.  In pat ients  wi thout  renal  dysfunct ion,  i t  is  es t imated that there is a  50% dec l ine in  

renal  funct ion by age 80. Renal  blood f low is reduced by approximate ly 10% each 

decade of l i fe .  

b.  Serum creat in ine may not  be a good predic tor  o f  renal funct ion,  as  creat inine 

product ion also decl ines wi th  age and lower act iv i ty leve ls  (such as the bedr idden or  

debi l i ta ted) .  

c.  Medicat ions pr imar i ly e l iminated by the k idneys may have increased 

concentrat ions of  both the act ive drug and i ts metabol i tes , poss ibly leading to  

subsequent  adverse ef fec ts.  Al l  renal ly el iminated drugs used in geria tr ic pat ients  

should be monitored for  the need for  dose reduct ions and potent ia l  toxic i ty.  

4.  Hepatic metabol ism.  Age-rela ted changes af fec t ing the l iver  include a reduct ion 

in  hepat ic  blood f low and a dec l ine in  hepat ic  metabol ism. 

a.  Phase I I  react ions (g lucuronidat ion,  acetyla t ion,  and sul fa t ion)  are relat ive ly 

unchanged in  the elder ly.  

b.  A reduct ion in phase I  react ions (oxidat ion,  reduct ion,  and hydrolys is )  can occur .  

Benzodiazepines and cer ta in  analges ics , which depend on phase I  react ions for  

metabol ism,  represent  s i tuat ions in  which changes in  hepat ic  metabol ism may be 

important .  The el iminat ion hal f - l ives of these agents  are prolonged and may resul t  

in  drug accumulat ion and poss ible  adverse ef fects .  

c.  L iver  vo lume and cel l  mass decrease in  the elder ly.  I t  appears  that  th is  change in 

s ize enhances the reduced act iv i ty o f oxidat ive and demethyla t ion metabol ism.  

Conjugat ion react ions do not  appear to be af fected by l iver  mass. 

C. Pharmacodynamics  

1.  Ger ia t r ic  pat ients can be more or  less responsive to  cer ta in  drugs,  compared to 

younger pat ients .  Reasons for  th is  may include al tered receptor  sens i t iv i ty,  receptor  



number, or  receptor  response.  Studies have shown that  elder ly pat ients  may show a 

d iminished response to β-b lockers. 

2.  In contrast ,  ger ia t r ic  pat ients  seem to have an exaggerated response to agents  

af fec t ing the CNS, narcot ic  analgesics ,  benzodiazepines, and warfar in .  Elder ly 

pat ients  should be moni tored careful ly when tak ing these medicat ions.  Ini t iat ion of  

any of  these therapies should be at  lower doses than recommended for  younger 

pat ients .  Avoidance of  these drugs may not be possib le ,  but  i f  better  a l ternat ives 

exis t  they should be used f i rs t .  

D. Drug therapy considerat ions  

1.  Drug therapy in geria tr ic  pat ients is  invo lved and can be very complex because of  

age-re lated changes in  pharmacokinet ics and pharmacodynamics. 

2.  A lack of  c l in ical  t r ia ls des igned to evaluate the safety and ef f icacy of  drug 

therapy in the elder ly populat ion increases the problem. 

3.  The higher  inc idence of  adverse effec ts in  ger ia t r ic  pat ients  may be in  par t  the 

resul t  o f  the complexi ty o f  drug therapy and the re la t ive lack of  c l in ical  t r ia ls in this  

populat ion.  Table 37-4 l is ts severa l  drugs and doses that  should be avoided in  the 

e lder ly owing to  h igher r isks  of  adverse effec ts and/or lack of  e ff icacy.  

4.  Owing to  al terat ions in  gai t ,  balance,  and mobi l i ty ,  fa l ls  and consequent  adverse 

events  are f requent occurrences in  ger iat r ic  pat ients . 

a.  The high prevalence of  osteoporosis  in  the e lder ly resul ts in an increased 

incidence of  f rac tures.  Compl icat ions assoc iated wi th  f ractures, part icular ly h ip 

f ractures,  are s igni f icant causes of  morb idi ty and morta l i ty.  

b.  Medicat ions caus ing or thostat ic  hypotens ion, drows iness,  dizziness, b lurred 

vis ion,  or  confusion have the potent ial  to cause or  worsen postura l  ins tab i l i ty  and 

increase fa l ls in the elder ly.  
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Table 37-4. Target Drugs and Doses to Avoid in Geriatric Patients 



Drug Comments 

Analgesics 

Pentazocine (Talwin) Avoid; safer and more effective 
alternatives 

Propoxyphene (Darvon) Avoid; lack of efficacy (no more effective 
then acetaminophen and potential for 
accumulation and adverse narcotic effects 

Meperidine (Demerol) Avoid; safer and more effective 
alternatives 

Antidepressants 

Amitriptyline (Elavil) Avoid; anticholinergic adverse effects, 
increased risk of falls, and QT 
prolongation; use nortriptyline or 
desipramine as alternatives 

Amitriptyline, perphenazine 
(Triavil) 

Avoid; use separate antidepressant and 
antipsychotic agents in appropriate 
geriatric doses as necessary 

Doxepin (Sinequan) Avoid; safer and more effective 
alternatives 

Antiemetics 

Trimethobenzamide (Tigan) Avoid; more effective alternatives 
available 

Antihistamines 

Sedating OTC agents, cold 
preparations 

Avoid; potent anticholinergic effects 



Hydroxyzine (Atarax) Avoid; potent anticholinergic effects 

Cyproheptadine (Periactin) Avoid; potent anticholinergic effects 

Chlorpheniramine (Chlor-
Trimeton) 

Avoid; potent anticholinergic effects 

Antihypertensives 

Hydrochlorothiazide 
(HydroDIURIL) 

Doses > 25 mg/day should be avoided 

Methyldopa (Aldomet) Avoid; safer alternatives 

Propranolol (Inderal) Lipophilic nonselective β-blocker with 
increased potential for adverse effects; 
avoid; use a cardioselective β-blocker 
instead 

Reserpine Avoid; risk of adverse effects (e.g., 
sedation, depression) 

Antipsychotics 

Haloperidol (Haldol) Avoid unless indicated for psychotic 
disorder; use in small doses (1 mg); risk of 
sudden death in higher doses 

Thioridazine Avoid unless indicated for psychotic 
disorder 

Antispasmodics 

Belladonna Avoid long-term use; anticholinergic 
adverse effects 

Dicyclomine (Bentyl) Avoid long-term use; anticholinergic 



adverse effects 

Hyoscyamine (Pyridium) Avoid long-term use; anticholinergic 
adverse effects 

Decongestants 

Oxymetazoline (Afrin) Daily use for > 3 days should be avoided 

Phenylephrine (Neo-
Synephrine) 

Daily use for > 3 days should be avoided 

Pseudoephedrine (Sudafed) Avoid; anticholinergic effects and 
potential to raise blood pressure 

Dementia treatments 

Isoxsuprine Avoid; lack of efficacy 

H2-antagonists 

Cimetidine (Tagamet) Avoid; adverse CNS effects 

Hypoglycemic agents 

Chlorpropamide (Diabinese) Avoid; long half-life can cause prolonged 
hypoglycemic episodes and can induce 
SIADH 

Muscle relaxants 

Carisoprodol (Soma) Risk of adverse events greater than 
potential benefits; all use should be 
avoided 

Cyclobenzaprine (Flexeril) Risks of adverse events greater than 



potential benefits 

Methocarbamol (Robaxin) Risks of adverse events greater than 
potential benefits 

Orphenadrine (Norflex) Risks of adverse events greater than 
potential benefits 

NSAIDs 

Indomethacin (Indocin) Avoid; CNS adverse effects; use 
alternative NSAID 

Phenylbutazone Avoid; hematological adverse effects; use 
alternative NSAID 

Non-cyclooxygenase 
selective NSAIDS 

Avoid long-term use of naproxen, 
oxaprozin and piroxicam; increased risks 
of adverse effects 

Platelet inhibitors 

Dipyridamole (Persantine) Avoid; lack of efficacy and adverse 
effects (orthostatic hypotension) at high 
doses; aspirin is safer and more effective 

Sedative hypnotics 

Long-acting benzodiazepines 
Chlordiazepoxide (Librium) 
Diazepam (Valium) 
Flurazepam (Dalmane) 

Avoid; accumulation and increased risk of 
falls, sedation, and delirium 

Short-acting benzodiazepines 
Alprazolam (Xanax) 
Oxazepam (Serax) 
Triazolam (Halcion) 

Nightly use should be avoided; increased 
risk of falls, daytime sedation, and 
delirium 



Meprobamate (Miltown) All use should be avoided 

Barbiturates All use should be avoided; safer 
alternatives exist 

CNS, central nervous system; NSAIDs, nonsteroidal anti-inflammatory drugs; 
OCT, over the counter; SIADH, syndrome of inappropriate antidiuretic 
hormone secretion. 

Modified with permission from Fick DM, Cooper JW, Wade WE, et al. 
Updating the Beers criteria for potentially inappropriate medication use in 
older adults. Arch Int Med 2003;163:2716-2724. 

 

P.770 

 

 

Table 37-5. Drugs and Drug Classes Possessing Anticholinergic Effects 

Antidiarrheal agents  Propantheline (Pro-Banthine) 

 
Diphenoxylate/atropine 
(Lomotil)  

Oxybutynin (XL formulation 
has fewer effects) (Ditropan) 

Antiemetics/antivertigo agents  

 Meclizine (Antivert)  Tolterodine (Detrol) 

 Scopolamine (Transderm 
scopolamine) 

Class Ia antiarrhythmic agents 

  Disopyramide (Norpace) 

 Trimethobenzamide (Tigan)  Quinidine 

 Promethazine (Phenergan) Parkinson's agents 

 Prochlorperazine  Amantadine (Symmetrel) 



(Compazine) 

Antihistamines, sedating types  Benztropine (Cogentin) 

Antipsychotic agents  Procyclidine (Kemadrin) 

Antispasmodics  Trihexyphenidyl 

 Belladonna alkaloids Skeletal muscle relaxants 

 Clidinium bromide  Cyclobenzaprine (Flexeril) 

 Dicyclomine (Bentyl)  Orphenadrine (Norflex) 

 Hyoscyamine (Pyridium) Tricyclic antidepressants 
 

c.  I t  is  wel l  es tabl ished that  many psychoact ive agents ,  espec ial ly long-act ing 

benzodiazepines,  are assoc iated wi th  an increased r isk  of  fal ls  in  the e lder ly.  I f  a  

benzodiazepine must  be prescribed,  low-dose lorazepam (At ivan)  or  oxazepam 

(Serax)  are bet ter  choices because of  the lack of  ac t ive metabol i tes  and the i r 

metabol ism involves phase I I  hepat ic  react ions on ly.  

5.  Ger ia t r ic  pat ients tend to  be sens i t ive to  medicat ions that  possess ant ichol inerg ic  

e f fec ts .  Dry mouth,  ur inary re tent ion,  b lurry v is ion,  const ipat ion,  tachycard ia , 

memory impai rment  and confus ion are typica l  ant icho l inerg ic  adverse ef fec ts 

associated wi th severa l  c lasses of drugs (Table 37-5).  These agents can a lso 

induce del i r ium in  some people. 

a.  When possible ,  drugs wi th  ant ichol inerg ic  e f fects  should be avoided in  the 

e lder ly.  In  those ins tances when th is  is not  an opt ion,  the least  ant ichol inerg ic  agent  

should be chosen and in i t ia ted at  the lowest  e f fect ive dose.  For  example, i f  a  

t r icyc l ic  ant idepressant is  needed, des ipramine (Norpramin)  and nor tr ipty l ine 

(Pamelor) possess less ant ichol inerg ic  ac t iv i ty than ami t r ip ty l ine (Elavi l )  and 

imipramine (Tofrani l ) ,  and therefore would be better  in i t ia l  therapeut ic  opt ions. 

b.  Frequent  moni tor ing for  and pat ient and fami ly educat ion on s igns and symptoms 

of  poss ib le ant ichol inergic  adverse ef fec ts  is  a lways warranted when these drugs 

are prescribed in  the e lder ly.  

E. General  principles.  To a id  c l in ic ians in  provid ing appropr ia te  geria t r ic  drug 

therapy,  some genera l  pr inciples  have been developed. 

a.  Star t  wi th  a  low dose,  and t i t ra te the medicat ion dose slowly.  



b.  Owing to reduced renal  and hepat ic  funct ion,  the ha l f - l ives of  many drugs are 

pro longed in  the e lderly.  Select ion of agents  should involve cons iderat ion of  the 

spec i f ic  pharmacok inet ics  of each drug in  the geria t r ic  populat ion. 

c.  Rapid dose escalat ions prevent  a t ta inment  o f  the opt imal  therapeut ic  response 

because a steady-s tate concentrat ion of  the drug is  not  reached and increases the 

r isks for  developing an ADR. 

d.  The fewest  number of drugs should always be used to  t reat  pat ients. 

e.  A lways evaluate possib le  drug toxic i ty.  Ger ia t r ic  pat ients  can have atypica l  

presentat ions of  ADRs,  which may manifes t  as  CNS changes (e.g. ,  a l tered menta l  

s ta tus).  

f .  Review concomi tant  medicat ions and d iseases to  evaluate the possible  

in teract ions wi th  new drugs. 

g.  Reassess the need for  each medicat ion on a regular  bas is .  
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STUDY QUESTIONS 
Direct ions for questions 1-14:  Each of the quest ions,  s ta tements,  or incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

For questions 1-4:  AH is  a  1.2-kg female born premature ly a t 30 weeks of  

gestat ional  age.  Her mother  had an in fect ion wi th a  fever  a t the t ime of del ivery.  AH 

was admi t ted to  the neonatal  in tensive care uni t  for  presumed sepsis  and p laced on 

empir ic  ant ib io t ic  therapy wi th  ampici l l in (50 mg/kg IV every 12 hr)  and gentamic in  

(2 .5 mg/kg IV every 8 hr).  

1.  Which of  the fol lowing variables wil l  most  l ikely be used to calculate doses 

for AH's antibiot ics? 

(A)  height 

(B)  hepat ic  funct ion 

(C) weight 

(D)  age 

(E)  serum creat inine 

View Answer1.  The answer is  C[see] .2.  After the administrat ion of  four 

doses of  gentamicin,  a  serum concentrat ion obtained 5 min before the next 

dose was 2.5 µg /mL .  Which of  the fol lowing answers best describes the 

pharmacokinetic  di f ferences observed in premature neonates (compared to 

older chi ldren and adults)  that  might explain this value? 

(A)  larger  volume of  d is tr ibut ion,  longer hal f - l i fe 

(B)  larger  volume of  d is tr ibut ion,  shor ter hal f - l i fe 

(C)  smal ler  volume of  d is t r ibut ion,  longer ha l f - l i fe  

(D)  smal ler  volume of  d is t r ibut ion,  shorter  hal f - l i fe  

(E)  s imi lar vo lume of  d ist r ibut ion,  shor ter  ha l f - l i fe  

View Answer2.  The answer is  A[see; I .B.3.d] .3. Ampici l l in may exhibit 

pharmacokinetic  di f ferences in AH because of i ts  protein binding 



characterist ics.  Which of  the fol lowing answers best describes the effect  of  

AH's age on ampici l l in protein binding? 

(A)  increased prote in  bind ing,  resul t ing in a  greater  f ree f ract ion 

(B)  increased prote in  bind ing,  resul t ing in a  reduced f ree f rac t ion 

(C) decreased prote in b ind ing,  resu l t ing in  a greater  f ree f rac t ion 

(D) decreased prote in b ind ing,  resu l t ing in  a reduced f ree f rac t ion 

(E)  decreased prote in bind ing,  resu l t ing in  no sign i f icant  change in  f ree f rac t ion 

View Answer3.  The answer is  C[see] .4.  As the pharmacist  providing 

services for the neonatal  intensive care unit ,  you evaluate medicat ion orders 

and make recommendations to the medical  team. Which of  the fol lowing would 

be the most  appropriate recommendation for AH's care? 

(A)  Change to  oral  ant ib io t ics  for  better  absorpt ion. 

(B)  Double-check the calcu la t ions to  avoid decimal  errors . 

(C)  Di lute  the gentamic in wi th  a  larger  vo lume of  IV f lu ids  to  make i t  easier to  

measure. 

(D)  Use a pediat r ic -speci f ic  therapeut ic range for  moni tor ing gentamicin . 

(E)  Change to  sul famethoxazole and t r imethopr im (Bactr im) for s ingle-agent  

ant ibacter ial  coverage. 

View Answer4.  The answer is  B[seeand] .5.  You are counsel ing the 

grandmother of  a  3-year-old boy who has a prescript ion for 

amoxici l l in/clavulanate (Augmentin)  to treat  uncomplicated ot i t is  media.  Which 

of  the fol lowing issues would be least  l ikely to  affect  medicat ion adherence 

(compliance)? 

(A)  lack of educat ion about  the medicat ion 

(B)  cost 

(C)  dos ing in terva l  ( f requency)  

(D)  tas te 

(E)  autonomy 

View Answer5.  The answer is  E[see] .6. Which of  the fol lowing 

medicat ions is  safe to use in the third tr imester of  pregnancy? 

(A)  acetaminophen 

(B)  nonsteroidal  ant i - inf lammatory drugs 

(C) warfar in 

(D)  OxyCont in 

(E)  aspi r in 

View Answer6.  The answer is  A[seeand-b,-d] .P.772 

 

 

7.  Which of  the fol lowing medicat ions may have the potentia l  to cause fal ls in a 

geriatr ic  pat ient? 

(A)  ami t r ip ty l ine (Elavi l )  

(B)  t razodone (Desyre l )  

(C)  acetaminophen wi th  codeine 

(D) d iazepam 

(E) Al l  o f  the above 



View Answer7.  The answer is  E[seeand].8.  Placental  transfer of  a  drug is  

affected by al l  of  the fol lowing characterist ics except  

(A)  molecular  weight .  

(B)  fe ta l  gender. 

(C)  gestat ional  age. 

(D)  l ip id so lub i l i ty  of  the drug. 

(E)  p lasma prote in  binding. 

View Answer8.  The answer is  B[see] .9.  When selecting a benzodiazepine 

product for a  woman who has chronic panic disorder, a l l  of  the fol lowing drug 

propert ies are desirable for breast-feeding her 8-month-old infant who was 

born at term except  

(A)  hepat ic  metabol ism to inact ive metabol i tes . 

(B)  a  shor t  ha l f- l i fe .  

(C)  a  rap id onset  of  ac t ion. 

(D)  h igh l ip id  solubi l i ty .  

V iew Answer9.  The answer is  D[see] .10.  Drug safety in pregnancy of  a  

specif ic agent can be assessed best by 

(A)  the FDA c lass i f icat ion system, especial ly category C drugs. 

(B)  case repor ts .  

(C)  physic ian knowledge.  

(D)  databases,  such as REPROTOX.  

View Answer10. The answer is  D[seeand] .Brigg's Drugs in Pregnancy and 

Lactat ion.11.  Which of  the fol lowing drugs is  expected to cause 

antichol inergic adverse effects in the elderly?  

(A)  propoxyphene (Darvon) 

(B)  c iprof loxac in (Cipro) 

(C)  ami t r ip ty l ine (Elavi l )  

(D)  propranolo l  ( Inderal )  

(E)  c imet id ine (Tagamet) 

View Answer11. The answer is  C[see] .12.  Which of  the following 

antihypertensive agents should be avoided in elderly pat ients? 

(A)  amlodipine (Norvasc) 5  mg every day 

(B)  a tenolo l  (Tenormin)  25 mg every day 

(C) benazepri l  (Lotens in) 10 mg every day 

(D) hydrochloroth iazide (HydroDIURIL)  25 mg every day 

(E)  methyldopa (Aldomet)  250 mg three t imes a day 

View Answer12. The answer is  E[see] .13.  Which of  the following 

benzodiazepines is  expected to cause the least  amount of  adverse effects in 

the elderly?  

(A)  chlord iazepoxide (L ibr ium) 

(B)  d iazepam (Val ium) 

(C) f lurazepam (Dalmane) 

(D)  oxazepam (Serax)  

(E)  temazepam (Restori l )  



View Answer13. The answer is  D[see] .14.  Which of  the following factors 

is  associated with an increased r isk of  noncompliance in the elderly? 

(A)  polypharmacy 

(B)  hypertens ion 

(C) l iv ing wi th  a  spouse in  an iso la ted envi ronment 

(D)  expens ive medicat ions 

(E)  good re lat ionship wi th  phys ic ian 

View Answer14. The answer is  A[see] .Directions for questions 15-16:  The 

quest ions and incomplete s ta tements  in  this sect ion can be correct ly answered or  

completed by one or more  o f  the suggested answers.  Choose the answer,  A-E.  

15.  According to the principles of  drug excret ion into the breast milk, which 

combination of  the fol lowing propert ies would result in the highest  drug 

concentration in breast milk? 

I .  low molecular weight,  moderately l ipophi l ic 

I I .  low plasma protein bound, weakly basic 

I I I .  highly plasma protein bound, weakly acidic 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer15. The answer is  C[seeand] .16. Fol lowing principles of  

teratogenici ty,  drug exposure during the fol lowing t imes could cause fetal 

abnormali ties? 

I .  f i rst 2  weeks of  gestat ion 

I I .  weeks 3-8 of  gestat ion 

I I I .  the fetal period 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer16. The answer is  D[seeand] .P.773 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [see  I .D.1 ] .  

Most  pediat r ic doses are based on body weight .  Th is  s ing le var iab le  incorporates 

growth and maturat ion,  whi le  al lowing a s imple ca lcu la t ion for  dose.  Height  is  of ten 

d i f f icu l t  to  measure accurately in  chi ldren,  and the ca lcu la t ion of  body surface area 

is  typica l ly reserved for those drugs wi th  narrow therapeut ic  ind ices,  such as 

chemotherapy. 

2.  The answer is  A  [see  I .B.3.a; I .B.3.d ] .  



Aminoglycos ides such as gentamicin  exhib i t  a  larger  volume of  dist r ibut ion in  

neonates because of  thei r  larger  body water  content .  Neonates a lso typ ica l ly have a 

longer e l iminat ion ha l f - l i fe  as  the resul t  o f  having reduced renal funct ion dur ing the 

f i rst  6  months of  l i fe .  

3.  The answer is  C  [see  I .B.3.b; Table 37-2 ] .  

Neonates have both a reduced quant i ty o f  p lasma prote ins,  as  wel l  as a reduct ion in  

the af f in i ty o f  a lbumin to b ind to  o ther substances.  As a resul t ,  the f ree f rac t ion of  

many drugs,  inc lud ing ampic i l l in ,  is  increased. 

4.  The answer is  B  [see  I .D.1 and  2 ] .  

A l l  pediat r ic orders  should be carefu l ly checked for  ca lcu la t ion errors . Errors  are 

more common in  the pediat r ic  populat ion as the resul t  o f  weight-based dos ing and 

the need for  mathemat ica l  ca lcula t ions. The use of  the ora l  route would not  be 

advisable in  th is  pat ient,  because of  the potent ial  reduced drug absorpt ion.  

L ikewise, the di lut ion of  the dose wi th  more IV f lu id  or  the use of  a  su l fa  drug would 

not  be appropria te  for  this  pat ient 's  age.  F ina l ly,  the therapeut ic  range for  

gentamicin  is the same in  pediat r ic  pat ients  as in adul ts .  

5.  The answer is  E  [see  I .G ] .  

Whi le  the other  opt ions are al l  important  aspects o f  counsel ing to  enhance 

medicat ion adherence in chi ldren, autonomy (the ab i l i ty  to  provide se l f -care or  g ive 

medicat ions independently)  would not  be a cons iderat ion for  a  3-year-old  ch i ld .  

Autonomy becomes a much more cr i t ica l  issue in  determin ing adherence in  

adolescence. 

6.  The answer is  A  [see  I I .B.3.e. (1)  and  (2) ;  I I .4a,  b -c  and  d ] .  

Acetaminophen is  a  safe and ef fect ive analgesic  that  can be used in  therapeut ic  

doses during pregnancy.  NSAIDs may in ter fere wi th  the onset or  progress of  labor  

when used in  the th ird  tr imester.  NSAIDs and warfar in ,  when used near del ivery,  

may cause b leeding problems in  the newborn infant .  In  addit ion,  warfar in use in the 

th i rd  t r imester  may be assoc iated wi th  feta l  CNS abnormal i t ies .  OxyCont in  use in  

the th i rd  t r imester  may induce neonata l  wi thdrawal  fo l lowing del ivery. 

7.  The answer is  E  [see  IV.D.4.b and  c ] .  

Medicat ions that  can cause or thostat ic  hypotens ion,  drowsiness,  d izziness,  blurred 

vis ion,  or  confusion have the potent ial  to cause fal ls in ger iat r ic  pat ients .  Thus al l  o f  

the medicat ions l is ted may put  the pat ient  a t  a fal l  r isk . 

8.  The answer is  B  [see  I I .B.2 ] .  

Fetal  gender does not  a ffec t p lacenta l  t ransfer  of a  drug. The molecular weight  and 

the l ip id  solub i l i ty  of  a  drug great ly inf luence i ts  ab i l i ty  to cross the p lacenta l  

membranes.  Plasma prote in  b ind ing af fec ts  the amount  o f  f ree drug avai lab le  to 

cross the p lacenta.  Gestat ional  age in f luences the vo lume of  d is t r ibut ion of  the drug 

as wel l  as  the th ickness of  the placental  membranes. 

9.  The answer is  D  [see  I I I .C; I I I .F .1.a ] .  

When any drug is  used by a nurs ing mother,  i t  is  desi rab le to  have the least  amount 

o f  ac t ive drug avai lab le  in  the maternal  c i rcu la t ion to  d i f fuse in to  the breast  mi lk .  A 

rap id ly ac t ing ( for maternal  onset o f  act ion) ,  rapid ly e l iminated ( i .e . ,  short  hal f - l i fe)  

drug wi th inact ive metabol i tes is  opt imal .  I f  the drug is  h igh ly l ip id  soluble,  i t  is  

more l ikely to pass in to  breast  mi lk.  



10.  The answer is  D  [see  I I .B.3.c  and  d ] .  

The FDA classi f icat ion system does not  assess r isk  wel l  in  category C drugs.  

Category A and to  some extent  category B drugs have been shown to  be safest  in  

pregnancy.  Case repor ts o f  pregnancy exposures tend to b ias data toward adverse 

outcomes.  The best  source of  in format ion is  f rom avai lable  databases,  such as 

REPROTOX or  Ter is ,  or wi th  publ ished books such as Brigg 's  Drugs in  Pregnancy 

and Lactat ion.  
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11.  The answer is  C  [see  IV.D.5.a;  Table 37-5 ] .  

Tr icyc l ic  ant idepressants are an establ ished cause of  ant ichol inergic  adverse 

ef fec ts  in  the elder ly.  When these agents  are indicated,  nor t r ip ty l ine and 

desipramine are associated wi th  a lower inc idence o f  ant ichol inergic  ADRs and are 

more des irable a l ternat ives. 

12.  The answer is  E  [see  IV;  Table 37-4 ] .  

The use of methyldopa should be avoided in  e lder ly pat ients owing to  r isk of  CNS 

adverse ef fec ts  and hypotens ion. 

13.  The answer is  D  [see  IV.D.4.c ;  Table 37-4 ] .  

Chlord iazepoxide,  d iazepam, and f lurazepam should be avoided in  elderly pat ients  

owing to act ive metabol i tes  and long-e l iminat ion ha l f- l ives.  Oxazepam represents  

the safest  al ternat ive because of  a  rela t ive ly shor t  hal f - l i fe ,  absence of  ac t ive 

metabol i tes,  and i t  is  devoid of  phase I  hepat ic metabol ism. 

14.  The answer is  A  [see  IV.A.1.e ] .  

Lower soc ioeconomic s ta tus,  l iv ing alone,  po lypharmacy,  compl icated drug 

reg imens, poor  re lat ionships wi th  heal thcare providers,  and mul t ip le disease s tates 

are al l  r isk  fac tors  for  noncompl iance in  the geriat r ic populat ion. 

15.  The answer is  C  ( I ,  I I )  [see  I I I .B.1, 2 ,  3 ,  4  and  5 ] .  

High-molecular-weight  substances are less l ikely to  pass in to  breast  mi lk  because of  

the ir  s ize.  Drugs that  are h igh ly plasma protein  bound may reach the breast  mi lk  

on ly in  smal l  amounts ,  because a large por t ion of  the drug is  bound to  the maternal  

p lasma proteins  and, therefore,  on ly a smal l  amount  is  f ree to d i f fuse into breast 

mi lk .  A low-molecular-weight,  moderate ly l ipophi l ic  drug passes eas i ly in to breast 

mi lk .  A drug that has a low degree of p lasma prote in b inding has a s igni f icant  

amount o f  drug f ree to  di f fuse in to breast  mi lk .  A weak ly bas ic  drug may ion ize af ter  

reaching the breast mi lk  and therefore remain t rapped in  the mi lk .  

16.  The answer is  D  ( I I ,  I I I )  [see  I I .A.1,  2  and  3 ] .  

Dur ing f i rs t  2  weeks af ter  fer t i l i zat ion,  the embryo is  impervious to  teratogens.  Any 

exposure during this  t ime wi l l  have ei ther  no ef fec t  or  the embryo wi l l  be dest royed.  

Dur ing the remaining weeks of the pregnancy,  teratogens may exer t  e f fects  on the 

fe tus.  Teratogenic  e f fec ts  are not  a lways s tructura l  in  nature;  they can be funct ional  

or  behaviora l .  Therefore, exposures dur ing the feta l  per iod can also be problematic.  

 



38 
Clinical Laboratory Tests 
Byron D.  May 

I. GENERAL PRINCIPLES 
A. Laboratory tests  are per formed for  mul t ip le  purposes,  inc lud ing to  discover  a  

d isease, conf i rm or  d i f ferent ia te a d iagnosis ,  s tage or c lassi fy a  d isease, and 

moni tor e ffec t iveness of  therapy. 

B. Laboratory tests are classified as screening or diagnostic.  Screening tes ts 

are used in  pat ients  wi th no s igns or symptoms of  a  disease (e.g. ,  serum cholestero l  

for  assess ing card iovascular d isease r isk) .  Diagnost ic  tes ts are done in pat ients  

wi th  s igns and symptoms of  disease or  wi th  an abnormal  screening test .  

C. Monitoring drug therapy 

1.  Laboratory test  results  are used to invest igate potent ial  problems wi th  a 

pat ient 's  anatomy or  phys iology.  Pharmacis ts  usual ly moni tor  laboratory tes ts  to 

a.  Assess the therapeutic and adverse effects of  a  drug  (e .g .,  moni tor ing the 

serum ur ic  ac id  leve l  a f ter  al lopurinol  is  administered, checking for increased l iver 

funct ion test  va lues after administ ra t ion of isoniazid)  

b.  Determine the proper drug dose  (e .g . ,  assessment  o f  the serum creat in ine or  

c reat inine c learance va lue before use of  a  renal ly excreted drug) 

c.  Assess the need for addit ional  or a l ternate drug therapy (e .g . ,  assessment  of  

whi te  b lood ce l l  count  after  an ant ib iot ic  is  adminis tered) 

d.  Prevent test misinterpretat ion resulting from drug interference  (e .g . ,  

determinat ion of a  fa lse-posi t ive resul t  for  a  ur ine g lucose tes t a f ter  cephalospor in 

adminis t ra t ion) 

2.  These tes ts  can be expensive,  and requests  for  them must be balanced against 

potent ia l  benef i ts for pat ients  and how the laboratory tes t  wi l l  a f fect  your decis ion 

regard ing therapy.  Genera l ly,  lab tes ts  should be ordered only i f  the resul ts  wi l l  

a f fec t  the dec is ions about  the management  o f  the pat ient .  

B. Defini t ion of  normal  values  

1.  Normal laboratory test  results  fa l l  wi thin  a  predetermined range of  va lues, and 

abnormal values  fa l l  outs ide that range.  The normal range of  a  laboratory tes t is  

usual ly determined by apply ing s tat is t ical  methods to  resul ts  f rom a representat ive 

sample of  the genera l  populat ion.  Usual ly,  the mean ± 2 standard deviat ions is  

taken as the normal  range. 

a.  Normal l imits may be def ined somewhat arbitrari ly;  thus values outs ide the 

normal  range may not  necessar i ly  indicate d isease or  the need for  treatment  (e.g. ,  

asymptomatic hyperur icemia).  

b.  Many fac tors (e .g. ,  age,  sex,  t ime since las t  meal ) must be taken into  account  

when evaluat ing tes t  resu l ts .  

c.  Normal values also vary among inst i tutions  and may depend on the method 

used to  per form the tes t .  

d.  The goal  is  not  to  make a l l  laboratory va lues normal ;  resist  urges to  do 

someth ing in  a c l in ica l ly s tab le pat ient .  



e.  At tempts  have been made in  recent years  to  standard ize the presentat ion of  

laboratory data by using the In ternat ional  System of  Uni ts  (SI uni ts ) .  Controversy 

surrounds th is  issue in  the Uni ted States,  and res is tance to adopt this  system 

cont inues.  The SI  un i t  o f  measure is  a  method of report ing c l in ical  laboratory data in  

a  s tandard metr ic  format.  The bas ic  un i t  of  mass for  the SI is  the mole.  The mole is  

not  in f luenced by the addi t ion of  excess weight of  sal t  or  es ter  formulat ions.  

Technical ly and pharmacolog ica l ly,  the mole is  more meaningfu l  than the gram 

because each phys io log ica l  react ion occurs on a molecular  leve l .  

Ef for ts  to  implement  the SI  system began in  the 1970s,  resu l t ing in the adopt ion of  

fu l l  SI - t rans i t ion po l ic ies by a few major  medica l  and pharmaceutical  journals  in  the 

1980s. Reluctance  
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to  use th is  system by many c l in ic ians in  the Uni ted States has forced changes in the 

po l ic ies  by some journals  to repor t  both convent ional  and SI uni ts  or to  repor t  the 

convers ion fac tor between the two systems.  I t  is  s t i l l  controversia l  which method 

should be used to  repor t  c l in ical  laboratory va lues.  There are arguments  for  and 

against  the un iversal  convers ion to  the SI  system. Readers  should be aware that  

some journals  repor t  SI  and/or  convent ional  un i ts  in  the i r  text .  Par t icu lar a t tent ion 

should be paid to  the uni ts  assoc iated wi th  a repor ted laboratory va lue,  and access 

to  a conversion tab le  may be necessary to  avoid confus ion in  the in terpretat ion of  

the data.  When appropr ia te ,  both convent ional  and SI uni ts  wi l l  be reported in  th is  

chapter.  

2.  Laboratory error  must  a lways be cons idered when test  results do not correlate 

with expected results for a  given pat ient .  I f  necessary,  the tes t should be 

repeated.  Common sources of  laboratory error  include spoi led spec imens, 

incomplete specimens,  specimens taken at  the wrong t ime, fau l ty reagents ,  

technical  errors ,  incorrect  procedures,  and fai lure  to  take d iet  or medicat ion in to 

account .  

3.  During hospi tal  admiss ion or rout ine physical  examinat ion,  a battery of  tests  is  

usual ly g iven to augment the h is tory and phys ica l  examinat ion.  Basic  tes ts  may 

include an elec t rocard iogram (ECG),  a chest  x- ray,  a  sequent ia l  mul t ip le analyzer  

(SMA) prof i le,  electrolyte tests, a  complete blood count (CBC),  and urinalysis.  

C. Quantitat ive tests,  qual i tat ive tests, and analyt ical  performance  

1.  Tests  wi th  normal  va lues repor ted in  ranges ( i .e . ,  3 .5-5.0 mEq/L) are ca l led 

quanti tat ive.  

2.  Tests  wi th  pos i t ive (+) or  negat ive (- )  outcomes are ca l led qual i tat ive.  

3.  Those wi th  varying degrees of  posi t iv i ty (e .g. ,  1+,  2+,  3+ g lucose in  the ur ine)  are 

termed semiquanti tat ive.  

4.  The qual i ty of  a quant i ta t ive assay is  measured in terms of accuracy (accuracy is  

def ined as the extent  to  which mean measurement  is  c lose to the t rue va lue) .  

Precision  re fers  to  the reproduc ibi l i ty  o f  the assay.  

II. HEMATOLOGICAL TESTS. 



Blood conta ins  three types of  formed e lements :  red blood ce l ls (RBCs),  whi te b lood 

ce l ls (W BCs),  and p la tele ts  (F igure 38-1) .  A CBC inc ludes hemoglobin (Hb),  

hematocr i t  (Hct) ,  to ta l  WBCs,  to tal  RBCs,  mean ce l l  volume (MCV),  and pla te le t  

count .  

 

Figure 38-1. Derivation of blood elements from 
stem cells. Cells located below the horizontal line 
are found in normal peripheral blood, with the 
exception of the late normoblasts. 
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A. RBCs (erythrocytes)  

1.  The RBC count,  which repor ts  the number of RBCs found in a  cubic  mi l l imeter 

(mm3 )  of  whole b lood,  provides an ind irec t  es t imate of the blood 's  Hb content .  

Normal values  are 

a.  4 .3-5.9 mi l l ion/mm 3  o f  b lood for  men (× 101 2 /L) 

b.  3 .5-5.0 mi l l ion/mm 3  of  b lood for  women (× 10 1 2 /L) 

2.  The Hct or packed cel l  volume (PCV)  measures the percentage by vo lume of  

packed RBCs in a  whole b lood sample af ter centr i fugat ion.  The Hct  value is  usual ly 

three t imes the Hb va lue (see I I .A.3) and is  g iven as a percent or  f rac t ion of  1  (42%-

52% or  0.42-0.52 for  men;  37%-47% or  0 .37-0.47 for  women). 

a.  Low Hct  va lues indicate such condi t ions as anemia,  overhydrat ion,  or  b lood loss. 

b.  High Hct  values indicate such condit ions as po lycythemia vera or dehydrat ion. 

3.  The Hb test  measures the grams of Hb conta ined in  100 mL (1 dL)  or  1 L of  

whole b lood and provides an est imate of  the oxygen-carry ing capac i ty of  the RBCs.  

The Hb va lue depends on the number of  RBCs  and the amount of Hb in each RBC.  

a.  Normal values  are 14-18 g/dL for men and 12-16 g/dL for women. 

b.  Low Hb  va lues ind icate anemia. 

4.  RBC indices  (a lso known as Wintrobe indices )  provide important  in formation 

regard ing RBC s ize, Hb concentrat ion,  and Hb weight .  They are used pr imar i ly to 

categorize anemias, a l though they may be af fec ted by average ce l l  measurements .  

A peripheral  blood smear can provide most  o f the in format ion obta ined through RBC 

indices. Observat ions of  a  smear may show var ia t ion in  RBC shape 

(poikilocytosis ) ,  as  might  occur  in  s ickle-cel l  anemia,  or  i t  may show a var iat ion in  



RBC s ize (anisocytosis ) ,  as might  occur  in  a  mixed anemia ( fol ic  ac id  and i ron 

def ic iency) .  

a.  MCV  is  the ra t io  of  the Hct to  the RBC count .  I t  essent ia l ly  assesses average 

RBC s ize and ref lec ts  any an isocytosis.  

 

(1)  Low MCV  indicates microcytic  (undersize)  RBCs,  as  occurs in i ron def ic iency. 

(2)  High MCV  ind icates macrocytic  (oversize)  RBCs,  as  occurs in a  v i tamin B1 2  or  

fo l ic  acid  def ic iency. 

(3)  Normal range for MCV  is  90 ± 10. 

b.  Mean cel l  hemoglobin (MCHb)  assesses the amount o f  Hb in  an average RBC. 

(1)  MCHb is  def ined as: 

 

(2)  Normal range for MCH  is  30 ± 4. 

c.  Mean cel l  hemoglobin concentrat ion (MCHbC)  represents  the average 

concentrat ion of  Hb in  an average RBC, def ined as: 

 
(1)  Normal range for MCHC  is  34 ± 3. 

(2)  Low MCHbC  indicates hypochromia  (pa le  RBCs resul t ing from decreased Hb 

content) ,  as  occurs  in  i ron def ic iency. 

d.  Red blood cel l  distr ibution width (RDW)  is  a re la t ively new index of  RBCs.  

Normal ly,  most  RBCs are approximate ly equal  in s ize, so that  on ly one bel l -shaped 

h istogram peak is  generated.  Disease may change the s ize of  some RBCs—for 

example, the gradual  change in  s ize of  newly produced RBCs in  fo l ic  acid or  i ron 

def ic iency.  The di f ference in s ize between the abnormal  and the less abnormal  

RBCs produces ei ther  more than one histogram peak or a  broadening of  the normal 

peak.  This  va lue is used pr imar i ly wi th  o ther tes ts to  diagnose i ron-def ic iency 

anemia. 

(1)  An increased RDW  is  found in  fac tor-def ic iency anemia (e.g.,  i ron, fola te ,  

v i tamin B1 2 ) .  

(2)  A normal RDW  is  found in  such condit ions as anemia of chronic d isease. 

(3)  The RDW index  is  never  decreased. 

P.778 

 

 

5.  The reticulocyte count  provides a measure of  immature RBCs (re t icu locytes) ,  

which conta in  remnants  of  nuclear material  ( ret icu lum).  Normal  RBCs c i rcu la te in  

the b lood for  about  1-2 days in  this form.  Hence, th is  tes t provides an index of  bone 

marrow product ion of  mature RBCs. 

a.  Ret icu locytes normal ly make up 0.1%-2.4% of  the to tal  RBC count .  



b.  Increased ret iculocyte count  occurs  wi th  such condi t ions as hemolyt ic  anemia,  

acute b lood loss,  and response to the t reatment  o f  a  fac tor def ic iency (e .g. ,  an i ron,  

v i tamin B1 2 ,  or  fo late  def ic iency) .  Polychromasia  ( the tendency to  s tain  wi th  acid ic  

or  bas ic  dyes) noted on a peripheral  smear laboratory repor t  usual ly indicates 

increased ret icu locytes. 

c.  Decreased ret iculocyte count  occurs  wi th  such condi t ions as drug-induced 

aplast ic anemia. 

6.  The erythrocyte sedimentat ion rate (ESR)  measures the ra te of  RBC set t l ing of  

whole,  uncoagulated blood over t ime,  and i t  pr imar i ly re f lec ts  p lasma composi t ion. 

Most  o f  the sedimentat ion ef fect  resul ts  f rom a l terat ions in plasma proteins . 

a.  Normal ESR rates  range f rom 0 to  20 mm/hr for  males and f rom 0 to 30 mm/hr  

for  females. 

b.  ESR values increase  wi th  acute or  chronic  in fec t ion,  t issue necros is  or  

in farc t ion,  wel l -es tabl ished mal ignancy,  and rheumato id co l lagen diseases. 

c.  ESR values  are used to 

(1)  Fol low the c l in ical  course of a  d isease 

(2)  Demonstrate the presence of  occul t  organic  d isease 

(3)  Di f ferent ia te  condi t ions wi th  s imi lar symptomato logy—for  example,  angina 

pector is  (no change in  ESR value) as  opposed to a myocard ia l  in farct ion ( increase 

in  ESR value) 

B. WBCs ( leukocytes)  

1.  The WBC count  reports  the number of W BCs in  a  cubic  mi l l imeter  of  whole blood. 

a.  Normal values  range f rom 4,000 to  11,000 W BC/mm3 .  

b.  Increased WBC count ( leukocytosis)  usual ly s ignals  in fect ion;  i t  may a lso resul t  

f rom leukemia, t issue necros is  or admin is t rat ion of  cor t icosteroids .  I t  is  most  o f ten 

found wi th  bacterial infect ion.  

c.  Decreased WBC count ( leukopenia)  indicates bone marrow depress ion,  which 

may resul t  f rom metastat ic  carc inoma,  lymphoma, or  toxic  react ions to  substances 

such as ant ineoplast ic  agents . 

2.  The WBC dif ferentia l  eva luates the d is t r ibut ion and morphology of  the f ive major  

types of  W BCs: the granulocytes  (neutrophi ls,  basophi ls ,  eosinophi ls )  and the 

nongranulocytes  ( lymphocytes,  monocytes ) .  A certa in  percentage of each type 

makes up the to tal  W BC count  (Table 38-1) .  

a.  Neutrophils  may be mature or  immature. Mature neutrophi ls  are 

polymorphonuclear leukocytes  (PMNs),  a lso referred to as po lys , segmented 

neutrophi ls ,  or  segs; immature neutrophi ls are re ferred to  as bands  or stabs. 

(1)  Chemotaxis.  Neutrophi ls  that  phagocytize and degrade many types of  

part ic les  serve as the body's  f i rs t  l ine of  defense when t issue is  damaged or  foreign 

mater ial  ga ins entry.  They congregate at  s i tes  in  response to  a spec i f ic  s t imulus,  

through a process known as chemotaxis .  

Table 38-1. Normal Percentage Values for White Blood Cell (WBC) Differential 



Cell Type Normal Range of Values (%)

Polymorphonuclear leukocytes 50-70 

Bands 3-5 

Lymphocytes 20-40 

Monocytes 0-7 

Eosinophils 0-5 

Basophils 0-1 
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Table 38-2. Examples of Changes in Total White Blood Cell (WBC) Count and 
WBC Differential in Response to Bacterial Infection 

  WBC Count 
Cell Type Normal With Bacterial 

Infection 

Total WBCs 8,000 
(100%) 

15,500 (100%) 

Neutrophils   

 
Polymorphonuclear 
leukocytes 

60% 82% 

 Bands 3% 6% 

Lymphocytes 30% 10% 

Monocytes 4% 1% 



Eosinophils 2% 1% 

Basophils 1% 0% 
 

(2)  Neutrophil ic leukocytosis.  Th is  describes a response to  an appropria te  

s t imulus in  which the to ta l  neutrophi l  count  increases,  o f ten wi th  an increase in the 

percentage of immature ce l ls (a shif t to the left ) .  Th is  may represent  a  systemic 

bacter ia l  infect ion,  such as pneumonia (Table 38-2) .  

(a)  Certain viruses  (e .g.,  chickenpox,  herpes zoster) ,  some rickettsial  diseases  

(e .g .,  Rocky Mountain  spot ted fever) ,  some fungi,  and stress  (e .g . ,  physica l  

exerc ise,  acute hemorrhage or  hemolysis,  acute emot ional  st ress) may a lso cause 

th is  response. 

(b)  Other  causes include inf lammatory diseases  (e .g. ,  acute rheumat ic  fever ,  

rheumato id arthr i t is ,  acute gout),  hypersensit ivi ty react ions to drugs,  t issue 

necrosis  (e .g. ,  f rom myocard ia l  in farct ion,  burns,  cer tain  cancers) ,  metabol ic 

disorders  (e .g. ,  uremia, d iabet ic  ketoac idos is) ,  myelogenous leukemia,  and use of  

certain drugs  (e .g .,  ep inephr ine,  l i th ium). 

(3)  Neutropenia,  a  decreased number of neutrophi ls ,  may occur  wi th an 

overwhelming infection of  any type  (bone marrow is  unable to  keep up wi th  the 

demand).  I t  may a lso occur  wi th  certain viral infect ions  (e .g. ,  mumps,  measles) ,  

wi th  id iosyncrat ic  drug react ions,  and as a resul t  of  chemotherapy.  Neutropenia is  

def ined as an absolute neutrophi l  count  (ANC) of < 1000 cel ls /mm 3 .  Some def ine 

absolute neutropenia as an ANC of  < 500 ce l ls /mm 3 .  The ANC is  ca lcula ted by 

mult ip ly ing the percent of  neutrophi ls by the to tal  W BC count :  

WBC = 4000/mm 3  

neutrophi ls  = 60% 

ANC = 4000 × 0.6 = 2400 ce l ls /mm3  

b.  Basophils  s ta in deeply wi th  b lue basic  dye.  Thei r  funct ion in  the c i rcu lat ion is  

not  c lear ly understood;  in  the t issues,  they are re ferred to  as mast cel ls.  

(1)  Basophi l ia,  an increased number of  basophi ls ,  may occur  wi th  chronic  

myelogenous leukemia (CML) as wel l  as  other condi t ions. 

(2)  A decrease in basophi ls  is  general ly not  apparent because of  the smal l  numbers 

of  these ce l ls in the blood. 

c.  Eosinophi ls  s tain  deep red wi th  acid  dye and are c lass ical ly associated wi th  

immune react ions.  Eosinophi l ia ,  an increased number of eos inophi ls ,  may occur  



with such condit ions as acute allergic react ions  (e .g . ,  asthma, hay fever,  drug 

al lergy)  and parasit ic  infestat ions  (e .g .,  t r ich inos is ,  amebias is) .  

d.  Lymphocytes  p lay a dominant  ro le  in  immunologica l  ac t iv i ty and appear to 

produce ant ibodies.  They are c lassi f ied as B lymphocytes or  T lymphocytes;  T 

lymphocytes are fur ther  d iv ided in to  he lper- inducer  ce l ls  (TH4 cel ls )  and suppressor  

ce l ls (TH8 ce l ls ) .  

(1)  Lymphocytosis,  an increased number of lymphocytes,  usual ly accompanies a 

normal  or  decreased to ta l  W BC count and is  most  commonly caused by viral  

infection.  

(2)  Lymphopenia,  a  decreased number of lymphocytes,  may resul t  f rom severe 

debi l i tat ing i l lness,  immunodeficiency,  or  f rom AIDS,  which has a propens i ty to  

a t tack TH4 cel ls .  

(3)  Atypical  lymphocytes  ( i .e . ,  T lymphocytes in  a  s tate of  immune act ivat ion) are 

c lass ica l ly assoc iated wi th  infectious mononucleosis.  
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e.  Monocytes  are phagocyt ic ce l ls .  Monocytosis,  an increased number of 

monocytes, may occur wi th  tuberculosis (TB),  subacute bacteria l endocardit is ,  

and during the recovery phase of  some acute infect ions.  

C. Platelets ( thrombocytes) .  These are the smal lest  formed e lements in  the blood,  

and they are invo lved in  blood clott ing  and vi ta l  to  the format ion of  a  hemostat ic 

p lug after  vascular  in jury.  

1.  Normal values for a platelet  count  are 150,000-300,000/mm 3  (1 .5-3.0 × 101 1 /L) .  

2.  Thrombocytopenia,  a decreased pla te le t  count ,  can occur wi th  a  varie ty o f  

condi t ions, such as id iopath ic  thrombocytopenic  purpura or ,  occas ional ly,  f rom such 

drugs as qu in id ine and su l fonamides. 

a.  Thrombocytopenia is  moderate  when the pla te le t count  is  < 100,000/mm 3 .  

b.  Thrombocytopenia is  severe  when the p la tele t count  is < 50,000/mm 3 .  

III. COMMON SERUM ENZYME TESTS. 
Small  amounts  of  enzymes (cata lysts) c i rcu late in  the blood at  al l  t imes and are 

re leased in to  the blood in  larger quant i t ies when t issue damage occurs . Thus serum 

enzyme leve ls  can be used to  aid in the diagnosis of  certain diseases.  

A. Creat ine kinase (CK)  

1.  Creat ine k inase—former ly known as creat ine phosphok inase (CPK)—is found 

pr imar i ly in hear t  muscle,  ske letal  muscle,  and bra in  t issue. 

2.  CK leve ls  are used pr imar i ly to aid in the diagnosis of  acute myocardial  

(F igure 38-2)  or skeletal muscle damage.  However,  v igorous exerc ise,  a  fa l l ,  or  

deep in t ramuscular  in ject ions can cause s ign i f icant  increases in  CK leve ls.  

3.  The isoenzymes  o f  CK—CK-MM,  found in  skeleta l  musc le;  CK-BB,  found in  bra in  

t issue;  and CK-MB,  found in hear t  muscle—can be used to  d i f ferent ia te  the source 

of  damage. 

a.  Normal ly,  serum CK levels are v i r tua l ly a l l  the CK-MM isoenzyme.  

b.  Increase in  CK-MB  leve ls  provides a sensi t ive indicator o f myocard ial  necrosis.  



 

Figure 38-2. The increase of serum creatine 
kinase (CK), lactate dehydrogenase (LDH), and 
aspartate aminotransferase (AST) levels after a 
myocardial infarction. 
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B. Lactate dehydrogenase (LDH)  

1.  LDH cata lyzes the in terconversion of lac tate and pyruvate and represents  a group 

of  enzymes present  in  a lmost  al l  metabol iz ing ce l ls .  

2.  Five ind iv idual  isoenzymes  make up the to tal  LDH serum level .  

a.  LDH1  and LDH2  appear pr imari ly in  the heart .  

b.  LDH3  appears  pr imari ly in  the lungs. 

c.  LDH4  and LDH5  appear pr imari ly in  the l iver  and skeleta l  muscles . 

3.  The dist r ibut ion pat tern of  LDH isoenzymes may a id  in  d iagnosing myocard ia l  

in farc t ion,  hepat ic  disease,  and lung d isease. 

C. Alkal ine phosphatase (ALP)  

1.  ALP is  produced primar i ly in  the l iver  and bones.  

2.  Serum ALP leve ls  are part icularly sensit ive to part ia l  or mild bi l iary 

obstruct ion—either ext rahepat ic  (e .g. ,  caused by a s tone in the bi le duct)  or  

in t rahepat ic ,  both of  which cause levels to increase. 

3.  Increased osteoblastic  act ivi ty,  as  occurs in Paget d isease,  

hyperparathyro idism, osteomalac ia ,  and others ,  also increases serum ALP leve ls .  

D. Aspartate aminotransferase (AST)  

1.  Asparta te aminotransferase—former ly known as serum glutamic-oxaloacetic  

transaminase (SGOT)—is found in  a  number of  organs,  pr imari ly in  hear t  and l iver  

t issues and,  to  a  lesser  extent ,  in skeleta l  muscle ,  k idney t issue,  and pancreat ic  

t issue. 

2.  Damage to the heart  (e .g .,  f rom myocardial  infarct ion )  resu l ts  in  increased AST 

leve ls  about  8 hr  a f ter  in jury (Figure 38-2).  

a.  Levels  are increased markedly wi th  acute hepati t is;  they are increased mildly 

wi th  cirrhosis  and a fatty l iver.  

b.  Levels are also increased  wi th  passive congestion of  the l iver,  such as occurs  

in  congest ive hear t  fa i lure (CHF). 

E. Alanine aminotransferase (ALT)  



1.  A lan ine aminotransferase—formerly known as serum glutamic-pyruvic 

transaminase (SGPT)—is found in  the l iver ,  wi th lesser amounts  in  the hear t ,  

ske leta l  musc les, and k idney. 

2.  A l though ALT va lues are relat ively specif ic  for l iver cel l  damage,  ALT is  less 

sensit ive than AST,  and extens ive or  severe l iver  damage is  necessary before 

abnormal ly increased leve ls are produced. 

3.  ALT also increases less consistently and less markedly than AST after an 

acute myocardial  infarct ion.  

F.  Cardiac troponins ( I ,  T,  and C)  

1.  Troponins are a relat ive ly new method to ident i fy myocardial  ce l l  in jury and thus 

ass is t  in  the d iagnosis  o f acute myocardial  in farc t ion. These t roponins may possess 

super ior  spec i f ic i ty in  s i tuat ions in  which fa lse-pos i t ive elevat ions of  CK-MB are 

l ike ly.  

2.  Troponin T is  found in card iac  and skeleta l  muscle ,  t roponin I  is  found only in  

cardiac  muscle,  and t roponin C is  present  in  two isoforms found in  ske letal  and 

cardiac muscle.  Troponin T has shown prognost ic  va lue in  unstab le angina and in  

detect ing minor myocardia l  cel l  in jury wi th  greater  sensi t iv i ty than CK-MB. 

3.  The normal va lue for  troponin T is  < 0.1 ng/mL and I  is  < 1.5 ng/mL. 
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IV. LIVER FUNCTION TESTS 
A. Liver enzymes  

1.  Levels of certain enzymes  (e .g . ,  LDH, ALP,  AST,  ALT) increase with l iver 

dysfunction  (see I I I ) .  

2.  These enzyme tests indicate only that  the l iver has been damaged.  They do 

not  assess the l iver 's  ab i l i ty  to  funct ion.  Other  tests  provide ind icat ions of  l iver  

dysfunct ion. 

B. Serum bi l i rubin  

1.  B i l i rub in ,  a  breakdown product  of  Hb, is  the predominant pigment in bi le .  

Ef fect ive b i l i rub in  conjugat ion and excret ion depend on hepatobi l iary function  and 

on the rate of  RBC turnover.  

2.  Serum b i l i rub in  leve ls  are reported as total  bi l irubin  (conjugated and 

unconjugated)  and as direct  bil i rubin  (conjugated only) .  

a.  B i l i rub in  is  re leased by Hb breakdown and is  bound to a lbumin as water- inso luble 

indirect  bi l i rubin  (unconjugated bi l i rub in),  which is  not  f i l tered by the g lomeru lus. 

b.  Unconjugated bil i rubin  t ravels to the l iver ,  where i t  is  separated f rom a lbumin, 

conjugated wi th  d iglucuronide,  and then act ive ly secreted in to  the bi le  as  

conjugated bi l i rubin  (d irec t b i l i rub in) ,  which is f i l tered by the g lomerulus (F igure 

38-3).  

3.  Normal values of  total  serum bi l i rubin  are 0.1-1.0 mg/dL (2-18 mmol/L) ;  o f  

direct  bi l i rubin,  0.0-0.2 mg/dL (0-4 mmol/L) .  

4.  An increase in serum bi l i rubin  resul ts in  jaundice  f rom b i l i rub in  deposi t ion in  

the t issues.  There are three major  causes of  increased serum b i l i rub in . 



a.  Hemolysis  increases to tal  bi l i rubin ; d irect  bi l i rub in  (conjugated)  is  usual ly normal 

or  s l ight ly increased.  Urine co lor  is  normal ,  and no b i l i rubin  is  found in  the ur ine. 

 

Figure 38-3. Bilirubin metabolism. 
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b.  Bi l iary obstruct ion,  which may be int rahepat ic  (as  wi th  a  ch lorpromazine 

react ion)  or  ext rahepat ic (as wi th  a  b i l iary s tone),  increases to tal  bi l i rub in and d i rec t 

b i l i rubin;  in t rahepat ic  cholestas is  (e .g. ,  f rom chlorpromazine)  may increase d irect  

b i l i rubin as wel l .  Urine co lor is  dark , and bi l i rubin  is  present in the ur ine. 

c.  Liver cel l  necrosis,  as  occurs in v i ral  hepat i t is ,  may cause an increase in both 

d i rec t  b i l i rub in  (because in f lammat ion causes some b i le  s inusoid blockage) and 

indi rec t  bi l i rub in (because the l iver 's  ab i l i ty  to  conjugate is  al tered).  Ur ine color  is 

dark,  and b i l i rub in  is  present  in  the ur ine. 

C. Serum proteins  

1.  Primary serum proteins  measured are albumin  and the globul ins  ( i .e . ,  α,  β,  γ ) .  

a.  Albumin  (4 .0-6.0 g/dL)  mainta ins  serum oncot ic  pressure and serves as a 

t ransport  agent .  Because i t  is  pr imar i ly manufactured by the l iver ,  l iver  d isease can 

decrease a lbumin levels .  

b.  Globul ins  (23-35 g/L) funct ion as t ransport  agents  and p lay a role  in  cer tain  

immunological  mechanisms. A decrease in  a lbumin leve ls  usual ly resu l ts  in  a  

compensatory increase in  g lobul in  product ion. 

2.  Normal values  for  to ta l  serum prote in  leve ls  are 6.0-8.0 g/dL (60-80 g/L) .  

V. URINALYSIS. 
Standard ur inalys is  provides bas ic  in format ion regarding renal  funct ion,  ur inary tract  

d isease, and the presence of  cer ta in  systemic  diseases.  Components  of  a  s tandard 

ur ina lysis  inc lude appearance,  pH,  spec i f ic  gravi ty ,  prote in level ,  g lucose leve l ,  

ketone level ,  and microscopic examinat ion. 

A. Appearance.  Normal  ur ine is  clear  and ranges in  co lor  f rom pale yel low to deep 

gold. Changes in color  can resul t  f rom drugs, die t ,  or  disease. 



1.  A red color  may indicate,  among other  things, the presence of b lood or  

phenolphthale in  (a laxat ive) .  

2.  A brownish yel low color  may ind icate the presence of conjugated bi l i rubin .  

3.  Other shades of  red, orange,  or brown  may be caused by ingest ion of  var ious 

drugs (e.g.,  r i fampin) .  

B. pH  

1.  Normal pH  ranges f rom 4.5 to  9 but  is  typica l ly acidic  (around 6) .  

2.  Alkal ine pH  may indicate such condit ions as alka losis,  a  Proteus  in fec t ion, or  

acetazolamide use.  I t  may a lso re f lect  changes caused by leaving the urine sample 

at  room temperature. 

C. Specif ic gravity  

1.  Normal range  for spec i f ic  gravi ty is 1 .003-1.035;  i t  is  usual ly between 1.010 and 

1.025. 

2.  Speci f ic  gravi ty is  in f luenced by the number and nature of  so lu te part ic les  in  the 

ur ine. 

a.  Increased specific  gravity may occur wi th  such condi t ions as d iabetes mel l i tus  

(excess g lucose in the ur ine) or  nephros is  (excess protein  in  the ur ine).  

b.  Decreased specif ic  gravity may occur wi th  diabetes ins ip idus,  which decreases 

ur ine concentrat ion. 

c.  Specific  gravity,  f ixed at  1 .010  ( the same as p lasma),  occurs  when the kidneys 

lose the i r power to  concentrate or  di lu te . 

D. Protein  

1.  Normal values  for  ur ine protein  are 50-80 mg/24 hr because the g lomeru lar 

membrane prevents most  prote in  molecules in  the b lood f rom enter ing the urine. 

2.  Proteinuria  occurs  wi th  many condi t ions (e .g. ,  renal  disease, b ladder in fec t ion,  

venous congest ion,  fever) .  

a.  The presence of  a  specif ic  protein  can help ident i fy a  speci f ic  d isease s tate 

(e .g.,  Bence Jones protein  may ind icate mul t ip le myeloma). 
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b.  Most  o ften,  the prote in  in ur ine is  albumin.  Albuminur ia may ind icate abnormal  

g lomeru lar permeabi l i ty .  

E. Glucose  

1.  The normal renal  threshold  for g lucose is  a  blood g lucose level  of  about  180 

mg/dL;  glucose does not normally appear in urine  as  detected by popular  tes t ing 

methods. 

2.  Glycosuria  usual ly ind icates d iabetes mel l i tus (DM).  There are certa in  less 

common causes (e.g. ,  a lowered renal  threshold for  glucose) .  

F.  Ketones  

1.  Ketones do not normally appear in urine.  They are excreted when the body has 

used avai lab le  glucose stores and begins to  metabol ize fat  stores. 

2.  The three ketone bodies  are β-hydroxybutyric acid  (80%),  acetoacetic  acid  

(about  20%),  and acetone (a smal l  percentage) .  Some commerc ia l  tests (e .g. ,  Ames 



products)  measure on ly acetoacet ic ac id,  but  usual ly al l  three are excreted in 

paral le l  propor t ions. 

3.  Ketonuria  usual ly indicates uncontrol led DM, but  i t  may a lso occur  wi th 

s tarvat ion and wi th  zero- or  low-carbohydrate d iets .  

G. Evaluat ion.  Microscopic examination  of  centr i fuged urine sediment  normal ly 

reveals  0-1 RBC, 0-4 WBCs,  and only an occas ional  cast  per  high-power f ie ld  

(HPF). 

1.  Hematuria  ( i .e . ,  the presence of  RBCs) may ind icate such condi t ions as t rauma,  

a  tumor,  or a  systemic  b leeding d isorder .  In women,  a  s ign i f icant  number of  

squamous cel ls  suggests  vaginal  contaminat ion (menstruat ion) .  

2.  Casts  ( i .e. ,  prote in conglomerat ions out l in ing the shape of  the renal  tubules in  

which they were formed) may or  may not  be signi f icant .  Excessive numbers of  

cer ta in types of  casts ind icate renal  d isease. 

3.  Crystals,  which are pH dependent,  may occur  normal ly in acid  or  a lka l ine ur ine.  

Uric acid crystals  may form in  acid  ur ine;  phosphate crystals  may form in  a lkal ine 

ur ine. 

4.  Bacteria  do not  normal ly appear in  ur ine.  The f ind ing of  50 or more bacteria  per  

HPF may indicate a ur inary t rac t  in fec t ion (UTI) ;  smal ler  va lues may ind icate 

urethra l  contaminat ion. 

VI. COMMON RENAL FUNCTION TESTS 
A. Introduction  

1.  Renal funct ion may be assessed by measur ing blood urea nitrogen (BUN)  and 

serum creat inine.  Renal funct ion decreases wi th age, which must be taken into  

account  when in terpret ing tes t  values. 

a.  These tes ts  pr imari ly eva luate g lomeru lar  funct ion by assess ing the glomerular 

f i l t rat ion rate (GFR).  

b.  In many renal  diseases,  urea and creat inine accumulate in the blood because 

they are not  excreted properly.  

c.  These tes ts  a lso a id in  determining drug dosage  for  drugs excreted through the 

k idneys. 

2.  Azotemia  describes excess ive re tent ion of  n i t rogenous waste products  (BUN and 

creat inine)  in  the b lood. The c l in ical  syndrome resul t ing f rom decreased renal  

funct ion and azotemia is cal led uremia.  

a.  Renal  azotemia  resu l ts  f rom renal d isease,  such as g lomeru lonephri t is  and 

chronic  pyelonephr i t is .  

b.  Prerenal  azotemia  resu l ts  f rom such condi t ions as severe dehydrat ion, 

hemorrhagic  shock,  and excess ive protein  in take. 

c.  Postrenal  azotemia  resul ts  f rom such condi t ions as ureteral  or urethra l  s tones or 

tumors and prostat ic  obst ruct ions. 

3.  Clearance—a theoret ica l  concept def ined as the vo lume of  plasma f rom which a 

measured amount  of  substance can be complete ly e l iminated,  or  c leared,  in to the 

ur ine per  un i t  t ime—can be used to  est imate g lomerular funct ion. 
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B. BUN  

1.  Urea,  an end product  o f  protein  metabol ism,  is produced in  the l iver .  From there,  

i t  t rave ls  through the b lood and is excreted by the k idneys.  Urea is f i l tered at the 

glomerulus,  where the tubules reabsorb approximate ly 40%. Thus under normal  

condi t ions, urea clearance  is  about  60% of  the t rue GFR. 

2.  Normal values for BUN  range f rom 8 mg/dL to  18 mg/dL (3-6.5 mmol /L) .  

a.  Decreased BUN levels  occur  wi th  signif icant l iver disease.  

b.  Increased BUN levels  may ind icate renal  disease.  However,  factors  other than 

g lomeru lar funct ion (e.g.,  prote in  in take,  reduced renal  blood f low,  b lood in  the 

gast ro in test inal  t ract )  readi ly a f fec t BUN levels ,  sometimes making in terpretat ion of 

resul ts  di f f icu l t .  

C. Serum creat inine  

1.  Creat in ine (CR), the metabol ic  breakdown product  o f musc le creat ine phosphate,  

has a re lat ive ly constant leve l  o f  dai ly product ion.  Blood leve ls  vary l i t t le in  a  g iven 

indiv idual .  

2.  Creat in ine is  excreted  by g lomerular  f i l t ra t ion and tubular  secret ion.  Creatinine 

clearance  para l le ls the GFR wi th in  a range of  ± 10% and is  a more sensit ive 

indicator of  renal  damage than BUN levels  because renal  impai rment  is a lmost  

the on ly cause of an increase in  the serum creat in ine leve l .  

3.  Normal values for serum creat inine  range f rom 0.6 to  1 .2 mg/dL (50 to  110 

mmol /L) .  

a.  Values vary wi th  the amount of  muscle mass—a value of  1.2  mg/dL in  a  

muscular a th lete may represent normal  renal  funct ion,  whereas the same va lue in a  

smal l ,  sedentary person wi th  l i t t le musc le mass may ind icate s ign i f icant  renal  

impai rment .  

b.  Genera l ly,  the serum creat inine value doubles with each 50% decrease in 

GFR.  For  example,  i f  a  pat ient 's normal  serum creat in ine is  1  mg/dL,  1  mg/dL 

represents 100% renal  funct ion,  2  mg/dL represents  50% funct ion,  and 4 mg/dL 

represents 25% funct ion. 

D. Creat inine clearance  

1.  Creat in ine c learance,  which represents the rate at  which creat inine is removed 

from the blood by the kidneys,  roughly approximates the GFR. 

a.  The va lue is g iven in  un i ts  o f  mi l l i l i ters per  minute,  represent ing the vo lume of  

b lood c leared of  creat inine by the k idney per  minute. 

b.  Normal values  for  men range f rom 75 to  125 mL/min. 

2.  Calcu lat ion requi res knowledge of urinary creat inine excret ion  (usual ly over  24 

hr)  and concurrent  serum creat inine levels.  Creat inine clearance is  calculated  as  

fo l lows: 

 



where ClC R  is  the creat inine c learance in  mi l l i l i ters  per  minute,  CU  is  the 

concentrat ion of  creat inine in  the ur ine,  V  is  the vo lume of  ur ine ( in  mi l l i l i ters per 

minute of  ur ine formed over  the col lect ion per iod),  and CC R  is  the serum creat in ine 

concentrat ion. 

3.  Suppose the serum creat in ine concentrat ion is 1  mg/dL,  and 1440 mL of  ur ine 

was co l lec ted in  24 hr  (1440 min)  for  a ur ine vo lume of  1 mL/min.  The urine conta ins 

100 mg/dL of  c reat in ine. Creat in ine c learance is  ca lcu la ted as: 

 
4.  Incomplete bladder emptying and other  problems may in ter fere wi th  obta ining an 

accurate t imed ur ine spec imen.  Thus estimations of  creatinine clearance  may be 

necessary.  These est imat ions requi re only a  serum creat inine va lue.  One est imat ion 

uses the method of  Cockroft  and Gault ,  which is  based on body weight ,  age, and 

gender. 

a.  Th is formula provides an estimated value,  ca lcu la ted for  males  as : 

 

b.  For females,  use 0.85 of  the value ca lcu la ted for  males. 

P.786 

 

 

c.  Example:  A 20-year-old  man weighing 72 kg has a CC R  of  1 .0  mg/dL;  thus 

 
5.  Determination of GFR.  The modif ied die t in renal  disease (MDRD) equat ion is 

cons idered a more accurate measurement  o f GFR than other equat ions used to  

est imate renal  funct ion (e .g. ,  Cockcroft -Gaul t )  in  pat ients  wi th  reduced  GFR and is  

used in  s tag ing renal  disease.  Pat ients  must  have a serum creat in ine concentrat ion. 

a.  The MDRD equation for  males  is  as  fo l lows: 

GFR = 186 (Pcr) - 1 . 1 5 4  ×  age - 0 . 2 0 3  

where Pcr  is serum creat in ine.  For  females,  mul t ip ly the resul t  by 0.742; for  African 

Americans,  mul t ip ly by 1.210. 

b.  The MDRD has been va l idated in  Caucas ians, pat ients  wi th d iabet ic  k idney 

d isease, k idney t ransplant  rec ip ients ,  and Afr ican Amer icans and Asians wi th  

nondiabet ic  k idney d isease. 

c.  The MDRD equation has not  been val idated in  pat ients  < 18 years  of  age,  

pregnant  women,  pat ients  > 70 years of  age,  other  e thn ic  groups,  pat ients  wi th  

normal  k idney funct ion who are at  an increased r isk  for  chronic  k idney d isease,  and 

pat ients  wi th  normal  renal  funct ion. 



d.  Many inst i tu t ions are rout inely repor t ing an MDRD-der ived GFR est imat ion for  

pat ients  as a rout ine component  of  a  b lood chemis t ry study.  Th is  value should be 

used to  assist  the c l in ic ian in  s tag ing a pat ient 's  degree of  renal  dysfunct ion and is 

not  a  subst i tu te  for  creat in ine c learance as est imated by the Cockrof t  and Gaul t  

equat ion,  which should be used for drug dosing in  renal  impai rment.  The MDRD 

est imate has not  been evaluated for  the purpose of  drug dos ing. 

VII. ELECTROLYTES 
A. Sodium (Na)  

1.  Sodium is the major  cat ion of  the extracel lular  f lu id .  Sodium along wi th  ch lor ide 

(Cl ) ,  potass ium (K),  and water  is  important  in  the regulat ion of  osmot ic  pressure and 

water  ba lance between in t racel lu lar  and ext racel lu lar f lu ids .  Normal values  are 

135-147 mEq/L or  mmol /L . 

2.  The sodium concentrat ion is  def ined as the ra t io  of  sodium to water ,  not  the 

absolute amounts  of  e i ther .  Laboratory tes ts for sodium are used mainly to  detect  

d isturbances in  water  balance and body osmolal i ty.  The k idneys are the major 

organs of  sodium and water  ba lance. 

3.  An increase in  sodium concentrat ion (hypernatremia )  may ind icate impai red 

sodium excret ion or  dehydrat ion.  A decrease in  sodium concentrat ion 

(hyponatremia)  may ref lec t  overhydrat ion, abnormal sodium loss,  or decreased 

sodium in take. 

4.  Pat ients  wi th  k idney,  hear t ,  or pulmonary d isease may have d i f f icu l ty wi th  sodium 

and water balance.  In  adul ts ,  changes in  sodium concentrat ions most o f ten re f lec t  

changes in  water balance,  not  sa l t  imbalances.  Therefore,  sodium concentrat ion is 

o f ten used as an indicator  o f f lu id s ta tus, ra ther  than sa l t  imbalance. 

5.  Control  of  sodium by the body is  accompl ished main ly through the hormones 

a ldosterone and ant idiuret ic  hormone (ADH). 

a.  ADH is  re leased f rom the p i tu i tary g land in  response to  s ignals f rom the 

hypothalamus.  ADH's  presence in  the d is tal  tubules and co l lec t ing ducts of  the 

k idney causes them to become more permeable to  the reabsorpt ion of  water ;  

therefore,  concentrat ing ur ine. 

b.  A ldosterone af fects  the d is ta l  tubular reabsorpt ion of sodium as opposed to  

water .  A ldosterone is re leased f rom the adrenal cor tex in  response to  low sodium, 

h igh potassium, low b lood vo lume,  and angiotensin I I .  A ldosterone causes the 

sp i l l ing of  potass ium f rom the dista l  tubules into  the ur ine in  exchange for  sodium 

reabsorpt ion. 

6.  Hyponatremia  is  usual ly re lated to  to ta l  body deplet ion of sodium—as in  

mineralocor t ico id def ic ienc ies,  sodium-wast ing rena l  d isease,  rep lacement  o f  f lu id  

loss wi th  nonsal ine solu t ions,  gast roin test ina l  (GI)  losses, renal losses,  or loss of  

sodium through the sk in—or to  
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d i lu t ion of  serum sodium—as in  c i rrhos is ,  CHF,  nephrosis ,  renal fai lure,  excess 

water  in take,  or  syndrome of  inappropria te  ant id iuret ic  hormone (SIADH) secret ion. 



7.  Hypernatremia  usual ly resul ts f rom a loss of  f ree water  or  hypotonic  f lu id  or  

through excessive sodium in take. Free water  loss is  most  of ten associated wi th  

d iabetes ins ipidus, but  f lu id  loss can be via  the GI  t rac t ,  renal ,  sk in ,  or  resp i ra tory 

systems.  Excess sodium in take can occur through the admin is t ra t ion of  hyper tonic 

in t ravenous (IV)  solu t ions,  mineralocor t ico id  excess, excess ive sodium ingest ion,  or 

a f ter admin is t rat ion of  drugs h igh in  sodium content  (e.g. ,  t icarc i l l in ,  sodium 

b icarbonate [ ] ) .  

B. Potassium (K)  

1.  Potass ium is  the most abundant  intracel lular  cat ion ( int racel lu lar  f lu id potass ium 

averages 141 mEq/L).  Approximate ly 3500 mEq of  potassium is  contained in the 

body of  a  70-kg adul t .  Only 10% of  the body's  potass ium is ext racel lular.  Normal  

va lues are 3.5-5.0 mEq/L or  mmol/L . 

2.  The serum potass ium concentrat ion is  not  an adequate measure of the to tal  body 

potass ium because most o f  the body's potassium is  int racel lu lar .  Fortunate ly,  the 

c l in ical  s igns and symptoms of potassium def ic iency—malaise,  confus ion, d izziness,  

e lec t rocard iogram (ECG) changes, musc le weakness,  and pain—correlate wel l  wi th  

serum concentrat ions.  The serum potass ium concentra t ion is  buf fered by the body 

and may be “normal”  despi te tota l  body potass ium loss.  Potassium deplet ion causes 

a sh i f t  o f  int racel lu lar  potass ium to the ext racel lular  f lu id  to  maintain  potassium 

concentrat ions.  There is  approximately a  100 mEq to ta l  body potass ium def ic i t  when 

the serum potass ium concentrat ion decreases by 0.3 mEq/L.  Th is  may resul t  in  

mis interpretat ion of  serum potassium concentrat ions as they re la te to to ta l  body 

potass ium. 

3.  The ro le or  funct ion of potass ium is in the maintenance of  proper e lect r ica l  

conduct ion in  card iac  and skeleta l  muscles (musc le and nerve exc i tab i l i ty) ,  i t  exer ts  

an in f luence on the body's  water  ba lance ( in t racel lu lar  volume) and plays a role  in  

ac id-base equi l ibr ium. 

4.  Potass ium is  regulated by: 

a.  K idneys ( renal  funct ion)  

b.  A ldosterone 

c.  Ar ter ia l  pH 

d.  Insul in 

e.  Potass ium intake 

f .  Sodium del ivery to  d ista l  tubules 

5.  Hypokalemia  can occur .  The k idneys are responsible  for  approximately 90% of  

the da i ly potassium loss. Other  losses occur mainly through the GI  system. Even in  

s ta tes of  no potass ium in take,  the k idneys s t i l l  excrete up to  20 mEq of  potassium 

dai ly.  Therefore, pro longed per iods of potassium deprivat ion can resul t  in  

hypokalemia.  Hypokalemia can a lso resul t  f rom potassium loss through vomi t ing or  

d iarrhea,  nasogastr ic suct ion,  laxat ive abuse, and by diuret ic  use (manni to l ,  

th iazides,  or  loop d iuret ics).  Excessive mineralocor t icoid  act iv i ty and g lucosuria  can 

a lso resul t  in  hypokalemia.  Potass ium can be shi f ted in to  ce l ls  wi th a lkalemia and 

af ter admin is t rat ion of  glucose and insu l in .  

6.  Hyperkalemia  most  commonly resul ts  f rom decreased renal  el iminat ion,  

excess ive intake, or  from cel lu lar  breakdown ( t issue damage,  hemolysis,  burns,  



in fec t ions) .  Metabol ic acidos is  may also resul t  in  a  sh i f t  o f  potass ium ext racel lu lar ly 

as  hydrogen ions move in to  cel ls  and are exchanged for  potass ium and sodium ions. 

As a general  gu ide l ine,  for  every 0.1 un i t  pH change f rom 7.4,  the potassium 

concentrat ion wi l l  change by about  0 .6 mEq/L.  I f  a  pat ient  has a pH of  7 .1 and a 

measured potass ium of  4 .5 mEq/L,  the actua l  potass ium concentrat ion would be 

0.3 (un i ts less than 7.4) × 0.6 = 1.8 

Potassium concentrat ion = 4.5 -  1 .8 = 2.7 mEq/L 

Correct ion of  the acidos is  in  this s i tuat ion wi l l  resu l t  in  a dramat ic  decrease in  

potass ium unless supplementat ion is  ins t i tuted. 
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C. Chloride (Cl)  

1.  Chlor ide is the major  an ion of  the ext racel lu lar f lu id  and is  important  in the 

maintenance of acid-base balance.  Al terat ions in the serum chlor ide concentrat ion 

are rare ly a  pr imary ind icator  of  major  medica l  prob lems.  Chlor ide i tsel f  is  not  o f  

pr imary diagnost ic  s ign i f icance.  I t  is  usual ly measured to  conf i rm the serum sodium 

concentrat ion.  The re la t ionship among sodium, ch lor ide,  and is  descr ibed by the 

fo l lowing: 

Cl -  + + R  =  Na+  

where R  is  the an ion gap.  The normal value  for  Cl  is  95-105 mEq/L or mmol/L . 

2.  Hypochloremia  is  a  decreased chlor ide concentrat ion,  and i t  is  o f ten 

accompanied by metabol ic  a lka losis or  acidos is  caused by organic  or  other  acids .  

Other  causes inc lude chronic  renal  fai lure, adrenal  insuf f ic iency,  fas t ing,  pro longed 

d iarrhea,  severe vomi t ing,  and d iuret ic  therapy. 

3.  Hyperchloremia  is  an increased ch lor ide concentrat ion that may ind icate 

hyperch loremic  metabol ic  ac idos is .  Hyperchloremia in the absence of  metabol ic  

ac idos is  is  unusual  because ch lor ide retent ion is  o f ten accompanied by sodium and 

water  re tent ion. Other causes inc lude acute renal fa i lure,  dehydrat ion,  and excess 

ch lor ide administ ra t ion. 

D. Bicarbonate ( [ ) /carbon dioxide (CO2 )  content  

1.  The carbon d ioxide (CO2 )  content  represents  the sum of the bicarbonate ( )  

concentrat ion and the concentrat ion of  CO2  d issolved in  the serum. The /CO2  

sys tem is  the most important  buffer ing system to maintain  pH wi th in  phys io log ica l  

l imi ts .  Most  d is turbances of  ac id-base balance can be considered in  terms of  th is  

system. Normal  values are 22-28 mEq/L or  mmol /L . 

2.  The re lat ionship among this  system is  def ined as fo l lows: 

+ H+  ×  H2CO3  ×  H2O + CO2  

(b icarbonate ions b ind hydrogen ions to form carbonic  acid) .  Cl in ical ly,  the serum 

concentrat ion is  measured because acid-base balance can be in ferred i f  the pat ient 

has normal  pu lmonary funct ion. 

3.  Hypobicarbonatemia  is  usual ly caused by metabol ic  ac idosis,  renal  fai lure,  

hypervent i la t ion,  severe d iarrhea,  dra inage of  in tes t inal  f lu id ,  and by drugs such as 

acetazolamide.  Toxic i ty caused by sa l icyla tes,  methanol ,  and ethylene g lyco l  can 

a lso decrease the level .  



4.  Hyperbicarbonatemia  is  usual ly caused by a lka losis,  hypovent i lat ion,  pu lmonary 

d isease, pers is tent  vomit ing, excess in take wi th  poor  renal  funct ion,  and diuret ics . 

VIII. MINERALS 
A. Calcium (Ca)  

1.  Calc ium plays an important  role  in  nerve impulse t ransmission,  muscle 

contract ion, pancreat ic insul in  release,  hydrogen ion release f rom the s tomach,  as a 

cofactor  for  some enzyme react ions and b lood coagulat ion,  and most  important  bone 

and tooth s t ruc tural  in tegr i ty.  Normal  to tal  ca lc ium values are 8.8-10.3 mg/dL or  

2 .20-2.56 mmol /L . 

2.  The to tal  ca lc ium content  o f  normal adul ts  is  20-25 g/kg of  fa t - f ree t issue,  and 

about  44% of  th is  ca lc ium is  in  the body skeleton.  Approximately 1% of  ske leta l  

ca lc ium is  f ree ly exchangeable wi th  that  o f  the ext racel lular f lu id.  The reservo ir  o f  

ca lc ium in bones maintains  the concentrat ion of  ca lc ium in  the p lasma constant .  

About 40% of  the ca lc ium in  the ext racel lu lar  f lu id  is  bound to  plasma prote ins  

(especial ly albumin) ,  5%-15% is complexed wi th  phosphate and c i t ra te,  and 45%-

55% is in the unbound,  ion ized form. Most  laborator ies  measure the to ta l  ca lc ium 

concentrat ion;  however,  i t  is  the f ree,  ionized ca lc ium that is  important  

phys io log ical ly.  Ionized ca lc ium levels may be obta ined f rom the laboratory.  

Cl inical ly,  the most important determinant o f ion ized ca lc ium is  the amount  o f serum 

protein  (a lbumin)  avai lable  for  bind ing.  The normal  serum calc ium range is  for   
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a  serum albumin of  4 g /dL.  A good approximat ion is  that  for  every 1 g/dL decrease 

in  albumin,  0 .8 g/dL should be added to  the calc ium laboratory resul t .  Doing th is  

corrects  the to ta l  p lasma concentrat ion to  re f lec t the addi t ional  amount  o f f ree 

(act ive)  ca lc ium. 

3.  Hypocalcemia  usual ly impl ies  a def ic iency in  e i ther  the product ion or  response 

to  parathyro id  hormone (PTH) or  v i tamin D.  PTH abnormal i t ies  inc lude 

hypoparathyro idism, pseudo-hypoparathyro id ism, or  hypomagnesemia. Vi tamin D 

abnormal i t ies  can be caused by decreased nutr i t iona l  in take,  decreased absorpt ion 

of  v i tamin D, a  decrease in  product ion,  or  an increase in  metabol ism.  Administ ra t ion 

of  loop d iuret ics  causing d iuresis can a lso decrease serum calc ium. 

4.  Hypercalcemia  is  an increased calc ium concentrat ion,  and i t  is  usual ly 

associated wi th mal ignancy or  metastat ic  diseases.  Other causes inc lude 

hyperparathyro idism, Paget  d isease,  mi lk -alka l i  syndrome,  granulomatous d isorders ,  

th iazide d iuret ics ,  excess ive calc ium in take, or  v i tamin D in toxicat ion. 

B. Phosphate (PO4 )  

1.  Phosphate is  a  major  in t racel lu lar  anion and is  the source of phosphate for  

adenosine t r iphosphate (ATP) and phosphol ip id  synthes is .  Serum calc ium and PO4  

are in f luenced by many of  the same factors .  I t  is  useful  to cons ider  ca lc ium and PO4  

together when in terpret ing lab resul ts .  Normal PO4  va lues are 2.5-5.0 mg/dL or  

0 .80-1.60 mmol /L . 

2.  Hyperphosphatemia  and hypophosphatemia  can occur .  The ext racel lu lar f lu id 

concentrat ion of  phosphate is  inf luenced by PTH, intest ina l  absorpt ion, renal  



funct ion,  nutr i t ion,  and bone metabol ism.  Hyperphosphatemia is  usual ly caused by 

renal  insuf f ic iency,  al though increased vi tamin D or  phosphate in take,  

hypoparathyro idism, and hyperthyro idism are a lso causes.  Hypophosphatemia can 

occur  in  malnutr i t ion,  especial ly when anabol ism is  induced,  a fter  admin is t rat ion of  

a luminum-conta ining antac ids or  calc ium acetate, in  chronic  a lcohol ics ,  and in 

sept ic  pat ients .  Hyperparathyroid ism and insuf f ic ient v i tamin D in take can a lso 

induce hypophosphatemia. 

C. Magnesium (Mg)  

1.  Magnes ium is  the second most  abundant  in tracel lu lar  and ext racel lular cat ion.  I t  

is  an act ivator  o f numerous enzyme systems that contro l  carbohydrate,  fa t  and 

e lec t rolyte  metabol ism,  protein  synthes is ,  nerve conduct ion, muscular  contract i l i ty ,  

as  wel l  as  membrane t ransport  and integr i ty.  Normal va lues are 1.6-2.4 mEq/L or  

0 .8-1.20 mmol /L. 

2.  Hypomagnesemia  and hypermagnesemia  can occur .  Hypomagnesemia  is  found 

more often than hypermagnesemia.  Deplet ion of  magnes ium usual ly resu l ts  f rom 

excess ive loss f rom the GI  t rac t  or the k idneys. Deplet ion can occur  f rom ei ther  

poor  in test ina l  absorpt ion or  excessive GI  f lu id  loss. Signs and symptoms include 

weakness, musc le fasc icu la t ions wi th t remor,  tetany,  and increased ref lexes.  

Decreased in t racardiac magnes ium may mani fest  as an increased QT interva l  wi th  

an increased r isk of arrhythmia.  Hypermagnesemia  is  most commonly caused by 

increased magnesium in take in the set t ing of renal  insuf f ic iency.  Other  causes 

include excess magnesium in take, hepat i t is ,  and Addison disease.  Signs and 

symptoms of  hypermagnesemia include bradycard ia , f lush ing,  sweat ing,  nausea and 

vomi t ing,  decreased ca lc ium level ,  decreased deep-tendon ref lexes,  f laccid  

paralys is ,  increased pulse ra te and QRS in terva ls,  resp i ra tory d is t ress,  and 

asysto le . 
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STUDY QUESTIONS 
Direct ions for questions 1-16:  Each of the quest ions,  s ta tements,  or incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  Hematological testing of  a patient with AIDS is most l ikely to show which of 

the fol lowing abnormali t ies? 

(A)  basophi l ia 

(B)  eos inophi l ia 

(C)  lymphopenia 

(D) re t iculocytos is 

(E)  agranulocytos is 

View Answer1.  The answer is  C[see] .2.  Hematological studies are most 

l ikely to show a low reticulocyte count in a pat ient  who has which of  the 

fol lowing abnormali ties? 

(A)  aplast ic  anemia secondary to  cancer chemotherapy 



(B)  acute hemolyt ic  anemia secondary to  quin id ine t reatment 

(C)  severe bleeding secondary to  an automobi le  acc ident 

(D)  i ron-def ic iency anemia 1 week af ter t reatment wi th  ferrous su l fa te 

(E)  megaloblast ic  anemia owing to  fo la te  def ic iency 1 week after  t reatment  wi th  fo l ic  

ac id 

View Answer2.  The answer is  A[see] .3.  Al l  of the following f indings on a 

routine urinalysis would be considered normal except  which one? 

(A)  pH:  6 .5 

(B)  g lucose:  negat ive 

(C) ketones: negat ive 

(D) whi te  blood ce l ls (WBCs):  3  per  high-power f ie ld  (HPF),  no casts 

(E)  red b lood ce l ls  (RBCs):  5  per  HPF 

View Answer3.  The answer is  E[see V.B;and] .4.  A 12-year-old boy is  

treated for ot i t is  media with cefaclor (Ceclor).  On the 7th day of  therapy,  he 

spikes a fever and develops an urt icarial  rash on his trunk. Which of  the 

fol lowing laboratory tests could best confirm the physician's suspicion of  a  

hypersensit ivi ty (a l lergic)  react ion? 

(A)  complete blood count  (CBC) and d i f ferent ia l  

(B)  serum hemoglobin (Hb) and ret iculocyte count 

(C)  l iver funct ion tes t  prof i le 

(D)  lac tate dehydrogenase (LDH) isoenzyme prof i le 

(E)  red b lood ce l l  (RBC) count  and serum bi l i rubin  

View Answer4.  The answer is  A[see] .5.  An increased hematocri t (Hct)  is  a  

l ikely f inding in all  of  the following individuals except  which one? 

(A)  a  man who has jus t  re turned f rom a 3-week sk i ing t r ip  in  the Colorado Rock ies 

(B)  a  woman who has polycythemia vera 

(C) a  hospi ta l ized pat ient  who mis takenly received 5 L of int ravenous ( IV) dext rose 

5% in  water  (D5W ) over  the las t  24 hr 

(D)  a  man who has been rescued from the Arizona desert  af ter  spending 4 days 

wi thout  water 

(E)  a  woman who has chronic  obst ruct ive pulmonary d isease 

View Answer5.  The answer is  C[see] .6.  A 29-year-old white man is  seen 

in the emergency room. His white blood cel l  (WBC) count is  14,200 with 80% 

polys.  Al l  of  the fol lowing conditions could normally produce these laboratory 

f indings except  which one? 

(A)  a  loca l ized bacterial  in fec t ion on the t ip  of  the index f inger 

(B)  acute bacter ia l  pneumonia caused by Streptococcus pneumoniae  

(C)  a  hear t  a t tack 

(D) a  gunshot  wound to  the abdomen wi th  a loss of  2  p in ts o f b lood 

(E)  an at tack of  gout 

View Answer6.  The answer is  A[see] .7.  A 52-year-old male construction 

worker who drinks “fairly heavi l y”  when he gets off  work is seen in the 

emergency room with,  among other abnormal laboratory results,  an increased 

creat ine kinase (CK) level .  Al l  of  the following circumstances could explain 

this increase except  which one? 



(A)  he fel l  against  the bumper of h is  car  in  a  drunken s tupor  and bru ised his  r ight  

s ide 

(B)  he is showing evidence of  some l iver  damage owing to  the heavy a lcohol  in take 

(C) he has exper ienced a hear t  a t tack 

(D) he received an in t ramuscular ( IM) in jec t ion a few hours  before the b lood sample 

was drawn 

(E)  he pul led a musc le that  day when l i f t ing a heavy concrete s lab 

View Answer7.  The answer is  B[see] .P.791 

 

 

8.  A 45-year-old man with jaundice has spil lage of  bi l i rubin into his urine.  Al l  

of  the fol lowing statements could apply to this patient except  which one? 

(A)  His tota l  b i l i rub in  is  increased. 

(B)  His d irec t  bi l i rubin is increased. 

(C)  He may have vi ral  hepat i t is .  

(D)  He may have hemolyt ic  anemia. 

(E)  He may have cholestat ic  hepat i t is .  

V iew Answer8.  The answer is  D[see] .For questions 9-11:  A 70-year-o ld 

b lack man weighing 154 lb .  compla ins of  chronic  fa t igue.  Severa l  laboratory tes ts  

were per formed wi th  the fo l lowing resul ts :  

blood urea nitrogen (BUN) 15 mg/dL 

aspartate aminotransferase (AST) within normal limits 

white blood cell (WBC) count 7500/mm3 

red blood cell (RBC) count 4.0 million/mm3 

hematocrit (Hct) 29% 

hemoglobin (Hb) 9.0 g/dL 
 

9.  This pat ient 's  mean cel l  hemoglobin concentrat ion (MCHbC) is 

(A)  27.5. 

(B)  28.9. 

(C)  31.0. 

(D)  33.5. 

(E)  35.4. 

View Answer9.  The answer is  C[see] .10.  His mean cel l  volume (MCV) is  

(A)  61.3. 



(B)  72.5. 

(C)  77.5. 

(D)  90.2. 

(E)  93.5. 

View Answer10. The answer is  B[see] .11.  From the data provided and 

from the calculat ions in questions 9 and 10,  this pat ient  is  best described as 

(A)  normal  except for a  s l ight ly increased blood urea ni t rogen (BUN). 

(B)  having normochromic,  microcyt ic  anemia. 

(C)  having s ickle-cel l  anemia. 

(D)  having hypochromic , normocyt ic anemia. 

(E)  having fo l ic acid  def ic iency. 

View Answer11. The answer is  B[see] .12.  Al l  of  the fol lowing statements 

about sodium (Na) are true except  which one? 

(A)  The normal  range for sodium is  135-147 mEq/L. 

(B)  Sodium is  the major cat ion of  the ext racel lular  f lu id ,  and the laboratory tes t is  

used main ly to  detect  d isturbances in water  ba lance. 

(C)  Hyponatremia usual ly resul ts f rom the to ta l  body deplet ion of  sodium or  through 

a d i lu t ional  e f fect .  

(D)  Contro l  o f  the sodium concentrat ion is  main ly through regulat ion of  ar ter ia l  pH. 

View Answer12. The answer is  D[seeand] .13. A 53-year-old woman with 

diabetes mel l i tus is  seen in the emergency room. Her blood glucose is  673 

mg /dL  and ketones are present in her blood.  A diagnosis of  diabetic  

ketoacidosis (DKA) is  made.  Other important laboratory values are potassium 

of 4 .8 mEq /L,  4+ glucose in urine,  and an arteria l  pH of  7.1.  Al l  of the fol lowing 

statements apply to this patient except  which one? 

(A)  Her potass ium value is  normal;  therefore,  no potass ium supplementat ion is  l ike ly 

to  be necessary. 

(B)  Her potass ium value should be corrected owing to  her  ac idos is ;  a corrected 

potass ium would be 3.0 mEq/L. 

(C)  Potass ium supplementat ion should be ins t i tu ted because her  to ta l  body 

potass ium is  depleted. 

(D)  Factors  af fec t ing potass ium in  th is  pat ient include glycosuria  and ar ter ia l  pH. 

View Answer13. The answer is  A[see] .P.792 

 

 

14.  A 50-year-old man presents with bicarbonate of 18 mEq /L . Al l  of  the 

fol lowing could be a cause of  his low bicarbonate level  except  

(A)  metabol ic  acidosis .  

(B)  sal icyla te toxic i ty.  

(C)  d iuret ic  therapy. 

(D)  d iarrhea. 

View Answer14. The answer is  C[seeand] .15. Al l  of  the fol lowing 

statements about calcium (Ca) and phosphorus (PO4 )  are true except  which 

one? 



(A)  An a lcohol ic  wi th a  serum a lbumin of 2  g /dL and a serum total  ca lc ium of  8.0 

mg/dL has a corrected tota l  calc ium of 9 .6 mg/dL. 

(B)  Calc ium and PO4  leve ls should be in terpreted together  because many of  the 

same factors  in f luence both minerals.  

(C)  Metastat ic cancer  o f ten induces a decrease in  serum calc ium levels 

(D)  A pat ient  wi th  renal  fa i lure may present wi th  hypocalcemia and 

hyperphosphatemia. 

View Answer15. The answer is  C[seeand] .16. Al l  of  the fol lowing are 

important functions of  magnesium (Mg) except  

(A)  nerve conduct ion. 

(B)  phosphol ip id synthesis .  

(C)  musc le contract i l i ty .  

(D)  carbohydrate,  fa t ,  and e lect ro lyte  metabol ism.  

View Answer16. The answer is  B[see] .Directions for questions 17-19:  The 

quest ions and incomplete s ta tements  in  this sect ion can be correct ly answered or  

completed by one or more  o f  the suggested answers.  Choose the answer,  A-E.  

17.  Factors l ikely to cause an increase in the blood urea nitrogen (BUN) level  

include 

I .  intramuscular ( IM)  inject ion of  diazepam (Valium). 

I I .  severe l iver disease. 

I I I .  chronic kidney disease. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer17. The answer is  B[see] .18.  A pat ient  who undergoes serum 

enzyme test ing is  found to have an increased aspartate aminotransferase (AST) 

level .  Possible underlying causes of  this abnormali ty include 

I .  methyldopa-induced hepati t is.  

I I .  congestive heart  fa i lure (CHF). 

I I I .  pneumonia. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer18. The answer is  C[see] .19.  Serum enzyme tests that  may 

aid in the diagnosis of  myocardial  infarction include 

I .  a lkaline phosphatase.  

I I .  creat ine kinase (CK). 

I I I .  lactate dehydrogenase (LDH). 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 



D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer19. The answer is  D[seeand] .P.793 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [see  I I .B.2.d. (2) ] .  

Va luable diagnost ic  in formation can be obta ined through quant i ta t ive and qual i ta t ive 

tes t ing of the ce l ls o f  the b lood. A f inding of lymphopenia ( i .e . ,  decreased number of 

lymphocytes)  suggests  an at tack on the immune system or  some under ly ing 

immunodef ic iency. AIDS at tacks the TH4 populat ion of  lymphocytes and thus may 

resul t  in  lymphopenia. 

2.  The answer is  A  [see  I I .A.5 ] .  

The ret iculocyte count  measures the amount  o f c i rcu la t ing immature RBCs,  which 

provides in formation about  bone marrow funct ion. A low ret icu locyte count is  a  l ike ly 

f inding in  a  pat ient  wi th  ap last ic anemia—a disorder  character ized by a def ic iency of  

a l l  cel lu lar elements  of  the blood owing to a lack of  hematopoiet ic  s tem cel ls  in  

bone marrow.  A var ie ty o f  drugs (e.g. ,  those used in ant icancer therapy)  and other  

agents produce marrow aplasia .  A h igh ret icu locyte count would l ikely be found in  a  

pat ient wi th  hemolyt ic  anemia or acute blood loss or  in  a pat ient  who has been 

t reated for  an i ron,  v i tamin B1 2 ,  or  fola te  def ic iency.  

3.  The answer is  E  [see V.B;  V.E,  F and  G ] .  

Microscopic  examinat ion of  the ur ine sediment  normal ly shows < 1 RBC and f rom 0 

to  4 W BCs per HPF.  Other  normal  f ind ings on ur ina lysis inc lude an ac id pH ( i .e. ,  

around 6)  and an absence of  g lucose and ketones. 

4.  The answer is  A  [see  I I .B.2.c ] .  

An a l lerg ic  drug react ion wi l l  usual ly produce an increase in  the eos inophi l  count  

(eosinophi l ia) .  Th is  could be determined by order ing a W BC di f ferent ial .  

5.  The answer is  C  [see  I I .A.2 ] .  

Overhydrat ion wi th  an excess in fusion of D5W  produces a low Hct .  The other  

s i tuat ions described in  the quest ion resul t  in increases of  the Hct.  

6.  The answer is  A  [see  I I .B.2.a ] .  

The pat ient  has leukocytos is  wi th  an increased neut rophi l  count  (neutrophi l ia) .  A 

loca l ized in fect ion does not  normal ly resul t  in  an increase in  the tota l  leukocyte 

count  or  neutrophi l  count .  The other s i tuat ions given in the quest ion can produce a 

neutrophi l ic  leukocytosis.  

7.  The answer is  B  [see  I I I .A ] .  

Because CK is  not present  in  the l iver ,  a lcohol ic l iver  damage would not  resul t  in  an 

increase in  the level  of  th is enzyme.  CK is  present  pr imar i ly in card iac and skeleta l  

muscle.  The other  s i tuat ions descr ibed in  the quest ion could a l l  resul t  in  the release 

of  increased amounts  of CK in to  the bloodstream. 

8.  The answer is  D  [see  IV.B ] .  

The pat ient  wi th  jaundice (depos i t ion of b i l i rubin in  the sk in)  usual ly has an increase 

in  the to tal  b i l i rub in serum level .  Spi l lage of  b i l i rub in  in to  the ur ine requi res an 



increased leve l  o f  di rec t  b i l i rubin,  which is  l ike ly wi th  v i ra l  hepat i t is  or cholestat ic  

hepat i t is .  In hemolyt ic  anemia, d irect  bi l i rubin  is  not  usual ly increased, and 

therefore,  there would be no sp i l lage of  bi l i rubin in to the urine. 

9.  The answer is  C  [see  I I .A.4.c ] .  

10.  The answer is  B  [see  I I .A.4.a ] .  

11.  The answer is  B  [see  I I .A.4; CI .B.2 ] .  

The MCHbC is  calcu la ted as fol lows:  

 

The mean cel l  volume (MCV) is  calculated as fol lows: 
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The pat ient  descr ibed in the quest ion is  anemic  because his  Hb is  9  (normal :  14-

18) .  The anemia is normochromic because the pat ient 's  MCHbC of  31 is  normal  

(normal range: 31-37),  but  the anemia is  microcyt ic  because the pat ient 's MCV is  

72.5 (normal :  80-100).  The pat ient 's  BUN, 15 mg/dL,  is  wi thin  the normal  range of 

10-20 mg/dL. 

12.  The answer is  D  [see  VI I .A.1; VI I .A.5,  6  and  7 ] .  

Sodium, the major  ext racel lu lar  cat ion,  is  measured main ly to  assist  in  the 

determinat ion of f lu id  status and water  ba lance.  Regulat ion of  sodium is mainly 

through the kidneys via  ADH and a ldosterone. 

13.  The answer is  A  [see  VI I .B.2; VI I .B.4;  VI I .B.6 ] .  

A “normal ”  potassium level  in  the sett ing of  metabol ic  ac idos is ,  especial ly in  a 

pat ient wi th  DKA should be t reated appropria te ly.  I f  the serum potass ium level  is  

corrected for  the pat ient 's  ac idos is ,  the corrected leve l  is  3 .0  mEq/L.  Th is  

corresponds to  a deplet ion in  to tal  body potassium stores. Once the ac idos is  and 

hyperglycemia begin to correct  wi th  appropria te  t reatment ,  potass ium levels  wi l l  

decrease prec ip i tous ly un less supplementat ion is begun. I t  is  important  to recognize 

that  a  laboratory va lue in  the “normal ” range may not  ac tua l ly be normal ,  espec ial ly 

when potass ium is involved. 

14.  The answer is  C  [see  VI I .D.3 and  4 ] .  

Low is  usual ly found in  pat ients  wi th  ac idos is  or renal  fai lure and after  

hypervent i la t ion or  severe d iarrhea. In  general ,  d is turbances in  acid-base balance 

cause a l terat ion in  the serum or  CO2  content .  Diuret ic  therapy can cause an 

a lka losis  and an increase in .  

15.  The answer is  C  [see  VI I I .A.2,  3  and  4 ;  B.2 ] .  

Mal ignancy or  o ther  metastat ic  diseases are most  o f ten assoc iated wi th  

hyperca lcemia,  not  hypocalcemia.  Ionized calc ium is  the f ree act ive form,  and this 

leve l  is  increased in  the set t ing of a  low a lbumin. Therefore,  the to ta l  calc ium level  

must  be adjusted to  account for an increased ion ized calc ium in  th is  set t ing. Both 

minerals  are inf luenced by many of  the same factors and thus are often in terpreted 



together.  Renal funct ion is  one such fac tor  whereby a decrease in  renal  funct ion 

( i .e . ,  renal  fai lure)  can resul t  in  a  low leve l  o f  ca lc ium and a h igh leve l  o f  PO4 .  

16.  The answer is  B  [see  VI I I .C.1 ] .  

Magnes ium is the second most abundant in t racel lu lar  and ext racel lular  cat ion.  I t  is  

an act ivator o f  numerous enzyme systems that control  carbohydrate,  fa t ,  and 

e lec t rolyte  metabol ism,  protein  synthes is ,  nerve conduct ion, muscular  contract i l i ty ,  

as  wel l  as  membrane t ransport  and integr i ty.  PO4 ,  on the other  hand,  is important  

for  ATP and phosphol ip id  synthes is .  

17.  The answer is  B  ( I I I )  [see  VI.B.2 ] .  

Chronic  k idney d isease can cause an increase in the BUN level ;  a  heavy protein  d ie t  

and b leeding into  the GI  t ract  are other fac tors  that  can produce th is  f inding.  Severe 

l iver  d isease can prevent  the format ion of  urea and,  therefore,  is  l ikely to cause a 

decrease in  the BUN level .  Al though an IM in ject ion of  diazepam (Val ium) may 

cause an increase in  the serum CK or  AST leve l ,  i t  would have no ef fect  on the 

BUN. 

18.  The answer is  C  ( I ,  I I )  [see  I I I .D ] .  

A lung in fect ion,  such as pneumonia,  normal ly would  not cause an increase in the 

re lease of AST,  an enzyme pr imari ly found in  the l iver  and hear t .  In acute hepat i t is ,  

a  marked increase of AST is  a  l ikely f ind ing.  AST leve ls  a lso can be increased wi th  

pass ive congest ion of the l iver ,  as  occurs  in  CHF. 

19.  The answer is  D  ( I I ,  I I I )  [see  I I I .A,  B and  C ] .  

Usual ly,  the CK,  aALT,  AST,  and LDH enzyme leve ls are increased af ter  a 

myocard ia l  in farc t ion.  Alka l ine phosphatase is not  present  in  card iac  t issue and,  

therefore,  would not  be usefu l  in the diagnos is  of  a  myocard ia l  infarc t ion. 
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Coronary Artery Disease 
Alan H.  Mutnick 
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I. INTRODUCTION 
A. Defini t ion.  Coronary artery disease (CAD)  is  a  general  term that  re fers  to  a  

number of  d iseases other  than atherosc leros is ,  which causes a narrowing of  the 

major  ep icard ial  coronary ar ter ies.  Ischemic heart  disease ( IHD)  is  a  form of hear t  

d isease wi th  pr imary mani fes tat ions that  resu l t  f rom myocardia l  ischemia owing to 

atherosc lerot ic CAD. This  term encompasses a spectrum of condi t ions,  ranging f rom 

the asymptomat ic  precl in ical  phase to  acute myocard ia l  in farct ion and sudden 

cardiac death,  and is  used throughout  the chapter .  

B. Incidence  

1.  IHD cont inues to  be the leading single  cause of  death in  the United States 

(231.1-297.9 deaths per 100,000) ;  cancer is  the second leading cause of death 

(159.1-228.1 deaths per 100,000) .  

2.  Each year  more than 5 mi l l ion pat ients  present  to  emergency rooms wi th  chest  

d iscomfor t  and re la ted symptoms,  and approximate ly 1 .5 mi l l ion are hospita l ized for  

acute coronary syndromes.  Each year in  the Uni ted States,  more than 1 mi l l ion 

pat ients  suffer  an acute myocard ia l  in farc t ion (MI) .  

C. Economics.  Based on models evaluat ing the costs assoc iated wi th  the t reatment  

o f  Medicare pat ients  wi th  common IHD-rela ted d iagnos is ,  i t  has been est imated that 

the d i rec t costs  o f  hospi ta l izat ion are > $15 bi l l ion year ly,  wi th  an addi t ional  $4.5 

b i l l ion yearly in diagnost ic  procedures. 

D. Cl inical guidel ines.  Owing to  the c l in ical ,  humanist ic ,  and economic ef fec t  that  

IHD has in  the Uni ted States,  evidenced-based pract ice gu ide l ines have evolved 

based on the d i f ferences in  the d iagnosis and management  o f  IHD. The authors  of  

th is  chapter have re l ied heavi ly on the use of  those guidel ines to  ensure the most  

up- to-date recommendations based on the c l in ical  l i terature. Guide l ines that  are 

per t inent  to  da i ly pharmacy pract ice inc lude the fo l lowing: 

1.  Gibbons RJ,  Abrams J,  Chatter jee K,  Daley J ,  Deedwania PC, Douglas JS,  

Ferguson TB Jr,  F ihn SD, Fraker TD Jr . ,  Gard in  JM, O'Rourke RA,  Pasternak RC, 

W il l iams SV.  ACC/AHA2002 guidel ine update for management o f  pat ients wi th  

chronic  s tab le angina:  a  report  o f  the Amer ican Col lege of  Cardio logy/Amer ican 

Heart  Associat ion Task Force on Pract ice Guidel ines (Commit tee to  Update the 

1999 Guidel ines for  the Management  o f  Pat ients  wi th  Chronic Stable Angina) .  2002.  

J  Am Col l  Card io l  2003;  41:159-168.  Avai lable  at www.acc.org/qual i tyand 

science/cl in ica l /gu idel ines/s tab le/update_index.htm. Addi t ional  Updated Guidel ines 

by Fraker  TD Jr. ,  Fihn SD, wr i t ing on behalf  o f  the 2002 Chronic Stable Angina 

Wri t ing Commit tee.  2007 chronic  angina focused update of  the ACC/AHA 2002 

Guidel ines for the Management o f  Pat ients  W ith  Chronic  Stable Angina:  a repor t  of  

the American Col lege of Card io logy/Amer ican Heart  Associat ion Task Force on 

Pract ice Guidel ines W ri t ing Group to  Develop the Focused Update of  the 2002 

Guidel ines for the Management o f  Pat ients  W ith  Chronic  Stable Angina.  J Am Col l  



Cardio l  2007;50:2264-74.  Avai lab le  at  

h t tp : / /content.onl ine jacc.org/cg i / repr int /50/23/2264. 

2.  Anderson JL,  Adams C,  Antman EM, et  a l .  ACC/AHA 2007 Guidel ines for  the 

Management  o f  Pat ients  W ith Unstable Angina/Non-ST-Elevat ion Myocardia l  

In farc t ion A Report  o f  the Amer ican Col lege of  Card io logy/Amer ican Heart  

Associat ion Task Force on Pract ice Guidel ines (Wri t ing Commit tee to Revise the 

2002 Guidel ines for  the Management  o f  Pat ients  W ith Unstable Angina/Non-ST-

Elevat ion Myocardial  Infarc t ion)  Developed in  Col laborat ion wi th  the American 

Col lege of  Emergency Phys ic ians,  the Soc iety for  Cardiovascular Angiography and 

In tervent ions,  and the Soc iety o f Thorac ic  Surgeons Endorsed by the Amer ican  
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Associat ion of  Cardiovascular  and Pulmonary Rehabi l i ta t ion and the Society for  

Academic Emergency Medicine.  Avai lab le onl ine at  

h t tp : / /content.onl ine jacc.org/cg i /content /shor t / j . jacc .2007.02.013v1. 

3.  Impl icat ions of  Recent Cl inica l  Tr ia ls  for  the Nat ional  Cholestero l  Educat ion 

Program, Adul t  Treatment  Panel I I I  Guide l ines for  the Coord inat ing Commit tee of  

the Nat ional  Cholestero l  Educat ion Program. Scott  M.  Grundy,  James I .  Cleeman, C.  

Noel  Bai rey Merz,  H.  Bryan Brewer,  J r ,  Luther T.  Clark,  Donald B.  Hunninghake, 

Richard C.  Pasternak,  Sidney C.  Smith, J r ,  Nei l  J.  Stone,  J  Am Col l  Cardio l  2004;  

44:720-732.  Avai lable  onl ine at h ttp : / /content .onl ine jacc.org/cg i / repr int /44/3/720. 

4.  Nat ional  Cholestero l  Educat ion Program (NCEP).  Th i rd  repor t  o f  the Nat ional  

Cholesterol  Educat ion Program (NCEP): Detect ion,  evaluat ion,  and t reatment  o f  

h igh blood cholestero l  in adul ts  (Adul t  Treatment  Panel  I I I ) .  Fina l  Report  [NIH 

Publ icat ion 02-5215] .  Bethesda,  MD: Nat ional  Inst i tutes of Heal th , 2002. Avai lab le 

at  www.nhlb i .nih .gov/gu ide l ines/cholestero l /a tp3fu l l .pdf.  

5.  Antman EM, Anbe DT,  Armstrong PW , Bates ER, Green LA, Hand M, Hochman 

JS,  Kumholz HM, Kushner FG, Lamas GA, Mul lany CJ,  Ornato JP, Pear le DL,  Sloan 

MA, Smi th SC Jr .  ACC/AHA guidel ines for  the management  o f  pat ients  wi th  ST-

e levat ion myocard ia l  in farc t ion: execut ive summary:  a  repor t  o f  the ACC/AHA Task 

Force on Pract ice Guidel ines (Commit tee to  Revise the 1999 Guidel ines on the 

Management  o f  Pat ients  W ith Acute Myocardial  Infarct ion) .  J  Am Col l  Cardio l  2004;  

44:671-719.  Avai lable  at 

h t tp : / /www.acc.org/qual i tyandsc ience/c l in ical /gu ide l ines/stemi /exec_summ/index.htm

.  

6.  Antman EM, Hand M, Armstrong PW, et al .  2007 Focused Update of  the ACC/AHA 

2004 Guidel ines for  the Management  o f  Pat ients  W ith ST-Elevat ion Myocard ia l  

In farc t ion:  a  repor t  o f  the Amer ican Col lege of  Card io logy/Amer ican Heart  

Associat ion Task Force on Pract ice Guidel ines (Wri t ing Group to Review New 

Evidence and Update the ACC/AHA 2004 Guidel ines for the Management  o f  Pat ients  

W ith ST-Elevat ion Myocard ia l  In farc t ion) .  J Am Col l  Cardio l  2008;51(2)  January 15.  

Avai lab le onl ine at  ht tp : / /content .on l inejacc.org/cg i /content / ful l / j . jacc .2007.10.001 

7.  W . Br ian Gib ler ,  Christopher P. Cannon,  Andra L.  Blomkalns,  Douglas M.  Char,  

Barbara J .  Drew,  Judd E.  Hol lander,  Al lan S.  Jaffe ,  Robert  L .  Jesse,  L .  Kris t in  

Newby,  E.  Magnus Ohman,  Er ic  D. Peterson, and Char les  V.  Pol lack.  Pract ica l  



implementat ion of the guidel ines for unstab le angina/non-ST-segment  e levat ion 

myocard ia l  in farc t ion in  the emergency department :  a sc ient i f ic  s tatement f rom the 

American Heart  Assoc iat ion Counc i l  on Cl inica l  Card io logy (Subcommittee on Acute 

Card iac Care) ,  Counci l  on Cardiovascular  Nurs ing,  and Qual i ty o f  Care and 

Outcomes Research In terd isc ip l inary W ork ing Group, in Col laborat ion W ith  the 

Soc iety o f Chest  Pain Centers . Ci rcu la t ion, May 2005;  111:2699-2710.  Avai lab le at  

h t tp : / /c i rc .ahajournals .org/cg i /c i temap?id=ci rcu lat ionaha;111/20/2699. 

E. Manifestations  

1.  Angina pectoris,  an ep isodic,  revers ib le  oxygen insuf f ic iency,  is  the most  

common form of IHD (see I I ) .  

2.  The term acute ischemic (coronary)  syndromes  describes a group of  c l in ica l  

symptoms represent ing acute myocardia l  ischemia.  The cl in ica l  symptoms include 

acute myocardia l  infarc t ion,  inc lud ing ST-segment  e levat ion (STEMI) ,  non-ST-

segment  e levat ion (NSTEMI) ,  and unstable angina (UA) (see I I I ) .  

F.  Et iology.  The processes,  s ing ly or in  combinat ion,  that  produce IHD inc lude 

decreased blood f low to  the myocardium, increased oxygen demand,  and decreased 

oxygenat ion of the blood.  Genera l ly,  s igni f icant  IHD is  def ined via angiography as a 

s tenos is  that  is  ≥ 70% of the d iameter o f  a t  least  one major  coronary ar tery segment  

or  50% of  the d iameter  of  the le f t  main coronary ar tery. 

1.  Decreased blood f low  (Figure 39-1) 

a.  Atherosclerosis,  wi th or  wi thout  coronary thrombosis ,  is  the most  common cause 

of  IHD. In  th is  condi t ion, the coronary ar ter ies  are progressive ly narrowed by 

smooth musc le ce l l  pro l i ferat ion and the accumulat ion of  l ip id  deposi ts (plaque) 

a long the inner  l in ing ( int ima) of  the ar ter ies . 
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Figure 39-1. Oxygen and other nutrients are 
borne to the myocardium through the two major 
coronary arteries (the left and right) and their 
tributaries. The hemodynamic consequences of 
ischemic heart disease depend on which of the 
coronary vessels are involved and what part of the 
myocardium those vessels supply. 

b.  Coronary artery spasm,  a  susta ined contract ion of  one or  more coronary 

ar ter ies ,  can occur  spontaneously or  be induced by i r r i ta t ion (e .g. ,  by coronary 

catheter  or int imal hemorrhage),  exposure to  the co ld ,  and ergot-der ivat ive drugs.  

One long-term study demonstrated that  coronary spasm was most o ften associated 



with an atyp ical  chest  pain  syndrome and c igarette  smoking.  These spasms can 

cause Pr inzmeta l  angina and even MI.  Var iant  angina (Pr inzmeta l  angina) is  a  form 

of  unstable angina that  usual ly occurs  spontaneous ly,  is  character ized by t rans ient 

ST-segment e levat ion, and most  commonly resolves wi thout  progress ion to  MI .  

c.  Traumatic injury,  whether b lunt or  penetrat ing,  can in ter fere wi th  myocardial  

b lood supply (e .g.,  the impact  o f  a  steer ing wheel  on the chest caus ing a myocard ial  

contus ion in  which the capi l lar ies  hemorrhage).  

d.  Embolic events,  even in o therwise normal  coronary vessels ,  can abrupt ly res t r ict  

the oxygen supply to  the myocardium. 

2.  Increased oxygen demand usual ly in the presence of a  fixed restr icted 

oxygen supply can occur  wi th  exer t ion (e .g. ,  exerc ise, shovel ing snow) and 

emot ional  st ress as wel l  as  under c i rcumstances external  to  the coronary ar ter ia l  

bed, which increases sympathet ic  st imulat ion and thus hear t  ra te . Some factors  

af fec t ing card iac  workload,  and therefore myocard ial  oxygen supply and demand, 

are l is ted in  Table 39-1. 

Table 39-1. Factors Affecting Cardiac Parameters That Control Myocardial 
Oxygen Demand 

Factor Heart Rate 
Blood 
Pressure 

Ejection 
Time 

Ventricular 
Volume 

Inotropic 
Effect 

Exercise Increas
e 

Increas
e 

Decreas
e 

Increas
e or 
decreas
e 

Increas
e 

Cold Increas
e 

Increas
e 

— — — 

Smoking Increas
e 

Increas
e 

Increas
e 

— Increas
e 

Nitroglycer
in 

Increas
e 

Decreas
e 

Decreas
e 

Decreas
e 

Increas
e 

β-blockers Decreas
e 

Decreas
e 

Increas
e 

Increas
e 

Decreas
e 
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a.  Diastole.  Under normal  c i rcumstances,  a lmost a l l  o f  the oxygen is  removed 

(dur ing d ias to le)  f rom the ar ter ia l  b lood as i t  passes through the hear t .  Thus l i t t le  

remains to  be ext racted i f  oxygen demand increases.  To increase the coronary 



oxygen supply,  blood f low has to increase.  The normal  response mechanism is for 

the b lood vessels ,  par t icu lar ly the coronary arter ies ,  to  d i la te,  thereby increasing 

b lood f low.  

b.  Systole.  The two phases of systo le—contract ion and e jec t ion—strongly in f luence 

oxygen demand. 

(1)  The contract i le  ( inotropic)  state of the heart  in f luences the amount  o f  oxygen 

i t  requi res  to per form. 

(2)  Increases in systol ic  wal l  tension,  in f luenced by le f t  ventr icu lar  vo lume and 

systol ic  pressure,  increase oxygen demand. 

(3)  Lengthening of e ject ion t ime  ( i .e . ,  the durat ion of  systo l ic  wal l  tension per  

cardiac  cyc le)  also increases oxygen demand. 

(4)  Changes in heart  rate  in f luence oxygen consumpt ion by changing the e jec t ion 

t ime. 

3.  Reduced blood oxygenation.  The oxygen-carry ing capaci ty o f the blood may be 

reduced,  as  occurs  in  var ious anemias or  hypoxemia. 

G. Risk factors  for  IHD and goals for secondary prevent ion have been updated wi th  

the recent ly re leased 2007 Focused Update of  the ACC/AHA 2004 Guidel ines for the 

Management  o f  Pat ients  wi th  ST-Elevat ion Myocard ial  In farc t ion, and are provided 

in  Table 39-2. 

H. Therapeutic considerat ions.  Because most  IHD occurs  secondary to 

a therosc leros is ,  which is a  long-term,  cumulat ive process,  medical  e f for ts  focus on 

reduc ing r isk  factors  through ind iv idual  pat ient educat ion and media campaigns.  

Once mani fes tat ions occur ,  t reatment  addresses the ir  spec i f ic  var iab les. 

II. ANGINA PECTORIS 
A. Defini t ion.  The term angina pectoris  is  appl ied to  varying forms of  t ransient  

chest  d iscomfor t  that  are at t r ibutable to  insuf f ic ient  myocard ia l  oxygen.  

1.  Angina is  a  c l in ica l  syndrome character ized by d iscomfor t  in  the chest ,  jaw,  

shoulder ,  back,  and arms,  which is  usual ly aggravated by exer t ion or  s t ress and 

re l ieved by n i troglycerin .  

2.  Angina can occur  in  pat ients  wi th  va lvular  hear t  d isease,  uncontro l led 

hypertension,  as  wel l  as  in  noncard iac organ systems such as the chest wal l ,  

esophagus,  or  lungs. 

B. Common causes.  Atherosc lerot ic  lesions that produce a narrowing of  the 

coronary ar ter ies  are the major  cause of angina.  However,  tachycard ia,  anemia, 

hyper thyroidism, hypotens ion, and arter ia l  hypoxemia can a l l  cause an oxygen 

imbalance. 

C. Types  

1.  Stable (c lassic)  angina  

a.  In this most common form, has a more predic tab le pat tern,  which is  brought  on by 

exer t ion,  emot ional  s t ress,  or  a  heavy meal ,  which is  usual ly re l ieved by rest ,  

n i t rog lycer in ,  or  both. 

b.  F ive components  are usual ly considered: qual i ty,  locat ion,  and durat ion of  pa in ;  

fac tors provoking pain; and fac tors that  re l ieve pa in. 



c.  Pain has been referred to  as “squeezing,”  “gr ip- l ike, ”  “pressure- l ike, ”  

“suffocat ing, ”  and “heavy,”  and is  usual ly re ferred to  as a discomfor t  ra ther  than 

“pa in. ” 

d.  The anginal  ep isode typ ical ly lasts  for  “minutes”  and is usual ly substernal  but has 

a tendency to  rad iate to  the neck, jaw,  ep igast r ium, or  arms. 

e.  Characterist ica l ly,  the d iscomfor t  bui lds  to  a peak,  rad iat ing to  the jaw,  neck, 

shoulder ,  and arms,  and then subsides wi thout res idual  sensat ion.  Angina is  

normal ly re la ted to  phys ica l  exer t ion,  and the d iscomfort  usual ly subs ides quick ly 

( i .e . ,  in  3-5 min) wi th  rest ;  i f  prec ip i ta ted by emotional  s t ress,  the episode tends to  

last  longer ( i .e . ,  about  10 min) .  

f .  Stab le angina is  character ist ica l ly the resul t  of  a  f ixed obstruct ion in  a coronary 

ar tery. 
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Table 39-2. Risk Factors for Ischemic Heart Disease and Guidelines for Their 
Modification, When Applicable 

I. Risk Factors: Not necessarily modifiable 

  Family history of ischemic heart disease 

  

Age and gender (i.e., prevalence is higher among men than 
among premenopausal women and increases for both genders 
with age) 

  
Chronic stress or type A personality (i.e., aggressive, ambitious, 
chronically impatient, competitive) 

  Gout 

II. Secondary Preventive Goals: As recommended in the 2007 
Smoking-Complete cessation, no exposure to environmental 
tobacco smoke. *Class 1 Recommendation 

  Status of tobacco use should be asked about at every visit. 

  
Every tobacco user and family members who smoke should be 
advised to quit at every visit. 



  The tobacco user's willingness to quit should be assessed. 

  
The tobacco user should be assisted by counseling and 
developing a plan for quitting. 

  

Follow-up, referral to special programs, or pharmacotherapy 
(including nicotine replacement and pharmacological treatment) 
should be arranged. 

  
Exposure to environmental tobacco smoke at work and home 
should be avoided. 

Blood pressure control: Blood pressure should be reduced to less than 
140/90 mm Hg or less than 130/90 mm Hg if chronic kidney disease or 
diabetes mellitus. *Class 1 Recommendation 

  

Initiate or maintain lifestyle modification (weight control, 
increased physical activity, alcohol moderation, decreased 
sodium intake, and increased emphasis on consumption of fresh 
fruits, vegetables, and low-fat dairy products). 

  
Add blood pressure medication, as tolerated, treating initially 
with β-adrenoreceptor blockers and/or ACE inhibitors. 

  
The addition of other blood pressure lowering drugs such as 
thiazides as needed to achieve the goal blood pressure. 

Blood Lipid management: Low density lipoprotein-cholesterol (LDL-C) 
levels should be less than 100 mg/dL. (If triglycerides are greater than 
or equal to 200 mg/dL, total cholesterol minus high density lipoprotein 
cholesterol (HDL-C) should be less than 130 mg/dL.) *Class I 
Recommendation 

  

Initiate dietary therapy in all patients; which includes reducing 
intake of saturated fats, (<7% of total calories), trans fatty acids 
and cholesterol (<200 mg/d). 

  
The addition of plant stanol/sterols (2 g/d) and/or viscous fiber 
(>10 g/d) to further lower LDL-C. 



  Promotion of daily physical activity and weight management. 

  

It may be reasonable to encourage the increase in the 
consumption of omega-3 fatty acids in the form of fish or in 
capsule form (1 g/d) for risk reduction. 

  

A fasting lipid profile should be assessed in all patients and 
within 24 hours of hospitalization for those with an acute 
cardiovascular or coronary event. 

Physical activity: Participate in 30 minutes of Physical Activity 7 days a 
week *Class 1 Recommendation 

  

It is recommended that all patients have a risk assessment with a 
physical activity history and/or an exercise test to guide 
prescription. 

  

All patients should be encouraged to participate in 30 to 60 
minutes of moderate-intensity aerobic activity, (i.e., brisk 
walking) on most, preferably all, days of the week, 
supplemented by an increase in daily lifestyle activities (e.g., 
walking breaks at work, gardening, household work). 

  

Advise medically supervised programs for high-risk patients 
(e.g., recent acute coronary syndrome or revascularization, heart 
failure). 

Weight management: Body Mass Index (BMI) of 18.5 to 24.9 kg/m2 with 
waist circumference of less than 35 inches (women) and less than 40 
inches (men) *Class 1 Recommendation 

  
Assessment of body mass index and/or waist circumference on 
each visit and consistently. 

  

Encourage weight maintenance/reduction through an 
appropriate balance of physical activity, caloric intake, and 
formal behavioral programs when indicated to maintain/achieve 
a body mass index between 18.5 and 24.9 kg/m2. 



  
The initial goal of weight loss therapy should be to reduce body 
weight by approximately 10% from baseline. 

  With success, further weight loss can be attempted if indicated. 

  

If waist circumference is greater than or equal to 35 inches in 
women and greater than or equal to 40 inches in men, it is 
useful to initiate lifestyle changes and consider treatment 
strategies for metabolic syndrome as indicated. 

Diabetes management: Achieve a glycosylated hemoglobin (HbA1c) 
level of less than 7% *Class 1 Recommendation 

  
It is recommended to initiate lifestyle and pharmacotherapy to 
achieve near-normal levels of HbA1c. 

  

Aggressive modification of other risk factors such as physical 
activity, weight management, blood pressure control, and 
cholesterol management, as recommended above is beneficial. 

  
Coordination of diabetic care with patient's primary care 
physician or endocrinologist is beneficial. 

* Class I recommendation: The benefits of the intervention/treatment are 
much greater than the risk, and the procedure/treatment should be 
performed. 
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2.  Unstable angina.  (See a lso I I I . )  

a.  In many pat ients  who exper ience unstable angina, symptoms wi l l  be caused by 

s ign i f icant coronary ar tery d isease.  Angina is  cons idered unstable and requi res 

fur ther  evaluat ion i f  pat ients  exper ience 

(1)  Rest  angina,  which usual ly is  pro longed > 20 min occurr ing wi thin  a week of  

presentat ion 

(2)  Severe new-onset  angina refers  to angina of  a t  least  Canadian Card iovascular 

Soc iety Class i f icat ion (CCSC) to  c lass I I I  sever i ty,  wi th  onset  wi thin  2  months of 

in i t ia l  presentat ion 

(3)  Increasing angina refers  to  previously d iagnosed angina that is  dis t inc t ly more 

f requent,  longer in  durat ion,  or  lower in  threshold 



(4)  Decreased response to  res t  or  ni t rog lycer in 

b.  Unstable angina predic ts a  h igher shor t - term r isk ,  represents  a progress ive 

c l in ical  ent i ty,  may s ignal  inc ip ient  MI ,  is  re ferred to  as an acute coronary 

syndrome,  and should be repor ted promptly to  a  phys ic ian. 

3.  Angina decubitus (nocturnal  angina)  

a.  Th is angina occurs  in  the recumbent  posi t ion and is  not  speci f ical ly re la ted to  

e i ther  res t or  exer t ion. 

b.  Gravi ta t ional  forces sh i f t  f lu ids  wi thin  the body wi th  a resul tant  increase in  

ventr icu lar  volume,  which increases oxygen needs and produces angina decubi tus,  

and which may indicate cardiac  decompensat ion. 

c.  Diuret ics  alone or  in  combinat ion ef fec t ive ly reduce le f t  ventr icular vo lume and 

may aid  the pat ient .  

d.  Ni t ra tes such as n i t rog lycerin  may re l ieve the paroxysmal nocturnal  dyspnea 

associated wi th angina decubi tus by reduc ing preload,  owing to venous pool ing,  and 

improving le f t  ventr icular dysfunct ion. 

4.  Prinzmetal 's  angina (vasospastic or variant  angina)  

a.  Coronary ar tery spasm that  reduces b lood f low prec ipi tates this angina.  The 

spasm may be superimposed on a coronary ar tery that  a l ready has a f ixed 

obstruct ion owing to  thrombi or  p laque format ion. 

b.  I t  usual ly occurs at res t  ( i .e . ,  pa in may d isrupt s leep) ra ther than wi th  exer t ion or  

emot ional  st ress, and usual ly reso lves wi thout  progression to an acute MI .  However,  

i f  the at tack  
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is  prolonged,  MI ,  l i fe- threatening ventr icular  arrhythmias, and sudden card iac death 

can occur .  

c.  Characterist ica l ly,  an e lec t rocard iogram (ECG) taken during an at tack reveals  a 

t rans ient  ST-segment  elevat ion,  which re turns toward normal  a f ter  the acute at tack. 

d.  Calc ium-channel b lockers ,  ra ther  than β-b lockers , are most e ffect ive for  this form 

of  angina. Ni t rog lycerin  may not  provide rel ie f ,  depending on the cause of  

vasospasm. 

D. Physical  examination  is  usual ly not  reveal ing,  especia l ly between attacks. 

However,  the pat ient 's  h is tory,  r isk  factors ,  and fu l l  descrip t ion of a ttacks—

precipi ta t ion pat tern,  in tensi ty,  durat ion,  re l ieving fac tors—usual ly prove d iagnost ic .  

E. Diagnostic test  results  

1.  The ECG  is  normal  in  50% or  more of pat ients  wi th  s tab le angina pector is ,  and a 

normal  res t ing ECG does not  exc lude severe IHD. However,  an ECG wi th  evidence 

of  le f t  ventr icular hypert rophy or ST-T-wave changes consistent  wi th  myocardial  

ischemia favor  the diagnos is  o f  angina pector is .  The presence of  Q waves f rom a 

previous MI  makes the diagnosis o f IHD very l ikely.  An ECG obtained dur ing chest  

pa in is  abnormal  in  50% of  pat ients  wi th  angina who have a normal  res t ing ECG. 

The ST segment  can be e i ther  elevated or  depressed. 

2.  Stress test ing (exercise ECG)  is  a  wel l -establ ished procedure,  which a ids  the 

d iagnos is  in  pat ients  who have normal  res t ing ECGs.  The most  commonly used 

def in i t ion for  a  pos i t ive tes t  is  a  ≥ 1-mm ST-segment  depress ion or  elevat ion for  ≥ 



60-80 msec e i ther  during or  af ter exerc ise.  Exercise s t ress tes t ing is  preferable to 

o ther var ia t ions of the stress tes t (pharmacolog ica l )  in  pat ients  who are ab le to  

exerc ise. 

3.  Pharmacological  stress testing  is  performed in  suspected IHD pat ients  when 

they are not  ab le to per form more than moderate exerc ise due to  various reasons 

( i .e . ,  severe ar thr i t is ,  pr ior  in jury,  reduced exerc ise to lerance as a resul t  o f  

debi l i ta t ing i l lnesses,  e tc. ) ,  or in pat ients  who are unable to increase the hear t  ra te. 

a.  Int ravenous dipyr idamole (coronary vasodi la t ion) ,  adenosine (coronary 

vasodi lat ion)  by inh ibi t ing ce l lu lar  uptake and degradat ion of  adenos ine increase 

coronary blood f low,  and h igh-dose dobutamine (20-40 µg/kg/min)  increase oxygen 

demand through increased heart  ra te ,  systo l ic  b lood pressure, and myocard ia l  

contract i l i ty  causing an increase in  myocard ia l  b lood f low are a l l  ab le  to induce 

detectab le cardiac  ischemia in conjunct ion wi th ECG test ing. 

b.  S ide ef fec ts  occur  for  each of  the agents and inc lude dipyridamole  (angina,  

18%-42%; arrhythmias,  2%; headache,  5%-23%; d izziness,  5%-21%; nausea,  8%-

12%; and f lush ing, 3%),  adenosine  (chest pain , 57%; headache,  35%; f lush ing, 

25%; shor tness of  breath,  15%; and f i rs t-degree at r ioventr icu lar [AV] hear t  b lock,  

18%), dobutamine  (premature ventr icular  beats, 15%; premature at r ia l  beats ,  8%; 

supraventr icu lar  tachycard ia and nonsustained ventr icular tachycardia ,  3%-4%; 

nausea,  8%; anxiety,  6%; headache,  4%; and t remor, 4%). 

4.  Stress perfusion imaging  wi th  thal l ium-201 or  technet ium-99m (9 9 mTc) can 

d iagnose mul t ivessel  d isease,  loca l ized ischemia,  and may be able to  determine 

myocard ia l  v iabi l i ty .  The added expense of  the tes t  makes i t  reserved for  pat ients  

who have ECG abnormal i t ies  at  res t.  Coronary arter iography and card iac 

catheter izat ion are very spec i f ic  and sens i t ive but  are a lso invas ive, expens ive,  and 

r isky ( the morta l i ty ra te  is  1%-2%);  therefore,  they must  be used jud ic iously when 

t ry ing to  conf i rm suspected angina and to d i f ferent iate  i ts  or ig in . 

5.  Various drugs can have an ef fect  on the ECG and should be cons idered before, 

dur ing,  and after  an exerc ise test  is  carr ied out .  Examples inc lude 

a.  Digoxin produces abnormal  exercise- induced ST depression in 25%-40% of  

apparent ly healthy,  normal  subjects  wi thout  ischemia. 

b.  β-adrenergic  b lockers may delay the development  o f  an abnormal  ECG i f  pat ients  

receive them before or dur ing a s t ress test .  I f  possib le ,  therapy should be slowly 

wi thheld f rom the pat ient a t  least  four to f ive hal f - l ives before the exerc ise test ing.  

I f  i t  is  not  poss ib le  to wi thdraw therapy,  the c l in ic ian needs to recognize that  the 

tes t might  be less re l iable . 

c.  Ant ihyper tensives such as vasodi lators  can a l ter  the s t ress tes t  by a l ter ing the 

normal  hemodynamic response of  b lood pressure. In  addi t ion, shor t - term use of  

n i t ra tes can at tenuate angina and ST-segment  changes associated wi th  myocard ia l  

ischemia. 
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F.  Treatment goals  

1.  To prevent  MI  and death,  thereby increas ing a pat ient 's  qual i ty o f  l i fe 



2.  To reduce symptoms of  angina and occurrence of  ischemia, which should improve 

a pat ient 's qual i ty o f  l i fe 

3.  To remove or  reduce risk factors  

4.  The management  o f  angina pectoris  inc ludes therapies a imed at  reversing card iac 

r isk  fac tors. 

a.  Hyperl ipidemia,  i f  present ,  should be t reated.  Reducing cholesterol  and low-

dens i ty l ipoprotein  (LDL) is  assoc iated wi th  a reduced r isk  of cardiovascular  disease 

and inc idence of  ischemic  cardiac  events,  as  demonstrated by severa l  recent  

s tud ies using β-hydroxy-β-methylg lu taryl -coenzyme A (HMG-CoA) reductase 

inhib i tors .  The NCEP has publ ished updated guide l ines for  t reatment  o f  h igh blood 

cholestero l  (Adul t  Treatment  Panel I I I ) .  

(1)  Tota l  cholestero l  is  no longer the pr imary target  o f t reatment ;  LDL cholestero l  is  

now the pr imary target .  

(2)  Current recommendat ions inc lude the complet ion of  a  l ipoprote in  prof i le—tota l  

cholestero l ,  LDL cholestero l ,  high-dens i ty l ipoprote in (HDL) cholestero l ,  and 

t r ig lycerides—as the preferred in i t ia l  tes t ,  ra ther  than screening for  to ta l  cholestero l  

and HDL alone. 

(3)  Persons are categor ized into  one of  four leve ls  o f  r isk,  to ident i fy group-speci f ic  

t reatment  modal i t ies:  (1) high-r isk ,  es tab l ished IHD or  IHD r isk  equiva lents  

(d iabetes, noncoronary forms of  a therosc lerot ic  disease) ;  (2)  moderate ly  h igh-r isk,  

mult ip le  (more than two) r isk  fac tors and a ca lcu la ted 10-year  r isk  of  10%-20%; (3) 

moderate r isk ,  mul t ip le (more than two) r isk  factors  and a ca lcula ted 10-year  r isk  of  

10%; and (4)  lower-r isk ,  zero to one r isk  fac tor .  

(4)  A l l  indiv iduals  wi th  IHD or  IHD r isk  equiva lents  have been ca l led “h igh r isk, ”  and 

the treatment  goals is  to have LDL-cholestero l  (LDL-C) levels < 100 mg/dL.  Other  

recommendations are as fo l lows: 

(a)  I f  basel ine LDL-C is  < 100 mg/dL (goal  of  t reatment),  pat ients  wi th  IHD should 

be given ins t ruc t ions on d ie t and exerc ise and have leve ls  moni tored annual ly.  

Though the guidel ines suggest an opt ional  goal  o f  obtain ing an LDL-C of < 70 

mg/dL. 

(b)  I f  basel ine LDL-C is  ≥ 100 mg/dL,  an LDL- lower ing drug should be s tar ted a long 

wi th  therapeut ic  l i festy le changes (TLCs).  L i festy le-rela ted r isk  fac tors  inc lude 

th ings such as obes i ty,  phys ica l  inact iv i ty,  e levated t r ig lyceride,  low-HDL-C,  or  

metabol ic  syndrome. 

(c)  Adul t  Treatment Panel  I I I  d id  not mandate LDL- lower ing drugs for  pat ients  wi th  

basel ine LDL-C levels  between 100 and 129 mg/dL but  suggested in tensi fy ing 

l i fes ty le  and the opt ional  use of drug therapies to lower LDL to  < 100 mg/dL.  

However,  i f  the pat ient  had elevated t r ig lycer ides or  low h igh-densi ty l ipoprotein  

cholestero l  (HDL-C),  a  drug should be star ted that  targets  these abnormal i t ies—for  

example, n icot inic ac id or  f ibr ic ac id i f  the pat ient has elevated t r ig lycerides (> 200 

mg/dL)  or  low HDL levels  (< 40 mg/dL).  I f  t r ig lycer ides are ≥ 500 mg/dL,  cons ider  

f ibrate or  niac in  before LDL- lower ing therapy. 

(5)  For  moderate ly high r isk  pat ients ,  the recommended LDL-C goal  is  < 130 mg/dL,  

but  a  goal o f  < 100 mg/dL is  an opt ional  goal ,  based on recent  c l in ica l  t r ia l  



evidence.  In  addit ion,  a  recommendation to  in i t ia te  TLCs when the pat ient has an 

LDL-C ≥ 130 mg/dL. 

(6)  For  moderate r isk  pat ients ,  the recommended LDL-C goal is  < 130 mg/dL.  In  

addi t ion,  a  recommendation to  in i t iate  TLC when the pat ient  has an LDL-C ≥ 160 

mg/dL. 

(7)  For  lower r isk  pat ients ,  the recommended LDL-C goal  is  < 160 mg/dL, but  again, 

a  recommendat ion to  in i t ia te TLC for  those pat ients  wi th  an LDL ≥ 190 mg/dL. 

(8)  The metabol ic  syndrome  is  c lose ly l inked to insul in  res is tance,  when the 

normal  act ions of insul in are impai red.  Excess body fa t  and phys ica l  inact iv i ty 

promote the development  o f  the syndrome;  however,  some ind iv iduals may be 

predisposed genet ica l ly.  Pat ients  wi th  three or more of  the fo l lowing character is t ics 

are re ferred to  as having the metabol ic  syndrome and should be t reated accord ingly:  

abdominal  obes i ty,  t r ig lycer ides > 150 mg/dL,  HDL levels o f  < 40 mg/dL for  men and 

50 mg/dL for  women,  b lood pressure readings ≥ 130/85 mm Hg,  and a fast ing serum 

g lucose leve l  ≥ 110 mg/dL. 
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G. Individual  drug classes  

1.  Bi le  acid sequestrant resins  

a.  Mechanism of act ion.  These insolub le,  nonabsorbable,  anion-exchange res ins  

b ind bi le ac ids  wi thin  the in tes t ines. Bi le  acids  are synthes ized f rom cholestero l .  

b.  Indicat ions.  These agents  have been shown to  be safe and effec t ive in  lower ing 

LDL-C especia l ly in pat ients  wi th  modest ly elevated leve ls ,  in  pr imary prevent ion,  in  

young adul t  men,  and postmenopausal  women.  They are effect ive in  combinat ion 

wi th  o ther  agents . 

c.  Currently avai lable agents  inc lude the fo l lowing: 

(1)  Cholestyramine (Questran) :  2-8 g by mouth in two dai ly doses 

(2)  Colest ipo l  (Colest id):  2-16 g by mouth in one or  two dai ly doses 

(3)  Colesevelam (W elChol ) :  6-7 table ts  (625 mg/ tab let )  by mouth in one dai ly dose 

d.  Precautions and monitoring effects  

(1)  These res ins are taken just  before meals  and present  pa latabi l i ty  problems in  

pat ients . 

(2)  Gastroin test ina l  (GI) in tolerance,  espec ia l ly const ipat ion, f la tulence,  and 

dyspepsia are f requent .  

(3)  Absorpt ion of  many other  drugs can be af fec ted.  Other  drugs should be taken 1 

hr  before or 4-6 hr  a f ter  res ins. 

2.  Statins or HMG-CoA reductase inhibitors  

a.  Mechanism of act ion.  These agents  inhibi t  the enzyme HMG-CoA and reduce 

cholestero l  product ion. 

b.  Indicat ions.  These agents  are ef fec t ive in  lower ing LDL levels,  whi le increas ing 

HDL levels  and lower ing t r ig lyceride levels.  They are pr imar i ly used to lower LDL 

cholestero l  levels .  

c.  Currently avai lable agents  inc lude the fo l lowing: 

(1)  Atorvastat in  (Lipi tor) :  10-80 mg by mouth dai ly 



(2)  Fluvastat in  (Lescol ) :  20-80 mg by mouth at  bedt ime 

(3)  Lovastat in  (Mevacor,  var ious) :  10-80 mg by mouth in the evening 

(4)  Pravastat in  (Pravachol ) :  10-80 mg by mouth da i ly 

(5)  Rosuvastat in  (Crestor) :  5-40 mg by mouth dai ly 

(6)  S imvastat in  (Zocor ,  var ious):  5-80 mg by mouth in  the evening 

d.  Precautions and monitoring effects  

(1)  GI  adverse ef fec ts  are less f requent ly seen than wi th  other  c lasses of  agents.  

Headache and dyspeps ia f requent ly occur  and should be evaluated, then fo l lowed 

up in  6-8 weeks,  and then at  each fo l low-up vis i t  thereaf ter .  

(2)  These agents can elevate l iver  funct ion tests—alan ine aminotransferase (ALT) 

and asparta te aminotransferase (AST),  which requi res in i t ia l  evaluat ion,  then af ter  

approximately 12 weeks of  therapy,  then annual ly thereafter .  

(3)  Though the inc idence of  myopathy is  be l ieved to  be low (0.08%) for  lovastat in  

and s imvastat in ,  e levat ions of  c reat ine k inase (CK) > 10 t imes the upper l imit  of  

normal  have been reported wi th  pravastat in ,  wi th s imi lar  potent ial  for  the other 

members of  the group.  Most  recent ly,  cer ivastat in (Baycol )  was voluntar i ly  removed 

f rom the market  owing to the repor ted deaths of  31 pat ients  f rom rhabdomyolys is  

whi le  receiv ing the drug a lone or  in  combinat ion wi th  gemf ibrozi l  (Lopid) .  

Consequently,  rout ine moni tor ing is necessary in a l l  pat ients ,  as  fo l lows: 

(a)  Evaluate musc le symptoms and check CK before s tart ing therapy,  evaluate in  6-

12 weeks af ter s tar t ing therapy,  and then at  each fo l low-up vis i t .  

(b)  Pat ients present ing wi th  muscle soreness,  tenderness, or  pa in  should have a CK 

measurement on presentat ion,  to  min imize the develop of  myopathies. 

(c)  Concurrent  therapy wi th  o ther  agents,  including cyclospor ine,  macrol ide 

ant ib io t ics,  azole ant i fungals ,  n iac in ,  f ibrates,  or  nefazodone,  may increase the r isk . 

3.  Fibric  acid derivat ives  

a.  Mechanism of act ion.  These agents  are presumed to  inh ib i t  cholestero l  

synthesis  and lower LDL-C.  They are ef fec t ive at lower ing t r ig lycer ides.  In  some 

pat ients ,  they modest ly lower LDL-C and ra ise HDL-C. 

b.  Precautions and monitoring effects  

(1)  GI  ef fec ts  are the most  commonly exper ienced adverse ef fect .  

(2)  These agents can elevate l iver  funct ion tests ;  rout ine moni tor ing should be 

carr ied out .  
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(3)  Use wi th  s tat ins  can lead to  e levated CK,  and moni tor ing is  necessary to  ident i fy 

myopath ies or  rhabdomyolys is .  

c.  Currently avai lable agents  inc lude the fo l lowing: 

(1)  Fenof ibrate (Tr icor ,  var ious):  145-160 mg by mouth da i ly 

(2)  Gemf ibrozi l  (Lopid,  var ious):  600 mg by mouth twice dai ly 

4.  Niacin  

a.  Mechanism of act ion.  Numerous s tud ies have demonstrated the ro le of  n iacin  in  

the lower ing of LDL-C and t r ig lycer ides through var ious mechanisms such as 

par t ic ipat ion in  t issue respi ra t ion oxidat ion-reduct ion react ions, which decreases 



hepat ic  LDL and very low-dens i ty l ipoprotein  (VLDL) product ion; inh ib i t ion of  

ad ipose t issue l ipolys is ,  decreased hepat ic t r ig lycer ide ester i f icat ion,  and increases 

in  l ipoprote in  l ipase act iv i ty.  Table 39-3 presents severa l  agents  and thei r e f fec ts  on 

l ipoprote ins. 

b.  Indicat ions.  Niac in is va luable in  t reat ing pat ients  wi th  elevated to ta l  cholestero l  

and low LDL-C leve ls .  I t  is  used in  combinat ion therapy. 

c.  Currently avai lable agents  inc lude the fo l lowing: 

(1)  Niacin  control led release (Niaspan): 1000-2000 mg by mouth at  bedt ime 

(2)  Niacin  control led release (Slo-Niac in) :  1-2 grams by mouth at bedt ime 

(3)  Niacin  immediate re lease (Var ious):  1000-2000 mg by mouth 2-3 t imes dai ly.  

d.  Precautions  

(1)  Adverse GI e ffec ts are exper ienced wi th  the use of  niac in . 

(2)  Pat ients may exper ience f lush ing and i tchy skin ,  which may be reduced wi th  the 

adminis t ra t ion of  325 mg aspi r in  about  30 min before the dose. 

(3)  Cases of severe l iver toxic i ty have been reported.  L iver funct ion tes ts  should be 

per formed in  pat ients  receiv ing th is  drug. 

Table 39-3. Selected Agents and Their Effects on Lipoproteins 

Class/Agent 
Lipid/Lipoprotein 
Effects Daily Dose 

Adverse Drug 
Effects 

HMG-CoA 
reductase 
inhibitors 
(statins) 

LDL: 18%-
55% reduction 
HDL: 5%-
15% increase 
TG: 7%-30% 
reduction 

Lovastatin: 10-
80 mg 
Pravastatin: 20-
40 mg 
Simvastatin: 5-
80 mg 
Fluvastatin: 20-
80 mg 
Atorvastatin: 10-
80 mg 
Rosuvastatin: 5-
40 mg 

Myopathy, 
increased liver 
enzymes 

Bile acid 
sequestrants 

LDL: 15%-
30% reduction 
HDL: 3%-5% 
increase 
TG: No 
change or 
increase 

Cholestyramine: 
4-16 g 
Colestipol: 5-20 
g 
Colesevelam: 
2.6-3.8 g 

GI distress, 
constipation, 
decreased 
absorption of 
other drugs 

Nicotinic 
acid 

LDL: 5%-
25% reduction 
HDL: 15%-

Immediate-
release: 1.5-3 g 
Extended-

Flushing, 
hyperglycemia, 
hyperuricemia 



35% increase 
TG: 20%-50% 
reduction 

release: 1-2 g 
Sustained-
release: 1-2 g 

(or gout), upper-
GI distress, 
hepatotoxicity 

Fibric acids LDL: 5%-
20% reduction 
HDL: 10%-
20% increase 
TG: 20%-50% 
reduction 

Gemfibrozil: 
600 mg twice 
daily 
Fenofibrate: 
145-160 mg 
Clofibrate: 1000 
mg twice daily 

Dyspepsia, 
gallstones, 
myopathy, 
unexplained 
non-CHD deaths 
in WHO study 

CHD, coronary heart disease; GI, gastrointestinal; HDL, high-density 
lipoprotein; HMG-CoA, β-hydroxy-β-methylglutaryl-coenzyme A; LDL, 
low-density lipoprotein; TG, triglycerides; WHO, World Health 
Organization. 

Adapted from Grundy SM, Becher D, Clark LT et al. Third Report of the 
National Cholesterol Education Program (NCEP): Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) 
[NIH Publication No. 01-3670]. Washington DC, U.S. Department of Health 
and Human Services, May 2001. Available at: 
www.nhlbi.nih.gov/guidelines/cholesterol/atp3xsum.pdf. 
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5.  Ezet imibe (Zet ia)  

a.  Mechanism of act ion.  F i rs t  in  a  new c lass of l ip id- lower ing compounds approved 

by the U.S.  Food and Drug Admin is t ra t ion (FDA), which works by se lect ive ly 

inhib i t ing the in test ina l  absorpt ion of  cholestero l  and re la ted phytosterols,  wi th  a  

resul tant  decrease in intes t inal  cholestero l  del ivered to  the l iver ,  decreased hepat ic  

cholestero l  s tores,  and an increase in  the c learance of  cholestero l  f rom the b lood.  

Ezet imibe has demonstrated the ab i l i ty  to reduce to tal  cholestero l ,  LDL-C,  

apol ipoprotein  B, and t r ig lyceride leve ls  whi le increas ing HDL leve ls  in  pat ients  wi th  

hypercholestero lemia. 

b.  Indicat ions.  Ezet imibe as adjunct ive therapy a long wi th  d ietary measures, a lone 

in  pat ients  wi th  pr imary heterozygous fami l ia l  and nonfamil ia l  hypercholestero lemia,  

or  in  combinat ion wi th the HMG-CoA reductase inh ibi tors  in  homozygous famil ia l  

hypercholestero lemia. 

c.  Dose.  Normal  dos ing recommendations are a 10-mg dose given once dai ly.  

d.  Precautions.  As monotherapy,  s tud ies to  date have not  revealed signi f icant  s ide 

ef fec ts  above those seen wi th  placebo admin is t ra t ion.  However,  when used in  



combinat ion wi th  HMG-CoA reductase inhibi tors ,  reports  have described an 

increased incidence (approximately 1 .4%) in  the e levat ion of l iver t ransaminase 

leve ls  ( three t imes the upper l imit  o f  normal )  as  compared to  the inc idence of  0.4% 

wi th  HMG-CoA agents used alone. 

6.  Combination products  

a.  Ezet imibe/simvastat in (Vytor in)  uses the indiv idual  c lass proper t ies  of  the HMG-

CoA reductase inhibi tors (s imvastat in)  to  reduce cholestero l  product ion with  the 

absorpt ion- inh ib i t ing proper t ies of ezet imibe to  target  cholesterol  wi th  two d i f fer ing 

mechanisms,  which might  a id  in  improving pat ient compl iance. 

(1)  Avai lable  product  is  suppl ied as 10/10,  10/20,  10/40, 10/80 combinat ions of  

ezet imibe and s imvastat in ,  respect ive ly,  and the da i ly recommended dose is  1  table t  

by mouth every evening. 

(2)  S ide ef fec ts  re f lec t the addi t ive s ide ef fec t proper t ies  of  ezet imibe and 

s imvastat in  and warrant  cons iderat ion when occurr ing during therapy. 

b.  Lovastat in /niac in (Advicor)  is  a product  that  incorporates the act ions of the HMG-

CoA reductase inhibi tor lovastat in  wi th  an extended release niac in component into  a 

s ing le  product ,  us ing di f fer ing mechanisms,  which might  aid  in  improving pat ient 

compl iance. 

(1)  Avai lable  product  is  suppl ied as 20/500,  20/750,  20/1000 susta ined-release 

tab let  combinat ions of  lovastat in  and niac in,  respect ive ly.  The recommended dai ly 

dose is  1-2 table ts  by mouth at  bedt ime. 

(2)  S ide ef fec ts  re f lec t the addi t ive s ide ef fec t proper t ies  for  both lovastat in  and 

n iac in  and warrant  cons iderat ion dur ing therapy. 

c.  Amlodipine/atorvastat in  (Caduet) is  a combinat ion product  that incorporates the 

act ions of  the d ihydropyrid ine calc ium channel  blocker  amlodipine wi th  the l ip id-

lower ing propert ies  of  the HMG-CoA reductase inh ibi tor a torvastat in .  The ca lc ium 

channel  blocker  of fers  no benef i t  for  l ip id  lower ing but  represents a potent ia l ly  

benef ic ia l  product  for  a  pat ient wi th  coexis t ing d isease s tates,  such as IHD and 

hypertension,  for  which the use of  a  ca lc ium channel  b locker  would be warranted. 

(1)  Avai lable  product  is  suppl ied as 20/500,  20/750,  and 20/1000 tablets ,  which 

cons is t  o f  20 mg of  lovastat in  and 500,  750,  or  1000 mg of  an extended re lease form 

of  niac in.  The recommended dai ly dose is  1-2 table ts  by mouth at  bedt ime.  

(2)  S ide ef fec ts  re f lec t the addi t ive s ide ef fec t proper t ies  for  both amlodipine and 

atorvastat in and warrant cons iderat ion dur ing therapy. 

d.  Aspi r in ,  buf fered/pravastat in  (Pravigard PAC) is  a  combinat ion product  that  

incorporates the act ions of  the HMG-CoA reductase inhibi tor pravastat in  wi th  the 

ant ip la tele t  proper t ies  of asp i r in .  Th is  product  is  no longer avai lable  in  the U.S. 

(1)  Avai lable  product  is  suppl ied as 81/20,  81/40,  81/80, 325/20,  325/40,  and 325/80 

tab let  combinat ions of  buf fered aspi r in  and pravastat in ,  respect ive ly.  The 

recommended dai ly dose is  1  table t  by mouth dai ly.  

(2)  S ide ef fec ts  re f lec t the addi t ive s ide ef fec t proper t ies  for  both aspi r in  and 

pravastat in  and warrant  cons iderat ion dur ing therapy. 

e.  Omega-3-ac id  ethyl  es ters  (Lovaza)  is  the f i rst  FDA-approved omega 3- fa t ty ac id ,  

which is  indicated for  pat ients  wi th e levated leve ls  o f t r ig lycer ides (> 500 mg/dL) .  



(1)  Avai lable  product  is  suppl ied as a 1-g capsule;  the recommended dai ly dose is  4 

capsules by mouth da i ly in  one- two doses. 
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(2)  S ide ef fec ts  that have been repor ted include burping,  in fec t ion, f lu- l ike 

symptoms,  upset s tomach,  change in one 's  sense of  taste,  back pain, and rash. 

f .  Hypertension.  Treatment  o f  hyper tension accord ing to the Jo in t  Nat ional  

Conference VI I  gu ide l ines has received a c lass I  recommendation based on data 

f rom mul t ip le  randomized cl in ica l  t r ia ls  wi th  large numbers of  pat ients (A,  h igh)  and 

should be contro l led.  Class I  recommendations are based on evidence or  genera l  

agreement  that  a  g iven procedure or t reatment  is  usefu l  and ef fec t ive (see Chapter  

41) .  

g.  Smoking  should be s topped i f  at  al l  possib le  and has received a c lass I  

recommendation based on data der ived f rom a l imi ted number of  randomized t r ia ls  

wi th  smal l  numbers of pat ients  (B,  in termediate).  

(1)  Transdermal  use of  nicot ine-conta in ing patches has become one s t rategy for 

a iding the cessat ion of  smoking.  Products  such as Nicot ro l ,  Habi t ro l ,  NicoDerm, and 

others  are avai lable  in  varying s t rengths to  wean pat ients  o f f  the use of  c igaret tes  

over  an 8-  to  12-week per iod,  us ing descending doses. 

(2)  Nicot ine gum (oral  nicot ine polacr i lex chewing p ieces) is  avai lab le  in  2-mg or  4-

mg p ieces.  Nicorette  is  usual ly used for  3  months to  aid in cessat ion of smoking. 

(3)  Bupropion is  a prescrip t ion ant idepressant ,  which is  a lso marketed under the 

brand name of Zyban as an aid  to  smoking cessat ion. 

(4)  Varenic l ine (Chantix)  is  a  recent ly approved product ,  which works as agonizers  

and b locks a lpha-4-beta-2 n icot inic acetylchol ine receptors  in  the brain  to  reduce 

the craving for  n icot ine.  Therapy is  star ted wi th a dose of  0.5  mg by mouth dai ly for  

3  days,  fo l lowed by 0.5 mg tablets  twice da i ly for  4  days,  then 1 mg twice dai ly 

thereaf ter  for  12 weeks,  which can be g iven for  an addi t ional  12 weeks i f  

successful .  

h.  Obesity should be reduced through die t  and an appropr iate  exerc ise program in  

pat ients  wi th  hyper tens ion,  hyper l ip idemia,  or d iabetes mel l i tus  and has received a 

c lass I  recommendat ion based on expert  consensus as  the primary bas is  (C,  low).  

H. Therapeutic agents  

1.  Recent  evidence-based guide l ines have provided recommendations for  the 

t reatment  o f  pat ients  wi th  chronic s table angina.  (See ID.1.  Fraker ,  TD et .  a l ) .  

Recommendations use four  leve ls  of  recommendat ions:  Class I  (evidence 

demonstrates that  the benef i t  of  the ef fec t / t reatment  is  much greater  [>>>]  than the 

r isk  and should be per formed/ut i l ized) ;  Class I Ia (evidence demonstrates that  the 

benef i t  o f  the effec t / t reatment  is  greater  [>>] than the r isk  and i t  is  reasonable to 

per form or  ut i l i ze the t reatment);  Class I Ib  (evidence demonstrates that  the benef i t  

o f  the ef fec t / t reatment is greater  than or equal  to [≥]  r isk  associated wi th the 

ef fec t / t reatment ,  and addi t ional  s tud ies would be helpful ) ;  and Class I I I  (evidence 

demonstrates that  the r isk  associated wi th the effec t / t reatment is  greater  than or  

equal  to  [≥]  the benef i t ,  and should not  be ut i l ized or  administered) .  Addi t ional ly,  



the recommendat ions include 3 levels  o f  evidence,  based on the avai lab i l i ty  f rom 

the l i terature and include Level  A-high leve l ,  mult ip le  populat ions s tudied,  Level  B-

l imi ted populat ions s tudied,  and Level  C-very l imited populat ion s tud ied.  For  the 

purposes of  th is  review,  we have only inc luded the overal l  Class recommendation 

for  the respect ive therapies. 

2.  Nitrates (e.g. ,  ni troglycerin)  

a.  Mechanism of act ion  

(1)  The pr imary va lue of  n i t ra tes is  venous di la t ion,  which reduces le f t  ventr icu lar  

vo lume (pre load)  and myocard ia l  wal l  tension,  decreas ing oxygen requi rements  

(demand). 

(2)  Ni tra tes may also reduce ar ter io lar res is tance,  help ing reduce after load,  which 

decreases myocard ia l  oxygen demand. 

(3)  By reducing pressure in  card iac  t issues,  ni t rates a lso faci l i ta te  co l la tera l  

c i rcu la t ion, which increases blood dist r ibut ion to  ischemic  areas. 

(4)  Pharmacolog ical  e f fec ts have been shown to  improve exerc ise to lerance,  prolong 

the t ime to  onset  o f  angina,  and the appearance of  ST-segment  depression during 

exerc ise tes t ing. 

b.  Indicat ions  

(1)  Acute attacks of  angina pector is  can be managed wi th subl ingual ,  t ransmucosal  

(Ni t rol ingual  spray or  buccal  table ts) ,  or  in t ravenous del ivery. 

(2)  Ind icat ions inc lude the prevent ion of  ant ic ipated at tacks,  using tab le ts (oral  or 

buccal )  or  t ransdermal  paste or patches.  Subl ingual  n i tra tes (Ni t ros tat )  can be used 

before eat ing, sexual  ac t iv i ty,  or  a  known st ressfu l  event .  
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(3)  Ni tra tes are used in  treatment  of  stable angina.  They may not be effect ive as a 

s ing le  agent for t reatment  o f Pr inzmeta l  angina,  a l though some s tud ies have shown 

n i t ra tes to  prevent  or  reverse vasospasm at  varying doses. Int ravenous ni t roglycerin  

is  used in  the immediate t reatment  o f  unstab le angina and is used for long- term 

therapeut ic  re l ie f .  

(4)  Ni tra tes used in  combinat ion wi th  β-adrenerg ic  blockers  have been shown to  be 

more effect ive than ni t rates or  β-adrenerg ic  blockers  used alone. 

c.  Choice of  preparat ion  should be based on onset  o f  ac t ion,  durat ion of ac t ion,  

and pat ient  compl iance and preference because a l l  n i t ra tes have the same 

mechanism of  act ion. 

d.  Precautions and monitoring effects  

(1)  To maximize the therapeut ic  ef fec t ,  pat ients should thoroughly unders tand the 

use of  thei r  spec i f ic  dosage forms (e.g. ,  subl ingual  tab le ts ,  t ransdermal  patches or  

pastes,  tab le ts ,  capsules) .  

(2)  B lood pressure and hear t  ra te should be monitored because al l  n i t ra tes can 

increase hear t  ra te  whi le lower ing blood pressure.  

(3)  Preload reduct ion can be assessed through reduct ion of  pu lmonary symptoms 

such as shor tness of  breath,  paroxysmal  nocturnal  dyspnea, or  dyspnea. 

(4)  Ni tra te- induced headaches are the most  common side ef fect .  



(a)  Pat ients should be warned of the nature,  suddenness,  and potent ia l  st rength of  

these headaches to  minimize the anxiety that  might  o therwise occur .  

(b)  Compl iance can be enhanced i f  the pat ient  understands that  the ef fec t is  

t rans ient  and that  the headaches usual ly d isappear wi th  cont inued therapy.  

(c)  Acetaminophen ingested 15-30 min before ni t ra te  administ ra t ion may prevent  the 

headache. 

e.  Effect ive therapy should resul t  in  fewer angina l  at tacks wi thout  induc ing 

s ign i f icant adverse ef fects  (e .g.,  postural  hypotens ion, hypoxia) .  I f  maximal doses 

are reached and the pat ient  s t i l l  exper iences at tacks,  addi t ional  agents should be 

adminis tered. 

f .  Ni trate tolerance  is  a  major  problem wi th  the long- term use of  n i t rog lycer in and 

long-act ing n i t ra tes.  Severa l  agents  such as ACE inhibi tors  (sul fhydryl -conta in ing 

drugs) ,  acetylcysteine,  and diuret ics have been shown to  reverse ni t rate  to lerance 

by increas ing the avai labi l i ty  o f  sul fhydryl  radica ls .  However,  pract ical  

cons iderat ions suggest  that  less f requent  adminis t rat ion (8-12 hr  o f  ni t ra te- f ree 

in terva ls)  is  ef fec t ive wi thout int roducing addit ional  agents. 

3.  β-Adrenergic blockers.  Based on the recent ly re leased 2007 Focused guide l ines 

for  pat ients  wi th  Chronic Stable Angina,  a  Class 1A recommendat ion s ta tes that i t  is  

benef ic ia l  to  s tart  and cont inue beta-blocker  therapy indef ini tely in  a l l  pat ients  who 

have had MI,  acute coronary syndrome,  or  le f t  ventr icular  dysfunct ion wi th  or  

wi thout  heart  fai lure symptoms, unless contra ind icated. 

a.  Mechanism of act ion.  β-Blockers  reduce oxygen demand,  both at  rest  and during 

exer t ion,  by decreasing the hear t  ra te  and myocard ial  contract i l i ty ,  which a lso 

decreases arter ia l  b lood pressure. 

b.  Indicat ions  

(1)  These agents reduce the f requency and severi ty o f  exer t ional  angina that  is  not 

contro l led by ni t ra tes. 

(2)  Ni tra tes have been combined wi th  calc ium antagonis ts ,  when s low-re lease 

d ihydropyr idines (e .g. ,  fe lod ipine-Plendi l ,  amlodip ine-Norvasc)  are preferred over  

d i l t iazem (Card izem) or  verapamil  (Calan).  I f  pat ients  need to  receive a β-

adrenergic b locker a long wi th  verapami l  or  di l t iazem owing to  the added ef fects,  

they have the potent ia l  to  induce bradycard ia,  AV heart  block,  and fa t igue. 

c.  Precautions and monitoring effects  

(1)  Doses should be increased unt i l  the angina l  ep isodes have been reduced or unt i l  

unacceptable s ide ef fec ts  occur .  

(2)  β-Blockers  should be avoided in  Pr inzmetal  angina (caused by coronary 

vasospasm) because they increase coronary resis tance and may induce vasospasm. 

(3)  Asthma is a  re lat ive contra indicat ion because a l l  β-blockers  increase a i rway 

res is tance and have the potent ia l  to  induce bronchospasm in suscept ible  pat ients . 

(4)  Pat ients wi th  diabetes and others  predisposed to  hypoglycemia should be 

warned that  β-b lockers  mask tachycard ia ,  which is  a  key s ign of develop ing 

hypoglycemia. 

(5)  Pat ients should be moni tored for  excess ive negat ive inot ropic  e f fec ts .  F ind ings 

such as fa t igue,  shor tness of  breath, edema, and paroxysmal  nocturnal  dyspnea 

may signal  
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develop ing card iac decompensat ion, which a lso increases the metabol ic  demands of  

the heart .  

(6)  Sudden cessat ion of  β-b locker  therapy may t r igger  a  wi thdrawal  syndrome that  

can exacerbate angina l  a t tacks (espec ial ly in  pat ients  wi th  IHD) or cause MI.  

d.  Choice of  preparat ions.  Al l  β-b lockers  are l ike ly to  be equal ly e f fect ive for 

s tab le (exer t ional ) angina.  For  fur ther  review of  β-adrenergic b lockers , see Chapter  

40.  For  a  l is t  o f  agents  and doses, see Table 39-4. 

4.  Calcium-channel  blockers  

a.  Mechanism of act ion.  Two act ions are most per t inent in  the t reatment  o f  angina. 

(1)  These agents prevent  and reverse coronary spasm by inh ibi t ing calc ium in f lux 

in to vascular  smooth muscle and myocard ial  musc le.  Th is resul ts in increased blood 

f low,  which enhances myocard ia l  oxygen supply. 

(2)  Calc ium-channel b lockers  decrease coronary vascular res is tance and increase 

coronary blood f low,  resul t ing in  increased oxygen supply. 

(3)  Calc ium-channel b lockers  decrease systemic  vascular res is tance and ar ter ia l  

pressure;  in  addi t ion,  they decrease inot rop ic  ef fec ts ,  resu l t ing in  decreased 

myocard ia l  oxygen demand. 

b.  Indicat ions  

(1)  Calc ium-channel b lockers  are used in  s table (exer t ional )  angina that  is not  

contro l led by ni t ra tes and β-b lockers  and in pat ients  for  whom β-blocker  therapy is 

inadvisable.  Combinat ion therapy—with n i t ra tes, β-b lockers ,  or  both—may be most  

e f fec t ive. 

(2)  These agents,  alone or  wi th  a n i t ra te ,  are part icu lar ly va luable in  the treatment  

o f  Pr inzmeta l  angina.  They are considered the drug of  choice in  t reatment o f  angina 

at  res t .  

c.  Individual  agents  

(1)  Di l t iazem (Cardizem) and verapamil  (Calan)  

(a)  These drugs produce negat ive inot rop ic  ef fec ts ,  and pat ients must be moni tored 

c losely for s igns of  develop ing card iac decompensat ion ( i .e . ,  fa t igue,  shortness of  

breath,  edema, paroxysmal nocturnal  dyspnea). When coadmin is tered wi th  β-

b lockers or  o ther  agents that  produce negat ive inot ropic e ffec ts (e .g. ,  d isopyramide,  

qu in idine,  procainamide, f lecain ide),  the negat ive ef fec ts  are addi t ive. 

(b)  Pat ients should be moni tored for  s igns of  develop ing bradyarrhythmias and heart  

b lock because these agents  have negat ive chronotropic e ffec ts.  

(c)  Verapamil  f requent ly causes const ipat ion,  which must  be treated as needed to 

prevent s tra in ing at  s too l ,  which could cause an increased oxygen demand (Valsa lva 

maneuver) .  Verapamil  is  not  recommended in  pat ients  wi th  s ick  s inus syndromes,  

AV nodal  d isease,  or  hear t  fa i lure (HF). 

(2)  Nifedipine (Procardia)  

(a)  Th is ca lc ium-channel b locker  is bel ieved to  possess the greatest  degree of  

negat ive inot rop ic  e ffec ts  compared to  the newer second-generat ion members of 

th is  group,  amlodip ine (Norvasc)  and fe lod ip ine (Plendi l ) ;  Ni fedipine 10 mg (chewed 

or  swal lowed) has been used to  t reat  Pr inzmetal  angina or  re f rac tory spasm in  



pat ients  who are not  hypotens ive.  Controversy s t i l l  exis ts  about  the use of shor t -

ac t ing,  rap id-re lease agents  such as ni fed ipine in pat ients  wi th IHD. 

(b)  Because n i fedipine increases the hear t  ra te  somewhat ,  i t  can produce 

tachycard ia,  which would increase oxygen demand.  Coadmin is t rat ion of  a  β-b locker 

should prevent  re f lex tachycardia . 

(c)  I ts  potent  peripheral  d i la tory ef fec ts  can decrease coronary per fus ion and 

produce excess ive hypotension,  which can aggravate myocard ia l  ischemia. 

(d)  Dizziness,  l ight -headedness,  and lower ext remi ty edema are the most common 

adverse ef fec ts ,  but  these tend to  disappear wi th  t ime or dose adjustment.  

(3)  Amlodipine (Norvasc),  felodipine (Plendil ) ,  isradipine (Dynacirc) ,  

nicardipine (Cardene),  and nisoldipine (Sular)  are second-generat ion 

d ihydropyr idine der ivat ive,  ca lc ium-channel  b lockers . They have been used 

ef fec t ively as  once-  or twice-a-day agents  owing to  thei r  long act iv i ty.  Because of  

the potent  negat ive inot rop ic  ef fec ts  o f these agents , they are not  recommended in  

pat ients  wi th  HF (amlodip ine has been shown to  have less negat ive potent ia l  in HF 

than other  members of  the c lass) .  

5.  Antiplatelet agents  

a.  Aspir in:  Based on the recent ly re leased 2007 Focused Guidel ines for  pat ients  

wi th  Chronic Stable Angina,  a  Class IA recommendation sta tes that  aspi r in  should 

be s tarted at  75 to  162 mg per  day and cont inued indef ini tely in  a l l  pat ients  unless 

contra indicated. 
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Table 39-4. Selected Agents and Their Doses in the Treatment of Coronary 
Artery Disease 

Class/Agent 
Dose/Dosage 
Schedule Comments 

Nitrates 

Nitroglycerin 
sublingual tablets 
(Nitrostat) 

0.3-0.6 mg up 
to 1.5 mg 

Short-term effects: 1-7 min 

Nitroglycerin spray 
(Nitrolingual) 

0.4 mg as 
needed 

Similar to sublingual tablets 

Nitroglycerin 
transdermal (Nitro-
Dur) 

0.2-0.8 mg/hr 
every 12 hr 

Remove patch for 8-12 hr to 
reduce tolerance 

Nitroglycerin 5-200 µg/min Short acting requiring 



intravenous infusion 
(Various) 

continuous infusion and 
monitoring 

Isosorbide 
mononitrate (Imdur, 
ISMO, Monoket, 
Various) 

10-40 mg daily 
in 2 doses 

Also available as extended 
release product for single 
daily dosing 

Isosorbide dinitrate 
SL 

2.5-10 mg SL 
every 2-3 
hours 

For Acute angina attacks 

Isosorbide dinitrate 
oral tablets (Various) 

5-80 mg, 2-3 
times daily 

Longer acting up to 8 hr 

Isosorbide dinitrate 
slow-release tablets 
(Dilatrate-SR) 

40 mg once or 
twice daily 

Duration of activity up to 8 hr 

β-adrenergic blockers 

Propranolol (Inderal, 
Various) 

20-80 mg 
twice daily 

Possesses both β1- and β2-
blocker effects 

Metoprolol 
(Lopressor, Various) 

50-200 mg 
twice daily 

Possesses β1-blocker effects 

Atenolol (Tenormin, 
Various) 

50-200 mg/day Possesses β1-blocker effects 

Nadolol (Corgard, 
Various) 

40-80 mg/day Possesses both β1- and β2-
blocker effects 

Timolol (Blocadren, 
Various) 

10 mg twice 
daily 

Possesses both β1- and β2-
blocker effects 

Acebutolol (Sectral, 
Various) 

200-600 mg 
twice daily 

Possesses β1-blocker effects 



Betaxolol (Kerlone, 
Various) 

10-20 mg/day Possesses β1-blocker effects 

Bisoprolol (Zebeta, 
Various) 

10 mg/day Possesses β1-blocker effects 

Esmolol 
(intravenous) 
(Brevibloc, Various) 

50-300 
µg/kg/min 

Possesses β1-blocker effects 

Labetalol (Trandate, 
Various) 

200-600 mg 
twice daily 

Possesses both α1-, β1-, and 
β2-blocker effects 

Pindolol (Visken, 
Various) 

2.5-7.5 mg 
three times 
daily 

Possesses both β1- and β2-
blocker effects 

Carvedilol (Coreg, 
Various) 

25 mg twice 
daily 

Possesses both α1- β1-, and 
β2-blocker effects 

Penbutolol (Levatol) 
 

Possesses both β1- and β2-
blocker effects 

Calcium-channel blockers 

Dihydropyridine 
derivatives 

  

Nifedipine 
(Procardia, Various) 

Immediate 
release; 30-90 
mg daily 

Short duration of action of 4-
6 hr 

Amlodipine 
(Norvasc, Various) 

5-10 mg once 
daily 

Long duration of action 

Felodipine (Plendil, 
Various) 

5-10 mg once 
daily 

Long duration of action 



Isradipine (Dynacirc, 
Various) 

2.5-10 mg 
twice daily 

Intermediate duration of 
action 

Nicardipine 
(Cardene, Various) 

20-40 mg three 
times daily 

Short duration of action 

Nisoldipine (Sular) 20-40 mg once 
daily 

Short duration of action 

Miscellaneous 

Diltiazem (Cardizem, 
Various) 

Immediate 
release: 30-80 
mg four times 
daily 

Short duration of action; 
important consideration 
necessary owing to 
hypotension, bradycardia, 
and edema 

 

Slow release: 
120-320 mg 
once daily 

Long duration of action; 
important consideration 
necessary owing to 
hypotension, bradycardia, 
and edema 

Class/Agent   

Verapamil (Calan, 
Various) 

Immediate 
release: 80-160 
mg three times 
daily 

Short duration of action; 
important consideration 
necessary owing to 
hypotension, bradycardia, 
edema, myocardial 
depression, and heart failure 

 

Slow release: 
120-480 mg 
once daily 

Long duration of action; 
important consideration 
necessary owing to 
hypotension, bradycardia, 
edema, myocardial 
depression, and heart failure 
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b.  Ticlopidine (Ticlid)  is  a  th ienopyr idine der ivat ive that  inhibi ts  pla te let  

aggregat ion induced by adenosine diphosphate. However,  un l ike aspi r in ,  i t  has not 

been shown to  decrease adverse cardiovascular  events  in  pat ients  wi th  s tab le 

angina and has been assoc iated wi th  thrombot ic  thrombocytopenic  purpura on an 

in f requent  bas is .  

c.  Clopidogrel  (Plavix)  is  also a th ienopyr idine der ivat ive rela ted to  t ic lopid ine,  but 

i t  possesses ant i thrombot ic  e f fects  that  are greater  than those of  t ic lop id ine.  

Clop idogre l  is  a therapeut ic  opt ion in  those angina pat ients  who can not  take aspi r in 

because of  contraindicat ions.  Doses of  75 mg dai ly are recommended to  prevent  the 

development o f acute coronary syndromes. 

d.  Based on the recent ly re leased 2007 Focused Guidel ines for pat ients  wi th  

Chronic  Stable Angina,  a Class IB recommendation s ta tes that the use of  warfar in  in  

conjunct ion wi th  aspi r in  and/or  c lop idogre l  is  assoc iated wi th  an increased r isk of  

b leeding and should be moni tored c lose ly.  

6.  ACE inhibitors:  Based on the recent ly re leased 2007 Focused guidel ines for  

pat ients  wi th  Chronic  Stable Angina,  the fo l lowing recommendat ions have been 

made for  ACE Inhib i tors . 

a.  Class 1A recommendat ion s ta tes that ACE inhib i tors  should be s tarted and 

cont inued indef ini tely in a l l  pat ients wi th  le f t  ventr icular e ject ion f ract ion ≤40% and 

in  those wi th  hyper tens ion,  diabetes,  or  chronic  k idney disease unless 

contra indicated. 

b.  Class IB recommendat ion that  ACE inh ibi tors  should be star ted and cont inued 

indef in i te ly in  pat ients  who are not  lower r isk ( lower r isk def ined as those wi th  

normal  lef t  ventr icu lar  e jec t ion f rac t ion in whom card iovascular  r isk  factors  are wel l  

contro l led and revascular izat ion has been per formed),  un less contra ind icated. 

c.  Class I Ia  recommendat ion that  i t  is  reasonable to  use ACE inhib i tors  among 

lower-r isk  pat ients  wi th mi ld ly reduced or normal le f t  ventr icu lar  ejec t ion f ract ion in  

whom card iovascular  r isk  fac tors are wel l  contro l led and revascular izat ion has been 

per formed. 

d.  Current  guidel ines do not  suggest  which agent  to  use, and i t  is  ant ic ipated that  

ongoing t r ia ls  wi th  addi t ional  agents  wi l l  provide addi t ional  in format ion regarding 

dosing reg imens and potent ia l  d i f ferences that  might  exis t  among the c lass of drugs. 

7.  Angiotensin Receptor Blockers (ARBs):  Based on the recent ly re leased 2007 

Focused guide l ines for  pat ients  wi th  Chronic  Stable  Angina,  three new 

recommendations have been made for  the use of  ARBs in  pat ients  wi th  chronic  

s tab le angina. 

a.  Class IA recommendat ion that  ARBs are recommended for  pat ients  who have 

hypertension,  have indicat ions for but  are in tolerant  o f  ACE inh ibi tors , have heart  

fa i lure,  or  have had a myocard ia l  in farct ion wi th  le f t  ventr icular  e jec t ion f rac t ion 

≤40%. 

b.  Class I Ib  recommendat ion that  ARBs may be considered in combinat ion wi th  ACE 

inhib i tors  for  hear t  fai lure due to  le f t  ventr icular systol ic  dysfunct ion. 
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c.  Class IA recommendat ion that  aldosterone b lockade is  recommended for  use in  

post -MI  pat ients  wi thout  s ign i f icant renal  dysfunct ion or  hyperkalemia who are 

a l ready receiv ing therapeut ic  doses of an ACE inh ibi tor and a beta blocker ,  have a 

le f t  ventr icu lar e ject ion frac t ion ≤40%, and have e i ther  diabetes or  heart  fa i lure. 

8.  Chelat ion Therapy:  Based on the recent ly re leased 2007 Focused Guidel ines for 

pat ients  wi th  Chronic  Stable Angina,  a  c lass I I IC recommendat ion s ta ted that  

Chelat ion therapy ( in t ravenous in fusions of  ethylenediamine te t raacet ic  ac id or  

EDTA) is  not  recommended for  the treatment  o f  chronic  angina or ar ter iosc lerot ic  

cardiovascular  disease and may be harmfu l  because of  i ts  potent ia l  to  cause 

hypocalcemia.  Class I I IC s tates that  the r isk  is greater than the benef i t  and should 

not  be used. 

III. ACUTE CORONARY SYNDROME (ACS) 
A. Defini t ion.  ACS is  a  re la t ive ly new term that  has been in t roduced in to  the 

medica l  l i terature to  descr ibe any pat tern of  c l in ica l  symptoms that  re f lects  the 

development o f acute MI  (F igure 39-2) .  Th is  category inc ludes the symptoms re la ted 

to  ST-segment  e levated myocard ia l  in farc t ion (STEMI) ,  non-ST-segment e levated 

myocard ia l  in farc t ion (NSTEMI) ,  and unstable angina. 

B. Incidence.  I t  has been est imated that  nearly 8 mi l l ion pat ients seen in 

emergency departments  each year in the Uni ted States are seen for  chest  pain, and 

that  up to  5  mi l l ion of  these pat ients  are admi t ted to  the hospi tal .  More than 1.5 

mi l l ion of  the pat ients admi tted to  the hospi tal  are admit ted wi th  an ACS (330,000 

wi th  STEMI,  and 1.24 mi l l ion wi th  UA and NSTEMI) .  

C.  Classi f icat ion of  pat ients  present ing wi th  presumed ACS is  cr i t ical  to the 

appropr ia te determinat ion of  prognos is  as wel l  as c l in ical  in tervent ions.  In ACS 

owing to STEMI and NSTEMI,  a  por t ion of  the card iac  muscle suffers  a  severe and 

pro longed rest r ic t ion of  oxygenated coronary b lood.  In  the majori ty o f pat ients ,  the 

cause is  an occlus ive or  near-occ lusive thrombus over ly ing or  ad jacent  to  a  ruptured 

atherosc lerot ic plaque.  This resul ts in ce l lu lar  ischemia, t issue injury,  and t issue 

necrosis.  About 1 .5 mi l l ion people suf fer an AMI each year.  UA is  be l ieved to  

indicated an impending AMI,  and the goal o f t reatment  is  to  prevent  the 

development o f the AMI.  



 

Figure 39-2. Evolutionary progression of ACSs. 
As atherosclerosis (most common cause of 
ischemic heart disease) advances, the reduction in 
myocardial perfusion results in the development 
of the ACS owing to either unstable angina, 
NSTEMI, or STEMI. The thrombi, which form in 
unstable angina, NSTEMI, STEMI, are rich in 
both fibrin and platelets. [Adapted from Vanscoy 
G. Integrating new fibrinolytic findings into AMI 
reperfusion and combination therapy: 2002 and 
beyond. Paper presented at the meeting of the 
Delaware Valley Chapter of the Pennsylvania 
Society of Health-Systems Pharmacists, March 7, 
2002.] 
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1.  STEMI.  A condi t ion that  requires  immediate reper fus ion therapy,  i f  poss ible  

through e i ther thrombolys is  or percutaneous coronary intervent ion (PCI) 

a.  The in t roduct ion of  thrombolysis or  PCI for the management  o f  STEMI has 

demonstrated abi l i ty  to remove the offending thrombus from the af fec ted coronary 

ar tery. 

b.  Damage to  the myocard ial  t issue is  not  rout inely reversible ,  as in the case of  

angina pector is ,  owing to  potent ial  death of  myocardial  t issue i f  reper fusion does 

not  take place early enough. 

2.  UA and NSTEMI.  S imi lar  condi t ions for  which there is no evidence showing the 

benef i t  to  pat ients o f reper fus ion therapy.  Speci f ic  gu ide l ines have been developed 

for  the d iagnos is  and management  o f  these condit ions.  Up to  25% of  pat ients  who 

have both NSTEMI and elevated cardiac enzymes eventual ly develop Q-wave MI;  

the remaining pat ients  develop non-Q-wave MI.  Pat ients  wi th  UA carry a  10%-20% 

r isk  of  progress ion to  an MI  i f  unt reated; t reatment  has been shown to  reduce the 

r isk  to  5%-7%. 

D. Diagnosis.  The ECG is  a t  the center o f  the dec is ion pathway for  the evaluat ion 

and management o f  pat ients  wi th  ACS and is  conf i rmed wi th  ser ia l  card iac  markers  

in  > 90% of  patents present ing wi th s igni f icant  ST-segment e levat ion. Pat ients  who 

present wi thout  ST-segment  e levat ion are cons idered to  have e i ther  UA or  NSTEMI;  

the f ina l  d iagnosis  is made la ter,  af ter the presence or  absence of  ser ia l  card iac  

markers  is  determined. 

1.  Diagnostic test results.  The development  o f an ACS is  a  l i fe- threatening 

emergency;  d iagnos is  is presumed—and t reatment  is ins t i tuted—based on the 

pat ient 's  compla ints and the resul ts  o f  an immediate 12- lead ECG. Laboratory tes ts  

and fur ther  d iagnost ic tes ts can ru le out  or provide conf i rmation and help ident i fy 

the loca le and extent  o f myocard ia l  damage. 



2.  Serial  12- lead ECG.  Abnormal i t ies  may be absent  or inconclus ive dur ing the f i rs t  

few hours  after  presentat ion of the ACS and may not  a id  the diagnos is  in  about  15% 

of  the cases.  When present ,  character is t ic  f indings show progress ive changes. 

a.  Fi rs t ,  ST-segment e levat ion ( injury current) appears  in  the leads,  ref lect ing the 

in jured area.  Peaked upright or  inver ted T waves usual ly ind icate acute myocardial  

in jury,  the ear ly s tages of  a  t ransmural  Q-wave MI.  Pers is tent  ST depress ion may 

a lso indicate a non-Q-wave MI.  

b.  Q waves develop ing ( ind icat ing necrosis)  is  general ly diagnost ic  o f  an MI ,  but  

can be seen in o ther  condi t ions. 

c.  Unequivocal  d iagnos is  can be made only in  the presence of  al l  three 

abnormal i t ies .  However,  the mani fes tat ions depend on the area of  in jury.  For  

example, in non-Q-wave in farc t ion,  on ly ST-segment  depress ion may appear. 

d.  The most  serious arrhythmic  compl icat ion of  an acute MI  is  ventr icular  f ibr i l la t ion, 

which may occur  wi thout warn ing. 

e.  Ventr icular premature beats  (VPBs) are the most  commonly encountered 

arrhythmias and may requi re t reatment.  

3.  Cardiac enzymes  

a.  Creat ine kinase-heart  muscle  (CK-MB) is  f i rst  e levated 3-12 hr  af ter the onset  

o f  pa in,  peaks in  24 hr ,  and returns to basel ine in  48-72 hr .  Other  condi t ions e levate 

the CK-MB enzyme but do not  demonstrate the typ ica l  pattern of r ise and fa l l  as  

seen in  an MI .  Unt i l  recent ly,  CK-MB had been the principa l  serum card iac marker  

used in  the evaluat ion of ACS. 

b.  Cardiac troponin I  (cTnI)  and cardiac troponin T  (cTnT) are even more 

sens i t ive than MB-CK. They represent a  powerfu l  tool  for  r isk  st ra t i f icat ion and have 

greater  sens i t iv i ty and speci f ic i ty than CK-MB. However,  they do provide a low 

sens i t iv i ty in  the early phases of  an MI  (< 6 hr  a f ter  symptom onset)  and requi re  

repeat  measurements  at  8-12 hr ,  i f  negat ive.  Levels increase 3-12 hr  a f ter  the onset  

o f  pa in,  peak at 24-48 hr,  and return to  basel ine over  5-14 days. 

c.  Lactate dehydrogenase  (LDH) is  fol lowed for i ts  character is t ic  pat terns of r ise 

and fa l l .  The rat io  o f  LDH1 :LDH2  is  help fu l  in  d iagnos ing an MI .  LDH assays are 

be ing rep laced by cTnT assays. 

4.  Cardiac imaging.  As cardiac  enzymes assays improve,  the use of  noninvas ive 

cardiac  imaging techniques are not ind icated for  in i t ia l  d iagnosis o f  an MI .  Tests 

include 9 9 mTc-pyrophosphate sc in t igraphy,  myocard ial  per fus ion imaging,  

rad ionuc leot ide ventr icu lography,  two-d imensional  echocard iography,  and coronary 

angiography. 
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E. Signs and symptoms  

1.  Recent  evidence-based cl in ica l  guidel ines ind icate  a c lass I  recommendat ion for  

pat ients  wi th  suspected ACS wi th  chest  discomfor t  a t  res t  for  longer than 20 min;  

hemodynamic ins tab i l i ty  or  recent  syncope or  presyncope should be s t rongly 

cons idered for  immediate re ferral  to  an emergency department  or  spec ial ized chest  

pa in un i t .  The foremost  character is t ic  of  ACS is  pers is tent,  severe chest  pa in or  



pressure,  commonly descr ibed as crushing,  squeezing, or  heavy ( l ikened to  having 

an elephant  s i t t ing on the chest) .  The pain genera l ly begins in  the chest  and, l ike 

angina,  may radiate to  the lef t  arm, the abdomen, back, neck,  jaw,  or  teeth.  The 

onset  o f  pa in  genera l ly occurs  at  rest  or wi th  normal dai ly ac t iv i t ies;  i t  is  not  

commonly assoc iated wi th  exer t ion. 

2.  Other  common complain ts  include a sense of  impending doom, sweating,  nausea,  

vomi t ing,  and d i f f icu l ty breathing.  In  some pat ients ,  fa int ing and sudden death may 

be the in i t ia l  presentat ion of  ACS. 

3.  Observable f ind ings inc lude ext reme anxiety,  res t less, agi tated behavior ,  and 

ashen pal lor.  

4.  Some pat ients,  par t icu lar ly those wi th  diabetes or the elderly,  may exper ience 

only mi ld  or  ind igest ion-l ike pain or  a c l in ica l ly s i lent  MI ,  which may only mani fes t  in  

worsening heart  fai lure, loss of consciousness,  acute confusion,  dyspnea, a  sudden 

drop in  b lood pressure,  or  a  le thal  arrhythmia. 

F.  Overal l  t reatment goals in ACS  

1.  To rel ieve chest  pa in and anxiety 

2.  To reduce card iac work load and stabi l ize cardiac  rhythm 

3.  To prevent / reduce myocard ia l  damage by l imi t ing the area affected and 

preserving pump funct ion 

4.  To prevent  or  arrest  compl icat ions, such as le tha l  arrhythmias,  AMI,  HF,  or  

sudden death 

5.  To reopen (or  reper fuse)  c losed coronary vessels wi th  thrombolyt ic drugs and/or  

PCI  i f  ind icated 

G. Treatment of  UA and NSTEMI  

1.  Ant i - ischemic  therapy 

a.  Current evidence-based c l in ical  gu ide l ines indicate c lass I  recommendat ions for 

the fo l lowing therapeut ic in tervent ions in  pat ients wi th  UA or  NSTEMI:  

(1)  Bedrest  wi th  cont inuous ECG monitor ing for  ischemia and arrhythmia detect ion 

in  pat ients  wi th  ongoing rest pain . 

(2)  Pat ients wi th  UA/NSTEMI wi th  ongoing ischemic  discomfort  should receive SL 

Ni t roglycerin (NTG) 0.4 mg every 5 minutes × 3 doses,  a fter  which t ime reassess for 

potent ia l  need for  in t ravenous n i t roglycerin .  In t ravenous NTG is ind icated in the f i rs t  

48 h in pat ients  wi th  UA/NSTEMI for  t reatment o f pers is tent  ischemia,  hear t  fa i lure, 

or  hyper tens ion. 

(3)  Supplementa l  oxygen for  pat ients  wi th cyanosis  or  respi ratory dis tress and 

cont inued need for  supplemental  oxygen in  the presence of hypoxemia. 

(4)  Aspi r in  in  doses of  162-325 mg (chewable) should be given to  pat ients  wi th  

UA/NSTEMI as soon as poss ib le,  i f  the pat ient has not  a l ready taken. 

(5)  An oral  β-adrenergic b locker  should be admin is tered wi thin  the f i rs t  24 hours  to  

a l l  pat ients wi thout  contra ind icat ions.  In t ravenous β-adrenergic b lockers  should only 

be used for  spec i f ic  ind icat ions and not  as  rout ine therapy. 

(6)  In pat ients  wi th  cont inu ing or  f requent ly recurr ing ischemia when β-adrenerg ic  

b lockers are contra ind icated,  a  non-d ihydropyr idine ca lc ium antagonis t ( i .e . ,  

d i l t iazem or  verapami l )  is  recommended as in i t ia l  therapy in  the absence of  severe 

le f t  ventr icu lar dysfunct ion or o ther  contraind icat ions.  In  pat ients  present ing wi th  



le f t  ventr icu lar dysfunct ion,  current evidence shows that  these agents  might  worsen 

the c l in ical  s ta tus. 

(7)  An ACE inh ib i tor  should be admin is tered ora l ly wi th in  the f i rst  24 h to  pat ients  

wi th  pu lmonary congest ion or lef t  ventr icular  e jec t ion frac t ion ≤40% in  the absence 

of  hypotension (systo l ic b lood pressure less than 100 mm Hg or  less than 30 mm Hg 

below basel ine)  or  known contra ind icat ions. An ARB may be used for  ACE inhibi tor 

in tolerant pat ients. 
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2.  Therapeutic agents.  Table 39-4 l is ts  se lected agents  and dosing reg imens. 

a.  Nitrates (e.g. ,  ni troglycerin) .  (See I I .H.) 

b.  Morphine.  Recent guide l ines for  UA/NSTEMI and STEMI f rom 2007 have s tated 

that  morphine is  s t i l l  cons idered a Class I  recommendation in  pat ients  wi th  STEMI,  

however,  in UA/NSTEMI pat ients  i t  might  increase the rate of  adverse events ,  and 

has been downgraded f rom a Class I  recommendat ion to  a  Class I Ia.  However,  in  

the absence of  contraindicat ions,  morphine su l fa te  can be administered to pat ients  

i f  there is  uncontro l led ischemic  pa in despi te  the use of  NTG provided addi t ional  

therapy is  used to t reat  the under ly ing ischemia. 

(1)  Mechanism of act ion.  Morphine causes venous pool ing and reduces preload,  

cardiac  work load,  and oxygen consumption.  Morphine should be admin is tered 

in t ravenously,  s tar t ing wi th  2  mg and t i t ra t ing at  5-  to 15-min in terva ls  unt i l  the pain 

is  re l ieved or  toxic i ty becomes evident.  

(2)  Indicat ions.  Morphine su l fa te  is a  reasonable choice for  myocardia l  pa in  and 

anxiety in  doses of 1-5 mg IV every 5-30 minutes as  needed, based on leve l  of  

pat ient pain  and blood pressure. 

(3)  Precautions and monitoring effects  

(a)  Because morphine increases per iphera l  vasodi la t ion and decreases per ipheral  

res is tance,  i t  can produce or thostat ic  hypotens ion and fa int ing. 

(b)  Pat ients should be moni tored for  hypotens ion and s igns of  respi ratory 

depress ion. 

(c)  Morphine has a vagomimetic  e f fect  that  can produce bradyarrhythmias.  I f  ECG 

moni tor ing reveals  excess bradycard ia ,  i t  should be reversed by administer ing 

at ropine (0.5-1 mg). 

(d)  Nausea and vomit ing may occur ,  espec ia l ly wi th  in i t ia l  doses,  and pat ients  must  

be protected against  aspi ra t ion of  s tomach contents . 

(e)  Severe const ipat ion is  a  potent ial  prob lem wi th  ongoing morphine admin is t ra t ion.  

The pat ient  may need to  use a Valsa lva maneuver whi le  s t raining at  the s too l ,  which 

can produce bradycard ia or  can over load the card iac  system and t r igger  cardiac  

arrest .  Docusate (100 mg twice dai ly)  is  a  usefu l  prophylact ic .  

c.  Oxygen  is  requi red at 2-4 L/min v ia  nasal cannula in  any pat ient  who has chest  

pa in and who may be ischemic.  Mi ld  hypoxemia is  common in  acute MI  pat ients . 

Increas ing the oxygen content  o f  the b lood, thus improving oxygenation of  the 

myocard ium, is  a top prior i ty as  cont inu ing hypoxia  rap id ly increases myocardial  

damage. 



d.  Thrombolyt ic  agents  have not  demonstrated benef ic ia l  c l in ical  outcomes in  the 

absence of  STEMI.  Stud ies carr ied out  to  date have fa i led to  show benef i t  wi th  

us ing thrombolyt ics  in  UA versus s tandard therapy to  prevent MI .  In  addit ion,  

thrombolyt ic  agents  actua l ly increased the r isk  of MI  in  such pat ients.  Therefore,  

based on current evidence-based guidel ines,  thrombolyt ic  agents are not 

recommended in  the management  o f  ACS wi thout  ST-segment  elevat ion. 

3.  Antiplatelet and anticoagulat ion therapy.  Table 39-5 l is ts se lected agents and 

dosing reg imens. 

a.  Current evidence-based c l in ical  gu ide l ines indicate c lass I  recommendat ions for 

the fo l lowing therapeut ic in tervent ions in  pat ients wi th  UA or  NSTEMI:  

(1)  Ant ipla te let  therapy should be in i t iated promptly.  Aspi r in  should be administered 

as soon as possib le  af ter  presentat ion and cont inued indef ini tely.  

(2)  Clop idogre l  should be admin is tered to  hospita l ized pat ients  who are unable to  

take aspi r in because of  hypersens i t iv i ty or major gast roin test ina l  in to lerance. 

(3)  In hospi tal ized pat ients  for  whom an early nonintervent ional  approach is  

p lanned,  c lop idogre l  should be added to  aspi r in  as  soon as poss ib le on admission 

and administered for  a t  least  1  month and ideal ly up to  1 year .  

(4)  In pat ients  for  whom a percutaneous coronary in tervent ion (cardiac  

catheter izat ion)  is  planned,  c lop idogre l  should be s tar ted wi th  a  loading dose of  

300-600 mg fol lowed by 75 mg dai ly for a t  least one month but  ideal ly up to  1  year  

in  pat ients  who are not  at  h igh r isk  for  b leeding, or  an int ravenous Glycoprotein  

I Ib / I I Ia  inh ibi tor  (GP I Ib / I I Ia) .  Abciximab is ind icated only i f  there is  no apprec iable 

de lay to  angiography and PCI is  l ikely to  be per formed;  o therwise, IV ept i f ibat ide or  

t i ro f iban is  the preferred choice of  GP IIb / I I Ia inhib i tor .  In  pat ients  unable to  take 

c lop idogre l ,  t ic lop id ine,  500 mg load fo l lowed by 250 mg oral ly da i ly is an 

a l ternat ive. 

(5)  In pat ients  tak ing c lop idogrel  in  whom elect ive coronary ar tery bypass graft ing 

(CABG) is  p lanned, the drug should be wi thheld for  5-7 days. 
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Table 39-5. Select Antiplatelet/anticoagulant Agents Used in the Treatment of 
STEMI Patients 



Class/Agent 
Dosing 
Regimen  

Level of Evidence 
(Guidelines) 

Oral antiplatelets/anticoagulants 

Aspirin* For Acute STEMI patients:  

 

162 mg should be chewed by 
patients who have not taken 
aspirin before presentation with 
STEMI. 

Class I 

 
For all post-PCI STEMI 
stented patients: 

 

 

1. 162-325 mg daily for 
at least 1 month after 
bare-metal stent 
implantation, 3 
months after 
sirolimus-eluting 
stent, and 6 months 
after paclitaxel-eluting 
stent, and then 
indefinitely at doses of 
75-132 mg daily. 

Class IIa 

 

2. In patients where there 
is concern of bleeding, 
75 to 162 mg (lower-
dose) aspirin is 
reasonable during the 
initial period after 
stent implantation. 

Class IIa 

Clopidogrel 
(Plavix) 

1. 75 mg orally daily 
added to ASA in 
STEMI patients. 

Class I-Post STEMI 
patients 

 
2. Treatment should be 

at least 14 days. 
Class I-Post STEMI 
patients 

 3. Loading dose of 300 Class IIa-Post 



mg orally (patients 
<75 years who receive 
fibrinolytic therapy or 
who do not receive 
reperfusion therapy) 

STEMI patients 

 

4. 75 mg orally per day, 
long-term 
maintenance therapy 
(e.g., 1 year) 
(regardless of whether 
they undergo 
reperfusion with 
fibrinolytic therapy). 

Class IIa-Post 
STEMI patients 

 
For all post-PCI STEMI 
stented patients: 

 

 

5. Receive a drug-eluting 
stent (DES), 
clopidogrel 75 mg 
daily should be given 
for at least 12 months 
if patients are not at 
high risk of bleeding. 

Class I 

 

6. Receive a bare metal 
stent (BMS), 
clopidogrel should be 
given for a minimum 
of 1 month and ideally 
up to 12 months 
(unless the patient is at 
increased risk of 
bleeding; then it 
should be given for a 
minimum of 2 weeks). 

Class I 

 

7. For patients taking 
clopidogrel for whom 
CABG is planned, if 
possible, the drug 
should be withheld for 

Class I 



at least 5 days, and 
preferably for 7, 
unless the urgency for 
revascularization 
outweighs the risks of 
bleeding. 

Warfarin 1. Managing warfarin to 
INR = 2.0 to 3.0 in 
post-STEMI patients 
Use of warfarin in 
conjunction with 
aspirin and/or 
clopidogrel is 
associated with 
increased risk of 
bleeding and should 
be monitored closely. 

Class I-Post-STEMI 
patients 

 

2. In patients requiring 
warfarin, clopidogrel, 
and aspirin therapy, an 
INR of 2 to 2.5 is 
recommended with 
low dose aspirin (75 to 
81 mg) and a 75 mg 
dose of clopidogrel. 

 

Parenteral antiplatelets/anticoagulants 

Heparin 
(UFH) 

1. Bolus of 60 U/kg, 
maximum 4000 U IV 
followed by an initial 
infusion 12 U/kg per 
hour, (maximum of 
1000 U/h) in patient at 
high risk for systemic 
emboli (large or 
anterior MI, atrial 
fibrillation, previous 
embolus, known LV 
thrombus, or 
cardiogenic shock. 

Class I-Post STEMI 



 

2. IV or SQ UFH or with 
subcutaneous LMWH 
for at least 48 hours. 
In patients whose 
clinical condition 
necessitates prolonged 
bedrest and/or 
minimized activities, 
it is reasonable that 
treatment be continued 
until the patient is 
ambulatory. 

Class IIa-Post-
STEMI and not 
undergoing 
reperfusion, and no 
contraindications. 

 

3. SQ UFH, 7,500 units 
to 12,500 units twice 
daily for prophylaxis 
for deep venous 
thrombosis (DVT) 
until completely 
ambulatory, may be 
useful, but the 
effectiveness of such a 
strategy is not well 
established in the 
contemporary era of 
routine aspirin use and 
early mobilization. 

Class IIb 

 
For STEMI patients receiving 
PCI: 

 

 

4. Bolus of 70-100 U/kg, 
and maintenance to 
target 1.5-2 times 
aPTT, if no GP 
IIb/IIIa previously 
given. However, if a 
GP IIb/IIIa has been 
given previously, 50-
70 U/kg bolus, and 
maintenance to target, 
as above. 

Class I 



Enoxaparin 
(Lovenox) 

Patients undergoing 
reperfusion with fibrinolytics: 

 

 
For patients less than 75 years 
of age: 

 

 

1. 30 mg intravenous 
bolus, followed in 15 
minutes by 1.0 mg/kg 
SQ every 12 hours 
(serum creatinine <2.5 
mg per dL in men and 
2.0 mg per dL in 
women). 

Class I-Post-STEMI 

 For patients ≥75 years of age,  

 

2. 0.75 mg/kg SQ every 
12 hours. (No loading 
dose) Maintenance 
doses with enoxaparin 
should continue for 
the duration of the 
index hospitalization, 
up to 8 days. 
Regardless of age, if 
the creatinine 
clearance (using the 
Cockroft-Gault 
formula) during the 
course of treatment is 
estimated to be less 
than 30 mL per 
minute, the 
subcutaneous regimen 
is 1.0 mg per kg every 
24 hours. 

Class I-Post-STEMI 

Fondaparinux 
(Arixtra) 

Patients undergoing 
reperfusion with fibrinolytics: 

 

 1. 2.5 mg IV, followed Class I-Post STEMI 



by 2.5 mg SQ once 
daily. (serum 
creatinine is less than 
3.0 mg per dL) 

 

2. Maintenance doses 
with fondaparinux 
should be continued 
for the duration of the 
index hospitalization, 
up to 8 days. 

Class I-Post STEMI 

Bivalirudin 
(Angiomax) 

Patients undergoing PCI: 
 

 

1. Initial IV bolus dose 
of 0.75 mg/kg, 
followed by 1.75 
mg/kg/hour infusion 
for the duration of the 
procedure. 

Class I-Post STEMI 

Abciximab 
(Reopro) 

0.25 mg/kg IV bolus followed 
by infusion of 0.125 
mcg/kg/min for 12-24 hours 

Class IIa, for use in 
addition to aspirin 
and heparin in 
STEMI patients for 
whom 
catheterization and 
PCI are planned just 
before PCI 

   

Class III, in STEMI 
patients for whom 
PCI is not planned 

Eptifibatide 
(Integrilin) 

180 mcg/kg IV bolus followed 
by infusion of 2.0 
mcg/kg/minute for 72-96 hours. 

Class I, for use in 
addition to aspirin 
and heparin in 
STEMI patients for 
whom 
catheterization and 
PCI are planned, 

Tirofiban 
(Aggrestat) 

0.4 mcg/kg/minute for 30 
minutes followed by infusion of 



0.1 mcg/kg/minute for 48-96 
hours. 

and in patients just 
before PCI. 
Class IIa, in 
addition to aspirin 
and a LMWH or 
UFH in STEMI 
patients without 
continuing ischemia 
who have no other 
high-risk features 
and for whom PCI 
is not planned. 
Class IIb, in 
addition to aspirin 
and LMWH or UFH 
in STEMI patients 
without continuing 
ischemia who have 
no other high-risk 
features and for 
whom PCI is not 
planned. 

* Assuming no aspirin resistance, allergy, or increased risk of bleeding. 

aPTT, activated partial thromboplastin time; CABG, coronary artery bypass 
graft; IV, intravenous; PCI, percutaneous coronary intervention; SQ, 
subcutaneously. 
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(6)  Ant icoagulant therapy should be added to  ant ip la tele t  therapy in  UA/NSTEMI 

pat ients  as soon as possib le  after  presentat ion.  For  pat ients  in  whom an invas ive 

s t rategy is  selected,  reg imens wi th  establ ished eff icacy wi th  a  high level  of  

evidence inc lude enoxapar in and heparin , and those wi th  a lesser  leve l  o f  

es tab l ished evidence include biva l i rudin  and fondaparinux.  For  pat ients in whom a 

conservat ive s t rategy is se lected,  reg imens using e i ther  enoxaparin  or  hepar in  or 

fondapar inux can be ut i l ized.  In pat ients  in  whom a conservat ive s t rategy is  

se lected and who have an increased r isk  of  b leeding, fondaparinux is  preferable. 

(7)  A plate le t  g lycoprote in  I Ib/ I I Ia  antagonis t  should  be admin is tered,  in  addi t ion to 

aspi r in  and hepar in ,  to  pat ients  for  whom catheter izat ion and PCI are planned. The 

agent  may also be adminis tered jus t before PCI. 



b.  Current  evidence-based c l in ical  gu ide l ines indicate a c lass I Ia recommendat ion 

for  the fo l lowing therapeut ic  in tervent ions in  pat ients  wi th  UA or  NSTEMI:  

(1)  For  pat ients  in  whom an in i t ia l  conservat ive st ra tegy is  se lected and who have 

recurrent  ischemic  discomfort  wi th  c lop idogre l ,  ASA, and ant icoagulant  therapy,  i t  is  

acceptable to  add a GP IIb / I I Ia  antagonis t  before d iagnost ic  angiography. 

(2)  For  pat ients  in  whom an in i t ia l  invasive s t rategy is  selected,  i t  is  reasonable to  

in i t ia te  ant ip la tele t therapy wi th  both c lop idogre l  ( loading dose fo l lowed by da i ly 

maintenance dose) and an in t ravenous GP I Ib/ I I Ia  inh ib i tor .  Abciximab is  indicated 

only i f  there is  no appreciable de lay to  angiography and PCI is  l ike ly to  be 

per formed;  o therwise, IV ept i f ibat ide or  t i ro f iban is  the preferred choice of GP 

I Ib / I I Ia  inh ibi tor .  

(3)  For  pat ients  in  whom an in i t ia l  invasive s t rategy is  selected,  i t  is  reasonable to  

omit  admin is t ra t ion of  an in t ravenous GP I Ib / I I Ia  antagonist  before diagnost ic  

angiography i f  b iva l i rud in  is  se lected as the ant icoagulant and at  least  300 mg of  

c lop idogre l  was admin is tered at  least 6  h  ear l ier  than p lanned catheter izat ion or  

PCI .  

c.  Current evidence-based c l in ical  pract ice gu idel ines ind icate a c lass I Ib 

recommendation for the fo l lowing therapeut ic  in tervent ion in  pat ients wi th  UA or 

NSTEMI:  Ept i f ibat ide or  t i ro f iban,  in  addi t ion to  aspi r in and LMW H or UFH, to  

pat ients  wi thout  cont inuing ischemia who have no other  h igh-r isk  features and for  

whom PCI is  not  p lanned.  

d.  Current  evidence-based c l in ical  pract ice gu idel ines ind icate a c lass I I I  

recommendation for the fo l lowing therapeut ic  in tervent ions in  pat ients  with  UA or  

NSTEMI:  

(1)  The r isks assoc iated wi th  parentera l ly admin istered thrombolyt ic therapy in  

pat ients  wi thout  acute STEMI are much greater  than the benef i ts  and should not be 

used. 

(2)  The r isks assoc iated wi th  the admin is t rat ion of  abc iximab in  pat ients  for  whom 

PCI is not  planned are much greater than the benef i ts  and should not  be used. 

H. STEMI  

1.  Of  the more than 1.5 mi l l ion pat ients  admi tted to  hospi ta ls  wi th  acute coronary 

syndromes (ACS) each year ,  more than 300,000 of  them wi l l  be diagnosed wi th  

STEMI.  Approximate ly 90% of  those diagnosed wi th  STEMI wi l l  have complete 

occ lus ion of  the in farct - re la ted ar tery by a thombus. 

2.  When the lesion ruptures, i t  t r iggers  the re lease of  adenos ine d iphosphate (ADP),  

serotonins,  and thromboxane A2 ,  which leads to  p la te le t  aggregat ion and the 

format ion of  the pr imary c lot .  Thromboplast in,  released f rom the in jured vessel 

in i t ia tes the c lot t ing cascade,  and the resul t ing f ibr in,  t raps red blood ce l ls  (RBCs),  

p la te le ts,  and p lasma prote in  to  form an in tra luminal  thrombus.  The subsequent  c lo t  

d issolut ion is  caused by the conversion of  p lasminogen to  plasmin, which is  

mediated by p lasminogen act ivators. 

3.  Accord ing to  updated management  gu idel ines (see I .D.6. ) ,  a l l  pat ients  wi th  

STEMI should receive e i ther  pr imary percutaneous coronary in tervent ion (PCI) ,  

wi th in  90 minutes of  f i rst  medica l  contact (Class IA recommendat ion)  or  f ibr ino lyt ic  

therapy wi th in 30 minutes of hospi tal  presentat ion i f  they cannot  be t ransferred to a 



PCI center and undergo PCI wi th in  90 min of  f i rst  medica l  contact,  un less 

f ibr inolyt ic  therapy is contraindicated (Class IB) recommendation. 

4.  I t  is  beyond the rea lm of  th is  text  to  expand on the c l in ica l  impl icat ions for  

pr imary PCI,  fac i l i ta ted PCI,  and rescue PCI,  as descr ibed in  the most  recent  2007 

Focused STEMI gu ide l ines.  Consequent ly the review wi l l  focus st r ic t ly on the 

pharmacologic agents  recommended for  use in  the STEMI pat ient populat ion,  which 

include;  f ibr ino lyt ics,  analgesics ,  ant icoagulants ,  th ienopyr idines,  ant ipla te le ts ,  ACE 

inhib i tors ,  ARBs,  and β-adrenergic receptor  b lockers   
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as  e i ther  pr imary t reatment  or  secondary prevent ive and long- term management ,  as 

d iscussed in  the guide l ines. 

a.  Fibrinolyt ics.  Adminis t rat ion of  thrombolyt ic agents  causes the thrombus c lo t  to  

be lysed when admin is tered ear ly a f ter  symptom onset  (< 6-12 hr)  and to  res tore 

b lood f low.  The convers ion of  plasminogen to p lasmin promotes f ibr ino lysis  and 

breakdown of  the c lo t .  

(1)  Indicat ions  

(a)  Thrombolyt ic  agents  were used in  pat ients  wi th  STEMI wi th  chest pain < 6-12 hr.  

Successfu l  early reper fus ion has been shown to  reduce in farct  s ize,  improve 

ventr icu lar  funct ion, and improve morta l i ty.  However,  benef i ts  may be seen in 

pat ients  using thrombolyt ic  therapy as la te  as 12 hr  a fter  pa in  s tarts .  

(b)  Int ravenous admin is tra t ion of  a recombinant  t issue-p lasminogen act ivator  ( t -PA) 

such as a l teplase (Act ivase),  a recombinant  plasminogen act ivator ( r -PA) such as 

re teplase (Retavase),  or tenecteplase (TNKase),  may restore b lood f low in  an 

occ luded ar tery i f  admin is tered wi thin  12 hr  of  an acute MI ,  al though < 6 hr  is  

opt imal .  The goal  o f  t reatment  of  STEMI pat ients is  to  in i t iate  thrombolyt ic therapy 

wi th in  30-60 min of  arr iva l  in  an emergency room. 

( i )  t -PA is rela t ive ly f ibr in  spec i f ic  and is  ab le to lyse c lo ts wi thout  deplet ing 

f ibr inogen,  and TNKase has an even greater f ibr in  spec i f ic i ty.  St reptokinase 

act ivates the f ibr ino lyt ic  system and has a greater  l ikel ihood of causing systemic  

ef fec ts  than t -PA.  This  ef fect  may resul t  in  a greater  degree of  systemic b leeding 

compared wi th t -PA, r -PA,  and TNK. 

( i i )  Though which agent—t-PA,  r -PA,  and TNK—is best is  st i l l  controvers ia l ,  most  

s tud ies have shown that  each agent ,  when used ear ly,  can reopen ( reper fuse)  

occ luded coronary ar ter ies  and reduce morta l i ty from STEMI.  However,  

cons iderat ions such as ease of  use,  onset  o f  ac t ion,  inc idence of  b leed, and cost  

are important  fac tors  in  determin ing which agent to  use for a  g iven hospi ta l  and 

pat ient.  

(2)  Individual  agents  

(a)  Alteplase (Activase)  

( i )  Absolute contraindicat ions  to  t -PA include act ive in ternal  b leeding;  recent  

cerebrovascular  accident  (CVA);  in t racrania l  neoplasm; aneurysm; pregnancy;  

ar ter iovenous mal formations;  recent  (wi thin  2  months)  in t racrania l  surgery,  sp inal  

surgery,  or t rauma;  and severe uncontrol led hypertens ion, b leeding dia thes is ,  or  

hemorrhagic  ophthalmic condi t ions. 



( i i )  A front- loaded regimen—an accelerated in fus ion that  cons is ts  o f a  to ta l  dose of  

100 mg or  less that  is  g iven over  1 .5 hr—may be more benef ic ial .  The ini t ia l  dose of  

15 mg is  g iven as an IV bo lus, 1-2 min, whi le  an in fus ion is begun to: 

(a)  Infuse t-PA at  the ra te of  0 .75 mg/kg over  30 min (not  to  exceed 50 mg) 

(b)  Fol lowed by t -PA in fused at  0 .5 mg/kg over 60 min (not  to  exceed 35 mg) 

( i i i )  An al ternate dosing reg imen is  based on the pat ient 's  weight .  

(a)  Dosage for pat ients  >  65 kg.  A to tal  of  100 mg of  t -PA is  genera l ly 

adminis tered to a l l  pat ients  who weigh > 65 kg over  a  3-hr  per iod. Though many 

reg imens have been used,  genera l ly speak ing,  6-10 mg of  t -PA is  given as an IV 

bo lus over  1-2 min,  fo l lowed by the remain ing in fus ion rates over  the next  3  hr:  a  

54-60-mg IV in fusion over  the 1st  hr ,  a  20-mg IV in fusion over  the 2nd hr,  and a 20-

mg IV in fus ion over  the 3rd hr .  

(b)  Dosage for pat ients  <  65 kg.  A dose of  1.25 mg/kg is g iven over a  3-hr  per iod,  

wi th  10% of  the tota l  dose g iven in i t ia l ly  as  a bolus dose over  1-2 min. 

(b)  Reteplase (Retavase)  

( i )  Absolute contraindicat ions  to  re tep lase are s imi lar  to  those for  t-PA, though 

addi t ional  caut ionary s tatements  are given for  pat ients  wi th severe ly impai red renal  

funct ion or  l iver  funct ion.  

( i i )  Dosing  is  in i t ia ted wi th  the int ravenous admin ist ra t ion o f 10 U over  a  2-min 

per iod,  and then repeated af ter  30 min,  i f  there are no compl icat ions. 
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(c)  Tenecteplase (TNKase)  

( i )  Absolute contraindicat ions  to  tenecteplase are s imi lar  to  those for  t-PA and r -

PA wi th  the fol lowing addi t ion: use wi th  caut ion in  pat ients  recent ly rece iv ing a 

g lycoprote in  I Ib / I I Ia  agent ,  pregnant  pat ients ,  e lder ly pat ients , pat ients wi th  

endocard i t is ,  and pat ients  wi th  severe l iver  disease. 

( i i )  Tenecteplase is  approved for  use in  acute t reatment  o f  MI  a t  doses of 30-50 mg 

(based on the pat ient 's weight)  as  a s ing le IV bolus over  10-15 sec.  Rapid ra te of  

adminis t ra t ion, f ibr in  spec i f ic i ty,  fewer b leeding compl icat ions compared to  t -PA, 

and superior i ty over  t-PA in  la te- t reated pat ients  make tenecteplase a l ikely 

candidate to replace t -PA as the agent o f choice in  STEMI.  

(3)  Adjunctive f ibrinolysis therapy.  The recent ly re leased 2007 Focused 

Guidel ines for ST-segment  elevated MI  d iscuss the use of  analges ia,  β-adrenerg ic  

receptor  blockers , ant icoagulants , and th ienopyrid ines, in STEMI pat ients based on 

the qual i ty o f  avai lab le  l i terature for  thei r  use. 

(a)  Analgesia 

( i )  Morphine su l fa te  in  doses of  2-4 mg IV in  increments  of 2-8 mg IV, repeated in  5-

15 minute interva ls  is the analgesic o f choice for the management o f pain due to  

STEMI (Class IC) 

( i i )  Pat ients  tak ing NSAIDs wi th  the except ion of  aspi r in ,  before be ing t reated for 

STEMI should s top taking them due to increased r isk  of  mortal i ty,  rein farct ion,  

hyper tension,  hear t  fai lure,  and myocardia l  rupture associated wi th  thei r  use (Class 

IC)  



(b)  Aspir in  administered (160-325 mg) dur ing acute thrombolyt ic  therapy has been 

shown to affec t  thrombolys is  pos i t ive ly by prevent ing p la tele t aggregat ion and has 

reduced post in farct  morta l i ty.  Doses of  asp i r in ,  75-162 mg dai ly have been 

recommended for long-term use at  hospital  discharge. Other  agents  inc lude 

t ic lopidine (Tic l id),  and clopidogrel  (Plavix) .  

(c)  β-Adrenergic blockers  

( i )  Ora l  β-b locker therapy should be g iven dur ing the f i rs t  24 hours  to  STEMI 

pat ients  not  having (a)  s igns of  hear t  fa i lure,  (b) evidence of a  low output s tate, (c ) 

increased r isk for cardiogenic  shock,  or  other cont raindicat ions to receiv ing β-

b lockers (Class IB) .  

( i i )  Pat ients  who may ini t ia l ly  present  wi th contraindicat ions to receiv ing β-b lockers 

dur ing the ini t ia l  24 hours  of the i r  STEMI should be reevaluated for  rece iving such 

therapy as a secondary prevent ive measure (Class IC) .  

( i i i )  Pat ients  wi th  moderate or  severe lef t  ventr icu lar fai lure should receive β-

b locker  therapy as a secondary prevent ive measure,  but wi th  a  gradual  dose 

escalat ion t i t ra t ion (Class IB) .  

( iv)  I t  is  reasonable to  admin is ter an IV β-b locker  to  a  STEMI pat ient  at  the t ime of 

presentat ion i f  they have hypertens ion and do not have any of the above 

contra indicat ions to receiv ing them (Class I Ia).  

(v)  IV β-b lockers  should not  be used in  STEMI pat ients  who have any of the above 

ment ioned contra ind icat ions to  thei r  use as the r isk  is much greater  than or  equal  to 

the ir  benef i t  in  these pat ients  (Class I I IA).  

(d)  Anticoagulants  

( i )  Pat ients who undergo reper fus ion wi th  f ibr ino lyt ics should receive ant icoagulant 

therapy for a t  least 48 hours,  and ideal ly throughout  the hospi tal izat ion,  up to  8  

days (Class IC) .  

( i i )  Pat ients  who receive ant icoagulants  for  more than 48 hours should receive an 

agent  other than unfract ionated hepar in  (UFH) due to  the increased r isk  of hepar in-

induced thrombocytopenia wi th  i ts  prolonged use (Class IA) .  

( i i i )  Ant icoagulant  reg imens wi th  estab l ished ef f icacy in  STEMI include: 

•  —Unfract ionated heparin (UFH):  In i t ia l  IV bo lus of  60 uni ts per  kg (maximum 

4,000 uni ts )  fo l lowed by an IV infus ion of  12 uni ts /kg/hour  (maximum of  

1 ,000 uni ts /hour)  in i t ia l ly .  The dose should be adjusted to  maintain  an 

act ivated par t ia l  thromboplast in  t ime (aPTT) of  1 .5-2 t imes contro l  (Class 

IC) .  

•  —Enoxapar in:  An ini t ia l  30 mg IV bolus,  fo l lowed in  15 minutes by a 

subcutaneous in ject ion of  1  mg/kg every 12 hours (assuming serum 

creat inine is  less than 2.5 mg/dL in  men, 2 .0 mg/dL in  women in  pat ients  

less than  
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75 years  of  age).  For  pat ients  75 years  of  age and o lder ,  the IV bolus dose 



i s  e l iminated and the pat ient is  given a subcutaneous dose of 0 .75 mg per  kg 

every 12 hours . CAUTION: In  a l l  pat ients ,  i f  the creat in ine c learance is  

es t imated to be less than 30 mL per  minute,  the dosing reg imen should be 

changed to  1 mg per  kg every 24 hours . The current  gu idel ines recommend 

the use of maintenance dosing of enoxapar in for the durat ion of  

hospi ta l izat ion,  up to  a  maximum of 8  days (Class IA) .  

•  —Fondapar inux:  An ini t ia l  dose of  2 .5  mg in t ravenous ly and subsequent 

subcutaneous in ject ions of  2 .5  mg g iven once dai ly (assuming serum 

creat inine is  less than 3.0 mg/dL) .  The current  guidel ines,  as  in  the case of  

enoxapar in ,  recommend the use of maintenance dosing of fondaparinux for  

the durat ion of  hospi ta l izat ion,  up to  a maximum of  8  days (Class IB) .  

( iv)  Ant icoagulants  have a lso been shown to be ef fec t ive in STEMI pat ients  pr ior  to  

undergoing PCI,  wi th the fo l lowing dos ing recommendations: 

•  —UFH: For pr ior  t reatment ,  adminis ter  addi t ional  bo luses of  UFH as needed 

to  support the procedure,  but take into  account  whether  other  agents  such as 

GP I Ib / I I Ia  receptor  antagonis ts  (Class IC) .  Biva l i rud in  can a lso be used in  

pat ients  previously t reated wi th  UFH (Class IC) .  

•  —Enoxapar in (Lovenox) :  For  pr ior  t reatment ,  i f  the las t  subcutaneous dose 

of  enoxapar in  was given wi th in  the previous 8 hours , no addi t ional  drug is 

needed; however,  i f  the las t  dose was admin is tered 8-12 hours  earl ier ,  an 

in t ravenous dose of  0 .3  mg/kg should be given (Class IB) .  

•  —Fondapar inux (Ar ixt ra) :  For  pr ior  t reatment ,  administer  addi t ional  

in t ravenous t reatment wi th  an ant icoagulant  possess ing ant i - I Ia act iv i ty,  but  

take in to  account whether  GP I Ib / I I Ia  receptor antagonists have been 

adminis tered (Class IC).  However,  due to  the r isk o f  catheter  thrombosis ,  

fondapar inux is  not  recommended as the so le ant icoagulant  to  support  PCI  

and requi res the addi t ion of  another  ant icoagulant  wi th  ant i - I Ia ac t iv i ty 

(Class I I IC) .  

(v)  Ant icoagulants  (non-UFH regimens)  have also been recommended for pat ients  

wi th  STEMI who do not  undergo reper fus ion therapy for  the durat ion of  the in i t ia l  

hospi ta l izat ion (Class I Ia) .  Dosing reg imens that  can be used inc lude enoxapar in  or 

fondapar inux in  the same dos ing regimens as in  those pat ients  receiv ing f ibr inolyt ic  

(see iv above) .  

(e)  Thienopyridines  

( i )  Clop idogre l  (Plavix)  should be added to  aspi r in  in STEMI pat ients  regard less of 

whether  they undergo reper fus ion wi th f ibr ino lyt ics  or  do not  rece ive reper fusion 

(Class IB) .  Doses of  75 mg by mouth dai ly should be admin is tered. Treatment  

should cont inue for  at  least  14 days (Class IB) .  

( i i )  Pat ients  receiv ing c lop idogre l  (Plavix)  who are p lanning on undergoing CABG 

should discont inue therapy 5-7 days pr ior  to  the surgery,  un less the urgency of the 

procedure outweighs the r isks  of excess bleeding (Class IB) .  



( i i i )  Pat ients  less than 75 years  receiv ing f ibr ino lyt ic  therapy or  who do not  receive 

reperfus ion therapy,  i t  is  reasonable to  adminis ter  an oral  c lop idogre l  loading dose 

of  300 mg. (No data are avai lab le  to  gu ide decis ion making regard ing an ora l  

loading dose in  pat ients  ≥75 years  of  age.) (Class I Ia) .  

( iv)  Long-term maintenance therapy (e.g. ,  1 year)  wi th  c lopidogrel  (75 mg per  day 

ora l ly)  can be useful  in  STEMI pat ients regardless of  whether  they undergo 

reperfus ion wi th  f ibr inolyt ic  therapy or  do not  rece ive reperfusion therapy (Class 

I Ia) .  

(4)  Secondary Prevent ion and Long-Term Management :  (a)  Table 39-2 provides a 

combinat ion of r isk fac tors  as wel l  as d isease-based recommendat ions,  which have 

been incorporated in to the recent ly updated 2007 Focused Guidel ines for  STEMI 

pat ients .  Addi t ional ly,  the guide l ines include recommendations made for  se lect  

pharmacologic agents  which include aspi r in ,  c lopidogre l ,  war far in ,  ACE inh ibi tors ,  

angiotensin receptor  b lockers , a ldosterone blockade, and β-blockers,  and in f luenza 

vaccinat ion. 

(a)  Aspir in  

( i )  For a l l  post -PCI STEMI pat ients  receiv ing a stent  (bare meta l ,  s i ro l imus,  

pacl i taxe l ) ,  wi thout  contra ind icat ions to  aspi r in ,  should receive aspi r in  162 to  325 

mg dai ly for 1-6 months depending on the type of s tent  used.  Af ter the  
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in i t ia l  1-6 months a maintenance dose of asp ir in should be cont inued at  a dose of  

75 to  162 mg dai ly,  indef in i te ly (Class IB) .  

( i i )  In  those pat ients  where there is  concern for  a  h igh r isk  of  b leeding, doses of  

aspi r in ,  75 mg to  162 mg dai ly is  reasonable dur ing the in i t ia l  per iod and af ter s tent 

implantat ion (Class I Ia) .  

(b)  Clopidogrel  (Plavix)  

( i )  For a l l  post -PCI pat ients  who receive a drug-elu t ing s tent  (s i ro l imus,  pac l i taxe l ) ,  

c lop idogre l  75 mg dai ly should be given for  a t  leas t  12 months i f  pat ients  are not  a t  

h igh r isk of b leeding (Class IB) .  

( i i )  For  post-PCI pat ients  receiv ing a bare metal  s tent  c lop idogre l  should be given 

for  a min imum of  1 month and ideal ly up to  12 months (un less the pat ient is  a t  

increased r isk of b leeding;  then i t  should be given for a  min imum of 2  weeks)  (Class 

IB) .  

( i i i )  For  a l l  STEMI pat ients  not  undergoing s tent ing (medical  therapy alone or  PTCA 

wi thout  s tent ing) ,  t reatment  wi th  c lopidogrel  should cont inue for  a t  least  14 days 

(Class IB) .  

( iv)  Long-term maintenance therapy (e.g. ,  1 year)  wi th  c lopidogrel  (75 mg per  day 

ora l ly)  is  reasonable in  STEMI pat ients regardless of  whether  they undergo 

reperfus ion wi th  f ibr inolyt ic  therapy or  do not  rece ive reperfusion therapy (Class 

I Ia) .  

(c)  Warfarin  

( i )  Managing warfar in  to  an INR = 2.0 to  3.0 in  post -STEMI pat ients when c l in ical ly 

indicated (e.g. ,  a t r ia l  f ibr i l la t ion, lef t  ventr icu lar  thrombus) and paroxysmal  or  

chronic  at r ia l  f ibr i l la t ion or  f lu t ter ,  is  recommended (Class IA) .  



( i i )  Use of  warfar in  in  conjunct ion wi th  aspi r in  and/or  c lop idogre l  is  associated wi th  

increased r isk of b leeding and should be monitored c losely (Class IB) .  

( i i i )  Pat ients  requi r ing warfar in ,  c lopidogrel ,  and aspi r in  therapy,  an INR of  2  to  2 .5 

is  recommended wi th  low-dose aspi r in  (75 to  81 mg) and a 75 mg dose of 

c lop idogre l  ( IC) .  

(d)  ACE Inhibitors (see  Table 41-4 for l ist ing of avai lable agents)  

( i )  ACE inhib i tors  should be s tar ted and cont inued indef ini tely in  a l l  pat ients  

recovering f rom STEMI wi th  LVEF ≤40% and in  those pat ients  wi th  hypertens ion,  

d iabetes, or  chronic  k idney d isease, unless contra ind icated (Class IA) .  

( i i )  ACE inhibi tors  should be s tar ted and cont inued indef in i te ly in  pat ients  

recovering f rom STEMI who are not  lower r isk ( lower r isk  def ined as those wi th  

normal  LVEF in  whom card iovascular  r isk  fac tors are wel l  control led and 

revascular izat ion has been per formed),  unless contraindicated (Class IB).  

( i i i )  Among lower r isk pat ients  recover ing f rom STEMI ( i .e . ,  those wi th normal LVEF 

in  whom card iovascular  r isk  fac tors are wel l  contro l led and revascular izat ion has 

been per formed) use of  ACE inhibi tors  is  reasonable  (Class I Ia) .  

(e)  Angiotensin Receptor Blockers (ARBs) (see  Table 41-4 for l ist ing of  

avai lable agents  

( i )  ARBs are recommended in  pat ients  who are into lerant o f ACE inh ib i tors  and have 

had an STEMI wi th  LVEF ≤40% or  have heart  fai lure (Class IA) .  

( i i )  ARB therapy is  benef ic ia l  in  o ther  pat ients  who are ACE- inh ib i tor  in to lerant and 

have hypertension (Class IB) .  

( i i i )  Consider ing use in combinat ion wi th  ACE inhib i tors  in  systol ic  dysfunct ion heart  

fa i lure may be reasonable (Class I Ib) .  

( f )  Aldosterone Blocking Agents (Spironolactone-Aldactone,  Eplerenone-Inspra)  

( i )  Use of a ldosterone blockade in  post-STEMI pat ients  wi thout  s ign i f icant  renal  

dysfunct ion or  hyperkalemia is  recommended in pat ients  who are al ready receiv ing 

therapeut ic  doses of  an ACE inhibi tor and beta blocker,  have an LVEF of ≤40% and 

have ei ther  diabetes or  hear t  fai lure (Class IA) .  

(g)  β-Adrenergic Blockers  

( i )  I t  is  benef ic ial  to start  and cont inue β-b locker  therapy indef ini tely in a l l  pat ients  

who have had an STEMI,  acute coronary syndrome,  or lef t  ventr icular  dysfunct ion 

wi th  or  wi thout  heart  fai lure symptoms, unless cont raindicated (Class IA).  
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(h)  Influenza Vaccine (Fluvir in,  FluMist,  Various)  

( i )  Pat ients wi th  cardiovascular  disease should have an annual  in f luenza vaccinat ion 

(Class IB) .  

I .  Complicat ions.  MI  potent ia tes many compl icat ions;  the most  common of  these 

include the fo l lowing: 

1.  Lethal arrhythmias.  See Chapter  40 for  a deta i led d iscuss ion. 

2.  Heart  fa ilure.  See Chapter 42 for a  deta i led d iscuss ion. 

a.  Lef t  ventr icular  fai lure causes pulmonary congest ion.  Diuret ics ,  espec ia l ly 

furosemide,  he lp reduce the congest ion. 



b.  ACE inhib i tors ,  β-adrenergic  b lockers ,  angiotens in  receptor blockers , and di rec t -

act ing a ldosterone antagonis ts  play a key ro le in the treatment  o f  heart  fa i lure. 

3.  Cardiogenic shock  

a.  In this l i fe- threatening compl icat ion,  cardiac  output  is decreased and pulmonary 

ar tery and pulmonary capi l lary wedge pressures are increased.  This  typica l ly occurs  

when the area of  in farc t ion exceeds 40% of muscle mass and compensatory 

mechanisms only s t rain  the al ready compromised myocardium. 

b.  Vasopressors : for example,  norepinephr ine (Levophed),  epinephrine (Adrenal in) ,  

dopamine (h igh doses) ,  and vasopressin  (Pi t ressin ,  various)-enhance b lood 

pressure through β-adrenergic  s t imulat ion and V1 receptors  (vasopress in)  and may 

be indicated,  as  per  ACLS protocol .  

c.  Inot rop ic  drugs—for  example,  ep inephr ine, dopamine (middle doses) ,  dobutamine, 

isoproterenol ( Isupre l ) ,  and digoxin (Lanoxin)—are rapidly act ing agents used to  

increase myocardial  contract i l i ty  and improve card iac output .  

d.  Vasodi la tors—for  example,  n i t ropruss ide (Nipr ide)—reduce pre load; they lower 

pu lmonary capi l lary wedge pressure by d i la t ing ve ins and reduce after load by 

decreas ing resis tance to le f t  ventr icu lar  ejec t ion. 

e.  Addi t ional  t reatment may include invasive procedures such as in t ra-aor t ic bal loon 

pumping. 
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STUDY QUESTIONS 
Direct ions for questions 1-16:  Each of the quest ions,  s ta tements,  or incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  Exert ion-induced angina, which is rel ieved by rest ,  ni troglycerin,  or both,  is 

referred to as 

(A)  Pr inzmeta l  angina. 

(B)  unstab le angina. 

(C)  s tab le angina. 

(D)  var iant  angina. 

(E)  prein farct ion angina. 

View Answer1.  The answer is  C[seeand] .2.  Myocardial  oxygen demand is 

increased by al l  of  the fol lowing factors except  

(A)  exerc ise. 

(B)  smoking. 

(C)  cold  temperatures. 

(D)  isoproterenol .  

(E)  metopro lo l .  

V iew Answer2.  The answer is  E[see] .3. Which of  the fol lowing agents 

used in Prinzmetal  angina has spasmolyt ic  actions, which increase coronary 

blood supply? 

(A)  n i t roglycerin 



(B)  d i l t iazem 

(C) t imolo l  

(D)  isosorbide mononi t rate 

(E)  propranolo l  

View Answer3.  The answer is  B[see] .4.  Pat ients with angina pectoris 

receiving propranolol  plus di l t iazem must be monitored for which adverse drug 

effect? 

(A)  decreased card iac output 

(B)  decreased heart  rate 

(C)  increased heart  rate 

(D)  Both A and B 

(E)  Both A and C 

View Answer4.  The answer is  D[see] .5.  The development of ischemic pain 

occurs when the demand for oxygen exceeds the supply.  Determinants of  

oxygen demand include al l  of  the fol lowing choices except  which one? 

(A)  contract i le  sta te of the hear t  

(B)  myocardial  ejec t ion t ime 

(C) le f t  ventr icu lar  vo lume 

(D) r ight  at r ia l  pressure 

(E)  systo l ic pressure 

View Answer5.  The answer is  D[see] .6.  Myopathy is  an adverse effect of  

a l l  the fol lowing agents except  

(A)  lovastat in.  

(B)  s imvastat in.  

(C)  pravastat in.  

(D)  gemf ibrozi l .  

(E)  colest ipol .  

V iew Answer6.  The answer is  E[see] .7. Which of  the fol lowing would not 

represent current therapeutic options in patients presenting with acute 

coronary syndrome (ACS) who are classif ied as having non-ST-segment 

elevated myocardial  infarct ion (NSTEMI)? 

(A)  subl ingual  ni t rog lycer in 

(B)  β-adrenerg ic  b lockers 

(C)  aspi r in 

(D)  morphine 

(E)  tenecteplase 

View Answer7.  The answer is  E[see] .P.825 

 

 

Direct ions for questions 8-9:  The quest ions and incomplete s ta tements in  th is  

sect ion can be correct ly answered or  completed by one or more  of  the suggested 

answers.  Choose the answer,  A-E.  

For questions 8-9:  A 55-year-o ld  man arr ives in  the emergency room of the loca l  

hospi ta l  approximate ly 6 hr  af ter developing chest  pain wi th  the s igns and symptoms 

of  an acute ST-segment e levated myocardial  in farc t ion (STEMI) .  Th is  is  the second 



such at tack wi th in  the las t  4 months, and the pat ient  has not  al tered h is  l i fes ty le  to  

e l iminate important  r isk  fac tors . Previous therapy inc luded a thrombolyt ic  agent  

(name unknown),  a b lood thinner ,  and dai ly aspi r in .  

8.  Which of  the fol lowing agents should be recommended during the acute 

myocardial  infarction to help prevent sudden death? 

I .  atenolol 

I I .  metoprolol 

I I I .  aspirin 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer8.  The answer is  E[see] .9. Which of  the fol lowing is  

considered a component of  acute coronary syndrome (ACS)? 

I .  unstable angina 

I I .  non-ST-segment elevated myocardial  infarct ion (NSTEMI) 

I I I .  ST-segment elevated myocardial  infarct ion (STEMI) 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer9.  The answer is  E[see] .Direct ions for questions 10-14:  Each 

of  the fo l lowing descrip t ions is  most  c losely re la ted to  one of  the fo l lowing drugs.  

The descrip t ions may be used more than once or not  a t  a l l .  Choose the best  

answer,  A-E.  

10.  t i rof iban 

(A)  Inhibi t ion of  in tes t inal  absorpt ion of  cholestero l  

(B)  Lower ing of  low-densi ty l ipoprote ins  (LDLs) ,  t r ig lycer ides,  and increased high-

dens i ty l ipoprotein  (HDL) a long wi th ant i - in f lammatory ef fec ts 

(C)  Recommendat ions for  th is  agent  have been substant ial ly  expanded beyond an 

a l ternat ive for  aspi r in- in to lerant  pat ients,  due to  recent  tr ia ls demonstrat ing i ts  

benef i t  in se lect  ACS pat ients . 

(D)  Recommended for  acute coronary syndrome (ACS) pat ients who cannot  tolerate 

aspi r in 

(E)  Recommended over unf ract ionated hepar in (UFH) as an ant icoagulant  in 

pat ients  wi th  unstab le angina (UA) or  non-ST-segment  e levated myocardia l  

in farc t ion (NSTEMI)  

View Answer10. The answer is  C[see] .11.  enoxaparin 

(A)  Inhibi t ion of  in tes t inal  absorpt ion of  cholestero l  

(B)  Lower ing of  low-densi ty l ipoprote ins  (LDLs) ,  t r ig lycer ides,  and increased high-

dens i ty l ipoprotein  (HDL) a long wi th ant i - in f lammatory ef fec ts 



(C)  Recommendat ions for  th is  agent  have been substant ial ly  expanded beyond an 

a l ternat ive for  aspi r in- in to lerant  pat ients,  due to  recent  tr ia ls demonstrat ing i ts  

benef i t  in se lect  ACS pat ients . 

(D)  Recommended for  acute coronary syndrome (ACS) pat ients who cannot  tolerate 

aspi r in 

(E)  Recommended over unf ract ionated hepar in (UFH) as an ant icoagulant  in 

pat ients  wi th  unstab le angina (UA) or  non-ST-segment  e levated myocardia l  

in farc t ion (NSTEMI)  

View Answer11. The answer is  E[see] .12.  simvastat in 

(A)  Inhibi t ion of  in tes t inal  absorpt ion of  cholestero l  

(B)  Lower ing of  low-densi ty l ipoprote ins  (LDLs) ,  t r ig lycer ides,  and increased high-

dens i ty l ipoprotein  (HDL) a long wi th ant i - in f lammatory ef fec ts 

(C)  Recommendat ions for  th is  agent  have been substant ial ly  expanded beyond an 

a l ternat ive for  aspi r in- in to lerant  pat ients,  due to  recent  tr ia ls demonstrat ing i ts  

benef i t  in se lect  ACS pat ients . 

(D)  Recommended for  acute coronary syndrome (ACS) pat ients who cannot  tolerate 

aspi r in 

(E)  Recommended over unf ract ionated hepar in (UFH) as an ant icoagulant  in 

pat ients  wi th  unstab le angina (UA) or  non-ST-segment  e levated myocardia l  

in farc t ion (NSTEMI)  

View Answer12. The answer is  B[see] .13.  c lopidogrel 

(A)  Inhibi t ion of  in tes t inal  absorpt ion of  cholestero l  

(B)  Lower ing of  low-densi ty l ipoprote ins  (LDLs) ,  t r ig lycer ides,  and increased high-

dens i ty l ipoprotein  (HDL) a long wi th ant i - in f lammatory ef fec ts 

(C)  Recommendat ions for  th is  agent  have been substant ial ly  expanded beyond an 

a l ternat ive for  aspi r in- in to lerant  pat ients,  due to  recent  tr ia ls demonstrat ing i ts  

benef i t  in se lect  ACS pat ients . 

(D)  Recommended for  acute coronary syndrome (ACS) pat ients who cannot  tolerate 

aspi r in 

(E)  Recommended over unf ract ionated hepar in (UFH) as an ant icoagulant  in 

pat ients  wi th  unstab le angina (UA) or  non-ST-segment  e levated myocardia l  

in farc t ion (NSTEMI)  

View Answer13. The answer is  D[see I I I .H.3.e] .14.  ezetimibe 

(A)  Inhibi t ion of  in tes t inal  absorpt ion of  cholestero l  

(B)  Lower ing of  low-densi ty l ipoprote ins  (LDLs) ,  t r ig lycer ides,  and increased high-

dens i ty l ipoprotein  (HDL) a long wi th ant i - in f lammatory ef fec ts 

(C)  Recommendat ions for  th is  agent  have been substant ial ly  expanded beyond an 

a l ternat ive for  aspi r in- in to lerant  pat ients,  due to  recent  tr ia ls demonstrat ing i ts  

benef i t  in se lect  ACS pat ients . 

(D)  Recommended for  acute coronary syndrome (ACS) pat ients who cannot  tolerate 

aspi r in 

(E)  Recommended over unf ract ionated hepar in (UFH) as an ant icoagulant  in 

pat ients  wi th  unstab le angina (UA) or  non-ST-segment  e levated myocardia l  

in farc t ion (NSTEMI)  

View Answer14. The answer is  A[see] .P.826 



 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [see  I I .C.1.a, b ,  c ,  d ,  e  and  f ] .  

Class ic ,  or  s tab le,  angina refers to  the syndrome in  which phys ical  ac t iv i ty or  

emot ional  excess causes chest d iscomfort ,  which may spread to  the arms,  legs,  

neck,  and so for th.  Th is type of angina is  re l ieved prompt ly (wi th in  1-10 mins)  wi th 

res t,  ni t rog lycer in ,  or both. 

2.  The answer is  E  [see  I .F .2 ;  Table 39-1 ] .  

Owing to  the β-adrenerg ic  blocking ef fects  o f  metoprolo l  (e .g . ,  decreased heart  ra te ,  

decreased blood pressure,  decreased inot rop ic  effec t) ,  there is  a net  decrease in  

myocard ia l  oxygen demand.  This  is  the d i rect  oppos i te  o f  the ef fec ts  seen wi th  the 

β-agonis t  isoproterenol.  Exerc ise, c igaret te  smoking, and exposure to  cold  

temperatures have a l l  been shown to increase myocard ia l  oxygen demand. 

3.  The answer is  B  [see  I I .H.4.c ] .  

Calc ium-channel  blocking agents  such as d i l t iazem have been shown to  be capable 

of  revers ing spasm and, therefore,  increas ing coronary blood f low in  Pr inzmeta l  

angina.  The ca lc ium-channel  blockers  have proven benef i t  in the t reatment  o f 

Pr inzmetal  angina, a  syndrome bel ieved due more to  a spast ic  event than to  a f ixed 

coronary occ lus ion. 

4.  The answer is  D  [see  I I .H.4.c. (1) .(a) ;  I I .H.3.b.(2) ] .  

Because propranolol  (a β-adrenergic b locker)  and d i l t iazem (a calc ium-channel  

b locker)  both reduce hear t  ra te  (a negat ive chronotropic e ffec t )  and reduce card iac 

contract i l i ty  (negat ive inot ropic e ffec t ) ,  pat ients receiv ing both drugs must  be 

moni tored for  s igns of  decompensat ion ( reduced cardiac output)  and 

bradyarrhythmias. 

5.  The answer is  D  [see  I .F .2 ] .  

As wi th  most  muscles in  the body,  the contract i le  force of  the hear t  d ic ta tes the 

amount o f  oxygen that  the hear t  needs to  perform ef f ic ient ly.  Consequently,  as  

contract i l i ty  decreases,  the oxygen needs of  the hear t  increase.  As contract i l i ty  

cont inues to  decrease,  the vo lume of  f lu id  in  the le f t  ventr ic le  increases owing to  

poor  musc le performance and increas ing tens ion wi th in  the ventr ic le ,  resu l t ing in  

addi t ional  oxygen requirements .  As the amount of  tens ion wi thin  the ventr ic le  

increases per  cardiac  cyc le,  there is  again an added requi rement  for  oxygen by the 

hear t  musc le. 

6.  The answer is  E  [see  I I .G.2.d. (3) ] .  

Myopathy is  an adverse ef fec t  o f  a l l  the HMG-CoA reductase inh ib i tors  ( lovastat in ,  

s imvastat in ,  pravastat in,  a torvastat in ,  f luvastat in ,  and rosuvastat in),  and the 

combinat ion of the f ibr ic  ac id  der ivat ives (gemfibrozi l ,  fenof ibrate,  and clof ibrate)  

has been shown to  increase the creat ine k inase leve ls and predispose pat ients  to  

myopath ies and rhabdomyolys is .  

7.  The answer is  E  [see  I I I .G.2.d ] .  

Tenecteplase is  cons idered a t issue p lasminogen act ivator which conver ts  

p lasminogen to p lasmin,  thus promot ing f ibr ino lysis .  However,  the most  recent  



nat ional  gu ide l ines for  the t reatment  o f UA and NSTEMI do not inc lude the use of  

f ibr inolyt ics  as part  o f  the management  o f pat ients  wi th  UA or  NSTEMI.  They are 

pr imar i ly ind icated for  pat ients  wi th STEMI.  

8.  The answer is  E  ( I ,  I I ,  and I I I )  [see I I I .H.3.b-c] .  

The most  recent ly int roduced guide l ines for  the treatment  of  STEMI pat ients  inc lude 

the use of oral  beta-b locker  therapy in i t ia ted wi thin  the f i rs t  24 hours ,  assuming that  

there are no contra ind icat ions for the i r  use (heart  fai lure,  heart  block,  as thma,  e tc . ) .  

Addi t ional ly,  the gu ide l ines add that  i t  is  acceptable to  administer  an IV beta 

b locker  to  STEMI pat ients  who are also hypertens ive assuming that there are no 

contra indicat ions for  the ir  use,  as  l is ted above. Aspi r in cont inues to  be a very 

important  par t  o f  the in i t ia l  therapy for STEMI pat ients .  The most  recent  gu ide l ines 

provide a Class I  recommendation for the admin is t rat ion of  aspi r in as  early as  

poss ib le,  pending no contra ind icat ions in  a  dose of  162-325 mg. 

9.  The answer is  E  ( I ,  I I ,  I I I )  [see  I .E.2 ] .  

Dur ing recent  years , there has been an attempt to l ink  the var ious c l in ica l  symptoms 

of  IHD in to key categor ies ,  based on the presentat ion and symptoms at  the t ime of  

eva luat ion.  ACS refers to  those si tuat ions that  ref lec t  an acute ischemic  event  and 

includes UA,  NSTEMI,  and STEMI.  Cl in ical  gu idel ines have incorporated treatment  

modal i t ies  based on these three presentat ions; UA and NSTEMI have s imi lar  

recommended therapies and STEMI,  has d i f ferent t reatment  guidel ines.  Stab le 

angina is  not  cons idered one of  the ACS but  represents  the s tart ing po int  for  the 

progress ion of  atherosclerosis,  resul t ing in  IHD. 
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10.  The answer is  C  [see I I I .H.4.d] .  

Ti ro f iban is  an ant ipla te le t  that  is  re ferred to as  a g lycoprotein  I Ib/ I I I ,  a  receptor 

antagonist .  Th is  c lass of drugs works to  prevent p la te le t  aggregat ion by inh ib i t ing 

the in teract ion between the primary binding si te of  p la tele ts  and has been shown to 

be ef fec t ive in the prevent ion of  thrombosis . 

11.  The answer is  E  [see  I I I .G.3.b. (2);  Table 39-5 ] .  

Enoxapar in is  an example of  a  LMW H. As a group,  the major  advantage of  these 

drugs over the more t radi t ional  heparin  is that  they exhib i t  a  more predic tab le 

ant icoagulant  response. Owing to  the i r  lower molecular  weight  and decreased 

b ind ing to  plasma proteins ,  they have bet ter  bioava i lab i l i ty  than hepar in .  In  addi t ion,  

the ir  decrease in  p lasma prote in binding and binding to  the endothel ium resul ts  in  

ha l f- l ives that are 2-4 t imes longer than that  of  hepar in.  Current c l in ica l  pract ice 

gu ide l ines recommend enoxapar in over  hepar in  in  pat ients  wi th  UA or  NSTEMI,  

un less CABG is  p lanned wi th in  24 hr.  

12.  The answer is  B  [see  I I .G.2.b ] .  

S imvastat in  is one of  the f ive current ly avai lable  HMG-CoA reductase inh ib i tors  that  

have been shown to  s igni f icant ly reduce LDL levels  and nonfata l  MI  or  CHD (30%-

40% reduct ion) .  Recent  s tud ies have demonstrated that  in f lammation is an important  

mechanism involved in  ACS and that  s ta t ins  exer t  an important ant i - in f lammatory 

ef fec t  wi thin  coronary ar ter ies  ( independent  o f  the i r  cholestero l - lower ing ef fec ts) .  



13.  The answer is  D  [see  I I I .H.3.e ] .  

The most  recent ly int roduced guide l ines for  the treatment  of  ACS has incorporated 

recent  t r ia ls,  which have shown the value of c lopidogre l  in  various pat ient  

populat ions wi th ACS. I t  is  no longer v iewed as mere ly as an a l ternat ive to aspi r in  

in  those who can ' t  take aspi r in,  but  rather  an “add-on”  therapy for  pat ients  receiv ing 

aspi r in  who suf fer  f rom ACS. 

14.  The answer is  A  [see  I I .G.5.a ] .  

Ezet imibe is  the f i rst  in  a  new class of  l ip id- lower ing compounds approved by the 

FDA, which reduces cholestero l  levels v ia  a  di f ferent  mechanism of ac t ion.  By 

se lect ive ly b locking the in test ina l  absorpt ion of  cholesterol ,  i t  is  ab le  to  stop one of  

the major  pathways responsible  for  increas ing avai lab le  cholestero l  wi thin the body.  

Ezet imibe has demonstrated the ab i l i ty  to reduce to tal  cholestero l ,  LDL,  

apol ipoprotein  B, and t r ig lyceride leve ls  whi le increas ing HDL leve ls  in  pat ients  wi th  

hypercholestero lemia.  Simvastat in  has recent ly been incorporated into  a 

combinat ion product  wi th ezet imibe (Vytor in) ,  which uses the ind iv idual  c lass 

proper t ies of  the HMG-CoA reductase inhibi tors  (s imvastat in)  to  reduce cholesterol  

product ion wi th  the absorpt ion- inhib i t ing proper t ies  of  ezet imibe to  target 

cholestero l  wi th two d i f ferent  mechanisms, which might  a lso a id in improving pat ient 

compl iance wi th  tak ing the medicat ion. 
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Cardiac Arrhythmias 
Alan H.  Mutnick 

I. INTRODUCTION. 
Sudden death f rom cardiac causes is bel ieved to  account  for  approximately 50% of  

a l l  deaths f rom card iovascular causes,  wi th  the major i ty o f  sudden deaths be ing 

caused by acute ventr icular  tachyarrhythmias.  Th is  would appear to create greater  

need for the knowledge necessary to  appropr ia tely use ant iarrhythmics for  th is  h igh-

r isk  pat ient populat ion. However,  previously conducted s tudies have cast doubt  on 

the true p lace of  ant iarrhythmics in the t reatment  and prevent ion of  cardiac  

arrhythmias. Stud ies such as the Card iac Arrhythmia Suppression Tr ia l  (CAST) have 

demonstrated that  cer ta in  c lasses of  ant iarrhythmics increased morta l i ty in  pat ients  

t reated wi th ant iarrhythmics as compared to  p lacebo.  Since the re lease of  the data 

f rom the CAST t r ia l ,  subsequent  studies have conf i rmed the f inding that  cer ta in 

ant iarrhythmics do possess “proarrhythmic”  e ffec ts when used in jud ic ious ly.  

Consequently,  the use of t r ia l  and error to determine ant iarrhythmic  therapy has 

g iven way to  an era of  outcome-based ant iarrhythmic  drug dec is ion making.  By 

unders tanding the causes of arrhythmias and being aware of  drug-drug and drug-

target  in teract ions,  we are more l ikely to  understand the key considerat ions to  

maximize therapeut ic  s t ra tegies whi le minimizing drug- induced toxic i t ies . 

A. Defini t ion.  Card iac arrhythmias are deviat ions f rom the normal  heartbeat  

pat tern. They inc lude abnormali t ies of impulse formation,  such as heart  ra te ,  

rhythm, or  s i te  o f  impulse orig in ,  and conduction disturbances,  which disrupt  the 

normal  sequence of  at r ia l  and ventr icu lar  ac t ivat ion. 

B. Electrophysiology 

1.  Conduction system  

a.  Two electr ical  sequences  that  cause the hear t  chambers to  f i l l  wi th  blood and 

contract  are in i t iated by the conduct ion system of the hear t .  

(1)  Impulse formation,  the f i rst  sequence, takes p lace when an e lect r ica l  impulse is 

generated automat ical ly.  

(2)  Impulse transmission,  the second sequence, occurs  once the impulse has been 

generated,  s ignal ing the hear t  to contract.  

b.  Four main structures  composed of  t issue that can generate or  conduct e lec t r ica l  

impulses make up the conduct ion system of  the hear t .  

(1)  The sinoatria l (SA) node,  in the wal l  o f  the r ight a t r ium, contains  ce l ls  that  

spontaneously in i t ia te an act ion potent ia l .  Serving as the main pacemaker of the 

hear t ,  the SA node in i t iates  60-100 beats /min. 

(a)  Impulses generated by the SA node t r igger at r ia l  contract ion. 

(b)  Impulses t ravel  through in ternodal t rac ts—the anter ior  t rac t,  middle t rac t  

(W enckebach bundle) ,  poster ior  t rac t (Thorel  bundle) ,  and anter ior  in terat r ia l  t rac t 

(Bachmann's  bundle)  (F igure 40-1) .  

(2)  At  the atrioventricular (AV) node,  s i tuated in  the lower in terat r ia l  septum, the 

impulses are de layed br ie f ly to permi t  complet ion o f  at r ia l  contract ion before 

ventr icu lar  contract ion begins. 



(3)  At  the bundle of  His—muscle f ibers ar is ing f rom the AV junct ion—impulses 

t rave l  a long the lef t  and r ight  bundle branches,  located on e i ther  s ide of  the 

in t raventr icu lar septum. 

(4)  The impulses reach the Purkinje f ibers,  a  d i f fuse network  extending from the 

bundle branches and ending in  the ventr icu lar  endocardia l  sur faces.  Ventr icular 

contract ion then occurs. 

c.  Latent pacemakers.  The AV junct ion,  bundle of  His ,  and Purk in je f ibers  are 

la tent  pacemakers ;  they conta in  ce l ls capable of generat ing impulses.  However,  

these reg ions have a s lower f i r ing rate than the SA node.  Consequent ly,  the SA 

node predominates except  when i t  is  depressed or  in jured, which is  known as 

overdrive suppression.  

2.  Myocardial  act ion potential .  Before cardiac  contract ion can take place,  cardiac  

ce l ls must depolar ize and repolar ize. 
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Figure 40-1. Electrical pathways of the heart. AV, 
atrioventricular; SA, sinoatrial. 

a.  Depolarization  and repolarizat ion  resul t  f rom changes in  the e lec t r ica l  potent ial  

across the ce l l  membrane,  caused by the exchange of  sodium and potassium ions. 

b.  Action potentia l,  which re f lects  th is  e lec t r ica l  ac t iv i ty,  has f ive phases (F igure 

40-2).  

(1)  Phase 0 (rapid depolarizat ion)  takes p lace as sodium ions enter  the ce l l  

through fas t  channels ;  the ce l l  membrane's  e lec t r ical  charge changes f rom negat ive 

to  posi t ive. 

(2)  Phase 1 (early rapid repolarizat ion).  As fast sodium channels  c lose and 

potass ium ions leave the cel l ,  the ce l l  rap idly repolar izes ( i .e . ,  re turns to res t ing 

potent ia l ) .  

(3)  Phase 2 (plateau).  Calc ium ions enter the ce l l  through s low channels  whi le  

potass ium ions exi t .  As the ce l l  membrane's  electr ical  ac t iv i ty temporari ly  s tab i l izes,  

the act ion potent ia l  reaches a p lateau ( represented by the notch at  the beginn ing of  

th is  phase in  Figure 40-2) .  



 

Figure 40-2. Myocardial action potential curve. 
This curve represents ventricular depolarization-
repolarization. Phases: 0, rapid depolarization; 1, 
early rapid repolarization; 2, plateau; 3, final 
rapid repolarization; 4, slow depolarization. 
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(4)  Phase 3 ( f inal rapid repolarizat ion).  Potassium ions are pumped out  o f  the ce l l  

as  the cel l  rapid ly completes repolar izat ion and resumes i ts in i t ia l  negat iv i ty.  

(5)  Phase 4 (s low depolarizat ion).  The cel l  re turns to  i ts res t ing s tate wi th  

potass ium ions inside the ce l l  and sodium and calc ium ions outside. 

c.  During both depolar izat ion and repolar izat ion, a  ce l l 's  ab i l i ty  to  in i t iate an act ion 

potent ia l  varies . 

(1)  The ce l l  cannot respond to  any st imulus during the absolute refractory period  

(beginning dur ing phase 1 and ending at  the s tar t  o f  phase 3) .  

(2)  A ce l l 's  abi l i ty  to  respond to s t imul i  increases as repolar izat ion cont inues.  

Dur ing the relat ive refractory period,  which occurs  during phase 3, the ce l l  can 

respond to a s t rong s t imulus. 

(3)  W hen the ce l l  has been completely repolar ized,  i t  can again respond fu l ly to  

s t imul i .  

d.  Cel ls in di f ferent cardiac  reg ions depolar ize at  d i f ferent  speeds,  depending on 

whether  fas t or  s low channels  predominate. 

(1)  Sodium f lows through fas t  channels ;  calc ium f lows through s low channels . 

(2)  W here fas t  channels  dominate (e .g. ,  in  card iac  musc le ce l ls ),  depolar izat ion 

occurs  qu ickly.  W here s low channels  dominate (e.g. ,  in  the e lect r ica l  ce l ls o f  the SA 

node and AV junct ion) ,  depolar izat ion occurs  s lowly.  

3.  Electrocardiography.  The e lec tr ica l  ac t iv i ty occurr ing dur ing depolar izat ion-

repolar izat ion can be t ransmi t ted through elec t rodes at tached to the body and 

t ransformed by an electrocardiograph (ECG) machine  in to  a ser ies of waveforms 

(ECG waveform).  Figure 40-3 shows a normal ECG waveform. 

a.  The P wave  re f lec ts at r ia l  depolar izat ion. 

b.  The PR interval  represents  the spread of  the impulse f rom the at r ia  through the 

Purkin je  f ibers . 

c.  The QRS complex  re f lects  ventr icular depolar izat ion.  (Phase O) 



d.  The ST segment  represents  phase 2 of the act ion potent ial—the absolute 

re f rac tory period (par t  of  ventr icular  repolar izat ion) .  

e.  The T wave  shows phase 3 of  the act ion potent ia l—ventr icu lar repolar izat ion. 

C. Classif icat ion.  Arrhythmias genera l ly are c lass i f ied by or igin  ( i .e. ,  

supraventr icu lar  or ventr icular).  

1.  Supraventricular arrhythmias  s tem f rom enhanced automat ic i ty o f  the SA node 

(or  another  pacemaker reg ion,  above the bundle of  His)  or  f rom reentry conduct ion. 

2.  Ventricular arrhythmias  occur  below the bundle of  His ,  when an ectop ic 

(abnormal)  pacemaker t r iggers  a ventr icular  contrac t ion before the SA node f i res  

(e .g.,  f rom a conduct ion d isturbance or  ventr icular  i r r i tabi l i ty) .  

3.  Special  note  

a.  Torsades de pointes  has received increased at tent ion dur ing recent  years as a 

major  proarrhythmic  event ,  which has been reported wi th  ant iarrhythmic  drug 

therapy.  I t  is  def ined as a polymorphic  ventr icular  tachycard ia  wi th  a  twis t ing QRS 

complex morphology,  which somet imes occurs  wi th  drugs that  prolong ventr icular  

repolar izat ion (QT interva l  widening) .  Though ini t ia l  repor ts  o f torsades de pointes 

centered around ant iarrhythmic  drugs (qu in idine) ,  today > 50 drugs,  both 

ant iarrhythmic  agents  and other  c lasses of  drugs such as ant ibio t ics ,  have been 

shown to affec t  the durat ion of  the QT in terval  and have been assoc iated wi th  th is  

arrhythmia. 

b.  A Web s i te  devoted to providing educat ion and research on drug- induced 

arrhythmias, espec ia l ly those due to  pro longat ion o f  the QT interva l  on the 

e lec t rocard iogram (ECG),   
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is  ava i lable .  The si te,  h t tp : / /www.torsades.org/medica l -pros/drug-l is ts/drug-

l is ts .h tm,  is  current ly maintained by Dr.  Raymond W oosley.  

 

Figure 40-3. Normal ECG waveform. 

c.  Woosley and col leagues have estab l ished the In ternat ional  Regis try for Drug-

Induced Arrhythmias,  to  which one can submi t a  suspected “drug-induced arrhythmia 

event . ”  The reg is t ry also provides a l is t  o f  drugs reported to  prolong the QT in terva l  

or  cause torsades de pointes (www.Torsades.org).  Four  drug l is ts  were created 



based on the re la t ive r isk  of induc ing torsades de pointes (TdP) or  a  pro longed QT 

in terva l .  

d.  I t  is  beyond the intent ion of  th is  chapter  to provide a comprehens ive l is t ing,  as  

done on Dr.  Woosley's  websi te.  However,  the four  categor ies  of  drug l is ts inc lude 

the fo l lowing wi th se lect  examples. 

i .  L is t  1 :  Drugs that  are genera l ly accepted by authori t ies to have a r isk  of  caus ing 

Torsades de Pointes;  i .e. ,  amiodarone (Cordarone®),  Bepr idi l  (Vascor®),  

ch lorpromazine (Thorazine®),  c lar i thromycin (Biaxin®),  d isopyramide (Norpace®),  

dofet i l ide (Tikosyn®), erythromycin (Erythroc in®),  haloper ido l  (Haldol®),  ibut i l ide 

(Corver t®),  methadone (Dolophine®),  pentamidine (NebuPent®),  p imozide (Orap®), 

procainamide (Pronestyl®) ,  and quinid ine®) (Quinaglute®). 

i i .  L ist  2 :  Drugs that in  some repor ts  have been associated wi th  Torsades de 

Pointes and/or QT pro longat ion,  but  a t  th is  t ime lack substant ial  evidence for 

caus ing Torsades de Pointes;  i .e . ,  amantadine (Symmetre l®),  azi thromycin 

(Z i thromax®),  do lasetron (Anzemet®),  fosphenytoin  (Cerebyx®),  gat i f loxacin 

(Tequin®), gran isetron (Kytr i l®) ,  is rad ip ine (DynaCirc®),  moxi f loxac in (Avelox®),  

n icardip ine (Cardene®),  ondansetron (Zofran®),  r isper idone (Risperdal®), 

da lmeterol  (Serevent®),  and voriconazole (Vfend®).  

i i i .  L is t  3:  Drugs to  be avoided for use in  pat ients  wi th  diagnoses or  suspected 

congeni tal  long QT syndrome.  (Drugs on L is ts  1,2,  and 4 are also included here. )  

i .e . ,  a lbuterol  (Provent i l®) ,  amiodarone (Cordarone®),  azi thromycin (Z i thromax®),  

beprid i l  (Vascor®), c lar i thromycin (Biaxin®),  d isopyramide (Norpace®),  dobutamine 

(Dobutrex®),  dofet i l ide (Tikosyn®), dolasetron (Anzemet®),  dopamine ( In trop in®),  

erythromycin (Erythrocin®),  f lecainide (Tambocor®),  fosphenytoin  (Cerebyx®),  

gat i f loxac in (Tequin®), gran isetron (Kytr i l®),  is rad ipine (DynaCirc®),  levof loxac in 

(Levaquin®), methadone (Dolophine®), moxi f loxac in (Avelox®),  ondansetron 

(Zofran®),  procainamide (Pronestyl®),  sa lmeterol  (Serevent®), sotalo l  (Betapace®),  

and voriconazole (Vfend®).  

iv.  L ist  4:  Drugs that ,  in  some reports,  have been weak ly associated wi th  Torsades 

de Pointes and/or QT pro longat ion but  that are un l ikely to  be a r isk  for Torsades de 

Pointes when used in  usual  recommended dosages,  and in  pat ients  wi thout  o ther 

r isk  fac tor  (e .g.,  concomitant  QT pro longing drugs,  bradycard ia,  elec t rolyte 

d isturbances,  congeni ta l  long QT syndrome,  concomitant  drugs that  inh ibi t  

metabol ism).  i .e . ,  ami t r ipty l ine (Elavi l®) ,  amoxapine (Asendin®),  c iprof loxac in 

(Cipro®), c i talopram (Celexa®),  doxepin (Sinequan®),  f luconazole (Dif lucan®),  

in t raconazole (Sporanox®),  ketoconazole (Nizoral®),  ser t ra l ine (Zolof t®),  and 

t r imethoprim-sul famethoxazole (Bactr im®). 

D. Causes  

1.  Precipitat ing causes.  Arrhythmias resul t  f rom var ious condit ions,  includ ing 

a.  Heart  disease—for example, infec t ion,  coronary ar tery disease (CAD), va lvu lar  

hear t  d isease,  rheumat ic heart  disease,  ischemic hear t  d isease 

b.  Myocard ia l  in farct ion (MI)  

c.  Toxic  doses of cardioact ive drugs (e.g. ,  d ig i tal is  preparat ions) 

d.  Increased sympathet ic  tone 

e.  Decreased parasympathet ic  tone 



f .  Vagal  s t imulat ion (e .g.,  s t ra in ing at  stool ) 

g.  Increased oxygen demand (e.g.,  f rom st ress,  exerc ise,  fever) 

h.  Metabol ic dis turbances 

i .  Cor  pulmonale 

j .  Systemic  hypertens ion 

k.  Hyperkalemia/hypokalemia 

l .  Chronic  obst ruct ive pulmonary disease (COPD)—for  example, chronic bronchi t is ,  

emphysema 
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Figure 40-4. Reentry arrhythmias. A. Two waves 
of excitation going in opposite directions. B. A 
unidirectional wave of excitation. C. Reexcitation 
of tissue in a slow conduction area. 

m.  Thyro id d isorders 

n.  Drug therapy (both ant iarrhythmic and non-ant iarrhythmic  drugs) 

2.  Mechanisms of  arrhythmias.  Abnormal  impulse formation,  abnormal  impulse 

conduct ion, or  a  combinat ion of  both may g ive r ise to  arrhythmias. 

a.  Abnormal impulse formation  may s tem f rom: 

(1)  Depressed automat ic i ty,  as  in  escape beats  and bradycardia 

(2)  Increased automat ic i ty,  as  in  premature beats, tachycard ia ,  and ext rasysto le 

(3)  Depolar izat ion and t r iggered act iv i ty,  leading to  susta ined ectop ic  f i r ing 

b.  Abnormal impulse conduction  resu l ts  f rom: 

(1)  A conduct ion b lock or  delay 

(2)  Reentry occurs  when an impulse is  rerouted through cer ta in  reg ions in which i t  

has a l ready t rave led. Thus the impulse depolar izes the same t issue more than once,  

producing an addi t ional  impulse (Figures 40-4 and 40-5) .  Reentry s i tes  inc lude the 

SA and AV nodes as wel l  as  var ious accessory pathways in the at r ia and ventr ic les  

(F igure 40-6) .  For  reentry to  occur ,  the fo l lowing condi t ions must  exis t :  



 

Figure 40-5. Ventricular reentry: a branched 
Purkinje fiber joining ventricular muscle. The 
dark area represents the site of a unidirectional 
block. In this depolarization region, the impulse 
heading toward the atrioventricular node 
continues upward, whereas the impulse traveling 
toward the muscle is blocked. Because retrograde 
conduction in branch B is slow, cells in branch A 
have time to recover and respond to the reentrant 
impulse. 
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Figure 40-6. Reentry sites. AV, atrioventricular; 
SA, sinoatrial. 

(a)  Markedly shor tened ref rac tor iness or a  s low conduct ion area that a l lows an 

adequate de lay so that  depolar izat ion recurs 

(b)  Unid i rect ional  conduct ion 

E. Pathophysiology.  Arrhythmias may decrease cardiac output ,  reduce blood 

pressure,  and d isrupt  per fusion of v i tal  organs.  Speci f ic  pathophys io log ica l  

consequences depend on the arrhythmia present.  

F.  Cl inical  evaluat ion  

1.  Physical  f indings.  A l though some arrhythmias are s i lent,  most  produce signs 

and symptoms.  Only an ECG can def ini t ively ident i fy  an arrhythmia.  However,  

phys ical  f indings may suggest  which arrhythmia is  present ;  they a lso y ie ld  

in format ion about  the pat ient 's  c l in ical  s ta tus and may help ident i fy assoc iated 

compl icat ions.  Signs and symptoms  that  typ ical ly accompany arrhythmias include 

a.  Chest pain 

b.  Anxiety and confusion ( f rom reduced bra in perfus ion) 



c.  Dyspnea 

d.  Skin  pal lor or  cyanosis 

e.  Abnormal  pulse ra te, rhythm, or  ampl i tude 

f .  Reduced b lood pressure 

g.  Palp i ta t ions 

h.  Syncope 

i .  W eakness 

j .  Convuls ions 

k.  Hypotens ion 

l .  Decreased urinary output 

2.  Diagnostic test results  

a.  An ECG  can ident i fy a speci f ic  arrhythmia;  usual ly,  a  12- lead ECG is used. 

b.  Electrophysiological (EP) test ing.  Th is  in t racardiac procedure determines the 

locat ion of   
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ec top ic  foci  and bypass trac ts  and may help assess therapeut ic  response to  

ant iarrhythmic  drug therapy.  I t  a lso can determine the need for a  pacemaker or  

surgica l  in tervent ion. 

(1)  Int racard iac catheters  and pacing wi res are placed t ransvenous ly or 

t ransar ter ia l ly .  

(2)  The heart  is  div ided in to  imaginary sect ions,  and each sect ion is st imulated unt i l  

an arrhythmia is  induced.  The sect ion in  which the arrhythmia occurs  is  ident i f ied as 

the or igin o f  the ectop ic  foci .  

c.  His bundle study,  a  type of  EP tes t ing,  can locate the or igin  o f  a  hear t  b lock or 

reentry pattern. 

d.  Laboratory f indings.  Some arrhythmias resul t  f rom elect rolyte  abnormal i t ies—

most  commonly,  hyperkalemia and hypocalcemia. 

(1)  A serum potass ium level  > 5 mEq/L ref lec ts  hyperka lemia;  a  serum calc ium level  

< 4.5 mEq/L s igni f ies hypocalcemia,  and serum magnes ium levels  < 2.5 mEq/L 

s ign i fy hypomagnesemia.  

(2)  An ECG t rac ing may suggest  an elec t ro lyte  abnormal i ty.  For  example, prolonged 

QRS complexes,  tented T waves,  and lengthened PR in terva ls  may s ignal 

hyperka lemia;  prolonged QT in terva ls  and f la t tened,  or  inver ted,  T waves suggest  

hypocalcemia. 

G. Treatment object ives  

1.  Terminate  or  suppress the arrhythmia  i f  i t  causes hemodynamic compromise or  

d isturbing symptoms. 

2.  Maintain adequate cardiac output and t issue perfusion.  

3.  Correct  or maintain fluid balance  (some arrhythmias cause hypervo lemia).  

II. THERAPY. 
Dur ing recent  years , severa l  prominent  nat ional  organizat ions have formal ized a 

s t ruc ture which promulgates the disseminat ion of  “c l in ica l  pract ice guide l ines, ”  

which focus on “Evidence-based pract ice. ”  The overa l l  purpose being to  ut i l i ze 



avai lab le  l i terature to  quant i fy,  in  c l in ica l  terms,  the s t rength of evidence and the 

qual i ty of  such evidence, in  order  to develop a s tandard of  pract ice for  such c l in ical  

ent i t ies . Evidence-based pract ice goes beyond drug therapy and includes d iagnost ic  

c r i ter ia ,  screening programs,  use of  laboratory tes ts,  etc .  The Amer ican Col lege of  

Card io logy in co l laborat ion wi th  the Amer ican Heart  Associat ion and European 

Soc iety o f Cardiology have establ ished a rout ine s tandard for  the evaluat ion,  

development,  approval ,  and subsequent d is t r ibut ion of  such pract ice guide l ines for a  

wide array of  cardiac  s i tuat ions.  Since the publ icat ion of  the most  recent  ed i t ion of 

th is  text ;  two sets of  guide l ines have been developed in  the area of  Cardiac 

Arrhythmias,  and inc lude the fol lowing: 

ACC/AHA/ESC 2006 Guidel ines for  the Management  o f  Pat ients  wi th  Atr ia l  

F ibr i l la t ion which can be found onl ine at 

h t tp : / /c i rc .ahajournals .org/cg i /content / fu l l /114/7/700. 

ACC/AHA/ESC Guidel ines for  the Management  o f Pat ients  wi th  Ventr icu lar  

Arrhythmias and the Prevent ion of  Sudden Card iac Death,  which can be found 

onl ine at  

h t tp : / /www.amer icanheart .org/downloadable/hear t /1156943336547VA_PG_FINAL8_2

8.pdf 

Antiarrhythmic agents,  d i rec t ly or  indi rec t ly,  a l ter  the durat ion of the myocard ia l  

ac t ion potent ial .  Most  ant iarrhythmics fa l l  in to one of  four  c lasses,  depending on 

the ir  spec i f ic  e f fects  on the hear t 's  elec t r ical  ac t iv i ty (Table 40-1) .  

A. Class I  ant iarrhythmics  

1.  Indicat ions  

a.  Class IA drugs  

(1)  Quinidine  is  used to  t reat and prevent acute and chronic  ventr icular and 

supraventr icu lar  arrhythmias,  espec ia l ly paroxysmal supraventr icular tachycardias 

(PSVTs),  premature ventr icular contract ions (PVCs),  premature at r ia l  contract ions 

(PACs),  and ventr icu lar  tachycardia . 

(2)  Procainamide  is  used for the same arrhythmias for  which qu in idine is  g iven. I t  

is  used more f requent ly than quin id ine because i t  can be admin is tered int ravenous ly 

and in  susta ined-re lease oral  preparat ions.  Quinid ine poses added concern when 

used in t ravenous ly because of  increased card iovascu lar  ef fec ts  ( i .e . ,  hypotens ion, 

syncope, myocard ial  depress ion) .  

(3)  Disopyramide  may be used as an al ternat ive to  qu inidine or  procainamide for  

t reat ing ventr icu lar  arrhythmias (e.g. ,  PVCs, moderate ventr icu lar  tachycard ia).  
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Table 40-1. Williams's Classification of Antiarrhythmic Drugs Currently 
Available in the United States 



Class Action Drugs 

IA (fast-
channel 

blockers) 

Moderate depression of 
conduction, prolongation of 
repolarization, which results in 
an increase in the QRS interval 
and an increase in the QT 
interval 

Disopyramide 
(Norpace), 
procainamide 
(Pronestyl), quinidine 

IB Modest depression of 
conduction, shortening of 
repolarization, which results in a 
decrease in the QT interval 

Lidocaine 
(Xylocaine), 
mexiletine (Mexitil), 
phenytoin (Dilantin), 

IC Strong depression of conduction, 
with mild or no effect on 
repolarization, which results in a 
very large increase in the QRS 
interval 

Flecainide 
(Tambocor), 
propafenone 
(Rythmol) 

II (β-
blockers) 

β-adrenergic blockers slow sinus 
as well as AV nodal conduction, 
which results in a decrease in 
heart rate and a prolongation in 
the PR interval (atrial 
depolarization) 

Propranolol (Inderal), 
esmolol (Brevibloc), 
acebutolol (Sectral)a 

III Prolongation of repolarization, 
which results in prolongation of 
the QT interval 

Amiodarone 
(Cordarone), sotalolb 
(Betapace), ibutilide 
(Corvert), dofetilide 
(Tikosyn) 

IV (slow-
channel 

blockers) 

Calcium-channel blockade in 
calcium-dependent channels, 
which results in reduced heart 
rate and an increase in the PR 
interval 

Verapamil (Calan), 
diltiazem (Cardizem) 

Other 

 

Adenosine 
(Adenocard), atropine, 
digoxin (Lanoxin), 
magnesium 



a Singh BN, Vaughan Williams EM. Classification of antiarrhythmic drugs. 
In: Sandoe E, Flensted-Jensen E, Olesen KH, eds. Symposium on Cardiac 
Arrhythmias. Sodertalige: AB Astra, 1970. 
 
b Sotalol is a β-adrenergic blocker that prolongs the action potential of phase 
3 and is classified as type III. 

 

b.  Class IB drugs  

(1)  Lidocaine  is  used therapeut ica l ly for  ventr icular  arrhythmias (espec ia l ly PVCs 

and ventr icular tachycard ia) that  resul t  f rom acute MI  and open-heart  surgery.  

Controversy st i l l  exis ts  as  to the benef i ts  of  l idocaine when used prophylact ical ly in  

pat ients  wi th  acute MI  to  prevent  ventr icu lar  f ibr i l la t ion. A recent  analys is  showed 

an increase in  the number of deaths in  pat ients  receiv ing l idocaine during an acute 

MI  as compared to p lacebo.  Many feel  that i ts  current  use prophylact ica l ly post -MI  

is  no longer jus t i f ied. 

(2)  Phenytoin  is  most commonly used to  t reat d igi ta l is- induced ventr icu lar and 

supraventr icu lar  arrhythmias.  I t  is  a lso g iven to suppress ventr icu lar arrhythmias 

associated wi th acute MI ,  open-heart  surgery,  or  ventr icu lar  arrhythmias that  are 

re f rac tory to  l idocaine or procainamide,  but i ts  e f f icacy is  less s ign i f icant  for  these 

indicat ions than i t  is  for  d igi tal is - induced arrhythmias. 

(3)  Mexilet ine  is  c lose ly re la ted to l idocaine,  st ruc tura l ly wi th  modi f icat ions,  which 

reduce f i rs t -pass l iver  metabol ism,  making ora l  therapy possible .  I t  is  most  

commonly used to  t reat  pat ients  in  whom a c lass I  agent has fa i led and is 

moderate ly ef fec t ive in suppress ing ventr icular  ec topy,  a l though comparable to  

qu in idine. 

c.  Class IC drugs  

(1)  Flecainide  suppresses PVCs and ventr icular tachycard ia;  i t  may be used to  t reat  

some arrhythmias that  are re f ractory to  o ther  agents . F lecainide is  reserved for  

pat ients  wi th  re f rac tory l i fe- threatening ventr icu lar  arrhythmias who do not have 

CAD. I t  has a lso been shown to  be effec t ive in  the t reatment  o f supraventr icular 

arrhythmias. 

(2)  Propafenone  a lso suppresses PVCs and ventr icular tachycardia  and has been 

used successful ly for  t reat ing sustained ventr icu lar  tachycardia  when the arrhythmia 

is  l i fe   
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threatening.  I t  has a lso been shown to  be ef fec t ive in  the t reatment o f  

supraventr icu lar  arrhythmias. 



(3)  Moriciz ine  is  a  di f f icu l t  ant iarrhythmic to c lass i fy based on the fac t  that  i t  has 

proper t ies of  a l l  three class I  ant iarrhythmic groups.  Because i t  prolongs the QRS 

in terva l  l ike other  c lass IC agents,  i t  has been c lassi f ied as a c lass IC agent  

throughout  th is  d iscuss ion.  Mor ic iz ine is e f fect ive for  suppress ing PVCs and may 

of fer some benef i ts  over o ther agents  because of  a  lower incidence of  proarrhythmic  

ef fec ts .  

2.  Mechanism of act ion.  As a c lass,  al l  o f  the agents  work  by b lock ing the rap id 

inward sodium current  and thereby slow down the rate of  r ise of  the card iac  t issue 's  

ac t ion potent ial .  However,  though th is  is  a s imi lar e f fec t for  a l l  c lass I  agents , 

d i f ferences in  EP effects had led to  a  subclassi f icat ion of  the c lass I  agents  in to  

three subsets  ( IA,  IB, and IC) ,  based on these EP ef fec ts .  

a.  Class IA drugs  moderately reduce the depolar izat ion ra te and pro long 

repolar izat ion ( re f rac tory period).  

b.  Class IB drugs  shorten repolar izat ion ( re f rac tory period);  they a lso weak ly a f fec t  

the repolar izat ion ra te. 

c.  Class IC drugs  s t rongly depress depolar izat ion but  have a negl ig ib le  e f fec t  on 

the durat ion of  repolar izat ion or re frac tor iness. 

3.  Administrat ion and dosage  

a.  Quinidine  is  administered oral ly,  usual ly in 3-4 dai ly doses of  200-400 mg as a 

rap id-release su l fa te  sal t  (83% quinid ine).  However ,  sustained-release products  in  

the form of a  g luconate (62% quin id ine)  sal t  in  doses of 324-648 mg, which 

corresponds to  300-600 mg of  the sul fate  sal t ,  may be g iven every 12 hr .  ( In  spec ia l  

c i rcumstances,  i t  has been given in t ravenously or  in t ramuscular ly wi th  caut ion. )  To 

achieve an ef fec t ive plasma concentrat ion rap id ly,  a  loading dose of  600-1000 mg 

may be admin is tered in doses of  200 mg every 2 hr  to  a  maximum of  1000 mg,  or  a  

5-8 mg/kg int ravenous infusion can be g iven at  a  ra te of  0 .3  mg/kg/min. 

b.  Procainamide (Pronestyl )  is  ava i lab le for oral ,  int ravenous,  or  in t ramuscular 

use. 

(1)  For  acute therapy,  in t ravenous adminis t ra t ion is  preferred. 

(a)  Intermi t tent  in t ravenous administ ra t ion ca l ls  for  the admin is t ra t ion of  an 

in t ravenous dose of  3-6 mg/kg in fusion (up to 100 mg) over 2-4 min, repeated every 

5-10 min unt i l  the arrhythmia is  abol ished,  s ide ef fects occur ,  or 1  g  has been given.  

The usual e f fect ive dose is  500-1000 mg. 

(b)  Rapid in travenous administ ra t ion ca l ls  for  in fus ion of  1-1.5 g at  a ra te of  20-50 

mg/min. 

(c)  Once the arrhythmia is  terminated,  1 .5-5 mg/min is  given as a cont inuous 

in fus ion. 

(2)  For  long-term therapy,  ora l  admin is t rat ion is used.  The usual  da i ly dosage is 50 

mg/kg in  d iv ided doses given every 6 hr as  a susta ined-release product  or 3-6 g 

da i ly.  

(a)  Capsules and tablets (Pronestyl)  avai lab le as 250,  375,  and 500 mg g iven in 4-6 

d iv ided doses 

(b)  Sustained-release tab lets  (Procanbid) avai lable  as  500 and 1000 mg given in  12-

hr  doses 

c.  Disopyramide (Norpace,  Norpace CR)  is  ava i lab le  in  ora l  form. 



(1)  Usual ly,  300-400 mg is  g iven as a loading dose to  at ta in an effec t ive plasma 

leve l  rapid ly.  

(2)  For  maintenance therapy,  doses of  400-800 mg/day are g iven in 4  doses every 6 

hr  (non-sustained-release capsule)  or in  2  doses every 12 hr  (sustained-re lease 

capsule) .  

d.  Lidocaine (Xylocaine)  may be adminis tered int ravenously or  in t ramuscular ly.  

(1)  An int ravenous loading dose rap id ly achieves a therapeut ic  plasma leve l .  

(a)  In i t ia l ly ,  1-1.5 mg/kg (100 mg) is  adminis tered.  

(b)  A second in jec t ion of ha l f  the in i t ia l  dose may be requi red 5 min la ter ,  up to  a  

maximum of 300 mg. 

(2)  Cont inuous in travenous in fusion of  2-4 mg/min produces an ef fec t ive p lasma 

leve l  in  7-10 hr.  

(3)  In an emergency,  an in t ramuscular  in ject ion rap id ly achieves an ef fect ive p lasma 

leve l .  The usual  dosage is  300-400 mg in jec ted in to  the del toid  muscle. 

e.  Phenytoin (Di lant in)  is  g iven oral ly or  in  in termi t tent in t ravenous doses. 

(1)  For  ora l  administ ra t ion,  a  loading dose of  1  g  is  div ided over the f i rs t  24 hr ;  for 

the next  2  days,  300-500 mg/day is  administered. The maintenance dosage is  300-

400 mg/day. 
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(2)  For  in termit tent  in t ravenous admin is t ra t ion, 100 mg is  g iven every 5 min at  a  

ra te not exceeding 25-50 mg/min,  unt i l  the arrhythmia disappears ,  adverse ef fects  

develop,  or  1 g  has been g iven.  The usual  e f fec t ive dosage is  700 mg. 

f .  Mexi let ine  is  administered oral ly and should be ini t ia ted in  the hospita l  sett ing. 

(1)  A loading dose of  400 mg fol lowed by maintenance dosage in  8 hr .  

(2)  I f  th is  fa i ls  to contro l  the arrhythmia,  the dosage may be increased to 400 mg 

every 8 hr.  (Al ternat ive ly,  doses may be given every 12 hr . )  

(3)  Normal  maintenance doses are 200-300 mg every 8 hr .  

g.  Flecainide (Tambocor)  is  admin is tered oral ly and should be in i t iated in  the 

hospi ta l  set t ing. 

(1)  In i t ia l  dosage is  50 mg every 12 hr,  and the dosage may be increased in  twice-

dai ly increments of 50 mg every 4 days to  a maximum of 300 mg/day. 

(2)  The usual  maintenance dose is  100 mg every 12 hr .  

h.  Propafenone (Rythmol,  Rythmol SR)  is  admin istered ora l ly and should be 

in i t ia ted in  the hospi tal  set t ing. 

(1)  In i t ia l  dosage is  150 mg every 8 hr  and can be increased every 3-4 days to  the 

desi red therapeut ic  e ffect  or  s ide ef fec ts .  

(2)  The usual  maintenance dose is  150-200 mg every 8 hr ,  (Rythmol)  or  every 12 

hour  (Rythmol  SR) up to  a maximum of  900 mg/day.  

4.  Precautions and monitoring effects.  Note:  Proarrhythmia ( the abi l i ty  to  cause 

an arrhythmia)  is  the most  important  r isk  assoc iated wi th  the use of  ant iarrhythmic 

drug therapy.  Bradyarrhythmias and ventr icular  tachyarrhythmias,  such as torsades 

de pointes,  can occur .  These of ten take p lace dur ing the in i t ia t ion of  ant iarrhythmic  



drug t reatment and should be cons idered when dec is ion makers  choose between 

outpat ient and inpat ient  in i t ia t ion of  ant iarrhythmic  therapy.  

a.  Quin id ine 

(1)  Th is drug is  contraind icated in  pat ients  wi th 

(a)  Complete AV block un less a ventr icular  pacemaker is in p lace 

(b)  Marked prolongat ion of  the QT in terva l  or  pro longed QT syndrome because 

ventr icu lar  tachyarrhythmia ( torsades de pointes)  may ar ise,  resu l t ing in  qu in idine 

syncope ( i .e . ,  syncope or  sudden death) 

(2)  An increase of  50% or  more in  the durat ion of  the QRS complex necessi ta tes 

dosage reduct ion. 

(3)  Quin id ine has a narrow therapeut ic index.  Therapeut ic  serum levels are in  the 

range of 2-6 µg/mL, depending on the spec i f ic i ty o f  the assay.  Toxic i ty may cause 

acute card iac  ef fec ts ,  such as pronounced s lowing of  conduct ion in  al l  hear t  

reg ions;  th is ,  in  turn,  may lead to  SA block or  arrest ,  ventr icu lar  tachycard ia , or  

asysto le . 

(4)  The ECG should be moni tored during quinid ine therapy to  detect  s igns of 

cardio toxic i ty.  To counteract quin id ine-induced ventr icular tachyarrhythmias,  

catecholamines,  g lucagon,  or sodium lac tate may be g iven. 

(5)  In pat ients  receiv ing qu in idine for a t r ia l  tachyarrhythmias, vagolyt ic  e ffec ts  may 

increase impulse conduct ion at the AV node,  resul t ing in  an accelerated ventr icu lar  

response. To prevent  th is ,  agents that  s low AV nodal  conduct ion (e .g.,  verapamil ,  

d igoxin)  may be adminis tered. 

(6)  The dosage should be reduced in  e lder ly pat ients  (> 60 years o ld)  and in 

pat ients  wi th  hepat ic  dysfunct ion or  congest ive hear t  fa i lure (CHF). 

(7)  Embol ism may occur on restorat ion of normal  s inus rhythm af ter prolonged at r ia l  

f ibr i l la t ion. To prevent  or min imize th is  compl icat ion,  ant icoagulants  may be 

adminis tered before qu inid ine therapy begins. 

(8)  Quin id ine may cause c inchonism at  high serum concentrat ions, manifes ted by 

t inni tus , hear ing loss, b lurred vis ion,  and gastroin test ina l  (GI)  disturbances.  In  

severe cases, nausea,  vomit ing,  d iarrhea,  headache,  confusion,  de l i r ium, 

photophobia,  d ip lop ia ,  and psychosis may occur.  

(9)  GI  react ions are the most  common adverse react ions to  qu in idine.  About  30% of  

pat ients  exper ience d iarrhea; nausea and vomi t ing may a lso occur.  Ar is ing a lmost  

immediate ly af ter the f i rst  dose, these symptoms sometimes warrant  discont inu ing 

the drug.  However,  aluminum hydroxide or  use of the polygalacturonate sa l t  may 

reverse this.  

(10)  Hypersensi t iv i ty react ions include anaphylaxis ,  thrombocytopenia,  resp i ra tory 

d ist ress, and vascular col lapse. 
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b.  Procainamide (Pronestyl )  

(1)  Th is drug is  contraind icated in  pat ients  wi th  hypersens i t iv i ty to procaine and 

re lated drugs,  myasthenia gravis ,  second- or  th i rd-degree AV block wi th  no 



pacemaker,  a  his tory of procainamide- induced systemic  lupus erythematosus (SLE),  

pro longed QT syndrome, or  torsades de pointes. 

(2)  An increase of  50% or  more in  the durat ion of  the QRS complex necessi ta tes 

dosage reduct ion. 

(3)  Procainamide has a narrow therapeut ic index.  Therapeut ic serum levels  are 

reported in the range of  4-10 µg/mL.  N -acetyl  procainamide (NAPA) levels o f  15-25 

µg/mL are cons idered therapeut ic .  The act ive metabol i te ,  NAPA possesses di f fer ing 

pharmacologica l  card iovascular  ef fec ts ,  and serum levels  need to  be evaluated 

independent ly o f  procainamide. Toxic i ty may cause acute card iac  ef fec ts  (e .g.,  

pronounced slowing of  conduct ion in al l  heart  reg ions) ,  which,  in  turn,  may lead to  

SA b lock or arrest,  ventr icular tachycard ia ,  or  asysto le . 

(4)  High serum procainamide leve ls  may induce ventr icu lar  arrhythmias (e .g. ,  PVCs,  

ventr icu lar  tachycard ia  or  f ibr i l la t ion) .  The ECG should be moni tored cont inuous ly to  

detect  these problems.  Catecholamines,  glucagon,  or  sodium lactate may be 

adminis tered to counteract  these arrhythmias. 

(5)  Hypotens ion may occur  wi th  rap id in t ravenous administ ra t ion. 

(6)  GI  ef fec ts  are less common than wi th  qu inidine therapy. 

(7)  Hypersens i t iv i ty react ions are the most severe adverse ef fects  o f  procainamide.  

These react ions include drug fever ,  agranulocytos is ,  and an SLE- l ike syndrome. 

(a)  An SLE- l ike syndrome is  mani fes ted by fa t igue,  arthralgia ,  myalg ia ,  and low-

grade fever.  

(b)  Ant inuclear ant ibody t i ter is  posi t ive in  50%-80% of  pat ients  receiv ing 

procainamide.  However,  on ly 20%-30% of  these pat ients  develop symptoms of the 

SLE- l ike syndrome. 

(c)  Drug discont inuat ion usual ly is necessary when symptomat ic  SLE-l ike syndrome 

occurs . 

(8)  The dosage should be reduced and given over  6  hr to pat ients wi th  renal  or  

hepat ic  impai rment ,  as the drug hal f - l i fe is  increased in  these pat ients . 

(9)  Lower doses may be needed in  pat ients wi th  CHF to ad just  for  the lower vo lume 

of  dis tr ibut ion. 

(10)  Embol ism may occur  on restorat ion of  normal  s inus rhythm after  prolonged 

at r ia l  f ibr i l la t ion.  An ant icoagulant is  f requent ly admin is tered before procainamide 

therapy begins to  prevent  this  compl icat ion. 

c.  Disopyramide (Norpace)  

(1)  Th is drug may cause marked hemodynamic compromise and ventr icu lar  

dysfunct ion.  I t  is  contra ind icated in  pat ients wi th card iogenic  shock or  second- or  

th i rd-degree AV b lock wi th  no pacemaker. 

(2)  Disopyramide should be avoided or  used wi th ext reme caut ion in  pat ients  wi th 

CHF. I t  should also be used caut ious ly in  pat ients  wi th  ur inary t rac t  d isorders,  

myasthenia gravis ,  and renal  or  hepat ic  dysfunct ion. 

(3)  In pat ients  receiv ing th is  drug for  a t r ia l  tachyarrhythmias, vagolyt ic  e ffec ts  may 

increase impulse conduct ion at the AV node,  resul t ing in  an accelerated ventr icu lar  

response. To prevent  th is ,  agents that  s low AV nodal  conduct ion (e .g.,  verapamil ,  

d igoxin)  may be given. 



(4)  Ant ichol inergic e f fects  o f this drug include dry mouth, const ipat ion,  ur inary 

hesi tancy or  retent ion,  and blurred vis ion. 

(5)  Therapeut ic  plasma leve ls range f rom 2 to  4 µg/mL. 

d.  Lidocaine (Lidocaine)  

(1)  Th is drug may cause hemodynamic compromise in pat ients  wi th  severe card iac  

dysfunct ion.  General ly,  however,  i t  has few untoward card iovascular  ef fec ts .  

(2)  L idocaine should be used caut iously and in  reduced dosage in  pat ients  wi th  CHF 

or  renal or  hepat ic  impairment .  

(3)  Central  nervous system (CNS) react ions are the most  pronounced adverse 

ef fec ts  o f l idocaine.  These react ions may range from l ightheadedness and 

rest lessness to  confus ion,  t remors, stupor ,  and convuls ions. 

(4)  Tinni tus ,  b lurred vis ion,  and anaphylaxis  have been repor ted. 

(5)  P lasma l idocaine leve ls o f  1 .5-6.5 µg/mL are therapeut ic .  

(6)  L idocaine 's  metabol i tes—glyc inexyl id ide and monoethylg lyc inexyl id ide—may 

have neurotoxic  as  wel l  as  ant iarrhythmic ef fects.  
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e.  Phenytoin (Di lant in)  

(1)  Th is drug is  contraind icated in  pat ients  wi th  s inus bradycardia  or  heart  b lock. 

(2)  Phenytoin  must  be used caut ious ly in  pat ients  wi th  hear t  fai lure (HF), renal  or  

hepat ic  impai rment ,  myocardial  insuf f ic iency,  resp i ratory depress ion,  or  

hypotension. 

(3)  During acute therapy,  this  drug may cause CNS react ions (e.g. ,  drowsiness,  

ver t igo,  nystagmus,  a taxia ,  nausea).  Card io toxic i ty  a lso may occur ,  especia l ly wi th  

fas t int ravenous in fus ion rates. 

(4)  Chronic  phenyto in  may lead to  vest ibu lar  and cerebel lar  ef fec ts ,  behaviora l  

changes,  GI dis t ress,  g ing iva l  hyperp las ia ,  megalob last ic anemia, and osteomalac ia . 

(5)  Hypersens i t iv i ty react ions may be mani fes ted by l iver,  sk in ,  and hemato log ical  

problems. 

(a)  Toxic  hepat i t is  may occur .  

(b)  Skin  react ions include exfo l iat ive dermati t is ,  Stevens-Johnson syndrome,  

scar lat in i form or  morb i l l i form rash,  SLE,  toxic  ep idermal  necrolys is ,  eos inophi l ia ,  

and erythema mul t i forme.  

(c)  Hemato log ical  react ions inc lude agranulocytos is ,  megalob last ic  anemia,  

leukopenia,  thrombocytopenia,  and pancytopenia.  

(6)  Therapeut ic  plasma phenyto in levels range f rom 10 to  18 µg/mL. 

f .  Mexi let ine (Mexit i l )  

(1)  Th is drug is  contraind icated in  pat ients  wi th  card iogenic  shock or  second- or  

th i rd-degree AV b lock wi th  no pacemaker. 

(2)  Tremor is  an ear ly s ign of  mexi le t ine toxic i ty.  Dizziness, a taxia ,  and nystagmus 

indicate an increasing p lasma drug concentrat ion.  

(3)  Hypotens ion,  bradycard ia ,  and widened QRS complexes may develop dur ing 

mexi le t ine therapy. 

(4)  Adverse GI e ffec ts inc lude nausea and vomit ing. 



(5)  Therapeut ic  serum levels  range f rom 0.50 to  2.0 µg/mL. 

g.  Flecainide (Tambocor)  

(1)  Th is drug is  contraind icated in  pat ients  wi th  card iogenic  shock or  second- or  

th i rd-degree AV b lock wi th  no pacemaker. 

(2)  The ECG should be moni tored during f leca inide therapy because this drug may 

exacerbate exis t ing arrhythmias or  prec ipi tate  new ones.  F lecainide was shown in  

the CAST study to  increase mortal i ty in  pat ients  wi th  asymptomat ic  ventr icu lar  

arrhythmias and,  therefore,  should be reserved for  pat ients  wi th  l i fe- threatening 

ventr icu lar  arrhythmias that  are re f rac tory to  o ther  drugs. 

(3)  Th is drug has a s ign i f icant  negat ive inot rop ic  e f fec t  and may br ing on or  worsen 

CHF and cardiomyopathy.  

(4)  Adverse CNS ef fects  (e .g.,  dizziness, headache,  tremor)  and GI  ef fec ts  (e.g. ,  

nausea,  abdominal  pa in) may occur .  

(5)  B lurred vis ion and dyspnea have been reported. 

(6)  Therapeut ic  serum levels  recommended for  f lecainide are between 0.2 and 1.0 

µg/mL. 

h.  Propafenone (Rythmol) ,  Rythmol (SR)  

(1)  Th is drug,  l ike other  ant iarrhythmic  agents ,  may cause new or  worsened 

arrhythmias. Such proarrhythmic  proper t ies  range f rom an increased f requency of  

PVCs to the development  o f  severe ventr icu lar  tachycard ia ,  ventr icular  f ibr i l la t ion, 

and torsades de pointes. Th is  proarrhythmic  ef fect  has been under d iscuss ion for  

the c lass IC agents ;  thus,  when used,  these agents  should be moni tored close ly.  

The f ind ings f rom the CAST s tudy must  be weighed against  the benef i ts  of  using 

these agents for t reat ing s ign i f icant  ventr icu lar  arrhythmias. 

(2)  Dizziness is  a s ide effec t that  has been repor ted in  as many as 10%-15% of  

pat ients  taking the drug. 

(3)  Other  associated s ide ef fects  inc lude vomi t ing,  a  meta l l ic  b i t ter  taste in  the 

mouth,  const ipat ion, headache, and new or  worsening CHF and asthma. 

(4)  Therapeut ic  serum levels  recommended for  propafenone are between 0.06 and 

1.0 µg/mL. 

5.  Signif icant interactions  

a.  Quinidine  

(1)  Quin id ine may increase serum levels  o f  digoxin  and increase the effects  of  

digital is  on the hear t ,  wi th  a  resul tant  increase in toxic i ty.  
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(2)  Severe orthostat ic  hypotension may occur wi th  concomi tant  administ ra t ion of  

vasodi lators  (e .g. ,  nitroglycerin ) .  

(3)  Phenytoin,  r i fampin (Rifadin) ,  and barbiturates  may antagonize qu inid ine 

act iv i ty and reduce i ts  therapeut ic  e f f icacy. 

(4)  Nifedipine (Procardia)  may reduce plasma quinid ine leve ls .  

(5)  Antacids,  sodium bicarbonate (Neut),  and sodium acetazolamide (Diamox)  

may increase p lasma quin idine levels,  poss ibly resu l t ing in  toxic i ty.  



(6)  Quin id ine may produce addi t ive hypoprothrombinemic  ef fec ts  wi th  coumarin  

ant icoagulants. 

b.  Amiodarone (Cordarone)  and cimetidine (Tagamet)  may increase plasma 

procainamide leve ls ,  poss ibly leading to  drug toxic i ty.  

c.  Phenytoin  accelerates disopyramide metabol ism, poss ibly reducing i ts 

therapeut ic  ef f icacy. 

d.  Lidocaine  

(1)  Phenytoin  may increase the cardiodepressant  e f fects  o f  l idocaine. 

(2)  β-Blockers  (c lass I I  ant iarrhythmics)  may reduce l idocaine metabol ism,  poss ib ly 

leading to  drug toxic i ty.  

e.  Phenytoin  

(1)  The r isk  of  phenyto in toxic i ty increases wi th  concomi tant  administ ra t ion of  

diazepam (Val ium),  ant ihistamines,  isoniazid (Nydrazid) ,  chloramphenicol 

(Chloromycetin) ,  c imetidine (Tagamet) ,  sal icylates, sulf isoxazole (Gantris in),  

amiodarone (Cordarone),  and valproate (Depacon).  

(2)  Carbamazepine (Tegretol)  may enhance phenyto in metabol ism and thus reduce 

p lasma phenyto in levels and therapeut ic  e f f icacy. (Phenyto in has the same ef fect  on 

carbamazepine.) 

f .  Mexi let ine (Mexit i l ) .  Phenobarbital ,  ri fampin (Nydrazid) ,  and phenytoin 

(Di lant in)  reduce p lasma mexi le t ine leve ls  and may decrease therapeut ic  e ff icacy.  

B. Class I I  antiarrhythmics  

1.  Indicat ions.  These drugs—β-adrenergic blockers—are used main ly to  t reat  

systemic  hyper tens ion.  Among the drugs in  th is  c lass,  propranolol ,  esmolo l ,  and 

acebuto lol  are approved for  ant iarrhythmic  use. 

a.  Propranolol- ( Inderal)  may be given to : 

(1)  Control  supraventr icular  arrhythmias (e .g. ,  a t r ia l  f ibr i l la t ion or f lu t ter ,  PSVTs) 

(2)  Treat  tachyarrhythmias caused by catecholamine s t imulat ion (e .g. ,  in 

hyper thyroidism, during anesthesia) 

(3)  Suppress severe ventr icu lar  arrhythmias in  prolonged QT syndrome  

(4)  Treat  d ig i ta l is - induced ventr icu lar  arrhythmias 

(5)  Terminate cer ta in  ventr icular  arrhythmias (e .g. ,  PVCs in  pat ients  wi thout  

s t ruc tura l  hear t  d isease) 

b.  Esmolol  (Brevibloc)  is  used to t reat  supraventr icular tachycardias;  i t  possesses 

a shor t  (9-min)  ha l f - l i fe  and has been used to  cont rol  the ventr icu lar  response to  

at r ia l  f ibr i l la t ion or  f lut ter  during or  a f ter  surgery. 

2.  Mechanism of act ion.  Class I I  ant iarrhythmics reduce sympathet ic  s t imulat ion of  

the heart ,  decreas ing impulse conduct ion through the AV node and lengthening the 

re f rac tory period.  Addi t ional ly,  th is  c lass of  ant iarrhythmics s low the sinus rhythm 

wi thout  s ign i f icant ly changing the QT or  QRS in terva ls,  resul t ing in  a  reduced heart  

ra te  and a decrease in myocardial  oxygen demand. 

3.  Administrat ion and dosage  

a.  Propranolol  may be given in t ravenously or  oral ly when used as an 

ant iarrhythmic . 



(1)  Emergency therapy ca l ls  for  s low int ravenous administ ra t ion of 1-3 mg d i lu ted in  

50 mL dextrose 5% in  water  or  normal sal ine solu t ion.  Th is  dose is  in fused s lowly 

(no faster  than 1 mg/min) .  A second dose of 1-3 mg may be given 2 min la ter .  

(2)  For  ora l  therapy,  10-80 mg/day is  given in  3-4 doses.  (However,  1000 mg or  

more may be requi red for  resistant  ventr icu lar  arrhythmias. ) 

b.  Esmolol  is  given in travenous ly.  A loading dose of  500 µg/kg/min is  in fused over 

1  min,  fol lowed by a 4-min maintenance infus ion of  50 µg/kg/min.  I f  a sat is fac tory 

response is not  achieved wi th in  5  min, the loading dose is  repeated and fo l lowed by 

a maintenance in fusion of  100 µg/kg/min. 
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4.  Precautions and monitoring effects  

a.  Propranolol  ( Inderal)  

(1)  Th is drug is  contraind icated in  pat ients  wi th  s inus bradycardia ,  second- or  th ird-

degree AV b lock,  card iogenic  shock,  severe HF, or  as thma. 

(2)  The β-blocking effec ts  o f this drug may lead to  marked hypotension,  

exacerbat ion of CHF and le f t  ventr icu lar  fa i lure, or  card iac  arrest .  

(3)  B lood pressure,  heart  ra te ,  and the ECG should be moni tored during int ravenous 

in fus ion. 

(4)  Embol ism may occur upon restorat ion of  normal  s inus rhythm af ter susta ined 

at r ia l  f ibr i l la t ion.  An ant icoagulant may be g iven before propranolol  therapy begins 

to  prevent this  compl icat ion. 

(5)  Propranolo l  may depress AV node conduct ion and ventr icular pacemaker 

act iv i ty,  resul t ing in  AV b lock or  asysto le . 

(6)  Th is drug may mask the s igns and symptoms of  hypoglycemia. I t  a lso may mask 

s igns of  shock. 

(7)  Fat igue, le thargy,  increased a i rway resistance,  and sk in  rash have been 

reported. 

(8)  Nausea,  vomi t ing,  and d iarrhea may occur .  

(9)  Sudden wi thdrawal  o f propranolol  may lead to acute  MI ,  arrhythmias,  or  angina 

in  cardiac  pat ients . Drug therapy is  d iscont inued by taper ing the dose over  4-7 

days. 

b.  Esmolol  (Brevibloc)  

(1)  Th is drug is  contraind icated in  pat ients  wi th  severe CHF or  s inus bradycard ia . 

(2)  Hypotens ion occurs  in  approximate ly 30% of  pat ients  receiv ing esmolo l .  Th is  

e f fec t  can be reversed by reduc ing the dosage or s topping the in fus ion. 

(3)  Th is drug is  for  shor t- term use only and should be replaced by a long-act ing 

ant iarrhythmic  once the pat ient 's  hear t  s tabi l izes.  

(4)  Dizziness,  headache, fa t igue,  and agi ta t ion may occur .  

(5)  Other  adverse effec ts  include nausea,  vomi t ing,  and bronchospasm. 

5.  Signif icant interactions  

a.  Propranolol  

(1)  Severe vasoconstr ic t ion may occur  wi th  concomi tant  epinephrine  admin ist ra t ion. 

(2)  Digital is  preparat ions can cause excess ive bradycard ia . 



(3)  Calcium-channel  blockers—for example,  di lt iazem (Cardizem)  and verapamil  

(Calan)—and other negat ive inotropic  and chronotropic drugs—such as 

disopyramide (Norpace)  and quinidine—add to  the myocardia l  depressant  e ffec ts 

o f  propranolo l .  

b.  Esmolol .  Morphine (MS Contin)  may ra ise p lasma esmolo l  levels.  

C. Class I I I  ant iarrhythmics  

1.  Indicat ions  

a.  Amiodarone (Cordarone)  is  g iven to contro l  mal ignant  ventr icu lar  arrhythmias 

and has most  recent ly with in the new advanced card iac l i fe  support  (ACLS) 

gu ide l ines been recommended in  the t reatment of  ventr icu lar f ibr i l lat ion and 

pulseless ventr icular  tachycardia , and may be used prophylact ical ly against  both 

at r ia l  and ventr icu lar tachycardia  and f ibr i l la t ion.  Unl ike most  o ther  ant iarrhythmics,  

wi th  the except ion of  the β-adrenerg ic  blockers,  amiodarone has been shown to  

reduce arrhythmic  deaths in  pat ients  af ter an MI .  

b.  Sotalol (Betapace)  is  used to  t reat supraventr icular and ventr icu lar  

tachyarrhythmias. Sota lol  antagonizes both β1 -  and β2 -  adrenerg ic  receptors , but  

a lso pro longs the phase 3 act ion potent ia l .  I t  is  th is property that  dis t inguishes i t  

f rom other  β-adrenerg ic  b lockers and is  the reason why i t  is  c lass i f ied as a type I I I  

ant iarrhythmic  drug rather  than a type I I  agent  (β-adrenergic b locker) .  

c.  Ibut i l ide (Corvert)  is  used in  the conversion of  a t r ia l  f ibr i l lat ion and f lut ter  o f  

recent  onset  (durat ion < 30 days) .  

d.  Dofet i l ide (Tikosyn)  is  avai lab le  in  the Uni ted States under res t r icted access in  

the treatment  o f  a t r ia l  f ibr i l la t ion/f lut ter.  

2.  Mechanism of act ion.  Class I I I  ant iarrhythmic drugs prolong the ref ractory 

per iod and act ion potent ia l ;  they have no ef fec t  on myocard ial  contract i l i ty  or  

conduct ion t ime. 
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3.  Administrat ion and dosage  

a.  Amiodarone (Cordarone)  Avai lab le  for  both ora l  and int ravenous use and should 

on ly be in i t ia ted in  the hospi tal  set t ing.  Amiodarone has been incorporated into  the 

most  recent  ACLS (2005) guidel ines and recommended by the expert  panel  members 

as the f i rs t -choice ant iarrhythmic for  shock-ref ractory ventr icu lar 

f ibr i l la t ion/ventr icular tachycard ia . 

(1)  I t  is  avai lab le for ora l  use;  800-1600 mg every 12 hr  is  g iven for  7-14 days,  then 

200-400 mg dai ly thereafter .  

(2)  Ora l  t reatment  is  used to  suppress ventr icu lar and supraventr icular arrhythmias 

but  can take days or  weeks to take ef fec t.  Oral  doses of  100-600 mg/day (usual ly 

300-400 mg/day)  for  maintenance therapy in  ventr icular tachycardia  and 100-200 

mg/day for maintenance therapy for supraventr icu lar tachycard ias are given. 

(3)  Int ravenous formulat ion is  avai lable  for  t reatment  and prophylaxis  o f  recurrent  

ventr icu lar  f ibr i l la t ion or  hemodynamical ly unstable ventr icu lar  tachycard ia  in 

re f rac tory pat ients. 



(4)  The in t ravenous form is  rapidly d is t r ibuted throughout the body.  Recommended 

doses inc lude a rapid loading in fusion of  150 mg over  10 min,  fol lowed by a s low 

in fus ion of  1  mg/min for 6  hr  (360 mg),  and then a maintenance in fusion of  0 .5  

mg/min for  the remainder o f  the 24-hr  per iod.  Pat ients  usual ly rece ive 2-4 days of  

in fus ions before conversion to  oral  form. However,  a  maintenance in fus ion can be 

cont inued for 2-3 weeks. 

b.  Sotalol (Betapace)  is  ava i lable  commercial ly as  an ora l  tab let ,  and therapy 

should be ini t ia ted wi thin the hospi tal  set t ing.  Normal dos ing of  80 mg twice dai ly 

in i t ia l ly  and increas ing doses at  2- to 3-day interva ls  to  a maximum dose of  640 

mg/day,  given in  2-3 doses throughout the day.  

c.  Ibut i l ide (Corvert)  is  ava i lab le  on ly for  in jec t ion in  a 0.1-mg/mL,  10-mL via l .  

Normal  doses for  the convers ion of  recent-onset a t r ia l  f ibr i l la t ion to  normal  s inus 

rhythm is  a  dose of  1  mg (0.01 mg/kg for  those < 60 kg)  over  10 min,  wi th  a  repeat 

dose in  10 min i f  the arrhythmia does not  end. 

d.  Dofet i l ide (Tikosyn)  is  avai lab le  only for ora l  adminis t ra t ion in 0 .125-,  0 .25- ,  and 

0.5-mg capsules under the t rade name of  Tikosyn and should only be ini t ia ted in  a 

hospi ta l  set t ing wi th  t rained personnel  and the equ ipment  necessary to  provide 

cont inuous card iac moni tor ing dur ing in i t iat ion of  therapy. 

(1)  A normal dose for  the convers ion of  recent-onset  a tr ia l  f ibr i l la t ion to  normal  

s inus rhythm is  0 .5 mg twice dai ly for  pat ients  wi th  creat inine c learance va lues > 60 

mL/min;  doses are reduced 50% (0.25 mg) for  those wi th  creat in ine c learance 

va lues of  40-60 mL/min, and doses are reduced an addi t ional  50% (0.125 mg) for  

those wi th  creat in ine c learance values of  20-40 mL/min. 

(2)  Maintenance therapy is  based on the ECG; with  doses being reduced wi th  QTc 

pro longat ion exceeding 15% of  the basel ine va lue.  Any pat ient develop ing a QTc 

in terva l  exceeding 500 msec should have therapy d iscont inued immediate ly.  

(3)  Dofet i l ide should not  be given to  those wi th creat in ine c learance va lues < 20 

mL/min. 

4.  Precautions and monitoring effects  

a.  Amiodarone (Cordarone)  

(1)  L i fe-threatening pulmonary toxic i ty may occur  dur ing amiodarone therapy,  

especia l ly in  pat ients  receiv ing > 400 mg/day.  Basel ine as wel l  as rout ine pu lmonary 

funct ion tests  reveal  relevant  pu lmonary changes. 

(2)  Most  pat ients  develop corneal  microdepos i ts  1-4 months after  amiodarone 

therapy begins. However,  this  react ion rarely causes visual  dis turbance,  but  the 

pat ient should be moni tored wi th  rout ine ophthalmological  examinat ions. 

(3)  B lood pressure and hear t  ra te and rhythm should be moni tored for  hypotens ion 

and bradyarrhythmias. 

(4)  Pat ients should be moni tored rout inely for  the possib le  development o f hepat ic  

dysfunct ion,  thyro id d isorders  (e .g. ,  hyperthyro id ism, hypothyro id ism),  and 

photosens i t iv i ty.  

(5)  CNS react ions inc lude fa t igue,  malaise,  per ipheral  neuropathy,  and 

ext rapyramidal e f fects .  

(6)  Nausea and vomit ing have been repor ted. 



(7)  Th is drug has an ext remely long hal f - l i fe (up to  60 days) .  Therapeut ic  response 

may be delayed for  weeks after  oral  therapy begins;  adverse react ions may pers is t  

up to  4  months af ter  therapy ends. 
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b.  Sotalol (Betapace)  

(1)  S ide ef fec ts  o f  th is  drug are d i rec t ly re la ted to  β-b lockade and pro longat ion of  

repolar izat ion. 

(2)  Trans ient  hypotension,  bradycard ia ,  myocardia l  depress ion,  and bronchospasm 

have al l  been assoc iated wi th  th is  drug. 

(3)  Th is drug carr ies  al l  the contra indicat ions assoc iated wi th  other  β-blockers  along 

wi th  those owing to  i ts  e lec t rophys iolog ic  propert ies . 

c.  Ibut i l ide (Corvert)  

(1)  Infus ion should be discont inued as soon as the at r ia l  arrhythmia is  terminated or 

i f  susta ined or nonsusta ined ventr icular arrhythmia or  marked QT pro longat ion is  

documented. 

(2)  Cont inuous ECG moni tor ing is  required for  a t  least  4  hr a f ter  discont inu ing the 

in fus ion or  unt i l  the QT in terva l  re turns to  basel ine. 

d.  Dofet i l ide (Tikosyn)  

(1)  Pat ients need to  be moni tored c lose ly for  the subsequent  development  o f  

ventr icu lar  arrhythmias wi th  increas ing doses of  dofet i l ide or wi th  dec l in ing renal  

s ta tus.  In c l in ica l  t r ia ls ,  ventr icu lar  tachycard ias, inc lud ing torsades de pointes,  are 

the most  f requent ly occurr ing arrhythmias due to  dofet i l ide. 

(2)  Hypokalemia and those s i tuat ions that  might  cause hypotens ion wi l l  pred ispose 

a pat ient  to  pro longat ion of  the QT interva l ,  which could put  a  dofet i l ide pat ient  a t  

r isk  for  toxic  arrhythmias.  

5.  Signif icant interactions  

a.  Amiodarone  

(1)  Amiodarone may increase the p lasma leve ls  of  quinidine,  procainamide,  

di l t iazem, digi ta l is ,  and f lecainide.  

(2)  I t  may increase the pharmacolog ical  ef fec t  o f  β-blockers,  calcium-channel  

blockers,  and warfarin.  

(3)  Special  note:  Amiodarone has been reported to  have numerous drug-drug 

in teract ions among al l  categor ies  of  drugs. To avoid the development  o f a  

s ign i f icant drug-drug in teract ion a thorough pat ient  medicat ion prof i le  should be 

carr ied out  for  each pat ient  having amiodarone therapy ini t ia ted,  as  wel l  as  each 

t ime a pat ient  current ly receiv ing amiodarone is  given an addit ional  drug. 

b.  Sotalol  

(1)  Sota lo l  must  be used caut ious ly in  those pat ients  receiv ing agents  wi th  

cardiacdepressant  proper t ies . 

(2)  Agents  such as sota lo l ,  which pro long the QT in terva l ,  may induce mal ignant  

arrhythmias when used in  combinat ion wi th o ther type IA ant iarrhythmics, espec ial ly 

in  the presence of  low potassium levels .  



c.  Ibut i l ide  should be avoided wi th  other  agents that  pro long repolar izat ion or  

wi th in  4 hr  o f  administ ra t ion. 

d.  Dofet i l ide  should be avoided in  pat ients  who have hypokalemia or preexis t ing QT 

pro longat ion. 

D. Class IV antiarrhythmics  

1.  Indicat ions  

a.  Calcium-channel  blockers  (e .g . ,  verapami l ,  Calan;  di l t iazem, Card izem) are 

used main ly to  t reat  and prevent supraventr icular arrhythmias. 

(1)  They are f i rs t - l ine agents  for  the suppression of  PSVTs s temming f rom AV nodal 

reentry.  

(2)  They can rap id ly contro l  the ventr icular response to  at r ia l  f lu t ter  and f ibr i l la t ion. 

b.  Other  ca lc ium-channel  b lockers  avai lable  inc lude nicardip ine, n i fedipine,  bepr id i l ,  

amlodip ine, and fe lod ipine,  but  these agents  have primar i ly been used in  the 

t reatment  o f  angina pector is and hypertension.  For  in formation on these agents,  see 

Chapters 39 and 41. 

2.  Mechanism of act ion.  Class IV ant iarrhythmics are ca lc ium-channel  b lockers .  

They inh ib i t  AV node conduct ion by depressing the SA and AV nodes, where ca lc ium 

channels predominate. 
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3.  Administrat ion and dosage  

a.  To contro l  a t r ia l  arrhythmias,  verapamil  usual ly is  adminis tered in t ravenous ly.  A 

dose of  2 .5-10 mg is  g iven over a t least 2  min and may be repeated in  30 min,  i f  

necessary.  A 5-10 mg/hr cont inuous int ravenous in fus ion has also been used in 

t reat ing arrhythmias. 

b.  To prevent  PSVTs,  verapamil  may be g iven ora l ly in  four  dai ly doses of  80-120 

mg each. 

c.  To contro l  a t r ia l  arrhythmias,  di l t iazem usual ly is  admin is tered in t ravenously.  A 

dose of  20 mg (0.25 mg/kg)  is g iven over 2  min.  I f  an adequate response is  not  

obtained,  a  second dose of  25 mg (0.35 mg/kg) is  admin is tered after  15 min.  A 5-15 

mg/hr  in t ravenous cont inuous in fus ion has also been used in  t reat ing arrhythmias. 

4.  Precautions and monitoring effects  

a.  Verapami l  and d i l t iazem are contra indicated in  pat ients  wi th  AV block; le f t  

ventr icu lar  dysfunct ion;  severe hypotens ion; concomi tant ,  int ravenous β-b lockers;  

and at r ia l  f ibr i l lat ion wi th an accessory AV pathway.  

b.  These drugs must  be used caut iously in pat ients  wi th  CHF, s ick  s inus syndrome,  

MI ,  and hepat ic or  renal  impai rment .  

c.  Because of the negat ive chronotropic e ffect ,  verapami l  and d i l t iazem must  be 

used caut iously in pat ients  who have slow heart  ra tes or who are receiv ing d ig i ta l is  

g lycos ides. 

d.  The ECG (especial ly the RR in terva l )  should be monitored dur ing therapy.  

e.  Pat ients  > 60 years o ld  should receive reduced dosages and s lower in jec t ion 

ra tes. 

f .  Const ipat ion and nausea have been repor ted wi th  verapamil .  



5.  Signif icant interactions  

a.  Concomitant  admin is t ra t ion of  β-blockers  or  disopyramide  may precip i ta te  hear t  

fa i lure. 

b.  Quinidine  may increase the r isk  of  calc ium-channel  b locker- induced hypotens ion. 

c.  Verapami l  may increase serum digoxin  concentrat ions, and di l t iazem may do the 

same to  a lesser  extent .  

d.  Rifampin  may enhance the metabol ism of  calc ium-channel  b lockers ,  wi th  a  

resul tant  decrease in pharmacolog ica l  e f fect .  

e.  Verapami l  and d i l t iazem may inh ib i t  theophyl l ine  metabol ism and may requi re  

reduct ions in  theophyl l ine dosage. 

f .  Di l t iazem and verapami l  inh ib i t  the metabol ism of cyclosporine (Gengraf)  and 

may require  reduct ions in  cyclospor ine dosages. 

E. Unclassif ied antiarrhythmics  

1.  Atropine  

a.  Indicat ions.  At ropine is  therapeut ic  for  symptomatic  s inus bradycardia  and 

junct ional  rhythm. 

b.  Mechanism of act ion.  An ant ichol inerg ic ,  a t rop ine blocks vagal  e f fec ts on the SA 

node,  promot ing conduct ion through the AV node and increasing the hear t  ra te. 

c.  Administrat ion and dosage.  For  ant iarrhythmic  use, a t ropine is admin is tered in  

a  dose of  0 .4-1 mg by intravenous push; the dose is  g iven every 5 min to  a  

maximum of 2  mg. 

d.  Precautions and monitoring effects  

(1)  Th i rs t  and dry mouth are the most  common adverse ef fec ts  of  at ropine.  

(2)  CNS react ions (e .g. ,  res t lessness, headache,  d isor ientat ion,  d izziness)  may 

occur  wi th  doses over 5  mg. 

(3)  Tachycardia  and ophthalmic  d is turbances (e.g. ,  mydr iasis ,  b lurred vis ion, 

photophobia)  may occur  wi th  doses of 1  mg or  more. 

(4)  In i t ia l  doses may induce a re f lex bradycard ia  owing to incomplete suppress ion of  

vagal  impulses. 

2.  Adenosine (Adenocard)  

a.  Indicat ions.  Adenosine is  indicated for  the convers ion of  acute supraventr icular 

tachycard ia to  normal  s inus rhythm. 

b.  Mechanism of act ion.  Adenos ine is  a  natura l ly occurr ing nuc leoside,  which is  

normal ly present  in  a l l  ce l ls  of  the body.  I t  has been shown to : 

(1)  S low conduct ion through the AV node 

(2)  Interrupt  reentry pathways through the AV node 

(3)  Restore normal  s inus rhythm in  pat ients  wi th  PSVTs 

c.  Administrat ion and dosage.  For  ant iarrhythmic  effec ts,  adenosine is  given as a 

rap id bo lus in t ravenous in jec t ion in  a  6-mg dose over  1-2 sec.  I f  the f i rs t  dose does 

not  e l iminate the arrhythmia wi th in 1-2 min, the dose should be increased to  12 mg 

and again g iven as a rapid in t ravenous dose. An addi t ional  12-mg dose may be 

repeated i f  necessary. 
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d.  Precautions and monitoring effects  

(1)  The ef fec ts  of  adenos ine are antagonized by methylxanth ines, such as caf fe ine 

and theophyl l ine.  Theophyl l ine has been successful ly used for  t reat ing adenos ine-

induced s ide ef fec ts ,  such as hypotens ion, sweating,  and palpi ta t ions. I f  s ide ef fec ts  

are encountered,  aggress ive therapy is  not  requi red because of  the u l t ra-shor t  ha l f -

l i fe o f the drug (10 sec or  less).  

(2)  The main s ide ef fec t  associated wi th adenosine use in up to  18% of pat ients  is  

facia l  f lush ing,  but  this  ef fect  is  normal ly very shor t - l ived. 

(3)  Other  s ide effec ts  assoc iated wi th  adenosine use inc lude shor tness of breath, 

chest  pressure, nausea, headache, and a metal l ic  tas te. 

e.  Addit ional  use.  Adenos ine has been used as an adjunct ive agent  in  pat ients  

undergoing var ious types of pharmacolog ical  s t ress tes t ing (e .g. ,  wi th tha l l ium).  In  

th is  s i tuat ion, adenosine is  g iven as a cont inuous in fusion over  a  per iod of  4-6 min 

and is able to  provide a form of  exerc ise tolerance tes t  in  pat ients not  able  to  exer t  

themselves owing to  age,  fa t igue,  and var ious other  phys ical  handicaps. 
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STUDY QUESTIONS 
Direct ions:  Each of  the quest ions,  s tatements , or  incomplete sta tements  can be 

correct ly answered or  completed by one  o f  the suggested answers or  phrases.  

Choose the best  answer.  

1.  Strong antichol inergic effects l imit  the antiarrhythmic use of 

(A)  quin id ine. 

(B)  procainamide. 

(C)  toca in ide. 

(D)  f lecainide. 

(E)  d isopyramide. 

View Answer1.  The answer is  E[see] .2. A pronounced slowing of  phase 0 

of  the myocardial  action potentia l  results in a prolongation of e i ther atr ia l  

depolarizat ion causing a prolonged P wave on the electrocardiogram (ECG) or 

ventricular depolarizat ion causing a prolonged QRS complex characterized by 

which class of antiarrhythmics? 

(A)  type I  

(B)  type I I  

(C)  type I I I  

(D)  type IV 

(E)  type V 

View Answer2.  The answer is  A[see] .3.  Which of  the fol lowing type I I I  

ant iarrhythmics has been reported as causing the torsades de pointes type of  

ventricular tachycardia? 

(A)  l idocaine 

(B)  amiodarone 

(C) quin id ine 



(D)  f lecainide 

(E)  d i l t iazem 

View Answer3.  The answer is  B[see] .4.  A patient  receiving a class I  

ant iarrhythmic agent on a chronic basis complains of  fat igue, low-grade fever,  

and joint pain suggestive of  systemic lupus erythematosus (SLE). The patient 

is  most l ikely receiving 

(A)  l idocaine. 

(B)  procainamide. 

(C)  quin id ine. 

(D)  f lecainide. 

(E)  propranolo l .  

V iew Answer4.  The answer is  B[see] .5.  Class IA antiarrhythmics do all  of  

the fol lowing to the cardiac cell 's action potential  except  

(A)  s low the rate of  r ise for  phase 0 of depolar izat ion. 

(B)  delay the fast -channel  conductance of sodium ions. 

(C)  prolong phases 2 and 3 of  repolar izat ion. 

(D)  inh ibi t  the s low-channel  conductance of  ca lc ium ions. 

(E)  prolong the ref rac tory per iod of  the act ion potent ia l .  

V iew Answer5.  The answer is  D[see] .6.  Which of  the fol lowing drugs is  a 

class IV antiarrhythmic that  is  primarily indicated for the treatment of 

supraventricular tachyarrhythmias? 

(A)  ibut i l ide 

(B)  mexi let ine 

(C) verapami l  

(D)  quin id ine 

(E)  propranolo l  

View Answer6.  The answer is  C[see] .7.  Which of  the fol lowing agents was 

involved in the ARREST tr ia l and for which evidence-based pract ice just i f ies i ts  

addit ion as a f i rst- l ine agent within the 2005 ACLS guidel ines? 

(A)  l idocaine 

(B)  d i l t iazem 

(C) brety l ium 

(D) amiodarone 

(E)  dofet i l ide 

View Answer7.  The answer is  D[see] .p8. Which of  the following drugs is  a 

class I I I  ant iarrhythmic agent that  is  effect ive in the acute management of  

atr ia l  f ibri l lat ion or atr ia l  f lutter of  recent onset? 

(A)  propranolo l  

(B)  dofet i l ide 

(C) metopro lo l  

(D)  d isopyramide 

(E)  d i l t iazem 

View Answer8.  The answer is  B[see] .P.847 

 

 



9.  Al l  of  the fol lowing problems represent concerns when patients are started 

on amiodarone except  

(A)  ext remely long e l iminat ion ha l f- l i fe .  

(B)  need for  mul t ip le dai ly doses. 

(C)  development  of  hyper thyro id ism or  hypothyroid ism. 

(D)  development  of  pu lmonary f ibrosis .  

(E)  interact ions wi th  o ther  ant iarrhythmic  drugs. 

View Answer9.  The answer is  B[see] .P.848 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  E  [see  I I .A.4.c. (4) ] .  

Disopyramide has ant ichol inergic ac t ions about  one tenth the potency of  a t ropine.  

Ef fects inc lude dry mouth,  const ipat ion,  ur inary re tent ion,  and b lurred vis ion.  

Therefore,  i t  cannot be used in pat ients  wi th  glaucoma or  wi th  condi t ions caus ing 

ur inary re tent ion.  Moreover ,  d isopyramide has a negat ive inot rop ic  e ffec t  and must ,  

therefore,  be used wi th  great  caut ion, i f  a t  a l l ,  in  pat ients  wi th  preexis t ing 

ventr icu lar  fa i lure. 

2.  The answer is  A  [see  I I .A.2 ] .  

The c lass I  ant iarrhythmics ( fas t -channel  b lockers)  s low impulse conduct ion by 

depress ing the f low of  sodium ions in to  ce l ls during phase 0 of  the act ion potent ia l .  

Class I I  ant iarrhythmics decrease impulse conduct ion through the AV node and 

lengthen the ref rac tory per iod through thei r  di rec t e f fec ts  on the sympathet ic  

nervous system. Class I I I  ant iarrhythmics prolong the ref rac tory per iod and act ion 

potent ia l  and have no effec t  on conduct ion t ime throughout  the AV and SA nodes.  

Class IV ant iarrhythmics work  d i rect ly on low-channel  ion conduct ion, which is  more 

l ike ly to  take p lace dur ing phase 2 (p la teau) ,  when ca lc ium ions enter  the ce l l  

through s low channels.  Current c lassi f icat ion of  ant iarrhythmics does not inc lude a 

group of c lass V agents . 

3.  The answer is  B  [see  I .C.3;  Table 40-1 ] .  

Torsades de pointes is  a form of ventr icu lar  tachyarrhythmia character ized by 

e lec t rocard iographic  changes,  which include a markedly pro longed QT interva l .  Th is  

potent ia l ly  fa ta l  react ion has now been reported for  both ant iarrhythmics and non-

ant iarrhythmics.  Ant iarrhythmics,  which have been repor ted to  cause torsades de 

points,  include amiodarone,  d isopyramide, dofet i l ide, f leca inide,  ibut i l ide,  

procainamide,  qu in id ine, and sotalo l .  In addi t ion, drug classes such as ant ib io t ics  

(e .g.,  erythromycin,  levof loxac in,  moxi f loxac in, pentamid ine,  spar f loxac in) ,  a long 

wi th  other  agents  (such as,  dolasetron,  felbamate,  f luoxet ine,  fosphenytoin ,  

indapamide, is radipine,  paroxet ine,  sumatr ip tan, and tamoxi fen)  have been repor ted 

to  be able to  cause ei ther  a  pro longat ion in  the QT in terva l  and/or induce torsades 

de pointes (Table 40-1).  Of  the agents  l is ted,  on ly amiodarone is  a c lass I I I  

ant iarrhythmic . 

4.  The answer is  B  [see  I I .A.4.b. (7) ] .  



The pat ient 's  compla in ts are typ ica l  o f  a  SLE- l ike hypersens i t iv i ty react ion to  

procainamide.  Symptoms of  an SLE- l ike syndrome inc lude fat igue, ar thralg ia , 

myalgia , a  low-grade fever ,  and a posi t ive ant inuc lear  ant ibody t i ter .  The pat ient 's  

symptoms should subs ide i f  procainamide therapy is  s topped and an a l ternat ive 

ant iarrhythmic  agent  is given instead. 

5.  The answer is  D  [see  I I .A.2 ] .  

Class IA ant iarrhythmic  agents delay phase 0 of depolar izat ion. Fast -channel  

conduct ion of  sodium and phases 2 and 3 of  repolar izat ion are also s lowed.  The net  

e f fec t  is  to  extend the ref ractory per iod of  myocard ial  t issue.  Class IA 

ant iarrhythmic  agents  do not  inh ibi t  the s low-channel  conductance of  calc ium ions—

that  is an act ion of  c lass IV agents  such as verapamil .  

6.  The answer is  C  [see  I I .D.1.a ] .  

Of  the agents  l is ted,  verapamil  is  a ca lc ium-channel  b locker  and represents  the 

c lass IV ant iarrhythmics. Verapami l  has been used for i ts  di rec t -ac t ing effec ts  on 

impulse conduct ion throughout  the hear t .  Thus verapami l  is  used to  t reat and 

prevent supraventr icular arrhythmias. Ibut i l ide is  a  c lass I I I  agent ,  quinid ine is  a  

c lass IA drug,  mexi le t ine is  a  c lass IB agent ,  and propranolol ,  a β-adrenerg ic 

b locker ,  is  c lass I I .  Mexi le t ine,  qu in id ine,  and propranolol  are al l  a lso ef fec t ive for  

supraventr icu lar  arrhythmias,  and ibut i l ide is indicated for the t reatment  o f  a tr ia l  

f ibr i l la t ion/f lut ter o f recent  onset .  

7.  The answer is  D  [see  I I .C.3.a ] .  

In  the ARREST t r ia l ,  44% of  amiodarone-t reated pat ients  versus 34% of p lacebo-

t reated pat ients survived to  hospi ta l  admission (p  =  0 .03)  a f ter  shock-ref rac tory 

cardiac  arrest .  The benef i t  was consis tent ly observed in a l l  major  subgroups,  

regard less of the present ing card iac-arrest rhythm. As a resul t  of  the t r ia l ,  evidence 

of  i ts  f ind ings were c i ted wi th in  the ACLS 2000 Guidel ines,  describ ing the lack of  

s imi lar  data for o ther  ant iarrhythmics,  and the agreement by the expert  panel  that  

they would consider  amiodarone as a f i rs t - l ine agent for such pat ients .  L idocaine 

and brety l ium are the only o ther agents  l is ted,  which have been used in  this  pat ient  

populat ion for  ventr icu lar  tachyarrhythmias.  However,  the data have been lacking as 

to  the i r  e f f icacy compared to  p lacebo. 
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8.  The answer is  B  [see  I I .C.1.d ] .  

Dofet i l ide, ibut i l ide, amiodarone,  and sota lo l  are c lass I I I  ant iarrhythmic  agents.  

Class I I I  agents,  which pro long the ref rac tory per iod and myocardial  ac t ion 

potent ia l ,  are used to t reat  ventr icu lar  arrhythmias.  However,  dofet i l ide and ibut i l ide 

are approved as type I I I  agents ind icated for  the convers ion f rom atr ia l  f ibr i l la t ion 

and f lut ter o f  recent onset  to normal  s inus rhythm. Propranolo l ,  a long wi th  other  β-

b lockers,  is  a c lass I I  ant iarrhythmic;  metoprolol  is  not  rout inely used in  the 

t reatment  o f  arrhythmias;  and disopyramide and d i l t iazem are c lass Ia  and class IV 

ant iarrhythmics,  respect ive ly.  

9.  The answer is  B  [see  I I .C.3.a; I I .C.4.a;  I I .C.5.a ] .  



Amiodarone,  l ike ibut i l ide and sota lol ,  is  a  c lass I I I  ant iarrhythmic  agent  and acts  by 

pro longing repolar izat ion of  card iac  cel ls .  Amiodarone is g iven ora l ly,  o f ten in once-

a-day or  twice-a-day maintenance dosage.  Because of  i ts  very long e l iminat ion ha l f-

l i fe,  therapeut ic  response may be delayed for  weeks.  Therefore,  an in i t ia l  loading 

phase is o f ten advisable.  Th is  requi res hospita l iza t ion wi th  c lose moni tor ing for  

desi red effec ts,  untoward react ions, and adjustments  in  dosage.  Amiodarone may 

increase the p lasma levels  o f  qu in idine,  procainamide,  d i l t iazem, and dig i ta l is .  

Dur ing therapy wi th  amiodarone,  pat ients may develop hypothyro idism or  

hyper thyroidism, pu lmonary d isorders ,  hepat ic  dysfunct ion,  and various other  

unwanted ef fects .  Because of  amiodarone 's  ext remely long hal f - l i fe ,  adverse 

react ions may pers is t  for months af ter therapy ends. 

 



41 
Hypertension 
Alan H.  Mutnick 

I. GENERAL CONSIDERATIONS 
A. Defini t ion.  Hypertension  is  b lood pressure elevated enough to  per fuse t issues 

and organs.  Elevated systemic  blood pressure is usual ly def ined as a systo l ic  

reading ≥ 140 mm Hg and a d ias to l ic  reading ≥ 90 mm Hg (≥ 140/90) .  The “Seventh 

Report o f  the Jo int  Nat ional  Commit tee on Detect ion, Evaluat ion, and Treatment  o f  

High Blood Pressure”  (JNC-7)  added a “prehypertens ion”  category, which inc ludes 

indiv iduals  wi th  systol ic  b lood pressure readings o f  120-139 or  d ias tol ic  b lood 

pressure readings of  80-89 mm Hg;  th is  category is  now inc luded in  contemporary 

management  s t ra teg ies. 

B. Classif icat ion  of  hyper tens ion is shown in Table 41-1.  The table re f lec ts the 

recommendations of  the JNC-7. 

C.  The relat ionship between elevated blood pressure and cardiovascular 

disease  was addressed in  the JNC-7,  which formal izes the fact  that  the h igher  the 

b lood pressure,  the greater  the chance of  a myocard ia l  in farct ion (MI) ,  hear t  fa i lure 

(HF),  st roke, or  k idney disease.  Table 41-2 provides card iovascular  r isk  fac tors  

and/or  l i fes ty le  fac tors that  a f fec t the prognosis and t reatment o f  hyper tens ion and 

the various types of target-organ damage assoc iated wi th  hyper tension. 

D. Incidence. Hypertension is  the most common cardiovascular disorder.  

Approximate ly 43 mi l l ion Americans have blood pressure measurements  > 140/90.  

This  number t rans la tes to  a lmost  25% of the adult  populat ion. The incidence 

increases wi th  age—that is ,  60%-71% of  people > 60 years  of age have 

hypertension,  according to  data obta ined f rom the Thi rd  Nat ional  Heal th  and 

Nutr i t ion Examinat ion Survey (NHANES I I I ) .  

1.  Primary (or essential)  hypertension,  in  which no speci f ic  cause can be 

ident i f ied,  const i tu tes > 90% of  a l l  cases of  systemic  hypertension.  The average age 

of  onset  is  about  35 years . 

2.  Secondary hypertension,  resu l t ing f rom an ident i f iab le  cause, such as renal  

d isease or  adrenal hyperfunct ion,  accounts  for  the remain ing 2%-5% of  cases of 

systemic  hyper tens ion.  Th is type usual ly develops between the ages of  30 and 50. 

E. Physiology 

Blood pressure  =  (st roke vo lume × heart  rate)  × to tal  per iphera l  vascular  

res is tance (TPR) 

Al ter ing any of  the factors  on the r ight  s ide of the b lood pressure equat ion resul ts  in  

a  change in  b lood pressure,  as shown in  F igure 41-1. 

1.  Sympathetic  nervous system. Baroreceptors  (pressure receptors)  in  the 

carot ids  and aort ic  arch respond to changes in  blood pressure and in f luence 

ar ter io lar  di la t ion and ar ter iolar  constr ic t ion. W hen s t imulated to constr ic t ion,  the 

contract i le  force s t rengthens,  increas ing the hear t  ra te  and augment ing per ipheral  

res is tance,  thus increas ing cardiac output .  I f  pressure remains e levated,  the 

baroreceptors reset  a t  the h igher  leve ls  and so susta in the hypertension.  L i t t le  

evidence suggests  that  ep inephrine and norepinephr ine have a c lear  role  in  the 



cause of  hyper tens ion.  However,  many of  the drugs used to  t reat hypertens ion lower 

b lood pressure by b lock ing the sympathet ic  nervous system. 

2.  Renin-angiotensin-aldosterone system.  Sympathet ic  s t imulat ion,  renal  ar tery 

hypotension,  and decreased sodium del ivery to  the dista l  tubules s t imulate the 

re lease of ren in by the k idney ( juxtag lomeru lar  apparatus of the k idney) .  Renin (an 

enzyme) reacts wi th  c i rcu la t ing substrate, angiotensinogen to produce angiotens in I  

(a  weak vasoconstr ictor).  W ith in  the pu lmonary endothel ium is  another  enzyme,  

re ferred to  as angiotens in-conver t ing enzyme (ACE),  which is able to  hydro lyze the 

decapept ide angiotens in I  to form the octapept ide angiotens in I I  (a potent  natural  

vasoconstr ic tor) .  Angiotens in I I  has severa l  important  funct ions in  the regulat ion of 

f lu id  vo lume: 
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Table 41-1. Classification of Hypertension for Adults ≥ 18 Years of Age 

   

Classificat
ion 

Systol
ic 
(mm 
Hg)a  

Diastoli
c (mm 
Hg)a 

Lifestyle 
Modificat
ion 

Without Compelling 
Indication 

With 
Compellin
g 
Indication
s 

Norm
al 

< 
1
2
0 

a
n
d 

< 
80 

Enco
urag
e 

  

Prehy
perte
nsion 

1
2
0
-
1
3
9 

o
r 

80-
89 

Yes No antihypertensive 
drug indicated, unless 
presence of a 
compelling indicationb 
requiring use of drug 
therapy 

Drug(
s) for 
comp
elling 
indica
tions 

Stage 
1 
hyper
tensio
n 

1
4
0
-
1

o
r 

90-
99 

Yes Thiazide-type 
diuretics for most; 
may consider ACE 
inhibitor, ARB, β-
blocker, CCB, or 

Drug(
s) for 
comp
elling 
indica



5
9 

combination tions; 
other 
antihy
perten
sive 
drugs 
(diure
tics, 
ACE 
inhibi
tor, 
ARB, 
β-
block
er, 
CCB) 
as 
neede
d 

Stage 
2 
hyper
tensio
n 

≥ 
1
6
0 

o
r 

≥ 
10
0 

Yes Two-drug 
combination for most 
(usually thiazide-type 
diuretic and ACE 
inhibitor, ARB, β-
blocker, or CCB) 

Drug(
s) for 
comp
elling 
indica
tions; 
other 
antihy
perten
sive 
drugs 
(diure
tics, 
ACE 
inhibi
tor, 
ARB, 
β-
block
er, 
CCB) 
as 
neede
d 



ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; 
CCB, calcium-channel blocker. 
a Treatment is determined by the patient's highest blood pressure category. 
 
b Selected drug therapies have been identified from clinical trials to possess 
positive clinical outcomes for specific clinical situations and represent 
compelling indication for their use. Compelling indications (and drug 
therapies): heart failure (diuretics, β-blockers, ACE inhibitors, ARB, 
aldosterone antagonists), postmyocardial infarction (β-blockers, ACE 
inhibitors, and aldosterone antagonists), high coronary disease risk (diuretic, 
β-blocker, ACE inhibitors, CCB), diabetes (diuretic, β-blockers, ACE 
inhibitors, ARB, CCB), chronic kidney disease (ACE inhibitors, ARB), and 
recurrent stroke prevention (diuretic, ACE inhibitors). 
 
Based on Joint National Committee on Detection, Evaluation, and Treatment 
of High Blood Pressure. The seventh report of the Joint National Committee 
on Detection, Evaluation, and Treatment of High Blood Pressure: The JNC-7 
report [Special communication; Clinician's Corner]. JAMA 2003;289:2560-
2572. 
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Table 41-2. Cardiovascular and/or Lifestyle Risk Factors for Consideration in 
the Management of Hypertension 

Hypertension 

Cigarette smoking 

Obesity (BMI ≥ 30) 

Physical inactivity 

Dyslipidemia (as a component of the metabolic syndrome) 

Diabetes mellitus (as a component of the metabolic syndrome) 

Microalbuminuria or estimated glomerular filtration rate < 60 mL/min 



Age (> 55 years for men; > 65 years for women) 

Family history of premature cardiovascular disease (men < 55 years; women 
< 65 years) 

BMI, body mass index (calculated as weight in kilograms divided by the 
square of height in meters). 

Based on Joint National Committee on Detection, Evaluation, and Treatment 
of High Blood Pressure. The seventh report of the Joint National Committee 
on Detection, Evaluation, and Treatment of High Blood Pressure: The JNC-7 
report [Special communication; Clinician's Corner]. JAMA 2003;289:2560-
2572. 

 

a.  I t  s t imulates the re lease of  aldosterone from the adrenal g land (zona 

g lomeru losa),  which resul ts  in  increased sodium reabsorpt ion, f lu id vo lume,  and 

b lood pressure. 

b.  I t  const r ic ts  res is tance vessels ,  which increases per iphera l  vascular  res is tance 

and ar ter ial  pressure. 

c.  I t  s t imulates the re lease of  vasopress in ,  or  ant id iuret ic hormone (ADH), f rom the 

poster ior  p i tu i tary,  which acts  wi thin  the k idneys to  increase f lu id  re tent ion.  

 

Figure 41-1. Blood pressure regulation: the 
determinants of blood pressure as they relate to 
cardiac output and total peripheral resistance. 
Angiotensin II, a potent vasopressor, not only 
increases total peripheral resistance but also, by 
stimulating aldosterone release, leads to an 
increase in plasma volume, venous return, stroke 
volume, and ultimately an increase in cardiac 
output. 
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d.  I t  s t imulates cardiac  hypert rophy and vascular hyper t rophy. 

e.  I t  fac i l i ta tes  norepinephr ine re lease f rom sympathet ic  nerve endings and inhib i ts  

norepinephr ine reuptake by nerve endings,  which enhances sympathet ic  funct ion. 



3.  Mosaic theory centers  around the fact  that  mul t ip le  fac tors,  rather than one 

fac tor  a lone, are respons ible  for  susta ining hypertens ion.  The interact ions among 

the sympathet ic  nervous system, ren in-angiotensin-aldosterone system, and 

potent ia l  defects  in  sodium transport  wi thin  and outs ide the cel l  may al l  p lay a ro le  

in  long- term hypertens ion.  Addi t ional  fac tors  contr ibut ing to  the development  

include genet ics,  endothel ia l  dysfunct ion,  and neurovascular  anomal ies.  Other  

vasoact ive substances that  are invo lved in  the maintenance of  normal  b lood 

pressure have also been ident i f ied;  these inc lude n i t r ic  oxide (vasodi la t ing fac tor) ,  

endothel in  (vasoconstr ictor  pept ide) ,  bradykinin  (potent  vasodi la tor inact ivated by 

ACE),  and at r ia l  nat r iuret ic  pept ide (natural ly occurr ing diuret ic ) .  

4.  Fluid volume regulation.  Increased f luid volume  increases venous system 

d istent ion and venous return, a f fect ing cardiac  output  and t issue per fus ion.  These 

changes alter vascular resistance,  increas ing the blood pressure. 

F.  Complicat ions.  Untreated systemic  hypertension,  regard less of  cause, resul ts  in  

in f lammat ion and necrosis  o f  the ar ter ioles ,  narrowing of  the b lood vessels ,  and 

rest r ict ion of  the blood f low to  major  body organs (Table 41-3) .  When blood f low is  

severely compromised,  target-organ damage ensues. 

1.  Cardiac effects  

a.  Lef t  ventr icular  hypertrophy (card iac  remodel ing)  compensates for the increased 

cardiac work load.  Signs and symptoms of  hear t  fa i lu re occur,  and the increased 

oxygen requi rements  of  the en larged hear t  may produce angina pector is .  

Table 41-3. Target-Organ Damage Associated with Hypertension 

Organ/System and Findings Basis of Findings 

Cardiovascular 

Blood pressure persistently ≥ 140 
mm Hg systolic and/or ≥ 90 mm Hg 
diastolic 

Constricted arterioles, causing 
abnormal resistance to blood flow 

Angina pain Insufficient blood flow to coronary 
vasculature 

Left ventricular 
hypertrophy/dyspnea on exertion 

Heart failure 

Edema of extremities Decrease in blood supply 

Neurological 



Severe occipital headaches with 
nausea and vomiting, drowsiness, 
anxiety, and mental impairment 

Vessel damage within brain 
characteristic of dizziness, severe 
mental impairment, hypertension, 
resulting in transient ischemic 
attacks or strokes 

Renal 

Polyuria, nocturia, and diminished 
ability to concentrate urine; protein 
and red blood cells in urine; elevated 
serum creatinine 

Arteriolar nephrosclerosis 
(hardening of arterioles within 
kidney) 

Ocular 

Retinal hemorrhage and exudates Damage to arterioles that supply 
retina 

Peripheral vascular Absence of pulses in extremities 
with or without intermittent 
claudication; development of 
aneurysm 

Based on Joint National Committee on Detection, Evaluation, and Treatment 
of High Blood Pressure. The seventh report of the Joint National Committee 
on Detection, Evaluation, and Treatment of High Blood Pressure: The JNC-7 
report [Special communication; Clinician's Corner]. JAMA 2003;289:2560-
2572. 
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b.  Hypertens ion can be caused by accelerated atherosc lerosis.  Atheromatous 

lesions in  the coronary ar ter ies  lead to  decreased b lood f low,  resul t ing in  angina 

pector is .  MI  and sudden death may ensue. 

2.  Renal  effects  

a.  Decreased blood f low leads to  an increase in ren in-a ldosterone secret ion,  which 

he ightens the reabsorpt ion of  sodium and water  and increases b lood volume. 

b.  Accelerated atherosc lerosis decreases the oxygen supply, leading to  renal  

parenchymal damage wi th  decreased f i l t ra t ion capabi l i ty  and to azotemia. The 

atherosc leros is  also decreases b lood f low to  the renal  arter io les , leading to  

nephroscleros is  and,  ul t imate ly,  renal  fa i lure (acute as wel l  as  chronic) .  



3.  Cerebral  effects.  Decreased b lood f low,  decreased oxygen supply,  and 

weakened blood vessel  wal ls  lead to t ransient  ischemic  at tacks, cerebra l  

thromboses,  and the development  o f  aneurysms wi th  hemorrhage.  There are 

a l terat ions in  mobi l i ty ,  weakness and para lys is ,  and memory def ic i ts .  

4.  Retinal effects.  Decreased b lood f low wi th  ret inal  vascular  sc lerosis and 

increased ar ter io lar  pressure wi th  the appearance of  exudates and hemorrhage 

resul t  in  v isual  defects  (e .g. ,  blurred vis ion,  spots ,  bl indness) .  

II. SECONDARY HYPERTENSION 
A. Cl inical evaluat ion.  Because most  pat ients  present ing wi th h igh b lood pressure 

have primary ra ther than secondary hypertens ion,  extens ive screening is 

unwarranted.  A thorough h is tory and physica l  examinat ion fo l lowed by an evaluat ion 

of  common laboratory tes ts should ru le  out  most  causes of  secondary hypertens ion. 

Pat ient  age (pr imary hypertens ion is normal ly seen between 30 and 55 years of 

age) ,  sudden onset o f  worsening of  hyper tension,  and blood pressure elevat ions not  

responding to  t reatment  are f indings consistent  wi th  secondary hypertens ion.  I f  a 

secondary cause is not  found,  the pat ient  is  considered to  have essent ial  (pr imary)  

hyper tension. 

1.  A pat ient 's  history and other physical  f indings  suggest  an under ly ing cause of  

hyper tension.  These inc lude the fol lowing: 

a.  Weight  ga in,  moon face,  t runcal obesi ty,  os teoporos is ,  purple s t r iae,  hirsut ism,  

hypokalemia,  d iabetes,  and increased plasma cort iso l  may s ignal  Cushing 

syndrome. 

b.  W eight  loss,  episodic  f lush ing, d iaphores is ,  increased urinary catecholamines,  

headaches,  in termi t tent  hyper tension,  t remors,  and palp i ta t ions suggest  

pheochromocytoma. 

c.  Stero id  or  es t rogen intake,  includ ing ora l  contracept ives,  nonsteroidal  ant i -

in f lammatory drugs (NSAIDs),  nasal decongestants ,  t r icyc l ic  ant idepressants ,  

appet i te  suppressants ,  cyc losporine,  erythropoiet in ,  and monoamine oxidase (MAO) 

inhib i tors ,  suggests  drug- induced hypertens ion. 

d.  Repeated ur inary t ract  infect ions,  elevated serum creat in ine leve ls ,  noctur ia ,  

hematuria ,  and pain on ur inat ing may signi fy renal  involvement (e .g. ,  chronic k idney 

d isease) .  

e.  Abdominal  brui ts ,  recent  onset ,  and accelerated hypertension ind icate renal  

ar tery s tenos is  (e .g. ,  renovascular  disease) .  

f .  Musc le cramps,  weakness,  excess ur inat ion,  and iso la ted hypokalemia may 

suggest  pr imary aldosteronism. 

g.  S leep apnea,  coarc tat ion of  the aorta ,  thyroid  d isease, and parathyro id d isease 

have been inc luded by the JNC-7 as addi t ional  secondary causes of  hyper tens ion. 

2.  Laboratory f indings  

a.  B lood urea n i t rogen (BUN) and creat in ine e levat ions suggest  renal  d isease. 

b.  Increased ur inary excret ion of  catecholamine or  i ts  metabol i tes  (e.g. ,  

vani l ly lmandel ic  acid , metanephr ine)  conf i rms pheochromocytoma. 

c.  Serum potassium evaluat ion reveal ing hypokalemia suggests pr imary 

a ldosteronism or  Cushing syndrome. 



3.  Diagnostic tests  

a.  Renal ar ter iography,  ul t rasound, or  renal  venography may show evidence of  renal  

ar tery s tenos is .  

b.  E lec trocardiography (ECG) may reveal  le f t  ventr icular  hyper t rophy or  ischemia. 
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B. Cause  

1.  Primary aldosteronism.  Hypersecret ion of aldosterone by the adrenal  cor tex 

increases dista l  tubular  sodium retent ion,  expanding the blood vo lume,  which 

increases to tal  per ipheral  res is tance. 

2.  Pheochromocytoma.  A tumor of  the adrenal  medul la s t imulates hypersecret ion of  

ep inephr ine and norepinephrine,  which resul ts in increased to tal  per iphera l  

res is tance. 

3.  Renal  artery stenosis.  Decreased renal  t issue perfus ion act ivates the renin-

angiotensin-a ldosterone system (see I .E.2) .  

C. Treatment.  Secondary hypertension requi res treatment  of  the under ly ing cause 

(e.g.,  surgica l  in tervent ion accompanied by supplementary contro l  o f  hyper tens ive 

ef fec ts ;  see I I I .B) .  

III. ESSENTIAL (PRIMARY) HYPERTENSION 
A. Cl inical evaluat ion  requi res  a thorough h is tory and physica l  examinat ion 

fo l lowed by a carefu l  analys is  o f  common laboratory test  resul ts .  

1.  Object ives  

a.  To rule  out  uncommon secondary causes of  hyper tension 

b.  To determine the presence and extent  o f target-organ damage 

c.  To determine the presence of  o ther  card iovascular r isk  fac tors  in  addi t ion to  high 

b lood pressure 

d.  To reduce morbidi ty and morta l i ty through mult ip le  st ra tegies that  reduce b lood 

pressure through l i fes ty le  modif icat ions wi th  or  wi thout  pharmacolog ica l  t reatment  

wi th  min imal s ide ef fects.  

2.  Predisposing factors  

a.  Family history o f  essent ia l  hyper tens ion,  s t roke,  and premature cardiac  d isease 

b.  Patient history o f  in termit tent  e levat ions in b lood pressure 

c.  Racial predisposition.  Hypertens ion is  more common among Afr ican Americans 

than whi tes. 

d.  Obesity.  W eight  reduct ion has been shown to  reduce b lood pressure in a  large 

propor t ion of  hyper tens ive pat ients  who are > 10% above ideal  body weight .  

e.  Smoking,  resu l t ing in vasoconstr ic t ion and act ivat ion of  the sympathet ic  nervous 

system, is a  major  r isk  fac tor  for  cardiovascular d isease. 

f .  St ress 

g.  High die tary in take of  saturated fa ts  or sodium 

h.  Sedentary l i fes ty le 

i .  Diabetes mel l i tus 

j .  Hyper l ip idemia 



k.  Major  r isk  fac tors accord ing to  the JNC-7 inc lude smoking,  diabetes mel l i tus,  age 

(> 55 for men;  > 65 for  women),  fami ly h is tory of  cardiovascular  disease,  and 

dys l ip idemia. 

l .  Target-organ damage/c l in ical  cardiovascular d isease accord ing to  the JNC-7 

includes hear t  d isease (e.g. ,  le f t  ventr icular  hyper t rophy,  angina,  pr ior  MI ,  hear t  

fa i lure),  st roke or  t rans ient  ischemic  at tacks,  nephropathy,  peripheral  ar tery 

d isease, and ret inopathy.  

3.  Physical  f indings  

a.  Serial  blood pressure readings ≥ 140/90 should be obta ined on at least two 

occasions before speci f ic  therapy is begun,  un less the ini t ia l  b lood pressure leve ls  

are markedly elevated ( i .e . ,  > 210 mm Hg systol ic;  >  120 mm Hg d iasto l ic ,  or  both) 

or  are associated wi th  target-organ damage.  A s ing le  elevated reading is  an 

insuf f ic ient  basis  for  a  diagnos is .  

b.  Essent ia l  hyper tens ion usual ly does not  become c l in ical ly evident—other  than 

through serial  blood pressure e levat ions—unt i l  vascular changes af fec t  the hear t ,  

bra in ,  k idneys,  or ocu lar  fundi .  

c.  Examinat ion of  the ocular fundi  is  va luable; the i r  condi t ion can ind icate the 

durat ion and severi ty o f the hypertens ion. 

(1)  Early stages.  Hard, sh iny depos i ts ;  t iny hemorrhages;  and e levated ar ter ia l  

b lood pressure occur .  
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(2)  Late stages.  Cot ton-wool  patches, exudates,  re t ina l  edema, papi l ledema caused 

by ischemia and capi l lary insuf f ic iency,  hemorrhages,  and microaneurysms become 

evident .  

4.  Untreated hypertens ion increases the l ike l ihood of  the development  o f  numerous 

organ problems,  which inc lude le f t  ventr icular  fa i lure,  MI ,  renal  fa i lure, cerebral  

hemorrhage or  in farct ion,  and severe changes in the re t ina of  the eye. 

B. Treatment  (Tables 41-4 and 41-5;  F igure 41-2)  

1.  General  principles.  Treatment  pr imar i ly a ims to  lower blood pressure toward 

“normal ” wi th  minimal  s ide ef fec ts  and to  prevent  or  reverse organ damage.  

Current ly,  there is  no cure for  
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pr imary hypertension.  Treat ing systo l ic  and diasto l ic  blood pressures to targets  that  

are < 140/90 mm Hg is  associated wi th  a decrease in card iovascular  compl icat ions.  

For  pat ients  wi th  hyper tens ion who have d iabetes or  renal  disease,  the b lood 

pressure goal  recommended by the JNC-7 is  130/80 mm Hg. 

Table 41-4. Common Antihypertensive Drugs 



I. Diuretics 

 A. Thiazide diuretics 

   Chlorothiazide (Diuril) 

   Chlorthalidone (Hygroton) 

   Hydrochlorothiazide (HydroDIURIL) 

   Indapamide (Lozol) 

   Methyclothiazide (Enduron) 

   Metolazone (Zaroxolyn) 

 B. Loop diuretics 

   Bumetanide (Bumex) 

   Ethacrynic acid (Edecrin) 

   Furosemide (Lasix) 

   Torsemide (Demadex) 

 C. Potassium-sparing diuretics 

   Amiloride (Midamor) 

   Eplerenone (Inspra) 

   Spironolactone (Aldactone) 



   Triamterene (Dyrenium) 

II. Vasodilators (direct acting) 

  Diazoxide (Proglycem) 

  Hydralazine (Various) 

  Minoxidil (Loniten) 

  Nitroprusside (Nitropress) 

III. Angiotensin-converting enzyme (ACE) inhibitors 

  Benazepril (Lotensin) 

  Captopril (Capoten) 

  Enalapril (Vasotec) 

  Enalaprilat (IV) (Vasotec) 

  Fosinopril (Monopril) 

  Lisinopril (Prinivil, Zestril) 

  Moexipril (Univasc) 

  Perindopril (Aceon) 

  Quinapril (Accupril) 

  Ramipril (Altace) 



  Trandolapril (Mavik) 

IV. Angiotensin II receptor antagonists 

  Candesartan cilexetil (Atacand) 

  Eprosartan (Teveten) 

  Irbesartan (Avapro) 

  Losartan (Cozaar) 

  Olmesartan (Benicar) 

  Telmisartan (Micardis) 

  Valsartan (Diovan) 

V. Renin inhibitors 

  Aliskiren (Tekturna) 

VI. Sympatholytics 

 A. β-Adrenergic blocking agents 

   Acebutolol (Sectral) 

   Atenolol (Tenormin) 

   Betaxolol (Kerlone) 

   Bisoprolol (Zebeta) 



   Carvedilol (Coreg) 

   Labetalol (Normodyne, Trandate) 

   Metoprolol (Lopressor, Toprol XL) 

   Nadolol (Corgard) 

   Nebivolol (Bystolic) 

   Penbutolol (Levatol) 

   Pindolol (Visken) 

   Propranolol (Inderal) 

   Timolol (Various) 

 B. Centrally acting α-agonists 

   Clonidine (Catapres) 

   Guanabenz (Various) 

   Guanfacine (Tenex) 

   Methyldopa (Various) 

 C. Postganglionic adrenergic neuron blockers 

   Reserpine (various) 

 D. α-Adrenergic blocking agents 



   Doxazosin (Cardura) 

   Prazosin (Minipress) 

   Terazosin (Hytrin) 

 E. Calcium-channel blockers 

   1. Benzodiazepine derivatives 

     Diltiazem (Cardizem, Dilacor, Tiazac) 

   2. Diphenylalkylamine derivatives 

     Verapamil (Isoptin, Calan) 

   3. Dihydropyridines 

     Amlodipine (Norvasc) 

     Felodipine (Plendil) 

     Isradipine (DynaCirc CR) 

     Nicardipine (Cardene) 

     Nifedipine (Procardia XL, Adalat CC) 

     Nisoldipine (Sular) 
 

Table 41-5. Common Combination Products for Hypertension 



I. Diuretics 

  Hydrochlorothiazide—spironolactone (Aldactazide) 

  Hydrochlorothiazide—triamterene (Dyazide, Maxzide) 

  Hydrochlorothiazide—amiloride (Moduretic) 

II. Diuretics—β-adrenergic blockers 

  Bendroflumethiazide—nadolol (Corzide) 

  Chlorthalidone—atenolol (Tenoretic) 

  Hydrochlorothiazide—propranolol (Inderide) 

  Hydrochlorothiazide—metoprolol (Lopressor HCT) 

  Hydrochlorothiazide—bisoprolol (Ziac) 

III. Diuretics—angiotensin-converting enzyme (ACE) inhibitors 

  Hydrochlorothiazide—captopril (Capozide) 

  Hydrochlorothiazide—benazepril (Lotensin HCT) 

  Hydrochlorothiazide—lisinopril (Prinzide, Zestoretic) 

  Hydrochlorothiazide—enalapril (Vaseretic) 

  Hydrochlorothiazide—fosinopril (Monopril HCT) 

  Hydrochlorothiazide—moexipril (Uniretic) 



  Hydrochlorothiazide—quinapril (Accuretic) 

IV. Diuretics—angiotensin II receptor antagonists 

  Hydrochlorothiazide—losartan (Hyzaar) 

  Hydrochlorothiazide—irbesartan (Avalide) 

  Hydrochlorothiazide—valsartan (Diovan HCT) 

  Hydrochlorothiazide—telmisartan (Micardis HCT) 

  Hydrochlorothiazide—candesartan (Atacand HCT) 

  Hydrochlorothiazide—eprosartan (Teveten HCT) 

  Hydrochlorothiazide—olmesartan (Benicar HCT) 

V. Angiotensin-converting enzyme (ACE) inhibitors—Calcium-
channel blockers 

  Enalapril—felodipine (Lexxel) 

  Trandolapril—verapamil (Tarka) 

  Benazepril—amlodipine (Lotrel) 

VI. Angiotensin II receptor antagonists-Calcium channel blockers 

  Olmesartan—amlodipine (Azor) 

  Valsartan—amlodipine (Exforge) 

VII. Other 



  Hydrochlorothiazide—hydralazine (Apresazide) 

  Hydrochlorothiazide—methyldopa (Various) 

  Polythiazide-prazosin (Minizide) 

  Amlodipine—atorvastatin (Caduet) 
 

a.  Candidates for treatment  

(1)  A l l  pat ients  wi th  a  dias to l ic  pressure of  > 90 mm Hg,  a  systol ic  pressure of  > 140 

mm Hg,  or  a combinat ion of  both should receive ant ihyper tensive drug therapy. 

(2)  For  those pat ients  with  a  d ias to l ic  pressure of 80-89 mm Hg or  a  systol ic 

pressure of  120-139 mm Hg (prehypertens ion) ,  no drug t reatment  is  indicated unless 

the pat ient  has a compel l ing ind icat ion.  However,  l i festy le  modi f icat ions such as 

weight  reduct ion, d ie tary sodium reduct ion,  increased phys ical  ac t iv i ty,  and 

moderat ion of a lcohol  consumpt ion should be ini t ia ted. 

b.  Nonspecif ic  measures.  Before ini t ia t ing ant ihyper tens ive drug therapy,  pat ients 

are encouraged to  el iminate or  minimize contro l lab le  r isk  fac tors  (see I I I .A.2) .  

c.  Pharmacological  treatment.  The recommendat ions of  the JNC-7 suggest  that  

recent  c l in ical  t r ia ls  have demonstrated that most  hypertens ive pat ients wi l l  requi re  

two or  more ant ihypertens ive drugs. 

P.858 

 

 

 

Figure 41-2. Algorithm for the treatment of 
hypertension. ACE, angiotensin-converting 
enzyme; ARB, angiotensin-receptor blocker; CCB, 
calcium-channel blocker. [Based on the 
recommendations from the Seventh Report of the 
Joint National Committee on Detection, 
Evaluation, and Treatment of High Blood 
Pressure (JNC-7).] 



(1)  Th iazide d iuret ics  should be the in i t ia l  choice of  therapy because they have 

demonstrated a reduct ion in morbid i ty and mortal i ty  when used as in i t ia l  

monotherapy.  They have been shown to lower morb idi ty and morta l i ty ra tes,  have 

shown adequate long- term safety data,  and have demonstrated pat ient  to lerabi l i ty .  

(2)  Th iazide d iuret ics  should be cons idered in i t ia l  agents  for  treatment  unless there 

are compel l ing ind icat ions for  o ther  medicat ions. 

(3)  Agents  such as ACE inhib i tors ,  angiotens in-receptor  b lockers ,  β-b lockers , and 

ca lc ium-channel b lockers  have al l  been recommended for pat ients  who cannot 

receive a thiazide diuret ic  or in combinat ion wi th  a  thiazide diuret ic  for  adequate 

contro l  o f  b lood pressure.  Th is  may inc lude the use of  ACE inhibi tors  in  

hyper tensive pat ients  having systol ic  dysfunct ion a f ter  a  myocardial  in farc t ion,  a  

d iabet ic  nephropathy pat ient who might  benef i t  f rom an ACE inh ibi tor  in  combinat ion 

wi th  a  diuret ic ,  or  a  pat ient  wi th  HF. 

d.  Monitoring guidel ines.  Speci f ic  moni tor ing guidel ines for the var ious drug 

categories  are out l ined in  I I I .B.2,  3 , 4 ,  5 ,  6  and 7.  
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(1)  B lood pressure should be monitored rout inely to  determine the therapeut ic  

response and to encourage pat ient compl iance. 

(2)  Cl in ic ians must  be aler t  to  ind icat ions of  adverse drug effec ts.  Many pat ients  do 

not  l ink  s ide ef fec ts  to  drug therapy or  are embarrassed to  d iscuss them, espec ia l ly 

e f fec ts  rela ted to  sexual  funct ion or  ef fec ts  that  appear la te  in  therapy. 

e.  Patient compliance  

(1)  Because hypertension is  usual ly a  symptomless d isease,  how the pat ient  “ feels” 

does not  re f lec t the blood pressure level .  In  fact ,  the pat ient  may actua l ly repor t  

“ feel ing normal ”  wi th an e levated b lood pressure and “abnormal”  dur ing a 

hypotensive ep isode because of  the l ight -headedness assoc iated wi th  a sudden 

drop in  b lood pressure.  Because essent ial  hypertens ion requi res a l i fe long drug 

reg imen,  i t  is  ext remely d i f f icu l t  but  necessary to impress on pat ients the need for 

compl iance wi th  the i r  therapeut ic  reg imen. 

(2)  Recogniz ing the seriousness of  the consequences of  noncompl iance is  key.  

Pat ients  should be told  that  pro longed,  unt reated hypertens ion,  known as the “s i lent  

k i l le r, ”  can af fect  the hear t ,  bra in ,  k idneys,  and ocular  fundi .  

2.  Diuret ics  

a.  Thiazide diuret ics  and the i r  derivat ives are current ly recommended as  in i t ia l  

therapy for hypertens ion.  JNC-VII  recommends ini t iat ing therapy wi th  a low dose 

(12.5 mg of  hydrochloroth iazide (HydroDIURIL or i ts  equivalent ) ,  increas ing the 

dose i f  necessary,  and not  exceeding a dose of  50 mg of hydrochlorothiazide or  i ts 

equiva lent .  

(1)  Actions.  Ant ihyper tens ive ef fects  are produced by d i rec t ly d i la t ing the ar ter io les  

and reducing the tota l  f lu id  volume. Thiazide diure t ics increase the fo l lowing:  

(a)  Ur inary excret ion of  sodium and water by inh ib i t ing sodium and ch lor ide 

reabsorpt ion in  the d is ta l  convoluted ( renal ) tubules 

(b)  Ur inary excret ion of  potass ium and, to a  lesser  extent ,  b icarbonate 



(c)  The ef fec t iveness of  o ther ant ihyper tensive agents  by prevent ing reexpans ion of  

ext racel lu lar  and p lasma vo lumes 

(2)  Signif icant interactions.  NSAIDs,  such as the now common over- the-counter 

forms of  ibuprofen (Advi l ,  Motr in) ,  in teract  to  dimin ish the ant ihypertens ive ef fects  

o f  the th iazide d iuret ics . 

(3)  Precautions and monitoring effects  

(a)  Potass ium ion (K+ )  deplet ion may requi re  supplementat ion,  increased d ie tary 

in take,  or the use of  a  potassium-spar ing d iuret ic  such as spi ronolactone 

(Aldactone).  

(b)  Ur ic  ac id  retent ion may occur ;  this is  potent ial ly  s igni f icant  in  pat ients who are 

predisposed to  gout  and re lated d isorders . 

(c)  B lood g lucose leve ls  may increase,  which may be sign i f icant  in  pat ients  wi th  

d iabetes. 

(d)  Calc ium levels may increase because of  the potent ia l  for  re taining calc ium ions. 

(e)  Pat ients wi th  known a l lerg ies to sul fa- type drugs should be quest ioned to  

determine the signi f icance of  the a l lergy. 

( f )  Other common effec ts  include fa t igue,  headache,  pa lpi tat ions,  rash, ver t igo,  and 

t rans i tory impotence. 

(g)  Hyper l ip idemia,  inc lud ing hypertr iglyceridemia,  hypercholestero lemia,  

increased low-densi ty l ipoprote in  (LDL) cholestero l ,  and decreased h igh-densi ty 

l ipoprote in  (HDL) cholestero l ,  must  be evaluated rout inely to  prevent  an added r isk  

for  coronary ar tery disease. 

(h)  F lu id  losses must  be evaluated and moni tored to  prevent  dehydrat ion,  postural  

hypotension,  and even hypovolemic  shock. 

( i )  A l terat ions in f lu ids  and elec t rolytes  (e.g. ,  hypokalemia,  hypomagnesemia,  

hyperca lcemia)  may predispose pat ients to  card iac  i r r i tabi l i ty ,  wi th  a resul tant  

increase in  card iac  arrhythmias.  ECG) is  per formed rout inely to  detect and prevent  

the development  of  l i fe-threatening arrhythmias. 

(4)  Usual  effect ive doses  

(a)  Chlorothiazide (Diuri l ) :  250-500 mg dai ly or  twice dai ly 

(b)  Chlorthalidone (Hygroton):  12.5-25 mg dai ly 

(c)  Hydrochlorothiazide (HydroDIURIL):  12.5-50 mg dai ly 

(d)  Indapamide (Lozol) :  1 .25-2.5 mg dai ly 

(e)  Methyclothiazide (Enduron):  2 .5-5.0 mg dai ly 

( f )  Metolazone (Zaroxolyn) :  2 .5-5.0 mg dai ly 
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b.  Loop (high-ceil ing) diuret ics  

(1)  Indicat ions.  These agents  are indicated when pat ients  are unable to  to lerate 

th iazides,  exper ience a loss of thiazide ef fec t iveness,  or  have impai red renal  

funct ion (c learance < 30 mL/min) .  

(2)  Actions.  Furosemide (Las ix) ,  e thacrynic  acid  (Edecr in),  bumetanide (Bumex),  

and torsemide (Demadex)  act  pr imar i ly in  the ascending loop of  Henle;  hence they 

are ca l led “ loop”  diuret ics .  By act ing wi th in the loop of  Henle,  they decrease sodium 



reabsorpt ion. Thei r  ac t ion is  more intense but o f shorter  durat ion (1-4 hr)  than that  

o f  the th iazides;  they may a lso be more expensive. 

(3)  Signif icant interactions.  As wi th  the thiazides,  the ant ihypertens ive ef fect  of  

loop diuret ics  may be d iminished by NSAIDs.  

(4)  Precautions and monitoring effects.  Loop diuret ics  have the same ef fects as 

th iazides (see I I I .B.2.a) ,  in  addi t ion to  the fo l lowing: 

(a)  Loop d iuret ics  have a complex in f luence on renal  hemodynamics;  thus pat ients  

must  be moni tored c losely for  s igns of hypovolemia. 

(b)  Because these agents  should be used caut ious ly in  pat ients  wi th  ep isodic or  

chronic  renal  impai rment,  BUN and serum creat inine levels  should be checked 

rout inely.  

(c)  Trans ient  deafness has been repor ted. I f  the pat ient is  tak ing a potent ia l ly  

o to toxic  drug (e.g. ,  an aminoglycos ide ant ib io t ic ),  another  c lass of d iuret ic  (e.g. ,  a  

th iazide d iuret ic ) should be subst i tu ted. 

(5)  Usual  effect ive doses  

(a)  Bumetanide (Bumex):  0 .5-2.0 mg dai ly 

(b)  Ethacrynic acid (Edecrin):  25-100 mg dai ly 

(c)  Furosemide (Lasix):  20-80 mg dai ly 

(d)  Torsemide (Demadex):  2 .5-10 mg dai ly 

c.  Potassium-sparing diuret ics  

(1)  Indicat ions.  The d iuret ics  in  th is  group—spironolactone (Aldactone) ,  ami lor ide 

(Midamor) ,  and t r iamterene (Dyrenium)—are indicated for pat ients  in  whom 

potass ium loss is s igni f icant  and supplementat ion is  not  feas ible . These agents are 

of ten used in  combinat ion wi th  a  th iazide diuret ic because they potent ia te the 

ef fec ts  o f the th iazide whi le  minimizing potassium loss.  Spironolactone  is  

par t icular ly usefu l  in  pat ients  wi th  hyperaldosteronism, as i t  has di rec t  antagonist ic  

e f fec ts  on aldosterone (aldosterone-receptor  b locker) .  Eplerenone  ( Inspra) ,  is  

another  a ldosterone-receptor b locker recent ly approved by the U.S. Food and Drug 

Admin is t ra t ion (FDA) that ,  s imi lar  to  sp i ronolactone,  b locks a ldosterone binding at  

the mineralocort ico id  receptor.  Both of  these agents  have been used in  

hyper tension,  and have an increased leve l  o f  use in the t reatment  of  HF (see 

Chapter  42) .  

(2)  Actions.  Potass ium-sparing diuret ics achieve thei r  diuret ic  ef fec ts  di f ferent ly 

and less potent ly than the thiazides and loop d iure t ics . Thei r  most  pert inent  shared 

feature is that  they promote potass ium retent ion. 

(3)  Signif icant interactions.  Coadmin is t ra t ion wi th  ACE inhibitors  or  potassium 

supplements  s igni f icant ly increases the r isk  of  hyperkalemia. 

(4)  Precautions and monitoring effects  

(a)  Potass ium-spar ing d iuret ics  should be avoided in pat ients  wi th  acute renal  

fa i lure and used wi th  caut ion in  pat ients  wi th  impai red renal  funct ion (moni tor  serum 

creat inine)  because they can reta in  potassium. 

(b)  Triamterene  should not  be used in  pat ients  wi th  a  his tory of k idney stones or  

hepat ic  disease. 



(c)  Hyperkalemia  is  a  major r isk , requi r ing rout ine monitor ing of  serum e lect ro lytes .  

BUN and serum creat inine levels should be checked rout inely to  s ignal  incip ient  

excess potass ium retent ion and impai red renal  funct ion. 

(5)  Usual  effect ive doses  

(a)  Amiloride (Midamor):  5-10 mg dai ly 

(b)  Spironolactone (Aldactone):  25-100 mg dai ly and 100-400 mg dai ly to  t reat  

hyperaldosteronism 

(c)  Triamterene (Dyrenium):  50-100 mg dai ly 

(d)  Eplerenone (Inspra):  50-100 mg dai ly 

d.  Combination products.  Severa l  products combine a th iazide and a potass ium-

sparing diuret ic .  
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(1)  Aldactazide:  25 mg sp i ronolactone p lus 25 mg hydrochloroth iazide (one to  two 

tab lets  da i ly) 

(2)  Aldactazide-50:  50 mg spi ronolactone plus 50 mg hydrochloroth iazide (one 

tab let  da i ly) 

(3)  Moduret ic:  5  mg amilor ide p lus  50 mg hydrochlorothiazide (one to  two tablets  

da i ly)  

(4)  Dyazide:  37.5 mg t r iamterene plus  25 mg hydrochloroth iazide (one to two 

capsules da i ly) 

(5)  Maxzide:  75 mg tr iamterene p lus 50 mg hydrochlorothiazide (one hal f  to  one 

tab let  da i ly) 

(6)  Maxzide-25:  37.5 t r iamterene plus  25 mg hydrochloroth iazide 

3.  Sympatholyt ics  

a.  β-Adrenergic blockers  

(1)  Indicat ions.  β-Blockers  are par t icu lar ly ef fect ive in  pat ients  wi th  rapid res t ing 

hear t  ra tes ( i .e . ,  a t r ia l  f ibr i l la t ion,  paroxysmal supraventr icu lar  tachycard ia)  or  

compel l ing ind icat ions such as hear t  fa i lure,  post -MI ,  h igh coronary d isease r isk ,  

and d iabetes. 

(2)  Actions.  Proposed mechanisms of  act ion include the fol lowing: 

(a)  St imulat ion of  ren in secret ion is  b locked. 

(b)  Cardiac contract i l i ty  is  decreased,  thus d imin ish ing card iac output.  

(c)  Sympathet ic  output  is  decreased centra l ly.  

(d)  Reduct ion in  hear t  rate  decreases cardiac output .  

(e)  β-Blocker ac t ion may combine a l l  of  the above mechanisms. 

(3)  Epidemiology.  Young (< 45 years) whi tes wi th  h igh card iac output,  high hear t  

ra te  and normal  vascular resistance respond best to  β-b locker  therapy. 

(4)  Precautions and monitoring effects  

(a)  Pat ients must  be moni tored for  s igns and symptoms of  cardiac decompensation  

( i .e . ,  reduct ion in  card iac  output)  owing to the fac t  that decreased myocard ial  

contract i l i ty  can t r igger  compensatory mechanisms,  leading to  HF (see Chapter 41) .  

(b)  ECGs should be moni tored rout inely because a l l  β-b lockers  can decrease 

e lec t r ical  conduct ion wi th in  the hear t  and cause bradyarrhythmias. 



(c)  Relat ive cardioselect iv i ty is dose dependent  and is los t  as dosages are 

increased.  Therefore,  no β-blocker is total ly safe in pat ients with 

bronchospastic disease—for example asthma and chronic  obst ruct ive pu lmonary 

d isease (COPD). 

(d)  Abrupt  s toppage in  β-b locker  therapy puts the pat ient  a t r isk for a  withdrawal  

syndrome  that  may produce 

( i )  Exacerbated angina l  a t tacks,  part icu lar ly in  pat ients  wi th  coronary ar tery d isease 

( i i )  Myocard ia l  in farct ion 

( i i i )  A l i fe- threatening rebound of  blood pressure to  leve ls  exceeding pret reatment  

readings 

(e)  β-Blocker therapy should be used wi th  caut ion in pat ients  wi th  the fo l lowing 

condi t ions: 

( i )  Diabetes.  β-Blockers can mask hypoglycemic  symptoms,  such as tachycard ia . 

( i i )  Raynaud phenomenon or peripheral vascular disease.  Vasoconstr ic t ion can 

occur  and,  in  predisposed pat ients ,  might  resu l t  in  a  c l in ical ly s ign i f icant problem. 

( i i i )  Neurological  disorders.  Several  β-blockers enter  the central  nervous system 

(CNS),  potent iat ing rela ted s ide ef fec ts  (e.g. ,  fat igue, lethargy,  poor  memory,  

weakness, or  mental  depress ion) .  

( f )  Impotence and decreased l ib ido may resul t  in reduced pat ient compl iance. 

(5)  Signif icant interactions.  β-Adrenerg ic  blockers  in teract  wi th  numerous agents,  

requi r ing caut ious se lect ion, admin is t rat ion,  and moni tor ing. 

(6)  β-Blocker terms  

(a)  Relat ive cardioselect ive act ivi ty.  Relat ive to  propranolo l ,  β-blockers  have a 

greater  tendency to occupy the β1 - receptor  in the heart ,  ra ther  than the β2- receptors  

in  the lungs. 

(b)  Intr insic sympathomimetic act ivi ty.  These agents  have the ab i l i ty  to  release 

catecholamines and to  mainta in  a sat is fac tory hear t  rate . In t r ins ic  sympathomimet ic  

ac t iv i ty may a lso prevent bronchoconstr ic t ion and other  di rec t  β-b lock ing act ions. 
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(7)  Specif ic  agents  

(a)  Propranolol  ( Inderal)  was the f i rs t  β-adrenerg ic b lock ing agent  shown to  b lock 

both β1 -  and β2 - receptors .  The usual  dai ly dose range  is  40-160 mg. I t  is  avai lab le  

both as a rapid-act ing product  and a long-act ing product ( Indera l -LA);  the usual 

da i ly dose range is  60-180 mg. 

(b)  Metoprolol  (Lopressor)  was the f i rs t  β-adrenerg ic  blocking agent  to show 

re lat ive card ioselect ive b locking act iv i ty,  wi th  rela t ive ly less b lockade of  the β2 -

receptors  in  the lung when compared to  propranolol .  The usual  dai ly dose  is  50-

100 mg.  A sustained-release form of  the drug is  now avai lab le ,  as  the succinate sal t  

(Topro l  XL) ,  which requi res less f requent  dosing,  (da i ly versus once or  twice da i ly 

for  immediate-release metopro lo l ) .  

(c)  Nadolol (Corgard)  was the f i rs t  β-adrenerg ic  b locking agent that  a l lowed once-

dai ly dos ing.  I t  b locks both β1 -  and β2 - receptors  s imi lar to  propranolo l .  The usual  

dai ly dose  is  40-120 mg.  



(d)  Atenolol (Tenormin)  was the f i rs t  β-adrenergic  b lock ing agent  to  combine once-

dai ly dos ing (nadolol )  wi th  rela t ive cardioselect ive b lock ing act iv i ty (metopro lo l ) .  

The usual  dai ly dose  is  25-100 mg. 

(e)  Timolol  (Blocadren)  was the f i rs t  β-adrenergic  b lock ing agent  shown to  be 

ef fec t ive after  an acute MI  to  prevent sudden death.  I t  b locks both β1 -  and β2 -

receptors . The usual daily dose  is  20-40 mg. 

( f )  Pindolol (Visken)  was the f i rst  β-adrenergic block ing agent  shown to  have h igh 

in t r ins ic  sympathomimetic  ac t iv i ty.  The usual  daily dose  is  10-40 mg. 

(g)  Labetalol  (Trandate)  was the f i rs t  β-adrenergic  b lock ing agent  shown to  

possess both α-  and β-adrenerg ic  b lock ing act iv i ty.  The usual  dai ly dose  is  200-

800 mg.  Labeta lo l  is  a lso ef fect ive for  treat ing hypertens ive cr is is (Table 41-6) .  

(h)  Acebutolol  (Sectral )  was the f i rs t  β-adrenergic  b lock ing agent  that  combined 

ef f icacy wi th  once-dai ly dosing (nadolol ) ,  possess ing in t r insic sympathomimet ic  

ac t iv i ty (pindolol )  and having rela t ive card ioselect ive blocking act iv i ty (metoprolol ) .  

The usual  dai ly dose  is  200-800 mg. 

( i )  Esmolol  (Brevibloc)  was the f i rs t  β-adrenerg ic  blocking agent to  have an 

u l t rashor t  durat ion of  ac t ion. Th is agent  is not  used rout inely in  t reat ing 

hypertension owing to  i ts durat ion of  ac t ion and the need for int ravenous 

adminis t ra t ion. However, i t  has been used for  hyper tens ion and or tachycard ia 

dur ing and af ter  surg ica l  procedures.  The usual  dose  is  150-300 µg/kg/min up to  

300 µg/kg/min int ravenous ly.  

( j )  Betaxolol  (Kerlone)  is  a  β-adrenerg ic  b locker that possesses re la t ive 

cardioselect ive b lock ing act iv i ty s imi lar  to metopro lol  but  has a ha l f - l i fe  that  al lows 

for  once-dai ly dosing.  The usual  dai ly dose  is  5-20 mg. 

(k)  Penbutolol  (Levatol)  is  a  β-adrenerg ic  blocking agent  that  has weak in t r insic  

sympathomimet ic  ac t iv i ty l ike pindolo l  and a l lows for  once-dai ly dosing.  The usual  

dai ly dose  is  10-20 mg. 

( l )  Bisoprolol  (Zebeta)  is  a  β-adrenerg ic  b locking agent that  is  card ioselect ive and 

has no int r ins ic  sympathomimet ic  ac t iv i ty.  I t  a l lows for  once-dai ly dosing, and the 

usual  dai ly dose  is  2 .5-10 mg. 

(m) Carvedilol  (Coreg)  is  a  β-adrenerg ic  b locking agent that  has β-b lock ing 

proper t ies as wel l  as  α-block ing proper t ies ,  wi th  a  resul tant  vasodi lat ion.  The drug 

is  administered twice da i ly wi th  a  s tart ing dose of 6 .25 mg t i t rated at 7-  to 14-day 

in terva ls to a  dose of  25 mg twice da i ly.  Usual  dai ly doses  are 12.5-50 mg dai ly.  

(n)  Nebivolol  (Bystol ic)  is  a  β-adrenerg ic  blocking agent  that  has cardiose lect ive 

β1  b lock ing tendenc ies, s imi lar  to  several  other  agents  in  the c lass.  In i t ia l  repor ts 

a lso suggest  that nebivolo l  has vasodi latory proper t ies  through i ts  re lease of  n i t r ic  

oxide.  Nebivo lol  is  admin istered in  a s ingle  dai ly dose of  5 mg wi th  dose t i t rat ion 

requi red based on therapeut ic response. 

b.  Peripheral  α1 -adrenergic blockers—for example, prazos in (Min ipress),  terazosin 

(Hytr in) ,  and doxazos in(Cardura) 

(1)  Indicat ions.  Th is  group of  drugs is  avai lab le  for  hyper tens ive pat ients  who have 

not  responded to in i t ia l  ant ihyper tensive therapy. 

(2)  Actions.  The α1 -b lockers  ( indi rec t  vasodi la tors)  block the per iphera l  

postsynapt ic  α1 -adrenerg ic receptor ,  caus ing vasodi la t ion of  both ar ter ies  and veins.  



Also,  the inc idence of  ref lex tachycardia  is lower wi th  these agents  than wi th  the 

vasodi lator  hydralazine.  These hemodynamic changes reverse the abnormal i t ies  in  

hyper tension and preserve organ per fus ion. Recent  s tud ies have a lso shown that  

these agents have no adverse ef fec t on serum l ip ids and other cardiac r isk  fac tors. 
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Table 41-6. Rapid-Acting Parenteral Antihypertensive Agents for Hypertensive 
Crisis 

Drug Dose/Route 
Onset of 
Action 

Duration 
of ActionComments 

Vasodilators 

Sodium 
nitroprusside 
(Nitropress) 

0.3-10 
mg/kg/min 
as IV 
infusion 

0.5-
1 
min 

1-2 
min 

Immediate effect, very 
short duration; nausea, 
vomiting, muscle 
twitching, sweating, 
thiocyanate and 
cyanide intoxication 

Nicardipine 
hydrochloride 
(Cardene) 

5-15 mg/hr 
IV 

< 
5-
15 
min 

1-4 
hr 

Intermediate onset and 
duration; tachycardia 
may occur, headache, 
flushing, local 
phlebitis 

Fenoldopam 
mesylate 
(Corlopam) 

0.1-0.3 
µg/kg/min 
as IV 
infusion 

< 5 
min 

30 
min 

Intermediate onset and 
duration; action on 
dopamine D1- 
receptors (dilation of 
renal/mesenteric 
vessels might be 
preferred over 
nitroprusside for long-
term or with renal 
dysfunction; 
tachycardia, headache, 
nausea, flushing 

Nitroglycerin 5-200 
µg/min 
(0.3-6.0 

2-5 
min 

3-5 
min 

Useful in coronary 
artery disease; 
headache, vomiting, 



mg/hr) as 
IV infusion 

methemoglobinemia, 
tolerance with 
prolonged use 

Enalaprilat 
(Vasotec IV) 

0.625-1.25 
mg every 6 
hr IV 

15-
30 
min 

4-6 
hr 

Useful in HF, but 
avoid in renal 
impairment; 
precipitous fall in 
blood pressure in 
high-renin states 

Hydralazine 10-40 mg 
IV/IM 

10-
20 
min 

3-8 
hr 

Afterload reduction 
through arteriole 
dilation resulting in 
increased cardiac 
output; tachycardia, 
flushing headache, 
vomiting, aggravation 
of preexisting angina 

Diazoxide 
(Proglycem) 

1-3 mg/kg 
over 30 sec 
as IV 
bolus, 
repeated 
every 5-15 
min, or 10-
30 mg/min 
infusion 

2-4 
min 

3-12 
hr 

Useful in hypertensive 
encephalopathy, 
malignant 
hypertension, and 
eclampsia; flushing, 
nausea, tachycardia, 
and chest pain 

Adrenergic inhibitors 

Labetalol 
hydrochloride 
(Various) 

40-80 mg 
IV bolus 
every 10 
min, or 
0.5-2.0 
mg/min IV 
infusion 

5-
10 

min 

3-6 
hr 

Contraindicated in 
HF, bronchospastic 
patients, or 
bradycardia; 
predictable 
hypotensive effect; 
vomiting, scalp 
tingling, burning in 
throat, heart block, 
orthostatic 
hypotension 



Esmolol 
(Brevibloc) 

250-500 
µg/kg/min 
for 2 min, 
then 50-
100 
µg/kg/min 
for 4 min; 
may repeat 
if needed 

1-2 
min 

10-
20 
min 

β-Adrenergic blocker 
with ultra-short 
duration of effect; 
primary use in 
perioperative situation 
owing to short 
duration and quick 
onset; hypotension, 
nausea 

Phentolamine 5-15 mg 
IV 

1-2 
min 

3-10 
min 

α-Adrenergic blocker 
causing peripheral 
dilation; tachycardia, 
flushing, headache 

HF, heart failure; IM, intramuscular; IV, intravenous. 
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(3)  Precautions and monitoring effects  

(a)  First-dose phenomenon.  A syncopal  episode may occur  wi thin  30-90 min of  the 

f i rst  dose;  s imi lar ly assoc iated are postural  hypotension,  nausea,  dizziness,  

headache, palpi ta t ions, and sweat ing.  To min imize these ef fec ts ,  the f i rst  dose 

should be l imi ted to a  smal l  dose (1 mg) and administered just  before bedt ime. 

(b)  Addi t ional  adverse effec ts  inc lude d iarrhea,  weight  ga in,  per iphera l  edema, dry 

mouth,  ur inary urgency,  const ipat ion,  and pr iapism.  Doxazos in in  doses of  2-8 

mg/day was one of  the t reatment  arms in the recent  Ant ihyper tensive and L ipid-

Lower ing Treatment to Prevent  Heart At tack Tr ia l  (ALLHAT),  and the t reatment  was 

d iscont inued premature ly owing to  an apparent  25% increase in  the inc idence of  

combined cardiovascular d isease outcomes than pat ients  in  the control  group 

receiv ing the diuret ic  chlor thal idone.  The added r isk  for  HF,  s t roke,  and coronary 

hear t  d isease were the major  outcomes affec ted in  the doxazos in arm. 

(4)  The average dai ly doses are  

(a)  Prazosin (Minipress):  2-20 mg 

(b)  Terazosin (Hytr in):  1-20 mg 

(c)  Doxazosin(Cardura):  1-16 mg 

c.  Central ly act ive α-agonists  have been used in  the past as  al ternat ives to in i t ia l  

ant ihyper tens ives,  but  the i r  use in mi ld  to moderate hypertension has been reduced 

pr imar i ly owing to  other  avai lab le  agents . They act  pr imar i ly wi th in the CNS on α2 -

receptors  to  decrease sympathet ic  out f low to  the cardiovascular  system. 

(1)  Methyldopa (Aldomet)  



(a)  Actions.  Methyldopa decreases to tal  per iphera l  resis tance through the above 

mechanism whi le  having l i t t le  e f fec t on card iac output  or  heart  rate  (except  in o lder  

pat ients) .  

(b)  Precautions and monitoring effects  

( i )  Common untoward ef fec ts  include or thostat ic  hypotension,  f lu id  accumulat ion ( in  

the absence of  a  diuret ic) ,  and rebound hypertens ion on abrupt  wi thdrawal .  

Sedat ion is  a common f ind ing upon in i t ia t ing therapy and when increas ing doses;  

however,  the sedat ive effec t usual ly decreases wi th  cont inued therapy. 

( i i )  Fever  and other  f lu- l ike symptoms occas ional ly occur  and may represent  hepat ic  

dysfunct ion,  which should be monitored by l iver  funct ion tes ts .  

( i i i )  A pos i t ive Coombs tes t  develops in  25% of  pat ients  wi th  chronic  use (> 6 

months) .  Less than 1% of  these pat ients  develop a hemolyt ic  anemia.  (Red b lood 

ce l ls,  hemoglobin,  and blood count ind ices should be checked.)  The anemia is  

reversib le  by discont inuing the drug. 

( iv)  Other  e f fec ts  include dry mouth,  subt ly decreased mental  ac t iv i ty,  s leep 

d isturbances,  depress ion,  impotence,  and lac tat ion in  ei ther  gender. 

(c)  The usual  dai ly dose  is  250 mg-1.0 g 
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(2)  Clonidine (Catapres)  

(a)  Indicat ions.  Clonidine is  e ffec t ive in pat ients  wi th  renal  impai rment ,  a l though 

they may requi re  a reduced dose or a  longer dos ing in terval .  

(b)  Actions.  Clon id ine s t imulates α2 - receptors  central ly,  decreas ing vasomotor  tone 

and hear t  ra te . 

(c)  Precautions and monitoring effects  

( i )  Int ravenous admin is t ra t ion causes an in i t ia l  paradoxica l  increase in pressure 

(d ias tol ic  and systo l ic ) that  is  fol lowed by a pro longed drop.  As wi th  methyldopa,  

abrupt  wi thdrawal  can cause rebound hypertension. 

( i i )  Sedat ion and dry mouth are common but usual ly disappear wi th  cont inued 

therapy. 

( i i i )  Clonid ine has a tendency to  cause or  worsen depress ion, and i t  he ightens the 

depressant  ef fec ts  o f a lcohol  and other  sedat ing substances. 

(d)  The usual dai ly dose  is  0 .1-0.8 mg. 

(e)  Pat ient  compl iance is a  major  issue for  most hyper tens ive pat ients .  The recent ly 

re leased once-weekly patch (Catapres-TTS),  which provides 0.1-0.3 mg per  24 hr ,  

may improve compl iance.  

(3)  Guanabenz (Wytensin)  and guanfacine (Tenex)  

(a)  Indicat ions.  These agents  are recommended as adjunct ive therapy wi th  other  

ant ihyper tens ives for  addi t ive effects when in i t ia l  therapy has fa i led. 

(b)  Actions.  Guanabenz and guanfacine are centra l ly ac t ive α2 -agonis ts that  have 

act ions s imi lar  to  c lon id ine. 

(c)  Precautions and monitoring effects.  These agents should be used caut ious ly 

wi th  o ther  sedat ing medicat ions and in pat ients  wi th  severe coronary insuff ic iency,  



recent  MI ,  cerebrovascular  accident  (CVA),  and hepat ic or  renal  d isease. Side 

ef fec ts  include sedat ion, dry mouth,  dizziness, and reduced heart  ra te . 

(d)  The usual dai ly doses  are 4-8 mg in  two doses for  guanabenz and 1-3 mg in  

one dose for  guanfac ine. 

d.  Postgangl ionic adrenergic neuron blockers.  Th is  c lass of  ant ihyper tensive 

drugs is  best  avoided unless i t  is  necessary to  t reat  severe ref rac tory hyper tension 

that  is unresponsive to al l  other  medicat ions,  because agents  in this  c lass are 

poorly to lerated by most  pat ients . 

(1)  Reserpine  

(a)  General  considerat ions.  Because of  the h igh inc idence of adverse ef fects,  

o ther agents  are usual ly chosen f i rs t .  When used, reserpine is  given in  low doses 

and in  conjunct ion wi th  other  ant ihyper tensive agents .  Reserp ine in  very low doses 

(0.05 mg) combined wi th a diuret ic  such as chloroth iazide (50-100 mg) may be an 

a l ternat ive to  t rad i t ional  doses of  0 .05-0.25 mg/day.  

(b)  Actions.  Reserpine acts  centra l ly as  wel l  as  per iphera l ly by deplet ing 

catecholamine s tores in  the bra in  and in  the per iphera l  adrenerg ic  system. 

(c)  Precautions and monitoring effects  

( i )  A history of  depress ion is  a  contra ind icat ion for  reserpine.  Even low doses,  such 

as 0.25 mg/day,  can t r igger  a range of  psychic  responses, f rom n ightmares to 

su ic ide at tempts.  Drug- induced depression may l inger  for  months af ter  the las t  

dose. 

( i i )  Pept ic  u lcer  is a lso a contraindicat ion for  using reserp ine.  Even a s ingle  dose 

tends to  increase gastr ic acid  secret ion. 

( i i i )  Common adverse ef fec ts  include drowsiness, d izziness,  weakness, lethargy,  

memory impai rment ,  s leep disturbances,  and weight  ga in.  Nasal  congest ion is  a lso 

common but  may decrease wi th  cont inued therapy.  

(d)  The usual dai ly dose  o f  reserpine  is  0.1-0.25 mg. 

4.  ACE inhibitors  

a.  General  considerat ions.  The ACE inh ib i tors—benazepr i l  (Lotensin),  captopri l  

(Capoten) ,  enalapr i l  (Vasotec) ,  fos inopr i l  (Monopr i l ) ,  l is inopr i l  (Zest r i l ) ,  moexipr i l  

(Univasc) ,  perindopri l  (Aceon),  qu inapr i l  (Accupr i l ) ,  ramipr i l  (Al tace),  and 

t randolapri l  (Mavik)—are a rap idly growing group of  drugs.  The Heart Outcomes 

Prevent ion Evaluat ion (HOPE) pro ject  demonstrated substant ia l  c l in ica l  benef i ts  in 

pat ients  receiv ing ramipri l ,  which could not  be exp lained through i ts  blood pressure-

lower ing ef fects  a lone.  Subsequently,  studies,  s imi lar  to  HOPE have been 

completed,  to  date,  which have demonstrated the benef i t  o f  ACE inhib i tors  in  the 

t reatment  o f  hyper tension and prevent ion of cardiac events , renal  d isease etc. 
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b.  Indicat ions.  Previous gu idel ines used ACE inh ibi tors  as f i rs t - l ine al ternat ives for  

t reat ing hypertension in pat ients  unable to tolerate thiazides or β-b lockers .  

However,  JNC-7 recommendat ions have ident i f ied spec i f ic  pat ient  populat ions that 

have compel l ing ind icat ions —such as diabetes, postmyocard ial  in farc t ion,  high 

coronary disease r isk , chronic  k idney d isease,  and recurrent  st roke prevent ion—for  



which the ACE inh ibi tors are indicated in  the t reatment  of  hyper tension or 

prehypertension.  Th is has been pr imar i ly because of  s tud ies document ing the i r  

c l in ical  e f f icacy as wel l  as  min imal e f fect  on pat ients '  abi l i t ies  to  mainta in  normal  

funct ion. 

c.  Actions  

(1)  These agents inh ib i t  the conversion of  angiotensin  I  (a weak vasoconstr ic tor)  to  

angiotensin I I  (a  potent  vasoconstr ic tor) ,  which decreases the avai lab i l i ty  o f  

angiotensin I I .  

(2)  ACE inhib i tors  indi rec t ly inhib i t  f lu id  vo lume increases when in terfer ing wi th  

angiotensin I I  by inh ibi t ing angiotensin I I -s t imulated re lease of  aldosterone,  which 

promotes sodium and water  retent ion.  The net  e ffec t  appears  to  be a decrease in  

f lu id  vo lume,  a long wi th per iphera l  vasodi la t ion. 

d.  Signif icant interact ions  

(1)  The ant ihypertens ive ef fec t o f  ACE inh ib i tors may be dimin ished by NSAIDs  

(e .g .,  over-the-counter  forms of  ibuprofen) .  

(2)  Potass ium-spar ing d iuret ics  increase serum potassium levels  when used wi th  

ACE inhibi tors ,  and potassium levels  need to  be c losely monitored in  these pat ients . 

e.  Precautions and monitoring effects  

(1)  Neutropenia is rare but  ser ious;  there is  an increased incidence in  pat ients  wi th  

renal  insuf f ic iency or  auto immune d isease. 

(2)  Prote inuria  occurs ,  par t icular ly in  pat ients  wi th  a  h is tory of  renal  disease.  

Ur inary prote ins  should be moni tored regular ly.  

(3)  Serum potass ium levels should be moni tored regular ly for  hyperka lemia.  The 

mechanism of  act ion tends to  increase potass ium levels  somewhat .  Pat ients  wi th  

renal  impai rment  are at  increased r isk . 

(4)  Renal insuff ic iency can occur  in  pat ients  wi th predispos ing factors ,  such as 

renal  stenosis,  and when ACE inh ibi tors  are admin istered wi th  th iazide d iuret ics .  

Renal funct ion should be moni tored (e.g. ,  through moni tor ing leve ls  of  serum 

creat inine and BUN). 

(5)  A dry cough may occur  but  disappears  wi th in  a  few days af ter  the ACE inhibi tor 

is  d iscont inued. Al l  ACE inhib i tors  have the potent ia l  to cause th is  s ide ef fec t ,  but  

swi tching to  an a l ternat ive agent  may improve the symptoms. 

(6)  Other  untoward ef fects  include rashes,  an al tered sense of  tas te (dysgeus ia) ,  

ver t igo,  headache, fa t igue,  f i rs t-dose hypotens ion,  and minor  gast ro in test ina l  

d isturbances. 

f .  Specif ic  agents  

(1)  Captopri l  (Capoten).  The or ig ina l  ACE inh ib i tor  is  given ini t ia l ly  as  a  12.5-25 

mg dose three t imes dai ly and is  increased to  a usual  daily dose  o f  25-100 mg in  

two or  three doses.  In i t ia l  dose is  usual ly lower i f  pat ient is  on diuret ics to  avoid 

in i t ia l  hypotensive response. 

(2)  Enalapri l  (Vasotec)  is  a  prodrug,  which is  rapid ly converted to  i ts  ac t ive 

metabol i te ,  enalapr i la t .  In i t ia l  doses are 5.0 mg dai ly,  wi th  a  usual  dai ly dose  o f  5-

40 mg in  one to  two doses.  In  addi t ion, the enalapr i la t  form (Vasotec IV)  o f  the drug 

has been used ef fec t ive ly for  t reat ing acute hypertens ive cr is is  (Table 41-6) .  



(3)  Lisinopri l  (Zestr i l )  is  a  long-act ing analog of enalapr i l ,  g iven in i t ia l ly  as  a 5-10 

mg dai ly dose and adjusted to  a usual  dai ly dose  o f  10-40 mg in one dose. 

(4)  Benazepri l  (Lotens in),  fos inopri l  (Monopr i l ) ,  moexipr i l  (Univasc),  per indopri l  

(Aceon),  quinapr i l  (Accupr i l ) ,  ramipr i l  (Al tace) ,  and t randolapr i l  (Mavik)  have as 

the ir  major  benef i t  a  longer durat ion of  ac t ion, which in  many pat ients  may resul t  in  

once-dai ly dos ing and improved compl iance.  Average dai ly doses  for  these agents  

are 

(a)  Benazepri l  (Lotensin):  10-40 mg in  one to  two doses 

(b)  Fosinopri l  (Monopril ) :  10-40 mg in  one dose 

(c)  Moexipri l  (Univasc):  7 .5-30 mg in one dose 

(d)  Perindopril  (Aceon):  4-8 mg in one to  two doses 

(e)  Quinapri l  (Accupri l ):  10-80 mg in  one dose 

( f )  Ramipri l  (Altace):  2 .5-20 mg in one dose 

(g)  Trandolapri l  (Mavik):  1-4 mg in one dose 
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(5)  Fur ther  study of  these agents  cont inues,  and the ir  use in  o ther  cardiovascular as  

wel l  as noncardiovascular  diseases cont inues to expand. 

5.  Angiotensin I I  type I  receptor antagonists  

a.  Indicat ions.  Th is  c lass of drugs has been one of  the fastest  growing groups of  

drugs for  the treatment  of  hypertens ion.  Current ly,  seven agents are avai lab le :  

candesartan c i lexet i l  (Atacand), eprosar tan (Teveten),  i rbesartan (Avapro l ) ,  losar tan 

(Cozaar) ,  o lmesartan (Benicar),  te lmisar tan (Micard is) ,  and va lsar tan (Diovan).  

b.  Actions.  Th is c lass of drugs works by b lock ing the b ind ing of  angiotensin I I  to 

the angiotens in I I  receptors . By b lock ing the receptor  s i te ,  these agents  inh ibi t  the 

vasoconstr ic tor  ef fec ts  of  angiotens in I I  as  wel l  as  prevent  the release of  

a ldosterone owing to angiotens in I I  f rom the adrenal  glands. These two proper t ies of  

angiotensin I I  have been shown to  be important  causes for  developing hypertension.  

Cl inical ly,  angiotens in receptor  b lockers  appear to  be equal ly e ffec t ive for the 

t reatment  o f  hyper tension as ACE inhib i tors . 

c.  Precautions and monitoring effects  

(1)  S imi lar  to  ACE inh ib i tors , increases in serum potass ium levels  can occur ,  

especia l ly in  pat ients  receiv ing potassium-sparing d iuret ics .  When used alone, 

hyperka lemia has not  been reported to  be severe enough to requi re  stopping i ts  

use.  However,  as  in  pat ients  receiv ing ACE inh ibi tors ,  potass ium levels  need to  be 

moni tored c lose ly in  those wi th  compromised renal  funct ion. 

(2)  Renal funct ion is  an important  cons iderat ion for  pat ients  receiv ing angiotensin-

receptor  blockers  (ARBs).  Simi lar  to  ACE inh ibi tors ,  decl in ing renal  funct ion or 

acute renal  fa i lure wi l l  resu l t  in  elevated serum potassium levels ,  owing to  the 

k idneys inabi l i ty  to  excrete potassium. BUN and serum creat inine levels should be 

moni tored to  prevent  the development  of  hyperkalemia. 

d.  Dosage guidel ines  for  the avai lable  agents  are as fol lows:  

(1)  Candesartan ci lexeti l  (Atacand):  8-32 mg in one to  two doses 

(2)  Eprosartan (Teveten):  400-800 mg in  one to  two doses 



(3)  I rbesartan (Avapro):  150-300 mg in  one dose 

(4)  Losartan (Cozaar):  25-100 mg in  one to two doses 

(5)  Olmesartan (Benicar):  20-40 mg in  one dose 

(6)  Telmisartan (Micardis):  20-80 mg in  one dose 

(7)  Valsartan (Diovan):  80-320 mg in  one- two doses 

e.  Current status  

(1)  Many author i t ies  be l ieve that  in  the t reatment o f  hyper tension,  there do not  

appear to  be s ign i f icant d i f ferences between ACE inhibi tors  and angiotens in 

receptor  blockers . 

(2)  Famil iar i ty and cost might  wel l  provide the bas is  o f  the select ion of  one agent  

over  another  at  th is  t ime.  

(3)  Angiotens in receptor  b lockers have found use in  specia l  hypertens ive 

populat ions wi th compel l ing ind icat ions,  such as d iabetes, HF,  and chronic  k idney 

d isease, espec ia l ly in  pat ients  who cannot  to lerate  an ACE inh ib i tor .  

6.  Calcium-channel  blockers  

a.  Indicat ions.  The ca lc ium-channel  b lockers  are considered a l ternat ive drugs for 

the in i t ia l  t reatment  o f  hyper tens ion in  select  pat ient populat ions that are unable to 

take β-adrenergic-receptor  blockers , such as pat ients  wi th  a h igh coronary d isease 

r isk  or d iabetes mel l i tus who a lso have bronchospast ic  disease or  Raynaud disease. 

Current ly,  eight  agents—amlodip ine (Norvasc) ,  d i l t iazem (Card izem),  fe lodip ine 

(Plendi l ) ,  is rad ip ine (DynaCirc CR),  nicardip ine (Cardene),  n i fedip ine (Procard ia) ,  

n iso ld ipine (Sular) ,  and verapamil  (Calan) are avai lab le . 

b.  Actions  

(1)  Calc ium-channel b lockers  inh ib i t  the in f lux of  ca lc ium through s low channels in  

vascular smooth musc le and cause relaxat ion.  Low-renin hyper tensive,  black,  and 

e lder ly pat ients  respond wel l  to  these agents . 

(2)  A l though the ca lc ium-channel  b lockers  share a s imi lar  mechanism of  ac t ion,  

each agent  produces d i f ferent degrees of  systemic  and coronary ar ter ial  

vasodi lat ion,  s inoatr ia l  (SA) and atr ioventr icular  (AV) nodal depression,  and a 

decrease in  myocardial  contract i l i ty .  

c.  Signif icant interactions.  β-Adrenergic blockers,  when used wi th calc ium-

channel  blockers,  may have an addi t ive ef fec t  on inducing HF and bradycard ia .  

Elect r ical  conduct ion to  the AV node may be fur ther  depressed when pat ients  are 

g iven agents  such as verapamil  or d i l t iazem a long wi th  β-blockers . 
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d.  Precautions and monitoring effects  

(1)  Di l t iazem and verapami l  must be used wi th  ext reme caut ion or not  a t al l  in  

pat ients  wi th  conduct ive d isturbances invo lv ing the SA or AV node,  such as second- 

or  thi rd-degree AV block,  s ick  s inus syndrome,  and digi tal is  toxic i ty.  

(2)  Ni fedip ine use has been assoc iated wi th  f lush ing,  headache, and per iphera l  

edema; the pat ient  may f ind these t roublesome and thus may become noncompl iant .  

Us ing the sustained-release product  once dai ly has been shown to ef fect ive ly 

reduce these ef fects .  



(3)  Verapamil  use has been assoc iated wi th  a s ign i f icant degree of const ipat ion,  

which must  be t reated to prevent  stool  s t raining and noncompl iance. 

e.  Specific  agents  

(1)  Di l t iazem (Cardizem).  The release of severa l  extended-re lease products 

(Card izem CD, Cardizem-LA,  Di lacor  XR,  Tiazac)  has reduced the f requency of  da i ly 

doses in the t reatment  of hyper tens ion.  A single  da i ly dose of  120-540 mg is  

e f fec t ive for t reat ing mi ld  to  moderate hypertens ion.  Di l t iazem al ready has proven 

ef f icacy as an ant iarrhythmic  and an ant ianginal  agent .  

(2)  Nifedipine (Procardia) .  The re lease of  once-dai ly susta ined-re lease 

preparat ions (Procardia  XL,  Adalat  CC) has made this  agent  e f fec t ive as a once-

dai ly therapy for  long- term t reatment  of  hyper tens ion.  A previous ly repor ted long l is t  

o f  s ide effec ts has been reduced wi th  the sustained-release product  a t  a  s ing le  da i ly 

dose of  30-90 mg.  Immediate-release n i fedipine has been repor ted to cause 

ischemic  events ,  and the current recommendat ion is  to  avoid i ts  use i f  a t  al l  

poss ib le. 

(3)  Verapamil  (Calan).  Th is  drug is s imi lar to d i l t iazem in  i ts  act ions ( though wi th 

more potent  ef fec ts  on elec t r ica l  conduct ion depress ion) .  Susta ined-re lease 

products  (Calan SR, Isopt in SR,  Covera-HS, Vere lan)  a t doses of  120-480 mg dai ly 

have been shown to  be ef f icacious for  long- term management  o f  mi ld  to  moderate 

hypertension,  whi le s ide ef fec ts  such as d izziness,  const ipat ion,  and hypotens ion 

are reduced. 

(4)  Amlodipine (Norvasc),  isradipine (DynaCirc) ,  fe lod ipine (Plendi l ) ,  n icard ipine 

(Cardene SR),  and niso ld ipine (Sular)  are second-generat ion ca lc ium-channel  

b lockers.  These agents have been developed to  produce more select ive ef fec ts  on 

spec i f ic  target  t issues than the f i rs t -generat ion agents  d i l t iazem, n i fedip ine,  and 

verapamil .  These agents are chemical ly s imi lar  to  n i fedipine and are referred to  as 

d ihydropyr idine der ivat ives.  The dai ly dose ranges are 

(a)  Amlodipine (Norvasc):  2 .5-10.0 mg in  one dose 

(b)  Isradipine (DynaCirc):  2 .5-10 mg in  one to  two doses 

(c)  Felodipine (Plendil ):  2 .5-20 mg in one dose 

(d)  Nicardipine (Cardene SR):  60-120 mg as an extended-re lease product  twice 

da i ly 

(e)  Nisoldipine (Sular):  10-40 mg in  one dose 

7.  Vasodilators.  These drugs are used as second- l ine agents  in  pat ients  re f rac tory 

to  in i t ia l  therapy wi th  d iuret ics,  β-blockers , ACE inh ib i tors , ARBs,  or calc ium-

channel  blockers.  Vasodi la tors  di rec t ly re lax per iphera l  vascular  smooth muscle—

arter ia l ,  venous,  or both. The d i rect  vasodi lators  should not  be used alone owing to  

increases in  plasma ren in act iv i ty,  card iac output,  and hear t  ra te . 

a.  Hydralazine (Apresoline)  

(1)  Actions.  Hydralazine d i rec t ly re laxes ar ter io les ,  decreasing systemic  vascular 

res is tance.  I t  is  a lso used int ravenous ly or in t ramuscular ly in  managing 

hypertensive cr is is .  

(2)  Precautions and monitoring effects  



(a)  Because hydra lazine t r iggers  compensatory react ions that counteract  i ts  

ant ihyper tens ive ef fec ts ,  i t  is  most  useful  when combined wi th  a β-blocker ,  centra l  

α-agonist ,  or  diuret ic  as  a lat ter-s tep agent .  

(b)  Ref lex tachycardia  is common and should be cons idered before in i t iat ing 

therapy. 

(c)  Hydralazine may induce angina,  espec ial ly in pat ients  wi th coronary ar tery 

d isease and those not  rece iv ing a β-blocker .  

(d)  Drug- induced systemic  lupus erythematosus (SLE) may occur .  

( i )  Basel ine and serial  complete blood counts  (CBCs) wi th  ant inuc lear  ant ibody 

t i ters  should be fo l lowed rout inely to detect  SLE. 

( i i )  S low acetyla tors  of  th is drug have an increased incidence of  SLE.  Thei r  r isk  may 

be reduced by admin is ter ing doses of  < 200 mg/day.  
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( i i i )  Fat igue,  mala ise, low-grade fever ,  and join t  aches may s ignal  SLE. 

(e)  Other  adverse effec ts  may inc lude headache, peripheral  neuropathy,  nausea,  

vomi t ing,  f lu id  retent ion, and postura l  hypotens ion. 

(3)  The usual  dai ly dose  is  25-100 mg. 

b.  Minoxidil  

(1)  Actions.  A more potent  vasodi la tor than hydra lazine,  minoxid i l  re laxes arter io lar  

smooth musc le di rec t ly,  decreas ing per iphera l  res is tance.  I t  a lso decreases renal  

vascular res is tance whi le  preserving renal  b lood f low.  Ef fec t ive in  most  pat ients ,  

minoxid i l  is  commonly used to  t reat  pat ients wi th  severe hypertens ion that has been 

ref rac tory to  convent ional  drug reg imens. 

(2)  Precautions and monitoring effects  

(a)  Peripheral  di la t ion resul ts  in  a  re f lex act ivat ion of  the sympathet ic nervous 

system and an increase in  hear t  ra te,  cardiac  output ,  and ren in secret ion. 

(b)  Because this agent  promotes sodium and water  re tent ion,  par t icu lar ly in  the 

presence of  renal  impai rment ,  pat ients  should be moni tored for f lu id accumulat ion 

and s igns of  cardiac  decompensat ion.  Admin is ter ing minoxid i l  a long wi th  a 

sympatholyt ic  agent  and a potent  diuret ic  (e.g.,  furosemide) min imizes increased 

sympathet ic  s t imulat ion and f lu id  re tent ion. 

(c)  Hypertr ichos is  ( i .e . ,  excess ive hai r  growth)  is a  common s ide ef fec t ,  par t icular ly 

i f  the drug is  cont inued for  > 4 weeks. 

(3)  The usual  dai ly dose  is  2 .5-80 mg. 

c.  Nitroprusside  

(1)  Actions.  A d i rec t -act ing peripheral  di lator ,  th is  agent  has potent e f fects  on both 

the ar ter ial  and venous systems.  I t  is  usual ly used only in shor t - term emergency 

t reatment  o f  acute hypertens ive cr is is ,  when a rap id ef fec t is  requi red.  Onset  o f  

ac t ion is  almost ins tantaneous and is  maximal  in 1-2 min.  Ni t ropruss ide is 

adminis tered in t ravenous ly wi th  cont inuous b lood pressure monitor ing. 

(2)  Precautions and monitoring effects.  To prevent  acute hypotensive ep isodes, 

in i t ia l  doses should be very low,  fol lowed by s low t i t ra t ion upward unt i l  the des i red 

ef fec t  is  ach ieved. 



(a)  Once the solu t ion is  prepared,  i t  should be protec ted f rom l ight .  Color  changes 

are a s ignal  that  rep lacement  is  needed. 

(b)  Th iocyanate toxic i ty may develop wi th  long- term t reatment—part icular ly in  

pat ients  wi th  reduced renal  act iv i ty—but  can be treated wi th  hemodialys is.  

Symptoms may inc lude fa t igue, anorexia ,  disor ientat ion,  nausea,  psychot ic  

behavior ,  or  muscle spasms. 

(c)  Cyanide toxic i ty can occur  ( rarely)  wi th  long-term, h igh-dose adminis tra t ion.  I t  

may present  as a l tered consc iousness,  convuls ions,  tachypnea, or  even coma. 

(3)  The usual  dose  is  0 .3-10 µg/kg/min as a cont inuous in t ravenous in fusion. 

d.  Diazoxide (Proglycem)  

(1)  Indicat ions.  Diazoxide exer ts  a  di rec t  act ion on the ar ter ioles  but  has l i t t le 

e f fec t  on venous capaci ty.  I t  is  used in t ravenously in  the emergency t reatment  o f 

acute hypertens ive cr is is.  

(2)  Administrat ion  

(a)  Because the ant ihyper tens ive effect  of  diazoxide increases wi th  the speed of 

in fus ion, recent  recommendat ions suggest  that  the dose be admin is tered over  30 

sec and,  i f  necessary,  repeat doses given every 5-15 min. 

(3)  Precautions and monitoring effects  

(a)  Diazoxide is c lose ly re la ted to  the th iazides chemical ly;  therefore, pat ients  wi th  

th iazide sensi t iv i ty c ross-react  to  diazoxide.  In  pat ients  wi th  impai red cerebral  or 

cardiac  funct ion,  the r isks  may outweigh the benef i ts o f d iazoxide admin is tra t ion. 

(b)  Diazoxide a lso produces t ransient  hyperglycemia,  requi r ing caut ion i f  

adminis tered to pat ients  wi th  d iabetes. 

(c)  Hypotens ive react ions may be severe. 

(d)  Unl ike the th iazides,  th is  agent  promotes sodium and water  retent ion,  

potent ia t ing edema. 

8.  Renin Inhibitors  

a.  Indicat ions.  Al iski ren (Tekturna)  is the f i rs t  o f  th is  new c lass of drugs recent ly 

approved by the FDA for the t reatment o f  hypertens ion. 
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b.  Actions.  Unl ike angiotens in conver t ing enzyme (ACE) inhib i tors  and angiotensin 

I I  receptor  b lockers  (ARBs),  which act during the la ter  s tages of the ren in-

angiotensin system to reduce angiotensin I I  (see E.2) ,  a l isk i ren works di rec t ly on 

the enzyme renin,  to  reduce the eventual  product ion of  angiotens in I I .  

c.  Al iskiren,  is  ava i lable in  150 and 300 mg tab lets .  The usual  star t ing dose is  150 

mg dai ly,  and for  those who do not  respond the dose can be increased to  300 mg 

dai ly.  Doses greater  then 300 mg have not  been shown to offer  addi t ional  b lood 

pressure lower ing effects .  

d.  Signif icant interact ions.  Furosemide serum levels have been repor ted to  be 

reduced sign i f icant ly when adminis tered in  pat ients  receiv ing a l isk i ren.  Th is might  

resul t  in  a  diminished pharmacolog ic  e ffec t  f rom furosemide. 

e.  Precautions and monitoring effects  



Unl ike the ACE inh ib i tors  and ARBs,  which have the potent ia l  to  increase serum 

potass ium levels ,  pat ients  receiv ing a l isk iren have not  shown signi f icant  increases 

in  potass ium as compared to  pat ients s tudies receiv ing placebo.  However,  in a  

populat ion of  diabet ic  pat ients  receiv ing both ACE inhibi tors  or  ARBs in  combinat ion 

wi th  a l isk i ren c lose monitor ing of  serum e lect ro lytes  and renal funct ion is  requi red 

due to  an increased f requency of  e levated serum potass ium levels .  

IV. HYPERTENSIVE EMERGENCIES 
A. Defini t ion.  A hypertens ive emergency is  a  severe e levat ion of  b lood pressure 

( i .e . ,  >  200 mm Hg systol ic or  > 140 mm Hg d iasto l ic )  that demands reduct ion—

ei ther  immediate (wi thin  minutes)  or  prompt  (wi thin  hours)  to prevent  or  l imi t  target-

organ damage. 

1.  Condit ions requi r ing immediate reduct ion include hypertens ive encephalopathy,  

acute le f t  ventr icu lar  fai lure wi th  pu lmonary edema, eclampsia,  dissect ing aort ic  

aneurysm, acute MI ,  s t roke,  and in t racrania l  hemorrhage. 

2.  Condit ions requi r ing prompt  reduct ion inc lude mal ignant  or  accelerated 

hypertension. 

B. Treatment  

1.  The reduction in blood pressure must be gradual  (e .g . ,  a  15-mm Hg decrease 

in  mean arter ia l  pressure over  the 1st  hr)  ra ther than prec ip i tous to  avoid 

compromis ing per fusion of  cr i t ica l  organs,  par t icu lar ly cerebra l  perfusion.  

2.  Specific  agents  used in  hyper tens ive cr is is  are shown in  Table 41-6. 
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STUDY QUESTIONS 
Direct ions for questions 1-6:  Each of  the quest ions,  sta tements ,  or  incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  Which of  the fol lowing agents represents a relat ively new class of drugs 

used in treat ing hypertension? 

(A)  t randolapr i l  (Mavik)  

(B)  carvedi lol  (Coreg) 

(C)  i rbesar tan (Avapro) 

(D)  moexipr i l  (Univasc) 

(E)  n imodipine (Nimotop)  

View Answer1.  The answer is  C[see] .2.  Reflex tachycardia,  headache, and 

postural  hypotension are adverse effects that  l imit  the use of  which of  the 

fol lowing antihypertensive agents? 

(A)  prazos in (Min ipress) 

(B)  captopr i l  (Capoten) 

(C)  methyldopa (Aldomet)  

(D)  guanabenz (W ytens in)  

(E)  hydralazine (Apresol ine) 



View Answer2.  The answer is  E[see] .3. A 65-year-old man presents with 

stage I  hypertension.  He has diabetes mell i tus and chronic kidney disease and 

is  intolerant to l is inopri l .  Which of  the fol lowing agents would be an 

appropriate selection for ini tia l  treatment in this pat ient  based on the 

guidel ines from the “Seventh Report  of the Joint  National  Committee on 

Detect ion,  Evaluation, and Treatment of  High Blood Pressure” (JNC-7)? 

(A)  chlorothiazide (Diur i l )  

(B)  propranolo l  ( Inderal )  

(C)  n i tropruss ide (Nipr ide)  

(D)  candesartan (Atacand) 

(E)  c lonid ine (Catapres) 

View Answer3.  The answer is  D[see] .4.  A patient  with stage I  

hypertension who has bronchospastic airway disease and who is  noncompliant 

would be best treated with which of  the fol lowing β-blocking agents? 

(A)  t imolo l  (Blocadren) 

(B)  penbuto lo l  (Levato l )  

(C)  esmolo l  (Brevib loc) 

(D)  acebuto lo l  (Sectral )  

(E)  propranolo l  ( Inderal )  

View Answer4.  The answer is  D[seeand] .5.  Long-standing hypertension 

leads to t issue damage in al l  of the following organs except  the 

(A)  hear t .  

(B)  lungs. 

(C)  k idneys. 

(D)  brain . 

(E)  eyes. 

View Answer5.  The answer is  B[see] .6.  According to the “Seventh Report  

of  the Joint  National  Committee on Detection, Evaluat ion,  and Treatment of  

High Blood Pressure” (JNC-7) ,  which of  the following agents is  suitable as 

ini t ial  therapy for treat ing stage I  hypertension (assuming no compell ing 

indicat ions for another type of  drug)? 

(A)  chlorothiazide (Diur i l )  

(B)  labeta lol  (Trandate) 

(C)  a tenolo l  (Tenormin) 

(D)  propranolo l  ( Inderal )  

(E)  b isoprolo l  (Zebeta) 

View Answer6.  The answer is  A[see] .Directions for questions 7-9:  The 

quest ions and incomplete s ta tements  in  this sect ion can be correct ly answered or  

completed by one or more  o f  the suggested answers.  Choose the answer,  A-E.  

7.  A pat ient  treated with a spironolactone should be monitored regularly for 

a l tered plasma levels of  

I .  potassium. 

I I .  serum creat inine. 

I I I .  blood urea nitrogen (BUN).  

A  i f  I  only is  correct 



B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer7.  The answer is  E[see] .8. Before antihypertensive therapy 

begins,  secondary causes of  hypertension should be ruled out. Laboratory 

f indings that  suggest an underlying cause of  hypertension include 

I .  a  decreased serum potassium level .  

I I .  an increased urinary catecholamine level .  

I I I .  an increased blood cort isol  level .  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer8.  The answer is  E[see] .P.872 

 

 

9.  In an otherwise healthy adult  w ith stage I  hypertension,  appropriate ini t ia l  

ant ihypertensive therapy would be 

I .  chlorthal idone (Diuri l)  

I I .  metoprolol (Lopressor)  

I I I .  bisoprolol  (Zebeta) 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer9.  The answer is  A[see] .Directions for questions 10-14:  Each 

l is t  of  adverse effec ts in th is  sect ion is  most  c lose ly associated wi th  one  o f  the 

fo l lowing ant ihypertens ive agents .  The agents  may be used more than once or  not a t  

a l l .  Choose the best  answer,  A-E.  

10.  thiocyanate intoxicat ion, hypotension,  and convulsions 

(A)  c lonid ine (Catapres) 

(B)  o lmesartan (Benicar) 

(C)  n i t ropruss ide (Nipr ide)  

(D)  prazos in (Min ipress) 

(E)  propranolo l  ( Inderal )  

View Answer10. The answer is  C[see] .11.  bradycardia,  bronchospasm, 

and cardiac decompensation 

(A)  c lonid ine (Catapres) 

(B)  o lmesartan (Benicar) 

(C)  n i t ropruss ide (Nipr ide)  

(D)  prazos in (Min ipress) 

(E)  propranolo l  ( Inderal )  



View Answer11. The answer is  E[see] .12.  angioedema, cough,  

hyperkalemia, 

(A)  c lonid ine (Catapres) 

(B)  o lmesartan (Benicar) 

(C)  n i t ropruss ide (Nipr ide)  

(D)  prazos in (Min ipress) 

(E)  propranolo l  ( Inderal )  

View Answer12. The answer is  B[see] .13.  rebound hypertension,  dry 

mouth,  drowsiness 

(A)  c lonid ine (Catapres) 

(B)  o lmesartan (Benicar) 

(C)  n i t ropruss ide (Nipr ide)  

(D)  prazos in (Min ipress) 

(E)  propranolo l  ( Inderal )  

View Answer13. The answer is  A[see] .14.  f i rst-dose syncope,  postural  

hypotension, and palpitat ions 

(A)  c lonid ine (Catapres) 

(B)  o lmesartan (Benicar) 

(C)  n i t ropruss ide (Nipr ide)  

(D)  prazos in (Min ipress) 

(E)  propranolo l  ( Inderal )  

View Answer14. The answer is  D[see] .Directions for questions 15-19:  

Each descr ipt ion l is ted in  this  sect ion is  most  c lose ly assoc iated wi th  one  o f  the 

fo l lowing β-adrenerg ic  block ing agents . The agents  may be used more than once or  

not  a t  al l .  Choose the best  answer,  A-E.  

15.  a  β-blocker with intr insic sympathomimetic activi ty 

(A)  esmolo l  (Brevib loc) 

(B)  labeta lol  (Trandate) 

(C)  b isopro lo l  (Zebeta) 

(D)  nadolo l  (Corgard) 

(E)  p indolol  (Visken) 

View Answer15. The answer is  E[seeand].16.  a  β-blocker that a lso blocks 

α-adrenergic receptors 

(A)  esmolo l  (Brevib loc) 

(B)  labeta lol  (Trandate) 

(C)  b isopro lo l  (Zebeta) 

(D)  nadolo l  (Corgard) 

(E)  p indolol  (Visken) 

View Answer16. The answer is  B[seeand] .17. a  β-blocker with an 

ultrashort  durat ion of act ion 

(A)  esmolo l  (Brevib loc) 

(B)  labeta lol  (Trandate) 

(C)  b isopro lo l  (Zebeta) 

(D)  nadolo l  (Corgard) 

(E)  p indolol  (Visken) 



View Answer17. The answer is  A[seeand] .18. a  β-blocker with a long 

durat ion of action and nonselect ive blocking act ivi ty 

(A)  esmolo l  (Brevib loc) 

(B)  labeta lol  (Trandate) 

(C)  b isopro lo l  (Zebeta) 

(D)  nadolo l  (Corgard) 

(E)  p indolol  (Visken) 

View Answer18. The answer is  D[seeand] .19. a  β-blocker with relat ive 

cardioselect ive blocking activi ty 

(A)  esmolo l  (Brevib loc) 

(B)  labeta lol  (Trandate) 

(C)  b isopro lo l  (Zebeta) 

(D)  nadolo l  (Corgard) 

(E)  p indolol  (Visken) 

View Answer19. The answer is  C[seeand] .P.873 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  [see  I I I .B.5.a ] .  

I rbesar tan is one of  the re la t ive ly new c lasses of  drugs used in  the treatment  o f  

hyper tension referred to  as an angiotens in I I  receptor  antagonis t ,  which b locks the 

product ion of angiotensin I I  and consequent ly i ts e f fec ts  as a powerfu l  

vasoconstr ic tor  and s t imulant  for  aldosterone re lease.  Trandolapri l  and moexipr i l  

are ACE inh ibi tors ; carvedi lo l  is  a  β-adrenerg ic  b locking agent;  and n imodip ine is  a  

ca lc ium-channel b locker.  

2.  The answer is  E  [see  I I I .B.7.a ] .  

Hydra lazine is  a  vasodi la tor  that  works by di rec t ly  re laxing ar ter io les,  thereby 

reduc ing per iphera l  vascular res is tance.  I ts  e f fect iveness as an ant ihypertens ive 

agent  is  compromised,  however,  by the compensatory react ions i t  t r iggers  (e.g. ,  

re f lex tachycard ia)  and by i ts  o ther  adverse ef fec ts  (e.g. ,  headache,  postura l  

hypotension,  nausea,  palp i ta t ions) .  For tunately,  the unwanted ef fects  o f  hydra lazine 

are minimized when i t  is  used in  combinat ion wi th a  diuret ic  agent  and a β-b locker .  

Thus hydra lazine is most e f fec t ive as a supplementa l  ant ihyper tensive drug in 

combinat ion wi th  f i rst - l ine therapy. 

3.  The answer is  D  [see  I I I .B.5.e. (3) ] .  

Candesartan,  an angiotens in I I  receptor  b locker,  which acts  by blocking the bind ing 

of  angiotensin I I  to  the angiotensin I I  receptors .  By b locking the receptor s i te ,  th is  

c lass of drugs inh ib i ts  the vasoconstr ic tor e ffec ts o f  angiotens in I I  and prevents  the 

re lease of a ldosterone owing to  angiotens in I I  f rom the adrenal g lands. JNC-7 

guide l ines cal l  for  the use of  d iuret ics  in  the ini t ia l  t reatment  o f  hyper tens ion,  un less 

the pat ient  has compel l ing indicat ions that  have been shown to  benef i t  f rom the use 

of  spec i f ic  c lasses of  drugs.  Th is  pat ient  has d iabetes and chronic  k idney d isease 

and is unable to  to lerate the ACE inh ib i tor  l is inopr i l ,  therefore,  an ARB would be an 

acceptable a l ternat ive for  th is  pat ient  rather than a β-blocker  (propranolol)  or  



diuret ic  (chloroth iazide) .  Ni t roprusside and c lon idine are not ind icated for  the in i t ia l  

t reatment  o f  hyper tension. 

4.  The answer is  D  [see  I I I .B.3.a. (7). (a) ,  (b) ,  (c ),  (d) ,  (e) ,  ( f ) ,  (g) ,  (h)- ( i ) ,  ( j ) ,  (k ) ,  ( l )  

and  (m) ] .  

The β-adrenerg ic  blocking agents  cont inue to  demonstrate ef fect iveness in  the 

t reatment  o f  hyper tension.  A major  feature of  some of  these agents  is  the i r  re lat ive 

se lect iv i ty for  β1 - receptors  ( in  the hear t )  ra ther  than for  β2 - receptors ( in the lung) ,  

which provides advantages in  the t reatment o f  cer ta in  pat ients  (e.g.,  those wi th  

bronchospast ic  ai rway or  COPD).  Of  the β-blockers  l is ted,  acebutolol  is  less l ikely 

than the rest  to  b lock β2 -receptors  because of  i ts  re lat ive card ioselect ive-b locking 

act iv i ty.  Acebutolo l  also has a long durat ion of act ion,  which could be helpfu l  in  the 

noncompl iant  pat ient by requi r ing fewer doses per  day.  Penbutolol  has weak 

in t r ins ic  sympathomimetic  ac t iv i ty l ike p indolol  but  lacks re la t ive card ioselect iv i ty,  

despi te  i ts  long durat ion of  ac t ion. Esmolol  by nature of  i ts  cont inuous int ravenous 

in fus ion would not  lend i tsel f  to  chronic  ambulatory therapy.  Timolol  is  a  long-act ing 

β-b locker  and lacks the re la t ive cardioselect ive propert ies  that acebutolol  

possesses. 

5.  The answer is  B  [see  I .F ;  Table 41-3 ] .  

Lef t  untreated,  hyper tens ion can be lethal  because of  i ts  progressive ly dest ruct ive 

ef fec ts  on major  organs, such as the hear t ,  k idneys,  and bra in .  The eyes a lso suf fer  

damage;  the lungs,  however,  do not .  End-organ damage caused by hypertension 

includes le f t  ventr icular  hyper t rophy,  hear t  fa i lure,  angina pectoris,  myocard ia l  

in farc t ion,  renal  insuf f ic iency caused by atherosclerot ic  lesions,  nephroscleros is ,  

cerebral  aneurysm and hemorrhage, re t inal  hemorrhage,  and papi l ledema. 

6.  The answer is  A  [see  I I I .B.2.a ] .  

Th iazide d iuret ics  are cons idered the f i rs t - l ine t reatment  choice for  hyper tension 

and should be used alone or  in  combinat ion wi th  o ther ant ihyper tensives,  i f  

necessary.  β-Blockers such as labeta lo l ,  a tenolol ,  b isoprolol ,  n i fed ip ine,  and 

propranolol  are no longer considered ini t ia l  agents  for  t reat ing hypertens ion.  β-

b lockers have shown pos i t ive c l in ica l  outcomes in  pat ients  wi th  hear t  fai lure,  post -

myocard ia l  in farc t ion,  h igh coronary disease r isk,  and diabetes (compel l ing 

indicat ions)  and would be acceptable opt ions for  pat ients  present ing wi th  

prehypertension or  hyper tens ion wi th  a  compel l ing ind icat ion. 

7.  The answer is  E  ( I ,  I I ,  I I I )  [see  I I I .B.2.c . (4) ] .  

Sp i ronolactone is  a  di rect -act ing aldosterone-receptor b locker and decreases i ts  

e f fec ts  on sodium and water  re tent ion. However,  a  benef i t  o f  sp ironolactone is  i ts 

potass ium-sparing effec t,  through the exchange of  sodium for  potass ium in  the 

k idney.  Pat ients  wi th  reduced renal  funct ion and acute renal  fa i lure (evidenced by 

e levat ions in  serum creat in ine) lose thei r  ab i l i ty  to  excrete potass ium, and this  

needs to  be moni tored when pat ients are s tar ted on sp i ronolactone.  BUN and 

creat inine are good ind i rec t  ind icators of  renal  funct ion. 
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8.  The answer is  E  ( I ,  I I ,  I I I )  [see  I I .A.2 ] .  



Low serum potass ium levels  in  a  hyper tensive pat ient  suggest  pr imary 

a ldosteronism. Elevated ur inary catecholamines suggest a  pheochromocytoma;  

o ther s igns and symptoms of this tumor inc lude weight  loss,  episodic  f lushing, and 

sweat ing.  Elevated serum cor t iso l  leve ls  suggest Cushing syndrome; the pat ient is  

a lso l ike ly to  have a round (moon) face and t runcal  obesi ty.  Secondary hypertens ion 

requi res t reatment  of  the under ly ing cause;  supplementary ant ihypertens ive drug 

therapy may a lso be needed. 

9.  The answer is  A  ( I )  [see  I I I .B.2.a ] .  

Th iazide d iuret ics  such as ch lor tha l idone are now considered, based on the JNC-7,  

f i rst - l ine therapy for  hyper tens ion, barr ing any compel l ing ind icat ions such as hear t  

fa i lure,  diabetes,  chronic k idney d isease, or  post -MI ,  when other  ant ihypertens ive 

agents would be indicated.  β-Adrenerg ic  b lockers,  such as metoprolo l  and 

b isopro lol ,  are no longer indicated as in i t ia l  ant ihyper tens ive agents  for  t reat ing 

hypertension. 

10.  The answer is  C  [see  I I I .B.7.c . (2) ] .  

11.  The answer is  E  [see  I I I .B.3.a. (4) ] .  

12.  The answer is  B  [see  I I I .B.5.c . (2) ] .  

13.  The answer is  A  [see  I I I .B.3.c . (2) . (c ) ] .  

14.  The answer is  D  [see  I I I .B.3.b. (3) . (a) ] .  

The goal  of  t reatment  in  hyper tension is  to  lower b lood pressure toward normal  wi th  

minimal  s ide ef fec ts .  Al l  ant ihyper tens ive drugs can cause adverse ef fects .  The 

pr imary purpose of  the JNC-7 guidel ines is  to  acknowledge the long- term benef i ts  o f  

d iuret ics in the t reatment  o f  hyper tens ion. 

15.  The answer is  E  [see  I I I .B.3.a. (7) . (a) ,  (b) ,  (c) ,  (d) ,  (e) ,  ( f ) ,  (g) ,  (h)-( i ) ,  ( j ) ,  (k ),  

( l )  and  (m) ] .  

16.  The answer is  B  [see  I I I .B.3.a. (7) . (a) ,  (b) ,  (c) ,  (d) ,  (e) ,  ( f ) ,  (g) ,  (h)-( i ) ,  ( j ) ,  (k ),  

( l )  and  (m) ] .  

17.  The answer is  A  [see  I I I .B.3.a. (7) . (a) ,  (b) ,  (c) ,  (d) ,  (e) ,  ( f ) ,  (g) ,  (h)-( i ) ,  ( j ) ,  (k ),  

( l )  and  (m) ] .  

18.  The answer is  D  [see  I I I .B.3.a. (7) . (a) ,  (b) ,  (c) ,  (d) ,  (e) ,  ( f ) ,  (g) ,  (h)-( i ) ,  ( j ) ,  (k ),  

( l )  and  (m) ] .  

19.  The answer is  C  [see  I I I .B.3.a. (7) . (a) ,  (b) ,  (c) ,  (d) ,  (e) ,  ( f ) ,  (g) ,  (h)-( i ) ,  ( j ) ,  (k ),  

( l )  and  (m) ] .  

The β-adrenerg ic  blocking agents  are valuable for  managing hypertension and are 

used as in i t ia l  ant ihyper tensives.  The β-blockers are sympathet ic  antagonis ts .  They 

act  by b lock ing various receptors  of  the sympathet ic  nervous system. They d i f fer  in  

the ir  se lec t iv i ty for  these sympathet ic  receptors.  For  example, β1 -blockers  have 

re lat ive card ioselect ive act iv i ty—that  is ,  they b lock β1 - receptors  ( in  the hear t )  ra ther  

than β2 - receptors  ( in  bronchial  smooth musc le)  and,  therefore,  are h igh ly usefu l  

ant ihyper tens ive agents . In t r ins ic  sympathomimetic  ac t iv i ty also appears to  reduce 

the problem of  bronchoconstr ic t ion; moreover,  drugs wi th  this property can a lso 

maintain  a sat is factory hear t  ra te. 

 



42 
Heart Failure 
Alan H.  Mutnick 

I. INTRODUCTION 
A. Defini t ion.  Heart  fai lure (HF)  is  a  complex c l in ica l  syndrome that  can resul t  

f rom any card iac d isorder  that  impai rs  the ab i l i ty  o f  the ventr ic le  to del iver  adequate 

quant i t ies  of  blood to  the metabol iz ing t issues during normal  ac t iv i ty or  a t  res t.  The 

condi t ion in  the past  has been referred to  as “congest ive heart  fai lure,”  owing to  the 

edematous state  commonly produced by the f lu id  backup resul t ing in  shor tness of 

breath,  fa t igue,  l imi ta t ion of  exerc ise to lerance,  and f lu id  re tent ion.  F lu id re tent ion 

may lead to  pulmonary and per iphera l  edema. More recent ly,  because a l l  pat ients  

do not  necessar i ly  present  wi th  f lu id  over load at  the in i t ia l  or fol low-up evaluat ions,  

the term “hear t  fai lure”  is  used to more adequately re f lect  the c l in ical  syndrome. 

B. Mortal i ty rate.  Approximate ly 300,000 pat ients  die  as a resul t  o f  the di rect  or 

indi rec t  consequences of HF each year ,  and the number of  deaths owing to  HF 

(pr imary or secondary causes)  has increased s teadi ly,  despi te t reatment  advances.  

The r isk  of  death is  5%-10% annual ly in  pat ients wi th  mi ld  symptoms and is  as h igh 

as 30%-40% in  pat ients  wi th  advanced disease mani fes tat ions. 

C. Incidence of  HF.  HF is  a  common medical  condi t ion that  af fec ts  almost 5  mi l l ion 

people in the United States,  wi th > 500,000 new cases d iagnosed each year .  

Between 1.5% and 2.0% of  the populat ion has HF,  and the incidence increases to  

6%-10% in  pat ients  o lder  than age 65. HF makes up 20% of  a l l  hospi ta l izat ions in 

pat ients  > 65 years  of  age.  HF is the only major  card iovascular  d isorder  that  is  

increas ing in  inc idence and prevalence.  Dur ing the las t  10 years,  there has been a 

dramat ic  increase in the number of  hospita l izat ions ,  pr imari ly owing to HF (500,000 

in  1991 to more then 1 mi l l ion, current ly) .  The reasons for  the increased numbers of  

hospi ta l  admissions are l is ted in  Table 42-1. 

D. Cost of  HF.  The tota l  costs  (di rec t  and ind i rect )  for the t reatment  of  HF in the 

Uni ted States dur ing 2005 were approximate ly $27.9 b i l l ion.  Current ly in  the Uni ted 

States,  more than $2.9 bi l l ion is  spent  annual ly on drugs used in the t reatment  o f 

HF.  

E. Causes  

1.  A l though the disease occurs  most  commonly among the e lder ly (80% of  pat ients 

hospi ta l ized wi th  HF are > 65 years  of age) ,  i t  may appear at  any age as a 

consequence of  underly ing cardiovascular  disease. 

2.  There current ly is  no s ing le  diagnost ic  test  for HF,  and the c l in ica l  d iagnos is  is  

normal ly based on pat ient  his tory and phys ical  examinat ion. 

3.  HF should not  be cons idered an independent  d iagnos is  because i t  is  

super imposed on an under ly ing cause. 

a.  Coronary ar tery d isease (CAD) is  the cause of HF in about two th irds  of  pat ients 

wi th  le f t  ventr icu lar  systo l ic  dysfunct ion. 

b.  The remaining thi rd  o f pat ients  have a nonischemic  cause of systo l ic dysfunct ion 

owing to other  causes of myocardia l  s tress, which inc luded t rauma, d isease,  or  

o ther abnormal  sta tes (e.g. ,  pulmonary embol ism, infect ion,  anemia,  pregnancy,  



drug use or abuse,  f lu id  over load,  arrhythmia,  valvu lar  heart  disease,  

cardiomyopathies,  congeni tal  heart  disease) .  

4.  The New York  Heart  Associat ion (NYHA) developed a c lass i f icat ion system, st i l l  

used today to  quant i fy the funct ional  l imita t ions of  HF pat ients .  The NYHA c lasses 

are as fo l lows: 

a.  Class I :  Degree of  e f for t  necessary to  el ic i t  HF symptoms equals  those that  would 

l imi t  normal  ind iv iduals .  

b.  Class I I :  Degree of  e f for t  necessary to  el ic i t  HF symptoms occurs wi th  ord inary 

exer t ion. 
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Table 42-1. Causes for Increased Hospitalization Rates of Heart Failure 

Aging of the population in the United States 

Rising incidence of chronic heart failure 

Improved treatment results obtained for myocardial infarction, coronary 
artery bypass surgery, and stenting 

Unavoidable progression of heart disease in an aging population 

Incomplete treatment of heart failure in the hospital setting 

Poor application of guidelines for treatment 

Noncompliance with diet and drug therapy 

Adapted with permission from Hobbs RE. Guidelines for the diagnosis and 
management of heart failure. Am J Ther 2004;11:467-472. 

 

c.  Class I I I :  Degree of  e ffor t  necessary to  e l ic i t  HF symptoms occurs wi th  less- than-

ord inary exer t ion. 

d.  Class IV. Degree of  e ffor t  necessary to  e l ic i t  HF symptoms occurs whi le  a t  res t .  

5.  A cr i t ic ism of  the NYHA c lass i f icat ion is  i ts  dependence on subject ive 

assessments  by the c l in ica l  pract i t ioner ,  which changes f requent ly and might not  

accurate ly re f lect  di f ferent  t reatment  opt ions based on the degree of  symptoms. 

Consequently,  more recent ly,  the “ACC/AHA Guidel ines for the Evaluat ion and 

Management  o f  Chronic  Heart  Fa i lure”  of fered new c lass i f icat ion scheme that  

depic ts  HF as an evolv ing c l in ica l  ent i ty and detai ls a  progression based on r isk  



fac tors and s t ruc tura l  changes, which may be asymptomatic or  symptomat ic .  W ith in  

th is  c lassi f icat ion,  speci f ic  treatments  can be targeted at  each s tage to  af fec t  

morbidi ty and morta l i ty (Table 42-2).  The in t roduct ion of  the four s tages of  HF are 

not  in tended to  rep lace the NYHA c lass i f icat ion but  rather to complement  i t .  

F.  Forms of  HF.  As ment ioned, HF is  a  complex syndrome and has been descr ibed 

in  various ways.  The card ina l  mani fes tat ions of  HF are dyspnea and fa t igue,  which 

may l imi t  exerc ise tolerance,  resul t  in  f lu id  re tent ion, and lead to pulmonary 

congest ion and periphera l  edema. However,  the fo l lowing sect ions provide severa l  

ways that  have been used to  describe the pathophys iology and the symptomato logy 

invo lved in  the condi t ion.  Though the terms low-output  versus high-output  and le f t -

s ided  versus r ight -s ided  are not  rout ine ly used in the c l in ica l  sett ing,  thei r  use here 

is  to  he lp convey important  educat ional  aspects  of  HF and are presented only for  

the purpose of  s impl i fy ing the discussion of the pathophysio logy and 

symptomatology. 

1.  Low-output versus high-output fa i lure  

a.  I f  metabol ic demands are wi th in  normal l imits  but  the hear t  is  unable to  meet  

them, the fa i lure is  designated low output  ( the most  common type) .  

b.  I f  metabol ic  demands increase (e.g. ,  hyper thyro idism, anemia)  and the hear t  is  

unable to  meet  them, the fa i lure is  designated high output.  Compared to low-output  

fa i lure,  correct ion of  the under ly ing cause of  h igh-output  fa i lure is  paramount  as  the 

in i t ia l  t reatment  modal i ty.  

2.  Left -s ided versus right-sided fai lure  

a.  General  symptomatology.  The s igns and symptoms of  HF usual ly resul t  f rom the 

ef fec ts  o f blood back ing up behind the fai l ing vent r ic le  (except  in  HF owing to  

increased body demands) .  

b.  Lef t -s ided and r ight -s ided HF do not  rout inely exis t  as separate ent i t ies ;  

however,  the use of  separate terms best i l lus t ra tes  the systemic consequences. 

c.  Th is progress ion occurs  because the card iovascular system is  a c losed system 

(F igure 42-1) ;  thus,  over t ime,  r ight -s ided fa i lure  causes le f t -s ided fai lure and vice 

versa. 

d.  Left -s ided fai lure.  I f  b lood cannot be adequate ly pumped f rom the le f t  ventr ic le 

to  the per iphera l  c i rcu lat ion and i t  accumulates wi th in  the le f t  ventr ic le,  the pat ient  

is  l ike ly to  exhibi t  s igns of  lef t -s ided HF.  As the f lu id  por t ion of  the b lood backs up 

in to the pu lmonary a lveol i  the resul t  is  the development  o f  pu lmonary edema that 

can present  as , shor tness of breath,  dyspnea on exer t ion and a th i rd  heart  sound. 

e.  Right-sided fai lure.  When b lood is  not  pumped f rom the r ight ventr ic le ,  the f lu id  

por t ion of  the b lood backs up throughout  the body (e.g. ,  in  the veins,  l iver ,  legs,  

bowels) ,  produc ing systemic  edema. Such s igns would  inc lude evidence of  elevated 

pressures in the venous system (e.g. ,  per iphera l  edema, jugular  venous dis tens ion) .  
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Table 42-2. Stages of Heart Failure (HF) Based on Evolution and Progression of 
Clinical Findings 



Stage Description Examples 

A Patients at high risk of 
developing HF because of the 
presence of conditions that are 
strongly associated with the 
condition; such patients have 
no identified structural or 
functional abnormalities of 
the pericardium, myocardium, 
or cardiac valves and have 
never shown signs or 
symptoms of HF 

Hypertension, atherosclerotic 
disease, diabetes mellitus, obesity, 
metabolic syndrome, history of 
cardiotoxic drug therapy or 
alcohol abuse, personal history of 
rheumatic fever, family history of 
cardiomyopathy 

B Patients who have developed 
structural heart disease that is 
strongly associated with the 
development of HF but who 
have never shown signs or 
symptoms of the condition 

Left ventricular remodeling, 
including left ventricular 
hypertrophy or low ejection 
fraction; asymptomatic valvular 
disease; previous myocardial 
infarction 

C Patients who have current or 
prior symptoms of HF 
associated with underlying 
structural heart disease 

Known structural heart disease, 
dyspnea or fatigue, reduced 
exercise tolerance 

D Patients with refractory HF 
who require specialized 
interventions 

Patients with marked symptoms at 
rest despite maximal medical 
therapy (are frequently 
hospitalized for HF and cannot be 
safely discharged from the 
hospital, patients in the hospital 
awaiting heart transplantation, 
patients at home receiving 
continuous intravenous support for 
symptom relief or being supported 
with a mechanical circulatory 
assist device, patients in a hospice 
setting for the management of HF) 

Adapted from Hunt SA, Abraham WT, Chin MH, et al. ACC/AHA 2005 
guidelines for the diagnosis and management of chronic heart failure in the 
adult. A report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (Writing Committee to 



Update the 2001 Guidelines for the Evaluation and Management of Heart 
Failure). J Am Coll Cardiol 2005;46:1-82. 

 

3.  Diasto l ic  versus Systol ic Dysfunct ion 

(a)  Diasto l ic  dysfunct ion re fers  to  an inabi l i ty  for the ventr ic les  to  f i l l  wi th  b lood 

dur ing d ias to le,  or ventr icu lar  re laxat ion.  Under normal  c i rcumstances,  b lood returns 

to  the r ight  s ide of the hear t  f rom ei ther  the upper and lower body (super ior  vena 

cava and infer ior  vena cava,  respect ive ly)  or  le f t  s ide of  the hear t  f rom the lungs 

(v ia  the pu lmonary ve in,  le f t  a t r ia ,  and mi t ra l  valve) .  An inabi l i ty  for  the respect ive 

ventr ic le(s)  to  accommodate the blood that  is re turn ing to  i t  wi l l  resu l t  in  a  back up 

of  blood in  those areas where i t  or ig inated f rom. 

(b)  The inabi l i ty  o f the ventr ic le(s)  to  accommodate the b lood being presented to  i t  

is  re ferred to  as noncompl iance,  and occurs due to  st i f fness occurr ing wi th in  the 

ventr icu lar  wal ls .  St i f fness can resul t  f rom cl in ica l  s i tuat ions such as hypertens ion, 

aor t ic  s tenos is ,  d iabetes,  myocardial  in farc t ion,  and cardiac ischemia. 

(c)  Key to  the d iagnos is  o f  dias tol ic  hear t  fai lure are three condi t ions:  ( i )  presence 

of  s igns or  symptoms of  hear t  fai lure;  ( i i )  presence of  normal  or s l ight ly reduced LV 

e ject ion f rac t ion (EF >50%);  and ( i i i )  the presence of  increased d ias to l ic  f i l l ing 

pressure. 

(d)  Systo l ic  dysfunct ion re fers  to  an impai red degree of  ventr icular  contract ion 

resul t ing in a  decrease in  card iac inot ropy (contract i l i ty)  and cardiac s t roke volume 

(see I I .Pathophys iology) .  Th is  sets  in  motion a ser ies of compensatory mechanisms 

wi th  the purpose being to  increase the ab i l i ty  o f  the hear t  to del iver  b lood to  the 

body ( increase s t roke volume),  but which have a negat ive ef fec t by increas ing 

p lasma vo lume (pre load),  and pulmonary capi l lary wedge pressure.  Pat ients  wi th 

systol ic  dysfunct ion unl ike those wi th d iasto l ic dysfunct ion have lower then normal  

cardiac  ejec t ion f rac t ions (EF <40%),  due to st roke volume reduct ions a long wi th  

increases in  end d ias to l ic  vo lumes. 
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Figure 42-1. An overview of blood flow through 
the cardiovascular system. 

(e)  Therapeut ic  opt ions may overlap between diastol ic  and systo l ic  pat ients ;  

however,  t reatment o f under ly ing pathophys io log ic  processes can resul t  in d i f ferent  

therapeut ic  s t rategies between the two cl in ica l  ent i t ies. 

( f )  Inot rop ic  agents , pre load reducing and af ter load reduc ing agents,  and d iuret ics 

are ut i l i zed to  reverse the consequences of  systol ic dysfunct ion, i .e . ,  reduced 

cardiac output  due to  decreased myocard ia l  contract i l i ty .  However,  ACE inh ib i tors , 

ARBs,  beta adrenergic  blockers  have a lso been inc luded in  recent  therapeut ic  

gu ide l ines for  use in  pat ients  wi th  systol ic  dysfunct ion. 

(g)  ACE inhib i tors ,  ARBs,  and beta adrenerg ic  blockers  represent  the backbone of  

current  t reatment opt ions recommended for pat ients  wi th d iasto l ic dysfunct ion.  

However,  pat ients  ident i f ied wi th s igns and symptoms suggest ive of  f lu id  

accumulat ion and reduced card iac e ject ion f ract ions  have shown benef i t  f rom the 

use of  d iuret ics  to  decrease f lu id re tent ion,  and inot rop ic  agents such as d igoxin to  

reduce hospi tal izat ions. 

4.  Progressive nature of  HF  

a.  In jury to  the myocardium or  s t ress p laced on i t  is  general ly requi red before the 

development o f lef t  ventr icular dysfunct ion. 

b.  The primary presentat ion for  the assoc iated s igns and symptoms of  HF is  a  

change in the shape and s t ruc ture of  the lef t  ventr ic le ,  where i t  d i la tes and/or  

hyper t rophies in to more of  a  spherica l  shape,  referred to  as card iac remodel ing.  

Such changes in  the shape  
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o f  the heart  resul t  in  a l tered s t resses on the cardiac wal ls  owing to s ize as wel l  as  

s t ruc tura l  changes,  which a lso lend themselves to  a l tered blood f low through the 

var ious hear t  chambers. 

Table 42-3. Substances That May Exacerbate Heart Failure 



Promote Sodium 
Retention 

Produce 
Osmotic Effect Decrease Contractility 

Androgens Albumin Antiarrhythmic agents (e.g., 
disopyramide, flecainide, 
quinidine) 

Corticosteroids Glucose 

Diazoxide Mannitol β-adrenergic blockers 

Estrogens Saline Select calcium channel blockers 
(e.g., diltiazem, nifedipine, 
verapamil) 

Licorice Urea 

Lithium carbonate  Direct cardiotoxins (e.g., 
doxorubicin, ethanol, cocaine, 
amphetamines) 

NSAIDs  

  Tricyclic antidepressants 

NSAIDs, nonsteroidal anti-inflammatory drugs. 
 

G. Treatment goals.  HF requi res a two-pronged therapeut ic  approach,  the overal l  

goals  o f  which are 

1.  To remove or mit igate the underlying causes or r isk factors—for example, by 

e l iminat ing ingest ion of  cer ta in drugs or  o ther  substances that  can produce or  

exacerbate HF or  by correct ing an anemic syndrome,  which can increase cardiac 

demands (Table 42-3) .  In  addi t ion,  modi fy r isk  fac tors  that can cause card iac in jury 

by t reat ing hypertension and d iabetes;  managing atherosc lerot ic disease;  and 

contro l l ing smoking,  alcohol ,  and i l l i c i t  drug use. 

2.  To rel ieve the symptoms and improve pump function by:  

a.  Reducing metabol ic  demands through rest ,  re laxat ion,  and pharmaceutical  

contro ls 

b.  Reducing f lu id  vo lume excess through die tary and pharmaceutical  contro ls 

c.  Admin is ter ing a combinat ion of  d iuret ics ,  angiotens in-conver t ing enzyme 

inhib i tors  (ACEIs)  β-adrenergic  b lockers ,  and angio tensin-receptor  blockers  (ARBs) 

d.  Promoting pat ient compl iance and se l f - regulat ion through educat ion 

e.  Select ing appropria te  pat ients  for  card iac  transplantat ion 

3.  During recent  years ,  severa l  sets  o f  gu idel ines have been developed for  the 

t reatment  o f  HF. Most  recent ly,  a panel  o f leading phys ic ians and researchers in the 

f ie ld  of  HF provided recommendat ions.  See wi thin the fol lowing ci ta t ion:  Hunt  SA,  



Abraham W T, Chin MH, et  al .  ACC/AHA 2005 guide l ines for  the d iagnosis and 

management  o f  chronic  hear t  fai lure in  the adul t .  A repor t  o f  the Amer ican Col lege 

of  Card iology/Amer ican Heart  Associat ion Task Force on Pract ice Guidel ines 

(W ri t ing Commit tee to  Update the 2001 Guidel ines for  the Evaluat ion and 

Management  o f  Heart  Fai lure) .  J  Am Col l  Cardio l  2005;46:1-82;  avai lable  at  

content .on l inejacc.org/cg i / repr in t /46/6/e1. 

4.  These guide l ines represent  the most  up-to-date s tandards for  the prevent ion, 

d iagnos is ,  and t reatment o f  HF (Table 42-4) .  

a.  The guide l ines focus on four  s tages in  the development  o f  HF;  stages A and B 

include pat ients  a t  r isk  for  HF and s tages C and D inc lude pat ients who have 

developed HF. 

b.  Paramount  to the new guidel ines is  the role that  ACEIs or ARBs and β-adrenergic 

b lockers p lay,  based on evidence-based pract ice.  

c.  Treatment  of  pat ients  wi th  re f rac tory end-stage HF (stage D) should include the 

pr imary therapeut ic  agents  that are used for s tages A, B,  and C.  However,  lack of 

an acceptable response wi l l  requi re  spec ial ized nonpharmacolog ic  modal i t ies,  such 

as mechanical  c i rcu la tory support ,  t ransplantat ion,  and end-of - l i fe  care for  those 

exhib i t ing no benef i t .  

II. PATHOPHYSIOLOGY. 
HF and decreased card iac output  t r igger a  complex scheme of  compensatory 

mechanisms designed to normal ize card iac  output  (card iac output  = s t roke vo lume × 

hear t  ra te) .  The principa l  mani fes tat ion of  progress ion in  cardiac  dysfunct ion is  a  

change in the geometry of  the le f t  ventr ic le ,  resul t ing in  ventr icular  d i la t ion and 

hypert rophy,  wi th a  resul tant  increase in  a more spherica l  shape—referred to  as 

cardiac remodel ing.  Th is resul ts  in  increases in  ventr icular wal l  tens ion,  depression 

in  mechanica l  per formance,  and retent ion of normal card iac f lu id,  which worsen the 

remodel ing process. 
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Table 42-4. Approach to Heart Failure (HF)a 



 At Risk for Heart Failure Heart Failure 
 Stage A Stage B Stage C Stage D 

Patien
ts 

Patients at 
high risk of 
developing 
HF because 
of presence 
of 
conditions 
that are 
strongly 
associated 
with 
developmen
t of 
condition; 
such 
patients 
have no 
identified 
structural or 
functional 
abnormalitie
s of the 
pericardium, 
myocardium
, or cardiac 
valves and 
have never 
shown signs 
or 
symptoms 
of HF 

Patients 
who have 
developed 
structural 
heart 
disease 
that is 
strongly 
associated 
with 
developme
nt of HF 
but who 
have never 
shown 
signs or 
symptoms 
of the 
condition 

Patients who 
have 
structural 
heart disease 
with current 
or prior 
symptoms of 
HF 

Patients with 
refractory 
HF who 
require 
specialized 
interventions 

Goals Treat 
hypertensio
n 

Same as 
stage A 

Same as 
stage A 

Same as 
stages A and 
C 

 

Encourage 
smoking 
cessation  

Dietary salt 
restriction 

Decision 
concerning 
appropriate 
level of care 

 
Treat lipid 
disorders 

  



 

Encourage 
regular 
exercise 

   

 

Discourage 
alcohol 
intake, illicit 
drug use 

   

 

Control 
metabolic 
syndrome 

   

Drugs ACEIs to 
prevent HF 
in patients 
at high risk 
who have a 
history of 
atherosclero
tic vascular 
disease, 
diabetes 
mellitus, or 
hypertensio
n 

ACEIs in 
patients 
with 
reduced 
ejection 
fractions 
and no 
symptoms 
of HF, 
even 
without 
previous 
MI 

ACEIs and 
β-blockers, 
with one 
proven to 
reduce 
mortality 
(bisoprolol, 
carvedilol, 
and 
sustained-
release 
metoprolol 
for all stable 
patients) 
with current 
or prior 
symptoms of 
HF and 
reduced 
LVEF 

Referral to 
an HF 
program 
with 
expertise in 
the 
management 
of refractory 
HF 

 

ARBs, as 
with ACEIs, 
though 
evidence not 
as strong 

β-Blockers 
and ACEIs 
in all 
patients 
with recent 
or remote 
history of 
MI 
ARBs 

ARBs in 
patients with 
current or 
prior 
symptoms of 
HF and 
reduced 
LVEF who 
cannot 

Drug therapy 
not 
considered, 
instead 
consideratio
n is given for 
transplantati
on, when 
applicable 



should be 
administer
ed to post-
MI 
patients 
without 
HF who 
cannot 
tolerate 
ACEIs and 
have low 
LVEF, 
though 
evidence 
not as 
strong. 
β-Blockers 
for all 
patients 
without 
MI who 
have 
reduced 
LVEF 
with no 
HF 
symptoms, 
though 
evidence 
not as 
strong. 

tolerate 
ACEIs 
Diuretics 
and salt 
restriction in 
patients with 
current or 
prior 
symptoms of 
HF and 
reduced 
LVEF who 
have 
evidence of 
fluid 
retention, 
though 
evidence not 
as strong 
Addition of 
an 
aldosterone 
antagonist in 
select 
patients with 
moderately 
severe to 
severe HF 
symptoms 
and reduced 
LVEF who 
can be 
carefully 
monitored 
for renal 
function and 
potassium 
concentratio
ns, though 
evidence not 
as strong. 
Current 
evidence 
favors 
combination 
of 

Continuous 
intravenous 
infusion of a 
positive 
inotropic 
agent for 
palliation of 
symptoms, 
though 
evidence not 
strong 



hydralazine 
and a nitrate 
in patients 
with reduced 
LVEF and 
persistent 
symptoms 
already 
receiving 
ACEIs and 
β-blockers 

ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin-
receptor blockers; LVEF, left ventricular ejection fraction; MI, myocardial 
infarction. 

aThe guidelines listed here are definitive, based on available evidence, and 
are not intended to reflect the entire set of guidelines with less-than-
substantial evidence. A complete set of usage guidelines is available at 
content.onlinejacc.org/cgi/reprint/46/6/e1. 

Adapted from Hunt SA, Abraham WT, Chin MH, et al. ACC/AHA 2005 
guidelines for the diagnosis and management of chronic heart failure in the 
adult. A report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (Writing Committee to 
Update the 2001 Guidelines for the Evaluation and Management of Heart 
Failure). J Am Coll Cardiol 2005;46:1-82. 
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A. Compensation.  These mechanisms are shown in F igure 42-2. 

1.  Sympathetic  responses.  Inadequate cardiac  output  st imulates re f lex 

(norepinephr ine and epinephr ine)  ac t ivat ion of  the sympathet ic  nervous system and 

an increase in  c irculat ing catecholamines.  The hear t  ra te increases,  and b lood f low 

is  redis t r ibuted to ensure perfus ion of  the most  vi ta l  organs ( the brain  and the 

hear t) .  

2.  Hormonal st imulat ion.  The red is t r ibut ion of  blood f low resul ts  in  reduced renal  

per fus ion, which decreases the g lomeru lar  f i l t ra t ion rate (GFR).  Reduct ion in GFR 

resul ts  in :  

a.  Sodium and water  retent ion 

b.  Act ivat ion of the ren in-angiotens in-a ldosterone system, which further enhances 

sodium retent ion and thus vo lume expansion 



3.  Concentric  cardiac hypertrophy describes a mechanism that  th ickens card iac 

wal ls ,  providing larger  contract i le ce l ls  and d imin ish ing the capac i ty of  the cavi ty in  

an at tempt to prec ip i ta te expuls ion at  lower vo lumes (ventr icu lar  remodel ing; see 

I I ) .  

4.  Frank-Starl ing mechanism.  The premise of  th is response is  that increased f iber  

d i la t ion he ightens the contract i le  force, which then increases the energy re leased. 

a.  W ithin  physio log ical  l imi ts ,  the hear t  pumps al l  the b lood i t  rece ives wi thout 

a l lowing excess ive accumulat ion wi thin  the ve ins or  cardiac  chambers. 

b.  As b lood vo lume increases,  the var ious card iac chambers d i la te  (s t re tch)  and 

enlarge in an at tempt  to  accommodate the excess f lu id .  

c.  As these st re tched muscles contract ,  the contract i le force increases in propor t ion 

to  the i r  d is tent ion.  Then the extended f ibers  snap back (as a rubber band would) ,  

expel l ing the ext ra  f lu id  in to  the ar ter ies . 

d.  Addi t ional  evidence suggests  that the release of  cytokines (e.g. ,  tumor necros is  

fac tor)  occurs  in  concert  wi th  e levated leve ls  o f c i rculat ing norepinephrine,  

angiotensin I I ,  a ldosterone,  endothel in ,  and vasopress in ,  which may al l  p lay a role  

in  adverse ly af fec t ing the hear t  s t ruc ture,  resul t ing in  depressed per formance. 

B. Decompensation.  Over  t ime,  the compensatory mechanisms become exhausted 

and increasingly inef fec t ive,  entering a v ic ious sp i ral  of  decompensat ion in  which 

the mechanisms surpass thei r  l imi ts  and become sel f -defeat ing—as they work  

harder ,  they on ly exhaust  the system's  capac i ty to  respond. 

1.  As the s t rain  cont inues,  to tal  per iphera l  res is tance and af ter load increase,  

thereby decreasing the percentage of  b lood e jec ted per  un i t  o f  t ime. Af ter load is  

determined by the amount  o f contract i le  force needed to overcome in t raventr icular 

pressure and e jec t the blood. 

a.  Afterload  is  the tens ion in  ventr icu lar  muscles during contract ion.  In  the lef t  

ventr ic le,  th is  tension is  determined by the amount  o f force needed to  overcome 

pressure in  the aor ta .  After load (a lso known as in t raventr icular  systo l ic  pressure)  is  

sometimes used to  describe the amount  o f  force needed in  the r ight  ventr ic le  to  

overcome pressure in the pulmonary ar tery.  

b.  Preload  is  the force exer ted on the ventr icu lar muscle at  the end of d ias tole ,  

which determines the degree of  muscle f iber  s t retch. Th is concept is  also known as 

ventr icu lar  end-d iasto l ic  pressure.  Pre load is  a  key factor  in  contract i l i ty  because 

the more these muscles are s t retched in d iasto le , the more powerfu l ly they contract  

in  systole . 

2.  As the f lu id  vo lume expands, so do the demands on an a l ready exhausted pump,  

a l lowing increased vo lume to  remain in the ventr ic le .  

3.  The resul t ing f lu id backup ( f rom the le f t  ventr ic le  in to the lungs;  f rom the r ight  

ventr ic le into  peripheral  c i rcu la t ion) produces the s igns and symptoms of  HF.  

III. CLINICAL EVALUATION. 
Assessment o f  f lu id  s ta tus and lef t  ventr icular  e jec t ion f rac t ion (usual ly < 40% in 

pat ients  wi th  HF (Table 42-4).  

A. Fluid accumulat ion behind the left  ventr ic le  

1.  Signs and symptoms  



a.  Dyspnea 
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Figure 42-2. Compensatory mechanisms in heart 
failure. 
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(1)  As HF progresses,  the amount  o f  ef fort  required to  t r igger  exert ional  dyspnea  

lessens. 

(2)  Both paroxysmal nocturnal  dyspnea  and orthopnea  resu l t  f rom volume pool ing 

in  the recumbent  posi t ion and can be re l ieved by propping up the pat ient  wi th  

p i l lows or  having the pat ient s i t  upr ight.  (Orthopnea is  o f ten gauged by the number 

of  pi l lows the pat ient  needs to  s leep comfor tab ly. )  

b.  Dry,  wheezing cough 

c.  Exer t ional  fa t igue and weakness 

d.  Nocturia .  Edematous f lu ids  that  accumulate dur ing the day migrate f rom 

dependent  areas when the pat ient is  in  a  recumbent  pos i t ion and renal  per fusion 

increases. 

2.  Physical  f indings  

a.  Rales (or c rack les) ind icate the movement o f  a i r  through f lu id-f i l led passages. 

b.  Tachycardia  is an early compensatory response detected through an increased 

pulse ra te. 

c.  S3  ventr icular gal lop is  a  v ibrat ion produced by rap id f i l l ing of  the lef t  ventr ic le 

ear ly in  dias tole . 

d.  S4  a t r ia l  gal lop is  a  v ibrat ion produced by increased resistance to  sudden, 

forceful  ejec t ion of  a t r ia l  b lood in  la te  dias tole ;  i t  does not  vary wi th  inspira t ion in  

le f t -s ided fai lure and is  more common in  dias tol ic  dysfunct ion. 

3.  Diagnostic test results  

a.  Card iomegaly (hear t  en largement) ,  le f t  ventr icu lar hypert rophy,  and pulmonary 

congest ion may be evidenced by chest radiograph,  elec t rocard iogram (ECG),  and 



reduct ion in  le f t  ventr icu lar  funct ion v ia echocard iography and rad ionuc l ide 

ventr icu lography. 

b.  Arm-to-tongue ci rcu la t ion t ime is prolonged. 

c.  Transudat ive p leura l  ef fusion may be suggested by rad iograph and conf i rmed by 

analys is  of  aspi ra ted p leura l  f lu id.  

B. Fluid accumulat ion behind the r ight side of the heart  

1.  Signs and symptoms  

a.  Compla in ts  by the pat ient  o f  t ightness and swel l ing (e.g. ,  “My r ing is  too t ight , ”  

“My sk in fee ls  too t ight ” )  suggest  edema. 

b.  Nausea,  vomi t ing,  anorexia ,  b loat ing,  or  abdominal  pain  on exer t ion may ref lect  

hepat ic  and visceral  engorgement ,  resu l t ing f rom venous pressure e levat ion. 

2.  Physical  f indings  

a.  Jugular ve in d is tent ion re f lec ts  increased venous pressure and is  a  card ina l  s ign 

of  HF. 

b.  S3  ventr icular  gal lop (see I I I .A.2.c) .  

c.  S4  a t r ia l  gal lop in tens i f ies  on insp i rat ion in  r ight -s ided fai lure. 

d.  Hepatomegaly (a  tender,  en larged l iver)  is  revealed when pushing on the edge of 

the l iver  resu l ts  in  a  f lu id  re f lux in to the jugular  ve ins,  caus ing bulg ing (pos i t ive 

hepatojugular  re f lux) .  

e.  B i la teral  leg edema is an ear ly s ign of  r ight -s ided HF;  pi t t ing ank le edema signals  

more advanced HF.  However,  edema is  common to  many disorders,  and a pat tern of  

associated f ind ings,  such as concurrent neck ve in  d is tent ion,  is  requi red for  

d i f ferent ia l  d iagnos is .  

3.  Laboratory f indings. Elevated levels of  hepatic enzymes—for example,  a lan ine 

aminotransferase (ALT)—ref lec t hepat ic congest ion. 

4.  Evaluat ion of  natr iuret ic  peptides.  Measurement  o f B- type natr iuret ic  pept ide 

(BNP) has been suggested in  the evaluat ion of  pat ients  present ing in the acute care 

set t ing when a diagnos is o f  HF is  uncer tain .  Elevated levels o f  BNP have been 

associated wi th a  reduct ion in  the le f t  ventr icu lar  e jec t ion f rac t ion (LVEF) as wel l  as  

in  le f t  ventr icu lar hyper t rophy,  acute myocardial  in farc t ion, and ischemia,  though 

they are not  spec i f ic  for  HF and can occur in pat ients  wi th  obst ruct ive lung d isease,  

and pulmonary embol i .  

IV. THERAPY 
A. Bedrest  

1.  Advantages  

a.  Bedrest  decreases metabol ic  needs, which reduces card iac workload. 

b.  Reduced workload,  in  turn, reduces pulse rate and dyspnea. 

c.  Bedrest  a lso he lps decrease excess f lu id  vo lume by promoting diures is .  
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2.  Disadvantages.  Phys ica l  ac t iv i ty (except  dur ing acute decompensat ion)  should 

be encouraged to avoid phys ical  decondi t ioning and exerc ise in tolerance.  The r isk 

of  venous stas is  increases wi th  bedrest  and can resul t  in  thromboembol ism. 



Ant iembol ism s tockings he lp minimize this r isk,  as  do pass ive or  ac t ive leg 

exerc ises,  when the pat ient 's condi t ion permi ts .  

3.  Progressive ambulation  should fol low adequate bedrest .  

B. Dietary controls  

1.  Consuming small  but frequent meals  ( four to s ix da i ly)  that  are low in calor ies 

and residue provide nourishment  wi thout  unduly increasing metabol ic  demands. 

2.  Moderate sodium restr ict ion  a long wi th  da i ly measurements  of  weight  he lp 

maximize the lowest and safest  doses of  d iuret ics ,  a pr imary tool  in  reduc ing centra l  

vo lume in  HF. 

a.  Renal funct ion should be evaluated to  assess sodium conservat ion i f  severe 

sodium rest r ict ion is  contemplated. 

b.  Moderate sodium restr ic t ion (2-4 g of  d ie tary sodium/day)  can be achieved wi th  

re lat ive ease by l imi t ing the addi t ion of  sal t  dur ing cook ing and at  the table . 

c.  The pat ient should be advised about medicat ions and common products that 

conta in  sodium and caut ioned about the i r  use (e.g. ,  antac ids,  sodium bicarbonate or  

baking soda,  commercia l  d iet  food products,  water  sof teners) .  Table 42-3 l is ts  other  

substances that  promote sodium retent ion. 

C. Drug-related considerat ions.  Therapeut ic  intervent ions might improve card iac 

per formance in  the fo l lowing ways:  

1.  Drugs may increase the cardiac  ejec t ion f rac t ion by d i rec t ly s t imulat ing card iac 

contract i l i ty .  The use of  posi t ive inot rop ic  agents such as dopamine,  dobutamine,  

and mi l r inone can produce immediate benef i ts ;  however,  the long- term benef i t  has 

not  been apprecia ted,  and in some cases may actua l ly increase morbid i ty and 

morta l i ty.  

2.  Drugs may increase the ejec t ion f rac t ion by decreasing the impedance to  ejec t ion 

through re laxat ion of  periphera l  b lood vessels.  The use of  vasodi la tors  such as 

hydra lazine and other arter ia l  d i la tors  may produce shor t - term benef i t  but do not  

necessari ly  produce cl in ica l  benef i ts  in  the long term. 

3.  Drugs may improve the e ject ion f ract ion by af fec t ing the cardiac remodel ing 

process.  Neurohormonal antagonis ts  such as ACEIs,  β-adrenerg ic  receptor  blockers , 

ARBs,  and vasodi la torgrowth inhibi tors  such as ni t ra tes may not produce immediate 

benef i ts ,  but long-term use might  improve c l in ica l  s tatus and decrease fu ture 

cardiac  events . 

4.  ACEIs ,  ARBs,  d iuret ics ,  and β-adrenerg ic  blockers  usual ly form the bas ic  core of  

t reatment  for  HF. 

D. ACEIs  

1.  Recent  gu ide l ines recommend the use of ACEIs in  al l  pat ients wi th  HF owing to 

le f t  ventr icu lar systo l ic dysfunct ion unless the pat ients  have a contra ind icat ion to  

the ir  use or  have demonstrated into lerance to the i r  use.  Current ly,  ACEIs are 

cons idered the f i rs t - l ine agents in the t reatment  o f  HF and have been shown to  have 

a benef ic ial  e f fec t  on card iac  remodel ing. 

2.  Relat ive contra ind icat ions inc lude h is tory of  in to lerance or  adverse react ions,  

serum potass ium > 5.5 mEq/L,  serum creat in ine leve ls  > 3 mg/dL,  symptomat ic  

hypotension,  severe renal  ar tery s tenos is ,  and pregnancy.  



3.  ACEIs  have been shown to  reduce symptoms,  improve c l in ical  sta tus,  enhance 

the overa l l  qual i ty of  l i fe,  and reduce death as wel l  as the r isk  of death or  

hospi ta l izat ion in  mi ld ,  moderate, and severe HF pat ients  wi th  or  wi thout  coronary 

ar tery disease. 

4.  They inh ib i t  the enzyme respons ib le  for the conversion of angiotensin I  (a  weak 

vasoconstr ic tor)  to  angiotens in I I  (a  potent  vasoconstr ic tor).  Th is  act ion s igni f icant ly 

decreases to tal  per iphera l  resis tance, which a ids in  reduc ing af ter load. 

5.  Inh ib i t ing the product ion of  angiotensin I I  in terferes wi th  s t imulat ion of 

a ldosterone re lease,  thus ind irect ly reduc ing retent ion of  sodium and water ,  which 

decreases venous return and preload. 
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6.  In pat ients  wi th  a his tory of  f lu id  re tent ion or  who present wi th  f lu id  retent ion,  a  

d iuret ic  can be added to an ACEI. ACEIs are also indicated for  pat ients  wi th  le f t  

ventr icu lar  dysfunct ion wi thout  symptoms of  HF. 

7.  ACEIs  are indicated for  the long- term management  o f chronic HF and are 

genera l ly recommended in  combinat ion wi th  a β-adrenergic b locker and diuret ic .  

8.  A l l  ACEIs that have been s tud ied in  the t reatment  o f  HF have shown benef i t .  The 

se lect ion of  agent  and dose should be based on current ly avai lable  large-scale 

s tud ies in  which target  doses of  ACEIs—captopri l  (Capoten),  enalapri l  (Vasotec) ,  

l is inopr i l  (Zest r i l ) ,  per indopr i l  (Aceon),  ramipri l  (Al tace) ,  and t randolapr i l  (Mavik)—

are di f ferent  f rom those used to  t reat  hyper tens ion.  Table 42-5 provides a 

comparat ive review of  ACEIs current ly used in  the t reatment  o f HF. 

Table 42-5. Comparative Doses of Select Agents Used in the Treatment of Heart 
Failure (HF) 

Drug 
Initial Daily 

Dose(s) 
Maximal Total Daily 

Dose 
Loop diuretics 

Bumetanide (Bumex) 0.5-1 mg 
once or twice 

10 mg 

Furosemide (Lasix) 20-40 mg 
once or twice 

600 mg 

Torsemide (Demadex) 10-20 mg 
once 

200 mg 

Thiazide diuretics 

Chlorthalidone (Hygroton) 12.5-25 mg 
once 

200 mg 



Chlorothiazide (Diuril) 250-500 mg 
once or twice 

2000 mg 

Hydrochlorothiazide 
(Hydrodiuril) 

25 mg once 
or twice 

200 mg 

Metolazone (Zaroxolyn) 2.5 mg once 20 mg 

Potassium-sparing diuretics 

Amiloride (Midamor) 5 mg once 20 mg 

Spironolactone (Aldactone) 12.5-25 mg 
once 

50 mg 

Triamterene (Dyrenium) 50-75 mg 
twice 

300 mg 

ACEIs 

Captopril (Captoten) 6.25 mg three 
times 

450 mg 

Enalapril (Vasotec) 2.5 mg twice 40 mg 

Fosinopril (Monopril) 5-10 mg once 80 mg 

Lisinopril (Zestril) 2.5-5 mg 
once 

40 mg 

Perindopril (Aceon) 2 mg once 32 mg 

Quinapril (Accupril) 5 mg twice 40 mg 

Ramipril (Altace) 1.25-2.5 mg 
once 

10 mg 

Trandolapril (Mavik) 1 mg once 4 mg 



Angiotensin II receptor blockers 

Candesartan (Atacand) 4-8 mg once 32 mg 

Losartan (Cozaar) 25-50 mg 
once 

100 mg 

Valsartan (Avapro) 20-40 mg 
twice 

320 mg 

Aldosterone antagonists 

Spironolactone (Aldactone) 12.5 mg once 50 mg 

Eplerenone (Inspra) 25 mg once 50 mg 

β-Adrenergic receptor blockers 

Bisoprolol (Zebeta) 1.25 mg once 10 mg 

Carvedilol(Coreg) 3.125 mg 
twice 

50 mg; 100 mg for 
patients > 85 kg 

Metoprolol succinate (Toprol 
XL) (extended release) 

12.5-25 mg 
once 

200 mg 
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9.  Common s ide ef fec ts  to  be monitored include hypotens ion (pat ients should be 

wel l  hydrated before ini t ia t ion of  ACEIs) ,  d izziness,  reduced renal funct ion 

( increased serum creat inine of  0 .5  mg/dL or  more requi res reassessment),  cough,  

and potass ium retent ion ( i f  potass ium levels  are h igh wi thout  supplementat ion,  

d iscont inue the ACEI for severa l  days and then t ry to  res tart  at  lower dose) .  

10.  Angioedema is  a  l i fe-threatening side effec t  of  ACEIs that  has been repor ted to  

occur  in  < 1% of pat ients.  I t  has been repor ted to  occur  a t  a more f requent ra te in 

b lack pat ients ,  and the suspic ion of the react ion would jus t i fy the avoidance of  

ACEIs in  such pat ients . 

E. ARBs  

1.  The newest  in  the c lass of  drugs used to  t reat HF that  has been approved for use 

in  the t reatment  o f  mi ld  to  moderate hypertens ion.  However,  this  c lass of  drugs is  

now cons idered a reasonable al ternat ive to the use of  ACEIs. 



2.  Current ly avai lable agents  include candesartan ci lexet i l  (Atacand), eprosartan 

(Teveten) ,  i rbesar tan (Avapro) ,  losar tan (Cozaar) ,  o lmesartan (Benicar) ,  te lmisar tan 

(Micard is) ,  and valsar tan (Diovan) and in i t ia l  s tudies on severa l  o f  the agents  have 

shown potent ia l  benef i ts for  treat ing HF. 

3.  Current guidel ines suggest  that ACEIs should be preferred over  the ARBs.  

However,  ARBs may be used in  pat ients  who in i t ia l ly  responded to  ACEIs and are 

in tolerant to  them. 

F.  β-Adrenergic blocking agents  

1.  Unl ike ACEIs, which st r ict ly work  by b lock ing the ef fec ts  o f the ren in-angiotensin 

system, β-adrenerg ic  b lockers  in ter fere wi th  the sympathet ic  nervous system—that 

is ,  norepinephr ine-induced per iphera l  vasoconstr ic t ion,  norepinephrine- induced 

sodium excret ion by the k idney,  norepinephr ine- induced cardiac hypert rophy,  

norepinephr ine induced arrhythmia generat ion, norepinephrine-induced 

hypokalemia,  or  norepinephrine-induced ce l l  death (apoptos is)  through increased 

s t ress owing to  norepinephr ine s t imulat ion. 

2.  β-Adrenerg ic  b lockers,  speci f ical ly,  b isopro lo l  (Zebeta) ,  susta ined-re lease 

metoprolol  (Toprol  XL) ,  and carvedi lo l  (Coreg) ,  have been shown to  decrease the 

r isk  of  death or  hospi tal izat ion as wel l  as  improve the cl in ica l  s ta tus of  HF pat ients.  

However,  doses for o ther  select  β-adrenerg ic  blockers  have been included in the 

current  guidel ines based on repor ted exper ience (Table 42-5).  

3.  Current guidel ines recommend the use of β-adrenerg ic  blockers  in  a l l  pat ients  

wi th  s tab le HF as a resul t  o f  le f t  ventr icu lar  dysfunct ion,  un less they have a 

contra indicat ion to  the ir  use or  are unable to tolerate thei r  ef fec ts  owing to  

hypotension,  bradycardia ,  bronchospasm, and the l ike. 

4.  β-adrenergic b lockers are general ly used in  conjunct ion wi th  diuret ics,  ACEIs,  or  

ARBs.  β-Adrenergic  b lockers  should not  be taken wi thout  d iuret ics  in  pat ients  wi th  a 

current  or  recent  h is tory of  f lu id  retent ion to  avoid i ts  development  and to mainta in 

sodium balance. 

5.  S ide ef fec ts  o f  β-adrenergic  b lockers  may occur  dur ing the ear ly days of  therapy 

but  do not  general ly prevent  the i r  long- term use; and progression of the d isease 

may be reduced,  even i f  symptoms of  the d isease have not  responded to  β-

adrenergic b locker therapy.  Therapy should be ini t iated wi th  low doses and t i t ra ted 

upward slowly as to lerated. 

6.  Pat ients  should be moni tored for  s igns of  f lu id  re tent ion by having pat ients  weigh 

themselves dai ly and repor t  any s igni f icant  increases,  which might  warrant 

increases in  diuret ic  doses or  reduct ions in  the dose of  the β-adrenergic  b locker .  In  

addi t ion,  fa t igue,  hypotens ion, bradycard ia ,  and hear t  b lock are repor ted s ides 

ef fec ts ,  which should be moni tored to  ensure appropr ia te at tent ion and 

management .  

7.  Stud ies support  the use of  β-adrenerg ic  blockers  in  pat ients wi th  stage C heart  

fa i lure—and not  in  the acute management  of  pat ients ,  as  in  an in tens ive care uni t  

( ICU).  Pat ients should have no or  min imal evidence of  f lu id  re tent ion and have no 

recent  evidence for  the use of  an in t ravenous inotrop ic  agent .  In  addi t ion, β-

adrenergic b lockers  should be considered in pat ients  who develop HF post-

myocard ia l  in farc t ion i f  they are able to  to lerate the negat ive inot rop ic  e ffec ts .  
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8.  In i t ia t ion of  β-adrenerg ic b lockers  should not  be undertaken unt i l  the pat ient  is  

s tab le wi thout  f lu id  overload or  hypotension,  and on concomitant medicat ions,  which 

include d iuret ics  and/or  ACEIs or  ARBs. 

9.  Pat ient  educat ion is  an important  aspect for in i t iat ing β-adrenerg ic  blockers  

therapy,  and pat ients  need to  be in formed that  they might  not see pos i t ive ef fec ts  

for  several  months after  obtaining the target dosage of  the agent .  

G. Diuret ics  

1.  Diuret ics  should be prescr ibed for  a l l  pat ients  wi th  symptoms of  HF who have 

evidence of or  who have exper ienced f lu id  retent ion because these drugs are the 

on ly ones that  can correct  f lu id  re tent ion.  Diuret ics  are general ly best  used in  

conjunct ion wi th  an ACEI,  ARB, and/or  β-adrenerg ic b locker.  

2.  Diuret ics  have been shown to  cause a reduct ion in  jugular venous pressures,  

pu lmonary congest ion,  per ipheral  edema, and body weight  in  shor t - term stud ies and 

have been shown to  improve card iac funct ion and exerc ise tolerance in  

in termediate-term studies. 

3.  The goal  o f diuret ic  therapy is  to  reduce and eventual ly el iminate s igns and 

symptoms of  f lu id  re tent ion as assessed by jugular  venous d is tens ion (JVD),  

per iphera l  edema, or  both.  Slow t i t ra t ion upward in  doses may be necessary to  

minimize hypotension and should be cont inued unt i l  f lu id  re tent ion is  el iminated. 

4.  Body weight  is an ef fec t ive method of  moni tor ing f lu id  losses and is  best  done on 

a dai ly basis by the pat ient .  

5.  Pat ients  who exper ience d iuret ic  resistance or  to lerance to  thei r  ef fec ts might  

need in t ravenous adminis t rat ion,  a  combinat ion of  two agents  wi th  di f fer ing 

mechanisms ( furosemide and metolazone) or the addi t ion of  agents such as 

dopamine or  dobutamine,  which increase renal b lood f low.  Fur thermore, eva luat ion 

of  pat ient  drug prof i les  may ident i fy the addi t ion of  sodium-reta in ing agents  such as 

nonstero ida l  ant i - in f lammatory drugs (NSAIDs).  

6.  A l l  d iuret ics increase ur ine vo lume and sodium excret ion but  di f fer  in  the i r  

pharmacologica l  proper t ies . 

7.  Select Diuretic  Classes  

a.  Thiazide diuret ics  inc lude chlorothiazide (Diur i l ) ,  hydrochlorothiazide 

(HydroDIURIL) ,  ch lorthal idone (Hygroton) ,  and indapamide (Lozol ) .  They are 

ef fec t ive and commonly used in  HF, spec i f ica l ly in  pat ients  wi th  hyper tens ion,  but  

they deplete potass ium stores in  the process. These agents are rela t ive ly weak 

because they are ab le to increase the f rac t ional  excret ion of  sodium to on ly 5%-10% 

of  the f i l tered load.  However,  they have been shown to  lose the i r  e f fect iveness in 

HF pat ients wi th  moderate ly impai red renal  funct ion (creat in ine c learance < 30 

mL/min) .  

b.  Loop diuret ics  inc lude furosemide (Las ix) ,  e thacryn ic  acid  (Edecr in) ,  bumetanide 

(Bumex),  and torsemide (Demadex)  and have become the preferred d iuret ics . They 

have the ab i l i ty  to  increase sodium excret ion to 20%-25% of  the f i l tered load and to  

maintain  thei r  e f f icacy unt i l  renal  funct ion is  severe ly impai red (creat in ine c learance 



< 5 mL/min)  plus  have the added advantage of  reducing venous return independent  

o f  diures is .  In  addi t ion,  furosemide 's  ac t ion is  more in tense,  making i t  usefu l  as  a 

rap id-act ing in t ravenous agent  in  reversing acute pu lmonary edema, owing to  i ts 

d i rec t  d i la t ing ef fects  on pulmonary vasculature (see Table 42-5 for  dosing) .  

c.  Potassium-sparing diuret ics  include ami lor ide (Midamor) ,  spi ronolactone 

(Aldactone) and t r iamterene (Dyrenium) and may help  avoid the inc idence of  

hypokalemia.  However,  they a lso possess a weaker diuret ic  e ffec t  than the other  

d iuret ics.  As the number of  HF pat ients receiv ing ACEIs or  ARBs cont inues to 

increase, fewer pat ients  may require  supplementa l  potass ium therapy. 

8.  Aldosterone antagonists.  Sp ironolactone (Aldactone),  is  a  potassium-sparing 

d iuret ic ,  but was the f i rst  a ldosterone antagonis t  ava i lab le  for  c l in ica l  use in  the 

Uni ted States,  when i t  had been shown to  have di rect  blocking effects on the 

act ions of  aldosterone.  Resul ts f rom a large study,  the Randomized Aldactone 

Evaluat ion Study (RALES),  revealed that  the addi t ion of  low doses (12.5-25 mg 

dai ly)  o f  spi ronolactone to  pat ients  wi th  c lass IV symptoms (NYHA) tak ing ACEIs 

reduced the r isk  of  death and hospi tal izat ion. 
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a.  Current guidel ines recommend that  spi ronolactone be considered in pat ients  wi th  

s tage C heart  fa i lure—as add-on therapy to  ACEIs or ARBs and a β-adrenerg ic  

b locker—who can be c lose ly moni tored for changes in  renal  funct ion and potass ium 

levels .  

b.  Pat ients receiv ing spironolactone should have serum potass ium levels evaluated 

and reduced to  < 5.0 mmol /L a long wi th  a serum creat inine leve l  < 2.5 mg/dL before 

in i t ia t ion of therapy.  Potass ium levels  should be rout inely moni tored to  prevent  the 

subsequent  development o f  hyperka lemia. 

c.  Eplerenone (Inspra)  was the second a ldosterone receptor antagonis t in t roduced 

and is current ly indicated in the t reatment  of  hyper tens ion and in  post -MI  pat ients  

wi th  HF. 

H. Vasodi lators  

1.  These agents reduce pulmonary congest ion and increase cardiac output  by 

reduc ing pre load and/or  a f ter load.  However,  a t  the current  t ime,  there are no large-

scale t r ia ls  support ing the use of  vasodi la tors  (n i tra tes or hydralazine)  a lone in  the 

t reatment  o f  HF. 

2.  Ind iv idual  agents 

a.  Nitroprusside (Nipride)  is  adminis tered in t ravenous ly in  doses of 0 .3-10 

µg/kg/min to  provide potent  d i la t ion of  both arter ies  and ve ins. 

b.  Hydralazine (Apresoline) .  This  ar ter iole  d i la tor  decreases af ter load and 

increases cardiac output in  pat ients  wi th HF. 

c.  Prazosin (Minipress).  Th is  α-adrenerg ic  blocker  ac ts as a balanced 

ar ter iovenous di lator .  

d.  Nitrates.  Venous di la t ion by n i t ra tes increases venous pool ing,  which decreases 

pre load. 



(1)  Thei r ar ter ia l  e f fec ts  seem to resul t  in  decreased af ter load wi th  cont inued 

therapy. 

(2)  Ni tra tes are avai lable in  many forms and doses.  Because indiv idual  react ions to  

these agents vary wide ly,  dosages have to be adjusted;  but,  in  genera l ,  they are 

h igher  for  HF than for  angina.  Table 42-6 provides examples of n i t ra te  doses that  

have been used in HF. 

e.  Combination therapy.  Hydra lazine has been used wi th  isosorb ide dini tra te  

( Isord i l )  to  reduce af ter load (or  wi th  n i troglycerin to  reduce preload)  for  treat ing 

chronic  HF. 

(1)  The combinat ion of these two agents—hydra lazine and isosorbide dini t ra te  

(BiDi l )  should not be used as in i t ia l  therapy over  ACEIs,  ARBs,  or  β-adrenerg ic  

b lockers,  but  could be considered in pat ients  who have pers is tent  symptoms despi te  

the use of these agents . 

(2)  A recent ly completed t r ia l  demonstrated that  the addi t ion of  isosorb ide d ini t ra te  

and hydralazine to  standard medica l  therapy cons is t ing of  ACEIs and β-adrenerg ic  

b lockers can be ef fec t ive in  b lack pat ients  wi th  NYHA funct ional  c lass I I I  or  IV heart  

fa i lure. 

(3)  Suggested dosing reg imens include hydra lazine 50-100 mg four t imes dai ly and 

isosorb ide d ini t rate  10-40 mg three t imes dai ly.  

I .  Digita l is  glycosides  

1.  Dig i ta l is ,  speci f ical ly d igoxin ,  cont inues to  p lay a ro le  in  the treatment  o f  HF, but  

ongoing evaluat ions have a l tered i ts p lace in  the long- term management o f  HF. I t  

has been shown to  be effec t ive as a short - term therapy in  improving symptoms, 

qual i ty of  l i fe,  and exerc ise to lerance in pat ients  wi th  mi ld  to  moderate HF.  I t  is  now 

recommended as add-on therapy in  conjunct ion wi th  d iuret ics ,  ACEIs or  ARBs,  and 

a β-adrenerg ic  b locker  to  improve the symptoms and c l in ica l  s tatus of pat ients  wi th  

HF.  

Table 42-6. Examples of Nitrates That Have Been Used in Heart Failure 

Form of Nitrate Typical Dose Dosing Interval 

Intravenous nitroglycerin 5-200 
µg/min 

Continuous 
infusion 

Nitroglycerin buccal tablets 1-3 mg 4-6 hr 

Nitroglycerin capsules (sustained 
release) 

6.5-19.5 mg 4-6 hr 

Nitroglycerin ointment 1-3 inches 4-6 hr 

Sublingual nitroglycerin 0.4 mg 1-2 hr 



Oral isosorbide dinitrate 10-60 mg 4-6 hr 

Sublingual isosorbide dinitrate 5-10 mg 4 hr 
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2.  Digoxin (Lanoxin)  had previously been recommended in  pat ients  wi th HF who had 

rap id atr ia l  f ibr i l la t ion to  contro l  the ventr icu lar  rate.  However,  β-adrenerg ic  

b lockers have been shown to  improve survival  and may be more ef fec t ive in 

contro l l ing the ra te alone.  Current guidel ines suggest  use of a l ternat ive agents for 

ventr icu lar  ra te contro l  ra ther than d igoxin.  

3.  Digoxin can be used ear ly to reduce symptoms in  HF pat ients  who have been 

s tarted on ACEIs or  β-adrenerg ic  blockers but  have not  yet  responded to  them. 

4.  Long-term t r ia ls  o f  selec t  pat ients wi th  HF have demonstrated that t reatment  wi th  

d igoxin  had l i t t le  e ffec t  on shor t - term morta l i ty but  reduced the r isk  of  death and 

hospi ta l izat ion. 

5.  Therapeutic effects  

a.  Posit ive inotropic effects  were previous ly fel t  to  provide most  of  the benef i ts  

through increased card iac output ,  decreased cardiac f i l l ing pressure,  decreased 

venous and capi l lary pressure,  increased renal  b lood f low,  and decreased heart  

s ize. 

b.  Recent  evidence suggests  that  d ig i ta l is  acts  by fur ther ing the act ivat ion of  

neurohormonal  systems rather  than as a pos i t ive inot ropic agent.  Th is  resul ts  in  

deact ivat ion of  ren in-angiotensin-a ldosterone compensat ion, which promotes 

d iuresis ,  reduces f lu id  vo lume, decreases renal  sodium reabsorpt ion,  and 

d iminishes edema. 

c.  Negative chronotropic effects  occur  f rom the ef fec t  o f  d igi tal is  on the s inoatr ia l  

(SA) node when g iven in doses that  produce high to tal  body s tores (e .g. ,  15-18 

µg/kg) .  

6.  Choice of  agent.  A l l  o f  the digi tal is  glycos ides have simi lar  proper t ies;  however,  

d igoxin  is  the most commonly used preparat ion in  the Uni ted States. 

a.  Digoxin is  avai lab le in table t,  in jec t ion,  el ixi r ,  and capsule forms. 

b.  Calcula t ion of doses must  fac tor  in  the d i f ferences in  systemic  avai labi l i ty  among 

these forms. For example,  digoxin  so lu t ion in  capsules is  more bioavai lab le  than 



digoxin table ts ;  therefore,  0 .125-mg tab lets are equiva lent  to  0.1-mg capsules.  In 

the majori ty o f  pat ients,  the dosage of  digoxin  should be the equivalent  of 0 .125-

0.25 mg dai ly o f  the table t  formulat ion. 

7.  Dosage and administrat ion.  The range between therapeut ic  and toxic  doses is  

ext remely narrow.  There is  no magic  threshold leve l  for d igoxin  therapy,  but  serum 

concentrat ions of  0 .8-1.0 ng/mL have been assoc iated wi th  therapeut ic  response 

and min imal  toxic i ty.  

a.  Rapid digi ta l izat ion.  Though not rout ine ly necessary in  the t reatment  of  HF,  in  

th is  method, the ef fec ts  (and s teady-s tate leve ls) are achieved wi th in  24 hr ,  but  the 

actua l  admin is t rat ion ra te is  usual ly s low and del ivered in  d iv ided doses. 

b.  Slow digital ization.  For  the average HF pat ient ,  oral  adminis t ra t ion of  

maintenance doses should achieve s teady-s tate leve ls in 7-8 days (3-4 weeks in  a  

pat ient wi th  renal dysfunct ion) .  

8.  Precautions and monitoring effects  

a.  Potassium  seems to  antagonize digi tal is  preparat ions. 

(1)  Decreased potass ium levels  favor  d igoxin  b ind ing to card iac ce l ls  and increase 

i ts  e f fect ,  thus increas ing the l ike l ihood of  digi tal is  toxic i ty.  Th is  antagonism is 

par t icular ly s igni f icant  for  the HF pat ient who is  receiv ing a d iuret ic  (many of  which 

decrease potass ium levels) .  

(2)  Conversely,  increased potassium levels seem to decrease d igoxin b ind ing and 

decrease i ts  e ffec t .  Th is  is  l ike ly in  pat ients tak ing potassium or  an ACEI or  ARB 

(which increase potass ium reabsorpt ion) .  

b.  Calcium  ions act  synerg is t ical ly wi th  d igoxin,  and increased leve ls  increase the 

force of  myocard ia l  contract ion.  At  excessive levels ,  arrhythmias and systo l ic  

s tandst i l l  can develop. 

c.  Magnesium  leve ls  are inverse ly re la ted to d igoxin act iv i ty.  As magnes ium levels  

decrease, the predisposi t ion to toxic i ty increases and,  wi th in  reason,  v ice versa. 

d.  Serum digoxin levels  

(1)  In cardiac glycos ide therapy,  the pat ient 's  c l in ical  s ta te is  the most pract ical  

barometer  o f  a successfu l  reg imen.  However,  should quest ions arise as to  

compl iance,  absorpt ion,  or  a  drug-drug in teract ion,  serum digoxin leve ls  may be 

helpful .  

(2)  Af ter  ora l  ingest ion of  d igoxin ,  serum levels  r ise rap id ly,  then drop sharp ly as  

the drug enters  the myocard ium and other t issues.  Therefore, a  meaningful  

eva luat ion requi res a determinat ion of the rela t ionship between serum digoxin leve ls  

and myocardial  t issue leve ls .  
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(3)  The most  meaningfu l  resu l ts  are obta ined i f  serum samples are taken af ter 

s teady state has been reached and 6-8 hr  a f ter  an oral  dose (3-4 hr  af ter an 

in t ravenous dose) .  

e.  Renal  function studies.  Because the k idney is  the pr imary metabol ic  route for 

digoxin,  renal  funct ion stud ies such as serum creat in ine leve ls  a id the evaluat ion of 

e l iminat ion k inet ics  for  digoxin . 



9.  Dig i ta l is  toxic i ty is  a  fa i r ly  common occurrence because of  the narrow therapeut ic  

range and can be fata l  in  a  s ign i f icant  percentage of  pat ients exper iencing a toxic  

react ion. 

a.  Risk of toxici ty increases wi th  coadminist ra t ion of  qu inidine,  verapami l  (Calan) ,  

i t raconazole (Sporanox) ,  erythromycin (Erythroc in) ,  c lar i thromycin (Biaxin) ,  

propafenone (Rythmol) ,  sp i ronolactone (Aldactone) ,  and amiodarone (Cordarone) 

and is inf luenced by the e lec t rolyte  (hypokalemia,  hypomagnesemia)  ef fec ts 

descr ibed previous ly.  

b.  Signs of  toxicity inc lude 

(1)  Anorexia ,  a common and early s ign 

(2)  Fat igue, headache,  and mala ise 

(3)  Nausea and vomit ing 

(4)  Menta l  confus ion and d isorientat ion 

(5)  A l terat ions in v isual  percept ion (e.g. ,  b lurr ing,  ye l lowing,  a  ha lo ef fect)  

(6)  Card iac ef fec ts :  

(a)  Premature ventr icu lar  contract ions and ventr icu lar  tachycard ia and f ibr i l la t ion 

(b)  SA and at r ioventr icu lar  (AV) b lock 

(c)  At r ia l  tachycardia  wi th  AV block 

c.  Treatment of  toxicity  

(1)  Dig i ta l is  is  d iscont inued immediate ly,  as  is any potassium-deplet ing d iuret ic .  

(2)  I f  the pat ient  is  hypokalemic,  potassium supplements  are administered and 

serum levels  are moni tored to  avoid hyperka lemia through overcompensat ion.  

However,  potass ium supplements are contra ind icated in a  pat ient  wi th  severe AV 

b lock. 

(3)  Arrhythmias are t reated wi th  l idocaine (Xylocaine) (usual ly a 100-mg bolus,  

fo l lowed by in fus ion at  2-4 mg/min) or  phenyto in  (Di lant in)  (as  a s low in travenous 

in fus ion of  25-50 mg/min,  to  a  maximum of 1 .0 g).  

(4)  Cholestyramine (Questran) ,  which b inds to  d ig i tal is  glycos ides,  may help prevent  

absorpt ion and reabsorpt ion of d ig i ta l is  in  the b i le .  

(5)  Pat ients wi th  very high serum d igoxin levels  (such as those resul t ing f rom a 

su ic idal  overdose)  may benef i t  f rom the use of  pur i f ied d igoxin-spec i f ic  Fab 

f ragment  ant ibodies (Digib ind) .  One via l  (38 mg) wi l l  b ind 0.6 mg of  d ig i tal is .  The 

dosage is  ca lcula ted based on the est imated to tal  body s tore of  digi tal is .  

J.  Calcium-channel  blockers  

1.  Owing to  the lack of  evidence support ing ef f icacy,  ca lc ium-channel b lockers  

should not  be used for  the t reatment  o f  HF. Current  gu idel ines l is t  calc ium channel  

b lockers as a c lass I I I  recommendat ion, which s ta tes:  “Calc ium-channel  block ing 

drugs are not  ind icated as rout ine t reatment  for  HF in  pat ients wi th  current  or pr ior  

symptoms of  HF and reduced LVEF.” 

2.  Calc ium channel  blockers  have been l is ted as one o f  three c lasses of drugs (wi th  

ant iarrhythmics and NSAIDs) that can exacerbate HF and should be avoided in  most  

pat ients . 

K. Inotropic agents  have been used in  the emergency t reatment o f pat ients  wi th 

HF.  However,  long-term ora l  therapy wi th  these agents  has not  improved symptoms 



or c l in ica l  s ta tus,  and has been repor ted to  increase mortal i ty,  espec ial ly in  pat ients  

wi th  advanced HF. 

1.  Current guidel ines provide a c lass I I I  recommendat ion,  which sta tes:  “Long-term 

use of  an in fusion of a  pos i t ive inot ropic drug may be harmfu l  and is  not  

recommended for pat ients  wi th  current  or  pr ior symptoms of  HF and reduced LVEF,  

except  as  pa l l iat ion for  pat ients  wi th  end-s tage d isease who cannot  be s tab i l ized 

wi th  s tandard medica l  t reatment . ”  

2.  Dopamine ( in t ravenous) 

a.  Low doses  o f  2-5 µg/kg/min st imulate spec i f ic  dopamine receptors  wi th in  the 

k idney to  increase renal  b lood f low and thus increase urine output .  

b.  Moderate doses  of  5-10 µg/kg/min increase card iac output (posi t ive inot ropic 

e f fec t )  in  HF pat ients . 
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c.  High doses  

(1)  As doses are ra ised above 10 µg/kg/min,  α per ipheral  ac t iv i ty increases,  

resul t ing in increased to ta l  per iphera l  res is tance and pulmonary pressures. 

(2)  W hen the infus ion exceeds 8-9 µg/kg/min,  the pat ient  should be monitored for  

tachycard ia.  I f  the in fus ion is  s lowed or  in terrupted,  the adverse ef fec t should 

d isappear,  as  dopamine has a very short  ha l f - l i fe in  p lasma. 

3.  Dobutamine ( int ravenous) 

a.  Pat ients  who are unresponsive to,  or adversely a f fec ted by,  dopamine may 

benef i t  f rom dobutamine in  doses of  5-20 µg/kg/min. 

b.  A l though dobutamine resembles dopamine chemical ly,  i ts  act ions d i f fer 

somewhat .  For  example, dobutamine does not  d i rec t ly  a f fec t renal receptors  and, 

therefore,  does not  ac t as  a renal  vasodi la tor .  I t  increases ur inary output  on ly 

through increased card iac output .  

c.  Serious arrhythmias are a potent ia l  occurrence,  a l though less l ike ly to occur  than 

wi th  dopamine.  Slowing or  in terrupt ing the in fus ion usual ly reverses this  e f fec t ,  as i t  

does for  dopamine. 

d.  Dobutamine and dopamine have been used together  to  t reat  card iogenic  shock,  

but  s imi lar  use in  HF has yet  to be accepted. 

4.  Inamrinone ( in t ravenous)  is re ferred to as nonglycos ide, nonsympathomimetic  

inotropic  agents . 

a.  A b ipyr id ine der ivat ive,  inamrinone has both a posi t ive inot rop ic  ef fec t  and a 

vasodi lat ing ef fec t .  

b.  By inh ib i t ing phosphodiesterase located spec i f ical ly in  the card iac  cel ls,  i t  

increases the amount  o f cyc l ic  adenos ine monophosphate (cAMP).  

c.  Inamrinone has been used in  pat ients  wi th  HF that  have been ref rac tory to  

t reatment  wi th  o ther  inotrop ic  agents. 

d.  Ef fec t ive reg imens have used loading in t ravenous infus ions of  0 .75 mg/kg over  2-

3 min fo l lowed by maintenance in fusions of  5-10 µg/kg/min. 

e.  Precautions and monitoring effects  



(1)  Inamrinone is  unstable in dext rose so lut ions and should be added to sa l ine 

so lu t ions instead.  Because of  f lu id  ba lance concerns,  th is  can be a potent ia l  

problem in  pat ients  wi th  HF.  

(2)  Because of the per ipheral  di lat ing proper t ies, pat ients  should be monitored for 

hypotension. 

(3)  Thrombocytopenia has occurred and is dose dependent  and asymptomat ic .  

(4)  Ventr icular  ra tes may increase in pat ients  wi th  a t r ia l  f lu t ter  or f ibr i l la t ion. 

5.  Mi lr inone (Primacor),  intravenous,  is  s imi lar to  inamrinone.  I t  possesses both 

inotropic  and vasodi latory proper t ies . 

a.  Th is agent has been used as shor t- term management  to  t reat pat ients  wi th  HF. 

b.  Most  mi l r inone pat ients  in  c l in ica l  t r ia ls  have also been receiv ing d igoxin and 

d iuret ics. 

c.  Ef fect ive dos ing reg imens have used a loading dose of  50 µg/kg admin is tered 

s lowly over  10 minutes in t ravenous ly,  fo l lowed by maintenance doses of  0 .375 

µg/kg/min by cont inuous in fus ion, based on the c l in ical  sta tus of  the pat ient .  

d.  Precautions and monitoring effects  

(1)  Renal impai rment s ign i f icant ly prolongs the e l iminat ion rate of  mi l r inone,  and 

in fus ions need to be reduced accordingly.  

(2)  Moni tor ing is  necessary for  the potent ial  arrhythmias occurr ing in  HF, which may 

be increased by drugs such as mi l r inone and other  inot rop ic  agents . 

(3)  B lood pressure and hear t  ra te should be monitored when adminis ter ing 

mi l r inone,  owing to  i ts  vasodi la tory ef fec ts  and i ts  potent ia l  to  induce arrhythmias. 

(4)  Addi t ional  s ide ef fec ts  include mi ld  to  moderate headache, t remor,  and 

thrombocytopenia. 

6.  Nesir i t ide (Natrecor)  is  a  recombinant  form of human BNP, which is  a natural ly 

occurr ing hormone secreted by the ventr ic les .  I t  is  the f i rst  o f  this drug c lass to 

become avai lab le  for  human use in  the Uni ted States . 

a.  Nes i r i t ide is approved for  the in travenous t reatment  o f pat ients  wi th  acute ly 

decompensated HF assoc iated wi th  shor tness of  breath at  res t  or  wi th  min imal  

ac t iv i ty.  

b.  Nes i r i t ide b inds to  natr iuret ic  pept ide receptors  in  blood vessels,  resul t ing in  

increased product ion of  cyc l ic  guanos ine monophosphate (cGMP) in  target  t issues,  

which mediates  
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vasodi lat ion.  In  HF,  nesir i t ide reduces pulmonary capi l lary wedge pressure and 

systemic  vascular  res is tance. 

c.  In i t ia l  t reatment invo lves a bo lus dose of  2 µg/kg fo l lowed by a cont inuous 

in t ravenous in fusion of 0.01 µg/kg/min to  a  maximum dose of 0 .03 µg/kg/min. 

d.  Moni tor ing for hypotens ion, e levated serum creat in ine,  headache,  nausea,  and 

d izziness is  the key to successfu l  use.  Concomi tant  use of ACEIs may increase the 

r isk  of  symptomat ic  hypotens ion (systol ic  blood pressure < 90 mm Hg and syncope). 

e.  Nes i r i t ide has been shown to  improve symptoms in  the sett ing of  acute HF,  but  

the ef fec t on morb id i ty and morta l i ty has not  yet  been proven.  At  th is  po int  in  t ime,  



owing to lack of p ivota l  stud ies demonstrat ing i ts  benef i t ,  nesi r i t ide 's  use as 

in termi t tent  or  cont inuous outpat ient  t reatment is not  recommended. 

L.  Patient education  

1.  Pat ients  should be made aware of  the importance of  taking the i r  medicat ions 

exact ly as prescr ibed and should be advised to  watch for  s igns of  toxic i ty.  

2.  Pat ients  should be educated on the need for  l i fes ty le  modi f icat ions that  wi l l  have 

a pos i t ive ef fec t  on reduc ing HF development  and reducing HF symptoms,  inc lud ing 

dai ly weight  moni tor ing,  f lu id  management ,  sodium rest r ic t ion,  ear ly in tervent ion i f  

symptoms appear, compl iance wi th the t reatment  p lan,  modi f icat ion of  alcohol  

in take,  exerc ise, and s t ress reduct ion. 

3.  The pat ient should understand the need for  regular  checkups and be able to  

recognize symptoms that requi re immediate physic ian not i f icat ion—for  example,  an 

unusual ly i r regular  pu lse ra te,  pa lpi tat ions,  shortness of  breath,  swol len ankles,  

v isual  disturbances,  or  weight  ga in exceeding 3-5 lb  in  1  week. 

4.  The pat ient needs to  be educated about  drugs such as ca lc ium channel  b lockers ; 

NSAIDs,  which may cause a problem in  HF by re ta ining f lu id;  and sodium. In  

addi t ion,  the pat ient  needs to  be in formed of  the potent ia l  dangers  of  use of  over-

the-counter medicat ions that  might also predispose h im or her to  HF symptoms and 

loss of  symptom contro l .  A thorough review of  a l l  medicat ions (both prescr ip t ion and 

over- the-counter)  should be carr ied out  as  frequent ly as  poss ib le  to ensure 

compl iance wi th  the t reatment  reg imen. 
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STUDY QUESTIONS 
Direct ions for questions 1-8:  Each of  the quest ions,  sta tements ,  or  incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  Which of  the fol lowing combinations of  drugs,  when used together,  

part icularly in black pat ients,  reduce both preload and afterload angiotensin-

convert ing enzyme and might provide an al ternat ive to ACEIs in pat ients who 

are intolerant of  them? 

(A)  n i t roglycerin  (Ni t ros tat )  and isosorbide d in i t ra te  (Isord i l )  

(B)  hydralazine (Apresol ine)  and isosorbide d in i tra te 

(C)  d i l t iazem (Cardizem) and verapami l  (Calan) 

(D)  prazos in (Min ipress)  and angiotens in I I  

(E)  hydralazine and methyldopa (Aldomet) 

View Answer1.  The answer is  B[see] .2.  When spironolactone (Aldactone) 

is  used in a patient with heart  fa ilure (HF),  i t  works through what primary 

mechanism? 

(A)  pos i t ive inot ropic e f fec t 

(B)  pos i t ive chronotropic e f fec t 

(C)  a ldosterone antagonism 

(D) negat ive inot rop ic  e f fec t 



(E)  angiotens in I I  b lockade 

View Answer2.  The answer is  C[see].For questions 3-4:  A 60-year-o ld 

hyper tensive woman is  current ly be ing t reated with  ni t rog lycer in ,  carvedi lo l ,  

furosemide,  n i fed ip ine (Procard ia) ,  ramipri l ,  asp ir in ,  and digoxin.  She is  admi t ted 

wi th  a  diagnos is  of  stage C heart  fa i lure. 

3.  Which agent is  most l ikely to be discontinued in this pat ient? 

(A)  n i fedip ine 

(B)  carvedi lol  

(C)  aspi r in 

(D)  d igoxin  

(E)  furosemide 

View Answer3.  The answer is  A[seeand] .4.  Which of  the fol lowing best 

represents the goals of therapy for this pat ient? 

(A)  Treat  under ly ing causes such as hypertension,  c igarette  smoking,  l ip id  

d isorders. 

(B)  Discourage the use of  a lcohol intake,  i l l ic i t  d rug use,  and d ietary sa l t  in take. 

(C)  Contro l  the metabol ic  syndrome. 

(D)  Al l  o f  the above. 

(E)  None of the above. 

View Answer4.  The answer is  D[see] .5.  Because of  proven beneficial  

effects on cardiac remodel ing,  a  part icular group of agents is now indicated as 

f i rst- l ine therapy in HF patients. Which of  the fol lowing is a representat ive of  

this group of  drugs? 

(A)  hydrochlorothiazide (HydroDIURIL) 

(B)  l is inopr i l  (Zest r i l )  

(C)  losar tan (Cozaar) 

(D)  carvedi lo l  (Atacand) 

(E)  furosemide (Las ix)  

View Answer5.  The answer is  B[see6.  Which of the fol lowing statements 

is  not  correct ,  as i t  relates to the current status of  heart fa ilure (HF) in the 

United States? 

(A)  HF is  the one cardiovascular d isorder that  is  increas ing in  inc idence and 

prevalence. 

(B)  Medicat ion costs  for  t reat ing HF in  the Uni ted States approaches $38 b i l l ion. 

(C)  Pat ients  wi th  advanced disease have a 30%-40% r isk  of  death annual ly.  

(D)  Current  f igures reveal  approximately 5  mi l l ion people in  the Uni ted States who 

suf fer  from HF. 

(E)  Approximately 500,000 people each year  are d iagnosed wi th  HF in  the Uni ted 

States. 

View Answer6.  The answer is  B[seeand] .P.895 

 

 

7.  I f  t reating a pat ient  with HF,  which of  the fol lowing dosages of  dopamine 

would be used to el ici t  i ts  posit ive inotropic effects? 

(A)  2 .0 µg/kg/min 



(B)  5-10 µg/kg/min 

(C) 10-20 µg/kg/min 

(D) 40 µg/kg/min 

(E)  40 mg/kg/min 

View Answer7.  The answer is  B[see] .8.  The use of  angiotensin-convert ing 

enzyme inhibitors (ACEIs)  in heart  fai lure (HF) centers around what 

pharmacologic effect? 

(A)  d i rect  reduct ion in  ren in levels  wi th a  resul tant  decrease in  angiotensin I I  and 

a ldosterone leve ls 

(B)  ind i rec t reduct ion in  angiotensin I I  and a ldosterone leve ls  owing to  inhib i t ion of 

angiotensin-conver t ing enzyme 

(C) d i rec t reduct ion in  a ldosterone secret ion and angiotensin I  product ion by 

inhib i t ing angiotensin-conver t ing enzyme 

(D) increase in  a fter load owing to  an ind i rect  decrease in  angiotens in I I  as  wel l  as  a 

decrease in  preload owing to  an ind i rect  reduct ion in  aldosterone secret ion 

(E)  inh ibi t ion of  the angiotens in I I  receptor ,  which resul ts in reduced angiotens in I I  

leve ls  and reduced secret ion of  aldosterone 

View Answer8.  The answer is  B[seeand] .Directions for questions 9-12:  

The quest ions and incomplete s ta tements  in  th is  sect ion can be correct ly answered 

or  completed by one or more  o f  the suggested answers.  Choose the answer,  A-E.  

9.  Which of  the fol lowing have been shown to be effect ive in the acute 

management of  digi ta l is  toxici ty?  

I .  cholestyramine resin (Questran) 

I I .  Fab fragment antibody (Digibind) 

I I I .  potassium administrat ion 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer9.  The answer is  E[see] .10.  Situations that  predispose a 

digi tal is-treated pat ient to toxicity include 

I .  hypercalcemia. 

I I .  hyperkalemia. 

I I I .  hypermagnesemia. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer10. The answer is  A[seeand] .11. Correct  statements about 

dobutamine include which of the following? 

I .  Doses of  5-20 µg /kg/min have been associated with a positive inotropic effect  

in treat ing the patient with heart  fai lure (HF). 



I I .  Pat ients receiving dobutamine should be monitored for increases in 

peripheral  vascular resistance. 

I I I .  Dobutamine is  considered a nonglycoside,  nonsympathomimetic-posit ive 

inotropic agent. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer11. The answer is  A[see] .12.  Which statements accurately 

describe heart (HF) classif icat ion stage A? 

I .  Patients have a high r isk for HF without structural  heart disease or 

symptoms 

I I .  Pat ients need to receive ACEIs or ARBs 

I I I .  Pat ients should be treated for any underlying causes that  would be 

responsible for causing HF 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer12. The answer is  E[see] .P.896 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [see  IV.H.2.e ] .  

The venous di la t ing proper t ies  of  isosorb ide d in i tra te  (preload)  in  conjunct ion wi th  

the ar ter iolar  d i la t ing ef fec ts  of  hydra lazine (af ter load)  make th is  combinat ion 

ef fec t ive in reducing both preload and af ter load.  Recent  gu ide l ines suggest  that the 

combinat ion of the vasodi la tors  hydra lazine and isosorb ide d ini t rate  should not  be 

cons idered as ini t ia l  therapy over  ACEIs but has been shown to  be ef fec t ive,  

par t icular ly in b lack pat ients  when added to  s tandard therapy for  HF. 

2.  The answer is  C  [see  IV.G.8 ] .  

Sp i ronolactone was the f i rs t  a ldosterone antagonis t  avai lab le  for  c l in ical  use in  the 

Uni ted States.  In  the completed RALES t r ia l ,  sp ironolactone,  g iven in  12.5-  to 25-mg 

dai ly doses to  HF pat ients  wi th  c lass IV symptoms who were tak ing ACEIs,  reduced 

the r isk  of  death and hospi tal izat ion.  I t  is  a weak d iuret ic  but  a lso works as a d i rect  

antagonist  to  the act ions of  aldosterone, which has demonstrated benef i t  in  HF 

pat ients  wi th  moderately to  severe symptoms. 

3.  The answer is  A  [see  IV.J.1  and  2 ] .  

Because they have the potent ial  to  produce negat ive inot ropic  e f fec ts ,  calc ium 

channel  blockers such as ni fed ipine have been ident i f ied as one of  three groups of 

drugs to  avoid in  most  HF pat ients.  Bes ides ca lc ium channel  b lockers ,  



ant iarrhythmics,  and NSAIDs should be avoided in  most HF pat ients  owing to  thei r  

ab i l i ty  to  induce HF symptoms. 

4.  The answer is  D  [see  Table 42-4 ] .  

The updated c lassi f icat ion system was in t roduced wi th  the newly establ ished 

guide l ines to  demonstrate the progress ive nature of  HF and to provide a cont inuum 

of  goals  and t reatment opt ions as i t  progresses.  Stage C represents the f i rs t  s tage 

in  which the pat ient  presents  wi th  s t ruc tura l  hear t  d isease as wel l  as  current  or pr ior  

symptoms of  HF. Ini t ia l  goals  for  ear l ier  s tages remain important  goals for s tage C, 

but  the “ res t r ic t ion in d ietary sal t ”  is  added to a l l  o f  the previous goals .  

5.  The answer is  B  [see  IV.D.1] 

ACEIs have shown an abi l i ty  to  have a pos i t ive effec t on cardiac remodel ing,  which 

is  be l ieved to be the under ly ing change that  resul ts  in  the increased s t resses and 

patholog ic  events  that  eventual ly cause the symptoms assoc iated wi th  HF.  Recent  

s tud ies have shown the posi t ive benef i ts  for  each of  the ACEIs used in  HF pat ients,  

and today they represent the ini t ia l  therapy for  HF pat ients. 

6.  The answer is  B  [see  I .B,  C and  D ] .  

The actual  costs  involved in the t reatment  of  HF, inc lud ing medica l  care,  home 

heal th  care,  medicat ion costs,  and hospita l izat ion costs ,  repor ted in  2005 were 

approximately $27.9 b i l l ion.  Medicat ion costs  a lone are a b i t  less  but  are s t i l l  

reported to  be more than $2.9 bi l l ion annual ly.  

7.  The answer is  B  [see  IV.K.2.b ] .  

Dopamine has shown great  versat i l i ty  in  i ts  e f fects .  At  doses of  2-5 µg/kg/min,  i t  

increases renal  blood f low through i ts  dopaminerg ic e f fects .  At  doses of 5-10 

µg/kg/min, i t  increases card iac output through i ts β-adrenerg ic  s t imulat ing ef fec t.  At  

doses of  10-20 µg/kg/min,  i t  increases per iphera l  vascular  res is tance through i ts  β-

adrenergic s t imulat ing effec ts .  There is  no speci f ic  cutof f  for  any of  these ef fec ts ,  

so c lose t i t ra t ion is  required to  provide for ind iv idual  response. 

8.  The answer is  B  [see  IV.D.4 and  5;  F igure 42-2 ] .  

By d i rec t ly inhibi t ing the angiotensin-conver t ing enzyme,  product ion of angiotens in 

I I  is  reduced,  as  is  angiotens in I I -mediated secret ion of  a ldosterone f rom the 

adrenal g land.  These ef fec ts  are be l ieved to  have a benef ic ia l  e f fec t on the 

prevent ion of cardiac remodel ing,  which has been shown to  have a detr imenta l  

e f fec t  on card iac  funct ion. 

9.  The answer is  E  ( I ,  I I ,  I I I )  [see  IV. I .9 .c . (5) ] .  

Cholestyramine resin  has been used in the acute s i tuat ion to decrease the 

absorpt ion of d igoxin  wi th in  the gast ro intest ina l  t rac t.  Th is resul ts in lower d igoxin 

leve ls  i f  the resin  is  admin is tered before a l l  the digoxin has been absorbed.  

Potassium admin is t ra t ion has been shown to be ef fec t ive in protect ing the 

myocard ium f rom the toxic  e f fec ts  of  digoxin  whi le  toxic  leve ls  re turn to normal .  Fab 

f ragment  ant ibody,  though expensive,  has been shown to  be ef fec t ive in  the 

management  o f  very high serum digoxin leve ls ,  by which 40 mg of  drug is ab le to  

b ind 0.6 mg of  digi tal is .  
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10.  The answer is  A  ( I )  [see  IV.I .8 .a ,  b  and  c ] .  

Calc ium ions act  synerg is t ical ly wi th  digi tal is .  Therefore,  when hypercalcemia 

occurs ,  digi tal is  exer ts  an added pharmacolog ical  e f fec t on the hear t .  Th is may 

present i tsel f  as  toxic  arrhythmias,  card iac  s tandst i l l ,  and even death.  Elevated 

potass ium levels  or  elevated magnesium levels  seem to a id  in  the prevent ion of  

d igi tal is - induced toxic i ty.  There is  bu i ld ing evidence that d ig i ta l is  preparat ions need 

ca lc ium ions to  work,  and consequent ly low ca lc ium levels  may negate the 

pharmacologica l  potent ia l  of  digoxin . 

11.  The answer is  A  ( I )  [see  IV.K.3.a ] .  

Dobutamine in doses of  5-20 µg/kg/min is  an inotrop ic  agent  that is  usefu l  in  the 

t reatment  o f  HF. Dobutamine does not  have the versat i l i ty  that  dopamine of fers , 

lack ing comparable ef fects  on renal  blood f low and peripheral  vascular resis tance.  

Rather,  dobutamine has a peripheral  di la t ing ef fec t  that o f fers a  benef i t  to pat ients  

who have reduced card iac output  due to  e levated per iphera l  res is tance. 

12.  The answer is  E  ( I ,  I I ,  I I I )  [see  Table 42-4 ] .  

The recent guidel ines for the d iagnosis and management o f  chronic  hear t  fa i lure 

recognize four  s tages in  the progress ion of  HF,  and each stage is  assoc iated wi th  

c l in ical  f indings,  goals  o f t reatment ,  and medicat ions that  should be cons idered.  

Stage A represents pat ients  who are mere ly at  r isk  for  hear t  fai lure owing to  

under ly ing r isk  fac tors such as hypertension,  hyper l ip idemia,  and smoking.  ACEIs 

are recognized for  thei r  benef ic ia l  e f fec ts  in  cardiac remodel ing and have been 

recommended as f i rst - l ine therapy for  select  pat ients  wi th  s tage A hear t  fa i lure. 
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Thromboembolic Diseases 
James B. Groce I I I  

I. Definition. 
Venous thromboembol ic  d isease (VTED) occurs  when one or  more of  the e lements  

of  Virchow's tr iad  are present ,  resu l t ing in  deep venous thrombosis  (DVT) and/or 

pu lmonary embol ism (PE).  

A.  Vascular  in jury 

B.  Venous stas is 

C.  Hypercoagulab le s ta te ( i .e . ,  decreased prote in  C,  protein S,  or  ant i thrombin) 

II. Incidence. 
I t  is  es t imated that  the annual  inc idence of  VTE events  exceeds 600,000 and the 

number of  VTE-associated deaths is  296,370 annual ly .  

III. Risk Factors for VTE 
A. Patient  specif ic and those associated with medical  i l lness and surgical 

procedures  

1.  Surgery 

2.  Trauma (major  or  lower ext remity)  

3.  Immobi l i ty  or  pares is 

4.  Mal ignancy 

5.  Cancer therapy (hormonal ,  chemotherapy or rad iotherapy) 

6.  Previous VTE 

7.  Increasing age (> 40 years  of  age) 

8.  Pregnancy and the postpar tum per iod 

9.  Est rogen-containing ora l  contracept ives or hormone-rep lacement  therapy 

10.  Se lect ive est rogen-receptor modulators 

11.  Acute medica l  i l lness 

12.  Heart  or  resp i ra tory fa i lure 

13.  In f lammatory bowel  d isease 

14.  Nephrot ic  syndrome 

15.  Myeloprol i ferat ive d isorders,  i .e . ,  d iseases in which mal ignant  (cancer)  bone 

marrow ce l ls  mul t ip ly and spread to  the blood. 

16.  Paroxysmal  nocturnal  hemoglobinuria 

17.  Obesi ty 

18.  Smoking 

19.  Var icose veins 

20.  Centra l  venous catheterizat ion 

21.  Inher i ted or  acqui red thrombophi l ia  (e .g. ,  def ic iency of  ant i thrombin, protein  C, 

or  protein  S,  ac t ivated prote in  C resis tance, ant iphosphol ip id ant ibody,  lupus 

ant icoagulant) 
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IV. Prevention and Treatment 
A. Nonpharmacologic prevention.  Mechanica l  methods of  prophylaxis  are 

recommended,  pr imar i ly in  pat ients  who are at  high r isk  of  bleeding,  and may 

include external  pneumatic compression,  graduated compression stockings  or  

venous foot pumps.  These devices increase venous outf low and/or reduce 

stasis  wi th in  the leg ve ins. 

B. Pharmacologic prevention.  VTED can be prevented by counteract ing increased 

b lood coagulabi l i ty  wi th  unfractionated heparin (UFH)  (see V.A) ,  oral  

ant icoagulant therapy with a vi tamin  K antagonist  such as warfarin  (see V.B),  

low molecular weight heparin (LMWH)  (see V.C),  or  a  synthetic  pentasaccharide  

(see V.D). 

V. Pharmacologic Agents. 
New recommendat ions for  t reatment  o f VTED have been promulgated that  suggest a  

h ierarch ica l  approach to se lect ion of  pharmacolog ic agents  for  managing VTED. 

These recommendat ions are l is ted in  Table 43-1 and each of  the recommended 

pharmacologic agents  are d iscussed in  the fo l lowing sect ions. 

Table 43-1. Guidelines for Initial Treatment of Venous Thromboembolic Disease 

Clinical situation Recommended treatment 

Confirmed 
acute DVT of 
the leg 
High suspicion 
of DVT of the 
leg 

SC LMWH, IV UFH, or SC UFH anticoagulants while 
awaiting the outcome of diagnostic tests 

Selection Treatment options 

IV UFH Continuous infusion 
Using weight-based dosing protocol, adjust dosage to 
prolong aPTT to a range that corresponds to a plasma 
heparin level of 0.3-0.7 units/mL antifactor Xa activity 
by amidolytic antifactor Xa assay 
If therapeutic levels of aPTT are not reached despite 
large daily doses of UFH, measure antifactor Xa levels 
for dosage guidance 

SC UFH An alternative to IV UFH 
Initial dose 35,000 units/24 hr, then maintain aPTT 
within therapeutic range 

SC LMWH Recommended initial treatment once or twice a day 
over UFH (as outpatient therapy if possible, as inpatient 



therapy if necessary) 
Routine monitoring with antifactor Xa levels not 
recommended 

Further recommendations 

Once UFH therapy commences, check aPTT or antifactor Xa heparin level at 
6 hr for UFH and adjust to maintain aPTT corresponding to therapeutic 
antifactor Xa heparin level of 0.3-0.7 units/mL 

Antifactor Xa heparin levels not recommended for LMWH therapy 

Platelet count should be checked daily while on UFH or LMWM 

Warfarin therapy should be commenced on day 1; adjust daily dosing based 
on PT/INR 

Stop unfractionated heparin or LMWH after 5 days overlap with warfarin 
(minimally), when INR is stable and > 2.0 

Anticoagulate (warfarin) for 6-12 months (depending on patient and disease 
state) 

aPTT, activated partial thromboplastin time; INR, international normalized 
ratio; IV, intravenous; LMWH, low molecular weight heparin; PT, 
prothrombin time; SC, subcutaneous; UFH, unfractionated heparin. 
Adapted with permission from Buller HR, Agnelli G, Hull R, et al. 
Antithrombotic therapy for venous thromboembolic disease. Paper presented 
at the Seventh ACCP Conference on Antithrombotic and Thrombolytic 
Therapy. Chest 2004;126(Suppl):401s-428s. 
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A. Unfract ionated heparin  

1.  Indicat ions.  Pat ients  wi th  proven VTED may receive concomi tant UFH for  acute 

t reatment  and warfar in therapy acutely,  fol lowed by warfar in  therapy for  cont inued 

prevent ion of recurrence of  VTED (Table 43.1) ,  un less contra ind icat ions to  warfar in  

(e .g.,  pregnancy)  are present .  



2.  Mechanism of act ion.  The major  mechanism by which hepar in b locks coagulat ion 

is  by cata lyzing the inhibi t ion of  thrombin.  UFH acts as an ant icoagulant  by 

cata lyzing the inact ivat ion of  thrombin (factor I Ia) ,  act ivated factor X (factor 

Xa) ,  and activated factor IX ( factor IXa)  by anti thrombin.  

3.  Pharmacokinetics.  The mechanisms of  heparin  c learance are complex.  

a.  Hepar in  binds to  a  number of p lasma prote ins other than ant i thrombin,  which 

competes wi th  ant i thrombin hepar in  bind ing. 

b.  UFH is  c leared by rapid-phase (cel lu lar) e l iminat ion fo l lowed by a more gradual  

( renal )  c learance,  which can best  be expla ined by a  combination of  saturable and 

nonsaturable fi rst-order kinetic  models.  

c.  When admin is tered in  f ixed doses,  the ant icoagulant  response to UFH var ies 

among pat ients and wi th in  the same pat ient ( i .e . ,  in terpat ient  and int rapat ient  

var iabi l i ty) .  Th is  var iab i l i ty  is  caused by d i f ferences in  pat ients '  p lasma 

concentrat ions of  hepar in-neutral iz ing prote ins  and rates of  heparin  c learance. 

4.  Administrat ion and dosage  

a.  UFH's therapeut ic e f fec t  is  hastened by adminis t ra t ion of  a  loading dose,  which 

may be empirical ly selected  (e .g. ,  5000-uni ts  bolus g iven in t ravenously)  or  

indiv idual ized by the pat ient 's dosing weight.  

(1)  The weight-based approach has resul ted in  the use of  loading doses varying 

f rom 70 to  100 uni ts /kg. 

(2)  In some ins tances,  the ind icat ion for which hepar in  therapy is  be ing in i t ia ted is 

cons idered,  wi th 70 uni ts/kg being used for  a l l  thrombot ic  indicat ions other  than 

suspected or  proved pulmonary embol ism, for  which up to  100 uni ts /kg may be used. 

b.  Variable approaches  to  cont inuous dos ing have been employed. 

(1)  Empiric dosing of  1000 units/hr  may be used but  may resul t  in  subtherapeut ic  

or  supratherapeut ic outcomes ( i .e. ,  an act ivated par t ia l  thromboplast in  t ime below 

or  above the targeted range).  

(2)  Another  approach to  cont inuous dos ing includes commencing wi th  a f ixed dose 

(other  than the empir ic dose of  1000 uni ts /hr) .  One such approach may see an ini t ia l  

loading dose fol lowed by 32,000 uni ts /24 hr  by cont inuous in fusion. 

(3)  Yet  another  approach va l idated in  the medica l  and pharmaceutical  l i terature 

uses a weight-based dosing nomogram  for commencing UFH therapy that  var ies 

between 15 and 25 uni ts/kg/hr .  

(a)  Lower doses are used ini t ia l ly  for  most thrombot ic  indicat ions other than 

pulmonary embol ism. 

(b)  Pulmonary embol ism requi res more aggressive therapy ( i .e. ,  up to  25 

uni ts /kg/hr)  based on the considerat ion that  the c learance of heparin  may be 

increased,  thus necess i ta t ing an increased dose. 

(4)  Ini t ial  heparin weight-based dosing nomograms and subsequent adjustment 

protocols  have been developed to  assist  the in i t ia l  weight-based dos ing ef forts .  

Such protocols  should be developed for  a  spec i f ic  aPTT reagent  (Tables 43-2 and 

43-3).  

5.  Monitoring the effects of  UFH.  The ant icoagulant e ffects o f  UFH are usual ly 

moni tored by the aPTT.  The aPTT should be obtained at  basel ine  before 

commencing therapy and then monitored 6 hr  a f ter  commencing heparin  therapy.  



Subsequent dos ing adjustments  are based on the resu l ts o f  th is  and addit ional  

aPTTs.  

a.  The aPTT rat io  used to  determine therapeut ic  e f fec t  is  measured by div id ing the 

observed aPTT by the mean of  the normal  laboratory contro l  aPTT.  

b.  Trad i t ional ly,  i t  was taught that  for  many aPTT reagents ,  a  therapeut ic  e f fec t  was 

achieved wi th  an aPTT rat io of  1 .5-2.5.  

c.  However,  because aPTT reagents  may vary in  the ir  sens i t iv i ty,  i t  is  inappropriate 

to use the same aPTT rat io (i .e . ,  1.5-2.5)  for a ll  reagents.  The therapeut ic  range 

for  each aPTT reagent should be ca l ibrated to  be equiva lent  to  a  heparin  leve l  of  

0 .2-0.4 un i ts/mL by whole b lood (protamine t i t ra t ion)  or  to an anti factor Xa level  

( i .e . ,  plasma heparin level)  of  0.3-0.7 units/mL col lected at the 6th hr for UFH.  
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Table 43-2. Weight-Based Nomogram 

aPTT Dose 

Initial dose 80 units/kg bolus, then 18 units/kg/hr 

< 35 sec 80 units/kg bolus, then 4 units/kg/hr 

35-45 sec 40 units/kg bolus, then 2 units/kg/hr 

46-70 seca No change 

71-90 sec Decrease infusion rate by 2 units/kg/hr 

90 sec Hold infusion 1 hr, then decrease infusion rate by 3 
units/kg/hr 

a This therapeutic range corresponds to antifactor Xa activity of 0.3-0.7 
units/mL. The therapeutic range at any institution should be established by 
correlation with antifactor Xa levels in the range of 0.3-0.7 units/mL. 

Adapted with permission from Hirsch J, Raschke R. Heparin and low-
molecular-weight heparin. Paper presented at the Seventh ACCP Conference 
on Antithrombotic and Thrombolytic Therapy. Chest 2004;126(Suppl):188s-
203s. 

 

B. Oral  ant icoagulants—warfarin  

1.  Indicat ions  



a.  Warfar in  is proven ef fec t ive in  the: 

(1)  Pr imary and secondary prevent ion of VTED 

(2)  Prevent ion of  systemic  ar ter ial  embol ism in  pat ients  wi th  t issue and mechanical  

prosthet ic  hear t  va lves or  a t r ia l  f ibr i l lat ion 

(3)  Prevent ion of  acute myocard ia l  in farc t ion (MI)  in  pat ients wi th  per iphera l  ar ter ial  

d isease 

(4)  Prevent ion of  s t roke, recurrent  in farc t ion,  and death in  pat ients  wi th acute MI  

b.  W arfar in  may also be used in  pat ients  wi th  valvu lar  heart  disease to  prevent  

systemic  ar ter ial  embol ism, al though i ts e ffec t iveness has never been demonstrated 

by a randomized c l in ical  t r ia l .  

2.  Mechanism of act ion  

a.  Ora l  ant icoagulants  (e.g. ,  war far in) are v i tamin K antagonis ts ,  producing the i r  

ant icoagulant  ef fec t  by interfering with the cycl ic  interconversion of  vitamin  K 

and i ts  2,3-epoxide (vi tamin  K epoxide).  

b.  Inh ib i t ion of  th is  process leads to  the deplet ion of  v i tamin KH 2  and results in the 

production   
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of hemostat ical ly defect ive,  vi tamin K-dependent coagulant proteins or clotting 

factors (prothrombin or factors I I ,  VI I ,  IX,  and X).  

Table 43-3. Heparin Dosage Adjustment Protocola 

Patient's 
aPTT (sec)b 

Repeat Bolus 
Dose (units) 

Stop 
Infusion 

(min) 

Change Rate of 
Infusion (mL/hr)c 

[units/24 hr] 
Timing of Next 

aPPT 

< 50 5000 0 +3 [2880] 6 hr 

50-59 0 0 +3 [2880] 6 hr 

60-85d 0 0 0 Next 
morning 

86-95 0 0 -2 [-1920] Next 
morning 

96-120 0 30 -2 [-1920] 6 hr 

> 120 0 60 -4 [-3840] 6 hr 

aPTT, activated partial thromboplastin time. 



aStarting dose of 5000 units intravenous IV bolus followed by 32,000 
units/24 hr as a continuous infusion. First aPTT performed 6 hr after the 
bolus injection; dosage adjustments are made according to protocol and the 
aPTT is repeated as indicated in the far-right column. 
 
b The normal range for aPTT with Dade Actin FS reagent is 27-35 sec; the 
range may vary, depending on the sensitivity of the reagent. 
 
c Concentration of heparin equal to 40 units/mL. 
 
d A therapeutic range of 60-85 sec is equivalent to a heparin level of 0.2-0.4 
units/mL by whole blood protamine titration or 0.3-0.7 units/mL as a plasma 
antifactor Xa level. The therapeutic range varies with the responsiveness of 
the aPTT reagent to heparin. 

Adapted with permission from Hirsch J, Raschke R. Heparin and low-
molecular-weight heparin. Paper presented at the Seventh ACCP Conference 
on Antithrombotic and Thrombolytic Therapy. Chest 2004;126(Suppl):188s-
203s. 

 

c.  These vi tamin K-dependent  coagulant proteins or  c lot t ing factors  ( fac tors  VI I ,  IX,  

X,  and I I ,  respect ive ly)  dec l ine over  6-96 hr.  

3.  Pharmacokinetics  

a.  Warfar in  is a  racemic mixture  of  roughly equal  amounts  of two opt ica l ly ac t ive 

isomers: the R and S forms.  

b.  W arfar in  is rapidly absorbed f rom the gastrointest ina l  t rac t  and reaches maximal  

b lood concentrat ions in  heal thy vo lunteers  in  90 min. 

c.  Dose response  to  warfar in  is  in f luenced by:  

(1)  Pharmacokinet ic  fac tors  ( i .e. ,  d i f ferences in  absorpt ion and metabol ic  c learance) 

(2)  Pharmacodynamic fac tors  ( i .e. ,  d i f ferences in the hemostat ic  response to  g iven 

concentrat ions of  warfar in)  

(3)  Technical  fac tors—for  example,  inaccurac ies in  prothrombin t ime (PT) and 

in ternat ional  normal ized rat io  ( INR) test ing and repor t ing 

(4)  Pat ient -spec i f ic  fac tors—for example,  d iet  ( increased in take of  green, leafy 

vegetables) ,  poor  pat ient  compl iance (missed doses,  se l f -medicat ion,  a lcohol  

consumption) ,  poor communicat ion between pat ient  and physic ian (undisc losed use 

of  drugs that  may in teract  wi th  warfar in)  (Table 43-4) 

4.  Administrat ion and dosage  

a.  Warfarin,  a  coumar in  compound,  is  the most  widely used oral  ant icoagulant  in  

North  America.  Al though i t  is  pr imari ly administered oral ly,  an injec tab le 

preparat ion is  avai lab le  in  the Uni ted States. 

b.  Commence ora l  ant icoagulant  therapy wi th  the anticipated dai ly maintenance 

dose of  warfarin,  which can be var iab le . 



Table 43-4. Factors that May Potentiate or Inhibit Warfarin Effects 

Factor Potentiate Anticoagulant Effect 
Inhibit Anticoagulant 
Effect 

Drugs Phenylbutazone Cholestyramine 

 Metronidazole Barbiturates 

 Sulfinpyrazone Rifampin 

 Trimethoprim-sulfamethoxazole Griseofulvin 

 Disulfiram Carbamazepine 

 Amiodarone  

 Erythromycin  

 Anabolic steroids  

 Clofibrate  

 Cimetidine  

 Omeprazole  

 Thyroxine  

 Ketoconazole  

 Isoniazid  

 Fluconazole  

 Piroxicam  



 Tamoxifen  

 Quinidine  

 Vitamin E (large doses)  

 Phenytoin  

 Penicillin  

Other Low vitamin K intake High vitamin K intake 

 Reduced vitamin K absorption Alcohol (acute use) 

 Liver disease  

 
Hypermetabolic states (e.g., 
thyrotoxicosis) 

 

 Alcohol (chronic use)  

Adapted with permission from Ansell J, Hirsh J, Poller L, et al. The 
pharmacology and management of the vitamin K antagonists. Paper 
presented at the Seventh ACCP Conference on Antithrombotic and 
Thrombolytic Therapy. Chest 2004;126:204S-233S. 
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Table 43-5. Practical Oral Anticoagulation Dosing 



Day Rapid Anticoagulation Anticoagulationa 

1 5-10 mg 5 mg 

2 5-10 mg 5 mg 

3 2.5-7.5 mg (adjust based on 
INR)b 

5 mg (adjust based on INR)b 

a Rapid anticoagulation is not required or there is a risk of bleeding. 
 
b Adjust dosage based on INR until the INR is stable and therapeutic. 

Adapted with permission from Ansell J, Hirsh J, Poller L, et al. The 
pharmacology and management of the vitamin K antagonists. Paper 
presented at the Seventh ACCP Conference on Antithrombotic and 
Thrombolytic Therapy. Chest 2004;126: 204S-233S. 

 

c.  The ini t ial  dose of  warfarin therapy can be flexible.  (Table 43-5) 

(1)  Pat ient -spec i f ic  parameters used to  determine the in i t ia l  dose of warfar in inc lude 

the pat ient 's  weight  (e .g.,  obesi ty,  concurrent use of  in teract ing drugs known to  

inhib i t  the ant icoagulant  e f fec t  o f  warfar in ,  and the des i red rapid ant icoagulant  

e f fec t ) .  

(2)  Based on these pat ient -spec i f ic  parameters ,  some cl in ic ians may use a larger 

in i t ia l  dose of warfar in  (e .g. ,  7 .5-10 mg),  which should not  be misconstrued as a 

loading dose. 

d.  The in i t ia l  dose of warfar in  should be overlapped with UFH, LMWH or a 

pentasaccharide  for  5-7 days  (Table 43-1).  

e.  The durat ion of warfarin therapy depends on each pat ient 's ind icat ion(s)  for use 

(Table 43-6).  

f .  Reversal of  warfarin effects  may be necessary owing to  an e levated INR or  

compl icat ions associated wi th  ora l  ant icoagulant therapy (Table 43-7).  

5.  Monitoring warfarin therapy.  PT and INR moni tor ing are usual ly per formed dai ly 

on commencing ora l  ant icoagulant therapy (e.g. ,  war far in) ,  unt i l  such t ime that the 

INR has been found to  be therapeut ic.  

a.  Laboratory moni tor ing is  performed by measuring the PT  for ca lcu la t ion of  the 

INR. 

(1)  The PT is  responsive to depression of  three  o f  the four  v i tamin K-dependent  

procoagulant clott ing factors  (prothrombin  or  factors I I ,  VI I ,  and X ) .  

(2)  The common commerc ial  PT reagents vary markedly in the i r  responsiveness to  

coumarin- induced reduct ion in  c lo t t ing fac tors ; therefore,  PT resul ts  reported using 

d i f ferent  reagents  are not  interchangeable among laborator ies. 



b.  The problem of var iabi l i ty  in  responsiveness of PT reagents  has been overcome 

by the in troduct ion of a  standardized test  known as the INR.  

(1)  The INR is equal  to:  

 

Table 43-6. Duration of Warfarin Therapya 

Duration Indications 

3-6 months First event with reversibleb or time-limited risk factor 

≥ 6 months Idiopathic venous thromboembolism, first event 

12 months to 
lifetime 

First eventc with cancer (until resolved), anticardiolipin 
antibody, antithrombin deficiency 

 Recurrent event, idiopathic or with throbophilia 

aSee Table 43-4 for factors that may influence warfarin effects. All 
recommendations are subject to modification by individual characteristics, 
including patient preference, age, comorbidity, and likelihood of recurrence. 
 
b Reversible or time-limited risk factors: surgery, trauma, immobilization, 
estrogen use. 
 
c Proper duration of therapy is unclear in first event with homozygous factor 
V Leiden, homocystinemia, deficiency of protein C or S or multiple 
thrombophilias and in recurrent events with reversible risk factors. 

Adapted with permission from Buller HR, Agnelli G, Hull R, et al. 
Antithrombotic therapy for venous thromboembolic disease. Paper presented 
at the Seventh ACCP Conference on Antithrombotic and Thrombolytic 
Therapy. Chest 2004;126(Suppl):401s-28s. 
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Table 43-7. Guidelines for Reversal of Warfarin Effects 



Clinical Situation Guidelines 

INR > therapeutic range but < 
5.0; no clinically significant 
bleeding, rapid reversal not 
indicated for reasons of 
surgical intervention 

 

INR significantly above 
therapeutic range 

Lower the dose or omit the next dose; 
resume warfarin therapy at a lower dose 
when the INR approaches desired range 

INR minimally above 
therapeutic range 

Dose reduction may not be necessary 

INR > 5.0 but < 9.0; no 
clinically significant bleeding 

 

No additional risk factors for 
bleeding 

Omit the next dose or two of warfarin; 
monitor INR more frequently; resume 
warfarin therapy at a lower does when 
the INR is in therapeutic range 

Increased risk of bleeding Omit the next dose of warfarin; give 
vitamin K1 (1.0-2.5 mg orally) 

More rapid reversal needed 
before urgent surgery or dental 
extraction 

Give vitamin K1 (2-4 mg orally); closely 
monitor INR; repeat dose of vitamin K1 
if INR not substantially reduced by 24-
48 hr 

INR > 9.0; no clinically 
significant bleeding 

Give vitamin K1 (3-5 mg orally); closely 
monitor INR; repeat dose of vitamin K1 
if INR not substantially reduced by 24-
48 hr 

INR > 20.0; serious bleeding, 
major warfarin overdose 
requiring very rapid reversal of 
anticoagulant effect 

Give vitamin K1 (10 mg by slow 
intravenous infusion) with fresh frozen 
plasma transfusion or prothrombin 
complex concentrate, depending on 
urgency; vitamin K1 injections may be 



needed every 12 hr 

Life-threatening bleeding, 
serious warfarin overdose 

Give prothrombin complex concentrate 
with vitamin K1 (10 mg by slow 
intravenous infusion); repeat if 
necessary, depending on INR 

Continuing warfarin therapy 
indicated after high doses of 
vitamin K1 

Give heparin until the effects of vitamin 
K1 have been reversed and patient is 
responsive to warfarin 

INR, international normalized ratio. 

Adapted with permission from Ansell J, Hirsh J, Poller L, et al. The 
pharmacology and management of the vitamin K antagonists. Paper 
presented at the Seventh ACCP Conference on Antithrombotic and 
Thrombolytic Therapy. Chest 2004;126:204S-233S. 

 

where ISI  ( in ternat ional  sens i t iv i ty index)  is  a  measure of  the respons iveness of a  

g iven thromboplast in  to reduct ion of  the v i tamin K-dependent coagulat ion fac tors . 

The lower the ISI ,  the more responsive the reagent  and the closer  the der ived INR 

wi l l  be to  the observed PT rat io .  

(2)  Guidel ines of  the Amer ican Col lege of  Chest Phys ic ians (ACCP) Conference on 

Ant i thrombot ic  and Thrombolyt ic  Therapy recommend two leve ls o f therapeut ic 

in tensi ty:  a less- in tense range corresponding to an INR of  2 .0-3.0, and a more-

in tense range corresponding to an INR of  2 .5-3.5.  The range corresponds to  the 

indicat ion (Table 43-8) .  

(3)  Once the des i red therapeut ic  INR has been achieved for  2  consecut ive days,  

(e .g .,  for  concomi tant hepar in  plus  warfar in  overlap therapy)  fol low-up INR 

moni tor ing can be performed accord ing to  the fo l lowing protocol :  

(a)  W eek 1: monitor  INR two or  three t imes 

(b)  W eek 2:  moni tor  INR two t imes 

(c)  W eeks 3-6: monitor  INR once a week 

(d)  W eeks 7-14:  moni tor INR once every 2 weeks 

(e)  W eek 15 to end of therapy:  moni tor  INR once every 4 weeks ( i f  INR dose 

respons iveness remains s tab le;  i f  dose adjustment  is  necessary,  a  more frequent  

moni tor ing schedule is  employed unt i l  s tab le  dose responsiveness is  achieved) 
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Table 43-8. Recommended Therapeutic Goal and Range for Oral Anticoagulant 



Therapy 

 INR 
Indication Goal Range 

Prophylaxis of venous thrombosis (high-risk 
surgery) 

2.5 2.0-3.0 

Treatment of venous thrombosis 2.5 2.0-3.0 

Treatment of pulmonary embolism 2.5 2.0-3.0 

Prevention of systemic embolism 2.5 2.0-3.0 

Tissue heart valves 2.5 2.0-3.0 

Anterior myocardial infarction (to prevent 
systemic embolism) 

2.5 2.0-3.0 

Anterior myocardial infarction (to prevent 
recurrent infarction) 

3.0 2.5-3.5 

Valvular heart disease 2.5 2.0-3.0 

Atrial fibrillation 2.5 2.0-3.0 

Mechanical prosthetic valves (high risk) 3.0 2.5-3.5 

Adapted with permission from Ansell J, Hirsh J, Poller L, et al. The 
pharmacology and management of the vitamin K antagonists. Paper 
presented at the Seventh ACCP Conference on Antithrombotic and 
Thrombolytic Therapy. Chest 2004;126:204S-233S. 

 

c.  Upon commencing oral  ant icoagulant  therapy,  prolongation of the PT/INR  does 

not  occur  unt i l  deplet ion of  the v i tamin K-dependent  procoagulant  c lo t t ing factors  

occurs .  Th is  de lay is variable over 2-4 days.  Dur ing this  delay,  i f  ac t ive venous 

thrombosis  is  present ,  e i ther  UFH or  LMW H is  concomitant ly commenced to  

adequate ly ant icoagulate the pat ient  whi le  awai t ing the therapeut ic  e f fec t o f  

warfar in .  

C. Low molecular weight heparin  

1.  Indicat ions  



a.  LMW H indicat ions vary by manufacturer .  

b.  Each of  the LMW Hs have been evaluated in  a large number of  randomized cl in ica l  

t r ia ls  and have been proven to  be safe and ef f icac ious for the prevention and 

treatment of  venous thromboembolism.  

c.  To date, d i f ferent LMWHs have been evaluated for the i r  ro le  in :  

(1)  Prevent ion of  venous thrombosis 

(2)  Treatment  of  VTED 

(3)  Management  of  unstab le angina pector is /non-Q wave MI  

2.  Chemistry.  LMW Hs are f ragments  of  s tandard commercia l-grade hepar in  

produced by e i ther  chemical  or  enzymat ic  depolymer izat ion.  LMW Hs are 

approximately one thi rd the s ize of  hepar in.  Like heparin,  which has a mean 

molecular weight of 15,000 Da  ( range 3000-30,000 Da),  LMWHs  are 

heterogeneous in  s ize wi th  a  mean molecular weight of 4000-5000 Da  ( range 

1000-10,000 Da). 

3.  Mechanism of  ac t ion 

a.  LMW Hs achieve thei r  major anticoagulant effect  by binding to anti thrombin  

through a un ique pentasaccharide sequence that enhances the ab i l i ty  o f  

ant i thrombin to inactivate factor I Ia  ( thrombin) and factor Xa.  

(1)  Hepar in  and LMWHs catalyze the inactivat ion of  factor I Ia ( thrombin) by 

binding to anti thrombin through the unique pentasaccharide sequence and to 

thrombin to form a ternary complex.  A minimum chain length of  18 saccharides 

( includ ing the pentasacchar ide sequence) is  requi red for  ternary complex format ion. 

(a)  V i r tual ly al l  hepar in  molecules contain  at  least  18 sacchar ide uni ts.  

(b)  Only 20%-50% of the d i f ferent  LMW Hs contain  f ragments  wi th  18 or  more 

sacchar ide uni ts.  

(c)  Therefore,  compared with heparin,  which has an antifactor Xa to anti factor 

I Ia  binding aff ini ty rat io of  approximately 1 :1,  the var ious commerc ial  LMWHs 

have an antifactor Xa to antifactor I Ia  binding aff ini ty rat io varying from 2:1 up 

to 4:1,  depending on thei r  molecular s ize dis tr ibut ion (Table 43-9) .  

(2)  In contrast ,  inact ivat ion of  fac tor  Xa by ant i thrombin does not requi re  binding of  

the hepar in  molecules to the c lo t t ing enzyme.  Therefore,  inact ivat ion of  fac tor  Xa is   
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achieved by smal l  molecular weight  hepar in  f ragments  provided that  they contain  

the h igh-aff in i ty pentasacchar ide. 

Table 43-9. Pharmacokinetic and Pharmacodynamic Parameters of Different 
Low Molecular Weight Heparins (LMWHs) 



LMWH Brand Name 

Average 
Molecular 

Weight Bioavailability 
Half-
Life 

Xa:IIa 
Binding-
Affinity 

Ratio 

Dalteparin Fragmin 6000 Da 87% 3-5 
hr 

2.7:1 

Enoxaparin Lovenox 4500 Da 92% 4.5 
hr 

3.8:1 

Tinzaparin Innohep 6500 Da 87% 3.9 
hr 

2.8:1 

 

b.  The anti thrombotic and hemorrhagic effects  o f  hepar in have been compared 

wi th  LMW Hs in  a var ie ty o f  experimental  animal  models.  

(1)  W hen compared on a gravimetr ic bas is ,  LMWHs are said to cause decreased  

potent ia l  for  hemorrhagic episodes.  

(2)  These di f ferences in  the re lat ive ant i thrombotic  to  hemorrhagic  ra t ios among 

these polysacchar ides could be expla ined by the observat ion that  LMWHs have less 

inhibitory effects on platelet  function  and vascular  permeabi l i ty .  

4.  Pharmacokinetics.  The plasma recoveries  and pharmacokinet ics of  LMW Hs d i f fer 

f rom heparin  because of  d i f ferences in  the b ind ing propert ies  of  the two su l fated 

polysacchar ides to p lasma prote ins  and endothel ial  ce l ls .  

a.  LMW Hs bind much less avid ly to heparin-b ind ing pro teins  than heparin,  a  

proper ty that  contr ibutes to  the superior  b ioavai lab i l i ty  o f LMW Hs at  low doses and 

the ir  more predic tab le ant icoagulat ion ef fect .  

b.  LMW Hs do not  bind to endothel ia l  ce l ls  in  cul ture,  a  proper ty that  could account 

for  the i r  longer plasma hal f - l i fe  and thei r  dose- independent  c learance.  Principa l ly,  

the renal  route c lears  LMW Hs; therefore,  the bio log ic  ha l f - l i fe  of  LMW Hs is  

increased in  pat ients  wi th  renal  fai lure. 

5.  Administrat ion and dosage  

a.  Dos ing of  LMW Hs is  disease-state  and product specific;  d i f ferent  doses are 

adminis tered based on the indicat ion for  use and the manufacturer  o f the spec i f ic  

LMW H. Table 43-10 shows manufacturer 's  suggested,  U.S.  Food and Drug 

Admin is t ra t ion (FDA) approved dos ing for  spec i f ic  ind icat ions. 

D. Synthetic  pentasaccharide  

1.  Indicat ions  

a.  Synthetic  pentasaccharide  [ fondaparinux (Ar ixt ra) ]  is  ind icated for :  

(1)  Thromboprophylaxis  against  DVT/PE after 

(a)  Hip  f rac ture surgery 

(b)  Hip f rac ture surgery;  extended prophylaxis 

(c)  Knee-rep lacement  surgery 



(d)  Hip-replacement  surgery 

(e)  Abdominal  surgery 

(2)  Treatment  of 

(a)  Acute DVT 

(b)  Acute PE 

2.  Chemistry.  Synthet ic pentasacchar ide is  a  se lect ive factor Xa inhibitor.  The 

molecular  weight  o f the synthet ic  pentasacchar ide product  is 1728 Da. 

3.  Mechanism of act ion  

a.  The ant i thrombotic  act iv i ty o f  fondapar inux is  the resul t  o f  ant i thrombin-mediated 

se lect ive inhibi t ion of  fac tor Xa.  Neutra l izat ion of  fac tor Xa in terrupts the b lood 

coagulat ion cascade and thus inhib i ts  thrombin formation and thrombus 

development.  

b.  Fondaparinux does not  inact ivate thrombin (act ivated fac tor  I I )  and has no known 

ef fec t  on p late le t  funct ion. 

4.  Pharmacokinetics  

a.  Af ter  subcutaneous admin is t rat ion,  the drug is complete ly bioavai lab le , and 

s teady-s tate peak p lasma levels are achieved in  approximately 3  hr a fter  

adminis t ra t ion of  the dose. 
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Table 43-10. FDA-Approved Dosing of Low Molecular Weight Heparin 
(LMWH) Based on Disease State 

Approved 
Labeling and 
Dosinga Dalteparin Enoxaparin Tinzaparin 

Hip-
replacement 
surgery 
prophylaxis 

5000 units q.d. 
for 5-10 days 

30 mg every 12 hr, 
or 40 mg q.d. for 7-
10 days 

n/a 

Extended hip-
replacement 
prophylaxis 

n/a 40 mg q.d. for 3 
weeks 

n/a 

Knee-
replacement 
surgery 
prophylaxis 

n/a 30 mg every 12 hr 
for 7-10 days 

n/a 

General 2500 units q.d. 40 mg q.d. for 7-10 n/a 



surgery 
prophylaxis 

or 5000 units 
qd (high risk) 
for 5-10 days 

days 

Acute 
medically ill 
prophylaxis 

5000 units q.d. 
for 12-14 days 

40 mg q.d. for 6-14 
days 

n/a 

Treatment of 
DVT with or 
without PE 

n/a As a bridge to 
warfarin until stable 
INR: 1 mg/kg every 
12 h (outpatient 
treatment permitted) 
or 1.5 mg/kg every 
24 h (inpatient 
only) 

As a bridge 
to warfarin 
until stable 
INR: 175 
units/kg 
every 24 hr 

Unstable 
angina and 
NSTEMI 

120 units/kg 
every 12 hr for 
5-8 days plus 
aspirin 
indefinitely 

1 mg/kg every 12 hr 
for 2-8 days plus 
aspirin indefinitely 

n/a 

DVT, deep-vein thrombosis; INR, international normalized ratio; n/a, not 
applicable; NSTEMI, non-ST-segment elevated myocardial infarction; PE, 
pulmonary embolism. 

Adapted with permission from Rihn T, Vanscoy GJ. Low molecular weight 
heparin: Formulary drug class reviews. Pharm Ther 2001:26;486-492. 

 

b.  The el iminat ion hal f - l i fe  is  17-21 hr,  enabl ing once-dai ly dos ing. 

c.  The drug does not seem to be metabol ized and appears  in  the ur ine in ac t ive 

form and is  renal ly el iminated. 

5.  Administrat ion and dosage  

a.  Fondaparinux must  not  be admin is tered in t ramuscular ly.  

b.  For prophylaxis against  VTE,  the drug should not  be used in  pat ients wi th  body 

weight  < 50 kg because the incidence of  major  bleeding was found to  double in  th is  

pat ient populat ion during c l in ical  t r ia ls .  

c.  For prophylaxis against  VTE  a  usual dose of 2 .5  mg subcutaneously once 

dai ly for 5-9 days  is  recommended for al l  prophylaxis indicat ions.  The in i t ia l  

dose should be s tar ted 6-8 hr  a f ter  surgery when hemostasis is  es tab l ished. 



d.  For treatment  o f  estab l ished VTE, adminis ter  a  once-dai ly subcutaneous dose as 

fo l lows: 

(1)  Pat ients wi th  body weight  between 50 and 100 kg:  7.5 mg 

(2)  Pat ients wi th  body weight  < 50 kg:  5 mg 

(2)  Pat ients wi th  body weight  > 100 kg:  10 mg 

6.  Cautions  

a.  Contraindicat ions  

(1)  Severe renal  impai rment 

(2)  Pat ients weighing < 50 kg when used for  prophylaxis 

(3)  Pat ients wi th  act ive major  bleeding 

(4)  Bacter ial  endocard i t is  

(5)  Thrombocytopenia assoc iated wi th  pos i t ive in  v i t ro  tes t for ant ipla te le t  ant ibody 

in  the presence of  fondapar inux 

(6)  Known hypersens i t iv i ty to  fondaparinux 
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b.  Precautions  

(1)  Condit ions or  procedures that  may enhance the r isk  of  severe b leeding (e.g. ,  

t rauma, hemophi l ia ,  gastro intest ina l  u lcerat ion, concurrent  use of ant ipla te le t 

agents,  his tory of cerebrovascular  hemorrhage,  severe uncontro l led hypertens ion) 

(2)  Renal impai rment 

(3)  Hepar in- induced thrombocytopenia 

(4)  Neuraxia l  anesthesia and indwel l ing ep idura l  catheter  use 

(5)  E lderly pat ients 

(6)  Pregnancy category B and lac tat ing (the drug is  excreted in to  breast mi lk ) 

(7)  Protamine is  ineffective  as  an ant idote 
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STUDY QUESTIONS 
Direct ions for questions 1-4:  Each of  the quest ions,  sta tements ,  or  incomplete 

s ta tements  in  th is  sect ion can be correct ly answered or  completed by one  o f  the 

suggested answers or  phrases.  Choose the best  answer. 

1.  A 67-year-old man who weighs 100 kg (212 lb)  and is 60 in. ta ll  presents to 

his physician after a  transatlantic  fl ight  complaining of  pain and swel l ing of  

his r ight lower extremity.  The pat ient  had total knee arthroplasty 2 weeks 

before his travel .  His medical  history reveals that  he has an ejection fract ion of  

15%, he is  in remission for non-Hodgkin lymphoma, and he has had a previous 

myocardial  infarction. His mother, father,  and sister are dead as a result  of  

stroke,  pulmonary embolism, and chi ldbirth,  respectively.  Given this pat ient 's 

history,  he is  most l ikely suffering from which of  the following? 

(A)  ruptured Baker cyst 

(B)  deep venous thrombosis  o f  the lower ext remity 



(C)  torn media l  meniscus 

(D) sept ic  ar thr i t is  

View Answer1.  The answer is  B[seeand] .2.  Prophylaxis against  venous 

thromboembolic disease (VTED) may include 

(A)  nonpharmacolog ical  prophylaxis .  

(B)  pharmacolog ical  prophylaxis .  

(C)  nonpharmacolog ical  and pharmacolog ica l  prophylaxis .  

(D)  nei ther  nonpharmacologica l  and pharmacolog ica l  prophylaxis  

View Answer2.  The answer is  C[seeand] .3.  Unfract ionated heparin binds 

to anti thrombin I I I  and inactivates clott ing factor(s) 

(A)  Xa 

(B)  IXa 

(C) I Ia 

(D)  Al l  o f  the above 

(E)  None of the above 

View Answer3.  The answer is  D[see] .4.  Ini tiat ion of  unfract ionated 

heparin therapy for the pat ient  described in question 1 would best be achieved 

with 

(A)  5000 U loading dose fo l lowed by 1000 U/hr 

(B)  5000 U loading dose fo l lowed by 1800 U/hr 

(C)  8000 U loading dose fo l lowed by 1800 U/hr 

(D)  1000 U loading dose fo l lowed by 1000 U/hr 

View Answer4.  The answer is  C[see] .Directions for questions 5-11:  The 

quest ions and incomplete s ta tements  in  this sect ion can be correct ly answered or  

completed by one or more  o f  the suggested answers.  Choose the answer,  A-E.  

Direct ions for questions 5-10:  Upon conf i rmat ion of  d iagnosis,  the at tending 

phys ic ian asks you,  the pharmacis t ,  to  commence low molecular  weight  heparin  

therapy for the pat ient  descr ibed in  quest ion 1 above.  The fo l lowing quest ions 

per tain  to  your  pharmaceut ical  care for this  pat ient .  

5.  When choosing an FDA-approved low molecular weight heparin to treat  this 

pat ient ,  you would administer 

I .  enoxaparin 1 mg /kg/dose subcutaneously q 12 hr.  

I I .  enoxaparin 1.5 mg /kg/dose subcutaneously q 24 hr.  

I I I .  t inzaparin 175 IU/kg/dose subcutaneously q 24 hr.  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer5.  The answer is  E(I ,  I I ,  I I I )  [see] .6.  Which of  the following 

tests are used to monitor heparin anti thrombotic therapy? 

I .  international  normalized rat io 

I I .  act ivated partia l thromboplast in time 

I I I .  heparin assay 

A  i f  I  only is  correct 



B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer6.  The answer is  D(I I ,  I I I )  [seeand].P.910 

 

 

7.  A pat ient  to be commenced on oral  ant icoagulant therapy for DVT would be 

treated with: 

I .  oral  anticoagulant therapy with warfarin for a  goal  international  normal ized 

rat io ( INR) of  2-3. 

I I .  oral  ant icoagulant therapy with warfarin for a  goal  INR of  2.5-3.5. 

I I I .  oral  ant icoagulant therapy with aspir in for a  goal  INR of  2-3. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer7.  The answer is  A(I )  [seeand] .8.  A pat ient  on oral  

ant icoagulant therapy is  commenced on sulfamethoxazole-tr imethoprim, 

double-strength twice dai ly.  One may expect to see the international  

normalized rat io 

I .  increase. 

I I .  decrease. 

I I I .  remain unchanged. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer8.  The answer is  A(I )  [see] .9.  I f  a  pat ient  has an international  

normalized rat io (INR) > 20 and active bleeding that is  c l inical ly signif icant 

( i .e . ,  hematuria) ,  the pharmacist  should 

I .  hold the drug therapy.  

I I .  administer vi tamin K.  

I I I .  administer fresh frozen plasma. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer9.  The answer is  E(I ,  I I ,  I I I )  [see] .10.  Compared to 

unfractionated heparin, low molecular weight heparins have 

I .  preferentia l  binding aff ini ty to factor Xa relative to I Ia  ( thrombin).  

I I .  shorter half -l ives. 



I I I .  dose-dependent renal  c learance. 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer10. The answer is  A(I )  [see] . independent11.  An 87-year-old 

woman who weighs 49.0 kg (108 lb)  and is  66 in ta l l  has sustained a hip 

fracture requir ing open reduction with internal f ixation (ORIF)  surgery.  She has 

a documented serum creat ine value recorded in the chart and in the laboratory 

results as 4.3 mg%. The orthopedic surgeon asks you,  the pharmacist ,  about 

the appropriate fondaparinux dosing for this pat ient to prevent venous 

thromboembolism after the surgery.  Which of  the following are 

contraindicat ions to the use of  fondaparinux in this patient? 

I .  patient weighs < 50 kg 

I I .  pat ient  has severe renal  impairment 

I I I .  pat ient  is  elderly 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer11. The answer is  C(I ,  I I )  [seeand] .precautionP.911 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  B  [see  I .A,  B and  C ] .  

The pat ient  has the c lass ic  t r iad of  r isk  fac tors  predisposing h im to  DVT in jury 

( recent  knee ar throplasty) ,  venous s tas is  ( transat lant ic  t rave l ) ,  and hypercoagulable 

s ta te ( fami ly history of  venous thromboembol ic  disease).  The pat ient has other r isk 

fac tors as wel l ,  inc lud ing age > 40,  recent surgery,  oncolog ic  d isease ( though in  

remiss ion) ,  congest ive hear t  fa i lure,  previous myocard ia l  in farct ion wi th  low e ject ion 

f ract ion,  and obesi ty.  

2.  The answer is  C  [see  IV.A and  B ] .  

Prophylaxis  o f  VTED can invo lve a nonpharmacolog ical  approach,  a  pharmacolog ical  

approach,  or  a combinat ion of  nonpharmacologica l  and pharmacolog ica l  

approaches.  The method of  prophylaxis  used is  determined based on the pat ient 's  

degree of  r isk .  For  example, a  pat ient  a t high to  ext remely high r isk for development  

o f  VTED requi res nonpharmacolog ica l  and pharmacolog ical  prophylaxis .  

3.  The answer is  D  [see  V.A.2 ] .  

Unfract ionated heparin  acts as an ant icoagulant  by cata lyzing the inact ivat ion of  

fac tor  I Ia ,  fac tor Xa,  and factor  IXa by ant i thrombin I I I .  

4.  The answer is  C  [see  V.A.4.b. (4) ] .  



Severa l  nomograms for  dosing cont inuous in fus ion unfract ionated hepar in  exis t  in  

the medica l  and pharmaceut ica l  l i terature.  The loading dose is typ ical ly 70-100 

uni ts /kg. In this  case,  the pat ient  weighs 100 kg (212 lb) and the loading dose is  80 

un i ts /kg. Maintenance doses of  15-25 uni ts /kg/hr are typ ica l ly used. In this  case,  

the maintenance dose is 18 un i ts /kg/hr .  

5.  The answer is  E  ( I ,  I I ,  I I I )  [see  Table 43-10 ] .  

Pr imary l i terature reveals  appropr ia te randomized prospect ive tr ia ls examining the 

ro le of  LMW H compared to  unfract ionated heparin .  From these t r ia ls ,  evidence of  

e f f icacy and safety for enoxapar in and t inzapar in a t  the t reatment  doses l is ted 

exis ts  and has been approved by FDA for t reatment  o f  es tab l ished VTE. 

6.  The answer is  D  ( I I ,  I I I )  [see  V.A.5.a, b  and  c ] .  

Unfract ionated heparin  may be appropr ia tely moni tored by e i ther  the act ivated 

par t ia l  thromboplast in  t ime (aPTT) or  hepar in  assay.  Because di f ferent  laborator ies 

use aPTT reagents  wi th  d i f ferent  sens i t iv i t ies ,  the aPTT range and i ts  corresponding 

rat io  must  be correla ted to  a hepar in  leve l  o f  0 .2-0.4 un i ts /mL by whole-b lood 

(protamine t i t ra t ion) assay or  0.3-0.7 un i ts /mL by p lasma-amidolyt ic assay.  The 

safety and ef f icacy of  LMW H cannot be re l iab ly evaluated by aPTT determinat ions.  

LMW H safety and ef f icacy can be evaluated by heparin  assay.  Because of  the 

re l iab i l i ty  o f  dose respons iveness seen wi th  LMWH therapy,  the need to  per form 

hepar in assays is  controvers ial .  

7.  The answer is  A  ( I )  [see  V.B.5.a and  b ;  Table 43-8 ] .  

Ora l  ant icoagulant  therapy is  moni tored by measur ing the PT.  The PT is  respons ive 

to  depress ion of  three of the four  v i tamin K-dependent  procoagulant c lo t t ing fac tors 

(prothrombin or  fac tors  I I ,  VI I ,  and X) .  These respect ive c lo t t ing fac tors  take 

approximately 96 hr  to  be depleted,  at  which t ime the PT should be suff ic ient to 

arr ive at  an INR of  2 .0-3.0 for  pat ients  wi th  DVT (by appropria te ly convert ing the PT 

rat io  to the power of  the ISI ) .  Pat ients  wi th  mechanical  prosthet ic hear t  va lves have 

INRs targeted in the 2.5-3.5 range.  Aspi r in  therapy is  not  moni tored by INR 

determinat ions. 

8.  The answer is  A  ( I )  [see  Table 43-4 ] .  

Ora l  ant icoagulant  therapy wi th  warfar in may be compl icated by myr iad drug-drug 

in teract ions owing to  the h igh ly protein-bound s tate of warfar in .  Such drug 

in teract ions may potent ia te  (prolong)  PT: INR rat io ,  inh ib i t  (shor ten) the 

ant icoagulant  ef fec t  o f  warfar in ,  or  have no ef fec t on the act ions of  warfar in .  

Sul famethoxazole- tr imethoprim and other ant ibiot ics  have the potent ia l  to augment  

the ant icoagulant  e f fec t o f  warfar in  by e l iminat ing bacter ial  f lora and,  thereby,  

producing vi tamin K def ic iency. 

9.  The answer is  E  ( I ,  I I ,  I I I )  [see  Table 43-7 ] .  

Pharmacists may be cal led on to  offer  advice regard ing reversa l  o f  warfar in  therapy 

or  may be empowered using Pharmacy and Therapeut ics  Committee or  Medica l  

Board approved protocols  to reverse warfar in 's  e ffec t.  In  al l  ins tances, the 

pharmacis t  must  c r i t ica l ly and c l in ical ly evaluate the s i tuat ion and communicate wi th  

the physic ian regarding management  issues. A need for  immediate surgery or  

invasive procedures wi l l  a lways hasten the urgency of  warfar in  reversa l .  In  the 

set t ing of ac t ive b leeding,  i ts  c l in ical  s ign i f icance must be demonstrated by 



consul tat ion wi th  the pat ient 's  phys ic ian. I f  the INR is  > 20 and the pat ient  has 

act ive bleeding that is  c l in ical ly s ign i f icant ,  the pharmacist  must  ho ld drug therapy, 

cons ider  the most appropr iate  dose and route of  v i tamin K del ivery,  and admin is ter 

f resh f rozen p lasma to  rep lete the v i tamin K-dependent  c lo t t ing fac tors . 
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10.  The answer is  A  ( I )  [see  V.C.3.a.(1) ;  V.C.4.b ] .  

UFH has an Xa: I Ia b inding-aff in i ty rat io o f approximate ly 1 :1,  and the various 

commercia l  LMW Hs have Xa: I Ia  bind ing-aff in i ty rat ios  of 2 :1  up to  4:1,  depending on 

the ir  molecular s ize dis tr ibut ion.  Th is  increased binding af f in i ty for fac tor  Xa re la t ive 

to  fac tor  I Ia  ( thrombin)  is  sa id  to account  for  the improved abi l i ty  o f  LMWHs to 

cata lyze inact ivat ion of thrombin;  the smal ler  f ragments  cannot  b ind to  thrombin 

and, therefore, re ta in the i r  ab i l i ty  to  inact ivate fac tor Xa.  LMW Hs have longer hal f -

l ives than unfract ionated hepar in .  LMW Hs are c leared pr imari ly v ia the k idneys,  and 

the ir  bio log ic  ha l f - l i fe is  increased in  pat ients  wi th  renal  fai lure independent  o f  dose. 

11.  The answer is  C  ( I ,  I I )  [see  V.D.5.b;  V.D.6.a. (1)  and  (2) ] .  

The synthet ic  pentasacchar ide fondapar inux is  contraind icated in  pat ients  who have 

severe renal  impai rment and who weigh < 50 kg.  Calcu lat ion of  the pat ient 's  

es t imated creat inine c learance by the Crockcof t -Gaul t  method reveals  an est imated 

c learance of approximate ly 8 .5 mL/min,  which would be def ined as severe renal  

impai rment .  Her  s ta ted weight  is  49 kg. Thus th is  pat ient 's  severe renal  impai rment 

and low weight  const i tute  contra ind icat ions to  the use of  fondapar inux.  

Fondapar inux is  recommended for  use wi th  precaut ion  in  the e lder ly pat ient  

populat ion. 
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I. Principles of Anti-Infective Therapy 
A. Defini t ion.  Ant i - in fec t ive agents  treat in fec t ion by suppress ing or  

dest roying the causat ive microorganisms—bacteria ,  mycobacteria ,  fungi ,  

protozoa,  or  v i ruses.  Ant i - infec t ive agents  der ived f rom natura l  substances 

are ca l led antibiot ics;  those produced f rom synthet ic  substances are ca l led 

antimicrobials.  These two terms are now used in terchangeably.  

B. Indications.  Conf i rm the presence of  in fect ion by complet ing a careful  

h istory and physica l  examinat ion, search ing for  s igns and symptoms of  

in fec t ion as wel l  as  predispos ing factors .  Ant i - infec t ive agents  should be 

used only when 

1.  A s ign i f icant  in fec t ion has been d iagnosed or  is  st rongly suspected 

2.  An establ ished indicat ion for  prophylact ic  therapy exis ts 

C. Gram stain,  microbiological culturing,  and susceptibi l i ty tests  should 

be per formed before ant i - in fec t ive therapy is  in i t ia ted.  Test materia ls  must  

be obtained by a method that avo ids contaminat ion of  the spec imen by the 

pat ient 's  own f lora. 

1.  Gram stain.  Per formed on a l l  spec imens except  blood cu l tures, the gram 

stain  he lps ident i fy the cause of  in fec t ion immediate ly.  By determining i f  the 

causat ive agent  is  gram posi t ive or  gram negat ive,  the test  al lows a bet ter  

choice of  drug therapy,  par t icular ly when an ant i - in fec t ive regimen must  

begin wi thout  de lay. 

a.  Gram-posit ive  microorganisms s ta in  blue  or  purple.  

b.  Gram-negative  microorganisms s tain  red  or rose-pink.  

c.  Fungi  may a lso be ident i f ied by gram stain . 

2.  Microbiological  cultures.  To ident i fy the speci f ic  causat ive agent ,  

spec imens of  body f lu ids or  in fec ted t issue are col lec ted for  analys is .  

3.  Susceptibil i ty tests.  Di f ferent s t ra ins  of  the same pathogenic spec ies 

may have widely varying suscept ibi l i ty  to  a  par t icu lar ant i - in fec t ive agent .  

Suscept ibi l i ty  tes ts  determine microbial  suscept ibi l i ty  to  a  given drug and 

thus can be used to  predic t  whether  the drug wi l l  combat  the in fect ion 

ef fec t ively.  

a.  Microdi lution method.  The drug is d i luted ser ia l ly  in var ious media 

conta in ing the tes t  microorganism. 

(1)  The lowest  drug concentrat ion that prevents  microbial  growth af ter  18-

24 hr o f incubat ion is  ca l led the minimum inhibitory concentrat ion (MIC).  

(2)  The lowest  drug concentrat ion that reduces bacter ial  dens i ty by 99.9% 

is  cal led the minimum bacteric idal  concentration (MBC).  

(3)  Breakpoint  concentrat ions of  ant ibio t ics  are used to  character ize 

ant ib io t ic  ac t iv i ty:  The interpret ive categor ies  are susceptible,  moderately 



susceptible ( intermediate) ,  and resistant.  These concentrat ions are 

determined by cons idering pharmacok inet ics ,  serum and t issue 

concentrat ions fol lowing normal  doses,  and the populat ion distr ibution  of  

MICs of  a  group of bacter ia  for  a g iven drug. 

b.  Kirby-Bauer disk di f fusion technique.  Th is tes t  is  less expens ive but 

less re l iable  than the microdi lu t ion method;  however,  i t  provides qual i ta t ive 

suscept ib i l i ty  in format ion.  

(1)  Fi l ter  paper disks impregnated wi th  speci f ic  drug quant i t ies  are p laced 

on the surface of  agar  p la tes st reaked wi th  a microorganism cul ture.  Af ter 

18 hr,  the s ize of   
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a  c lear inh ib i t ion zone is determined;  drug act iv i ty against  the tes t st ra in  is  

then correla ted to  zone size. 

(2)  The Ki rby-Bauer technique does not  re l iably predic t  therapeut ic  

e f fec t iveness against certa in microorganisms (e.g. ,  Staphy lococcus aureus,  

Shige l la ) .  

D. Choice of agent.  An ant i - infect ive agent  should be chosen on the basis  

o f  i ts  pharmacolog ica l  proper t ies  and spectrum of ac t iv i ty as  wel l  as on 

var ious host  (pat ient ) fac tors  (Figure 44-1) .  

1.  Pharmacological  propert ies  include the drug 's  ab i l i ty  to reach the 

in fect ion s i te  and to atta in  a  des i red leve l  in  the target t issue. 

2.  Spectrum of activi ty.  To t reat an infect ious disease ef fect ive ly,  an ant i -

in fec t ive drug must  be act ive against  the causat ive pathogen. Suscept ib i l i ty  

tes t ing or c l in ica l  exper ience in  t reat ing a g iven in fect ion may suggest  the 

ef fec t iveness of  a  par t icu lar drug. 

3.  Patient factors.  Se lect ion of  an ant i - infec t ive drug regimen must  take 

var ious pat ient fac tors  into  account  to  determine which type of drug should 

be adminis tered,  the correct drug dosage and administ ra t ion route, and the 

potent ia l  for  adverse drug ef fects .  

a.  Immunological  status.  A pat ient  wi th  impai red immune mechanisms may 

requi re  a drug that  rap id ly dest roys pathogens ( i .e . ,  bactericidal  agent )  

ra ther  than one that  mere ly suppresses a pathogen's  growth or reproduct ion 

( i .e . ,  bacteriostat ic agent ) .  

b.  Presence of a  foreign body.  The ef fec t iveness of  ant i - in fec t ive therapy 

is  reduced in  pat ients  who have prosthet ic  jo in ts  or  va lves,  card iac  

pacemakers,  and various in ternal  shunts . 

c.  Age.  A drug 's  pharmacok inet ic  proper t ies may vary wide ly in  pat ients of  

d i f ferent  ages.  In  very young and very old  pat ients ,  drug metabol ism and 

excret ion commonly decrease.  Elderly pat ients  also have an increased r isk  

of  suf fer ing ototoxic i ty when receiv ing cer ta in  ant ib io t ics. 

d.  Underlying disease  

(1)  Preexis t ing kidney o r  l iver disease  increases the r isk  of  nephrotoxic i ty 

or  hepatotoxic i ty during the adminis t ra t ion of  some ant ibacter ia l  drugs. 



(2)  Pat ients wi th  central nervous system (CNS) disorders  may suf fer  

neurotoxic i ty (motor  seizures)  dur ing penic i l l in  therapy. 

(3)  Pat ients wi th  neuromuscular disorders  (e .g . ,  myasthenia gravis)  are at  

increased r isk for develop ing neuromuscular  blockade dur ing 

aminoglycos ide or  po lymyxin B therapy. 

e.  History of  drug allergy or adverse drug react ions.  Pat ients  who have 

had previous al lerg ic  or  o ther untoward react ions to  a par t icular  ant ib io t ic 

have a h igher  r isk of exper iencing the same react ion during subsequent  

adminis t ra t ion of  that  drug.  Except in l i fe- threatening si tuat ions,  pat ients  

who have had serious a l lerg ic  react ions to penic i l l in ,  for example,  should 

not  rece ive the drug again. 

f .  Pregnancy and lactation.  Because drug therapy dur ing pregnancy and 

lactat ion can cause unwanted ef fec ts ,  the mother 's  need for  the ant ibio t ic  

must  be weighed against the drug 's  potent ia l  harm. 

(1)  Pregnancy can increase the r isk of adverse drug ef fec ts  for  both mother  

and fe tus. Also, p lasma drug concentrat ions tend to  decrease in  pregnant 

women,  reduc ing a drug 's  therapeut ic  e ffec t iveness. 

(2)  Most  drugs,  inc lud ing ant ib io t ics ,  appear in  the breast  mi lk  o f  nursing 

mothers  and may cause adverse ef fec ts  in  in fants .  For  example, 

su l fonamides may lead to  toxic  bi l i rub in accumulat ion in  a newborn 's  bra in . 

g.  Genetic trai ts  

(1)  Sul fonamides may cause hemolyt ic  anemia in pat ients  wi th  g lucose-6-

phosphate dehydrogenase (G6PD) def ic iency. 

(2)  Pat ients who rapidly metabol ize drugs ( i .e . ,  rap id  acetyla tors)  may 

develop hepat i t is  when receiv ing the ant i tubercu lar  drug isoniazid . 

E. Empiric  therapy.  In  ser ious or  l i fe- threatening d isease,  ant i - in fect ive 

therapy must begin before the in fect ing organism has been ident i f ied.  In  

th is  case,  the choice of  drug (or  drugs)  is based on c l in ical  exper ience,  

suggest ing that  a  par t icular  agent  is  e f fec t ive in  a g iven set t ing. 
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Figure 44-1. Approach to management of 
infection. 
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1.  A broad-spectrum antibiot ic  usual ly is the most  appropriate  choice unt i l  

the speci f ic  organism has been determined. 

2.  In al l  cases,  culture specimens must be obtained  before therapy 

begins. 

F.  Mult iple ant ibiot ic  therapy.  A combinat ion of drugs should be given 

only when c l in ical  exper ience has shown such therapy to  be more ef fect ive 

than single-agent  therapy in  a  part icu lar  set t ing.  A mul t ip le-agent regimen 

can increase the r isk  of  toxic  drug effects and,  in  a  few cases,  may resul t  in  

drug antagonism and subsequent  therapeut ic  inef fect iveness.  Indicat ions 

for  mult ip le-agent  therapy include 

1.  Need for increased antibiotic  effect iveness.  The synergist ic  

( in tensi f ied) e f fect  of  two or  more agents may a l low a dosage reduct ion or  a  

fas ter  or  enhanced drug ef fec t .  

2.  Treatment of  an infect ion caused by mult iple pathogens  (e .g. ,  in t ra-

abdominal  in fec t ion) 

3.  Prevention of  prol i ferat ion of  drug-resistant organisms  (e.g . ,  dur ing 

t reatment  o f  tuberculos is)  

G. Durat ion of  ant i- infect ive therapy.  To achieve the therapeut ic  goal,  

ant i - infect ive therapy must  cont inue for  a  suf f ic ient  durat ion. 

1.  Acute uncomplicated infect ion.  Treatment  general ly should cont inue 

unt i l  the pat ient  has been afebr i le and asymptomat ic  for  a t least  72 hr.  

2.  Chronic infect ion  (e.g . ,  endocard i t is ,  os teomyel i t is ) .  Treatment  may 

requi re  a longer durat ion (4-6 weeks) wi th  fol low-up cu l ture analyses to  

assess therapeut ic  e f fect iveness. 

H. Monitoring therapeutic effectiveness.  To assess the pat ient 's 

response to  ant i - in fec t ive therapy, appropr iate  specimens should be 

cu l tured and the fol lowing parameters  moni tored. 



1.  Fever curve.  An important assessment  tool ,  the fever curve may be a 

re l iab le  indicat ion of  response to  therapy.  Defervescence usual ly ind icates 

favorable response. 

2.  White blood cel l  (WBC) count.  In  the in i t ia l  s tage of  in fec t ion,  the 

neutrophi l  count  f rom a per iphera l  b lood smear may r ise above normal  

(neutrophi l ia),  and immature neutrophi l  forms ( “bands”)  may appear ( “ le f t  

sh i f t ” ) .  In  pat ients who are elderly,  debi l i ta ted,  or suffer ing overwhelming 

in fect ion,  the W BC count may be normal  or  subnormal.  

3.  Radiographic f indings.  Smal l  ef fus ions,  abscesses,  or cavi t ies  that  

appear on rad iographs ind icate the focus of  in fec t ion. 

4.  Pain  and inf lammation  (as  evidenced by swel l ing, erythema,  and 

tenderness)  may occur  when the infect ion is  superf ic ial  or wi th in  a  jo in t  or 

bone,  also indicat ing a poss ible  focus of infec t ion.  

5.  Erythrocyte sedimentat ion rate (ESR or “sed rate”) .  Large e levat ions 

in  ESR are assoc iated wi th  acute or  chronic  in fect ion,  par t icular ly 

endocard i t is ,  chronic  osteomyel i t is ,  and in t ra-abdominal  in fec t ions.  A 

normal  ESR does not  exc lude in fect ion;  more of ten,  ESR is elevated as a 

resul t  o f  noninfect ious causes such as co l lagen vascular d isease. 

6.  Serum complement concentrat ions,  part icular ly the C3 component ,  are 

of ten reduced in ser ious in fect ions because of  consumpt ion dur ing the host  

defense process. 

I .  Lack of  therapeutic effect iveness.  When an ant ibio t ic drug reg imen 

fa i ls ,  o ther  drugs should not  be added indiscr iminate ly or  the reg imen 

otherwise changed.  Instead, the s i tuat ion should be reassessed and 

d iagnost ic  e f for ts in tens i f ied.  Causes of  therapeut ic  inef fec t iveness include 

the fo l lowing: 

1.  Misdiagnosis.  The iso la ted organism may have been mis ident i f ied by the 

laboratory or  may not  be the causat ive agent for in fec t ion (e .g. ,  the pat ient  

may have an unsuspected infect ion) .  

2.  Improper drug regimen.  The drug dosage, administ ra t ion route, dos ing 

f requency,  or durat ion of therapy may be inadequate or  inappropr ia te . 

3.  Inappropriate choice of  ant ibiot ic agent.  As d iscussed in  I .D,  pat ient  

fac tors and the pharmacolog ica l  proper t ies  and spectrum of ac t iv i ty o f  a  

g iven drug must  be considered when p lanning ant i - in fec t ive drug therapy. 

P.917 

 

 

4.  Microbial resistance.  By acqui r ing res is tance to  a speci f ic  ant ib io t ic ,  

microorganisms can survive in the drug 's presence.  Many gonococcal 

s t rains ,  for  instance,  now res is t  penic i l l in .  Drug res is tance is  part icu lar ly 

common in  geographical  areas in  which a speci f ic  drug has been used 

excess ively (and perhaps improper ly) .  

5.  Unreal ist ic  expectat ions.  Ant ib io t ics are inef fec t ive in  cer ta in 

c i rcumstances. 



a.  Pat ients  wi th  condi t ions that requi re  surgical  drainage  f requent ly cannot  

be cured by ant i - in fec t ive drugs unt i l  the dra in  has been removed.  For  

example, the presence of  necrot ic  t issue or  pus in  pat ients  wi th  pneumonia,  

empyema, or  renal  calcul i  is  a  common cause of  ant ib io t ic  fa i lure. 

b.  Fever  should not  be treated wi th  ant i - infec t ive drugs un less in fec t ion has 

been ident i f ied as the cause.  Al though fever f requent ly s igni f ies infec t ion,  i t  

sometimes s tems f rom noninfect ious condi t ions (e .g. ,  drug react ions,  

ph leb i t is ,  neoplasms, metabol ic  disorders,  ar thr i t is ) .  These condit ions do 

not  respond to  ant ib iot ics .  One except ion to this  posi t ion is neutropenic  

cancer pat ients ;  such pat ients  wi th no signs or  symptoms of  in fec t ion other  

than fever are wide ly t reated wi th  ant imicrob ial  agents . 

6.  Infection by two or more types of  microorganisms.  I f  not  detected 

in i t ia l ly ,  an addi t ional  cause of  in fect ion may lead to  therapeut ic fai lure. 

J.  Antimicrobial  prophylaxis for surgery 

1.  Defini t ion.  Ant ib io t ic  prophylaxis  is  a shor t  course of ant ibio t ic 

adminis tered before there is  c l in ica l  evidence of  in fec t ion. 

2.  General  considerat ions  

a.  Timing.  The ant ib io t ic should be admin is tered to  ensure that appropr ia te  

ant ib io t ic  leve ls  are avai lable  at  the s i te  of  contaminat ion before the 

incis ion.  In i t ia t ion of prophylaxis  is  o f ten at  induct ion of anesthes ia,  wi th in  

1  hr  or  just  before the surg ica l  inc is ion. Th is  ensures peak serum and 

t issue ant ib iot ic  leve ls .  

b.  Duration.  Prophylaxis should be maintained for  the durat ion of  surgery. 

Long surgica l  procedures (e.g. ,  >  3  hr) may requi re  addi t ional  doses.  There 

is  l i t t le evidence to  support  cont inuat ion of prophylaxis  beyond 24 hr.  

c.  Antibiotic  spectrum  should be appropr ia te  for  the usual  pathogens. 

(1)  In genera l ,  f i rst-generat ion cephalosporins  (e .g. ,  cefazol in)  are the 

drugs of  choice for  most  procedures and pat ients . These agents  have an 

appropr ia te spectrum, a low f requency of  s ide ef fec ts ,  a  favorable ha l f - l i fe ,  

and a low cost .  

(2)  Vancomycin  is  a  su i tab le  al ternat ive in  penic i l l in -sens i t ive pat ients  and 

in  s i tuat ions in  which meth ic i l l in - res is tant  S. aureus  is  a  concern. 

d.  Route of administration.  In t ravenous ( IV)  or  in t ramuscular ( IM) routes 

are preferred to guarantee good serum and t issue levels a t  the t ime of  

incis ion. 

II. Antibacterial Agents 
A. Defini t ion and classif icat ion.  Used to  t reat  infec t ions caused by 

bacteria,  ant ibacter ia l  agents  fa l l  in to severa l  major categor ies:  

aminoglycosides,  carbapenems, cephalosporins,  erythromycins,  

penici l l ins  ( inc lud ing var ious subgroups) ,  sulfonamides,  tetracycl ines,  

f luoroquinolones,  metronidazole  (see V.C.2.b),  urinary tract  ant iseptics,  

and miscellaneous anti- infect ives  (Table 44-1) .  

B. Aminoglycosides.  These drugs,  conta in ing amino sugars,  are used 

pr imar i ly in infec t ions caused by gram-negative enterobacteria and in  



suspected seps is .  They have l i t t le  ac t iv i ty against  anaerobic  and facul ta t ive 

organisms.  The toxic  potent ia l  o f  these drugs l imits  the ir  use. Major  

aminoglycos ides include amikacin (Amikin) ,  gentamicin (Garamycin) ,  

kanamycin,  neomycin,  net i lmicin,  streptomycin,  and tobramycin 

(Nebcin) .  

1.  Mechanism of act ion.  Aminoglycosides are bactericidal;  they inhib i t  

bacter ia l  prote in  synthesis  by b ind ing to  and impeding the funct ion of  the 

30S r ibosomal  subunit .  (Some aminoglycos ides also b ind to  the 50S 

r ibosomal  subunit . )  Thei r mechanism of ac t ion is  not  fu l ly  known.  
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Table 44-1. Some Important Parameters of Anti-Infective Drugs 

Agent 
Elimination 

Route Half-Life 
Administrat

ion Route 

Common 
Dosage Range 

(Adults) 

Aminoglycosides 

 

Amikacin Renal 2-3 hr IV, IM 15 
mg/kg/da
y, (once 
daily 
dose) 

 
Gentamicin Renal 2 hr IV, IM 3 

mg/kg/da



y 
(standard 
dose); 6-7 
mg/kg/da
y (once 
daily 
dose) 

 

Kanamycin Renal 2-4 hr Oral, 
IV 

15 mg/kg 
every 8-
12 hr 

 

Neomycin Renal 2-3 hr Oral, 
topical 

50-100 
mg/kg/da
y (oral); 
10-15 
mg/day 
(topical) 

 

Netilmicin Renal 2-7 hr IV, IM 3-6 
mg/kg/da
y 

 

Streptomycin Renal 2-3 hr IM 15 
mg/kg/da
ya 

 

Tobramycin Renal 2-5 hr IV, IM 3 
mg/kg/da
y 
(standard 
dose); 6-7 
mg/kg/da
y, (once 
daily 
dose) 

Carbapenems 

 
Doripenem Renal 1 hr IV 500 mg 

every 8 hr 



 

Imipenem Renal 1 hr IV 250 mg-1 
g every 6 
hr 

 Ertapenem Renal 4 hr IV, IM 1 g/day 

 
Meropenem Renal 1.5 hr IV, IM 0.5-2 g 

every 8 hr 

Cephalosporins 

 First-generation 

  Cefadroxil Renal 1.5 hr Oral 1-2 g/day 

  

Cefazolin Renal 1.4-2.2 
hr 

IV 250 mg-1 
g every 8 
hr 

  

Cephalexi
n 

Renal 0.9 1.3 
hr 

Oral 250-500 
mg every 
6 hr 

  

Cephapirin Renal 
(H) 

0.6-0.8 
hr 

IV, IM 500 mg-2 
g every 4-
6 hr 

  

Cephradin
e 

Renal 1.3 hr Oral, 
IV 

250-500 
mg every 
6 hr 

 Second-generation 

  

Cefaclor Renal 
(H) 

0.8 hr Oral 250-500 
mg every 
8 hr 

 



  
Cefmetazo
le 

Renal 72 min IV 2 g every 
6-12 hr 

 

  

Cefotetan Renal 2.8-4.6 
hr 

IV, IM 1-2 g 
every 12 
hr 

 

  

Cefoxitin Renal 0.8 hr IV 1-2 g 
every 6-8 
hr 

 

  

Cefprozil Renal 78 min Oral 250-500 
mg every 
12-24 hr 

 

  

Cefuroxim
e 

Renal 1.5-2.2 
hr 

IV, IM 750 mg-
1.5 g 
every 8 hr 

 

  

Loracarbef Renal 1 hr Oral 200 mg 
every 12 
hr or 400 
mg/day 

 

 Third-generation  

  
Cefixime Renal 3-4 hr Oral 400 

mg/day 
 

  

Cefdinir Renal 1.7-1.8 
hr 

Oral 300 mg 
every 12 
hr 

 

  

Cefoperaz
one 

Hepatic 1.6-2.4 
hr 

IV 2-4 g 
every 12 
hr 

 

  
Cefotaxim
e 

Renal 
(H) 

1.5 hr IV 1-2 g 
every 6-8 

 



hr 

  

Cefpodoxi
me 

Renal 2.5 hr Oral 100-400 
mg every 
12 hr 

 

  

Ceftazidim
e 

Renal 1.8 hr IV, IM 1-2 g 
every 8-
12 hr 

 

  
Ceftibuten Renal 2.5 hr Oral 400 

mg/day 
 

  

Ceftizoxi
me 

Renal 1.7 hr IV 1-2 g 
every 8-
12 hr 

 

  
Ceftriaxon
e 

Renal 8 hr IV, IM 1-2 g/day 
 

 Fourth-generation  

  

Cefepime Renal 2-2.3 
hr 

IV, IM 1-2 g 
every 8-
12 hr 

 

Erythromycins and other macrolides  

 
Azithromycin Hepatic 68 hr Oral 250 

mg/day 
 

 

Clarithromycin Renal 3-7 hr Oral 250-500 
mg every 
12 hr 

 

 
Dirithromycin Hepatic 8 hr Oral 500 

mg/day 
 



 

Erythromycin base 
estolate, 
ethylsuccinate, and 
stearate 

Hepatic 1.2-2.6 
hr 

Oral 250-500 
mg every 
6 hr 

 

 

Erythromycin 
gluceptate and 
lactobionate   

IV 0.5-2 g 
every 6 hr  

Natural penicillins  

 

Penicillin G Renal 
(H) 

0.5 hr Oral, 
IV, IM 

200,000-
500,000 
U every 
6-8 hr 

 

 
Penicillin V Renal 1 hr Oral 500 mg-2 

g/day 
 

 

Penicillin G 
procaine 

Renal 24-60 
hr 

IM 300,000-
600,000 
U/day 

 

 

Penicillin G 
benzathine 

Renal 24-60 
hr 

IM 300,000-
600,000 
U/day 

 

Penicillinase-resistant penicillins  

 

Cloxacillin Renal 
(H) 

0.5 hr Oral 250-500 
mg every 
6 hr 

 

 
Dicloxacillin Renal 

(H) 
0.5-0.9 
hr 

Oral 500 mg-1 
g/day 

 

 

Methicillin Renal 
(H) 

0.5-1 
hr 

IV, IM 1-2 g 
every 4-6 
hr 

 



 
Nafcillin Hepatic 

(R) 
0.5 hr Oral, 

IV, IM 
0.25-2 g 
every 6 hr 

 

 

Oxacillin Renal 
(H) 

0.5 hr Oral, 
IV, IM 

500 mg-2 
g every 4-
6 hr 500-
875 mg 
every 12 
hr 

 

Aminopenicillins  

 

Amoxicillin Renal 
(H) 

0.9-2.3 
hr 

Oral 250-500 
mg every 
8 hr 

 

 

Amoxicillin/clavula
nic acid 

Renal 1 hr Oral 250-500 
mg every 
8 hr 

 

 

Ampicillin Renal 
(H) 

0.8-1.5 
hr 

Oral, 
IV, IM 

250 mg-2 
g every 4-
6 hr 

 

 
Ampicillin/sulbacta
m 

Renal 1-1.8 
hr 

IV, IM 1.5-3 g 
every 6 hr 

 

Extended-spectrum penicillins  

 

Mezlocillin Renal 
(H) 

0.6-1.2 
hr 

IV, IM 1-3 g 
every 4-6 
hr 

 

 

Piperacillin Renal 
(H) 

0.8-1.4 
hr 

IV, IM 1-1.5 
mg/kg 
every 6-
12 hr 

 

 Piperacillin/tazobact Renal 0.7-1.2 IV 3.375 g  



am hr every 6 hr 

 

Ticarcillin Renal 0.9-1.5 
hr 

IV, IM 1-3 g 
every 4-6 
hr 

 

 

Ticarcillin/clavulani
c acid 

Renal 1-1.5 
hr 

IV 3.1 g 
every 4-6 
hr 

 

Sulfonamides  

 
Sulfacytine Renal 4-4.5 

hr 
Oral 250 mg 

every 6 hr 
 

 
Sulfadiazine Renal 

(H) 
6 hr Oral, 

IV 
2-4 g/day 

 

 
Sulfamethoxazole Hepatic 

(R) 
9-11 hr Oral 1-3 g/day 

 

 
Sulfisoxazole Renal 

(H) 
3-7 hr Oral, 

IV 
2-8 g/day 

 

 

Sulfamethizole Renal — Oral 0.5-1 g 
every 6-8 
hr 

 

Tetracyclines  

 
Demeclocycline Renal 10-17 

hr 
Oral 300 mg-1 

g/day 
 

 

Doxycycline Hepatic 14-25 
hr 

Oral, 
IV 

100-200 
mg every 
12 hr 

 



 

Minocycline Hepatic 12-15 
hr 

Oral, 
IV 

100-200 
mg every 
12 hr 

 

 

Oxytetracycline Renal 6-12 hr Oral, 
IM 

250-500 
mg every 
6 hr 250-
500 mg 
q.i.d. or 
300 
mg/day in 
1 or 2 
divided 
doses 

 

 
Tetracyclineb Renal 6-12 hr Oral, 

IV, IM 
1-2 g/day 

 

Fluoroquinolones  

 

Ciprofloxacin Renal 
(H) 

5-6 hr IV 200-600 
mg every 
12 hr 

 

 

Enoxacin Renal 
(H) 

3-6 hr Oral 200 
mg/day-
400 mg 
every 12 
hr 

 

 
Gemifloxacin Fecal (R) 4-12 hr Oral 320 mg 

once daily 
 

 
Lomefloxacin Renal 6.35-

7.77 hr 
Oral 400 

mg/day 
 

 

Levofloxacin Renal 8 hr IV, 
Oral 

250-500 
mg every 
24 hr 

 



 
Moxifloxacin Hepatic 12 hr Oral 400 mg 

once daily 
 

 

Ofloxacin Renal 5-7.5 
hr 

Oral 100 
mg/day-
400 mg 

 

Urinary tract antiseptics  

 

Cinoxacin Renal 1-1.5 
hr 

Oral 250 mg 
every 6 hr 
or 500 mg 
every 12 
hr 

 

 

Fosfomycin Renal/fec
al 

5.7 hr Oral One 
packet (3 
g) in 90-
120 mL 
water × 1 
dose 

 

 

Methenamine 
hippurate and 
mandelate 

Renal 1-3 hr Oral 0.5-2 g 
q.i.d.  

 Nalidixic acid Renal 8 hr Oral 4 g/day  

 

Nitrofurantoin Renal 0.3-1 
hr 

Oral 5-7 
mg/kg/da
y 

 

 Norfloxacin Hepatic 3-4 hr Oral 400 b.i.d.  

Miscellaneous anti-infectives  

 

Atovaquone Fecal 50-84 
hr 

Oral 750 mg 
b.i.d. × 21 
days 

 



 

Aztreonam Renal 1.7 hr Oral, 
IV 

50-100 
mg/kg/da
y 

 

 

Clindamycin Hepatic 2-4 hr Oral, 
IM, IV 

300-900 
mg every 
6-8 hr 

 

 
Clofazimine Hepatic 70 

days 
Oral 50-100 

mg/day 
 

 
Dapsone Hepatic 

(R) 
28 hr Oral 50-100 

mg/day 
 

 

Daptomycin Renal 8 hr IV 4 
mg/kg/da
y 

 

 

Lincomycin Hepatic 
(R) 

4.4-6.4 
hr 

IV, IM 600 mg-1 
g every 8-
12 hr 

 

 

Linezolid Renal 4-6 hr Oral, 
IV 

600 mg 
every 12 
hr 

 

 

Mupirocin Renal 19-35 
min 

Topical Apply 
every 8-
12 hr 

 

 

Quinupristin/dalfopr
istin 

Hepatic 1 
hr/0.4-
0.5 hr 

IV 7.5 mg/kg 
every 8 hr  

 
Rifaximin Fecal 6 hrs Oral 200 mg 

t.i.d. 
 

 
Spectinomycin Renal 1.2-2.8 

hr 
IM 2-4 g 

(single 
 



dose) 

 
Telithromycin Hepatic 

(R) 
10 hr Oral 800 

mg/day 
 

 

Tigecycline Biliary 
(R) 

42 hr IV 100 mg 
load, 50 
mg every 
12 hr 

 

 
Trimethoprim Renal 

(H) 
8-15 hr Oral 100-200 

mg/day 
 

 
Vancomycin Renal 6-8 hr Oral, 

IV 
500 mg 
every 6 hr 

 

Antifungal agents  

 

Amphotericin B Unknow
n 

24 hr IV 1-1.5 
mg/kg/da
y 

 

 

Anidulafungin Fecal (R) 40-50 
hr 

IV Candidem
ia: 200 
mg day 1, 
then 100 
mg/day 

 

      

Esophage
al 
candidiasi
s: 100 mg 
day 1, 
then 50 
mg/day 

 

 

Caspofungin Hepatic 9-11 hr IV 70 mg on 
day 1, 
then 50 
mg q.d. 

 



 
Fluconazole Renal 22-37 

hr 
IV, 
Oral 

100-800 
mg/day 

 

 

Flucytosine Renal 6 hr Oral 50-150 
mg/kg/da
y 

 

 
Griseofulvin Hepatic 

(R) 
9-24 hr Oral 300-375 

mg/day 
 

 
Itraconazole Hepatic 24-42 

hr 
Oral 200-600 

mg/day 
 

 

Ketoconazole Hepatic/f
ecal 

3.3 hr Oral 200-400 
mg/day 
b.i.d 

 

 

Micafungin Hepatic 11-17 
hr 

IV Esophage
al 
candidiasi
s: 150 
mg/day 

 

      

HSCT 
prophylas
is: 50 
mg/day 

 

 
Miconazole Hepatic 20-24 

hr 
Oral 200-400 

mg/day 
 

 

Nystatin Fecal — Oral 500,000-
1,000,000 
U t.i.d. 

 

 
Posaconazole Fecal/ren

al 
35 hrs Oral 200 mg 

t.i.d. 
 

 Terbinafine Hepatic 11-16 Oral 250  



(R) hr mg/day 

 

Voriconazole Hepatic 6 hr IV, 
Oral 

IV: 6 
mg/kg 
every 12 
hr × 2 
doses, 
then 4 
mg/kg 
every 12 
h; oral: 
200 mg 
every 12 
h for > 40 
kg, 100 
mg every 
12 h for < 
40 kg 

 

Antiprotozoal agents  

 
Atovaquone Hepatic 67 hr Oral 750 mg 

b.i.d. 
 

 
Chloroquine Renal/fec

al 
72-120 
hr 

IM, 
Oral 

Depends 
on disease 

 

 
Diloxanide Renal — IM 500 mg 

t.i.d. 
 

 

Eflornithine Renal 3 hr IV 100 
mg/kg/do
se every 6 
hr 

 

 

Fansidar Renal 100-
231 hr 

Oral 1 tablet 
every 
week 

 

 Halofantrine Hepatic 3-4 Oral 500 mg  



days every 6 hr 
× 3 doses; 
repeat in 
7 days 

   

Renal 72-120 
hr 

Oral 310 mg 
every 
week 

 

 
Hydroxychloro
quine 

     

 

Iodoquinol Fecal — Oral 650 mg 
t.i.d. for 
20 days 

 

 

Mefloquine Hepatic 15-33 
days 

Oral 1250 mg 
single 
dose 

 

 

Metronidazole Hepatic 
(R) 

6-14 hr Oral, 
IV 

250-500 
mg every 
6-8 hr 

 

 

Nitazoxanide Hepatic 1-1.6 
hr 

Oral 100-200 
mg b.i.d. 
based on 
age 

 

 

Paromomycin Fecal — Oral 25-35 
mg/kg/da
y 

 

 

Pentamidine Renal 6-9 hr IM, IV, 
inhalati
on 

IV, IM: 3-
4 mg/kg 
every 
day; 
inhalation
: 300 mg 
every 4 

 



weeks 

 

Primaquine Hepatic 3.7-9.6 
hr 

Oral 15 mg 
(base)/da
y 

 

 

Pyrimethamine Renal 111 hr Oral 25 mg 
every 
week 

 

 
Quinacrine 

 
5 days Oral 100 

mg/day 
 

 
Quinine Renal 12 hr Oral 325 mg 

b.i.d. 
 

 
Tinidazole Hepatic 

(R) 
13.2 hr Oral 2 g q.d. × 

1-3 days 
 

Antitubercular agents  

 

Aminosalicylic acid Renal 1 hr Oral 150 
mg/kg 
daily 
(maximu
m 12 
g/day) 

 

 

Capreomycin Renal 4-6 hr IM 15 
mg/kg/da
y to 1 
g/day 
maximum 

 

 

Cycloserine Renal 10 hr Oral 15-20 
mg/kg 
(maximu
m 1 
g/day) 

 



 

Ethambutol Hepatic 3.3 hr Oral 15-25 
mg/kg/da
y 

 

 
Ethionamide Hepatic 3 hr Oral 500 mg-1 

g/day 
 

 

Isoniazid Hepatic 1-4 hr Oral, 
IV 

5-10 
mg/kg 
daily 
(maximu
m dose = 
300 mg) 

 

 

Pyrazinamide Hepatic 9-10 hr Oral 15-30 
mg/kg 
daily 
(maximu
m 2 
g/day) 

 

 

Rifampin Hepatic 2-3 hr Oral, 
IV 

10 mg/kg 
(up to 600 
mg) q.d. 

 

 
Rifabutin Hepatic 45 hr Oral 300 mg 

q.d. 
 

 

Rifepentine Hepatic 13.9 hr 
(active 
metabo
lite 
\13.4 
hr) 

Oral 600 mg 
every 3 
days 

 

Antiviral agents  

 

Abacavir Hepatic 1.5 hr Oral 300 mg 
b.i.d. or 
600 mg 

 



every day 

 
Adefovir Renal 7.5 hr Oral 10 mg 

every day 
 

 

Acyclovir Renal 2.2 hr Oral, 
IV, 
topical 

IV: 5-10 
mg/kg 
every 8 
hr; oral: 
200-800 
mg 3-5 × 
daily 
(dependin
g upon 
indication
) 

 

 

Amantadine Renal 17 hr Oral 100 mg 
b.i.d. or 
200 mg 
every day 

 

 

Amprenavir Hepatic 7-10 hr Oral 1200 mg 
b.i.d. 
(caps) 

 

 
Atazanavir Hepatic 7 hr Oral 400 mg 

every day 
 

 

Cidofovir Renal 6.5 hr IV 5 mg/kg 
week × 2 
(induction
); 5 
mg/kg 
every 2 
weeks 
(maintena
nce) 

 

 
Darunavir Hepatic 15 hr Oral 600 mg 

plus 100 
 



mg 
ritonavir 
b.i.d. 

 
Delavirdine Hepatic 

(R) 
2-11 hr Oral 400 mg 

t.i.d. 
 

 

Didanosine Renal 1.5 hr Oral ≥ 60 kg: 
400 mg 
every day 
(EC 
caps); < 
60 kg: 
250 mg 
every day 
(EC caps) 

 

 

Emtricitabine Renal 10 hr Oral 200 mg 
every day 
(caps) 

 

 
Enfuvirtide n/a 3.8 hr SC 90 mg 

b.i.d. 
 

 

Entecavir Renal 128-
149 hr 

Oral 0.5 mg 
every 
day, or 1 
mg every 
day in 
patients 
with 
lamivudin
e 
resistance 

 

 
Efavirenz Hepatic 40-55 

hr 
Oral 600 mg at 

bedtime 
 

 

Famciclovir Renal 2-2.3 
hr 

Oral 250-500 
mg every 
8-12 hr 

 



 
Fosamprenavir Hepatic 7.7 hr Oral 1400 mg 

b.i.d. 
 

 

Foscarnet Renal 3-6 hr IV 90 mg/kg 
every 12 
hr × 14-
21 days 
(CMV 
induction)
; 90 
mg/kg 
every day 
(CMV 
maintena
nce) 

 

 

Ganciclovir Renal 2.9 hr IV 5 mg/kg 
every 12 
hr 
(induction
) × 14-21 
days; 5 
mg/kg 
every day 
(maintena
nce) 

 

    

4.8 hr Oral 1000 mg 
t.i.d. 
(after 
induction) 

 

 
Indinavir Hepatic 1.4-2.2 

hr 
Oral 800 mg 

every 8 hr 
 

 

Lamivudine Renal 3-7 hr Oral 150 mg 
b.i.d. or 
300 mg 
daily 

 

 
Lopinavir/ritonavir Hepatic 4.4-6.1 

hr 
Oral 200 

mg/50 mg 
 



per tab (2 
tablets 
b.i.d.) 

 

Maraviroc Hepatic 14-18 
hr 

Oral 150-600 
mg b.i.d., 
dependin
g upon 
concomit
ant 
medicatio
ns 

 

 
Nelfinavir Hepatic 3.5-5 

hr 
Oral 1250 mg 

b.i.d. 
 

 

Nevirapine Renal 
(H) 

25-30 
hr 

Oral 200 mg 
every day 
× 14 
days, then 
200 mg 
b.i.d. 

 

 

Oseltamivir Renal 6-10 hr Oral 75 mg 
b.i.d. 
(treatment
); 75 mg 
every day 
(prophyla
xis) 

 

 
Raeltegravir Hepatic 9 hr Oral 400 mg 

b.i.d. 
 

 

Ribavirin Renal 298 hr Oral 800-1200 
mg daily, 
divided 
into 2 
doses 

 

 Rimantadine Renal 25 hr Oral 100 mg  



b.i.d. 

 

Ritonavir Hepatic 3-5 hr Oral 100-400 
mg daily, 
divided in 
1 or 2 
doses (as 
booster 
agent 
with other 
PIs) 

 

 

Saquinavir Hepatic 13 hr Oral 1000 mg 
(Invirase) 
plus 100 
mg 
ritonavir 
b.i.d. 

 

 

Stavudine Renal 1.5 hr Oral ≥ 60 kg: 
40 mg 
every 12 
hr; < 60 
kg: 30 mg 
every 12 
hr 

 

 
Telbivudine Renal 40-49 

hr 
Oral 600 mg 

every day 
 

 
Tenofovir Renal 10-14 

hr 
Oral 300 mg 

daily 
 

 

Tipranavir Hepatic 6 hr Oral 500 mg 
plus 200 
mg 
ritonavir 
b.i.d. 

 

 
Valacyclovir Renal 2.5-3.6 

hr 
Oral 0.5-1 g 

every day 
 



or b.i.d. 
or t.i.d. 

 

Valganciclovir Renal 4 hr Oral 900 mg 
b.i.d. × 21 
days 
(induction
), 900 mg 
every day 
(maintena
nce) 

 

 
Zalcitabine Renal 1-3 hr Oral 0.75 mg 

t.i.d. 
 

 

Zanamivir Renal 2.5-5.1 
hr 

Inhalati
on 
(Diskha
ler) 

2 
inhalation
s (10 mg) 
b.i.d. 
(treatment
); 10 mg 
every day 
(prophyla
xis) 

 

 
Zidovudine Renal 

(H) 
1.5-3.1 
hr 

Oral 300 mg 
b.i.d. 

 

     

IV 2 mg/kg 
over 1 hr, 
then 1 
mg/kg/hr 
until cord 
clamping 
(intrapart
um 
perinatal 
prophylax
is for 
pregnant 
women) 

 



Anthelmintics  

 
Albendazole Hepatic 8-12 hr Oral 400-800 

mg daily 
 

 

Diethylcarbamazine Renal 8 hr Oral 25 
mg/day 
for 3 
days, then 
50 
mg/day 
for 5 
days, then 
100 
mg/day 
for 3 
days, then 
150 
mg/day 
for 12 
days 

 

 

Ivermectin Hepatic 16-35 
hr 

Oral 150-200 
mcg/kg × 
1 dose 

 

 

Mebendazole Hepatic 8 hr Oral 100 mg 
b.i.d. × 3 
consecuti
ve days 

 

 

Praziquantel Hepatic 0.8-3 
hr 

Oral 60-75 
mg/kg in 
3 divided 
doses on 
the same 
day 

 

 

Pyrantel Hepatic — Oral 11 mg/kg 
(maximu
m = 1 g) 
as a 

 



single 
dose 

 

Thiabendazole Hepatic — Oral Dose 
based 
upon 
weight 
chart in 
prescribin
g 
informati
on, 100 
lb: 1 g 
b.i.d. 125 
lb: 1.25 g 
b.i.d. > 
150 lb: 
1.5 g 
b.i.d. 

 

CMV, cytomegalovirus; EC cap, enteric-coated capsule; H, additional 
significant hepatic elimination; HSCT, hematopoietic stem cell transplant; 
IM, intramuscular; IV, intravenous; PIs, protease inhibitors R, additional 
significant renal elimination; SC, subcutaneous. 

 

a Dosage applies to infections other than tuberculosis; for tuberculosis, 
dosage is 1 g/day. 
 
b Intravenous agent withdrawn from U.S. market. 
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2.  Spectrum of activi ty  

a.  Streptomycin  is  ac t ive against both gram-pos i t ive and gram-negative 

bacter ia .  However,  widespread resistance to  this drug has rest r ic ted i ts  use 

to  the organisms that cause p lague and tu laremia,  gram-pos i t ive 

s t reptococci  (g iven in combinat ion wi th  penic i l l in ) ,  and Mycobacter ium 

tuberculos is  (given in combinat ion wi th  other ant i tubercular agents ,  as 

descr ibed in  VI .C.2) .  

b.  Amikacin,  kanamycin,  gentamicin,  tobramycin,  neomycin,  and 

neti lmicin  are act ive against  many gram-negat ive bacter ia (e .g. ,  Proteus,  

Serrat ia ,  and Pseudomonas  organisms). 



(1)  Gentamicin  is  ac t ive against  some Staphylococcus  st ra ins;  i t  is  more 

act ive than tobramycin against Serrat ia  organisms. 

(2)  Amikacin  is  the broadest  spectrum aminoglycos ide wi th act iv i ty against  

most  aerobic  gram-negative bac i l l i  as  wel l  as many anaerobic  gram-

negat ive bacterial  st rains  that  resist  gentamicin  and tobramycin.  I t  is  also 

act ive against  M. tubercu los is  and Mycobacterium av ium- in t racel lu lare  

(MAI) .  

(3)  Tobramycin  may be more act ive against  Pseudomonas aeruginosa  than 

gentamicin . 

(4)  Neti lmicin  may be act ive against  gentamic in-res is tant organisms;  i t  

appears  to be less ototoxic  than other  aminoglycos ides. 

(5)  Neomycin,  in  addi t ion to  i ts  ac t iv i ty against such gram-negat ive 

organisms as Escherich ia  co l i  and Klebs ie l la  pneumoniae,  is  ac t ive against  

several  gram-pos i t ive organisms (e.g. ,  S. aureus ) .  P. aeruginosa  and most  

s t reptococci  are now neomycin resis tant.  

3.  Therapeutic uses  

a.  Streptomycin  is  used to  t reat p lague,  tu laremia,  acute brucel los is  (given 

in  combinat ion wi th  te t racyc l ine),  bacter ia l  endocard i t is  caused by 

Streptococcus v i r idans  (g iven in  combinat ion wi th  penic i l l in ) ,  and 

tuberculos is  (given in combinat ion wi th  other ant i tubercular agents ,  as 

descr ibed in  VI .C.2) .  

b.  Gentamicin, tobramycin,  amikacin,  and neti lmicin  are therapeut ic  for 

ser ious gram-negative bac i l lary infect ions (e .g. ,  those caused by 

Enterobacter ,  Serrat ia ,  Klebs ie l la ,  and P. aeruginosa ) ,  pneumonia (given in  

combinat ion wi th  a cephalospor in or  penic i l l in) ,  meningi t is ,  compl icated 

ur inary t rac t  in fect ions,  os teomyel i t is ,  bacteremia,  and per i toni t is .  

c.  Neomycin  is  used for  preoperat ive bowel  s ter i l izat ion;  hepat ic  coma (as 

adjunct ive therapy) ;  and, in  topica l  form,  for  skin  and mucous membrane 

in fect ions (e .g. ,  burns) .  

4.  Precautions and monitoring effects.  Aminoglycosides can cause 

ser ious adverse ef fec ts .  To prevent or  min imize such problems,  b lood drug 

concentrat ions and blood urea ni t rogen (BUN) and serum creat in ine levels  

should be monitored dur ing therapy. 

a.  Ototoxici ty.  Aminoglycos ides can cause vest ibu lar  or audi tory damage.  

The re la t ive ototoxic i ty is  as  fo l lows: 

s t reptomycin = kanamycin > amikac in = gentamic in  = tobramycin > 

net i lmic in 

(1)  Gentamic in and st reptomycin cause primar i ly vestibular  damage 

(mani fes ted by t inn i tus,  ver t igo,  and ataxia) .  Such damage may be bi la tera l  

and i r revers ib le . 

(2)  Amikacin, kanamycin,  and neomycin cause mainly auditory damage 

(hearing loss) .  

(3)  Tobramycin can resul t  in both vest ibu lar  and audi tory damage. 

b.  Nephrotoxici ty.  Because aminoglycos ides accumulate in  the proximal 

tubule, mi ld renal dysfunct ion develops in  up to  25% of  pat ients  receiv ing 



these drugs for  severa l  days or  more.  Usual ly,  th is  adverse effec t  is  

reversib le .  Use of  once-dai ly admin is t ra t ion (ODA) has been repor ted in  the 

l i terature to  be as ef fec t ive and less nephrotoxic  than t rad i t ional  dos ing. 

(1)  Neomycin is the most nephrotoxic  aminoglycos ide;  s t reptomycin is the 

least  nephrotoxic .  Gentamic in and tobramycin are nephrotoxic  to  

approximately the same degree. 

(2)  Risk factors  for increased nephrotoxic  e ffects  include the fo l lowing: 

(a)  Preexis t ing renal  disease 

(b)  Previous or prolonged aminoglycos ide therapy 

(c)  Concurrent  admin is t ra t ion of  another  nephrotoxic  drug 

(d)  Impai red renal f low unre la ted to renal d isease (e.g. ,  f rom hypotens ion, 

severe hepat ic d isease) 
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(3)  Trough leve ls  > 2 µg/mL for  gentamicin and tobramycin and > 10 µg/mL 

for  amikac in are associated wi th  nephrotoxic i ty.  

c.  Neuromuscular blockade.  Th is problem may ar ise in  pat ients  receiv ing 

h igh-dose aminoglycos ide therapy. 

(1)  Risk factors  for neuromuscular  blockade inc lude the fol lowing: 

(a)  Concurrent  admin is t ra t ion of  a  neuromuscular b lock ing agent  or an 

anesthet ic 

(b)  Preexis t ing hypocalcemia or myasthenia gravis 

(c)  Int raper i toneal  or rapid  IV drug adminis tra t ion 

(2)  Apnea and respi ratory depress ion may be reversed wi th  administ ra t ion 

of  ca lc ium or  an ant ichol inesterase. 

d.  Hypersensitivi ty and local  react ions  are rare adverse ef fects  o f  

aminoglycos ides. 

e.  Therapeutic levels  

(1)  Gentamic in and tobramycin peak at 6-10 µg/mL for t rad i t ional  dos ing;  

when using the ODA method, the peak is  16-20 µg/mL or 8-10 t imes the 

MIC of  targeted bacter ia.  Thei r  t rough leve l  is  0 .5-1.5 µg/mL for  t rad i t ional  

or  once-dai ly reg imens. 

(2)  Amikacin peaks at  25-30 µg/mL.  The t rough leve l  is  5-8 µg/mL. 

5.  Signif icant interactions  

a.  IV loop diuret ics  can resul t  in increased ototoxic i ty.  

b.  Other aminoglycosides,  cephalothin,  c isplatin,  amphotericin B,  and 

methoxyflurane  can cause increased nephrotoxic i ty when g iven 

concurrent ly wi th  st reptomycin. 

C. Carbapenems.  These agents  are β- lactams that  conta in  a fused β-

lactam r ing and a 5-membered r ing system that  di f fers  f rom penic i l l ins  in  

be ing unsaturated and containing a carbon atom instead of  a  sul fur  a tom. 

The c lass has a broader spectrum of  act iv i ty than do most  β- lac tams.  

Former ly known as th ienamycin,  imipenem (Primaxin)  was the f i rst  

carbapenem compound in t roduced in  the United States ,  fo l lowed by 



meropenem (Merrem)  and,  most  recent ly,  ertapenem ( Invanz)  and 

doripenem (Doribax).  Because i t  is  inhib i ted by renal  dipept idases,  

imipenem must  be combined wi th ci lastat in  sod ium, a d ipept idase inhibi tor  

(c i lastat in  is not  required wi th  the others  because these are not  sens i t ive to  

renal  dipept idase) .  

1.  Mechanism of act ion.  Carbapenems are bactericidal ,  inh ibi t ing 

bacter ia l  cel l  wal l  synthes is .  

2.  Spectrum of activi ty.  These drugs have the broadest spectrum of  al l  β-

lactam ant ib iot ics . The group is ac t ive against  most  gram-posi t ive cocc i  

( includ ing many enterococc i ) ,  gram-negat ive rods ( including many P. 

aeruginosa  s t rains) ,  and anaerobes.  This c lass has good act iv i ty against 

many bacteria l  s tra ins that  res is t  o ther  ant ib io t ics.  Er tapenem has a 

narrower spectrum of  ac t iv i ty than the other  carbapenems. I t  has l i t t le  or  no 

act iv i ty against P. aeruginosa  and Acinetobacter .  These β-lac tam ant ib io t ics 

res is t  dest ruct ion by most  β- lactamases. 

3.  Therapeutic uses.  Carbapenems are most  va lued in  the t reatment  o f 

severe infec t ions caused by drug-res is tant  organisms suscept ib le  to  these 

agents.  These agents are ef fect ive against  ur inary t rac t and lower 

respi ratory in fec t ions,  int ra-abdominal and gynecolog ica l  infec t ions,  and 

skin ,  sof t - t issue,  bone,  and jo in t  in fec t ions. 

4.  Precautions and monitoring effects  

a.  Carbapenems may cause nausea,  vomit ing,  d iarrhea,  and 

pseudomembranous co l i t is .  

b.  Seizures,  dizziness,  and hypotension may develop;  se izures appear less 

f requent ly wi th  meropenem or  ertapenem (1.5% of  pat ients  receiv ing 

imipenem versus 0.5% of  those receiv ing meropenem or  er tapenem). 

c.  Pat ients  who are al lerg ic to  penic i l l in  or cephalosporins  may suf fer  

c ross-sensi t iv i ty react ions dur ing carbapenem therapy. 

D. Cephalosporins.  These agents are known as β-lactam antibiotics  

because thei r  chemical  st ructure cons is ts o f  a  β- lac tam r ing adjoined to  a 

th iazol id ine r ing. Cephalospor ins  general ly are c lass i f ied in four  major  

groups based mainly on the ir  spectrum of  ac t iv i ty (Table 44-2) .  

1.  Mechanism of act ion.  Cephalosporins are bactericidal;  they inh ib i t  

bacter ia l  cel l  wal l  synthes is ,  reduc ing cel l  wal l  s tab i l i ty  and thus causing 

membrane lys is .  
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Table 44-2. Classification of Cephalosporins 



First 
Generation Second Generation Third Generation 

Fourth 
Generation 

Cefadroxil 
(Duricef, 
Ultracef)a 
Cefazolin 
(Ancef, 
Kefzol) 
Cephalexin 
(Keflex)a 
Cephapirin 
(Cefadyl) 
Cephradine 
(Anspor, 
Velosef)a 

Cefaclor (Ceclor)a 
Cefmetazole 
(Zefazone) 
Cefotetan (Cefotan)b 
Cefoxitin (Mefoxin) 
Cefuroxime(Zinacef) 
Cefuroxime axetil 
(Ceftin)a 
Cefprozil (Cefzil)a 
Loracarbef 
(Lorabid)a 

Cefdinir 
(Omnicef)a 
Cefixime 
(Suprax)a 
Cefoperazone 
(Cefobid) 
Cefotaxime 
(Claforan) 
Cefpodoxime 
proxetil 
(Vantin)a 
Ceftazidime 
(Fortex, 
Tazicef, 
Tazidime) 
Ceftibuten 
(Cedax)a 
Ceftizoxime 
(Cefizox) 
Ceftriaxone 
(Rocephin) 
Cefditoren 
(Spectracef)a 

Cefepime 
(Maxipime) 

a Oral agent. 
 
b Discontinued in the U.S. market 2005. 

 

2.  Spectrum of activi ty  

a.  First-generation  cephalospor ins are act ive against most gram-pos i t ive 

cocci  (except enterococci )  as  wel l  as enter ic  aerob ic gram-negat ive bac i l l i  

(e .g .,  E. col i ,  K.  pneumoniae,  Proteus mirabi l is ) .  

b.  Second-generat ion  cephalospor ins  are act ive against  the organisms 

covered by f i rs t -generat ion cephalosporins  and have extended gram-

negat ive coverage,  includ ing β- lac tamase-producing s t ra ins  of  Haemophi lus  

in f luenzae.  

c.  Third-generat ion  cephalospor ins have wider  ac t iv i ty against  most  gram-

negat ive bacteria ,  for example, Enterobacter ,  Ci trobacter ,  Serrat ia ,  

Providencia,  Neisser ia ,  and Haemophi lus  organisms,  inc lud ing β-lac tamase-

producing s t ra ins . 

d.  Fourth-generat ion  cephalosporins  include cefepime (Maxipime),  which 

is  the f i rs t  member of  this  group to be marketed.  However,  i ts  des ignat ion 

as a four th-generat ion cephalospor in is  debatable.  Cefepime is  high ly 



res is tant to  β- lac tamases and has a low propens i ty for  se lect ion of  β-

lactam-res is tant  mutant s t rains .  I t  shows evidence of  greater ac t iv i ty versus 

gram-pos i t ive cocci ,  Enterobacter iaceae,  and Pseudomonas  than thi rd-

generat ion cephalospor ins . 

e.  Each generat ion of  cephalosporin  has sh i f ted toward increased gram-

negat ive act iv i ty but  has los t  ac t iv i ty toward gram-pos i t ive organisms. 

Four th-generat ion agents  have improved act iv i ty toward gram-posi t ive 

organisms over thi rd-generat ion agents . 

3.  Therapeutic uses  

a.  First-generation  cephalospor ins commonly are admin is tered to  t reat  

ser ious Klebs ie l la  in fec t ions and gram-pos i t ive and some gram-negative 

in fec t ions in  pat ients  wi th  mi ld penic i l l in  al lergy.  These agents also are 

used widely in  perioperat ive prophylaxis .  For  most  other  ind icat ions,  they 

are not  the preferred drugs. 

b.  Second-generat ion  cephalospor ins  are valuable in  the t reatment  o f 

ur inary t rac t  in fect ions resul t ing f rom E. col i  organisms,  acute ot i t is  media,  

s inusi t is ,  and gonococcal  d isease caused by organisms that  resist  o ther 

agents. 

(1)  Cefaclor (Ceclor)  is  usefu l  in o t i t is  media and sinus i t is  in  pat ients  who 

are al lergic  to  ampic i l l in  and amoxic i l l in.  Cefprozi l  (Cefz i l )  and loracarbef 

(Lorabid)  are second-generat ion cephalosporins that  can be adminis tered 

twice da i ly but  o f fer  no important  spectrum d i f ferences. 

(2)  Cefoxit in (Mefoxin)  is  therapeut ic  for  mixed aerobic-anaerobic  

in fec t ions,  such as in t ra-abdominal  in fec t ion.  The cefotetan (Cefotan)  

spectrum is s imi lar  but  th is agent can be given twice dai ly.  

(3)  Cefuroxime (Zinacef)  is  commonly admin is tered for  outpat ient 

community-acqui red pneumonia. 

c.  Third-generat ion  cephalospor ins penetrate the cerebrospina l  f lu id (CSF) 

and thus are valuable in  the treatment  o f  meningi t is  caused by such 

organisms as meningococci ,  pneumococc i ,  H. in f luenzae,  and enter ic  gram-

negat ive bac i l l i .  
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(1)  These agents a lso are used to  t reat  seps is  of  unknown or ig in  in  

immunosuppressed pat ients  and to t reat  fever  in  neutropenic  

immunosuppressed pat ients  (g iven in  combinat ion wi th  an aminoglycos ide) .  

(2)  Th i rd-generat ion cephalospor ins are usefu l  in in fec t ions caused by many 

organisms res is tant to  o lder  cephalosporins . 

(3)  These agents are f requent ly adminis tered as empir ic  therapy for l i fe-

threatening in fect ion in  which res is tant  organisms are the most  l ike ly cause. 

(4)  In i t ia l  therapy of  mixed bacter ia l  in fect ions (e.g . ,  sepsis) commonly 

invo lves th i rd-generat ion cephalospor ins . 

d.  The fourth-generat ion  agent ,  cefep ime, is  approved for  t reatment o f  

ur inary t rac t  in fect ions,  uncompl icated sk in  and skin  s t ruc ture in fect ions, 



pneumonia,  and empir ic use in febr i le  neutropenic  pat ients .  Cefepime has a 

spectrum of  act iv i ty s imi lar  to thi rd-generat ion agents  but  is  more res is tant  

to  some β- lactamases. 

4.  Precautions and monitoring effects  

a.  Because al l  cephalospor ins  (except  cefoperazone) are e l iminated renal ly,  

doses must be adjusted for  pat ients  wi th  renal  impai rment .  

b.  Cross-sensi t iv i ty wi th  penic i l l in  has been reported in  up to  10% of  

pat ients  receiv ing cephalospor ins . More recent informat ion indicates that 

t rue cross-react iv i ty is  rare. 

c.  Cephalosporins  can cause hypersens i t iv i ty react ions s imi lar  to  those 

resul t ing f rom penic i l l in  (see I I .E.1.e. (1)) .  Mani fes tat ions inc lude fever ,  

maculopapular  rash,  anaphylaxis ,  and hemolyt ic anemia. 

d.  Other  adverse effec ts include nausea,  vomi t ing,  d iarrhea,  superin fect ion,  

nephrotoxic i ty,  and Clostr id ium d i f f ic i le - induced co l i t is ;  wi th  cefoperazone,  

cefmetazole,  and cefotetan (and formerly moxalactam and cefamandole) ,  

b leeding d iatheses may occur .  Bleeding can be reversed by v i tamin K 

adminis t ra t ion. 

e.  Cephalosporins  may cause fa lse-posi t ive g lycosur ia  resul ts  on tes ts  

us ing the copperreduct ion method. 

f .  Cef t r iaxone now contra ind icated in  newborns receiv ing concurrent  

adminis t ra t ion of  calc ium-conta in ing solu t ions or  products  due to  r isk  of  

fa tal  precipi ta t ion in  lungs and k idneys.  New warn ing added a lso s ta t ing 

that  cef t r iaxone and IV ca lc ium-conta in ing so lu t ions should not  be 

adminis tered wi th in  48 hours of each other .  

5.  Signif icant interactions  

a.  Probenecid  may impai r  the excret ion of  cephalospor ins  (except  

cef tazidime),  caus ing increased cephalospor in leve ls  and possible  toxic i ty.  

b.  Alcohol consumption  may resul t  in a  d isu l f i ram-type react ion in  pat ients  

receiv ing cefmetazole,  cefotetan,  and cefoperazone. 

c.  Aminoglycosides or loop diuretics  may cause addi t ive toxic i ty when 

adminis tered wi th  cephaloth in . 

d.  P lasma concentrat ions of cefac lor  extended-release tablets ,  cefd in i r ,  and 

cefpodoxime may be reduced by coadminis tra t ion wi th  antacids.  

e.  H2 -antagonists  may reduce p lasma leve ls  o f  cefpodoxime and 

cefuroxime. 

f .  I ron supplements  and i ron-forti f ied foods  reduce absorpt ion of  cefd in ir  

by 80% and 30%, respect ive ly.  

E. Erythromycins.  The chemical  s t ruc ture of  these macrol ide ant ib io t ics is  

character ized by a lac tone r ing to  which sugars  are at tached.  Erythromycin 

base and the esto la te,  ethylsuccinate, and s tearate  sa l ts  are g iven ora l ly;  

erythromycin lactobionate and gluceptate are given parentera l ly.  

1.  Mechanism of act ion.  Erythromycins may be bactericidal  or  

bacteriostat ic;  they b ind to  the 50S r ibosomal subuni t ,  inh ib i t ing bacter ia l  

protein  synthes is .  



2.  Spectrum of activi ty.  Erythromycins are act ive against many gram-

posi t ive organisms,  includ ing st reptococci  (e.g . ,  Streptococcus 

pneumoniae ) ,  and Corynebacterium  and Neisser ia  spec ies as wel l  as  some 

s t rains  of  Mycoplasma,  Legionel la,  Treponema,  and Bordete l la .  Some S. 

aureus  s t ra ins  that  res is t  penic i l l in G are suscept ib le  to  erythromycins. 

3.  Therapeutic uses  

a.  Erythromycins are the preferred drugs for  the treatment  of  Mycoplasma 

pneumoniae  and Campylobacter  infec t ions,  Legionnai res disease,  

ch lamydia l  in fec t ions,  d iphther ia ,  and pertuss is .  
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b.  In pat ients  wi th  penic i l l in  al lergy,  erythromycins  are important  

a l ternat ives in the t reatment  o f pneumococcal  pneumonia, S. aureus  

in fec t ions,  syphi l is ,  and gonorrhea. 

c.  Erythromycins may be g iven prophylact ica l ly before dental  procedures to  

prevent bacter ial  endocard i t is .  

4.  Precautions and monitoring parameters  

a.  Gastroin test ina l  (GI)  dis t ress (e .g.,  nausea,  vomi t ing,  diarrhea,  

ep igast r ic  discomfor t )  may occur  wi th a l l  erythromycin forms and are the 

most  common adverse effec ts .  

b.  A l lergic react ions (rare)  may present  as  sk in erupt ions,  fever ,  and 

eosinophi l ia .  

c.  Cholestat ic  hepat i t is  may arise in  pat ients  t reated for 1  week or  longer 

wi th  erythromycin esto late;  symptoms usual ly d isappear wi thin  a  few days 

af ter drug therapy ends.  There have been in frequent  repor ts o f  

hepatotoxic i ty wi th  other sal ts o f erythromycin. 

d.  IM in jec t ions of  more than 100 mg produce severe pain pers is t ing for  

hours . 

e.  Trans ient  hearing impai rment may develop wi th  h igh-dose erythromycin 

therapy. 

5.  Signif icant interactions  

a.  Erythromycin inh ibi ts  the hepat ic  metabol ism of  theophyl l ine,  resu l t ing 

in  toxic  accumulat ion. 

b.  Erythromycin in ter feres wi th  the metabol ism of digoxin,  cort icosteroids,  

carbamazepine, cyclosporin,  and lovastat in,  poss ibly potent iat ing the 

ef fec t  and toxic i ty o f  these drugs. 

c.  Clari thromycin (Biaxin)  may potent iate  oral  ant icoagulants  (moni tor 

prothrombin t ime),  increase cyclosporine  leve ls wi th  increased toxic i ty,  

and increase digoxin  and theophyl l ine  leve ls .  

d.  Co-administ ra t ion of  c lar i thromycin and cisapride  may increase r isk  of  

ser ious cardiac  arrhythmias;  coadmin is t ra t ion is contraind icated. 

e.  Sudden deaths have been repor ted when c lar i thromyc in was added to 

ongoing pimozide  therapy;  co-admin is t rat ion is  contra indicated. 

6.  Alternat ives to erythromycin  



a.  Clari thromycin,  az i thromycin (Zi thromax),  and diri thromycin 

(Dynabac)  are semisynthet ic  macrol ide ant ib io t ics . These expensive but  

wel l - to lerated a l ternat ives to erythromycin are administered once dai ly.  

(1)  Clarithromycin  

(a)  Spectrum of act ivi ty.  Clar i thromycin is  more act ive than erythromycin 

against  s taphylococci  and s treptococc i .  In  addit ion to  act iv i ty against  other  

organisms covered by erythromycin, i t  is  also act ive in v i t ro against MAI,  

Toxoplasma gondi i ,  and Cryptospor id ium  spp. 

(b)  Therapeutic uses.  Th is agent is  ind icated for the prevent ion of  

Mycobacterium av ium  complex (MAC) in fect ion and is  useful  in  o t i t is  media,  

s inusi t is ,  mycoplasmal  pneumonia, and pharyngi t is .  Clar i thromycin is  also 

used wi th  proton pump inh ib i tors  (PPIs)  for  Hel icobacter py lor i  eradicat ion. 

(2)  Azithromycin  

(a)  Spectrum of act ivi ty.  Azi thromycin is less act ive than erythromycin 

against  gram-pos i t ive cocci  but  more act ive against  H. in f luenzae  and other  

gram-negative organisms.  Azi thromycin concentrates wi th in  ce l ls ,  and 

t issue leve ls  are higher  than serum levels.  

(b)  Therapeutic uses.  Th is agent is  usefu l  in  nongonococcal  urethr i t is  

caused by ch lamydia, lower respira tory t rac t  in fec t ions,  (MAC) in fect ion and 

prophylaxis ,  pharyngi t is ,  pe lv ic  in f lammatory d isease,  and legionnai res '  

d isease. Azi thromycin is a lso indicated for pediat r ic  use. 

(3)  Dir i thromycin  is  ind icated for  the t reatment of  acute exacerbat ions of  

chronic  bronchi t is ,  pharyngi t is  and tons i l l i t i s  caused by Streptococcus 

pyogenes,  and uncompl icated skin  and sk in  st ructure in fect ions caused by 

S. aureus.  

F.  Penicil l ins  

1.  Natural  penici l l ins.  As wi th  cephalosporins  and a l l  other  penic i l l ins,  

natura l  penic i l l ins  are β-lactam ant ib iot ics . Among the most  important  

ant ib io t ics,  natura l  penic i l l ins  are the preferred drugs in the t reatment  of  

many in fect ious d iseases. 

a.  Avai lable agents  

(1)  Penicil l in G  sod ium and potass ium sal ts  can be adminis tered ora l ly,  

in t ravenously,  or  in t ramuscular ly.  
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(2)  Penicil l in V (Pen-Vee K),  a so lub le drug form,  is admin is tered oral ly.  

(3)  Penicil l in G procaine  and penici l l in G benzathine  are repos i tory drug 

forms.  Adminis tered in t ramuscular ly,  these insolub le sa l ts  a l low s low drug 

absorpt ion f rom the inject ion s i te and thus have a longer durat ion of  ac t ion 

(12-24 hr) .  

b.  Mechanism of act ion.  Penic i l l ins  are bactericidal;  they inhibi t  bacter ia l  

ce l l  wal l  synthesis in  a  manner s imi lar to  that  of the cephalospor ins . 

c.  Spectrum of activi ty  



(1)  Natural  penic i l l ins  are h ighly act ive against  gram-posi t ive cocc i  and 

against  some gram-negat ive cocc i .  

(2)  Penic i l l in  G is  5-10 t imes more act ive than penic i l l in V against  gram-

negat ive organisms and some anaerobic organisms. 

(3)  Because natura l  penic i l l ins  are readi ly hydrolyzed by penic i l l inases (β-

lactamases) ,  they are inef fec t ive against S. aureus  and other  organisms 

that  res is t  penic i l l in .  

d.  Therapeutic uses  

(1)  Penic i l l in  G is  the preferred agent  for  al l  infec t ions caused by penic i l l in -

suscept ib le  S. pneumoniae  organisms,  inc lud ing 

(a)  Pneumonia 

(b)  Ar thr i t is  

(c)  Meningi t is  

(d)  Peri ton i t is  

(e)  Pericardi t is  

( f )  Osteomyel i t is  

(g)  Masto id i t is  

(2)  Penic i l l ins  G and V are highly e f fect ive against  other  st reptococcal  

in fec t ions,  such as pharyngi t is ,  ot i t is  media,  s inus i t is ,  and bacteremia. 

(3)  Penic i l l in  G is  the preferred agent  in  gonococcal infec t ions,  syphi l is ,  

anthrax,  ac t inomycos is ,  gas gangrene, and Lister ia  in fec t ions. 

(4)  Admin is tered when an oral  penic i l l in is  needed,  penic i l l in  V is  most  

usefu l  in sk in ,  sof t- t issue,  and mi ld  respi ra tory in fec t ions. 

(5)  Penic i l l in  G procaine is  e f fec t ive against  syphi l is  and uncompl icated 

gonorrhea. 

(6)  Used to  treat syphi l is  in fec t ions outs ide the CNS, penic i l l in  G 

benzath ine also is  e f fec t ive against group Aβ-hemolyt ic  s t reptococcal  

in fec t ions. 

(7)  Penic i l l ins  G and V may be used prophylact ical ly to prevent  

s t reptococcal  in fect ion,  rheumatic fever ,  and neonatal  gonorrhea 

ophthalmia.  Pat ients  wi th  va lvu lar  heart  disease may receive these drugs 

preoperat ive ly.  

(8)  There is  emerg ing res is tance to penic i l l in  G by S. pneumoniae  in some 

areas of  the Uni ted States.  The a l ternat ive therapy is  vancomycin. 

e.  Precautions and monitoring effects  

(1)  Hypersensitivi ty react ions.  These occur in up to  10% of pat ients  

receiv ing penic i l l in .  Manifes tat ions range f rom mild  rash to  anaphylaxis .  

(a)  The rash may be ur t icar ia l ,  vesicu lar ,  bu l lous,  scarla t in i form,  or  

maculopapular .  Rarely,  thrombopenic purpura develops. 

(b)  Anaphylaxis  is a  l i fe-threatening react ion that most  commonly occurs  

wi th  parentera l  admin is t ra t ion.  Signs and symptoms inc lude severe 

hypotension,  bronchoconstr ic t ion,  nausea, vomi t ing,  abdominal  pa in ,  and 

ext reme weakness. 

(c)  Other  mani fes tat ions of  hypersens i t iv i ty react ions inc lude fever,  

eosinophi l ia ,  angioedema, and serum s ickness. 



(d)  Before penic i l l in  therapy begins, the pat ient 's h is tory should be 

evaluated for react ions to  penic i l l in .  A pos i t ive h is tory places the pat ient  a t  

he ightened r isk  for  a  subsequent  react ion.  In  most  cases,  such pat ients  

should receive a subst i tute  ant ib iot ic .  (However,  hypersens i t iv i ty react ions 

may occur  even in  pat ients  wi th a  negat ive h is tory. )  

(2)  Other adverse effects  o f  natural  penic i l l ins  inc lude GI  dist ress (e .g. ,  

nausea,  diarrhea),  bone marrow suppress ion (e.g. ,  impai red pla te le t  

aggregat ion,  agranulocytos is) ,  and super infect ion.  W ith  high-dose therapy,  

se izures may occur,  par t icular ly in pat ients wi th  renal  impai rment .  

f .  Signif icant interact ions  

(1)  Probenecid  increases blood leve ls  of  natura l  penic i l l ins  and may be 

g iven concurrent ly for  th is  purpose. 
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(2)  Ant ibio t ic antagonism occurs  when erythromycins, tetracycl ines,  or  

chloramphenicol  is  g iven wi th in 1  hr  of  the admin ist ra t ion of penic i l l in .  The 

c l in ical  s ign i f icance of  such antagonism is  not  c lear .  

(3)  W ith  penic i l l in  G procaine and benzath ine,  precaut ion must  be used in  

pat ients  wi th  a  history of hypersens i t iv i ty react ions to  penic i l l ins  because 

pro longed react ions may occur .  Int ravascular in jec t ion should be avoided. 

Procaine hypersens i t iv i ty is  a contra ind icat ion to the use of  procaine 

penic i l l in  G. 

(4)  Parenteral  products  contain  e i ther  potass ium (1.7 mEq/mi l l ion uni ts )  or 

sodium (2 mEq/mi l l ion un i ts ) .  

2.  Penicil l inase-resistant penicil l ins.  These penic i l l ins  are not hydrolyzed 

by s taphylococcal penic i l l inases (β- lac tamases) .  These agents include 

methici l l in,  nafci l l in,  and the isoxazolyl  penicil l ins—cloxaci l l in,  

dicloxaci l l in (Dynapen),  and oxacil l in.  

a.  Mechanism of act ion  (see I I .E.1.b) 

b.  Spectrum of act ivi ty.  Because these penic i l l ins  res is t  penic i l l inases,  

they are act ive against staphylococc i  that  produce these enzymes. 

c.  Therapeutic uses  

(1)  Penic i l l inase-resis tant  penic i l l ins  are used sole ly in s taphylococcal  

in fec t ions resul t ing f rom organisms that  res is t  natura l  penic i l l ins . 

(2)  These agents are less potent  than natural  penic i l l ins  against  organisms 

suscept ib le  to  natura l  penic i l l ins  and thus make poor subst i tutes in the 

t reatment  o f  in fec t ions caused by these organisms. 

(3)  Nafci l l in  is  excreted by the l iver and thus may be usefu l  in  t reat ing 

s taphylococcal  in fect ions in  pat ients  wi th  renal  impai rment.  

(4)  Oxaci l l in,  c loxaci l l in,  and dicloxaci l l in  are most  va luable in long- term 

therapy of ser ious s taphylococcal infect ions (e .g.,  endocardi t is ,  

os teomyel i t is )  and in  the t reatment  o f  minor  s taphylococcal  in fec t ions of  the 

skin  and sof t  t issues. 

d.  Precautions and monitoring effects  



(1)  As wi th  al l  penic i l l ins,  the penic i l l inase-resistant  group can cause 

hypersens i t iv i ty react ions (see I I .E.1.e. (1)).  

(2)  Meth ic i l l in may cause nephrotoxic i ty and in ters t i t ia l  nephr i t is .  

(3)  Oxac i l l in  may be hepatotoxic .  

(4)  Complete cross-resistance exis ts  among the penic i l l inase-res is tant  

penic i l l ins . 

e.  Signif icant interactions.  Probenecid  increases b lood leve ls  o f  these 

penic i l l ins  and may be given concurrent ly for  that purpose. 

3.  Aminopenici l l ins.  Th is  penic i l l in  group includes the semisynthet ic  

agents ampicil l in  and amoxici l l in (Amoxil ) .  Because of  thei r  wider 

ant ibacter ial  spectrum, these drugs are also known as broad-spectrum 

penici l l ins.  

a.  Mechanism of act ion  (see I I .E.1.b) 

b.  Spectrum of act ivi ty.  Aminopenic i l l ins  have a spectrum that  is  s imi lar  to  

but  broader than that o f  the natura l  and penic i l l inase-resistant  penic i l l ins . 

Eas i ly dest royed by s taphylococcal  penic i l l inases,  aminopenic i l l ins are 

ineffec t ive against  most  s taphylococcal  organisms.  Against most  bacter ia  

sens i t ive to  penic i l l in  G, aminopenic i l l ins  are s l ight ly less ef fec t ive than th is 

agent .  

c.  Therapeutic uses.  Aminopenic i l l ins are used to  t reat  gonococcal  

in fec t ions,  upper respi ratory infec t ions,  uncompl icated ur inary t rac t 

in fec t ions,  and ot i t is  media caused by suscept ible  organisms. 

(1)  For  in fec t ions resul t ing f rom penic i l l in - res is tant  organisms,  ampici l l in  

may be given in  combinat ion wi th  su lbactam (Unasyn ) .  

(2)  Amoxici l l in  is  less ef fect ive than ampici l l in against sh ige l losis.  

(3)  Amoxici l l in  is  more ef fec t ive against S. aureus,  Klebsie l la ,  and 

Bacteroides f ragi l is  in fect ions when admin is tered in  combinat ion wi th  

c lavulanic ac id—amoxic i l l in /potassium c lavulanate (Augmentin )  because 

c lavulanic ac id inact ivates penic i l l inases. 

d.  Precautions and monitoring effects  

(1)  Hypersens i t iv i ty react ions may occur  (see I I .E.1.e .(1)) .  

(2)  Diarrhea is  most  common wi th  ampici l l in .  

(3)  In addi t ion to the urt icar ia l  hypersensi t iv i ty rash seen wi th  a l l  

penic i l l ins ,  ampic i l l in  and amoxic i l l in  f requent ly cause a general ized 

erythematous,  maculopapular  rash.  (Th is  occurs in  5%-10% of  pat ients  

receiv ing ampici l l in .)  

e.  Signif icant interactions  (see I I .E.2.e) 
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4.  Extended-spectrum penici l l ins.  These agents  have the widest  

ant ibacter ial  spectrum of a l l  penic i l l ins.  Also ca l led antipseudomonal 

penici l l ins,  th is  group inc ludes the carboxypenici l l in  (e.g . ,  t icarcil l in )  

and the ureidopenici l l ins  (e .g . ,  mezloci l l in,  piperaci l l in ) .  

a.  Mechanism of act ion  (see I I .E.1.b) 



b.  Spectrum of act ivi ty.  These drugs have a spectrum s imi lar  to  that o f  the 

aminopenic i l l ins  but  a lso are ef fec t ive against  Klebsiel la  and Enterobacter  

spp. ,  some B. f rag i l is  organisms,  and indole-pos i t ive Proteus  and 

Pseudomonas  organisms.  

(1)  Ticarci l l in  is  ac t ive against  P. aeruginosa.  Combined wi th  c lavu lan ic  

ac id  (Timentin ) ,  t icarci l l in  has enhanced act iv i ty against  organisms that  

res is t  t icarc i l l in  alone. 

(2)  Piperaci l l in  is  more act ive than t icarc i l l in  against  Pseudomonas  

organisms. 

(3)  Piperaci l l in and tazobactam (Zosyn).  Tazobactam is  a β- lac tamase 

inhib i tor  that  expands the spectrum of  ac t iv i ty to  include some organisms 

not  sensi t ive to  p iperac i l l in  a lone ( i f  res is tance is the resul t  o f  β- lac tamase 

product ion) ,  inc lud ing s t ra ins  of  staphylococci ,  Haemophi lus , Bactero ides,  

and Enterobacter iaceae.  Genera l ly,  tazobactam does not  enhance act iv i ty 

against  Pseudomonas.  

c.  Therapeutic uses.  Extended-spectrum penic i l l ins are used mainly to  

t reat ser ious infect ions caused by gram-negat ive organisms (e.g.,  seps is ;  

pneumonia;  in fec t ions of the abdomen,  bone, and soft  t issues) .  

Piperaci l l in/ tazobactam is  e ffec t ive in the t reatment  o f nosocomia l  

pneumonia. 

d.  Precautions and monitoring effects  

(1)  Hypersens i t iv i ty react ions may occur  (see I I .E.1.e .(1)) .  

(2)  Ticarci l l in  may cause hypokalemia. 

(3)  The high sodium content  o f  t icarci l l in may pose a danger to  pat ients  

wi th  heart  fa i lure (HF). 

(4)  A l l  inhib i t  p la te let  aggregat ion,  which may resul t  in  bleeding. 

e.  Signif icant interactions  (see I I .E.2.e) 

G. Sulfonamides.  Derivat ives of su l fan i lamide,  these agents  were the f i rs t  

drugs to  prevent and cure human bacter ia l  in fect ion successful ly.  Al though 

the ir  current  usefu lness is  l imi ted by the in t roduct ion of  more ef fec t ive 

ant ib io t ics and the emergence of  resis tant bacteria l  s t ra ins , su l fonamides 

remain the drugs of choice for  cer ta in  in fec t ions. The major su l fonamides 

are sulfadiazine,  sulfamethoxazole,  sulf isoxazole,  and sulfamethizole.  

1.  Mechanism of act ion.  Su l fonamides are bacteriostat ic;  they suppress 

bacter ia l  growth by t r igger ing a mechanism that  b locks fo l ic  acid  synthesis ,  

thereby forc ing bacteria  to  synthes ize the i r  own fo l ic  ac id . 

2.  Spectrum of activi ty.  Su l fonamides are broad-spectrum agents  wi th  

act iv i ty against many gram-pos i t ive organisms (e.g. ,  S. pyogenes, S.  

pneumoniae )  and cer tain gram-negat ive organisms (e.g. ,  H. in f luenzae,  E. 

co l i ,  P.  mi rab i l is ) .  They a lso are ef fec t ive against  cer tain  s t rains  of  

Chlamydia t rachomat is ,  Nocard ia,  Act inomyces,  and Baci l lus  anthracis .  

3.  Therapeutic uses  

a.  Sul fonamides most o ften are used to  t reat  ur inary t rac t  in fec t ions caused 

by E. co l i ,  includ ing acute and chronic  cyst i t is ,  and chronic  upper ur inary 

t ract  in fec t ions. 



b.  These agents  have value in  the t reatment  o f nocard iosis ,  t rachoma and 

inclus ion conjunct iv i t is ,  and dermati t is  herpet i formis . 

c.  Sulfadiazine  may be adminis tered in  combinat ion wi th  pyr imethamine to  

t reat toxoplasmosis. 

d.  Sulfamethoxazole  may be g iven in combinat ion wi th  tr imethoprim 

(Bactrim )  to t reat  such in fect ions as Pneumocyst is  carini i  pneumonia,  

Shigel la  enter i t is ,  Serrat ia  seps is ,  ur inary t ract  infec t ions, respi ra tory 

in fec t ions,  and gonococcal  urethr i t is  (see I I .J.7 .c ).  I t  is  the drug of  choice 

in  the t reatment  o f  Stenotrophomonas mal tophi l ia.  

e.  Sulf isoxazole  is  somet imes used in  combinat ion wi th  erythromycin  

ethylsuccinate to  t reat acute ot i t is  media caused by H. inf luenzae  

organisms.  For  the ini t ia l  t reatment  o f  uncompl icated ur inary t rac t 

in fec t ions,  sul f isoxazole may be given in  combinat ion wi th  phenazopyr idine 

for  rel ie f  of  symptoms of pa in ,  burning,  or  urgency.  

f .  Prophylact ic  sul fonamide therapy has been used successfu l ly to  prevent 

s t reptococcal  in fect ions and rheumat ic  fever  recurrences. 

4.  Precautions and monitoring effects  

a.  Sul fonamides may cause b lood dyscras ias (e .g. ,  hemolyt ic  anemia—

part icular ly in pat ients  wi th  G6PD def ic iency,  aplast ic  anemia,  

thrombocytopenia, agranulocytos is ,  and eos inophi l ia ) .  

P.932 

 

 

b.  Hypersens i t iv i ty react ions to  sul fonamides probably resul t  f rom 

sens i t izat ion and most  commonly involve the skin  and mucous membranes.  

Mani fes tat ions include var ious types of sk in  rash,  exfo l iat ive dermati t is ,  and 

photosens i t iv i ty.  Drug fever  and serum sickness a lso may develop. 

c.  Crysta l lur ia  and hematur ia  may occur ,  poss ib ly leading to  ur inary t rac t  

obst ruct ion. (Adequate f lu id  in take and ur ine a lkal in izat ion can prevent  or  

minimize th is  r isk . )  Sul fonamides should be used caut iously in pat ients  wi th  

renal  impai rment .  

d.  L i fe-threatening hepat i t is  caused by drug toxic i ty  or  sens i t izat ion is a  

rare adverse ef fec t .  S igns and symptoms inc lude headache, nausea, 

vomi t ing,  and jaundice. 

e.  AIDS pat ients have increased f requency of  cutaneous hypersensi t iv i ty 

react ions to sul famethoxazole. 

5.  Signif icant interactions.  Su l fonamides may potent iate  the ef fects  o f  

phenytoin,  oral  ant icoagulants,  and sulfonylureas.  

H. Tetracycl ines.  These broad-spectrum agents  are ef fec t ive against 

cer ta in bacter ia l  s t rains  that  res is t  other ant ibiot ics . Nonetheless,  they are 

the preferred drugs in  only a  few si tuat ions.  The major  te t racycl ines inc lude 

demeclocycl ine (Declomycin) ,  doxycycl ine (Vibramycin) ,  minocycl ine 

(Minocin),  and chlortetracycl ine.  

1.  Mechanism of act ion.  Tet racyc l ines are bacteriostat ic;  they inh ibi t  

bacter ia l  prote in  synthesis  by b ind ing to  the 30S r ibosomal  subunit .  



2.  Spectrum of activi ty.  Tet racycl ines are act ive against  gram-negative 

and gram-posi t ive organisms,  spi rochetes,  Mycoplasma  and Chlamydia  

organisms,  r icket ts ial  spec ies,  and cer ta in  protozoa. 

a.  Pseudomonas  and Proteus  organisms are now res is tant to  te t racycl ines.  

Many co l i form bacter ia,  pneumococc i ,  s taphylococc i ,  s t reptococc i ,  and 

Shigel la  s t rains  are increasingly res is tant .  

b.  Cross-resistance wi th in  the tet racyc l ine group is  extensive. 

3.  Therapeutic uses  

a.  Tet racyc l ines are the agents of  choice in  r icket ts ia l  (Rocky Mountain  

spot ted fever) ,  ch lamydia l ,  and mycoplasmal  in fec t ions;  amebiasis ;  and 

baci l lary in fec t ions (e .g.,  cholera,  brucel los is ,  tu laremia, some Salmonel la  

and Shigel la  in fect ions).  

b.  Tet racyc l ines are usefu l  al ternat ives to penic i l l in  in  the t reatment  o f  

anthrax,  syphi l is ,  gonorrhea, Lyme disease,  nocard ios is ,  and H. in f luenzae  

respi ratory in fec t ions. 

c.  Ora l  or  topica l  te t racyc l ine may be administered as a t reatment for acne. 

d.  Doxycycl ine  is  h igh ly e f fec t ive in  the prophylaxis  o f  “ t rave ler 's  diarrhea”  

(commonly caused by E. col i ) .  Because the drug is  excreted mainly in the 

feces, i t  is  the safest te tracycl ine for  the treatment  o f ext rarenal  in fec t ions 

in  pat ients  wi th  renal  impai rment .  

e.  Demeclocycl ine  is  used commonly as an adjunct ive agent  to t reat  the 

syndrome of  inappropriate antidiuret ic  hormone (SIADH)  secret ion. 

4.  Precautions and monitoring effects  

a.  GI  dist ress (e .g. ,  d iarrhea, abdominal  d iscomfor t ,  nausea,  anorexia)  is  a  

common adverse ef fec t  o f  tet racyc l ines. Th is  problem can be min imized by 

adminis ter ing the drug wi th  food or temporari ly  decreasing the dosage. 

b.  Skin  rash,  ur t icar ia,  and genera l ized exfo l ia t ive dermat i t is  s igni fy a  

hypersens i t iv i ty react ion.  Rarely,  angioedema and anaphylaxis  occur .  

c.  Cross-sensi t iv i ty wi th in  the tet racyc l ine group is  common. 

d.  Phototoxic  react ions (severe sk in  lesions)  can develop wi th  exposure to 

sunl ight .  Th is react ion is most  common wi th demeclocycl ine and 

doxycyc l ine. 

e.  Tet racyc l ines may cause hepatotoxic i ty,  par t icu lar ly in pregnant  women.  

Mani fes tat ions include jaundice,  ac idos is ,  and fa tty l iver  in f i l t ra t ion. 

f .  Renal ly impaired pat ients  may exper ience a s ign i f icant  increase in BUN 

secondary to  catabol ic  ef fects o f  te t racycl ines. 

g.  Tet racyc l ines may induce permanent  tooth disco lorat ion,  tooth enamel 

defects ,  and retarded bone growth in infants  and ch i ldren. 

h.  Use of outdated and degraded te tracyc l ines can lead to  renal  tubular 

dysfunct ion,  poss ib ly resul t ing in  renal  fa i lure. 

i .  Minocycl ine can cause vest ibular  toxic i ty (e.g.,  a taxia ,  dizziness,  nausea,  

vomi t ing).  

j .  IV te t racycl ines are i r r i ta t ing and may cause phleb i t is .  
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5.  Signif icant interactions  

a.  Dairy products  and other  foods,  i ron preparat ions,  and antacids  and 

laxatives  conta in ing a luminum, ca lc ium, or  magnes ium can cause reduced 

te t racyc l ine absorpt ion.  Absorpt ion of  doxycyc l ine is  not  inhib i ted by these 

fac tors. 

b.  Methoxyflurane  may exacerbate the te t racycl ines '  nephrotoxic  e ffec ts.  

c.  Barbiturates  and phenytoin  decrease the ant ib io t ic e ffect iveness of  

te t racyc l ines. 

d.  Demeclocycl ine antagonizes the act ion of antidiuret ic  hormone (ADH)  

and may be given as a diuret ic  in  pat ients  wi th  SIADH. 

I .  F luoroquinolones  are agents  rela ted to  na l id ixic  acid—see I I . I .1 .c ;  

I I .2 .c . (1) ;  I I .4.c .(1)—and inc lude ciprof loxacin (Cipro) ,  enoxacin 

(Penetrex) ,  lomefloxacin (Maxaquin),  norfloxacin (Noroxin) ,  ofloxacin 

(Floxin) ,  moxif loxacin (Avelox) ,  levofloxacin (Levaquin) ,  and 

gemifloxacin (Factive) .  They are bacter ic idal  for growing bacteria .  

1.  Mechanism of act ion.  F luoroquinolones inh ib i t  DNA gyrase. 

2.  Spectrum of activi ty.  F luoroquino lones are h igh ly act ive against  enteric  

gram-negative baci l l i ,  Salmonel la,  Shigel la ,  Campylobacter,  Haemophi lus ,  

and Neisser ia.  

a.  Ciprof loxacin  has act iv i ty against  P. aeruginosa,  but the 

f luoroquino lones as a group have variable act iv i ty against  non-P. 

aeruginosa.  Ciprof loxac in is  ac t ive against some anaerobes;  i t  has 

moderate act iv i ty against  M. tubercu losis.  

b.  Gram-pos i t ive organisms are less suscept ib le than gram-negat ive 

organisms but  usual ly are sens i t ive,  except  for  Enterococcus faecal is  and 

meth ic i l l in - res is tant  s taphylococc i .  

c.  Ofloxacin  has the greatest  ac t iv i ty against Chlamydia.  

3.  Therapeutic uses  (Table 44-3) 

a.  Nor f loxac in is  indicated for the ora l  t reatment  o f  ur inary t rac t  in fec t ions,  

uncompl icated gonococcal  in fec t ions,  and prostat i t is .  

b.  Ciprof loxac in,  o f loxac in,  and levof loxac in are ava i lab le oral ly and 

in t ravenously.  Ciprof loxac in is  approved for  use in  ur inary tract  in fec t ions;  

lower respi ra tory in fect ions;  s inus i t is ;  bone,  jo int ,  and sk in  st ruc ture 

in fec t ions;  empir ic use in  febr i le  neutropenic  pat ients ;  typhoid fever ;  

urethra l  and cervica l  gonococcal infect ions;  and in fect ious diarrhea.  

Of loxac in is approved for  use in  lower respi ra tory in fec t ions,  uncompl icated 

gonococcal and ch lamydia l  cervic i t is  and urethr i t is ,  skin  and sk in  st ruc ture 

in fec t ions,  prostat i t is ,  and urinary tract  in fec t ions.  

c.  Lomef loxac in,  levof loxac in,  and enoxac in are approved for the t reatment  

o f  ur inary t rac t  in fec t ions.  Lomef loxac in, moxi f loxac in,  and levof loxac in are 

a lso used in  lower respi ra tory in fec t ions. 

d.  Moxi f loxac in is approved for  the treatment  o f  compl icated in t ra-

abdominal  in fec t ions but should not  be used for  ur inary t rac t  in fect ions. 



4.  Precautions and monitoring effects  

a.  Occas ional  adverse effec ts  inc lude nausea,  dyspepsia, headache,  

d izziness,  insomnia, card iac  QT pro longat ion,  arthropathy,  tendoni t is ,  CNS 

ef fec ts ,  photosens i t iv i ty,  and hypoglycemia. 

Table 44-3. Quinolone Agents Classified by Generation 

 Agent 
Spectrum of 
Coverage Site of Infection 

First-
generation 

Cinoxacin 
(Cinoxacin, 
Cinobac) 

Gram 
negatives 

Urinary tract 

 Enoxacin (Penetrex)   

 
Nalidixic acid 
(NegGram) 

  

 
Norfloxacin 
(Noroxin) 

  

Second-
generation 

Lomefloxacin 
(Maxaquin) 

Gram 
negatives 

Urinary tract 

 
Ciprofloxacin 
(Cipro)  

Systemic, 
urinary tract 

 
Ofloxacin (Floxin) 

 
Systemic, 
urinary tract 

Third-
generation 

Levofloxacin 
(Levaquin) 

Gram 
negatives 

Systemic, 
urinary tract 

 
Moxifloxacin 
(Avelox) 

Atypicals Systemic only 
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b.  Inf requent  adverse ef fec ts  include rash,  ur t icaria ,  leukopenia,  and 

e levated l iver  enzymes.  Crysta l lur ia  occurs  wi th  h igh doses at  a lka l ine pH.  



c.  The FDA has added a b lack box warn ing about  the increased r isk  of  

develop ing tendini t is  and tendon rupture in  pat ients  tak ing th is  c lass of 

medicat ions. 

5.  Signif icant interactions  

a.  Ciprof loxac in has been shown to  increase theophyl l ine  leve ls .  Var iab le  

ef fec ts  on theophyl l ine leve ls have been repor ted f rom other  members of 

the group.  In  pat ients  requi r ing f luoroquinolones, theophyl l ine leve ls  should 

be moni tored. 

b.  Antacids  and sucralfate  and d ivalent  or t r ivalent  cat ions such as i ron 

s ign i f icant ly decrease the absorpt ion of  f luoroquino lones. 

c.  Fluoroquino lones may increase prothrombin t imes in  pat ients  receiv ing 

warfarin.  

d.  Concurrent  use wi th nonsteroidal  ant i - inf lammatory drugs  (NSAIDs) 

may increase the r isk  of  CNS st imulat ion (se izures) .  

e.  Fluoroquino lones may produce pro longed QT in terva l  when adminis tered 

wi th  cisapride  and antiarrhythmic agents.  Some f luoroquino lones ( i .e. ,  

gat i f loxac in,  moxi f loxac in)  should be avoided in pat ients  wi th  known 

pro longat ion of  the QTC in terva l ,  wi th uncorrected hypocalcemia,  or  who 

are receiv ing c lass IA or c lass I I I  ant iarrhythmic  drugs. 

f .  Some f luoroquino lones have been repor ted to  enhance the ef fec ts  o f  ora l  

ant icoagulants. 

g.  Hyperglycemia and hypoglycemia have been repor ted in  pat ients  

receiv ing qu ino lones and an ant id iabet ic  agent .  Blood glucose moni tor ing is  

recommended in  such pat ients . 

h.  Didanosine should be adminis tered at least  4 hr  a f ter  gat i f loxac in. 

J.  Urinary tract  ant iseptics.  Concentrat ing in  the renal  tubules and 

b ladder,  these agents exer t  loca l  ant ibacter ia l  e f fec ts ;  most  do not ach ieve 

b lood leve ls  high enough to  t reat systemic  in fec t ions.  However,  some new 

quino lone der ivat ives, such as c iprof loxac in and of loxac in,  are va luable in  

the treatment  o f  certa in  in fec t ions outside the urinary t rac t  (see I I .H.3.b) .  

1.  Mechanism of act ion  

a.  Methenamine  is  hydro lyzed to  ammonia and formaldehyde in ac idic 

ur ine;  formaldehyde is  ant ibacter ia l  against  gram-posi t ive and gram-

negat ive organisms. Mandel ic  and hippur ic  ac ids, wi th  which methenamine 

is  combined,  provide supplementary ant ibacter ial  ac t ion. 

b.  Nitrofurantoin  is  bacteriostat ic;  in  high concentrat ions,  i t  may be 

bactericidal .  Presumably,  i t  d is rupts  bacteria l  enzyme systems. 

c.  Quinolones. Nal idixic acid  and i ts  analogs and der ivat ives—oxol inic 

acid, norfloxacin,  c inoxacin,  ciprof loxacin,  and others—inter fere wi th  

DNA gyrase and inhib i t  DNA synthesis  during bacterial  rep l icat ion. 

d.  Fosfomycin tromethamine  is  bacteric idal  in  the ur ine at therapeut ic  

doses.  The bacter ic idal  ac t ion is  because of  i ts  inact ivat ion of  the enzyme 

enolpyruvyl  t ransferase,  thereby b lock ing the condensat ion of ur id ine 

d iphosphate-N -acetylglucosamine wi th  p-enolpyruvate,  one of the f i rs t  steps 

in  bacter ia l  cel l  wal l  synthesis.  



2.  Spectrum of activi ty  

a.  Methenamine  is  ac t ive against both gram-pos i t ive and gram-negative 

organisms (e.g.,  Enterobacter ,  Klebs ie l la ,  Proteus,  P. aeruginosa,  S.  

aureus ) .  

b.  Nitrofurantoin  is  act ive against  many gram-pos i t ive and gram-negat ive 

organisms,  inc lud ing some s t ra ins  of  E. col i ,  S.  aureus, Proteus,  

Enterobacter ,  and Klebsie l la .  

c.  Quinolones  (see I I .H) 

(1)  Nalidixic acid  and oxol inic acid  are act ive against most gram-negat ive 

organisms that  cause urinary t rac t  in fect ions,  includ ing P. mirab i l is ,  E.  col i ,  

K lebs ie l la ,  and Enterobacter  organisms.  These drugs are not  e ffec t ive 

against  Pseudomonas  organisms. 

(2)  Norf loxacin  is  ac t ive against  E. co l i ,  Enterobacter ,  Klebs ie l la ,  Proteus,  

P.  aeruginosa, S.  aureus,  Ci t robacter ,  and some Streptococcus  organisms. 

(3)  Cinoxacin  is  ac t ive against E. col i ,  Klebsie l la ,  P.  mi rab i l is ,  Proteus 

vu lgaris ,  Proteus morgani i ,  Serrat ia ,  and Cit robacter  organisms. 

3.  Therapeutic uses  

a.  Methenamine  and nitrofurantoin  are used to  prevent and t reat ur inary 

t ract  in fec t ions. 
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b.  Quinolones  are admin istered to  t reat  ur inary t ract  in fec t ions;  some a lso 

are used in  such d iseases as osteomyel i t is  and resp i ra tory t rac t  in fec t ions.  

c.  Fosfomycin  is  indicated for  t reatment  of  uncompl icated urinary t rac t  

in fec t ion (acute cyst i t is )  in  women caused by suscept ible  s t ra ins  of  E. co l i  

or  E. faecal is .  

4.  Precautions and monitoring effects  

a.  Methenamine  may cause nausea,  vomit ing,  and diarrhea;  in  high doses,  

i t  may lead to  ur inary t rac t  i r r i ta t ion (e .g. ,  dysuria,  f requency,  hematur ia ,  

a lbuminuria).  Skin  rash a lso may develop. 

b.  Nitrofurantoin  may cause var ious adverse ef fec ts .  

(1)  GI  dist ress (e .g. ,  nausea,  vomi t ing, d iarrhea)  is  re la t ively common. 

(2)  Hypersens i t iv i ty react ions to  ni t ro furanto in may invo lve the sk in ,  lungs,  

b lood,  or  l iver ;  mani festat ions inc lude fever ,  chi l ls ,  hepat i t is ,  jaundice, 

leukopenia,  hemolyt ic anemia,  granulocytopenia,  and pneumoni t is .  

(3)  Adverse CNS ef fects  include headache,  ver t igo,  and d izziness.  

Polyneuropathy may develop wi th  high doses or  in  pat ients  wi th  renal  

impai rment .  

c.  Quinolones  

(1)  Nalidixic acid  and oxol inic acid  may cause nausea,  vomi t ing,  

abdominal  pa in,  urt icaria,  prur i tus , sk in rash, fever ,  eosinophi l ia ,  and CNS 

ef fec ts ,  such as headache,  dizziness, confusion,  ver t igo,  drowsiness,  and 

weakness. 



(2)  Cinoxacin  may induce nausea, vomit ing,  d iarrhea, headache,  insomnia,  

skin  rash,  prur i tus ,  and ur t icaria .  

5.  Signif icant interactions  

a.  The ef fec ts  of  methenamine are inh ibi ted by alkal inizing agents  and are 

antagonized by acetazolamide.  

b.  Ni t ro furanto in  absorpt ion is decreased by magnesium-containing 

antacids.  Ni tro furanto in  b lood leve ls  are increased and ur ine leve ls  

decreased by sulf inpyrazone  and probenecid,  leading to  increased toxic i ty 

and reduced therapeut ic  e f fec t iveness. 

c.  Quinolones  

(1)  Cinoxac in ur ine leve ls  are decreased by probenecid,  reducing 

therapeut ic  ef fec t iveness. 

(2)  Nor f loxac in is  rendered less ef fec t ive by antacids.  

K. Miscel laneous antibacteria l  agents  

1.  Aztreonam (Azactam).  Th is  agent  was the f i rst  commerc ial ly ava i lab le  

monobactam (monocyc l ic  β- lac tam compound). I t  resembles the 

aminoglycos ides in  i ts e ff icacy against  many gram-negative organisms but  

does not  cause nephrotoxic i ty or  o totoxic i ty.  Other  advantages of  this drug 

include i ts abi l i ty  to preserve the body's  normal gram-posi t ive and 

anaerobic f lora, ac t iv i ty against  many gentamicin-resis tant organisms,  and 

lack of  c ross-a l lergenic i ty wi th  penic i l l in .  

a.  Mechanism of act ion.  Azt reonam is  bactericidal;  i t  inhib i ts bacter ial  

ce l l  wal l  synthesis.  

b.  Spectrum of act ivi ty.  Th is  drug is  ac t ive against  many gram-negat ive 

organisms,  inc lud ing Enterobacter  and P. aeruginosa.  

c.  Therapeutic uses.  Azt reonam is  therapeut ic  for  ur inary t rac t infec t ions, 

sept icemia,  sk in  in fec t ions,  lower respi ra tory t rac t  in fec t ions, and in t ra-

abdominal  in fec t ions resul t ing f rom gram-negative organisms.  Increased 

incidence of  P. aeruginosa  resis tant to azt reonam have been repor ted. 

d.  Precautions and monitoring effects  

(1)  Azt reonam sometimes causes nausea,  vomi t ing,  and d iarrhea. 

(2)  L iver  enzymes may increase t rans ient ly during azt reonam therapy. 

(3)  Th is drug may induce skin  rash. 

2.  Chloramphenicol.  A n i t robenzene derivat ive,  th is  drug has broad act ivi ty 

against  r icketts ia  as wel l  as  many gram-posi t ive and gram-negat ive 

organisms.  I t  a lso is  e f fec t ive against  many ampic i l l in - res is tant  s t ra ins  of  H. 

in f luenzae.  

a.  Mechanism of act ion.  Chloramphenicol  is  pr imar i ly bacteriostat ic ,  

a l though i t  may be bacter ic idal  against  a  few bacter ia l  s t rains . 

b.  Spectrum of act ivi ty.  Th is  agent  is  act ive against  r icket ts ia  and a wide 

range of bacter ia ,  includ ing H. in f luenzae,  Salmonel la  typhi ,  Neisser ia  

meningi t id is ,  Bordetel la  per tuss is ,  Clost r id ium, B.  f rag i l is ,  S.  pyogenes,  and 

S. pneumoniae.  
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c.  Therapeutic uses.  Because of  i ts  toxic  s ide effec ts ,  chloramphenicol  is  

used only to  suppress infect ions that  cannot  be treated ef fec t ive ly wi th  

o ther ant ibio t ics . Such infect ions typ ica l ly inc lude 

(1)  Typhoid fever 

(2)  Meningococcal  in fec t ions in  cephalosporin-a l lerg ic  pat ients 

(3)  Serious H. in f luenzae  in fec t ions, par t icular ly in  cephalospor in-al lerg ic  

pat ients 

(4)  Anaerobic  in fec t ions (e .g.,  those originat ing in  the pe lv is  or intes t ines)  

(5)  Anaerobic  or  mixed in fect ions of the CNS 

(6)  Ricket ts ia l  in fec t ions in  pregnant  pat ients , te tracycl ine-al lerg ic  pat ients ,  

and renal ly impaired pat ients 

d.  Precautions and monitoring effects  

(1)  Chloramphenico l  can cause bone marrow suppress ion (dose-re la ted)  

wi th  resul t ing pancytopenia; rare ly,  the drug leads to aplast ic  anemia (not 

re lated to  dose) .  

(2)  Hypersens i t iv i ty react ions may include skin  rash and,  in  ext remely rare 

cases,  angioedema or  anaphylaxis .  

(3)  Chloramphenico l  therapy may lead to  gray baby syndrome in  neonates 

(especial ly premature in fants) .  Th is  dangerous react ion,  which stems par t ly 

f rom inadequate l iver detoxi f icat ion of  the drug,  is mani fes ted by vomi t ing, 

gray cyanos is ,  rap id  and i r regular  resp i rat ions,  vasomotor  col lapse,  and in  

some cases death. 

e.  Signif icant interactions  

(1)  Chloramphenico l  inh ib i ts  the metabol ism of phenytoin,  tolbutamide,  

chlorpropamide,  and dicumarol ,  leading to  pro longed act ion and 

in tensi f ied ef fec t o f these drugs. 

(2)  Phenobarbital  shortens ch loramphenicol 's  ha l f - l i fe ,  thereby reduc ing i ts 

therapeut ic  ef fec t iveness. 

(3)  Penicil l ins  can cause ant ibio t ic antagonism. 

(4)  Acetaminophen  e levates ch loramphenicol  leve ls and may cause 

toxic i ty.  

3.  Cl indamycin (Cleocin) .  Th is agent has essent ia l ly  rep laced l incomycin,  

the drug f rom which i t  is  der ived.  I t  is  used to  t reat  sk in ,  resp i ra tory tract ,  

and sof t - t issue infect ions caused by staphylococc i ,  pneumococc i ,  and 

s t reptococci .  

a.  Mechanism of act ion.  Cl indamycin is  bacteriostat ic;  i t  b inds to  the 50S 

r ibosomal  subunit ,  thereby suppress ing bacter ia l  prote in synthes is .  

b.  Spectrum of act ivi ty.  Th is  agent  is  act ive against  most  gram-pos i t ive 

and many anaerobic  organisms,  inc lud ing B. f ragi l is .  

c.  Therapeutic uses.  Because of  i ts  marked toxic i ty,  c l indamycin is  used 

only against  in fec t ions for  which i t  has proven to be the most  e f fect ive drug.  

Typica l ly,  such infect ions include abdominal  and female geni tourinary t ract  

in fec t ions caused by B. frag i l is .  



d.  Precautions and monitoring effects  

(1)  Cl indamycin may cause rash,  nausea,  vomi t ing,  diar rhea,  and 

pseudomembranous co l i t is  as  evidenced by fever,  abdominal  pa in ,  and 

b loody stools.  

(2)  B lood dyscras ias (e .g. ,  eosinophi l ia ,  thrombocytopenia,  leukopenia) may 

occur .  

e.  Signif icant interactions.  Cl indamycin may potent ia te the effec ts o f 

neuromuscular blocking agents.  

4.  Dapsone.  A member of  the su l fone c lass,  th is drug is  the pr imary agent  

in  the t reatment  o f  a l l  forms of  leprosy. 

a.  Mechanism of act ion.  Dapsone is  bacteriostat ic  for  Mycobacterium 

leprae;  i ts  mechanism of ac t ion probably resembles that o f  the 

su l fonamides. 

b.  Spectrum of act ivi ty.  Th is  drug is  ac t ive against  M. leprae;  however,  

drug res is tance develops in  up to 40% of  pat ients .  Dapsone a lso has some 

act iv i ty against P. carin i i  organisms and the malar ia l  parasi te Plasmodium.  

c.  Therapeutic uses  

(1)  Dapsone is the drug of  choice for  t reat ing leprosy. 

(2)  Th is agent may be used to  t reat  dermati t is  herpet i formis ,  a  sk in  

d isorder .  

(3)  Malopr im, a  dapsone-pyr imethamine product ,  is  valuable in  the 

prophylaxis  and t reatment  o f malar ia.  

(4)  Dapsone, wi th  or wi thout t r imethopr im,  is used for prophylaxis  o f  P. 

car in i i  pneumonia in  pat ients  wi th  AIDS. 

d.  Precautions and monitoring effects  

(1)  Hemolyt ic anemia can occur  wi th  da i ly doses > 200 mg.  Other  adverse 

hematologica l  e f fects  include methemoglobinemia and leukopenia. 
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(2)  Nausea,  vomi t ing,  and anorexia  may develop. 

(3)  Adverse CNS ef fects  include headache,  dizziness,  nervousness,  

le thargy,  paresthes ias, and psychosis.  

(4)  Dapsone occas ional ly resul ts in  a  potent ial ly  le tha l  mononucleosis- l ike 

syndrome. 

(5)  Paradoxical ly,  th is  drug sometimes exacerbates leprosy. 

(6)  Other  adverse effec ts  include skin  rash,  per iphera l  neuropathy,  b lurred 

vis ion,  t inn i tus , hepat i t is ,  and cholestat ic jaundice. 

e.  Signif icant interactions.  Probenecid  e levates b lood levels  o f  dapsone,  

poss ib ly resul t ing in  toxic i ty.  

5.  Clofazimine  is  phenazine dye wi th  ant imycobacter ial  and ant i -

in f lammatory act iv i ty.  

a.  Mechanism of act ion.  Clo fazimine appears to b ind preferent ial ly  to  

mycobacteria l  DNA, inhib i t ing repl icat ion and growth.  I t  is  bactericidal  

against  M. leprae,  and i t  appears  to  be bacteriostat ic  against  MAI.  



b.  Spectrum of act ivi ty.  Clo fazimine is  ac t ive against  various 

mycobacteria ,  inc lud ing M. leprae, M.  tubercu losis ,  and MAI. 

c.  Therapeutic uses.  Clo fazimine is  used to  t reat  leprosy and a var iety o f 

a typ ica l  Mycobacter ium  in fec t ions. 

d.  Precautions and monitoring effects  

(1)  P igmentat ion (p ink  to brownish)  occurs  in  75%-100% of  pat ients  wi thin  a  

few weeks.  This  skin  d isco lorat ion has led to severe depress ion (and 

su ic ide) .  

(2)  Ur ine,  sweat ,  and other  body f lu ids  may be disco lored. 

(3)  Other  ef fec ts  include ichthyos is  and dryness of  sk in  (8%-28%), rash and 

prur i tus  (1%-5%),  and GI in to lerance (e.g. ,  abdominal /epigast r ic  pain, 

d iarrhea,  nausea,  vomi t ing)  in  40%-50% of pat ients .  Clofazimine should be 

taken wi th  food. 

6.  Daptomycin (Cubicin)  is  a  un ique l ipopept ide ant ib io t ic  wi th  c l in ical  

ac t iv i ty in the t reatment  o f  res is tant  gram-posi t ive infec t ions. 

a.  Mechanism of act ion.  Daptomycin is  bacter ic ida l ;  unl ike other  

ant ib io t ics,  i t  b inds to  the bacter ial  ce l l  membrane,  caus ing depolar izat ion 

of  the membrane potent ia l  leading to  inh ib i t ion of RNA, DNA, and prote in  

synthesis .  

b.  Spectrum of act ivi ty.  Th is  drug is  ac t ive against  vancomycin-

suscept ib le  E. faec ium  and S. aureus  ( includ ing meth ic i l l in - res is tant  

s t rains)  as  wel l  as  other  aerobic  gram-pos i t ive bacteria .  

c.  Therapeutic uses.  Daptomycin is  indicated for the t reatment o f  

compl icated skin  and sk in  s tructure in fec t ions and S.  aureus bacteremia.  I t  

is  not  ind icated for  the t reatment  o f pneumonia. 

d.  Precautions and monitoring effects  

(1)  Reported s ide ef fec ts are general ly mi ld  and se l f - l imi t ing and include 

const ipat ion,  abnormal  l iver  funct ion tes ts ,  and renal  fai lure. 

(2)  Cases of myalg ia  and/or  muscle weakness,  exacerbat ions of  myasthenia 

gravis,  and increases in  creat ine phosphokinase (CPK) have been reported. 

7.  Linezol id (Zyvox)  is  a  synthet ic oxazol idinone that  has c l in ica l  use in 

the treatment  o f  in fec t ions caused by aerobic  gram-posi t ive bacter ia.  

a.  Mechanism of act ion.  L inezol id  is bacter ios tat ic  against  Enterococc i  and 

Staphy lococc i ,  and bacter ic ida l  against  Streptococc i .  L inezol id  b inds to the 

23S r ibosomal  RNA of  the 50S subuni t  and thus inh ib i ts  protein  synthes is.  

b.  Spectrum of act ivi ty.  The drug is  ac t ive against  vancomycin-res is tant 

Enterococcus faecium  and S. aureus  (meth ic i l l in-suscept ib le  and -res is tant  

s t rains)  as  wel l  as  other  aerobic  gram-pos i t ive bacteria .  

c.  Therapeutic uses.  L inezol id  is  ind icated for  t reatment  o f infec t ions 

caused by vanco-mycin-res is tant  E. faec ium,  nosocomia l  pneumonia caused 

by meth ic i l l in -suscept ib le  and - resis tant s tra ins o f  S. aureus,  community-

acqui red pneumonia caused by penic i l l in -suscept ib le  st rains of S. 

pneumoniae,  and sk in  and sk in  st ruc ture in fec t ions owing to  these 

organisms. 

d.  Precautions and monitoring effects  



(1)  Safety data are l imited.  Adverse ef fects  genera l ly  are minor  (e .g. ,  

gast ro in test inal  compla ints ,  headache,  rash).  

(2)  Thrombocytopenia or a  s ign i f icant  reduct ion in  p la tele t count  has been 

reported (2.4%) and is  re la ted to  durat ion of  therapy.  Moni tor p la tele ts  in  

pat ients  wi th  r isk  of  b leeding,  preexis t ing thrombocytopenia, p la tele t 

d isorders ( inc luding those  
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caused by concurrent  medicat ions)  and in  pat ients  receiv ing l inezol id  

last ing longer than 2 weeks. 

(3)  Myelosuppression owing to  d i rec t bone marrow suppression has been 

reported rarely.  

e.  Signif icant interactions.  Pat ients  receiv ing concomitant  therapy wi th  

adrenergic or  serotonergic  agents  or consuming more than 100 mg of 

tyramine a day may exper ience an enhancement  o f  the drug 's  e ffec t  or  

serotonin syndrome. 

8.  Quinuprist in/dalfoprist in (Synercid)  is  an in travenous s t reptogramin 

ant ib io t ic  composed of  two chemical ly d is t inct  compounds. 

a.  Mechanism of act ion.  Quinupris t in b inds to the 50S subuni t ,  and 

dal fopris t in b inds t ight ly to  the 70S r ibosomal  part ic le .  

b.  Spectrum of act ivi ty.  Synercid  has act iv i ty against  Staphylococci  spp.,  

includ ing res is tant  s t ra ins .  Th is  combinat ion has bet ter  ac t iv i ty against E. 

faec ium  than Enterococcus faecal is  and is  a lso act ive against  some gram-

negat ive organisms and anaerobes;  ac t iv i ty has not  been shown against  

Enterobacter iaceae.  

c.  Therapeutic uses.  I t  is  used for t reatment  o f vancomycin-resistant  E. 

faec ium  (VREF) bacteremia and skin  and sk in st ruc ture in fect ions caused 

by S. aureus  and S. pyogenes.  

d.  Precautions and monitoring effects  

(1)  Reported s ide ef fec ts are general ly mi ld  and in fus ion rela ted: pain , 

erythema,  or  i tch ing at  the in fus ion s i te ;  increases in  pu lse and dias tol ic  

pressure;  headache;  nausea or  vomi t ing;  and d iarrhea. I t  may increase l iver  

funct ion tests  s l ight ly.  

(2)  Drug in teract ions are a resul t  o f  cytochrome P450 3A4 inh ibi t ion. 

Potent ial  drug interact ions inc lude cyclosporin, ni fedipine,  and 

midazolam.  

(3)  Concomitant  use of  medicat ions that  may pro long QTc in terval  should be 

avoided. 

(4)  Mi ld  to l i fe-threatening pseudomembranous col i t is  has been repor ted. 

9.  Rifaximin.  Is a  semi-synthet ic  ant ibio t ic  that  is  s t ruc tural ly rela ted to  

r i famyc in. 

a.  Mechanism of act ion.  I t  inhibi ts bacter ial  RNA synthesis by binding to  

the beta-subuni t  o f  bacter ial  DNA-dependent  RNA polymerase. 



b.  Spectrum of act ivi ty.  Th is  non-systemica l ly absorbed drug has act iv i ty 

against  both enterotoxigenic  and enteroaggregat ive s t rains  of  Escher ichia 

co l i .  

c.  Therapeutic uses.  Ri faximin is  used in  the t reatment  o f  Traveler 's  

d iarrhea wi th  noninvasive s tra ins of  E. co l i .  High res is tance rates have 

been repor ted af ter  5  days of  t reatment .  

d.  Precautions and monitoring effects.  Because of  i ts  l imited systemic 

absorpt ion,  adverse ef fec ts are few but include const ipat ion, vomi t ing,  

f la tu lence and headache.  

10.  Spectinomycin.  An aminocyc l i to l  agent  rela ted to  the aminoglycosides,  

th is  ant ib iot ic  is  usefu l  against penic i l l in - res is tant  s t ra ins  of  gonorrhea. 

a.  Mechanism of act ion.  Spect inomycin is  bacteriostatic;  i t  selec t ively 

inhib i ts  prote in  synthes is by b ind ing to  the 30S r ibosomal  subuni t .  

b.  Spectrum of act ivi ty.  Th is  agent  is  act ive against  var ious gram-negative 

organisms. 

c.  Therapeutic uses.  Spect inomycin is  used only to  t reat gonococcal  

in fec t ions in  pat ients  wi th  penic i l l in  al lergy or when such in fect ion stems 

f rom penic i l l inase-produc ing gonococc i  (PPNG). 

d.  Precautions and monitoring effects.  Because spect inomycin is g iven 

only as a s ing le-dose IM in ject ion,  i t  causes few adverse ef fec ts .  Nausea, 

vomi t ing,  urt icar ia ,  chi l ls ,  d izziness,  and insomnia occur  rare ly.  

11.  Tel i thromycin (Ketek)  is  the f i rs t  of  a  new c lass of ant imicrobials 

ca l led the keto l ides.  I t  is  an ora l  semisynthet ic der ivat ive of erythromycin.  

a.  Mechanism of act ion.  Te l i thromycin may be bacter ic ida l  or  

bacter iostat ic;  i t  inh ib i ts  bacter ia l  prote in  synthesis .  

b.  Spectrum of act ivi ty.  Th is  drug is  ac t ive against  many aerobic  and 

anaerobic gram-posi t ive organisms,  inc lud ing mult id rug-  resistant  S. 

pneumoniae,  some gram-negat ive organisms as wel l  as atypical  pathogens. 

c.  Therapeutic uses.  Te l i thromycin is  indicated for  the t reatment  of  mi ld  to  

moderate community-acqui red pneumonia only.  The FDA removed the 

previous 2 approved indicat ions and added a b lack box warn ing. 
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d.  Precautions and monitoring effects  

(1)  GI  ef fec ts  ( includ ing d iarrhea,  nausea,  and vomi t ing)  were the most  

common s ide ef fec ts  fo l lowed by d izziness and visual  disturbances (such as 

d iplopia and b lurred and abnormal  v is ion);  ser ious l iver  toxic i ty has been 

reported. 

(2)  Cross-sensi t iv i ty wi th  the other  macrol ides occurs . 

(3)  Concomitant  use of  drugs or  condit ions that  may pro long the QTc 

in terva l  should be avoided. 

(4)  Contraindicated in  pat ients  wi th myasthenia gravis ,  hepat i t is ,  or  

jaundice. 

e.  Signif icant interactions  



(1)  Co-administ ra t ion of te l i thromycin wi th e i ther c isapride or p imozide is 

contra indicated. 

(2)  Concomitant  admin ist ra t ion of  drugs metabol ized by cytochrome P450 

3A4 in  pat ients  wi th  te l i thromycin should be c lose ly monitored. 

(3)  Pat ients on bepr id i l ,  mesor idazine,  ter fenadine,  thior idazine, or  

z iprasidone should not be prescr ibed tel i thromycin owing to  the h igh 

potent ia l  for  toxic i ty.  

(4)  This agent has a high potentia l  to interact w ith many drugs.  Check 

product information for the most current interact ion information.  

12.  Tigecycl ine (Tygaci l ) .  An int ravenous glycylcyc l ine ant ibio t ic 

developed as a semisynthet ic  analogue of  te t racyc l ine wi th a  broad 

spectrum of  act iv i ty.  

a.  Mechanism of act ion.  Tigecyc l ine is bacter iostat ic ;  i t  inhibi ts bacter ia l  

protein  synthes is  by revers ib ly bind ing to  the 30S r ibosome subuni t .  

b.  Spectrum of act ivi ty.  The drug is  ac t ive against  vancomycin-suscept ible  

E. faecal is ,  meth ic i l l in - res is tant  S. epidermid is ,  and S. aureus  (meth ic i l l in-

suscept ib le  and - resistant  st rains)  as  wel l  as some gram-negative aerobes 

and anaerobes. 

c.  Therapeutic uses.  Tigecycl ine is ind icated for the t reatment o f  

compl icated in t ra-abdominal  in fec t ions caused by E. co l i ,  vancomycin-

suscept ib le  E. faecal is ,  S.  aureus  (meth ic i l l in -suscept ib le  s t rains  on ly)  and 

B. f rag i l is .  A lso ind icated for the t reatment  of  compl icated skin  and sk in 

s t ruc ture in fec t ions caused by E. faecal is  (vancomycin-suscept ib le s t ra ins) ,  

S. pyogenes  and S. aureus  (meth ic i l l in -suscept ib le  and - resis tant s tra ins).  

d.  Precautions and monitoring effects.  

(1)  Safety data are l imited.  Side ef fec ts  are genera l ly mi ld  wi th  GI 

d isturbances—for  example,  nausea (22%-35%) and vomi t ing (13%-19%)—

the most  commonly repor ted. The mechanism of  these react ions is  

uncer tain . 

(2)  May cause permanent  d isco lorat ion of the teeth s imi lar  to  the 

te t racyc l ines. 

(3)  Caut ion in  pat ients  wi th  a  history of hypersens i t iv i ty react ions to  

te t racyc l ines. 

(4)  Phototoxic  react ions, pancreat i t is ,  and increases in  BUN may occur .  

e.  Signif icant interactions.  Closely moni tor the prothrombin t ime or 

in ternat ional  sens i t iv i ty index ( INR) in  pat ients on warfar in  dur ing 

concomitant  admin is t ra t ion of  t igecyc l ine. 

13.  Trimethoprim.  A subst i tu ted pyr imidine,  t r imethopr im is  most  commonly 

combined wi th  su l famethoxazole (a  su l fonamide d iscussed in  I I .F)  in  a  

preparat ion ca l led cot r imoxazole.  However,  i t  may be used alone for  cer tain  

ur inary t rac t  in fect ions. 

a.  Mechanism of act ion.  Tr imethopr im inhib i ts  d ihydrofola te reductase,  

thus blocking bacter ial  synthes is  o f fol ic  ac id . 

b.  Spectrum of act ivi ty 



(1)  Tr imethopr im is act ive against most gram-negat ive and gram-posi t ive 

organisms.  However,  drug res is tance may develop when this drug is  used 

a lone. 

(2)  Tr imethopr im-sul famethoxazole is act ive against  a  varie ty of  organisms,  

includ ing S. pneumoniae,  N.  meningi t id is ,  and Corynebacterium diphther iae;  

some s t rains  of  S. aureus,  Staphy lococcus ep idermid is,  P. mi rabi l is ,  

Enterobacter ,  Salmonel la ,  Shigel la ,  Serrat ia ,  and Klebsiel la  spp. ;  and E. 

co l i .  

(3)  The t r imethoprim-sul famethoxazole combinat ion is  synerg is t ic ;  many 

organisms res is tant to  one component  are suscept ible  to  the combinat ion.  

c.  Therapeutic uses  

(1)  Tr imethopr im may be used a lone or  in  combinat ion wi th  

su l famethoxazole to t reat  uncompl icated ur inary trac t infec t ions caused by 

E. col i ,  P.  mi rabi l is ,  and Klebs ie l la  and Enterobacter  organisms. 

(2)  Tr imethopr im-sul famethoxazole is therapeut ic  for  acute gonococcal 

urethr i t is ,  acute exacerbat ion of  chronic  bronchit is ,  sh igel los is ,  and 

Salmonel la  in fec t ions. 
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(3)  Tr imethopr im-sul famethoxazole may be given as prophylact ic  or  

suppressive therapy in P. car ini i  pneumonia. I t  is  the drug of choice for  the 

t reatment  o f  Stenotrophomonas mal tophi l ia  in fec t ions. 

d.  Precautions and monitoring effects  

(1)  Most  adverse effec ts invo lve the sk in  (poss ib ly f rom sensi t izat ion) .  

These inc lude rash,  pruri tus , and exfo l ia t ive dermat i t is .  

(2)  Rare ly,  t r imethoprim-sul famethoxazole causes blood dyscrasias (e .g. ,  

acute hemolyt ic  anemia,  leukopenia,  thrombocytopenia,  

methemoglobinemia,  agranulocytosis ,  aplast ic  anemia) .  

(3)  Adverse GI e ffec ts inc lud ing nausea,  vomi t ing,  and epigast r ic  dist ress 

g lossi t is  may occur .  

(4)  Neonates may develop kern ic terus. 

(5)  Pat ients wi th  AIDS somet imes suf fer  fever ,  rash,  mala ise,  and 

pancytopenia dur ing t r imethopr im therapy. 

14.  Vancomycin.  Th is  g lycopept ide dest roys most  gram-posi t ive organisms. 

a.  Mechanism of act ion.  Vancomycin is  bactericidal;  i t  inh ib i ts  bacterial  

ce l l  wal l  synthesis.  

b.  Spectrum of act ivi ty.  Th is  drug is  ac t ive against  most  gram-posi t ive 

organisms,  inc lud ing meth ic i l l in- res is tant  s t rains  of  S. aureus and 

Enterococc i .  

c.  Therapeutic uses.  Vancomycin usual ly is reserved for ser ious infect ions,  

especia l ly those caused by meth ic i l l in - res is tant  staphylococc i .  I t  is  

par t icular ly usefu l  in  pat ients  who are al lerg ic  to  penic i l l in  or  

cephalosporins .  Typica l  uses inc lude endocardi t is ,  os teomyel i t is ,  and 

s taphylococcal  pneumonia. 



(1)  Ora l  vancomycin is  va luable in  the treatment  o f  ant ib iot ic - induced 

pseudomembranous co l i t is  caused by C. di f f ic i le  or  S. aureus  enterocol i t is .  

Because vancomycin is  not  absorbed af ter  ora l  admin is t rat ion,  i t  is  not 

usefu l  for systemic  in fect ions.  Because of  resistance,  the Centers  for  

Disease Control  and Prevent ion (CDC) recommend vancomycin as the 

second choice to metronidazole for  C. d i f f ic i le  in fec t ions. 

(2)  Because 1 g provides adequate blood leve ls  for  7-10 days,  IV 

vancomycin is  par t icu lar ly usefu l  in  the t reatment o f  anephr ic  pat ients  wi th  

gram-pos i t ive bacteria l  in fec t ions. 

d.  Precautions and monitoring effects  

(1)  Ototoxic i ty may arise;  nephrotoxic i ty is  rare but  can occur wi th  high 

doses. 

(2)  Vancomycin may cause hypersens i t iv i ty react ions,  mani fes ted by such 

symptoms as anaphylaxis  and skin  rash. 

(3)  Therapeut ic  leve ls  peak at  20-40 µg/mL.  The trough is  < 15 µg/mL. 

(4)  Red man's syndrome may occur .  Th is  is  fac ial  f lushing and hypotension 

owing to too rap id infus ion of  the drug.  Infus ion should be over  a  minimum 

of  60 min for  a  1-g dose. 

(5)  IV solu t ions are very i r r i ta t ing to  the vein . 

e.  Vancomycin-resistant enterococci .  A few s t ra ins  of  vancomycin-

res is tant enterococci  are suscept ible  to  te icoplan in ( invest igat ional  by 

Hoechst Mar ion Roussel) ,  l inezol id (Zyvox) ,  or  qu inupr is t in /da l fopr is t in  

(Synercid) .  These agents  may be usefu l  for  mul t ip le-drug-res is tant  E. 

faec ium.  

III. Systemic Antifungal Agents 
A. Defini t ion.  These agents  t reat  systemic and local  fungal  (mycot ic )  

in fec t ions—diseases that  res is t  t reatment  wi th  ant ibacter ial  drugs. 

B. Amphotericin B (Fungizone).  Th is  polyene ant i fungal  ant ibio t ic  is 

therapeut ic  for  var ious fungal  in fec t ions that  f requent ly proved fa tal  before 

the drug became avai lable .  I t  is  used increas ingly in  the empir ic  treatment  

o f  severely immunocompromised pat ients  in  certain  c l in ical  s i tuat ions. 

1.  Mechanism of act ion.  Amphoter ic in  B is both fungistat ic  in  c l in ical ly 

obtained concentrat ions and may be fungic ida l  in the presence of 

suscept ib le  organisms.  I t  b inds to  s terols  in  the fungal  cel l  membrane,  

thereby increasing membrane permeabi l i ty  and permit t ing leakage of  

in t racel lu lar  contents .  Other  mechanisms may be invo lved as wel l .  
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2.  Spectrum of activi ty.  Amphoter ic in  B is  a  broad-spectrum ant i fungal  

agent  wi th  act iv i ty against  Asperg i l lus , Blastomyces,  Candida  spp.  

(a lbicans,  k rusei  t rop ical is ,  and glabrata) ,  Cryptococcus, Cocc id io ides,  

His top lasma, Paracocc idio ides,  Phycomycetes  (mucor) ,  and Sporothrix.  I t  is  



also usefu l  against some protozoa such as Leishmania, Naegler ia,  and 

Acanthamoeba.  

3.  Therapeutic uses.  Amphoteric in  B is  the most  e f fect ive ant i fungal  agent  

in  the t reatment  o f  systemic  fungal  in fec t ions, especial ly in  

immunocompromised pat ients . 

a.  I t  is  the t reatment  o f  choice for  pu lmonary Asperg i l lus  in fect ions; 

Blastomyces  in fec t ions,  which are l i fe- threatening wi th  AIDS or  CNS 

involvement ;  deep-organ in fect ions wi th Candida; Cocc idioides  in fec t ions 

wi th  severe pu lmonary invo lvement  or  wi th  disseminated nonmeningeal  

immunocompetent  or  immunocompromised pat ients ; a l l  Cryptococcus  

in fec t ions;  d isseminated Histop lasma  infect ions invo lv ing CNS or 

immunosuppressed pat ients ; Malassezia fur fur  fungemia;  pu lmonary and 

ext rapulmonary Phycomycetes  (mucormycosis);  Penic i l l ium marnef fei ;  and 

ext racutaneous Sporothrix .  

b.  Th is agent may be used to  t reat  cocc idioidal  ar thr i t is .  

c.  Topical  preparat ions are given to  eradicate cutaneous and 

mucocutaneous candidias is .  

d.  I t  may be used as empir ic  therapy in  febr i le ,  neutropenic  pat ients . 

e.  I t  is  used as secondary prophylaxis  o f  fungal  in fec t ions in  HIV-posi t ive 

pat ients ,  guard ing against  recurrence of  infect ion. 

f .  I t  may be used prophylact ica l ly in  neutropenic  cancer  pat ients  and bone 

marrow t ransplant  or  so l id-organ t ransplant  pat ients  to  reduce the incidence 

of  Asperg i l lus  and Candida  in fec t ions. 

4.  Precautions and monitoring effects.  Because amphoter ic in  B can 

cause many ser ious adverse effects,  i t  should be administered in  a hospi ta l  

set t ing—at least  dur ing the in i t ia l  therapeut ic  s tage.  The adverse ef fects  

are div ided in to  in fus ion react ions and others . 

a.  Infus ion react ions occur  whi le  the drug is  being admin is tered and include 

fever ,  shak ing chi l ls ,  hypotens ion, anorexia ,  nausea,  vomi t ing,  headache, 

dyspnea,  and tachypnea. Premedicat ion wi th  acetaminophen and 

d iphenhydramine has been helpful  in  prophylaxing against infus ion 

react ions.  In  addit ion,  hydrocor t isone 10-50 mg may be added to  the 

in fus ion as prophylaxis  against infus ion-rela ted react ions.  Meper idine 25-50 

mg IV is  ef fec t ive t reatment  o f  ac t ive shak ing chi l ls / r igors . Meper idine is  

a lso ef fec t ive in prophylaxis  o f  r igors . 

b.  Nephrotoxic i ty f requent ly occurs.  Dosage adjustment or  drug 

d iscont inuat ion or  changing to  a l iposomal  amphoter ic in  B product  may be 

necessary as renal  impairment  progresses. 

c.  E lect ro lyte  abnormal i t ies,  including hypokalemia,  hypomagnesemia,  and 

hypocalcemia,  are common.  Moni tor  and replace e lec t rolytes  as needed. 

d.  Normocyt ic ,  normochromic  anemia wi l l  develop over  long- term use (10 

weeks) .  Moni tor  hematocr i t  per iod ical ly.  

e.  Bronchospasm, wheezing, and anaphylaxis  or  anaphylactoid  react ions 

have occurred.  A tes t  dose of  1 mg of amphoter ic in  B is o f ten admin is tered 

before in fus ion of  large quant i t ies  of  the drug. 



f .  Ph lebi t is  or  thrombophlebi t is  is  repor ted wi th  convent ional  amphoteric in  

B.  Hepar in (500-1000 U) can be added to the in fus ion to  a id in prevent ion. 

g.  CNS effec ts  include headache,  peripheral  neuropathy,  mala ise, 

depress ion,  seizure, myasthenia, and hal lucinat ions. 

h.  E levated l iver  t ransaminases,  aspar ta te aminotransferase (AST),  a lanine 

aminotransferase (ALT),  a lka l ine phosphatase,  b i l i rubin , γ -

g lu tamylt ransferase (GGT),  and lac tate dehydrogenase (LDH) may occur .  

i .  Amphoteric in  B parentera l  use should be mixed only in dext rose 5% in  

water  (D5W ) and should be protected from l ight .  

5.  Signif icant interactions.  Other  nephrotoxic  drugs (aminoglycos ides,  

capreomycin,  col is t in ,  c isp la t in ,  cyc losporine,  methoxyf lurane,  pentamid ine,  

po lymyxin B,  and vancomycin)  may cause addi t ive nephrotoxic i ty.  

6.  Amphoteric in  B l ip id  complex (Abelcet) ,  amphoter ic in  B cholestero l  

su l fa te  complex (Amphotec) ,  and l iposomal  amphoteric in  B (AmBisome) 

of fer a l ternat ive formulat ions of  amphoter ic in B for  the t reatment o f severe 

fungal  in fect ions in pat ients  who are in to lerant  of  or  whose disease is  

re f rac tory to  convent ional  t reatment .  
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C. Echinocandins.  Three echinocandins are approved in  the US:  

capsofungin (Canc idas) ,  micafungin (Mycamine) and anidu lafungin (Eraxis) .  

These agents have a broad spectrum of  ac t iv i ty against Candida  spec ies 

wi th  micafungin and anidu lafungin having s imi lar  MICs that  are general ly 

lower than the MIC of  capsofungin. 

1.  Mechanism of act ion.  Caspofungin works by caus ing fungal ce l l  wal l  

lys is .  By be ing a noncompet i t ive inhibi tor o f  β (1 ,3)  synthase, which is  an 

essent ial  component  o f fungal  cel l  wal l  synthes is,  i t  causes osmot ic  

instabi l i ty  wi th in the fungus and fungal  cel l  wal l  lys is .  

2.  Spectrum of activi ty.  Echinocandins have fungic ida l  ac t iv i ty against  

Candida species and fungista t ic  act iv i ty against  Asperg i l lus  species.  Al l  

three agents  in  th is  c lass appear to  have good act iv i ty in  v i t ro  for  most  

isola tes of  Candida species,  including those that  are ei ther  Amphoter ic in-B 

or  f luconazole and i t raconazole-res is tant ,  such as C. g labrata.  

3.  Therapeutic uses.  A l l  three agents  are ind icated for  the treatment  o f  

esophageal  candid ias is 

a.  Caspofunf in and anidu lafungin are a lso ind icated for  the t reatment o f  

candidemia and other infec t ions caused by Candida  spec ies, including 

in t rabdominal  abscesses and peri ton i t is .  

b.  Caspofungin may a lso be used for  the t reatment  o f candida l  p leural  

space infect ions,  empir ic t reatment  o f  presumed fungal  in fec t ions in  

neutropenic  pat ients , and t reatment  o f invas ive asperg i l los is  in  pat ients  

re f rac tory to  or  in tolerant  o f  o ther  ant i fungals  ( i .e. ,  amphoter ic in B,  

i t raconazole) .  



c.  Micafungin is  ind icated for the prophylaxis  o f  candidal  in fec t ions in  

pat ients  indergoing hematopoiet ic  s tem cel l  t ransplantat ion (HSCT). 

4.  Precautions and monitoring effects.  A l though this  c lass has adverse 

events  associated wi th  i ts  use, the overa l l  toxic i ty prof i le  is s igni f icant ly 

bet ter  than that  of  amphoteric in  B. 

a.  Infus ion ve in  compl icat ions (not def ined by manufacturer)  and 

thrombophlebi t is  have been seen on in fusion of  caspofungin. 

b.  Hemato log ical  decreases in  hemoglobin and hematocr i t  may occur;  

however,  the incidence does not  di f fer  f rom that  of  having a fungal  d isease. 

c.  Headache may occur .  

d.  S l ight  decreases in  serum potass ium may occur ,  but  nowhere near  the 

magni tude of that  caused by amphoter ic in B. 

e.  Anorexia ,  nausea,  vomi t ing,  and d iarrhea have occurred. 

f .  Rare increases in serum creat inine;  however,  there have been no 

reported cases of  nephrotoxic i ty.  

g.  Possible  s l ight  increases in  serum aminotransferases 

h.  A l lergic react ions occur  in  < 5% of  pat ients  and anaphylaxis  in < 2% of 

pat ients . 

i .  Pregnancy category C embryotoxic  react ions have occurred in animals . 

5.  Signif icant interactions  

a.  When cyclosporine is  combined wi th  caspofungin, c l in ica l ly s igni f icant  

r ises in  ALT were observed.  Serum t ransaminases should be monitored,  and 

th is  combinat ion should be avoided in  pat ients  with  preexis t ing l iver  

d isease. 

b.  W hen used in  combinat ion,  carbamazepine,  ne l f inavi r ,  nevi rapine,  

phenyto in,  and r i fampin increases the clearance of  caspofungin.  Higher 

doses of  caspofungin (70 mg every day)  should be cons idered when th is  

combinat ion is  adminis tered. 

c.  Tacro l imus c learance wi l l  be increased when the combinat ion is  used;  

moni tor tacrol imus serum levels  c losely.  

D. Flucytosine (Ancobon).  Th is f luorinated pyr imidine usual ly is  g iven in  

combinat ion wi th  amphoter ic in B. 

1.  Mechanism of act ion.  F lucytos ine penetrates fungal  cel ls  and is 

converted to  f luorourac i l ,  a  metabol ic  antagonis t .  Incorporated in to  the RNA 

of  the fungal  cel l ,  f lucytos ine causes defect ive prote in  synthesis .  I t  is  e i ther  

fungistat ic  or fungicidal ,  depending on the concentrat ion of  the drug. 

2.  Spectrum of activi ty.  Th is  drug is  pr imar i ly act ive against  Cryptococcus  

and Candida.  I t  is  most  commonly used in conjunct ion wi th  amphoteric in  B.  

Fungal  resistance against  f lucytosine alone has been wel l  documented. 

F lucytosine may a lso possess some act iv i ty against  chromomycos is  and 

some s t rains  of  Asperg i l lus  ( in  v i t ro  test ing on ly) .  
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3.  Therapeutic uses.  F lucytos ine is  adjunct ive ly used wi th  amphoteric in  B 

for  severe systemic  in fect ions (e .g. ,  sept icemia,  endocard i t is ,  pulmonary 

and ur inary t rac t infec t ions,  meningi t is ) .  Use of  f lucytos ine alone is not 

recommended. 

4.  Precautions and monitoring effects  

a.  Frequent adverse ef fec ts inc lude GI  in tolerance wi th  nausea, vomi t ing, 

and d iarrhea. 

b.  Occas ional  adverse react ions are more severe and include marrow 

suppression wi th  leukopenia or  thrombocytopenia (dose rela ted,  espec ial ly 

wi th  renal  fa i lure or  concurrent  amphoter ic in B use) .  Confus ion,  rash,  

hepat i t is ,  enterocol i t is ,  headache,  and photosensi t iv i ty react ions can also 

occur .  

c.  Rare react ions inc lude hal lucinat ions,  blood dyscras ias wi th 

agranulocytosis  and pancytopenia,  fa tal  hepat i t is ,  anaphylaxis ,  and anemia. 

d.  F lucytosine may cause a markedly false elevat ion o f serum creat inine i f  

an Ektachem analyzer  is used. 

5.  Signif icant interactions.  Benef ic ial  drug in teract ions occur  wi th 

f lucytosine.  Flucytosine has demonstrated synergy wi th  amphotericin B  

and f luconazole  against Cryptococcus  and Candida  spp. 

E. Griseofulvin (Fulvicin) .  Produced f rom Penic i l l ium gr iseofulv in  Dierckx,  

th is  drug is depos i ted in  the skin , bound to kerat in .  

1.  Mechanism of act ion.  Th is  agent  is fungistatic;  i t  inh ib i ts  fungal ce l l  

ac t iv i ty by in terfer ing wi th  mi to t ic sp ind le st ruc ture.  I ts  mechanism of act ion 

is  s imi lar  to  colch ic ine. 

2.  Spectrum of activi ty.  Gr iseofulv in  is ac t ive against  various s t ra ins  of  

Microsporum, Epidermophyton,  and Trichophyton.  

3.  Therapeutic uses.  Griseofulv in  is e f fect ive in  t inea in fect ions of  the 

skin ,  hai r ,  and nai ls  ( includ ing athle te 's  foot,  jock i tch,  and r ingworm) 

caused by Microsporum, Epidermophyton,  and Trichophyton.  

a.  General ly,  th is  agent  is  given only for  in fec t ions that  do not  respond to  

top ical  ant i fungal  agents.  

b.  Gr iseofu lv in  is  ava i lable  on ly in  ora l  form. 

c.  I t  possesses vasodi la tory act iv i ty and may be used in  Raynaud d isease. 

d.  I t  may be used to  t reat  gout .  

4.  Precautions and monitoring effects  

a.  Gr iseofu lv in  rare ly resul ts  in  ser ious adverse ef fects.  However,  the 

fo l lowing problems have been repor ted. 

(1)  Common:  headache,  fa t igue,  confusion,  impaired per formance,  syncope,  

and le thargy,  which genera l ly reso lve wi th  cont inued use 

(2)  Occas ional :  leukopenia,  neutropenia,  and granulocytopenia 

(3)  Rare:  serum s ickness,  angioedema, ur t icar ia ,  erythema, and 

hepatotoxic i ty 

b.  The dosage depends on the par t ic le  s ize of  the product :  250 mg of  

u l t ramicrosize (Fulv ic in P/G) is equivalent  in  therapeut ic  ef fec ts  to  500 mg 

of  micros ize (Fulv ic in  U/F) .  



5.  Signif icant interactions  

a.  Gr iseofu lv in  may increase the metabol ism of  warfarin,  leading to  

decreased prothrombin t ime. 

b.  Barbiturates  may reduce gr iseofulv in  absorpt ion. 

c.  Alcohol consumption  may cause tachycardia and f lush ing. 

d.  Oral  contraceptives  may cause amenorrhea or  increased breakthrough 

b leeding. 

F.  Imidazoles.  The subst i tuted imidazole der ivat ives ketoconazole 

(Nizoral) ,  miconazole (Monistat),  f luconazole (Dif lucan),  i t raconazole 

(Sporanox),  voriconazole (Vfend)  and posaconazole (Noxafil )  are 

va luable in the t reatment o f  a wide range of systemic  fungal  in fec t ions. 

1.  Mechanism of act ion.  Imidazoles inhib i t  sterol  synthes is  in  fungal  cel l  

membranes and increase cel l  wal l  permeabi l i ty ;  th is ,  in  turn,  makes the ce l l  

more vu lnerable to osmot ic  pressure.  These agents  are fungistat ic .  

2.  Spectrum of activi ty.  These agents  are act ive against  many fungi ,  

includ ing yeasts ,  dermatophytes,  act inomycetes, and some Phycomycetes.  
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3.  Therapeutic uses  

a.  Ketoconazole,  an oral  agent,  successful ly t reats  many fungal  in fec t ions 

that  previous ly y ielded only to  parenteral  agents . 

(1)  I t  is  therapeut ic  for  systemic and vaginal  candidias is ,  mucocandidias is ,  

candidur ia ,  ora l  thrush,  h istoplasmosis,  cocc id ioidomycosis,  

chromomycosis ,  dermatophytos is  ( t inea) ,  and paracoccidio idomycos is .  

(2)  Because ketoconazole is  s low act ing and requi res a  long durat ion of  

therapy (up to 6 months for  some chronic  in fec t ions) ,  i t  is  less effec t ive 

than other  ant i fungal  agents  for  the t reatment  o f  severe and acute systemic  

in fec t ions. 

b.  Miconazole,  pr imar i ly administered as a top ica l  agent ,  The parenteral  

form has been discont inued in  the United States. I t  was a rela t ive ly toxic  

formulat ion which has been rep laced by other  members of  th is  c lass (e .g. ,  

f luconazole) .  

(1)  Topical  miconazole is  highly e f fect ive in  vulvovagina l  candid iasis,  

r ingworm, and other  sk in in fec t ions. 

c.  Fluconazole.  Avai lable  in oral  and parenteral  forms,  f luconazole can be 

used against  systemic  and CNS in fect ions invo lving Cryptococcus  and 

Candida. Candida  oropharyngeal  in fec t ion and esophagi t is  may also be 

t reated wi th f luconazole. Aspergi l lus,  Coccid io ides,  and Histoplasma  have 

demonstrated in v i t ro sens i t iv i ty.  

d.  I traconazole  is  ava i lab le  as an oral  agent  wi th act iv i ty against  systemic  

and invas ive pu lmonary aspergi l losis wi thout  the hematologica l  toxic i ty o f  

amphoter ic in  B.  Other  deep mycot ic  in fec t ions suscept ible  to  i t raconazole 

include b las tomycosis ,  cocc idioidomycos is ,  c ryptococcosis,  and 

h istoplasmosis. 



e.  Voriconazole.  Vor iconazole is  avai lab le  as both an in t ravenous and an 

ora l  agent  for  the t reatment  o f  fungal  in fect ions invo lv ing invas ive 

aspergi l losis,  Scedosporium apiospermum,  and Fusarium  spp. ,  includ ing 

those spec ies that  are ref ractory to o ther  therapy. 

f .  Posaconazole.  Avai lab le  as an oral  suspension ind icated for  the 

prevent ion of invas ive infec t ions caused by Asperg i l lus  and Candida  

spec ies in pat ients  receiv ing HSCT or  wi th  neutropenis.  Posaconazole may 

a lso be used to  t reat  invas ive fungal  in fec t ions in pat ients  who have 

previously fa i led or are in to lerant  to  other ant i fungals . 

4.  Precautions and monitoring effects  

a.  Ketoconazole  may cause nausea,  vomit ing,  d iarrhea,  abdominal  pa in ,  

and const ipat ion. Rarely,  i t  leads to  headache,  dizziness,  gynecomastia ,  

and fa ta l  hepatotoxic i ty.  

b.  Fluconazole  commonly causes GI  d is turbances (e.g. ,  nausea, vomi t ing,  

ep igast r ic  pa in,  diarrhea) .  Revers ible  e levat ions in  serum aminotransferase,  

exfo l ia t ive sk in  react ions,  and headaches have been repor ted. 

c.  I t raconazole  may cause nausea,  vomi t ing,  hyper t r ig lycer idemia, 

hypokalemia,  rash,  and e levat ions in  l iver  enzymes. 

d.  Voriconazole.  Visual  d isturbances,  fever ,  rash,  vomit ing,  nausea,  

d iarrhea,  headache, seps is ,  per iphera l  edema, abdominal pain , and 

respi ratory disorders  rare ly occurred.  Liver  funct ion tes t abnormal i t ies  have 

occurred. 

e.  Posaconazole.  Most  common adverse events  have been nausea and 

headache. Rash,  dry sk in ,  tas te disturbances,  abdominal  pa in ,  d izziness,  

hypokalemia,  thrombocytopenia,  and f lush ing can occur .  Posaconazole can 

cause abnormal i t ies  in  l iver  funct ion and has been associated wi th  

pro longat ion of  the QT interva l .  

5.  Signif icant interactions  

a.  Both ketoconazole  and miconazole  may enhance the ant icoagulant  

e f fec t  o f  warfarin.  

b.  Ketoconazole  may antagonize the ant ibio t ic e ffec ts  o f  amphotericin B.  

c.  Fluconazole  has been shown to  e levate serum levels  o f phenytoin,  

cyclosporine,  warfarin,  and sulfonylureas.  Concurrent  hepat ic  enzyme 

inducers , such as r i fampin,  have resul ted in  increased e l iminat ion of  both 

f luconazole and i t raconazole. 

d.  Coadminis tra t ion of  i traconazole  or  ketoconazole  wi th  astemizole  or  

terfenadine  may resul t  in  increased astemizo le or  ter fenadine leve ls ,  

poss ib ly leading to l i fe-threatening dysrhythmias and death. 

e.  Both ketoconazole  and i t raconazole  need the presence of  s tomach acid  

for  adequate absorpt ion. Use wi th antacids,  H2 -b lockers ,  or  proton pump 

inhib i tors  is  contraindicated. 

f .  Concomi tant use of  imidazole ant i fungal  agents  wi th  cisapride  may resul t  

in  increased concentrat ions of  c isapr ide,  which has been associated wi th 

adverse cardiac events  such as torsades de pointes leading to  sudden 

death. 
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g.  Voriconazole.  Cytochrome P450 2C19 is the major  enzyme invo lved in  

metabol ism.  Voriconazole inh ib i ts  cytochrome P450 2C19,  2C9, and 3A4.  

Any medicat ion that  is  metabol ized via these routes  may be af fec ted,  and 

moni tor ing of blood leve ls  ( i f  appropr ia te) or  c l in ica l  s igns and symptoms is  

necessary when tak ing concomi tant  medicat ions. 

h.  Posaconazole  serum levels  are reduced by concurrent  admin is t ra t ion 

wi th  c imetidine,  phenyto in  or  r i fbut in ;  avo id concommitant  use i f  possible . 

Posaconazole may increase concentrat ions of  cyc lospor ine,  tacrol imus,  

r i fabut in ,  midazolam, and phenytoin ; dosage adjustments may be requi red. 

(1)  Food increases the ora l  b ioavai labi l i ty ;  take posaconazole wi th  a  ful l  

meal  or l iquid  nutr i t ional  supplement 

G. Nystat in (Mycostat in) .  A po lyene ant ib io t ic ,  nystat in  has a chemical  

s t ruc ture s imi lar  to  that o f  amphoter ic in B. 

1.  Mechanism of act ion.  Nystat in  is fungicidal  and fungistatic;  b ind ing to  

s tero ls  in  the fungal cel l  membrane, i t  increases membrane permeabi l i ty  

and permi ts  leakage of  in t racel lu lar  contents . 

2.  Spectrum of activi ty.  Nystat in  is  act ive pr imari ly against Candida  spp. 

3.  Therapeutic uses  

a.  Th is drug is  used pr imar i ly as  a top ical  agent  in  vaginal  and ora l  Candida  

in fec t ions. 

b.  Ora l  nystat in  is  therapeut ic  for  Candida  infec t ions of  the GI  t rac t,  

especia l ly ora l  and esophageal infect ions;  because the drug is  not  readi ly 

absorbed,  i t  mainta ins  good local  ac t iv i ty.  

4.  Precautions and monitoring effects.  Ora l  nystat in  occasional ly causes 

GI  d is t ress (e .g. ,  nausea,  vomit ing,  d iarrhea) .  Rare ly,  hypersens i t iv i ty 

react ions occur .  

H. Terbinaf ine (Lamisil )  is  a  synthet ic  al ly lamine wi th  s t ructure and 

act iv i ty rela ted to  naf t i f ine. 

1.  Mechanism of act ion.  Terb inaf ine inh ibi ts  squalene monooxygenase,  

leading to  an in terrupt ion of  fungal  stero l  b iosynthesis.  Terb inaf ine may be 

fungicidal  or fungistat ic ,  depending on drug concentrat ion and species. 

2.  Spectrum of activi ty.  Terb inaf ine has act iv i ty against  dermatophyt ic  

fungi  (Trichophyton,  Microsporum,  and Epidermophyton ) ,  f i lamentous fungi 

(Asperg i l lus ) ,  and dimorphic  fungi  (Blastomyces ) .  I t  may also possess some 

act iv i ty against yeasts. 

3.  Therapeutic uses  

a.  Ora l  terb inaf ine is  usefu l  against  in fec t ions of  the toenai l  and f ingernai l  

(onychomycosis,  t inea unguium).  Time to  cure is  reduced over  imidazole 

ant i fungals  for  these ind icat ions.  I t  is  useful  in  pat ients  who may not  

to lerate the adverse ef fec t  prof i le o f  imidazole ant i fungals. 

b.  I t  is  also used in t inea capi t is  and t inea corpor is  in fec t ions. 



4.  Precautions and monitoring effects.  Adverse ef fec ts  include taste or  

ocular  d is turbances, symptomatic  hepatobi l iary dysfunct ion, decrease in  

lymphocyte count  and neutropenia,  and ser ious sk in react ions. 

IV. Topical Antifungal Agents 
A. Defini t ion.  These agents  are for  top ical  use for  fungal  in fec t ions. 

B. Amphotericin B (Fungizone)  is  ava i lable as a 3% cream or  lo t ion or  an 

ora l  suspens ion that is  not  absorbed through the GI  t rac t .  

1.  Mechanism of act ion.  See I I I .B.1. 

2.  Spectrum of activi ty.  See I I I .B.2. 

3.  Therapeutic uses.  Amphoteric in  B is  used for oropharyngeal  candidias is ,  

cutaneous and mucocutaneous candidal  in fec t ions,  or  as  a local  i r r igant for  

the b ladder and in t rap leura l  or  in t raper i toneal  areas. 
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4.  Precautions and monitoring effects.  Compared wi th  systemic  

adminis t ra t ion, the top ica l  formulat ions have relat ive ly low toxic i ty.  

a.  Dry sk in  and loca l  i r r i ta t ion wi th  erythema, pruri tus ,  or  burn ing, a long 

wi th  mi ld  skin  d isco lorat ion,  has occurred wi th  the lot ion and cream. 

b.  Rash and GI  e ffec ts (e .g. ,  nausea, vomi t ing,  steatorrhea,  d iarrhea)  tend 

to  occur  wi th  the suspens ion.  In  addi t ion,  there have been case repor ts  o f 

ur t icaria ,  angioedema, Stevens-Johnson syndrome,  and toxic  epidermal  

necro lysis.  

C. Butenafine (Mentax)  is  a  synthet ic  benzylamine rela ted to  the a l ly lamine 

ant i fungal  agents  (naft i f ine,  terbinaf ine) .  

1.  Mechanism of act ion.  Butenaf ine al ters  fungal  membrane permeabi l i ty 

and growth inhib i t ion,  in ter feres wi th s terol  biosynthes is  by a l lowing 

squalene to  accumulate wi th in  the cel l ,  and may be fungic idal  in  cer ta in  

concentrat ions against suscept ible  organisms such as the dermatophytes.  

2.  Spectrum of activi ty.  Butenaf ine is  ac t ive against  Trichophyton rubrum, 

Tr ichophyton mentagrophytes, Microsporum canis ,  Sporothr ix  schenck i i ,  

and yeasts  inc lud ing Candida parapsi losis  and C. a lb icans.  

3.  Therapeutic uses.  The 1% cream is  used in  dermatophytoses,  includ ing 

t inea corpor is ,  t inea cruris ,  and t inea pedis . 

4.  Precautions and monitoring effects.  I f  c l in ical  improvement  o f  fungal 

in fec t ion does not  improve af ter  the t reatment  per iod,  the diagnos is  should 

be reevaluated. 

D. Butoconazole (Mycelex)  is  an azole ant i fungal  c ream avai lab le  for  

vaginal  use. 

1.  Mechanism of act ion.  Butoconazole has fungis ta t ic ac t iv i ty against  

suscept ib le  organisms.  The drug in ter feres wi th  membrane permeabi l i ty ,  

secondary metabol ic  ef fec ts ,  and growth inhibi t ion.  Butoconazole conta ins  

ant ibacter ial  e f fec ts  against  some gram-posi t ive organisms. 



2.  Spectrum of activi ty.  Butoconazole is  ac t ive against  dermatophytes 

(Tr ichophyton concentr icum, T.  mentagrophytes,  T.  rubrum, Tr ichophyton 

tonsurans,  Epidermophyton f loccosum, M.  canis ,  Microsporum gypseum ) ,  

yeasts  (C. a lb icans,  C.  glabrata ) ,  and some gram-posi t ive organisms (S.  

aureus, E.  faecal is ,  and S. pyogenes ) .  

3.  Therapeutic uses.  A 2% cream is used for  vulvovaginal  candid ias is  and 

compl icated,  recurrent  vu lvovaginal  candidias is .  

4.  Precautions and monitoring effects  

a.  Vulvovaginal  burn ing and i tch ing are the most common;  however,  the i r  

incidence is  low.  Headache;  i tch ing of  f ingers ;  ur inary f requency and 

burning;  and vulvovagina l  discharge,  i r r i ta t ion, soreness,  s t inging,  odor ,  

and swel l ing rarely occur.  

b.  Butoconazole may damage bi r th-contro l  devices such as condoms and 

d iaphragms,  leading to  inadequate protect ion.  Consider  al ternat ive methods 

of  bi r th contro l .  

c.  Tampon use should be avoided wi th  the use of  butoconazole. 

E. Ciclopirox (Loprox)  is  a  synthet ic  ant i fungal  agent  that  is  chemical ly  

unrela ted to  any other  ant i fungal  agent .  The ethanolamine conta ined in 

c ic lop i rox appears  to  enhance epidermal  penetrat ion. 

1.  Mechanism of act ion.  Cic lop i rox causes in tracel lu lar  deplet ion of amino 

ac ids and ions necessary for  normal  cel lu lar funct ion. 

2.  Spectrum of activi ty.  Cic lopi rox is  ac t ive against  dermatophytes,  

yeasts ,  some gram-posi t ive and gram-negative bacter ia,  Mycoplasma,  and 

Tr ichomonas vaginal is .  Speci f ical ly,  c ic lop irox has act iv i ty against  T. 

mentagrophytes,  T. rubrum, E.  f loccosum, M.  canis,  M.  fur fur,  and C. 

a lbicans.  

3.  Therapeutic uses.  Cic lop i rox is  used top ica l ly for  the t reatment o f  t inea 

pedis , t inea crur is ,  t inea corporis ,  t inea versico lor  ( f rom Malassezia ) ,  and 

cutaneous candidias is  (moni l ias is )  f rom C. alb icans.  
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4.  Precautions and monitoring effects.  Local  i r r i ta t ion manifes ted by 

erythema,  pruri tus , burn ing,  b l is ter ing,  swel l ing, and oozing has occurred.  I f  

th is  occurs,  c ic lop i rox should be discont inued. 

F.  Cl ioquinol  ( formerly iodochlorhydroxyquin)  is  a  top ica l  ant i fungal  in  a  

3% ointment  that can be used alone or  in  combinat ion wi th  hydrocor t isone. 

1.  Mechanism of act ion.  Unknown 

2.  Spectrum of activi ty.  I t  is  ac t ive against  dermatophyt ic  fungi .  

3.  Therapeutic uses.  I t  is  used top ical ly against the fo l lowing: 

a.  Tinea pedis  and t inea cruris  ( r ingworm in fect ions) 

b.  Previous ly used to t reat  diaper  rash;  however,  i t  is  no longer 

recommended,  and use in  ch i ldren < 2 years  of  age is  contraindicated 

4.  Precautions and monitoring effects  

a.  Local  i r r i ta t ion,  rash, and sensi t iv i ty react ions are common. 



b.  Systemic  absorpt ion af ter  topica l  appl icat ion may occur .  

c.  High doses of c l ioquino l  over long periods of  t ime have been associated 

wi th  oculotoxic /neurotoxic  e ffec ts,  including opt ic  neuri t is ,  opt ic  a trophy,  

and subacute myeloopt ic neuropathy. 

G. Clotr imazole (Lotr imin)  is  an azole ant i fungal agent  that is  an 

imidazole der ivat ive.  I t  is  rela ted to  other  azole ant i fungal  agents  such as 

butoconazole,  econazole,  ketoconazole,  miconazole,  oxiconazole,  

sulconazole,  and t ioconazole.  

1.  Mechanism of act ion.  Clo tr imazole al ters  fungal  cel l  membrane 

permeabi l i ty  by bind ing wi th  phosphol ipids  in  the membrane. 

2.  Spectrum of activi ty.  I t  is  ac t ive against  yeasts ,  dermatophytes (T.  

rubrum, T.  mentagrophytes,  E.  f loccosum, M.  canis) ,  and some gram-

posi t ive bacter ia.  At  h igher  concentrat ions, c lo t r imazole inhib i ts  M. fur fur ,  

Asperg i l lus  fumigatus,  C.  a lb icans,  and some s t ra ins  of  S. aureus,  S. 

pyogenes,  Proteus vulgar is ,  and Salmonel la .  At very h igh concentrat ions,  

c lot r imazole has an ef fec t  on Sporothr ix ,  Cryptococcus,  Cephalospor ium, 

Fusar ium,  and T. vaginal is .  

3.  Therapeutic uses  

a.  The lozenges,  which are admin is tered 5 t imes per  day,  are usefu l  in 

t reat ing oropharyngeal candid iasis.  Lozenges are a lso used for  pr imary 

prophylaxis  o f mucocutaneous candid iasis  in  HIV- in fected in fants  or  

ch i ldren wi th  severe immunosuppression. 

b.  The cream, lot ion,  or  so lu t ion is used to  t reat  dermatophytoses,  

superf ic ia l  mycoses, and cutaneous candid ias is .  

c.  Int ravagina l  dosage forms are usefu l  in  treat ing vu lvovaginal  candid iasis .  

4.  Precautions and monitoring effects  

a.  Cutaneous react ions wi th  topica l  administ ra t ion may inc lude b l ister ing, 

erythema,  edema, prur i tus ,  burn ing,  s t inging,  peel ing,  sk in f issures,  and 

genera l  i r r i tat ion. 

b.  The vaginal  table ts  are associated wi th  mi ld  burn ing,  sk in rash, i tching,  

vu lva l  i r r i ta t ion, lower abdominal  c ramps,  b loat ing,  s l ight c ramping,  vagina l  

soreness during in tercourse, and an increase in  ur inary frequency. 

c.  Cross-sensi t izat ion occurs  wi th  imidazole;  however ,  i t  is  unpredic tab le. 

d.  Abnormal l iver  funct ion tes ts  (elevated AST) have occurred in pat ients  

taking the lozenges. 

H. Econazole (Spectazole)  is  an azole ant i fungal agent  that is  an 

imidazole der ivat ive. 

1.  Mechanism of act ion.  Econazole a l ters cel l  membranes and increases 

permeabi l i ty  ( l ike many other azole agents).  

2.  Spectrum of activi ty.  Econazole is  ac t ive against  dermatophytes,  

yeasts ,  some gram-posi t ive bacter ia,  and T.  vagina l is .  

3.  Therapeutic uses  

a.  The 1% topical  c ream, lo t ion,  or so lut ion is  usefu l  in  t reat ing 

dermatophytoses and cutaneous candidias is  ( t inea corpor is  and t inea 

cruris ).  



b.  Econazole is also used to  t reat  pi tyr iasis  ( t inea)  versico lor  (M. fur fur) .  
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4.  Precautions and monitoring effects.  In genera l ,  there is  a  low 

incidence of  toxic i ty.  Topica l ly,  a  pat ient  may exper ience burning,  s t ing ing 

sensat ions, prur i tus,  and erythema (af ter  2-4 days) .  

I .  Gentian violet  is  a  dye that  possesses the ab i l i ty  to  k i l l  fungi ,  yeasts,  

and some gram-posi t ive bacter ia .  

1.  Mechanism of act ion.  None known 

2.  Spectrum of activi ty.  Gent ian v io le t  is  ac t ive against  Candida, 

Epidermophyton,  Cryptococcus, Tr ichophyton,  and some Staphylococcus  

spp. 

3.  Therapeutic uses.  I t  is  used to t reat  cutaneous C. a lbicans  in fec t ions 

(moni l ia  or  thrush) .  

4.  Precautions and monitoring effects  

a.  Gent ian v iole t may cause i r r i ta t ion or sensi t iv i ty  react ions or  possibly 

u lcerat ion of the mucous membranes.  I f  the solu t ion is  swal lowed,  

esophagi t is,  laryngi t is ,  or  t rachei t is  may occur .  

b.  Skin  ta t tooing may occur  i f  gent ian v iole t is  appl ied to  granulat ion t issue. 

c.  Gent ian v iole t should not  be used in  areas of  extens ive ulcerat ion. 

d.  Th is drug is  a  dye and wi l l  s ta in  c lo th ing. 

J.  Ketoconazole (Nizoral)  is  an imidazole-der ived ant i fungal  drug that is  

ava i lab le  top ical ly as  a cream and a shampoo. 

1.  Mechanism of act ion.  See I I I .E.1. 

2.  Spectrum of activi ty.  See I I I .E.2. 

3.  Therapeutic uses  

a.  The 2% topical  c ream is  used in  treat ing t inea corpor is ,  t inea crur is ,  and 

t inea pedis  caused by the dermatophytes (E. f loccosum, T. mentagrophytes,  

and T.  rubrum ) .  

b.  I t  is  used for cutaneous candid ias is .  

c.  The 2% topical  c ream or  2% shampoo may be used in  t reat ing t inea 

vers ico lor  (M. fur fur ) .  Selenium-based shampoos may also be usefu l  in  th is  

area. 

d.  The 2% top ical  c ream is  useful  against  seborrhe ic  dermat i t is .  The 2% 

shampoo is useful  in  reduc ing sca l ing caused by dandruf f .  

e.  When combined wi th  a s teroid , ketoconazole is  usefu l  in  t reat ing the 

fo l lowing:  a top ic  dermat i t is ,  diaper  rash,  eczema, fo l l icu l i t is ,  impet igo,  

in ter t r igo,  l ichenoid dermati t is ,  and psorias is .  

f .  An ophthalmic suspens ion can be extemporaneous ly prepared to  t reat  

fungal  kerat i t is .  

4.  Precautions and monitoring effects  

a.  React ions f rom the 2% top ica l  c ream include loca l  i r r i ta t ion,  prur i tus ,  and 

s t ing ing. Contact  dermati t is  is  poss ib le  and occurs  wi th  other imidazole 

der ivat ives. 



b.  The 2% shampoo may lead to  increased hai r  loss, i r r i tat ion,  abnormal  

ha i r texture,  sca lp pustu les ,  dry sk in ,  prur i tus ,  and o i l iness or  dryness of  

ha i r and scalp. I t  may in  addi t ion s t raighten otherwise cur ly ha i r .  

K. Miconazole (Monistat)  is  an imidazole-der ived ant i fungal  drug that  is 

ava i lab le  top ical ly as  a 2% aerosol ,  2% aerosol powder,  2% cream, a k i t ,  

2% powder and 2% t inc ture,  2% vagina l  c ream, and 100 mg and 200 mg 

vaginal  suppos i tor ies. 

1.  Mechanism of act ion.  See I I I .E.1. 

2.  Spectrum of activi ty.  See I I I .E.2. 

3.  Therapeutic uses.  Miconazole is  advantageous over  o ther  agents such 

as nystat in and to lnaf ta te  in that  i ts ac t iv i ty covers  dermatophytes as wel l  

as  Candida.  

a.  Topical  use is e ffec t ive against t inea pedis ,  t inea cruris ,  and t inea 

corpor is  caused by dermatophytes (T. mentagrophytes, T.  rubrum,  and E. 

f loccosum ) .  

b.  I t  is  also effec t ive against  t inea vers ico lor  f rom M. fur fur .  

c.  L ike other imidazole der ivat ives, i t  is  usefu l  in  t reat ing cutaneous fungal  

in fec t ions. 

d.  The vaginal  c ream and vaginal  supposi tor ies  are ef fec t ive in  t reat ing 

vu lvovagina l  candid iasis.  
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4.  Precautions and monitoring parameters  

a.  Topical  creams have caused loca l  i r r i ta t ion and burn ing. 

b.  Vagina l  preparat ions have led to  vulvovagina l  burning,  i tching,  i r r i ta t ion,  

pe lv ic  cramps,  vagina l  burn ing,  headache,  h ives, and sk in  rash. 

c.  I f  vu lvovaginal  candid ias is  pers is ts for longer than 3 days,  seek fur ther 

medica l  a t tent ion. 

d.  Tampons should be avoided in  pat ients  us ing vaginal  suppos i tor ies or  

c ream; sani tary pads should be subst i tu ted. 

e.  Vagina l  supposi tor ies  are manufactured f rom a vegetable oi l  base that  

may in teract wi th  la tex products .  Avoid using d iaphragms or condoms 

concurrent ly wi th  supposi tor ies .  Seek an a l ternat ive form of b ir th  control .  

L.  Naft if ine (Naftin)  is  a synthet ic  a l ly lamine simi lar to  terbinaf ine. I t  is  

ava i lab le  as a 1% top ical  c ream and a 1% topica l  ge l .  

1.  Mechanism of act ion.  Naf t i f ine is fungistat ic  and inter feres wi th  s tero l  

b iosynthesis  by accumulat ing squalene in  the fungal  cel l .  Naf t i f ine a lso 

possesses some loca l  ant i - in f lammatory act iv i ty.  

2.  Spectrum of activi ty  

a.  Naft i f ine is  ac t ive against  T. mentagrophytes,  T.  rubrum, T.  tonsurans,  

Tr ichophyton verrucosum, Tr ichophyton violaceum, E.  f loccosum, 

Microsporum audouini i ,  M.  canis,  and M. gypseum.  



b.  C. a lbicans,  Candida krusei ,  Candida parapsi los is ,  and Candida 

t ropical is  are af fec ted by naf t i f ine;  however,  the concentrat ions of  naf t i f ine 

vary for  Candida  k i l l ing,  depending on the spec ies. 

c.  In v i t ro act iv i ty has been demonstrated against Aspergi l lus f lavus  and 

Asperg i l lus  fumigatus.  Others  include Sporothr ix  schencki i ,  Cryptococcus 

neoformans,  Petr ie l l id ium boydi i ,  B lastomyces dermat i t id is ,  and 

Histop lasma capsulatum.  

3.  Therapeutic uses.  Naf t i f ine is  ac t ive against dermatophytoses and 

cutaneous candidias is .  

a.  I t  is  also used to t reat t inea cruris,  t inea pedis,  t inea corporis,  and t inea 

manus (T.  mentagrophytes,  T.  rubrum, T.  verrucosum, T.  v iolaceum, E.  

f loccosum,  or  M. canis ) .  

b.  I t  is  also usefu l  in  t reat ing t inea unguium (onychomycos is) .  

4.  Precautions and monitoring effects.  Transient  burn ing and st ing ing 

M. Nystat in (Mycostat in) .  A po lyene ant ib io t ic ,  nystat in  has a chemical  

s t ruc ture s imi lar  to  that o f  amphoter ic in B.  I t  is  ava i lab le as an ora l  

suspension,  tab le t ,  lozenge, top ica l  c ream, ointment ,  top ical  powder,  and 

vaginal  table t .  

1.  Mechanism of act ion.  Nystat in  is fungicidal  and fungistatic;  b ind ing to  

s tero ls  in  the fungal cel l  membrane, i t  increases membrane permeabi l i ty  

and permi ts  leakage of  in t racel lu lar  contents . 

2.  Spectrum of activi ty.  Nystat in  is  act ive pr imari ly against Candida  spp. 

3.  Therapeutic uses.  Th is  drug is  used primar i ly as  a top ical  agent  in  

vaginal  and oral  Candida  in fec t ions. 

4.  Precautions and monitoring effects.  I r r i tat ion has occurred in  

ext remely rare instances.  

N. Oxiconazole (Oxistat)  is  an imidazole-derived ant i fungal  drug that  is  

ava i lab le  as a 1% top ical  c ream or  1% topica l  lo t ion. 

1.  Mechanism of act ion.  See I I I .E.1. 

2.  Spectrum of activi ty.  See I I I .E.2. 

3.  Therapeutic uses  

a.  The 1% cream or  lo t ion is  usefu l  in  t reat ing t inea cruris ,  t inea corpor is ,  

t inea manus,  and t inea pedis  f rom dermatophytes.  

b.  Oxiconazole is  a lso effec t ive against  t inea vers ico lor  caused by M. 

fur fur.  

4.  Precautions and monitoring effects.  Adverse ef fec ts  are rare and are 

conf ined to  loca l  i r r i ta t ion. 
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O. Sulconazole (Exelderm)  is  an imidazole-der ived ant i fungal  drug that is  

ava i lab le  as a 1% top ical  c ream and a 1% topica l  so lu t ion. 

1.  Mechanism of act ion  (see I I I .E.1) .  The ant ibacterial  e f fec ts exer ted by 

su lconazole are thought to  be the resul t  o f  a  di rec t  phys icochemical  e f fect  



on the destruct ion of  unsaturated fat ty ac ids  present  in  bacteria l  ce l l  

membranes. 

2.  Spectrum of activi ty  

a.  Sulconazole has act iv i ty against  dermatophytes,  includ ing E. f loccosum, 

M.  audouin i i ,  M.  canis,  M.  gypseum, T. mentagrophytes,  T.  rubrum, T.  

tonsurans,  and T.  v iolaceum.  I t  a lso has act iv i ty against  M. fur fur.  

b.  Sulconazole a lso has act iv i ty against se lec ted gram-pos i t ive aerobes (S. 

aureus, S.  ep idermid is ,  Staphy lococcus saprophyt icus,  E.  faecal is ,  

Micrococcus lu teus,  and Baci l lus  subt i l is )  and anaerobes (Clostr id ium  and 

Propion ibacter ium acnes,  Clost r id ium perf r ingens,  Clost r id ium tetani ,  and 

Clost r id ium botul inum ) .  

3.  Therapeutic uses  

a.  The 1% topical  c ream or  1% top ica l  so lut ion is  usefu l  in t reat ing t inea 

corpor is  and t inea crur is.  

b.  The 1% top ical  c ream has been s tudied for  use against t inea pedis ;  the 

so lu t ion has not  been evaluated for this ind icat ion. 

c.  The 1% cream is usefu l  against  t inea vers ico lor  (M. fur fur ) .  

d.  There is not  an approved ind icat ion for cutaneous candid iasis;  however,  

su lconazole 1% is  as  ef fec t ive as miconazole 2% or  c lot r imazole 1% in  

t reat ing cutaneous candid ias is .  

e.  Sulconazole is usefu l  in  t reat ing in fec t ions caused by bacter ia  such as 

impet igo (S. pyogenes )  and ecthyma (S. aureus ) .  

4.  Precautions and monitoring effects.  Adverse react ions include loca l  

e f fec ts  such as burning and i r r i ta t ion,  sk in  edema,  dryness,  sca l ing,  

f issuring,  c racking,  genera l ized red papules,  and severe eczema. 

P. Terbinafine (Lamisil  AT)  is  a  synthet ic  a l ly lamine avai lab le  as a 1% 

cream wi th  s t ructure and act iv i ty rela ted to  naf t i f ine. 

1.  Mechanism of act ion.  Terb inaf ine inh ibi ts  squalene monooxygenase,  

leading to  an in terrupt ion of  fungal  stero l  b iosynthesis.  Terb inaf ine may be 

fungicidal  or fungistat ic ,  depending on drug concentrat ion and species. 

2.  Spectrum of activi ty.  Terb inaf ine has act iv i ty against  dermatophyt ic  

fungi  (Trichophyton,  Microsporum,  and Epidermophyton ) ,  f i lamentous fungi 

(Asperg i l lus ) ,  and dimorphic  fungi  (Blastomyces ) .  I t  may also possess some 

act iv i ty against yeasts. 

3.  Therapeutic uses.  I t  is  usefu l  for  t inea pedis,  t inea corpor is ,  and t inea 

cruris .  

4.  Precautions and monitoring effects.  I t  can cause loca l  i r r i ta t ion. 

Q. Terconazole (Terazol-7)  is  an imidazole-derived ant i fungal  drug that is  

ava i lab le  as a 0.4% and 0.8% vaginal  c ream and an 80-mg vagina l  

suppos i tory. 

1.  Mechanism of act ion.  I t  is  fungicidal  against C. a lb icans.  L ike other  

imidazole agents,  terconazole a l ters ce l lu lar  membranes,  resu l t ing in  

increased membrane permeabi l i ty .  

2.  Spectrum of activi ty.  I t  is  ac t ive against  dermatophytes;  yeasts ;  and,  a t  

h igh concentrat ions, gram-pos i t ive and gram-negat ive bacteria .  



3.  Therapeutic uses  are for  compl icated and uncompl icated vulvovaginal  

candidias is .  

4.  Precautions and monitoring effects.  Adverse react ions include burning,  

prur i tus ,  i r r i ta t ion, headache,  body pain,  and pain of  female geni ta l ia .  

R. Tioconazole (Vagistat-1)  is  an imidazole-derived ant i fungal  drug that is  

ava i lab le  as a 6.5% vagina l  o in tment.  

1.  Mechanism of act ion.  Tioconazole is  fungicidal  against  C. a lb icans.  

L ike other imidazole agents , t ioconazole a l ters ce l lu lar membranes,  

resul t ing in increased membrane permeabi l i ty .  
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2.  Spectrum of activi ty  

a.  Act iv i ty against  fungi  inc ludes most  s t ra ins  of  Candida  and the 

dermatophytes.  There is  a lso act iv i ty against Asperg i l lus  and C. 

neoformans.  

b.  Tioconazole is ac t ive against  the fo l lowing aerobic  gram-pos i t ive 

bacter ia :  Gardnerel la vagina l is ,  Corynebacterium minut iss imum, E.  faecal is ,  

S.  aureus,  S. epidermidis ,  and some Streptococci  spp.  Gram-negative 

bacter ia :  i t  is  act ive against  H. py lor i ,  Haemophi lus  ducrey i ,  Moraxel la  

catarrha l is ,  Neisser ia  gonorrhoeae,  and N. meningi t id is .  

c.  Other  organisms that  t ioconazole has act iv i ty against are T.  vagina l is,  

Lymphogranuloma venereum,  and Chlamydia t rachomat is .  

3.  Therapeutic uses.  Tioconazole is  used for  s imple and compl icated 

vu lvovagina l  candid iasis.  Other  uses have been explored;  however,  top ical  

c reams for  use in  those scenarios  are not  ava i lab le  in  the United States. 

4.  Precautions and monitoring effects.  Local  i r r i ta t ion has been 

mani fes ted as vulvovagina l  burn ing,  vagini t is ,  and prur i tus . 

S. Tolnaftate (Tinactin)  is  ava i lable  topica l ly as a 1% aerosol ,  1% powder,  

1% cream, and 1% solut ion. 

1.  Mechanism of act ion.  I t  may distor t  hyphae and s tunt  mycel ial  growth in  

suscept ib le  fungi .  

2.  Spectrum of activi ty.  To lnafta te may be e i ther  fungistatic  or  fungicidal  

to  the fo l lowing organisms: M. gypseum, M.  canis ,  M.  audouin i i ,  

Microsporum japonicum, T.  rubrum, T.  mentagrophytes, Tr ichophyton 

schoenleini i ,  T .  tonsurans,  E. f loccosum, Asperg i l lus n iger ,  C.  a lbicans,  C. 

neoformans,  and A. fumigatus.  

3.  Therapeutic uses.  To lnafta te is  used for  dermatophytoses and t inea 

vers ico lor .  

4.  Precautions and monitoring effects.  There may be s l ight  loca l  

i r r i ta t ion. 

V. Antiprotozoal Agents 



A. Classif icat ion.  These drugs fal l  in to  two main categor ies:  antimalaria l  

agents,  used to  t reat malar ia  in fec t ion,  and amebicides  and 

tr ichomonacides,  used to  t reat  amebic  and t r ichomonal in fec t ions. 

B. Antimalaria l  agents.  St i l l  a  leading cause of i l lness and death in  

t ropical  and subtrop ical  countr ies,  malar ia  resul ts  f rom in fect ion by any of  

four  species of the protozoal  genus Plasmodium.  Ant imalar ia l  agents  are 

se lect ive ly ac t ive dur ing d i f ferent  phases of the protozoan l i fe cycle . Major  

ant imalaria l  drugs include chloroquine (Aralen),  halofantr ine (Halfan),  

hydroxychloroquine (Plaqueni l ) ,  primaquine, pyrimethamine (Daraprim),  

quinine,  and mefloquine (Lariam).  In addi t ion,  two combinat ion brands are 

avai lab le :  sul fadoxine plus  pyr imethamine (Fansidar)  and atovaquone p lus  

proguani l  (Malarone) .  

1.  Mechanism of act ion  

a.  Chloroquine  and hydroxychloroquine  b ind to and a l ter  the proper t ies  of  

microbial  and mammalian DNA. 

b.  The mechanism of  act ion of  primaquine,  quinine,  Fansidar,  and 

mefloquine  is  unknown. 

c.  Pyrimethamine  impedes fo l ic  acid  reduct ion by inh ib i t ing the enzyme 

d ihydrofola te reductase. 

2.  Spectrum of activi ty  

a.  Chloroquine  and hydroxychloroquine  are suppressive blood 

schizonticidal  agents  and are act ive against  the asexual  erythrocyte forms 

of  Plasmodium v ivax  and Plasmodium falc iparum  and gametocytes of  P. 

v ivax,  Plasmodium malariae,  and Plasmodium ovale.  

b.  Primaquine,  a  curat ive agent,  is  ac t ive against  l iver forms of P. v ivax  

and P. ovale  and the primary exoerythrocyte forms of  P. falc iparum.  

c.  Pyrimethamine  is  ac t ive against ch loroquine-res is tant  s t ra ins  of  P. 

fa lc iparum  and some s tra ins  of  P. v ivax.  

d.  Quinine,  a  general ized protoplasmic poison, is toxic  to a  wide range of  

organisms.  In  malar ia ,  this  drug has both suppress ive and curat ive act ion 

against  ch loroquine-resis tant  s t rains . 
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e.  Fansidar  (sul fadoxine p lus  pyr imethamine)  is  a  b lood schizonticidal  

agent  that  is  ac t ive against  the erythrocyt ic  forms of suscept ib le p lasmodia.  

I t  is  also act iveagainst  T.  gondi i .  

f .  Malarone  (a tovaquone p lus  proguani l )  is  ac t ive against  the erythrocyt ic  

and exoerythrocyt ic  forms of Plasmodium  spp. 

g.  Mefloquine  is  a  blood schizonticidal  agent that  is  ac t ive against  P. 

fa lc iparum  (both ch loroquine-suscept ib le and - res is tant  s t rains)  and P. 

v ivax.  

h.  Halofantrine  is  a  b lood schizont ic idal  agent  act ive against  P. fa lc iparum  

and P. v ivax.  

3.  Therapeutic uses  



a.  Chloroquine  is  the preferred agent  used to  suppress malaria symptoms 

and to  terminate acute malaria  a t tacks resul t ing from P. falc iparum  and P. 

malar iae  in fec t ions. 

(1)  I t  is  more potent and less toxic  than quin ine. 

(2)  Except  where drug-res is tant  P. falc iparum  st ra ins  are prevalent,  

ch loroquine is the most  usefu l  ant imalar ia l  agent.  

b.  Hydroxychloroquine  is  used as an a l ternat ive to  ch loroquine in  pat ients  

who cannot  to lerate chloroquine or  when ch loroquine is  unavai lab le. 

c.  Primaquine  is  used to  cure re lapses of P. v ivax  and P. ovale  malaria  and 

to  prevent malaria  in  exposed persons returning from regions where malaria  

is  endemic. 

d.  Pyrimethamine  is  e f fec t ive in  the prevent ion and t reatment o f  

ch loroquine-resistant st ra ins  of  P. fa lc iparum.  I t  is  now used a lmost  

exc lus ively in combinat ion wi th  a  sul fonamide or  su l fone. 

e.  Quinine  

(1)  Quin ine su l fa te ,  an ora l  form,  is  therapeut ic  for  acute malar ia  caused by 

ch loroquine-resistant st ra ins . 

(2)  Quin ine dihydrochlor ide,  a  parentera l  form,  is  used in  severe cases of  

ch loroquine-resistant malar ia .  ( I t  is  ava i lable  on ly f rom the CDC.) 

(3)  Quin ine is  a lmost  a lways given in  combinat ion wi th  another  ant imalarial  

agent .  

f .  Fansidar  

(1)  Fansidar  is  used for  the suppression or  prophylaxis  o f  ch loroquine-

res is tant P. fa lc iparum  malaria .  

(2)  I t  has been used for the prophylaxis  o f P. carin i i  in fect ions in AIDS 

pat ients  unable to tolerate cot r imoxazole ( t r imethopr im-sul famethoxazole).  

g.  Mefloquine  is  indicated for  the treatment  o f  acute malar ia and the 

prevent ion of P. fa lc iparum  and P. v ivax  in fec t ions. 

h.  Halofantrine  is  ind icated for  treatment  o f  malar ia  in  adul ts  who can 

to lerate ora l  medicat ion and who have mi ld  to  moderate malar ia  (≥ 100,000 

paras i tes/mm 3 )  caused by P. fa lc iparum  or  P. v ivax.  

i .  Malarone  

(1)  Prophylaxis  o f  P. falc iparum  malaria ,  inc luding areas where ch loroquine 

res is tance has been repor ted. 

(2)  Treatment  of  acute,  uncompl icated P. falc iparum  malar ia .  Th is  

combinat ion has been shown to  be effec t ive in  reg ions where the drugs 

ch loroquine, halofantr ine,  mef loquine,  and amodiaquine may have 

unacceptable fa i lure ra tes,  presumably because of  drug res is tance. 

4.  Precautions and monitoring effects  

a.  Chloroquine and hydroxychloroquine  

(1)  Because these drugs concentrate in  the l iver ,  they should be used 

caut iously in pat ients  wi th  hepat ic d isease. 

(2)  Chloroquine must be adminis tered wi th  ext reme caut ion in  pat ients  with  

neuro log ical ,  hematologica l ,  or severe GI  d isorders . 



(3)  V isual  d is turbances,  headache, sk in  rash,  and GI  dis tress have been 

reported. 

b.  Primaquine  

(1)  Th is agent is  contra ind icated in  pat ients wi th rheumato id ar thr i t is  and 

lupus erythematosus and in  those receiv ing other  potent ia l ly  hemolyt ic 

drugs or  bone marrow suppressants . 

(2)  Pr imaquine may cause agranulocytos is ,  granulocytopenia,  and mi ld  

anemia.  In  pat ients  wi th  G6PD def ic iency,  i t  may cause hemolyt ic anemia. 

(3)  Abdominal  c ramps,  nausea, vomi t ing,  and epigast r ic  dist ress somet imes 

occur .  

c.  Pyrimethamine  

(1)  In h igh doses,  th is  drug may cause agranulocytos is ,  megaloblast ic  

anemia,  ap last ic anemia, and thrombocytopenia. 
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(2)  Erythema mul t i forme (Stevens-Johnson syndrome),  nausea,  vomi t ing, 

and anorexia  may develop during pyr imethamine therapy.  

d.  Quinine  

(1)  Quin ine is  contraind icated in  pat ients  wi th G6PD def ic iency,  t inni tus , 

and opt ic neur i t is .  

(2)  Quin ine overdose or  hypersens i t iv i ty react ions may be fa ta l .  

Mani fes tat ions of quinine poisoning inc lude visual  and hear ing 

d isturbances;  GI  symptoms (e.g. ,  nausea,  vomi t ing) ;  hot,  f lushed sk in ;  

headache; fever;  syncope;  confusion;  shal low,  then depressed,  respi rat ions;  

and card iovascular  col lapse. 

(3)  Quin ine must  be used caut ious ly in  pat ients  wi th  a t r ia l  f ibr i l la t ion. 

(4)  Renal damage and anur ia  have been repor ted. 

e.  Fansidar  

(1)  Severe,  sometimes fa ta l ,  hypersens i t iv i ty react ions have occurred.  In  

most  cases,  death resul ted f rom severe cutaneous react ions, including 

erythema mul t i forme,  Stevens-Johnson syndrome,  and toxic  epidermal  

necro lysis.  

(2)  Adverse hemato log ica l  and hepat ic  e f fec ts  as seen wi th  sul fonamides 

have been repor ted. 

f .  Mefloquine  

(1)  Concomitant  use of  mefloquine wi th  qu in ine, qu in idine,  or β-adrenergic  

b lockade may produce e lec t rocardiographic abnormal i t ies or  card iac  arrest.  

(2)  Concomitant  use of  mefloquine and quin ine or  ch loroquine may increase 

the r isk  of  convuls ions. 

g.  Halofantrine  

(1)  Do not admin is ter wi th  drugs known to  prolong the QTc interval ;  

in teract ion wi th  mef loquine fur ther  pro longs the QTc in terval .  

(2)  A sevenfo ld  increase in  peak p lasma leve l  and threefo ld increase in  the 

area under the curve (AUC) occurred when g iven wi th  high-fa t food.  Simi lar 



increases occur  when doses are admin is tered 2 hr  a f ter  a meal.  Admin is ter  

ha lo fantr ine on an empty s tomach. 

h.  Malarone  

(1)  Concomitant  admin ist ra t ion wi th te tracyc l ine has been assoc iated wi th  

40% reduct ion in  plasma concentrat ions of a tovaquone.  Simi lar ly,  

concurrent r i fampin is  known to  reduce atovaquone leve ls  by 50%. 

(2)  Take malarone wi th  food or  mi lk .  

C. Amebicides and tr ichomonacides.  These agents  are cruc ial  in  the 

t reatment  o f  amebiasis ,  g iard ias is ,  and t r ichomoniases—the most  common 

protozoal  in fect ions in the United States.  The major  amebicides inc lude 

di loxanide,  iodoquinol  (Yodoxin) ,  metronidazole (Flagyl) ,  ni tazoxanide 

(Al inia) ,  paromomycin (Humatin) ,  quinacrine,  and t inidazole (Tindamax).  

1.  Mechanism of act ion  

a.  Di loxanide,  a d ichloroacetamide derivat ive, is  amebicidal;  i ts  

mechanism of  act ion is  unknown.  (Not  avai lable  commerc ial ly but  can be 

compounded by Panorama Compounding Pharmacy,  Van Nuys,  CA—per 

Medica l  Letter  8 /04.) 

b.  Metronidazole  is  a synthet ic  compound wi th d irec t amebicidal  and 

tr ichomonacidal  ac t ion; i t  works at  both in test ina l  and ext ra in tes t inal  s i tes .  

I ts  mechanism of ac t ion invo lves d isrupt ion of  the he l ica l  s t ructure of  DNA. 

c.  Nitazoxanide  is  des ignated by the U.S.  Food and Drug Adminis tra t ion 

(FDA) as an orphan drug.  I ts  ant iprotozoal ac t iv i ty  is  be l ieved to  be the 

resul t  o f  in ter ference wi th  the pyruvate:  ferredoxin oxidoreductase (PFOR) 

enzyme-dependent  e lec tron t ransfer react ion essent ia l  for  energy 

metabol ism. 

d.  Quinacrine  is  an acrid ine der ivat ive that  inhibi ts  DNA metabol ism. 

e.  Iodoquinol  is  a luminal  or  contact  amebicide that  is  e f fect ive against  the 

t rophozoi tes of  Entamoeba histo ly t ica  located in  the lumen of  the large 

in test ine. 

f .  Paromomycin  is  a poor ly absorbed amebic idal  aminoglycos ide whose 

mechanism of  act ion para l le ls  o ther aminoglycos ides ( i .e . ,  prote in  synthesis  

inhib i tor) .  I t  is  a lso ef fect ive against  enteric bacter ia Salmonel la  and 

Shigel la .  

g.  Tinidazole  prec ise mechanism of  ac t ion is unknown. 

2.  Spectrum of activi ty and therapeutic uses  

a.  Di loxanide  
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(1)  Th is drug is  used to  treat  asymptomat ic  carr iers  of  amebic and Giardia  

cys ts .  

(2)  Di loxanide is  therapeut ic  for  invasive and ext ra in test ina l  amebiasis 

(g iven in  combinat ion wi th  a  systemic  or  mixed amebicide) .  

(3)  Di loxanide is  not  e f fec t ive as s ingle-agent  therapy for ext ra in test ina l  

amebias is .  



b.  Metronidazole  

(1)  Th is agent is  the preferred drug in  amebic  dysentery, g iardias is ,  and 

t r ichomonias is .  

(2)  Metron idazole also is ac t ive against  al l  anaerobic  cocci  and gram-

negat ive anaerobic  baci l l i .  

(3)  Th is agent is  the t reatment  of  choice by the CDC for  the t reatment  o f  C. 

d i f f ic i le  co l i t is  in fec t ions owing to  the emerg ing use of  broad-spectrum 

ant ib io t ics.  Th is  therapy is  cost -ef fec t ive. 

c.  Quinacrine  is  useful  in  the t reatment  of  giardias is  and tapeworms (see 

VI I I .H.2) .  

d.  Iodoquinol  is  ind icated for t reatment o f intes t ina l  amebiasis.  I t  is  ac t ive 

against  the protozoa E. h isto ly t ica.  

e.  Nitazoxanide  is  ind icated for t reatment o f d iarrhea caused by 

Cryptospor id ium parvum  and Giardia  lambl ia  in chi ldren. 

f .  Paromomycin  is  indicated for acute and chronic  in tes t ina l  amebiasis;  i t  

is  not  useful  for  ext ra intest inal  amebiasis  because i t  is  not absorbed.  

Paromomycin has been used for  Dientamoeba f rag i l is ,  Taenia saginata,  

Dipyl id ium caninum,  and Hymenolep is  nana.  

g.  Tinidazole  is  a  second-generat ion synthet ic  ni t ro imidazole ac t ive against  

t r ichomonias is ,  Giardia  duodenal is /G.  lambl ia ,  and E.  h is toly t ica.  

3.  Precautions and monitoring effects  

a.  Di loxanide  rare ly causes ser ious adverse effec ts.  Vomit ing,  f latu lence, 

and pruri tus  have been repor ted. 

b.  Metronidazole  

(1)  The most  common adverse ef fec ts  of  th is  drug are nausea,  ep igast r ic  

d ist ress, and diarrhea. 

(2)  Metron idazole is  carcinogenic in mice and should not be used 

unnecessar i ly .  

(3)  Headache,  vomi t ing,  meta l l ic  tas te,  and s tomat i t is  have been reported. 

(4)  Occas ional ly,  neuro log ical  react ions (e .g. ,  a taxia ,  per iphera l  

neuropathy,  se izures) develop. 

(5)  A disu l f i ram-type react ion may occur  wi th  concurrent  e thanol  use. 

c.  Quinacrine.  See VI I I .H.4. 

(1)  Th is drug frequent ly causes dizziness,  headache,  nausea, and vomi t ing.  

Nervousness and se izures a lso have been repor ted. 

(2)  Quinacr ine should not  be taken in combinat ion wi th  pr imaquine because 

th is  may increase pr imaquine toxic i ty.  

(3)  Quinacr ine should be administered wi th  ext reme caut ion in  pat ients  with  

psorias is  because i t  may cause marked exacerbat ion of this  d isease. 

d.  Iodoquinol  may produce opt ic  neur i t is  or a t rophy or  peripheral  

neuropathy wi th  high-dose,  long- term use.  Prote in-bound iod ine leve ls  may 

be increased dur ing t reatment  and may in ter fere wi th  the resul ts  o f  thyro id  

tes ts  for  6  months af ter  treatment .  Iodoquinol  should not be used in 

pat ients  who are hypersensi t ive to  8-hydroxy-quino lone (e.g. ,  iodoquino l ,  



iodochlorhydroxyquin)  or iodine-conta ining agents  or in pat ients  wi th  

hepat ic  disorders . 

e.  Paromomycin  may cause nausea,  cramping,  and diarrhea at h igh doses 

(> 3 g/day) .  Inadver tent absorpt ion through u lcerat ive bowel  lesions may 

resul t  in  o totoxic i ty or renal  damage. 

f .  Ni tazoxanide  may cause abdominal  pa in ,  diarrhea, vomi t ing,  headache,  

f la tu lence,  fever ,  eye disco lorat ion,  rh ini t is ,  and d iscolored ur ine. 

g.  Tinidazole  may produce meta l l ic  tas te,  nausea,  anorexia ,  dyspepsia,  

vomi t ing,  weakness,  d izziness,  and headache. 

D. Pentamidine isethionate (Pentam 300)  is  an aromatic d iamide 

ant iprotozoal  agent .  I t  can be adminis tered in t ramuscular ly,  in t ravenous ly,  

or  by inhalat ion. 

1.  Mechanism of act ion  is  not ful ly  unders tood,  but  in  v i t ro  s tud ies ind icate 

in ter ference wi th  nuc lear metabol ism and inhibi t ion  of  DNA, RNA, 

phosphol ip id ,  and prote in  synthes is .  

2.  Therapeutic uses  

a.  Pentamid ine is  indicated for  the prevent ion and t reatment  o f infec t ions 

caused by P. car ini i .  
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b.  Unlabeled uses include t reatment  o f t rypanosomias is ,  v isceral  

le ishmanias is ,  and babes ios is .  

3.  Precautions and monitoring effects  

a.  Nephrotoxic i ty,  bronchospasm, and cough are the most common effects  

produced by in t ravenous or  inhaled pentamid ine. 

b.  Severe hypotension may occur  a f ter  a parentera l  dose of  pentamid ine. 

Card iorespi ra tory arrest  can occur  a fter  a  s ing le  rap id in fus ion of  the drug. 

c.  Pain, erythema,  and tenderness may occur  a fter  an IM admin is t ra t ion of  

the drug.  This  can be min imized by us ing the Z- t rack technique of  drug 

adminis t ra t ion. Phlebi t is  may occur  fo l lowing IV admin is t rat ion. 

d.  Hypoglycemia may occur  wi th  in i t ia l  admin is t ra t ion of  drug via  the IV,  IM,  

or  inhalat ional  route.  Af ter  the pat ient has been on the drug for a  per iod of  

t ime,  hyperglycemia wi l l  resul t .  The effec t  of  the drug may actual ly induce a 

reversib le  insu l in-dependent d iabetes mel l i tus. 

e.  Leukopenia and thrombocytopenia,  which can be severe,  occur  

occasional ly.  

f .  Pentamidine may resul t  in e levated l iver  funct ion tes ts ,  AST,  and ALT.  

g.  GI  ef fec ts  can a lso occur ,  inc lud ing nausea,  vomit ing,  abdominal  

d iscomfor t ,  pain ,  d iarrhea,  and dysgeusia. 

h.  Neuro log ical  ef fec ts  can occur  wi th  parenteral  adminis t ra t ion and may 

include d izziness,  t remors,  confus ion,  anxie ty,  insomnia, and se izures. 

i .  Hypocalcemia and fever  have a lso been repor ted and may be severe at 

t imes. 



E. Atovaquone (Mepron)  is  a  hydroxynaphthoquinone in i t ia l ly  synthes ized 

as an ant imalarial  drug. 

1.  Mechanism of act ion.  Atovaquone b locks mitochondr ial  elec t ron 

t ransport  at  complex I I I  o f  the respi ratory chain of  protozoa,  resul t ing in 

inhib i t ion of  pyr imid ine synthes is .  

2.  Spectrum of activi ty.  I t  is  ac t ive against  P. car in i i ,  T.  gondi i ,  C.  parvum, 

P.  falc iparum, Isosporidia ,  and Microspor idia.  

3.  Therapeutic uses.  Atovaquone is used for second- l ine t reatment  o f mi ld  

to  moderate P. carini i  pneumonia in  pat ients  in to lerant o f cot r imoxazole or 

o ther su l fonamides or who are nonrespons ive to  cot r imoxazole. 

4.  Precautions and monitoring effects  

a.  Ora l  absorpt ion s igni f icant ly increases when admin is tered wi th food 

(especial ly a  h igh- fa t  meal ) .  

b.  Rash,  nausea,  d iarrhea,  headache, fever ,  abdominal  pain ,  d izziness,  and 

e levated l iver  funct ion tes ts commonly are repor ted. 

5.  Signif icant interactions.  Atovaquone is  high ly bound to  p lasma prote in.  

I t  should be used wi th caut ion when administered wi th  other  h igh ly protein-

bound drugs wi th  a  narrow therapeut ic  range. 

F.  Ef lornithine HCl (Ornidyl) .  Th is  is  an IV ant iprotozoal  agent .  I ts ac t iv i ty 

has been at t r ibuted to  the inh ib i t ion of  the enzyme orni thine decarboxylase. 

1.  Mechanism of act ion.  Th is  is a  speci f ic ,  enzyme-act ivated,  i r revers ib le  

inhib i tor  o f  orn i th ine decarboxylase. 

2.  Spectrum of activi ty and therapeutic uses.  Ef lorn i th ine is  ac t ive in  the 

t reatment  o f  the meningoencephal i t ic  s tage of Trypanosoma brucei  

gambiense  (s leeping sickness) .  

3.  Precautions and monitoring effects  

a.  Myelosuppress ion is  the most  f requent ser ious s ide ef fec t.  

b.  Seizures occur  in  about  8% of t reated pat ients.  

c.  Cases of  hear ing impai rment have been reported. 

VI. Antitubercular Agents 
A. Defini t ion and classif icat ion.  Drugs used to  treat  tubercu losis  suppress 

or  k i l l  the s low-growing mycobacteria  that cause th is  disease. 

Ant i tubercular agents  fa l l  into  two main categories :  f i rst - l ine  

P.956 

 

and second-l ine drugs.  Because the causat ive organisms tend to  develop 

res is tance to  any single  drug, combinat ion drug therapy has become 

s tandard in  the t reatment  o f  tubercu losis .  

1.  The incidence  of  tubercu losis in the Uni ted States is  increas ing owing to  

sh i f ts in populat ions cons idered to be endemic for  tubercu losis ,  the r ise in  

HIV-pos i t ive pat ients ,  and drug resis tance. 

2.  Agents  chosen for  therapy must  eradicate mycobacterium. F i rs t - l ine 

agents avai lable  inc lude isoniazid ,  e thambuto l ,  pyrazinamide,  r i fampin,  

r i fabut in ,  and r i fapent ine.  Combination chemotherapy is  essent ia l .  Agents  



showing the lowest  incidence of  res is tance ( isoniazid ,  r i fampin)  are usual ly 

used in  combinat ion wi th pyrazinamide or  ethambuto l .  

3.  Choice of  therapy depends on many pat ient and d isease fac tors (e .g. ,  

durat ion of therapy needed,  l ike l ihood of  drug resis tance,  and HIV s tatus) .  

4.  Treatment choices based on CDC recommendations  (Table 44-4) .  

B. First-l ine.  These drugs,  isoniazid,  e thambutol ,  r i fampin,  r i fabut in ,  

r i fapent ine,  and pyrazinamide usual ly o f fer  the greatest  e f fec t iveness wi th 

the least  toxic i ty;  they are successfu l  in most tuberculos is  pat ients .  At  least  

three to four  drug combinat ions are recommended.  The CDC recommends 

dai ly t reatment wi th  isoniazid , r i fampin,  pyrazinamide,  and ethambuto l  for 

the in i t ia l  phase of  2  months,  fo l lowed by a cont inuat ion phase of  ison iazid  

and r i fampin for  4-5 months (Table 44-4) .  

1.  Ethambutol  (Myambutol)  is  a  synthet ic  water-based compound. 

a.  Mechanism of act ion.  Th is  drug is  bacteriostat ic .  I ts  precise 

mechanism of  act ion is  unknown;  however,  i t  has demonstrated act iv i ty only 

against  suscept ib le  bacter ia act ive ly undergoing ce l l  d iv is ion. 

b.  Spectrum of act ivi ty and therapeutic uses.  Ethambuto l  is  ac t ive 

against  many M. tuberculosis  s tra ins as wel l  as  many other  mycobacter ia l  

spec ies.  However,  drug res is tance develops fai r ly rapid ly when i t  is  used 

a lone.  In  most  cases,  e thambuto l  is  g iven adjunct ive ly in  combinat ion wi th  

isoniazid  or  r i fampin for  tuberculos is .  I t  is  a lso usefu l  in  combinat ion wi th 

o ther agents  such as c lar i thromycin or  azi thromycin and r i fabut in  in  t reat ing 

MAC.  

Table 44-4. Treatment for Active Tuberculosis 

  Initial Phase Continuation Phase 
Rank Agent Dosage Agent Dosage 

1 INH 7 days a week × 8 weeks INH/RIF 7 days a week 
× 18 weeks 

 RIF or  or 

 
PZA 5 days a week × 8 weeks 

 
5 days a week 
× 18 weeks 

 EMB    

2 INH 
RIF 

7 days a week × 2 weeks, 
then 2 times a week × 6 
weeks 

INH/RIF 2 times a 
week × 18 
weeks 



 PZA or   

 

EMP 5 days a week × 2 weeks, 
then 2 times a week × 6 
weeks 

  

3 INH 3 times a week × 8 weeks INH/RIF 3 times a 
week × 19 
weeks 

 RIF    

 PZA    

 EMB    

4 INH 7 days a week × 8 weeks INH/RIF 7 days a week 
× 31 weeks 

 RIF or  or 

 
EMP 5 days a week × 8 weeks 

 
5 days a week 
× 31 weeks 

    or 

    

2 times a 
week × 31 
weeks 

EMB, ethambutol; INH, isoniazid; PZA, pyrazinamide; RIF, rifampin. 

Adapted with permission from CDC guidelines for treatment of tuberculosis 
2003. MMWR 2003; 52 (RR11); 1-77. 

 

P.957 

 

 



c.  Precautions and monitoring effects.  Rare ly,  e thambutol  causes such 

adverse ef fec ts  as revers ible  dose-re lated (= 15 mg/kg/day)  opt ic  neur i t is ,  

drug fever ,  abdominal pain ,  headache,  dizziness, and confus ion. L iver 

funct ion tests  should be per iod ical ly moni tored. Visual  tes t ing and renal  

funct ion ( reduce dose wi th  impai rment)  should also be moni tored. 

2.  Isoniazid (Nydrazid)  is  a  hydrazide of  isonicot in ic  acid .  The mainstay of  

ant i tubercu lar  therapy,  th is drug should be included ( i f  to lerated) in a l l  

therapeut ic  reg imens. 

a.  Mechanism of act ion.  Ison iazid  is bacteriostat ic  for  rest ing baci l l i  and 

bactericidal  for  rapid ly d iv iding organisms.  I ts  mechanism of  ac t ion is not 

fu l ly  known;  the drug probably d is rupts bacter ial  ce l l  wal l  synthesis by 

inhib i t ing mycol ic  ac id  synthes is .  

b.  Spectrum of act ivi ty.  Ison iazid  has act iv i ty only against  organisms in  

the genus Mycobacter ium.  More spec i f ica l ly,  i t  has demonstrated act iv i ty 

against  M. tuberculos is ,  Mycobacterium bovis ,  and se lect  s t ra ins  of  

Mycobacterium kansas i i .  

c.  Therapeutic uses  

(1)  The most  widely used ant i tubercular agent,  isoniazid should be g iven in  

combinat ion wi th  other ant i tubercular drugs (such as r i fampin,  e thambutol ,  

and pyrazinamide) to  prevent  drug resistance in tuberculos is .  

(2)  Treatment of  latent infection  (previous ly referred to  as prevent ive 

therapy of chemoprophylaxis) .  Isoniazid may be admin is tered a lone for up 

to  1  year  in  adul ts  or  chi ldren who have a pos i t ive  tubercu l in  tes t  resu l t  but  

lack act ive lesions. 

d.  Precautions and monitoring effects  

(1)  The most  common adverse ef fec ts  of  ison iazid  are sk in  rash,  fever,  

jaundice,  and per iphera l  neuri t is .  

(2)  Hepat i t is ,  an occas ional  react ion, can be severe and, in some cases,  

fa tal .  The r isk  of  hepat i t is  increases wi th  the pat ient 's age and r ises wi th  

a lcohol  abuse. Moni tor  l iver  funct ion tes ts .  

(3)  B lood dyscras ias (e .g. ,  agranulocytosis ,  aplast ic  or  hemolyt ic  anemia, 

thrombocytopenia)  may occur .  Moni tor  complete b lood count  (CBC) 

rout inely.  

(4)  Adverse GI e ffec ts inc lude nausea,  vomi t ing,  and epigast r ic  d is t ress. 

(5)  CNS toxic i ty may resul t  f rom pyr idoxine def ic iency.  Signs and symptoms 

include insomnia,  res t lessness,  hyperref lexia ,  and convuls ions.  Pyr idoxine 

15-50 mg/day should be adminis tered to pat ients  taking isoniazid to 

minimize the peripheral  neuropathy associated wi th  i ts  use (espec ial ly in  

pat ients  wi th  d iabetes,  HIV,  uremia, a lcohol ism,  malnutr i t ion,  pregnancy,  or  

se izure disorder) .  

e.  Signif icant interactions  

(1)  W ith  concurrent  phenytoin  therapy,  b lood leve ls  o f  both phenytoin  and 

isoniazid  may increase, poss ib ly caus ing toxic i ty.  

(2)  Aluminum-containing antacids  may reduce isoniazid absorpt ion. 

(3)  Concurrent  carbamazepine  therapy may increase the r isk  of  hepat i t is .  



(4)  Use of  ison iazid  wi th  o ther ant i tubercu lar agents ,  such as cyc loser ine or  

e th ionamide,  may cause addi t ive nervous system ef fec ts .  

(5)  There is  the potent ia l  for  the seroton in syndrome to  exis t  when isoniazid  

is  used in  combinat ion wi th  select ive seroton in reuptake inh ibi tors  or  in  

pat ients  taking meper idine.  Isoniazid  has been shown to  have some 

monoamine oxidase (MAO) inhib i t ing act iv i ty.  

3.  Rifampin (Rimactane)  is  a  complex macrocyc l ic  agent .  

a.  Mechanism of act ion.  Th is  drug is  bactericidal;  i t  impai rs  bacter ia l  RNA 

synthesis  by b ind ing to  DNA-dependent  RNA polymerase. 

b.  Spectrum of act ivi ty.  Ri fampin has act iv i ty against  most  mycobacterial  

s t rains .  In  addi t ion,  r i fampin has act iv i ty against many other  organisms,  

includ ing N. meningi t id is,  S.  aureus, H.  in f luenzae,  Legionel la  pneumophi la ,  

and C. t rachomat is .  

c.  Therapeutic uses  

(1)  In recommended combinat ions for t reatment  of  act ive tubercu los is 

(2)  Prophylact ic r i fampin is  e f fect ive when admin is tered to  carr iers  of  N. 

meningi t id is  d isease and chemoprophylaxis  o f  pat ients  wi th H. in f luenzae  

type b organisms. 

(3)  Ri fampin may be used in combinat ion wi th dapsone for  the t reatment o f  

leprosy. 

d.  Precautions and monitoring effects  

(1)  Serious hepatotoxic i ty may resul t  f rom r i fampin therapy. L iver funct ion 

tes ts  should be rout inely conducted. 
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(2)  In rare cases,  this drug induces an in f luenza-l ike  syndrome. 

(3)  Other  adverse effec ts  include skin  rash,  drowsiness,  headache,  fa t igue,  

confus ion,  nausea,  vomi t ing, and abdominal  pa in. 

(4)  Ri fampin co lors  ur ine,  sweat ,  tears , sa l iva,  and feces orange red. 

e.  Signif icant interactions  

(1)  Ri fampin induces hepat ic  microsomal  cytochrome P450 isoenzymes and 

thus may decrease the therapeut ic  e ffec t iveness of  cort icosteroids,  

warfarin,  oral  contraceptives,  quinidine,  digi toxin, protease inhibitors 

(PIs) ,  nonnucleoside reverse transcriptase inhibitors,  ketoconazole,  

verapamil ,  methadone,  oral  ant idiabetic  agents,  cyclosporine, dapsone,  

chloramphenicol ,  and barbiturates.  

(2)  Probenecid  may increase blood leve ls  of  r i fampin. 

(3)  Aminosal icyl ic  acid  may impai r  absorpt ion of r i fampin secondary to  

bentoni te , an exc ip ient used in preparat ion of  aminosal icyl ic  granules. 

f .  The newer r i famycins,  r i fabutin (Mycobutin)  and r i fapentine (Pri f t in)  

may be subst i tu ted for  r i fampin in spec ial  s i tuat ions,  e .g. ,  in to lerance or  

ser ious drug interact ions.  



4.  Rifabutin (Mycobutin)  is  an ant imycobacteria l  agent  that is  s imi lar  to  

r i fampin,  wi th act iv i ty against  both tubercular  and nontubercular  

mycobacteria l ,  and of fers  no clear  advantage over  r i fampin. 

a.  Mechanism of act ion.  In  addi t ion to  i ts  ant imycobacter ia l  act iv i ty 

against  tubercular and nontubercular  mycobacteria l ,  r i fabut in  has been 

reported to  inh ibi t  reverse t ranscr ip tase and block  the in  v i t ro  in fec t iv i ty 

and repl icat ion of  HIV. 

b.  Therapeutic uses.  Ri fabut in is  ind icated for the prevent ion of 

d isseminated MAI complex d isease in pat ients wi th  advanced HIV 

in fect ions. 

c.  Precautions and monitoring effects.  The use of  r i fabut in  has resul ted 

in  mi ld  elevat ion of l iver  enzymes and thrombocytopenia. 

d.  Signif icant interact ions  

(1)  Ri fabut in  antagonizes and potent ia l ly  negates the immune response 

mediated by the baci l lus Calmet te-Guérin  (BCG) vaccine. 

(2)  Ri fabut in  may increase the c learance of  drugs by inducing hepat ic  

microsomal enzymes, but  does so to  a  lesser  extent  than r i fampin.  The 

concentrat ions of  the fol lowing drugs may be reduced whi le tak ing r i fabut in :  

cyclosporine,  zidovudine,  prednisone,  digi toxin,  quinidine,  

ketoconazole,  protease inhibitors,  propranolol,  phenytoin,  

sulfonylureas,  and warfarin.  Serum cyc lospor ine levels should be 

moni tored in  pat ients receiv ing both agents . 

5.  Rifapentine (Pri f t in)  is  a  long-act ing r i famyc in-der ivat ive and has a 

s imi lar  prof i le o f microbio log ica l  ac t iv i ty to  r i fampin. I t  is  usual ly 

adminis tered once or  twice weekly.  

a.  Mechanism of act ion.  Ri fapent ine is  bacteric ida l  against  in t racel lu lar  

and ext racel lular  M. tubercu losis  a t  therapeut ic leve ls .  

b.  Spectrum of act ivi ty and therapeutic uses.  Ind icated for  t reatment  o f 

pr imary tuberculos is .  Ri fapent ine should always be used in  conjunct ion wi th  

≥ 1 other  ant i tuberculos is  drug to  which the iso late is  suscept ib le . 

c.  Precautions and monitoring effects.  Ri fapent ine induces cytochrome 

P450 isoenzymes 3A4 and 2C8/9 responsib le  for inact ivat ion of  cer ta in  

ca lc ium channel b lock ing agents  (verapamil ,  d i l t iazem, n i fedip ine) ,  

ant i fungals  (ketoconazole,  f luconazole,  i t raconazole),  su l fonylurea 

ant id iabet ic  agents , methadone, cor t icostero ids,  cardiac  glycos ides,  cer tain  

ant iarrhythmic  agents  (disopyramide, mexi le t ine,  qu in idine,  toca inide) ,  

qu in ine,  dapsone,  chloramphenicol ,  c lar i thromycin,  doxycyc l ine, 

f luoroquino lones,  t ranscrip tase inh ib i tor  cyc lospor in ,  tacro l imus,  and 

warfar in .  Concomi tant  use of  r i fapent ine wi th these drugs may decrease 

p lasma concentrat ions and dosage adjustments  may be required. 

6.  Pyrazinamide  is  a  pyrazine analog of n icot inamide. 

a.  Mechanism of act ion.  Th is  drug is  bactericidal  and/or  bacteriostat ic,  

depending on the ce l l  concentrat ion achieved. 

b.  Spectrum of act ivi ty and therapeutic uses.  Pyrazinamide is  a h ighly 

spec i f ic  agent  and has act iv i ty on ly against  M. tubercu losis .  Pyrazinamide 



i s  used as a pr imary agent  wi th  isoniazid  and r i fampin for  at  least  2 months,  

fo l lowed by isoniazid  and r i fampin. 

c.  Precautions and monitoring effects.  Th is agent  may resul t  in  

hepatotoxic i ty and,  rarely,  hepat ic  necrosis resul t ing in death.  Anorexia ,  

nausea,  vomi t ing,  mala ise,  and fever  have  
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been repor ted. Hyperuricemia may resul t  in  gouty exacerbat ions.  Both l iver  

funct ion tests  and uric ac id levels should rout ine ly be moni tored. 

C. Second-line agents.  These agents include aminosal icyl ic  ac id  (Paser) ,  

capreomycin (Capastat) ,  cyc loser ine (Seromycin) ,  e th ionamide (Trecator-

SC),  quinolones (c iprof loxac in,  o f loxac in,  levof loxac in ,  spar f loxac in) ,  

s t reptomycin and kanamycin.  Second- l ine drugs are main ly subst i tuted or 

added to  preferred therapy owing to in tolerance or  drug resis tance. These 

agents are less effec t ive,  more toxic ,  and are used in combinat ion wi th 

pr imary agents . 

1.  Mechanism of act ion  

a.  Aminosal icyl ic  acid  is  bacteriostat ic;  i t  probably inhib i ts  the enzymes 

respons ib le for fol ic  ac id synthesis.  

b.  Cycloserine  can be bacteriostat ic  or  bactericidal,  depending on i ts  

concentrat ion at  the in fec t ion s i te ;  i t  impairs  amino ac id  use,  thereby 

inhib i t ing bacter ia l  cel l  wal l  synthes is .  

c.  The mechanism of  act ion of  capreomycin (bacteriostat ic ) ,  eth ionamide 

(bactericidal ) ,  and pyrazinamide (bactericidal )  is  unknown.  

2.  Spectrum of activi ty and therapeutic uses.  Second-l ine ant i tubercu lar  

agents are act ive against  var ious microorganisms,  includ ing M. 

tuberculos is .  These agents  general ly are reserved for pat ients  wi th  

extens ive ext rapulmonary or  drug-res is tant  d isease or  for  pat ients  who 

need retreatment .  These drugs are a lmost  a lways administered in  

combinat ion. 

3.  Precautions and monitoring effects  

a.  Adverse ef fects  o f  aminosal icyl ic  acid  inc lude leukopenia,  

agranulocytopenia,  thrombocytopenia,  hemolyt ic anemia,  mononucleos is-

l ike syndrome,  mala ise,  jo in t  pain , fever,  and skin rash. 

b.  Capreomycin  and streptomycin  are ototoxic  and nephrotoxic ;  they 

should not  be admin is tered together.  

c.  Cycloserine  may cause adverse CNS ef fec ts ,  includ ing headache, 

su ic idal  and psychot ic  tendenc ies,  hyper i r r i tab i l i ty ,  confus ion,  paranoia,  

and nervousness. 

d.  Ethionamide  may induce nausea,  vomit ing,  orthostat ic hypotens ion, 

meta l l ic  tas te,  ep igast r ic d is t ress,  and peripheral  neuropathy. 

e.  Streptomycin.  See I I .B.3. 

D. Alternative agents  

1.  Rifater.  A combinat ion of  r i fampin 120 mg,  isoniazid  50 mg,  and 

pyrazinamide 300 mg in  one tablet is  used in  pat ients  expected to  have low 



compl iance wi th  tuberculos is  drug therapy. One disadvantage  is  that  many 

pat ients  are requi red to  take as many as 5-6 table ts  dai ly,  which may 

reduce compl iance. 

2.  Quinolones.  Ciprof loxac in and levof loxac in are used in tubercu losis 

therapy.  Levof loxac in is  preferred owing to  increased serum concentrat ions.  

Levof loxac in is usual ly used in combinat ion wi th o ther tuberculosis agents  

for  ac t ive t reatment .  For  prophylaxis ,  levof loxac in is  combined wi th  

pyrazinamide. 

3.  Macrol ides.  Clar i thromycin and azi thromycin have shown l imi ted act ivi ty 

against  M. tuberculos is .  

VII. Antiviral Agents 
A. Defini t ion.  These drugs treat  v i ral  in fec t ions by af fec t ing v i ra l  

rep l icat ion. Because viruses lack independent  metabol ic  ac t iv i ty and can 

rep l icate only wi th in  l iv ing host  cel ls ,  ant iv i ral  agents  tend to  in jure host  as  

wel l  as v i ra l  ce l ls .  A l though most  ant iv i ral  drugs are act ive against  ei ther  

DNA or  RNA vi ruses,  some (e.g. ,  adefovi r ,  r ibavir in)  are act ive against  

both. 

B. DNA viruses.  Current ly approved ant iv i ral  therapies against  the 

Herpesvi r idae  fami ly o f  DNA vi ruses—herpes simplex v i rus  1 and 2 (HSV-1,  

HSV-2) ,  varice l la-zoster  v i rus  (VZV),  cytomegalovi rus  (CMV)—are 

virustat ic  and arrest  DNA synthesis by inh ib i t ing v i ra l  DNA polymerase.  

Many of  these agents are prodrugs and require  vi ra l  and host ce l lu lar  

enzymes (e.g. ,  thymidine,  deoxyguanos ine k inase)  to phosphoryla te them 

in to the act ive t r iphosphate form before exer t ing the ir  ant iv i ra l  ac t iv i ty.  

Hence,  a common mechanism of  resis tance is a  def ic iency or   
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s t ruc tura l  a l terat ion in  v ira l  thymid ine k inase (Table 44-5) .  Some of these 

agents a lso demonstrate act iv i ty against  RNA vi ruses,  inc lud ing hepat i t is  C 

and HIV. 

Table 44-5. Activity of Various Anti-DNA Viral Agents 



Agent HSV-1 HSV-2 VZV CMV Influenza 
A 

Influenza 
B 

Acyclovira + + + — — — 

Amantadine — — — — + — 

Cidofovir — — — + — — 

Famciclovir + + + — — — 

Foscarnet + + + + — — 

Ganciclovira — — — + — — 

Oseltamivir — — — — + + 

Rimantadine — — — — + — 

Valacyclovira + + + — — — 

Valganciclovira — — — + — — 

Zanamivir — — — — + + 

HSV, herpes simplex virus, VZV, varicella-zoster virus; CMV, 
cytomegalovirus. 

a Requires activation into 
triphosphate form. 

      

 

1.  Acyclovir  (Zovi rax)  is  a  synthet ic  acyc l ic analog of  guanosine wi th  

act iv i ty against var ious herpes vi ruses. 

a.  Mechanism of act ion.  Acyclovi r  monophosphate is  phosphorylated to  the 

t r iphosphate, where i t  becomes incorporated in to v i ra l  DNA and inh ib i ts  

v i ra l  rep l icat ion. 

b.  Spectrum of act ivi ty.  Th is  agent  is  act ive against  herpes vi ruses,  

par t icular ly HSV-1, HSV-2,  VZV, and ch ickenpox (var ice l la) .  

c.  Therapeutic uses  



(1)  Acyc lovir  is  used to  treat  in i t ia l  and recurrent  HSV-1 and HSV-2 

in fect ions and for acute treatment  of  herpes zoster  (shing les)  and 

ch ickenpox.  I t  is  also used ora l ly for  long- term suppress ion of  geni tal  HSV 

in fect ions. 

(2)  Th is agent is  avai lab le  in top ica l ,  ora l ,  and IV forms.  Topica l  acyc lovi r  is  

appl ied di rec t ly on herpes lesions in  recurrent  herpes lab ia l is  (cold  sores).  

I t  is  not  recommended for  use on genita l  herpes les ions due to  poor 

e f f icacy. 

(3)  Acyc lovir  may be administered in t ravenously in  the t reatment o f in i t ia l  

and recurrent  mucocutaneous HSV in fect ion and VZV infect ion in  

immunocompromised pat ients ,  as wel l  as  in  the t reatment  o f HSV in fect ions 

that  are d isseminated or a f fec t  the centra l  nervous system. 

d.  Precautions and monitoring effects  

(1)  Ora l  acyc lovi r  may induce nausea,  vomi t ing, d iarrhea,  and headache. 

(2)  IV administ ra t ion may cause dose-dependent renal  impai rment ,  

c rys tal l ine nephropathy,  neuro log ical  e f fec ts (e .g. ,  lethargy,  confusion,  

t remors,  ag i ta t ion, seizures, coma,  obtundat ion) ,  hypotension,  rash,  i tch ing,  

and phlebi t is  a t  the in ject ion s i te.  

(3)  Local  d iscomfor t  and prur i tus  may resul t  f rom top ical  adminis t ra t ion. 

(4)  Acyc lovir  is  removed by hemodia lys is .  Doses should be adjusted in  

renal  impai rment  and hemodialys is .  

e.  Signif icant interactions.  Probenecid  reduces the renal  c learance of  

acyclovi r ,  resu l t ing in  increases in  acyclovi r  hal f - l i fe  and serum 

concentrat ion. 

2.  Adefovir  dipivoxi l  (Hepsera) is  a  phosphonate nuc leot ide analog wi th 

act iv i ty against var ious DNA and RNA vi ruses. 

a.  Mechanism of act ion.  Adefovi r  is  phosphorylated to  the act ive 

d iphosphate form by cel lu lar k inases.  I t  is  then incorporated into  v i ra l  DNA, 

resul t ing in terminat ion of  repl icat ion. 

b.  Spectrum of act ivi ty and therapeutic uses  

(1)  Adefovi r  is  ac t ive against  hepat i t is  B v i rus  ( inc luding lamivudine-

res is tant s t ra ins),  herpes vi ruses,  and HIV. 

(2)  However,  adefovi r  is  approved for  use only for  t reatment o f  chronic  

hepat i t is  B in fect ion in adul ts  wi th  evidence of  act ive v i ral  rep l icat ion wi th 

persistent ly elevated l iver  funct ion tes ts  or h is to log ical ly ac t ive d isease. 
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c.  Precautions and monitoring effects  

(1)  Severe acute hepat i t is  exacerbat ions have occurred in  pat ients  who 

d iscont inue therapy (black box warning ) .  I f  therapy is  discont inued,  l iver 

funct ion tests  must be moni tored closely.  

(2)  Nephrotoxic i ty has been repor ted wi th  adefovi r ,  especia l ly in  pat ients  

wi th  under ly ing renal  dysfunct ion or  those taking concomitant  nephrotoxins  

(black box warning ) .  



(3)  Other  adverse effec ts  include rash,  GI  disturbances,  headache,  and 

weakness. 

(4)  Dose adjustment  is requi red for renal  insuff ic iency. 

3.  Amantadine (Symmetrel )  is  a synthet ic t r icycl ic  amine wi th  a un ique 

chemical  s t ruc ture s imi lar  to  r imantadine. I t  is  e f fec t ive against  in f luenza A 

vi ra l  in fec t ion. 

a.  Mechanism of act ion.  Amantadine inhibi ts repl icat ion of  the inf luenza A 

vi rus  by inter fer ing wi th  v i ra l  a t tachment  and uncoat ing. 

b.  Spectrum of act ivi ty and therapeutic uses  

(1)  Due to increasing rates of  resis tance, amantadine is  no longer 

recommended for prophylaxis  or  t reatment  o f  in f luenza A vi rus . 

(2)  Th is drug may also be used to  t reat  parkinsonism as wel l  as drug-

induced ext rapyramidal symptoms. 

c.  Precautions and monitoring effects  

(1)  The most  pronounced adverse ef fects  o f  amantadine are ataxia ,  

n ightmares,  and insomnia.  Other  CNS ef fec ts  include depression, 

confus ion,  d izziness,  fa t igue, anxiety,  and headache.  Elderly pat ients may 

be at  increased r isk of  CNS adverse react ions.  Pat ients  wi th  a h is tory of  

se izures or  psychiat r ic  disorders  should be moni tored c lose ly dur ing 

therapy. 

(2)  Ant ichol inergic react ions (e .g. ,  dry mouth,  blurred vis ion)  have been 

reported. 

(3)  Dosage adjustment  is  needed for  pat ients  wi th  impai red renal  funct ion.  

4.  Cidofovir  (Vist ide)  is  a  synthet ic  acyc l ic purine nuc leos ide phosphonate 

der ivat ive. 

a.  Mechanism of act ion.  Cidofovi r  d iphosphate suppresses CMV repl icat ion 

by select ive inh ibi t ion of v i ra l  DNA synthes is .  

b.  Spectrum of act ivi ty.  In  v i t ro  act iv i ty has been demonstrated against  

CMV, VZV,  Epste in-Barr  v i rus  (EBV),  and HSV-1 and HSV-2.  Contro l led 

c l in ical  studies are l imi ted to  pat ients wi th  AIDS and CMV ret ini t is .  

c.  Therapeutic use  includes the treatment ,  but  not  the cure of ,  CMV 

ret in i t is  in  pat ients wi th  AIDS. 

d.  Precautions and monitoring effects  

(1)  Avoid us ing th is  drug in  pat ients  wi th serum creat in ine > 1.5 mg/dL or  

c reat inine c learance (CrCl )  ≤ 55 mL/min or  in  pat ients  who are receiv ing (or  

have received in  the past  7  days)  nephrotoxic  agents . 

(2)  Cidofovi r  is  contraindicated in pat ients  wi th  a h istory of  severe 

hypersens i t iv i ty to probenecid or  su l fa-contain ing medicat ions. 

(3)  The dose- l imi t ing toxic i ty o f  c idofovi r  is  nephrotoxici ty;  neutropenia,  

per iphera l  neuropathy, and diarrhea are common adverse ef fec ts .  

(4)  Probenecid must  be adminis tered before and af ter each cidofovi r  dose.  

The pat ient  must  be hydrated wi th  1 L of  normal  sa l ine before in fusing.  

Cidofovi r  is  ava i lable  on ly in  IV form. 

5.  Entecavir  (Baraclude)  is  a  carbocyc l ic  analog of  guanos ine used for  

t reatment  o f  chronic  hepat i t is  B in fect ion. 



a.  Mechanism of act ion.  Once phosphoryla ted to  the act ive t r iphosphate 

form,  entecavi r  inh ibi ts  hepat i t is  B v i ra l  polymerase and u l t imate ly ha l ts  

hepat i t is  B DNA synthesis .  

b.  Spectrum of act ivi ty.  Entecavi r exh ib i ts  ac t iv i ty against  hepat i t is  B 

v i rus , inc lud ing lamivudine-res is tant  s t ra ins . Development  o f  HIV res is tance 

to  nucleos ide reverse t ranscr iptase inhibi tors  is  poss ible  i f  entecavi r  is  

used wi thout  ant i re t rovi ra l  t reatment  in  HIV and hepat i t is  B v i rus  co-

in fect ion. 

c.  Therapeutic uses  

(1)  Entecavi r  is  approved for t reatment o f chronic  hepat i t is  B in fect ion in  

adul ts wi th  evidence of  ac t ive v ira l  repl icat ion and pers is tent e levat ions in  

l iver  funct ion tes ts or  h isto log ical ly ac t ive d isease. 

(2)  I t  is  e ffec t ive for  pat ients  who have fai led t reatment  wi th lamivudine 

owing to res is tance development .  
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(3)  Entecavi r  is  not recommended for  use in  pat ients  wi th  hepat i t is  B v i rus  

in fec t ion who are co- infected wi th  HIV and are not  rece iv ing ant i re trovi ral  

therapy. 

d.  Precautions and monitoring effects  

(1)  Severe acute exacerbat ions of  hepat i t is  B have been observed in  

pat ients  who discont inue therapy,  necess i ta t ing c lose moni tor ing (black 

box warning ) .  

(2)  Common adverse ef fec ts  include d izziness,  fa t igue, headache,  and 

nausea. 

(3)  Dose adjustment  is requi red for renal  insuff ic iency. 

(4)  Counsel  pat ients to take entecavi r  on an empty s tomach. 

6.  Famciclovir  (Famvir)  is  a  prodrug of  the ant iv i ra l  agent pencic lovi r .  

a.  Mechanism of act ion.  Famciclovi r  is  rap idly phosphoryla ted in  v i rus-

in fected cel ls  by v i ral  thymid ine k inase to  penc ic lovi r  monophosphate. 

Pencic lovi r  is  a  compet i t ive inh ib i tor  of  v i ral  DNA polymerase and prevents  

v i ra l  rep l icat ion by inh ib i t ion of herpes vi rus  DNA synthesis.  

b.  Spectrum of act ivi ty and therapeutic uses  

(1)  Famcic lovir  has act ivi ty against  HSV-1,  HSV-2,  and VZV. The drug is  

indicated for management  o f acute herpes zoster (shingles)  and oral  and 

geni tal  herpes. 

(2)  Therapy must be promptly in i t ia ted as soon as herpes zoster is  

d iagnosed (wi th in  48-72 hr) ,  at  a dose of  500 mg every 8 hr for 7  days. 

c.  Precautions and monitoring effects  

(1)  Common adverse events  inc lude fa t igue,  GI compla ints (nausea, 

d iarrhea,  vomi t ing,  const ipat ion) ,  and anorexia .  Headache is  a lso commonly 

reported. 

(2)  Dose adjustment  is necessary in  pat ients  wi th renal  dysfunct ion.  

Famcic lovi r  is  removed by hemodia lysis.  



7.  Foscarnet (Foscavir)  is  a  synthet ic  pyrophosphate analog that d i rect ly 

inhib i ts  enzymes invo lved in v i ral  DNA synthes is  wi thout  incorporat ion in to  

v i ra l  DNA. I t  is  a  broad-spectrum ant iv i ra l  agent  and is  an opt ion in cases 

of  acyc lovi r  or  ganc ic lovir  resistance. 

a.  Mechanism of act ion  

(1)  V i ra l  DNA repl icat ion requi res the addi t ion of  deoxynuc leoside 

t r iphosphates at  the end of  the DNA st rand by DNA polymerase and the 

subsequent  c leavage of  pyrophosphate f rom the newly at tached nucleot ide.  

Foscarnet  b inds noncompet i t ive ly to  DNA polymerase to form an inact ive 

complex and prevents  pyrophosphate c leavage.  Vi ra l  DNA chain elongat ion 

is  thus terminated. 

(2)  Foscarnet  is a lso act ive against  HIV.  I t  is  a  noncompet i t ive,  revers ible  

inhib i tor  o f  HIV reverse transcrip tase,  the enzyme responsible  for  

convert ing v i ral  RNA to vi ra l  DNA. 

b.  Spectrum of act ivi ty and therapeutic uses.  Foscarnet  has in  v i t ro  

act iv i ty against HSV-1 and HSV-2,  CMV, VZV,  EBV DNA polymerases, 

in f luenza polymerase,  and HIV reverse transcr iptase.  Therapeut ical ly,  the 

drug is used to  t reat  CMV disease as wel l  as  acyc lovi r- res is tant  HSV and 

VZV infect ions. 

(1)  Foscarnet  is an a l ternat ive to  gancic lovi r  and va lgancic lovi r  for  

t reatment  o f  CMV in fect ion in  immunocompromised pat ients .  Foscarnet  

causes less hemato log ic toxic i ty than gancic lovi r  in  pat ients  who have 

received a l logeneic stem cel l  t ransplants.  An ini t ia l  induct ion therapy las ts  

2-3 weeks.  Maintenance therapy is  needed to  prevent  relapse. 

(2)  Foscarnet  is ind icated for the t reatment  of  acyc lovi r - resis tant 

mucocutaneous HSV in  immunocompromised pat ients .  I t  is  not ,  however,  a  

cure for HSV in fect ions. 

(3)  Foscarnet  is able  to  cross the b lood-bra in barr ier .  

c.  Precautions and monitoring effects  

(1)  IV foscarnet  is  high ly nephrotoxic,  causing acute tubular  necros is .  The 

incidence of  acute renal  fa i lure can be markedly reduced i f  adequate 

hydrat ion and dai ly monitor ing of  serum creat in ine and BUN are mainta ined 

throughout  therapy. 

(2)  Other  common adverse ef fec ts  include e lec t ro lyte  abnormal i t ies  (e .g. ,  

hypocalcemia,  hypomagnesemia, hypophosphatemia and 

hyperphosphatemia,  hypokalemia) ,  anemia,  fever,  headache,  and seizures. 

(3)  Dose adjustment  for  renal  dysfunct ion is  requi red.  Foscarnet  is  removed 

by hemodia lys is .  

(4)  Foscarnet  must  be admin is tered using an in fus ion pump over  at  least 

1 .5-2 hr .  Do not  admin is ter  the drug as an IV bo lus . 
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d.  Signif icant interact ions  



(1)  Concomitant  nephrotoxins  (aminoglycos ides,  amphoter ic in  B,  e tc . )  

increase the r isk of  renal toxic i ty.  

(2)  Foscarnet  is exc lusive ly e l iminated by glomeru lar f i l t rat ion;  concurrent 

nephrotoxic  agents  should be avoided whenever poss ib le. 

8.  Ganciclovir  (Cytovene)  is  a synthet ic purine nuc leos ide analog that  is  

approved for  the t reatment  and prophylaxis  of  CMV in fect ions in 

immunocompromised pat ients  (e .g. ,  HIV-pos i t ive pat ients ,  t ransplant  

rec ip ients) .  

a.  Mechanism of act ion.  Af ter  convers ion to  ganc ic lovi r  t r iphosphate,  

ganc ic lovir  is  incorporated in to v i ral  DNA, which inhib i ts  v ira l  DNA 

polymerase, thereby terminat ing v ira l  repl icat ion.  

b.  Spectrum of act ivi ty.  Gancic lovi r  has in  v i t ro  act iv i ty against HSV-1 and 

HSV-2,  VZV,  EBV, and CMV (owing to i ts  enhanced abi l i ty  to  penetrate host  

ce l ls ).  

c.  Therapeutic uses.  I t  is  ind icated for t reatment o f  CMV ret ini t is  in  

pat ients  wi th  HIV/AIDS. I t  is  also used for prophylaxis  o f  CMV in fect ion in 

HIV-pos i t ive pat ients  (secondary prophylaxis)  and t ransplant  recipients  a t 

r isk  for  CMV disease. 

(1)  Conversion into  the tr iphosphate form is  greater  in  in fec ted host  ce l ls,  

even though drug penetrat ion occurs  in  both uninfec ted and in fected ce l ls.  

(2)  Inh ib i tory concentrat ions for the v i ral  DNA polymerase are lower than 

those for  the host  cel lu lar  polymerase. 

(3)  I t  is  avai lab le in  ora l  and IV formulat ions as wel l  as an int raocular 

implant .  Al though the ora l  formulat ion is  approved for prevent ion and 

maintenance t reatment  of  CMV, i ts  poor  b ioavai lab i l i ty  has l imi ted i ts  use. 

Valganc ic lovi r  has become the drug of  choice for  these ind icat ions, owing 

to  i ts  markedly improved b ioavai labi l i ty .  

d.  Precautions and monitoring effects  

(1)  Ganc ic lovi r  has a black box warning  concerning increased potent ia l  for  

neutropenia,  anemia,  and thrombocytopenia.  I t  is  a lso teratogenic , 

carc inogenic ,  and mutagenic . 

(2)  Adverse ef fects  commonly inc lude fever,  rash,  and GI  d is turbances. 

Phleb i t is  and pain may occur  a t the s i te  o f infus ion. 

(3)  Because gancic lovi r  is  c leared by glomerular f i l t ra t ion and tubular  

secret ion,  renal  funct ion and adequate hydrat ion should be monitored.  

Doses should be adjusted in cases of  renal  impairment  and hemodialys is .  

(4)  Solut ions of  ganc ic lovi r  are ext remely a lka l ine.  Avoid di rec t  contact  wi th  

skin . 

e.  Signif icant interactions  

(1)  Probenecid  may increase ganc ic lovir  concentrat ions and poss ib ly 

toxic i ty.  

(2)  Use of  zidovudine,  azathioprine,  or  mycophenolate mofeti l  in  

combinat ion wi th  ganc ic lovi r  may resul t  in  neutropenia;  careful  moni tor ing 

of  neutrophi l  count is  requi red when these are taken concurrent ly wi th  

ganc ic lovir .  



(3)  Imipenem-ci lastat in  in  combinat ion wi th  ganc ic lovi r  may increase the 

potent ia l  for  seizures. 

9.  Oseltamivir  (Tamif lu)  is  pharmacolog ical ly s imi lar  to  zanamivi r  but  

s t ruc tura l ly d i f ferent.  Both of  these agents  are in  a  c lass known as the 

neuramin idase inhibi tors and have a un ique mechanism of  ac t ion. 

a.  Mechanism of act ion.  Osel tamivi r  is  a  prodrug that  must  be hydro lyzed 

to  osel tamivi r  carboxylate in v ivo to exer t  i ts  ant iv i ra l  ac t iv i ty.  I t  is  a potent  

se lect ive inhibi tor  o f  the in f luenza vi rus  enzyme,  neuramin idase. Inh ibi t ion 

of  this enzyme prevents  v i ra l  rep l icat ion and spread to  other host  cel ls .  

b.  Spectrum of act ivi ty.  Th is  agent  is  act ive against  both in f luenza A and 

B vi ruses. 

c.  Therapeutic uses  

(1)  I t  is  approved for  the symptomatic  t reatment o f  in f luenza A and B 

in fect ions in  pat ients  1  year  of  age and o lder who present  wi th  symptoms 

wi th in  48 hr.  

(2)  Osel tamivi r  has been shown to  decrease the durat ion of symptoms by 1-

2 days i f  taken wi th in  48 hr  of  onset  of  v i ral  symptoms. 

(3)  I t  is  also approved for  the prophylaxis  o f  in f luenza in fect ions in  pat ients  

1  year  o f  age and older.  Note:  The inf luenza vi rus  vacc ine is s t i l l  the go ld 

s tandard for  prophylaxis .  

(4)  Osel tamivi r  demonstrates some act iv i ty against  s t rains  of  avian 

in f luenza,  making i t  a  possib le  opt ion for  t reatment  and prophylaxis .  
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d.  Precautions and monitoring effects  

(1)  The most  common adverse ef fec ts  are nausea and vomi t ing.  There have 

been post market ing repor ts o f  sel f - in jury and del i r ium (most ly in  Japan) 

among pediatr ic  pat ients.  Close moni tor ing for  abnormal  behavior is  

recommended. 

(2)  Dosage adjustments  are requi red for  pat ients  wi th  impai red renal  

funct ion. 

(3)  Cross-res is tance between osel tamivi r  and zanamivi r  has been repor ted. 

10.  Ribavir in (Rebetol ,  Copegus)  is  a  synthet ic  nucleos ide analog. 

a.  Mechanism of act ion.  Ribavi r in may inh ibi t  RNA and DNA synthes is  by 

deplet ing int racel lu lar  nuc leot ide reserves. 

b.  Spectrum of act ivi ty.  Th is  agent  is  act ive in  vi t ro  against  a  broad 

spectrum of  DNA and RNA vi ruses,  including in f luenza A and B,  RSV, 

herpes s implex,  and hepat i t is  C vi rus . 

c.  Therapeutic uses.  The aerosol ized form of r ibavi r in is  no longer 

recommended for t reatment  o f  RSV in  in fants  and ch i ldren,  owing to 

incons is tent  c l in ical  benef i ts  observed in  c l in ica l  t r ia ls.  Combinat ion 

therapy wi th  ora l  r ibavi r in  and subcutaneous in ter feron-α is  e ffec t ive in 

t reatment  o f  chronic  hepat i t is  C. 

d.  Precautions and monitoring effects  



(1)  Common adverse ef fec ts  of  ora l  r ibavi r in  include hemolyt ic anemia and 

GI  d is turbances.  Hemoglobin and hematocri t  should be moni tored carefu l ly,  

especia l ly dur ing the f i rst  4  weeks of  t reatment .  

(2)  Ribavi r in  is  teratogenic ;  i ts  use is  contra ind icated in pregnancy.  

(3)  Ribavi r in  should be avoided in  pat ients  wi th  a CrCl  < 50 mL/min. 

(4)  Ribavi r in  should never  be used as monotherapy in  t reatment  o f  chronic  

hepat i t is  C. 

11.  Rimantadine (Flumadine)  is  a  synthet ic  ant iv i ra l  agent and an α-methyl  

der ivat ive of  amantadine that blocks the ear ly s tep in the rep l icat ion of  the 

in f luenza A vi rus . 

a.  Mechanism of act ion.  Rimantadine inh ibi ts  the early v i ral  rep l icat ion 

cyc le ,  poss ib ly inhib i t ing the uncoat ing of  the v i rus .  I t  has the same 

mechanism of  act ion and spectrum of ac t iv i ty as  amantadine. 

b.  Spectrum of act ivi ty and therapeutic uses  

(1)  Due to increasing rates of  resis tance, r imantadine is  no longer 

recommended for prophylaxis  or  t reatment  o f  in f luenza A vi rus . 

(2)  Inf luenza vacc inat ion is  the method of  choice for  prevent ion of inf luenza 

in fect ion. 

c.  Precautions and monitoring effects  

(1)  Rimantadine may increase the inc idence of  se izure in  pat ients wi th  

se izure disorder .  

(2)  The most  f requent  adverse react ions include GI  d is turbance (e.g. ,  

nausea,  vomi t ing,  anorexia)  and CNS toxic i ty (e.g. ,  insomnia,  dizziness,  

headache),  which are less than those observed wi th  amantadine. 

(3)  Dose reduct ions are recommended in  pat ients  wi th  hepat ic  or renal 

dysfunct ion. 

12.  Telbivudine (Tyzeka)  is  a  synthet ic  thymid ine nuc leos ide analog used 

for  t reatment  of  chronic  hepat i t is  B in fect ion. 

a.  Mechanism of act ion.  Te lb ivudine is  phosphoryla ted into  the act ive 

t r iphosphate form that  inh ibi ts hepat i t is  B v i ra l  DNA polymerase,  wi th  

u l t imate terminat ion of  the DNA chain and inh ib i t ion of  v i ra l  repl icat ion. 

b.  Spectrum of act ivi ty.  

(1)  Te lbivudine exhib i ts  ac t iv i ty against hepat i t is  B v i rus  but  not  HIV. 

(2)  There is  a  h igh inc idence of  c ross-resis tance between lamivudine-

res is tant hepat i t is  B v irus  and te lb ivudine. 

c.  Therapeutic uses.  

(1)  Te lbivudine is ind icated for  t reatment  of  chronic  hepat i t is  B in fect ion in 

adul ts wi th  act ive v i ra l  rep l icat ion and pers is tent e levat ions in l iver funct ion 

tes ts  or  histo logical ly act ive disease. 

(2)  W hen compared wi th  lamivudine,  telbivudine produced a greater 

v i ro log ic  response in  contro l led c l in ica l  t r ia ls.  

d.  Precautions and monitoring effects.  

(1)  There is  a  black box warning  regarding severe exacerbat ions of  

hepat i t is  B in  pat ients  d iscont inuing therapy,  requ i r ing c lose moni tor ing. 
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(2)  Common adverse ef fec ts  include e levat ions in  creat ine phosphok inase,  

headache, fat igue, nausea,  and vomi t ing. 

(3)  Dosage adjustment  is  required in pat ients  wi th  renal  insuff ic iency. 

(4)  May be taken wi thout regard to  meals. 

13.  Valacyclovir  (Valtrex)  is  the L-va ly l  es ter  prodrug of the ant iv i ra l  agent  

acyclovi r .  

a.  Mechanism of act ion.  Va lacyclovi r  is  rap idly converted to  acyc lovi r .  

Acyc lovi r  is  select ive for the thymid ine k inase enzyme,  beginn ing the 

convers ion of  acyclovi r  to  acyc lovi r  t r iphosphate, s topping the rep l icat ion of  

herpes vira l  DNA. 

b.  Spectrum of act ivi ty and therapeutic uses  

(1)  Valacyc lovi r  is  ac t ive against  HSV-1,  HSV-2,  and VZV. 

(2)  Th is agent is  used for  the acute t reatment  of  herpes zoster  (sh ingles) ,  

herpes lab ial is  (co ld  sores) ,  and genita l  herpes in  immunocompetent  adults .  

I t  is  also ef fec t ive for suppression of recurrent  ep isodes of  geni tal  herpes in  

immunocompetent  and HIV- in fected people as wel l  as  reduct ion of 

t ransmiss ion of  geni tal  herpes. 

(3)  Advantages over  acyc lovi r  include ora l  dos ing of  only once to  three 

t imes dai ly and at tainment  o f higher  plasma concentrat ions than oral  

acyclovi r .  A disadvantage is  that  there is  no IV form avai lab le . 

c.  Precautions and monitoring effects  

(1)  Valacyc lovi r  has caused thrombotic  thrombocytopenic purpura/hemolyt ic  

uremic syndrome in  immunocompromised indiv iduals ,  inc lud ing those wi th  

advanced HIV and t ransplant  rec ip ients . 

(2)  Begin therapy wi thin  72 hr o f herpes zoster  rash onset .  

(3)  Most  commonly reported adverse react ions are mi ld and include nausea,  

headache, and vomi t ing. Dosage adjustment is  needed in  pat ients  wi th 

renal  dysfunct ion. 

14.  Valganciclovir  (Valcyte)  is  the L-va ly l  es ter prodrug of  the ant iv i ral  

agent  ganc ic lovir .  

a.  Mechanism of act ion.  Va lganc ic lovi r  is  conver ted in  v ivo to  gancic lovir .  

Af ter  conversion to  the act ive form,  ganc ic lovi r  t r iphosphate,  ganc ic lovi r  is  

incorporated in to  v i ral  DNA, which inh ibi ts  v i ral  DNA polymerase,  thereby 

terminat ing v i ra l  repl icat ion. 

b.  Spectrum of act ivi ty and therapeutic uses  

(1)  For  in  v i t ro  act iv i ty,  see VII .B.8.b. 

(2)  Valgancic lovi r  is  ind icated for  the t reatment of  CMV ret in i t is  in  pat ients  

wi th  AIDS and for  prevent ion of  CMV af ter  t ransplantat ion of k idney,  hear t ,  

and k idneypancreas. I t  is  not  indicated for  l iver  t ransplant  recipients,  due to  

an increased r isk of t issue- invasive CMV as compared wi th  ganc ic lovir .  

(3)  The markedly improved bioavai lab i l i ty  o f  valgancic lovi r  over  ora l  

ganc ic lovir  has resul ted in  the widespread use of va lgancic lovi r  for  

t reatment  and prevent ion of  CMV disease. 



c.  Precautions and monitoring effects  

(1)  Same black box warnings  as  for  gancic lovi r .  

(2)  Doses should be adjusted in  cases of  renal impai rment.  Do not use in  

hemodia lysis pat ients ;  gancic lovi r  must  be used. 

(3)  Only avai lab le  ora l ly.  Do not  subst i tu te  doses of  ora l  valgancic lovi r  1 :1 

for  ora l  gancic lovi r ;  they are not equiva lent.  

(4)  A potent ia l  carcinogen and teratogen;  common adverse ef fects  are the 

same as for  ganc ic lovi r .  

(5)  I f  the tab le t  is  broken,  avoid contact  wi th  skin  owing to teratogenic and 

carc inogenic  potent ia l .  

(6)  Be aware of the potent ial  for  errors  as a resul t  o f  the look-a l ike and 

sound-a l ike names of  va lganc ic lovir  and valacyc lovi r .  

d.  Signif icant interact ions.  Same as for  ganc ic lovi r ;  see VI I .B.8.e. 

15.  Zanamivir  (Relenza)  is  the f i rs t  o f  a  c lass of ant iv i ra l  agents  ca l led 

neuramin idase inhibi tors approved by the FDA for  the t reatment o f inf luenza 

A and B in fect ions in  adul ts  and chi ldren at  least 7  years  of  age. I t  is  a lso 

indicated for prevent ion of  in f luenza in adul ts  and ch i ldren at least  5 years  

of  age. 

a.  Mechanism of act ion.  Zanamivi r  inhibi ts rep l icat ion of  the inf luenza A 

and B vi ruses by se lect ive inh ib i t ion of  the inf luenza vi rus  neuraminidase 

enzyme. 

b.  Spectrum of act ivi ty.  Th is  agent  is  act ive against  both the inf luenza A 

and B vi ruses.  I t  demonstrates act iv i ty against  avian in f luenza in  an imal  

s tud ies. 
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c.  Therapeutic uses  

(1)  I t  is  approved for  the t reatment  o f  uncompl icated in f luenza A and B 

in fect ion for pat ients  who have been symptomatic  for  < 48 hr .  I t  is  a lso 

indicated for inf luenza prophylaxis .  

(2)  Zanamivi r  is  approved for oral  inhalat ion use only,  using the Diskhaler 

device provided by the manufacturer .  

(3)  Zanamivi r  may be cons idered for  prevent ion or  t reatment  o f avian 

in f luenza. 

(4)  Shown to  decrease durat ion of  symptoms by approximately 1 .5 days i f  

taken wi thin  48 hr  o f onset  o f v i ral  symptoms. 

d.  Precautions and monitoring effects  

(1)  The use of  zanamivi r  is  general ly not  recommended in  pat ients  wi th a  

h istory of  as thma or  chronic obst ruct ive pu lmonary d isease,  owing to  the 

r isk  of  bronchospasm and acute decl ine in  lung funct ion. 

(2)  The most  common adverse ef fec ts  were mi ld  and inc luded diarrhea,  

nausea,  and vomi t ing.  The incidence of  these was no di f ferent  than 

p lacebo. 



(3)  Do not puncture the Rotadisk  bl is ter  unt i l  immediate ly before 

adminis ter ing the dose to  ensure fu l l  dosage. Manual  dexter i ty requi red for  

th is  device. 

C. RNA viruses (HIV)  

1.  Current ly,  s ix c lasses of  ant i re t rovira l  agents  are approved.  These drugs 

are act ive against  HIV and include the nuc leoside reverse t ranscr iptase 

inhib i tors  (NRTIs)  abacavir ,  didanosine,  emtricitabine,  lamivudine, 

stavudine,  zalci tabine,  and zidovudine;  the nucleot ide reverse 

t ranscrip tase inhib i tor  (NtRTI)  tenofovir  disoproxi l  fumarate;  the 

nonnucleoside reverse t ranscr ip tase inh ib i tors (NNRTIs)  delavirdine, 

efavirenz,  nevirapine  and etravir ine;  and the protease inh ibi tors  (PIs)  

amprenavir ,  atazanavir ,  darunavir ,  fosamprenavir ,  indinavir ,  

lopinavir / r i tonavir ,  nelfinavir ,  r i tonavir ,  saquinavir ,  and t ipranavir;  the 

fusion inh ib i tor  enfuvirt ide;  the entry inhib i tor  maraviroc;  and the 

in tegrase inh ibi tor  ral tegravir .  

2.  These agents are v i rus tat ic and requi re  l i fe long therapy. They are 

current ly approved for  use in  various combinat ions known as potent  

combinat ion ant i re t rovi ral  therapy. 

a.  Appropr iate  combinat ions inc lude those that  have demonstrated ef f icacy 

and safety in  contro l led c l in ical  t r ia ls  (Table 44-6) .  

b.  Monotherapy wi th  any s ing le  ant i re t rovi ra l  agent  is  unacceptable in  the 

t reatment  o f  HIV infect ion owing to  rap id development  o f v i ral  res is tance. 

c.  Before des igning a t reatment  p lan,  a  minimum of  two CD4+  ce l l  counts 

and one HIV RNA level  (v i ra l  load)  should be obta ined to  conf i rm the in i t ia l  

measurements  and determine i f  t reatment  should be in i t ia ted. Af ter  s tar t ing 

therapy,  repeat  these measurements in 2-8 weeks,  fo l lowed by every 3-4 

months thereaf ter .  

d.  A minimum of 1 .0- log 1 0  cop ies/mL dec l ine in  HIV RNA levels  should be 

seen af ter the f i rs t  2-8 weeks of  therapy for c l in ica l  response; a  subsequent  

decrease to  undetectab le levels should be achieved by 16-24 weeks. 

3.  Reverse transcriptase inhibitors  are c lass i f ied as e i ther  nuc leosides or  

nucleot ides.  These agents  are compet i t ive inhib i tors  o f  reverse 

t ranscrip tase,  which leads to chain terminat ion when incorporated into  the 

v i ra l  DNA chain.  They are inact ive unt i l  phosphoryla ted by human ce l lu lar 

k inases into  the act ive tr iphosphate metabol i te .  Each agent has a 

corresponding three- let ter  acronym as wel l  as a brand name.  W ith the 

except ion of  abacavi r ,  each agent in this  c lass of  ant i ret rovi ra ls  requires 

dosage adjustment  in  pat ients  wi th renal dysfunct ion.  All  agents in this 

class have a black box warning concerning the potentia l for 

development of  lact ic  acidosis and severe hepatomegaly with 

steatosis.  

a.  Abacavir  (ABC; Ziagen)  is  a  synthet ic  carbocyc l ic  nucleos ide analog 

indicated for the t reatment  o f both adul t  and pedia t r ic  pat ients  wi th  HIV. 

(1)  Mechanism of act ion.  See VI I .C.3. 



(2)  Spectrum of act ivi ty and therapeutic uses.  Abacavi r  is  approved for 

use in adul ts  and chi ldren ≥ 3 months of  age only in  combinat ion wi th  o ther  

ant i re t rovi ra l  agents . 

(a)  Abacavi r  is  ava i lab le  a lone or  co- formulated as a combinat ion table t  

wi th  lamivudine and zidovudine (Tr iz iv i r )  which is dosed twice da i ly.  

(b)  Abacavir  is  also avai lab le  in  a  combinat ion tab le t  wi th  lamivudine 

(Epzicom) which is dosed once dai ly.  

(3)  Precautions and monitoring effects.  Abacavi r  has a black box 

warning  for  a  l i fe-threatening hypersens i t iv i ty react ion that  can lead to  

death.  I t  occurs  in  approximate ly 5% of pat ients  tak ing th is  drug,  typical ly 

wi th in  the f i rs t  6 weeks of  therapy.  This  react ion invo lves respi ra tory 

symptoms,  fever ,  rash,  and GI  compla in ts .  Reexposure fo l lowing these 

symptoms can mimic anaphylaxis  and may resul t  in  death.  Therefore,  

rechal lenge is contra ind icated.  A Medicat ion Guide descr ib ing th is  react ion 

should be d ispensed wi th  each new prescr ipt ion and ref i l l  o f  abacavir -

conta in ing products . The HLA-B *5701 screening tes t  should be used pr ior to  

in i t ia t ing therapy to  reduce the r isk  of  th is  react ion. 
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Table 44-6. Department of Health and Human Services Guidelines for the Use of 
Antiviral Agents in HIV-1-Infected Adults and Adolescents 

When to begin treatment 

Treat any patient with history of AIDS defining illness 

Treat any patients with CD4+ cell count < 200/mm3 or between 200-
350/mm3 

Treat patients who are pregnant, have HIV-associated nephropathy or those 
co-infected with hepatitis B virus (when treatment for hepatitis B is 
indicated). 

Note: The optimal time to start treatment in patients with CD4+ cell count > 
350/mm3 is not well defined. 

Regimen selection 

Selection of a treatment regimen should be individualized for each patient 
based on adverse effect profiles, drug interactions, comorbidities, pill 
burden, etc. Preferred and alternative treatment regimens in previously 



untreated patients are as follows: 

To select an antiretroviral regimen, select one component from Column A 
and one from Column B: 

Column A (NNRTI or PI Options) Column B (Dual NRTI 
Options) 

Preferr
ed 
Compo
nents 

NNRT
I 
Efavir
enza 

o
r 

PI 
Atazanavir or 
ritonavir 
Fosamprenavi
r + ritonavir 
(b.i.d.) 
Lopinavir/rito
navir (b.i.d.) 

Preferr
ed 
Compo
nents 

Tenofovir/em
tricitabine or 
abacavir/lami
vudine 

Alterna
tive to 
Preferr
ed 
Compo
nents 

NNRT
I 
Nevira
pineb 

o
r 

PI 
Atazanavir 
Fosamprenavi
r 
Fosamprenavi
r/ritonavir 
(once daily) 
Lopinavir/rito
navir (once 
daily) 
Saquinavir + 
ritonavir 

Alterna
tive to 
Preferr
ed 
Compo
nents 

Zidovudine/la
mivudine or 
didanosine + 
(emtricitabine 
or 
lamivudine) 

Agents or combinations that should not be offered at any time 

All monotherapies 

2-NRTI regimens 

Abacavir + tenofovir + lamivudine as a triple NRTI regimen 

Tenofovir + didanosine + lamivudine as a triple NRTI regimen 



Saquinavir as the sole PI in a PI-based regimen 

Zidovudine + stavudine 

Didanosine + stavudine 

Lamivudine + emtricitabine 

Atazanavir + indinavir 

2-NNRTI combination 

Monitoring 

Before initiating drug therapy, must obtain CD4+ cell count and plasma HIV 
RNA levels plus complete blood count, chemistry, lipid profile, liver 
enzymes, and genotypic resistance testing 

If HIV RNA does not reach undetectable levels (< 50 copies/mL) by 16-24 
weeks, perform resistance testing, compliance assessment, and consider a 
regimen change 

NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside 
reverse transcriptase inhibitor; PI, protease inhibitor. 

a Cannot be used in the first trimester of pregnancy or in women who wish to 
conceive or are not using effective contraception. 
 
b Should not be initiated in women with pre-nevirapine CD4+ cell counts > 
250/mm3 or men with pre-nevirapine CD4+ cell counts > 400/mm3 owing to 
high incidence of hepatic adverse effects. 
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(4)  Signif icant interactions.  Alcohol  increases abacavi r 's  AUC by 41%. 

b.  Didanosine (ddI; Videx),  a  synthet ic  pur ine analog,  inh ibi ts  HIV 

rep l icat ion and has a longer in t racel lu lar  ha l f - l i fe  (> 20 hr)  than zidovudine 

(7 hr).  



(1)  Mechanism of act ion.  See VI I .C.3. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Didanosine is  approved for  

the treatment  o f  adul ts  and ch i ldren only in  combinat ion wi th o ther  

ant i re t rovi ra l  agents . 

(3)  Precautions and monitoring effects  

(a)  Didanosine can cause revers ib le peripheral  neuropathy and acute,  

potent ia l ly  le thal  pancreat i t is  (black box warning ) .  Serum t r ig lycer ides 

should be monitored,  and d idanosine should be wi thheld when in i t ia t ing 

potent ia l  pancreat i t is - induc ing agents  (e.g. ,  IV pentamidine,  su l fonamides) .  

Trans ient ly e levated serum amylase may not  re f lec t  pancreat i t is .  

(b)  Other  adverse effec ts  include headaches,  d iarrhea,  nausea, and 

hyperuricemia (because d idanos ine is  cata lyzed to  ur ic  acid) .  

(c)  Didanosine is  avai lable  in  an enteric coated capsu le or  buffered ora l  

tab le t  formulat ion to  prevent  degradat ion at ac idic  pH. I t  must  be taken on 

an empty s tomach. 

(d)  Do not  use in  combinat ion wi th  s tavudine or  za lc i tab ine because of  

addi t ive potent ial  for  toxic i ty.  

(e)  Do not use the combinat ion regimen of  didanos ine and tenofovi r  in 

t reatmentnaïve pat ients , owing to h igh rates of  ear ly v i ro log ic  fa i lure. 

(4)  Signif icant interactions.  Pancreat i t is - induc ing drugs,  alcohol,  and 

those known to cause peripheral  neuropathy should not  be used wi th  

d idanos ine.  Ribavi r in should not  be co-adminis tered wi th  d idanosine. 

c.  Emtrici tabine (FTC; Emtriva)  is  a synthet ic nuc leos ide analog 

s t ruc tura l ly rela ted to  lamivudine wi th  act iv i ty against  HIV infect ion. 

(1)  Mechanism of act ion.  See VI I .C.3. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Emtr ic i tabine is  indicated 

for  use in HIV- in fected adul ts  and ch i ldren in  combinat ion wi th  other 

ant i re t rovi ra l  agents . I t  is  avai lab le  by i tse l f  or  as  a combinat ion table t  wi th  

tenofovi r  (Truvada) and as a combinat ion tab let  wi th  tenofovi r  and efavi renz 

(Atr ip la) .  A l though i t  demonstrates act iv i ty agains t  hepat i t is  B v i rus , i t  is  

not  approved for  use in  treatment  of  this infec t ion.  

(3)  Precautions and monitoring effects  

(a)  Adverse ef fects  most commonly observed in  c l in ica l  t r ia ls were mi ld-

moderate and inc lude headache,  rash,  diarrhea,  and nausea.  

Hyperp igmentat ion of  the palms or  so les may occur .  

(b)  Serious acute exacerbat ions of  hepat i t is  B have been documented in  

HIV/hepat i t is  B co-in fected pat ients  who discont inued therapy wi th  

emtr ic i tab ine (black box warning ) ;  therefore,  l iver  funct ion tes ts  should be 

moni tored for  severa l  months after  d iscont inuat ion. 

(4)  Signif icant interactions.  None have been ident i f ied. 

d.  Lamivudine (3TC; Epivir)  is  a  synthet ic  nucleos ide analog wi th  act iv i ty 

against  HIV and hepat i t is  B v i rus . 

(1)  Mechanism of act ion.  See VI I .C.3. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Lamivudine is ind icated for  

use in HIV-posi t ive adul ts  and chi ldren > 3 months of age in  combinat ion 



with other  ant i re t rovira l  agents.  I t  is  also used in a  lower dosage for  the 

t reatment  o f  chronic  hepat i t is  B in  pat ients  wi th  act ive l iver inf lammation 

and evidence of  hepat i t is  B v i ra l  repl icat ion. 

(a)  Lamivudine is avai lab le  a lone or  wi thin  a  twice dai ly combinat ion tab let  

conta in ing lamivudine,  z idovudine and abacavi r  (Tr iz iv i r ) .  

(b)  Lamivudine is  a lso avai lab le as a combinat ion tab let  wi th  abacavi r  

(Epzicom) and zidovudine (Combivi r) .  
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(3)  Precautions and monitoring effects  

(a)  Reported adverse react ions are minor  and inc lude headache,  fa t igue, 

and GI react ions such as nausea,  vomi t ing,  and diar rhea. CNS toxic i ty 

includes neuropathy,  dizziness,  and insomnia. Lab tes t  abnormal i t ies such 

as neutropenia and e levat ions in l iver  enzymes have a lso been repor ted. 

(b)  Do not  use in  combinat ion wi th  zalc i tab ine owing to  antagonism of  

e f fec ts .  

(c)  Lamivudine has the same black box warning  regard ing acute 

exacerbat ions of  hepat i t is  B as emtr ic i tab ine (see VI I .C.3.c).  

(4)  Signif icant interactions.  Co-admin is t ra t ion wi th  cotrimoxazole  resul ts  

in  increased lamivudine leve ls.  No dose adjustment  is  requi red. 

e.  Stavudine (d4T; Zeri t)  is  a  synthet ic  thymid ine nuc leos ide analog that is  

ac t ive against  HIV. 

(1)  Mechanism of act ion.  See VI I .C.3. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Stavudine is ind icated for  

use in combinat ion wi th o ther ant i re t rovi ra l  agents  in  adults  and ch i ldren of  

a l l  ages. 

(3)  Precautions and monitoring effects  

(a)  The major  toxic i ty wi th  s tavudine is  a  dose re la ted but  revers ib le  

per iphera l  neuropathy occurr ing in up to  21% of pat ients . 

(b)  Other  adverse effec ts  include headache, rash,  diar rhea,  nausea, and 

vomi t ing. 

(c)  Fata l  episodes of  pancreat i t is  have been repor ted. 

(4)  Signif icant interactions.  Do not  use in combinat ion wi th  z idovudine or  

za lc i tabine. 

f .  Tenofovir  disoproxi l  fumarate (TDF; Viread)  is  an acycl ic  nucleos ide 

phosphonate d ies ter  analog (nucleotide )  wi th  ant iv i ra l  ac t iv i ty against  HIV 

and hepat i t is  B v i rus. 

(1)  Mechanism of act ion.  Tenofovi r  (a  prodrug)  is  rapid ly hydro lyzed by 

p lasma esterases to tenofovi r ,  wi th  subsequent  conversion to the act ive 

tenofovi r  d iphosphate.  Note:  NtRTIs  are act ive as the d iphosphate,  un l ike 

the NRTIs , which requi re conversion to  the t r iphosphate. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Tenofovi r  is  approved for  

use in combinat ion wi th o ther ant i re t rovi ra l  agents  for  the t reatment  o f  HIV 

in  adul ts.  I t  is  also avai lab le  as a once dai ly combinat ion table t  containing 



tenofovi r  and emtr ic i tabine (Truvada) and tenofovi r ,  emtr ic i tabine,  and 

efavi renz (Atr ip la) .  

(3)  Precautions and monitoring effects  

(a)  Minor  adverse ef fec ts  have been repor ted in  c l in ical  t r ia ls .  These 

include compla in ts o f d iarrhea,  vomi t ing, and nausea. 

(b)  Addi t ional  adverse effec ts  observed during postmarket ing surve i l lance 

include acute renal  fa i lure and decreases in  bone mineral  dens i ty.  

(c)  Tenofovi r  has the same black box warning  that  emtr ic i tab ine has for 

pat ients  wi th  concomi tant  hepat i t is  B (see VII .C.3.c) .  

(d)  Dose adjustment  is requi red for renal  insuff ic iency. 

(4)  Signif icant interactions  

(a)  Tenofovi r  increases didanosine  serum concentrat ions, necessi tat ing a 

dose reduct ion of  d idanos ine. 

(b)  Tenofovi r  decreases serum concentrat ions of atazanavir .  W hen these 2 

agents are used together ,  r i tonavir  must  be added to  the reg imen. 

g.  Zalci tabine (ddC; Hivid)  is  a synthet ic pyr imidine nuc leoside analogue 

that  is ac t ive against  HIV.  

(1)  Mechanism of act ion.  See VI I .C.3. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Za lc i tab ine is no longer 

recommended as a component  of  in i t ia l  combinat ion therapy of  HIV owing to  

i ts  severe adverse ef fec t prof i le .  The manufacturer  discont inued i ts  

product ion in  2006. 

(3)  Precautions and monitoring effects  

(a)  The major  c l in ical  toxic i ty o f  zalc i tab ine is  periphera l  neuropathy,  which 

occurs  in  up to 35% of  pat ients  and may be potent ia l ly  disabl ing. 

(b)  Other  adverse effec ts  include pancreat i t is ,  stomat i t is ,  cardiomyopathy,  

and hypersens i t iv i ty react ions. 

(c)  Do not use in  combinat ion wi th  lamivudine,  s tavudine,  or  z idovudine. 

(4)  Signif icant interactions  

(a)  Drugs that  have the potent ia l  to  cause per iphera l  neuropathy should be 

avoided.  These inc lude chloramphenicol ,  c isplat in,  dapsone,  didanosine,  

disulfi ram, hydralazine,  isoniazid,  metronidazole,  ni trofurantoin,  

phenytoin,  r ibavir in,  and vincristine.  
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(b)  Zalc i tab ine treatment should be in terrupted when a drug wi th the 

potent ia l  to  cause pancreat i t is  is  in i t iated ( i .e . ,  pentamidine ) .  

(c)  Do not take wi th magnesium-,  calc ium-,  or  aluminum-containing 

antac ids. 

(d)  Cimetidine  and probenecid  may increase zalc i tab ine levels ,  caus ing 

increased za lc i tabine toxic i ty.  

h.  Zidovudine (AZT; Retrovir)  is  a  synthet ic  thymidine analog. This  agent  

was the f i rs t  ava i lab le  drug for  the treatment  o f  HIV infect ion. 

(1)  Mechanism of act ion.  See VI I .C.3. 



(2)  Spectrum of act ivi ty and therapeutic uses  

(a)  Zidovudine is  indicated in  the treatment  o f  adul ts  and chi ldren > 6 

weeks of  age for  the t reatment  of  HIV. 

(b)  I t  is  ind icated for  the prevent ion of  maternal - fe ta l  HIV t ransmiss ion. 

(c)  Zidovudine is  avai lable  as ora l  capsules,  tab le ts ,  and so lut ion as wel l  as  

an IV solut ion. 

(d)  Ora l  z idovudine is  a lso avai lable  as a co- formulat ion wi th lamivudine 

(Combivi r )  and wi th  lamivudine and abacavi r  (Tr iz iv i r ) .  

(3)  Precautions and monitoring effects  

(a)  Zidovudine can cause severe bone marrow suppress ion,  inc lud ing 

macrocyt ic anemia and neutropenia af ter  the f i rs t  few weeks to  months of 

therapy.  The r isk  is  increased in  pat ients  wi th  preexis t ing bone marrow 

suppression or  who are tak ing concomi tant  medicat ions that  cause bone 

marrow suppress ion. 

(b)  Erythropoiet in  can be considered as an adjunct ive therapy in  pat ients  

wi th  z idovudine- induced anemia,  in  cases for which i t  cannot be 

d iscont inued. 

(c)  Other  adverse effec ts  include headache, mala ise,  seizures,  anxie ty,  

fever ,  and rash. 

(d)  Prolonged use may lead to  symptomatic  myopathy. 

(4)  Signif icant interactions  

(a)  Cotrimoxazole, atovaquone,  valproic acid,  methadone,  and 

probenecid  may increase zidovudine concentrat ions,  caus ing increased 

r isk  of  z idovudine toxic i ty.  

(b)  Other  cytotoxic drugs,  such as ganciclovir ,  dapsone,  and interferon-

α,  can cause addi t ive bone marrow suppress ion. 

(c)  Ribavi r in ,  r i fabut in ,  and r i fampin may decrease levels o f  z idovudine. 

4.  Nonnucleoside reverse transcriptase inhibitors.  The NNRTI c lass 

b inds d i rec t ly to and produces a noncompet i t ive inh ib i t ion of  the HIV 

reverse t ranscr ip tase,  leading to  chain terminat ion.  These agents are 

indicated for use in  adul ts  and pediat r ic pat ients  in  combinat ion wi th e i ther  

NRTIs  or  poss ib ly PIs .  Efavi renz is considered a preferred NNRTI,  whereas 

the others are current ly recommended as al ternat ives.  NNRTI-based 

reg imens provide potent  ant iv i ra l  act iv i ty wi th  less pi l l  burden than many PI-

based regimens.  Al l  NNRTIs may cause rash and hepatotoxici ty;  pat ients  

should be monitored c lose ly for  these adverse effec ts .  

a.  Delavirdine (Rescriptor)  

(1)  Mechanism of act ion.  See VI I .C.3. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Delavi rd ine is  approved 

for  use in adul ts  in  the t reatment  o f HIV in  combinat ion wi th o ther  

ant i re t rovi ra l  agents . I ts  use has fa l len out  o f favor  owing to  i ts  three t imes 

dai ly dos ing schedule. 

(3)  Precaut ions and moni tor ing ef fects 

(a)  In c l in ica l  t r ia ls ,  4.3% of  pat ients d iscont inued delavi rd ine because of  

rash.  Cases of  Stevens-Johnson syndrome have been repor ted. 



(b)  Other  adverse effec ts  include headache and nausea. 

(4)  Signif icant interactions  

(a)  The concentrat ions of  the fol lowing medicat ions are great ly increased by 

de lavi rd ine and must  be avoided:  alprazolam, midazolam, tr iazolam, 

simvastat in, lovastat in, r i fabutin,  and cisapride.  

(b)  Decreased delavi rd ine concentrat ions resul t  when i t  is  admin is tered wi th  

St.  John's wort ,  carbamazepine,  phenobarbital ,  phenytoin,  or  r i fampin.  

Concomi tant  use should be avoided. 

(c)  Because delavi rd ine requi res an ac id ic  GI  t rac t  for  opt imal  absorpt ion,  

i ts  use is  contraindicated wi th  proton pump inhibitors  and H2 -receptor 

antagonists.  

b.  Efavirenz (Sustiva)  

(1)  Mechanism of act ion.  See VI I .C.3. 
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(2)  Spectrum of act ivi ty and therapeutic uses.  Efavi renz is approved for  

use in combinat ion wi th o ther ant i re t rovi ra l  agents  for  the t reatment  o f  HIV 

in fect ion in adul ts  and pediat r ic  pat ients  (≥ 3 years  of  age) .  I ts  advantage 

over  o ther  NNRTIs is once-dai ly dos ing.  I t  is  avai lab le a lone or  as a 

combinat ion tab let  wi th  tenofovi r  and emtr ic i tabine (Atr ip la) .  

(3)  Precautions and monitoring effects  

(a)  Most  common adverse ef fects  are CNS-re la ted (52%),  inc lud ing 

insomnia,  dizziness, drowsiness,  n ightmares, and hal lucinat ions,  

necess i ta t ing bedt ime dos ing to  minimize these effec ts .  These effec ts 

typ ica l ly subside af ter  2-4 weeks of t reatment.  

(b)  Owing to i ts  teratogenic e f fects ,  e favi renz should be avoided in  the f i rs t  

t r imester  o f  pregnancy and in  women of ch i ldbear ing potent ial  who wish to  

conceive. 

(c)  Other  adverse effec ts  include rash,  increased t ransaminases,  and GI 

d isturbances. 

(4)  Signif icant interactions  

(a)  Efavirenz induces and inh ib i ts  the cytochrome P450 3A4 isoenzyme 

system. I t  should not  be used concomi tant ly wi th  cisapride,  midazolam, 

tr iazolam,  or ergot derivat ives.  

(b)  St .  John's wort  decreases efavirenz concentrat ions and should be 

avoided. 

(c)  Efavirenz decreases methadone  concentrat ions by 60%; pat ients  should 

be moni tored for  opia te wi thdrawal  and have the ir  doses t i t ra ted 

according ly.  

c.  Etravir ine ( Intelence)  

(1)  Mechanism of act ion.  See VI I .C.3. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Et ravi r ine is ind icated for  

use in combinat ion wi th a t  least  two addit ional  ant i re t rovi ra l  agents  in  

t reatment-exper ienced adul ts  who demonstrate v ira l  rep l icat ion and 



documented resistance to  other  NNRTIs. I t  is  not for  use in  t reatment-naïve 

pat ients . 

(3)  Precautions and monitoring effects.  

(a)  Adverse ef fects  inc lude nausea and rash. 

(b)  S ince food increases the absorpt ion of  et ravi r ine by 50%, i t  should be 

taken fo l lowing a meal .  

(4)  Signif icant interactions.  

(a)  Et ravi r ine induces and inh ib i ts  a var iety o f  cytochrome P450 

isoenzymes.  I t  should not  be used concomi tant ly wi th  carbamazepine,  

phenobarbital ,  phenytoin,  unboosted PIs,  atazanavir/r i tonavir ,  

fosamprenavir /r i tonavir ,  t ipranavir /r i tonavir ,  or other NNRTIs.  

(b)  St .  John's wort  and r i fampin  decrease et ravir ine concentrat ions and 

should be avoided. 

(c)  Et ravi r ine may decrease serum concentrat ions of methadone;  pat ients  

should be monitored c lose ly.  

d.  Nevirapine (Viramune)  was the f i rst  NNRTI approved for use by the FDA 

for  the treatment  o f  HIV in fect ion. 

(1)  Mechanism of act ion.  See VI I .C.3. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Nevi rapine is  ind icated in  

combinat ion wi th  other ant i re t rovi ra ls  in  adult  and pediat r ic  (≥ 2  months old)  

HIV pat ients. 

(3)  Precautions and monitoring effects  

(a)  Nevi rap ine has the h ighest  inc idence of  Stevens-Johnson syndrome of 

a l l  NNRTIs. 

(b)  Symptomatic  hepat i t is ,  includ ing fa tal  hepat ic necros is ,  has been 

observed wi th nevi rapine (black box warning) .  The f requency of  th is  

adverse ef fec t  is  increased in  women wi th  pre-nevi rap ine CD4+  counts > 

250 cells /mm 3  and men with CD4+  counts > 400 cel ls /mm3 .  Nevirapine 

should not be init iated in these pat ients.  

(c)  Other  adverse effec ts  include fever ,  nausea,  and headache. 

(d)  To decrease the frequency of  adverse ef fec ts,  a  2-week dose escalat ion 

is  requi red. 

(4)  Signif icant interactions  

(a)  Nevi rap ine induces cytochrome P450 3A4, resul t ing in  decreased 

concentrat ions of  caspofungin,  ketoconazole,  itraconazole,  oral  

contraceptives,  and protease inhibitors.  
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(b)  Use of r i fampin  and St.  John's wort  should be avoided,  as they 

decrease the serum concentrat ions of  nevi rap ine.  

(c)  Methadone  concentrat ions decrease s ign i f icant ly wi th  nevi rap ine,  o f ten 

necess i ta t ing a dose increase. 

5.  Protease inhibitors.  The PIs  compet i t ive ly inh ibi t  the v i ra l  protease 

enzyme,  prevent ing the enzyme f rom cleaving the gag and gag-pol  



polyproteins  necessary for  v i r ion product ion.  PIs  are used in  combinat ion 

wi th  o ther  ant i re t rovira l  agents,  including other  PIs ,  to  suppress HIV 

rep l icat ion. Al l  o f  the PIs are cytochrome P450 inh ibi tors ;  r i tonavi r is  the 

most  potent  inhibi tor.  A l l  PIs  are contraind icated wi th  numerous drugs,  

includ ing simvastat in, lovastat in,  r i fampin,  c isapride,  pimozide,  

midazolam, tr iazolam, ergots,  and St.  John's wort .  Concomi tant therapy 

wi th  ant iepi lept ic  drugs, erect i le  dysfunct ion drugs,  and azole ant i fungals  

must  be undertaken wi th caut ion.  Owing to  the wide array of drug 

in teract ions wi th  PIs ,  a lways assess medicat ion prof i les  careful ly for  drug 

in teract ions before in i t iat ion. 

a.  Amprenavir  (Agenerase)  

(1)  Mechanism of act ion.  See VI I .C.5. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Amprenavi r is  no longer 

recommended for use in  t reatment  reg imens for HIV due to  i ts  

d iscont inuat ion in  la te  2007. 

(3)  Precautions and monitoring effects.  

(a)  Use of  the ora l  solut ion in  pregnant  women,  ch i ldren < 4 years  old , and 

pat ients  wi th  hepat ic  or  renal  insuf f ic iency is  contra ind icated owing to  the 

propylene g lyco l  vehic le  (black box warning ) .  

(b)  Because amprenavi r is  a  su l fonamide,  the potent ia l  for  c ross-sens i t iv i ty 

to  o ther su l fonamides exis ts .  

(c)  Adverse ef fects  inc lude hyper l ip idemia,  hyperg lycemia,  fa t  

mald is t r ibut ion,  rash,  and GI  dis turbances. 

(d)  Dosage adjustment  is  required for hepat ic  insuf f ic iency. 

(4)  Signif icant interactions  (see VI I .C.5) .  Amprenavi r  decreases 

methadone  concentrat ions,  possibly requi r ing a methadone dose increase 

to  prevent wi thdrawal .  

b.  Atazanavir  (Reyataz)  

(1)  Mechanism of act ion.  See VI I .C.5. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Atazanavi r is  a component  

o f  preferred and al ternat ive PI-based regimens for  HIV.  I t  is  dosed once 

dai ly.  

(3)  Precautions and monitoring effects.  

(a)  Atazanavi r may prolong the PR in terva l  and poss ibly cause f i rst -degree 

AV b lock.  Elect rocard iogram (ECG) should be moni tored. 

(b)  Other  adverse effec ts  include fa t  mald is t r ibut ion, hyperg lycemia, and 

indi rec t  hyperbi l i rubinemia.  In  contrast  to  the other  PIs ,  atazanavi r  appears  

to  be devoid of  e f fec ts  on l ip ids . 

(c)  Dose adjustment  is requi red for hepat ic insuff ic iency. 

(4)  Signif icant interactions  (see VI I .C.5) .  Atazanavi r  is  the most 

problematic  o f  a l l  PIs  in  terms of  drug in teract ions. 

(a)  I f  used in combinat ion wi th  efavirenz or tenofovir ,  low-dose r i tonavi r  

must  be adminis tered concomitant ly.  

(b)  Because atazanavi r requi res  an ac id ic  GI  t ract  for  opt imal  absorpt ion, 

concomitant  use of  proton pump inhibitors  is  contraind icated.  I f  o ther  ac id 



suppressants  are used wi th  atazanavi r ,  the doses must  be separated by as 

much t ime as possib le  (up to  12 hr  apart ) .  

c.  Darunavir  (Prezista)  

(1)  Mechanism of act ion.  See VI I .C.5 

(2)  Spectrum of act ivi ty and therapeutic uses.  Darunavir  is  the newest  PI  

to  receive FDA approval for  the treatment  o f  HIV. I ts use is  l imi ted to  h ighly 

t reatment-exper ienced pat ients  or pat ients  wi th  HIV res is tance mutat ions. 

(3)  Precautions and monitoring effects  

(a)  Darunavi r must be co-adminis tered wi th  r i tonavi r  

(b)  Because darunavi r  contains  a su l fonamide moiety,  c ross-react iv i ty may 

occur  in  sul fa-a l lergic pat ients . 

(c)  Adverse ef fects  inc lude nausea,  increased amylase,  hepatotoxic i ty,  

hyper l ip idemia,  hyperglycemia,  and rash. 

(4)  Signif icant interactions.  See VI I .C.5. 

d.  Fosamprenavir  (Lexiva)  

(1)  Mechanism of act ion.  See VI I .C.5. Fosamprenavi r  is  the prodrug of  

amprenavi r .  
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(2)  Spectrum of act ivi ty and therapeutic uses.  Fosamprenavi r  has largely 

rep laced amprenavi r  because of  i ts  improved dosing convenience. I t  is  

recommended as one of  the preferred components  in  PI-based regimens for  

in i t ia l  t reatment  of  HIV. 

(3)  Precautions and monitoring effects  

(a)  Fosamprenavi r  may be dosed once dai ly in  t reatment  naïve pat ients .  PI -

exper ienced pat ients requi re twice da i ly dos ing. In  most cases, 

fosamprenavi r  is  administered wi th  low dose r i tonavi r .  

(b)  Adverse ef fec ts  are the same as those wi th  amprenavi r (see 

VI I .C.5.a. (3) .  b ,  c  and d).  

(4)  Signif icant interactions  (see VI I .C.3) .  I f  used in combinat ion wi th 

efavirenz,  fosamprenavir  must  be administered wi th  a booster  dose of  

r i tonavi r .  

e.  Indinavir  (Crixivan)  

(1)  Mechanism of act ion.  See VI I .C.5. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Ind inavi r ,  in  combinat ion 

wi th  r i tonavi r ,  is  no longer recommended as part  o f  reg imen for pat ients  

receiv ing in i t ia l  t reatment  for  HIV due to  a high inc idence of  nephrol i th ias is .  

(3)  Precautions and monitoring effects  

(a)  Because ind inavi r  may cause nephrol i thiasis  (k idney s tones) ,  pat ients  

should be ins t ructed to  dr ink at least  1 .5  L of  water  dai ly to  prevent this  

adverse ef fec t .  

(b)  Ind inavi r  can cause indirect  hyperbi l i rubinemia.  Combinat ion therapy 

wi th  a tazanavi r  is  not recommended owing to  the potent ia l  for addi t ive 

ef fec ts .  



(c)  Other  adverse effec ts  include hyperglycemia, hyper l ip idemia,  fa t  

mald is t r ibut ion,  headache,  and GI  in to lerance. 

(d)  Dose adjustment  is requi red for hepat ic insuff ic iency. 

(4)  Signif icant interactions  (see VI I .C.5) .  Vi tamin C in  doses > 1 g da i ly 

decreases indinavi r concentrat ions.  Caut ion pat ients  not to exceed the 

recommended dai ly al lowance for  v i tamin C. 

f .  Lopinavir / r i tonavir  (Kaletra)  

(1)  Mechanism of act ion.  See VI I .C.5. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Th is  product is  avai lab le 

as a co- formulat ion of  lop inavi r  wi th  a “booster” dose of  r i tonavi r ,  which 

inhib i ts  lop inavi r  metabol ism and resul ts in h igher  serum concentrat ions.  

Lopinavi r/ r i tonavir  is  a preferred PI  used in  in i t ia l  PI -based reg imens owing 

to  i ts  potency and convenient  dosing. 

(3)  Precautions and monitoring effects  

(a)  Lopinavi r /r i tonavi r was recent ly re formulated as a  f i lm-coated tablet  that  

does not  requi re re f r igerat ion.  I t  is  a lso avai lable as an oral  so lu t ion 

conta in ing 42% alcohol.  

(b)  Adverse ef fec ts  inc lude GI  in to lerance, hyperl ip idemia,  hyperg lycemia, 

fa t  mald is t r ibut ion,  and pancreat i t is .  

(4)  Signif icant interactions.  See VI I .C.5. 

(a)  Lopinavi r /r i tonavi r decreases methadone  concentrat ions, possibly 

necess i ta t ing a methadone dose increase to  prevent  op iate wi thdrawal .  

(b)  Concomitant  admin ist ra t ion wi th voriconazole  is  contra ind icated 

because of  the r isk  of  decreased vor iconazole ef f icacy. 

(c)  Dos ing varies  due to  drug in teract ions wi th  concomitant  use of  

e favi renz,  nevi rapine,  fosamprenavi r ,  or  nel f inavir .  Be sure to  check 

appropr ia te re ferences for  proper dos ing. 

g.  Nelfinavir  (Viracept)  

(1)  Mechanism of act ion.  See VI I .C.5. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Nel f inavi r  is  a  possib le  

component  o f an al ternat ive PI-based regimen for in i t ia l  t reatment  o f  adul ts  

wi th  HIV infect ion. Unl ike the other PIs,  i t  is  never  used in combinat ion wi th  

r i tonavi r .  I t  is  not general ly recommended due to in fer ior v i rologic e f f icacy.  

(3)  Precautions and monitoring effects  

(a)  Diarrhea is  commonly repor ted wi th nel f inavi r .  Th is  can of ten be 

managed wi th  ant id iarrheals .  

(b)  Other  adverse effec ts  are s imi lar  to  those wi th  lop inavi r / r i tonavi r .  

(c)  Use caut ion wi th  look-a l ike,  sound-al ike names (ne l f inavir  and 

nevi rap ine) .  

(4)  Signif icant interactions  (see VI I .C.5. ) Nelf inavi r  decreases methadone  

concentrat ions,  necess i ta t ing increased moni tor ing and dose adjustment  i f  

indicated. 

h.  Ritonavir  (Norvir)  

(1)  Mechanism of act ion.  See VI I .C.5. 
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(2)  Spectrum of act ivi ty and therapeutic uses.  Ri tonavi r  is  rarely used as 

the sole  PI  in  a  PI-based regimen owing to i ts  poor  tolerab i l i ty  and h igh pi l l  

burden when admin is tered in  fu l l  doses.  Al ternat ive ly,  i t  is  used in  low 

doses as a pharmacok inet ic  boost ing agent  wi th  o ther PIs .  Because i t  is  

such a potent  cytochrome 450 enzyme inhib i tor ,  r i tonavi r  markedly 

increases the serum concentrat ions of  other  PIs ,  resul t ing in h igher  

concentrat ions wi th  improved vi ral  suppression. 

(3)  Precautions and monitoring effects  

(a)  Capsules should be ref r igerated before d ispens ing. Capsules then may 

be s tored at  room temperature for  up to 30 days. 

(b)  Ora l  so lut ion should not  be ref r igerated. 

(c)  Adverse ef fects  inc lude GI  in to lerance, c i rcumoral  paresthesias,  

hyper l ip idemia,  hyperglycemia,  fat  mald is t r ibut ion,  increased l iver  funct ion 

tes ts ,  and tas te perversion. 

(4)  Signif icant interactions  (see VI I .C.5) .  Many drug in teract ions occur  

wi th  r i tonavi r  because i t  is  such a potent  inhibi tor o f  so many cytochrome 

P450 isoenzymes. Always refer  to  proper  resources to  assess for  drug 

in teract ions. 

i .  Saquinavir  ( Invirase)  

(1)  Mechanism of act ion.  See VI I .C.5. 

(2)  Spectrum of act ivi ty and therapeutic uses.  Use of  saquinavi r  wi thout  

booster doses of  r i tonavir  is  not  recommended because of  the poor  

b ioavai lab i l i ty  o f  saquinavi r .  

(3)  Precautions and monitoring effects  

(a)  Saquinavi r  is  ava i lab le  as a hard ge l  capsule and tablet ( Invi rase)  and 

was previously avai lable as a sof t  gel  capsule (For tovase) .  The var ious 

dosage forms are not bioequivalent  and cannot  be used in terchangeably.  

(b)  The sof t  gel  capsule formulat ion is  no longer manufactured (effec t ive 

February 2006).  

(c)  Adverse ef fects  are s imi lar to  lop inavi r / r i tonavi r .  

(4)  Signif icant interactions.  See VI I .C.5. 

j .  T ipranavir  (Apt ivus) 

(1)  Mechanism of act ion.  See VI I .C.5. 

(2)  Spectrum of act ivi ty and therapeutic uses.  The use of t ipranavi r  is  

l imi ted to  highly t reatment-exper ienced pat ients  wi th  HIV who are res is tant  

to  o ther PIs as wel l  as  to o ther  c lasses of ant i ret rovi ra ls .  

(3)  Precautions and monitoring effects.  

(a)  Owing to the poor  b ioavai lab i l i ty  o f  t ipranavi r,  i t  must  be co-

adminis tered wi th  r i tonavi r .  

(b)  Capsules must  be refr igerated.  Once d ispensed,  they are s tab le at room 

temperature for up to 60 days. 



(c)  Tipranavi r  has been associated wi th c l in ica l  hepat i t is  and fa tal  hepat ic  

decompensat ion (black box warning ) .  L iver  funct ion tests  should be 

moni tored c lose ly,  especia l ly in  pat ients wi th  under ly ing l iver  disease. 

(d)  Rarely,  there have been repor ts o f fa ta l  and nonfatal  in t racrania l  

hemorrhage wi th  t ipranavi r  (black box warning ) .  

(e)  Because the s t ruc ture of  t ipranavi r  conta ins a sulfonamide  moiety,  

c ross-react iv i ty may occur  in  su l fa-al lerg ic  pat ients . 

( f )  Other adverse ef fects inc lude rash,  hyperl ip idemia,  hyperglycemia,  and 

fa t  mald is t r ibut ion. 

(4)  Signif icant interactions  (see VI I .C.5) .  Loperamide may decrease 

t ipranavi r concentrat ions.  

6.  Fusion inhibitors.  Enfuvirt ide (T-20; Fuzeon)  is  the f i rs t  and only 

member of this  c lass of  ant i re t rovi ra ls .  

a.  Mechanism of act ion.  Enfuvi r t ide inhibi ts the entry of  HIV in to  CD4+  

cel ls  by interfering with the fusion of  viral  and cellular membranes.  

b.  Spectrum of act ivi ty and therapeutic uses.  Enfuvi r t ide is  pr imar i ly 

used in  highly t reatment-exper ienced pat ients wi th  extensive v i ral  

res is tance.  I t  is  not recommended for  use as in i t ia l  therapy in t reatment-

na ive pat ients,  as  i t  has not  been s tud ied in  th is  populat ion. 

c.  Precautions and monitoring effects  

(1)  Enfuvi r t ide is  in jec ted subcutaneous ly twice da i ly .  Local  in jec t ion s i te 

react ions occur  in  almost  a l l  pat ients ,  inc lud ing pain, redness,  prur i tus,  and 

nodules. 
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(2)  Other  adverse effec ts  include hypersens i t iv i ty react ions and increased 

rate of  bacteria l  pneumonia. 

(3)  No dose adjustment  is  necessary for  renal  impai rment .  

d.  Signif icant interact ions.  There are no s ign i f icant  drug in teract ions wi th  

enfuvi r t ide. 

7.  Entry inhibitor.  Maraviroc (Selzentry)  is  the f i rst  and only member of 

th is  c lass of  ant i ret rovi ral  therapy. 

a.  Mechanism of act ion.  Maravi roc  is  a  chemokine receptor 5  (CCR5) 

coreceptor antagonis t.  I t  b inds to  the CCR5 receptor  on the CD4 ce l l  

membrane, prevent ing entry o f  the v i rus  in to the ce l l .  

b.  Spectrum of act ivi ty and therapeutic uses.  Maravi roc  is  used along 

wi th  other  ant i re t rovira ls on ly in  h igh ly t reatment-exper ienced adul t  pat ients  

who are in fec ted wi th  HIV that  binds to  the CCR5 receptor .  

c.  Precautions and monitoring effects.  

(1)  Hepatotoxici ty was observed during c l in ica l  t r ia ls  wi th maravi roc  (black 

box warning ) .  Th is may be preceded by a systemic  a l lergic react ion.  

Pat ients  should be evaluated immediately i f  e i ther  occurs . 

(2)  Use caut ion in  pat ients  wi th  l iver  d isease or  card iovascular  r isk  factors . 



(3)  Adverse ef fects  inc lude cough, rash,  fever ,  musculoskeleta l  symptoms,  

d izziness,  and abdominal  pain . 

(4)  Not recommended for use in  pat ients  wi th  renal  insuf f ic iency un less no 

a l ternat ive opt ion is avai lable . 

d.  Signif icant interact ions.  

(1)  Dos ing for  maraviroc  var ies depending upon concomi tant  medicat ions 

that  interact :  

(a)  W hen used wi th cytochrome P450 inhib i tors ,  such as  PIs (except 

t ipranavir /r i tonavir) ,  delavirdine,  ketoconazole,  i t raconazole,  and 

clari thromycin,  admin ister  maraviroc 150 mg twice da i ly.  

(b)  W hen used wi th  cytochrome P450 inducers  (such as carbamazepine,  

phenobarbital ,  phenytoin,  efavirenz,  and r i fampin )  wi thout  a  st rong 

cytochrome P450 inh ib i tor ,  adminis ter  maraviroc  600 mg twice da i ly.  

(c)  W hen used wi th other  medicat ions, inc lud ing t ipranavi r/ r i tonavir ,  

nevi rap ine,  NRTIs , and enfuvi r t ide,  adminis ter  maravi roc  300 mg twice 

da i ly.  

(2)  Concomitant  admin ist ra t ion wi th St.  John's wort  is  not  recommended 

due to  reduct ion in maravi roc  serum concentrat ions. 

8.  Integrase inhibitor.  Raltegravir  ( Isentress)  is  the f i rs t  and only member 

of  this c lass of  ant i re trovi ra l  therapy. 

a.  Mechanism of act ion.  Ral tegravi r  inhib i ts  the v i ra l  enzyme in tegrase,  

thereby prevent ing the insert ion of  HIV genet ic  mater ial  in to  the CD4 cel l  

genome and hal t ing the v i ra l  rep l icat ion process. 

b.  Spectrum of act ivi ty and therapeutic uses.  Ral tegravi r  is  used a long 

wi th  other  ant i re t rovira ls on ly in  t reatment-exper ienced adul t  pat ients who 

demonstrate resistant  st ra ins  of  HIV. 

c.  Precautions and monitoring effects.  

(1)  S ince elevat ions in  creat ine k inase, a long wi th  myopathy and 

rhabdomyolys is ,  may occur  wi th  ra l tegravi r ,  use wi th  caut ion in  pat ients  

who are receiv ing concomi tant  medicat ions that  may cause these adverse 

ef fec ts .  

(2)  The most  common adverse ef fec ts  include nausea,  d iarrhea,  headache,  

and fever .  

d.  Signif icant interact ions.  Rifampin  decreases the serum concentrat ion 

of  ral tegravi r  and should be used wi th  caut ion. 

VIII. Anthelmintics 
A. Defini t ion.  These drugs are used to  r id  the body of  worms (helminths) .  

These agents may act  loca l ly to  r id the GI  t ract  of  worms or  work  

systemical ly to  eradicate worms that are invading organs or  t issues. 

B. Mebendazole (Vermox)  is  a synthet ic benzimidazole-derivat ive 

anthelmint ic .  

1.  Mechanism of act ion.  Mebendazole in ter feres wi th  reproduct ion and 

surviva l  o f  helminths by inh ib i t ing the format ion of  microtubules and 



i r revers ibly b lock ing g lucose uptake,  thereby deple t ing glycogen stores in  

the he lminth. 

2.  Spectrum of activi ty.  Mebendazole is  ac t ive against var ious nematodes 

that  are pathogenic to  humans,  including Ancylostoma duodenale  (common 

hookworm),  Ascar is  lumbr ico ides   
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( roundworm),  Capi l lar ia ph i l ipp inens is  (Phi l ipp ine threadworm),  Enterobius 

vermicu lar is  (p inworm),  Necator  amer icanus  (Amer ican hookworm), and 

Tr ichuris  t r ichiura  (whipworm).  

3.  Therapeutic uses.  Mebendazole is  used for  the t reatment  o f  s ing le  or 

mixed infect ions wi th  the he lminths l is ted in  VI I I .B.2.  Immobi l izat ion and 

subsequent  death of  he lminths are s low,  wi th  complete GI  c learance up to  3 

days af ter therapy.  

4.  Precautions and monitoring effects  

a.  In cases of  massive infec t ion,  abdominal  pa in ,  nausea,  and d iarrhea 

associated wi th expuls ion of  organisms may resul t .  

b.  Myelosuppression (neutropenia and thrombocytopenia)  can occur wi th  

h igh doses (40-50 mg/kg/day) .  

c.  I f  the pat ient  is  not  cured in  3 weeks,  re t reatment  is  necessary. 

5.  Signif icant interactions.  Agents  that  may reduce the serum 

concentrat ions and subsequent  e f f icacy of  mebendazole include 

carbamazepine and phenyto in . 

C. Albendazole (Albenza)  is  a synthet ic benzimidazole-derivat ive 

anthelmint ic .  

1.  Mechanism of act ion.  See VI I I .B.1. 

2.  Spectrum of activi ty.  A lbendazole is  ac t ive against Taenia so l ium  (pork  

tapeworm) and Echinococcus granulosus  (dog tapeworm). 

3.  Therapeutic uses.  A lbendazole is  used to  t reat  parenchymal 

neurocyst icercos is  in  combinat ion wi th  cor t icostero ids  as wel l  as  cyst ic  

hydat id  disease (before and af ter  surgica l  removal  of  the disease).  

4.  Precautions and monitoring effects  

a.  The drug should be admin is tered wi th a fa t ty meal  to  achieve opt imal  

absorpt ion. 

b.  Hepatotoxic i ty occurs  in  16% of  pat ients ; l iver  funct ion tests  every 2 

weeks are recommended whi le  taking a lbendazole. 

c.  Rare ly,  leukopenia, thrombocytopenia,  granulocytopenia,  pancytopenia, 

and agranulocytosis occur .  A CBC should be checked every 2 weeks whi le  

taking a lbendazole. 

D. Diethylcarbamazine ci trate (Hetrazan)  

1.  Mechanism of act ion.  Die thylcarbamazine ci t ra te  is  a  synthet ic  organic  

compound h ighly speci f ic  for  several  common paras i tes . 

2.  Spectrum of activi ty.  Th is  agent  is  act ive against  Wuchereria  bancrof t i ,  

Onchocerca vo lvu lus,  Brugia malayi ,  Mansonel la  perstans,  Mansonel la  

ozzard i ,  Ascar is  lumbr ico ides,  and Loa loa.  



3.  Therapeutic uses.  Die thylcarbamazine ci t rate is  used for  the t reatment  

o f  Bancrof t 's  f i la r ias is ,  onchocercias is ,  ascarias is ,  and loias is .  I t  is  

ava i lab le  di rec t ly from the manufacturer  for  compass ionate use only.  

4.  Precautions and monitoring effects  

a.  Pat ients  t reated for  W. bancrof t i  in fec t ion of ten present  wi th  headache 

and general  mala ise. Severe a l lerg ic  phenomena in  conjunct ion wi th  a  sk in  

rash have been repor ted.  

b.  Pat ients t reated for  onchocercias is  present wi th  prur i tus,  facia l  edema, 

and systemic symptoms secondary to  the in f lammatory response caused by 

pathogen death (known as a Mazzotti  react ion ) .  Severe react ions may be 

noted af ter a  s ing le  dose.  For  this  reason,  ivermect in  is  used to  t reat  

onchocerc ias is .  

c.  Chi ldren who are undernour ished or  are suf fer ing f rom debi l i ta t ing 

ascar iasis infec t ion may exper ience g idd iness,  malaise,  nausea,  and 

vomi t ing af ter  treatment .  Other  drugs are avai lable  to  t reat  Ascar is  

(mebendazole and a lbendazole) .  

E. Pyrantel  (Pin-Rid)  is  a  pyr imidine-der ivat ive anthelmint ic.  

1.  Mechanism of act ion.  Pyrante l  is  a  depolar iz ing neuromuscular  b lock ing 

agent  that  causes a spast ic  paralys is  of  the he lminth. 

2.  Spectrum of activi ty.  Pyrantel  is  ac t ive against  A. lumbrico ides  

( roundworm),  E. vermicular is  (p inworm),  A. duodenale  (hookworm), N. 

amer icanus  (hookworm), and Tr ichostrongylus or iental is  (ha i rworm). 

3.  Therapeutic uses.  Pyrantel  is  used for  the t reatment  o f  roundworm, 

p inworm, and hookworm in fect ions. 
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4.  Precautions and monitoring effects  

a.  Most  commonly reported react ions inc lude anorexia ,  nausea,  vomi t ing,  

d iarrhea,  headache, and rash. 

b.  A s ing le  dose may be mixed wi th  food, mi lk ,  ju ice,  or  taken on an empty 

s tomach. 

F.  Thiabendazole (Mintezol) ,  a pyrazino isoquino l ine der ivat ive,  is  a  

synthet ic  heterocyc l ic  anthe lmint ic .  

1.  Mechanism of act ion  is  not known prec isely.  Th iabendazole is  shown to  

inhib i t  the he lminth-speci f ic  enzyme,  fumarate reductase.  Thiabendazole 

a lso demonstrates ant i - in f lammatory,  ant ipyret ic ,  and analgesic e ffects.  

2.  Spectrum of activi ty.  I t  is  ac t ive against  most in tes t ina l  nematodes,  

includ ing Ancy lostoma brazi l iense  (dog and cat  hookworm),  A. duodenale  

(hookworm),  A. lumbr icoides  ( roundworm),  E. vermicu lar is  (p inworm),  N. 

amer icanus  (hookworm ) ,  St rongyloides s tercora l is  ( threadworm),  T.  

t r ich iura  (whipworm),  T. sp i ra l is,  and Toxocara canis  and Toxocara cat i  

(dog and cat  roundworms). 

3.  Therapeutic uses.  Th iabendazole is  used for  the t reatment  o f  

s t rongyloidias is  ( threadworm in fect ion) ,  cutaneous larva migrans (creeping 



erupt ion) ,  and viscera l  larva migrans. I t  is  used for  the t reatment o f 

uncinar ias is  (hookworm),  N. americanus, A.  duodenale,  t r ichur ias is  

(whipworm),  and ascarias is  ( large roundworm) when more spec i f ic  therapy 

is  unavai lab le  or further t reatment  is  requi red wi th  a  second agent .  

4.  Precautions and monitoring effects  

a.  Adverse ef fects  o f  th iabendazole are usual ly mi ld  and t rans ient,  

occurr ing 3-4 hr  a f ter  the drug has been administered and last ing for  2-8 hr .  

b.  Most  common react ions inc lude anorexia ,  nausea,  vomi t ing, and 

d izziness. 

c.  Gidd iness, se izures,  ver t igo,  paresthes ias, and psychic  disturbances may 

a lso occur ,  but less f requent ly.  

d.  I f  hypersensi t iv i ty develops, the drug should be d iscont inued.  Erythema 

mult i forme ( includ ing Stevens-Johnson syndrome) has been repor ted. 

5.  Signif icant interactions.  Serum xanthine  levels  ( theophyl l ine and 

caf fe ine)  may increase. 

G. Ivermectin (Stromectol)  

1.  Mechanism of act ion.  Ivermect in potent iates the inhib i tory e ffec ts  o f γ-

aminobutyr ic  ac id  (GABA) in  various nematodes and arthropods, resul t ing in  

paralys is  and death of  the organisms. 

2.  Spectrum of activi ty.  Th is  agent  is  act ive against  S. s tercoral is  

( in tes t inal  forms only)  and O. vo lvulus  ( immature forms only) .  I t  is  a lso 

usefu l  for t reatment o f infec t ions wi th A. lumbr icoides,  E.  vermicu lar is ,  M.  

ozzard i ,  T.  t r ich iura,  and W. bancroft i .  

3.  Therapeutic uses  

a.  Ivermect in  is  useful  for  t reatment o f  in fect ions wi th  the parasi tes  l is ted in  

VI I I .G.2. 

b.  Two s tudies demonstrated that  ivermect in  was more ef fec t ive than 

a lbendazole for t reatment  o f  s t rongylo id ias is .  

c.  Ivermect in  is  o f ten favored over  diethylcarbamazine c i t ra te  owing to  i ts 

less severe adverse effec t  prof i le.  

4.  Precautions and monitoring effects,  

a.  May cause a Mazzotti  reaction  (see VII I .D.4.b)  that  is  less severe than 

wi th  d iethylcarbamazine c i t ra te. 

b.  Reports  of  ser ious and poss ibly fa ta l  encephalopathy have occurred in 

pat ients  wi th  concomi tant  L.  loa  in fec t ion 

c.  Other  adverse ef fec ts  include edema, d izziness,  headache, rash, and GI  

d isturbances. 

d.  Counsel  pat ients to  take ivermect in  wi th water .  

H. Praziquantel (Bi l tr ic ide)  

1.  Mechanism of act ion.  Praziquantel  increases ce l l  membrane 

permeabi l i ty  in  suscept ible  he lminths,  wi th  loss of  in t racel lu lar  ca lc ium and 

paralys is  of  the i r  musculature.  Vacuol izat ion and d is integrat ion of  the 

sch is tosome tegument  resul t ,  fo l lowed by at tachment  o f  phagocytes to  the 

paras i te  and death. 
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2.  Spectrum of activi ty.  Praziquante l  is  ac t ive against t rematodes ( f lukes) ,  

includ ing al l  Schistosoma  spp.  and Clonorchis s inens is ,  Opisthorchis 

v iverr in i ,  Fasc iola  hepat ica  ( l iver  f lukes) ,  Paragonimus uterobi la tera l is ,  

Paragonimus westermani  ( lung f lukes) ,  Metagonimus yokogawai ,  

Fasc io lopsis buski ,  and Heterophyes heterophyes  ( in tes t inal  f lukes) .  

3.  Therapeutic uses.  Praziquantel  is  act ive in  treat ing a l l  types of  

sch is tosomias is  that  are pathogenic  to  humans;  c lonorch ias is  and 

opis thorch iasis  (Chinese and southeast  As ian l iver  f lukes);  many other 

types of  in fec t ions involv ing in test ina l ,  l iver ,  and lung f lukes;  and 

cestod ias is  ( tapeworm) in fec t ions. 

4.  Precautions and monitoring effects  

a.  Treatment  of  ocular  cyst icercosis is  contra indicated because parasi te  

dest ruct ion wi thin  the eyes may cause i r reparable les ions. 

b.  In genera l ,  adverse effec ts  are general ly mi ld  and wel l  to lerated.  I t  is  

d i f f icu l t  to  d i f ferent ia te  between effec ts  caused by the praziquante l  versus 

ef fec ts  demonstrated by dying parasi tes . 

c.  The most  common s ide ef fects  are t ransient  and may include mala ise, 

headache, d izziness,  and abdominal d iscomfor t .  

d.  Praziquantel  may impai r  ac t iv i t ies that  requi re mental  aler tness. 

P.979 

 

 

STUDY QUESTIONS 
Direct ions for questions 1-12:  Each of the quest ions,  s ta tements,  or 

incomplete s ta tements in th is  sect ion can be correc t ly answered or  

completed by one  o f  the suggested answers or  phrases.  Choose the best  

answer. 

1.  Isoniazid is  a  primary anti tubercular agent that 

(A)  requi res pyr idoxine supplementat ion. 

(B)  may d isco lor  the tears ,  sa l iva,  ur ine,  or  feces orange red. 

(C)  causes ocular  compl icat ions that are revers ib le  i f  the drug is  

d iscont inued. 

(D)  may be ototoxic  and nephrotoxic .  

(E)  should never  be used because of hepatotoxic  potent ia l .  

V iew Answer1.  The answer is  A[see V.B.2.d. (5)] .2.  Al l  of  the 

fol lowing factors may increase the r isk of  nephrotoxici ty from 

gentamicin therapy except  which one? 

(A)  age > 70 years 

(B)  prolonged courses of gentamic in therapy 

(C) concurrent  amphoteric in  B therapy 

(D) t rough gentamic in  leve ls  < 2 mg/mL 

(E)  concurrent  c ispla t in  therapy 



View Answer2.  The answer is  D[see] .3.  In which of  the fol lowing 

groups do al l  four drugs warrant careful  monitoring for drug-related 

seizures in high-r isk pat ients? 

(A)  penic i l l in  G,  imipenem, amphoter ic in  B,  metron idazole 

(B)  penic i l l in  G,  chloramphenico l ,  tet racyc l ine,  vancomycin 

(C) imipenem, te t racycl ine,  vancomycin, sul fad iazine 

(D) cycloser ine, metron idazole,  vancomycin,  sul fad iazine 

(E)  metron idazole,  imipenem, doxycyc l ine, erythromycin 

View Answer3.  The answer is  A[see I I .E.1.e. (2);  I I .J.5 .d. (2);] .4. AC 

is a 34-year-old male admitted with a diagnosis of  peri tonit is .  Cultures 

are posit ive for Bacteroides fragi l is,  Enterococcus faecalis ,  and 

Staphylococcus aureus.  Which of  the following would be the best ini tia l  

therapy to recommend? 

(A)  tel i thromycin 

(B)  quinupr is t in /da l foprist in 

(C)  t igecyc l ine 

(D) t r imethopr im/su l famethoxazole 

(E)  kanamycin 

View Answer4.  The answer is  C[see] .5.  TJ is  a 45-year-old female 

presenting with an Enterobacter aerogenes  bacteremia with a low-grade 

fever (101.6°F) .  The most appropriate management of  her fever would 

be to 

(A)  g ive acetaminophen 1000 mg ora l ly every 6 hr .  

(B)  g ive aspi r in  650 mg ora l ly every 4 hr .  

(C)  g ive a l ternat ing doses of asp ir in and acetaminophen every 4 hr .  

(D)  wi thhold ant ipyret ics and use the fever  curve to  moni tor her 

response to  ant ib io t ic  therapy. 

(E)  use tep id water  baths to reduce the fever .  

View Answer5.  The answer is  D[see] .6.  BC has an upper 

respiratory infect ion.  Two years ago,  she experienced an episode of  

bronchospasm after penici l l in therapy.  Current cultures are posit ive for 

a  strain of Streptococcus pneumoniae  that  is  sensit ive to al l  of  the 

fol lowing drugs.  Which of  these drugs would be the best choice for this 

pat ient? 

(A)  amoxic i l l in/c lavu lanate 

(B)  tel i thromycin 

(C)  ampic i l l in 

(D)  cefac lor 

(E)  loracarbef 

View Answer6.  The answer is  B[see I I .K. 12] .7. Al l  of  the 

fol lowing drugs are appropriate therapies for a  lower urinary tract  

infection owing to Pseudomonas aeruginosa except  

(A)  norf loxac in. 

(B)  t r imethopr im-sul famethoxazole. 

(C)  c iprof loxac in. 



(D)  tobramycin. 

(E)  methenamine mandelate. 

View Answer7.  The answer is  B[seeand] .P.  aeruginosa.8.  BT is  a 

43-year-old female seen by her primary-care physician for a  mild 

staphylococcal  cellul it is  on the arm. Which of  the fol lowing regimens 

would be appropriate oral  therapy? 

(A)  d ic loxac i l l in  125 mg every 6 hr 

(B)  vancomycin 250 mg every 6 hr 

(C)  meth ic i l l in  500 mg every 6 hr 

(D)  cefazol in  1  g every 8 hr 

(E)  penic i l l in  V 500 mg every 6 hr 

View Answer8.  The answer is  A[see] .P.980 

 

 

9.  RC is a 33-year-old male with a history of  HIV for 10 years who now 

presents with Mycobacterium avium-intracel lulare  (MAI) .  Which of  the 

fol lowing drugs has demonstrated in vi tro activi ty against MAI? 

(A)  daptomycin 

(B)  c lar i thromycin 

(C)  erythromycin base 

(D) c loxac i l l in 

(E)  minocyc l ine 

View Answer9.  The answer is  B[see I I .D.6.a-b] .Toxoplasma 

gondiiCryptosporidium10.  Al l  of  the fol lowing statements 

regarding pentamidine isethionate are true except  which one? 

(A)  I t  is  ind icated for  treatment  or  prophylaxis  of  in fec t ion owing to  

Pneumocyst is  carini i .  

(B)  I t  may be adminis tered in t ramuscular ly,  in travenous ly,  or  by 

inhalat ion. 

(C)  I t  has no cl in ica l ly s ign i f icant e f fect  on serum g lucose. 

(D)  I t  is  e f fec t ive in  the treatment  of  le ishmanias is .  

View Answer10. The answer is  C[see] .P.  carini i .11.  RE is  a 23-

year-old male with a history of  inf luenza A infect ions.  An outbreak of 

inf luenza A has just been reported in his community,  and he is  

exhibit ing ini t ial  symptoms of  the infection. Which agent would be the 

most useful  to treat  RE? 

(A)  c idofovi r  

(B)  famciclovi r  

(C)  osel tamivi r  

(D)  foscarnet 

(E)  r ibavi r in 

View Answer11. The answer is  C[see] .12.  Dr.  Jones requests your 

help in prescribing a protease inhibitor for his pat ient .  He has heard 

that  not al l  agents are the same and asks for your recommendation as 



to which agent would be least  l ikely to cause the pat ient 's  cholesterol  

to increase.  Which agent would you recommend? 

(A)  saquinavi r 

(B)  r i tonavi r 

(C)  ind inavi r 

(D)  nel f inavi r  

(E)  a tazanavi r 

View Answer12. The answer is  E[see] .Direct ions for questions 

13-14:  The quest ions and incomplete s ta tements in  th is  sect ion can be correct ly 

answered or  completed by one or more  of  the suggested answers.  Choose the 

answer,  A-E.  

13.  Drugs usual ly act ive against  penici l l inase-producing Staphylococcus 

aureus  include which of  the fol lowing? 

( I )  piperaci l l in-tazobactam 

( I I )  amoxici l l in-clavulanate 

( I I I )  nafci l l in 

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer13. The answer is  E(I ,  I I ,  I I I )  [seeand].S.  aureus14.  Antiviral  

agents that  are act ive against  cytomegalovirus (CMV) include which of  the 

fol lowing? 

( I )  ganciclovir 

( I I )  foscarnet 

( I I I )  acyclovir  

A  i f  I  only is  correct 

B  i f  I I I  only is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer14. The answer is  C(I  and I I )  [seeand] .Direct ions for 

questions 15-17:  Each descr ip t ion l is ted in  th is  sect ion is  most  c lose ly associated 

wi th  one  o f  the fo l lowing drugs. The drugs may be used more than once or  not a t  

a l l .  Choose the best  answer,  A-E.  

15.  It  may be administered once per day for the treatment of  urinary t ract  

infections. 

A  c lo fazimine 

B  i t raconazole 

C  lomefloxac in 

D  neomycin 

View Answer15. The answer is  C[see] .16.  I t  may cause pink to brownish 

skin pigmentat ion within a few weeks of init iation of therapy.  

A  c lo fazimine 



B  i t raconazole 

C  lomefloxac in 

D  neomycin 

View Answer16. The answer is  A[see I I .J .  9] .Mycobacterium17.  Co-

administrat ion with astemizole or terfenadine may lead to l i fe-threatening 

cardiac dysrhythmias. 

A  c lo fazimine 

B  i t raconazole 

C  lomefloxac in 

D  neomycin 

View Answer17. The answer is  B[see] .P.981 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  A  [see V.B.2.d. (5) ] .  

Ison iazid  increases the excret ion of  pyr idoxine, which can lead to  per iphera l  

neuri t is ,  par t icu lar ly in  poor ly nourished pat ients . Pyr idoxine (a form of  v i tamin B6 )  

def ic iency may cause convuls ions as wel l  as  the neuri t is ,  involv ing synovia l  

tenderness and swel l ing. Treatment  wi th the v i tamin can reverse the neuri t is  and 

prevent or  cure the seizures. 

2.  The answer is  D  [see  I I .B.4.b ] .  

Trough serum levels  < 2 mg/mL are considered appropr iate  for  gentamic in  and are 

recommended to min imize the r isk  of toxic i ty f rom th is  aminoglycoside.  Because 

aminoglycos ides accumulate in the proximal  tubule o f  the k idney,  nephrotoxic i ty can 

occur .  

3.  The answer is  A  [see I I .E.1.e. (2) ;  I I .J .5.d. (2) ;  I I I .B.4.b;  IV.C.3.c ] .  

Se izures have been att r ibuted to  the use of  penic i l l in  G, imipenem, amphoter ic in  B,  

and metronidazole.  Seizures are espec ia l ly l ikely wi th  h igh doses in  pat ients  wi th a  

h istory of  se izures and in  pat ients  wi th  impai red drug e l iminat ion. 

4.  The answer is  C  [see  I I .K.13 ] .  

A l though act ive against var ious gram-pos i t ive and negat ive organisms,  t igecycl ine is 

on ly agent  approved for  the treatment  o f  in t ra-abdominal  in fec t ions caused by these 

organisms. 

5.  The answer is  D  [see I .H.  1 ] .  

The fever  curve is usefu l  for  moni tor ing a pat ient 's  response to  ant imicrobia l  

therapy.  Ant ipyret ics  can be used to  reduce h igh fever  in  pat ients  a t  r isk  for  

compl icat ions (e.g.,  se izures)  or ,  in  some cases,  to  make the pat ient  more 

comfortable. 

6.  The answer is  B  [see  I I .K. 12 ] .  

Amoxic i l l in  and ampic i l l in  are a l l  penic i l l ins  and should be avoided in  pat ients  wi th  

h istor ies of hypersensi t iv i ty to  other penic i l l in  compounds. Al though the r isk  of 

c ross-react iv i ty wi th  cephalospor ins (e .g. ,  cefac lor ,  loracarbef) is  now cons idered 

low,  most  c l in ic ians avoid the use of  these agents  in  pat ients  wi th  h is tor ies  of  type I  

hypersens i t iv i ty react ions (e.g. ,  anaphylaxis ,  bronchospasm, g iant h ives) .  



7.  The answer is  B  [see  I I .E.4;  I I .H.3.a and  b ;  I I . I .2 .a;  I I . I .3 .a ; I I .J .7 ] .  

Nor f loxac in,  c iprof loxac in,  tobramycin,  and methenamine mandelate achieve ur ine 

concentrat ions h igh enough to  treat  ur inary t rac t in fec t ions caused by P. 

aeruginosa.  Tr imethoprim-sul famethoxazole is  not  usefu l  for  t reat ing in fec t ion 

caused by th is  organism, a l though the combinat ion is  usefu l  for  t reat ing cer tain  

other ur inary t rac t  in fec t ions. 

8.  The answer is  A  [see  I I .C;  I I .E. 1 .c . (3) ;  I I .E.2.b;  I I .J .8 ] .  

A l though vancomycin,  meth ic i l l in ,  and cefazol in  have excel lent  ac t iv i ty against 

s taphylococci ,  they are not  e ffec t ive oral ly for  systemic  in fect ions.  Vancomycin is  

prescribed ora l ly for  in fec t ions l imi ted to  the gastro intest ina l  t rac t ,  but  because i t  is  

poorly absorbed oral ly,  i t  is  not e ffec t ive for  sys temic  in fec t ions.  Most  hospi tal -  and 

community-acqui red s taphylococc i  are current ly res is tant  to  penic i l l in.  Thus of  the 

drugs l is ted,  the most  appropria te  drug for  oral  therapy of  staphylococcal  ce l lu l i t is  is  

d ic loxac i l l in .  

9.  The answer is  B  [see I I .D.6.a-b] .  

Clar i thromycin,  an a l ternat ive to  erythromycin,  has demonstrated in  v i t ro  act iv i ty 

against  MAI.  Clar i thromycin is  also used against Toxoplasma gondi i  and 

Cryptospor id ium  spp. ,  and i t  is  more act ive than erythromycin against  staphylococci  

and s t reptococc i .  Vancomycin and c loxac i l l in  are used to  t reat s taphylococci  and 

s t reptococci ,  but has no demonstrated act iv i ty versus MAI.  

10.  The answer is  C  [see  IV.D ] .  

Pentamid ine isethionate is  indicated for  both t reatment  and prophylaxis  o f in fec t ion 

f rom P. carin i i .  I t  can be adminis tered in t ramuscular ly,  in travenous ly,  or by 

inhalat ion.  Inhalat ion may produce bronchospasm. Blood g lucose should be 

carefu l ly monitored because pentamid ine may produce e i ther  hyperg lycemia or  

hypoglycemia. 
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11.  The answer is  C  [see  VI I .B.9 ] .  

Cidofovi r ,  famcic lovi r ,  and foscarnet  have l i t t le  or no in  v ivo act iv i ty against  

in f luenza A.  Ribavi r in has some act iv i ty but  is  a  second-l ine agent  for  in f luenza A 

and is mainly ind icated for  t reatment  o f hepat i t is  C in  combinat ion wi th  in ter feron.  

Osel tamivi r  is  an agent  that  demonstrates act iv i ty against  in f luenza A and B.  I t  is  

indicated for the prophylaxis  and t reatment o f inf luenza in fect ions. 

12.  The answer is  E  [see  VI I .C.5.b. (3). (b) ] .  

The majori ty o f  protease inhibi tors  cause hyperl ip idemia.  Atazanavi r  does not  cause 

th is  adverse effec t  and may be preferred in  cer ta in  c l in ica l  s i tuat ions. 

13.  The answer is  E  ( I ,  I I ,  I I I )  [see  I I .E.2, 3  and  4 ] .  

P iperaci l l in and amoxic i l l in  each include a β- lac tamase inhibi tor .  These 

combinat ions of fer  ac t iv i ty against  S. aureus  s imi lar  to  that  o f  the penic i l l inase-

res is tant penic i l l ins , such as nafci l l in.  

14.  The answer is  C  ( I  and I I)  [see VI I .B.  1;  VI I .B.7 and  8 ] .  

Only ganc ic lovi r  and foscarnet  are act ive against CMV in fect ions. These agents are 

v i rus tat ic  and arrest DNA synthesis by inh ib i t ing v i ra l  DNA polymerase.  Foscarnet  is 



a broad-spectrum ant iv i ra l  agent  and is used in pat ients  wi th  ganc ic lovi r  res is tance.  

Acyc lovi r  is  not  c l in ica l ly useful  for  the t reatment  o f  CMV in fect ions because CMV is  

re lat ive ly resis tant to  acyc lovi r  in  v i t ro .  

15.  The answer is  C  [see  I I .H.3.c ] .  

Lomef loxac in may be administered dai ly for  t reat ing ur inary t ract  in fec t ions.  

Enoxac in is another  f luoroquinolone used to  t reat ur inary t rac t infec t ions.  Compared 

to  other f luoroquinolones,  ne i ther lomef loxac in nor  enoxac in improves the spectrum 

of  ac t iv i ty.  

16.  The answer is  A  [see I I .J .  9 ] .  

Because c lofazimine conta ins  phenazine dye,  i t  can cause p ink  to  brown sk in 

p igmentat ion.  Th is  change in  pigmentat ion occurs  in  75%-100% of pat ients  taking 

c lofazimine,  and i t  occurs  wi th in  a  few weeks of  the in i t ia t ion of therapy.  The 

d iscolorat ion of  skin  has repor ted ly led to  severe depress ion and even suic ide in  

some pat ients . Clofazimine is  used in  the t reatment  o f leprosy and several  a typ ical  

Mycobacterium  in fec t ions. 

17.  The answer is  B  [see  I I I .E.5.d ] .  

Admin is t ra t ion of  i t raconazole or  ketoconazole with  astemizole or  ter fenadine may 

increase the level  of  as temizole or  ter fenadine,  which can lead to  l i fe- threatening 

dysrhythmias and death. I t raconazole,  which is  an imidazole,  is  a  fungis ta t ic  agent .  

Speci f ical ly,  i t raconazole can be taken oral ly to t reat  aspergi l los is  in fec t ions and 

other deep fungal  in fec t ions,  such as b las tomycos is ,  coccid io idomycos is ,  

c ryptococcosis,  and h is top lasmosis . 
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I. Principles of Anti-Infective Therapy 
A. Def in i t ion.  Ant i - in fect ive agents t reat  in fect ion by suppress ing or 

dest roying the causat ive microorganisms—bacteria ,  mycobacteria ,  fungi ,  

protozoa,  or  v i ruses.  Ant i - infec t ive agents  der ived f rom natura l  substances 

are ca l led ant ib iot ics ; those produced f rom synthet ic  substances are ca l led 

ant imicrob ia ls .  These two terms are now used interchangeably. 

B.  Ind icat ions.  Conf i rm the presence of  in fec t ion by complet ing a careful  

h istory and physica l  examinat ion, search ing for  s igns and symptoms of  

in fec t ion as wel l  as  predispos ing factors .  Ant i - infec t ive agents  should be 

used only when 

1.  A s ign i f icant  in fec t ion has been d iagnosed or  is  st rongly suspected 

2.  An establ ished indicat ion for  prophylact ic  therapy exis ts 

C.  Gram sta in,  microbiolog ical  cu l tur ing,  and suscept ibi l i ty  tes ts  should be 

per formed before ant i - in fec t ive therapy is in i t ia ted.  Test materia ls  must  be 

obtained by a method that  avoids contaminat ion of  the spec imen by the 

pat ient 's  own f lora. 

1 .  Gram stain .  Per formed on a l l  spec imens except  blood cu l tures, the gram 

stain  he lps ident i fy the cause of  in fec t ion immediate ly.  By determining i f  the 

causat ive agent  is  gram posi t ive or  gram negat ive,  the test  al lows a bet ter  

choice of  drug therapy,  par t icular ly when an ant i - in fec t ive regimen must  

begin wi thout  de lay. 

a .  Gram-posi t ive microorganisms s ta in  blue or  purp le. 

b .  Gram-negative microorganisms s ta in  red or rose-p ink. 

c .  Fungi  may also be ident i f ied by gram sta in . 

2 .  Microbiologica l  cul tures.  To ident i fy the spec i f ic  causat ive agent ,  

spec imens of  body f lu ids or  in fec ted t issue are col lec ted for  analys is .  

3 .  Suscept ibi l i ty  tes ts .  Di f ferent s tra ins of  the same pathogenic  species may 

have widely varying suscept ib i l i ty  to  a part icu lar  ant i - infect ive agent .  

Suscept ibi l i ty  tes ts  determine microbial  suscept ibi l i ty  to  a  given drug and 

thus can be used to  predic t  whether  the drug wi l l  combat  the in fect ion 

ef fec t ively.  

a .  Microdi lu t ion method.  The drug is  di lu ted ser ia l ly  in  various media 

conta in ing the tes t  microorganism. 

(1)  The lowest  drug concentrat ion that prevents  microbial  growth af ter  18-

24 hr o f incubat ion is  ca l led the min imum inhibi tory concentrat ion (MIC).  

(2)  The lowest  drug concentrat ion that reduces bacter ial  dens i ty by 99.9% 

is  cal led the min imum bacteric idal  concentrat ion (MBC).  



(3)  Breakpoint  concentrat ions of  ant ib io t ics are used to  character ize 

ant ib io t ic  ac t iv i ty:  The interpret ive categor ies  are suscept ible ,  moderately 

suscept ib le  ( in termediate) ,  and resistant .  These concentrat ions are 

determined by cons idering pharmacok inet ics ,  serum and t issue 

concentrat ions fol lowing normal  doses,  and the populat ion d is t r ibut ion of  

MICs of  a  group of bacter ia  for  a g iven drug. 

b .  Ki rby-Bauer disk  d i f fus ion technique.  This  tes t is  less expensive but  less 

re l iab le  than the microdi lu t ion method;  however,  i t  provides qual i tat ive 

suscept ib i l i ty  in format ion.  

(1)  Fi l ter  paper disks impregnated wi th  speci f ic  drug quant i t ies  are p laced 

on the surface of  agar  p la tes st reaked wi th  a microorganism cul ture.  Af ter 

18 hr,  the s ize of   

P.914 

 

a  c lear inh ib i t ion zone is determined;  drug act iv i ty against  the tes t st ra in  is  

then correla ted to  zone size. 

(2)  The Ki rby-Bauer technique does not  re l iably predic t  therapeut ic  

e f fec t iveness against certa in microorganisms (e.g. ,  Staphylococcus aureus,  

Shige l la) .  

D.  Choice of agent .  An ant i - in fec t ive agent  should be chosen on the bas is  

o f  i ts  pharmacolog ica l  proper t ies  and spectrum of ac t iv i ty as  wel l  as on 

var ious host  (pat ient ) fac tors  (Figure 44-1) .  

1 .  Pharmacolog ical  proper t ies  inc lude the drug 's  ab i l i ty  to  reach the 

in fect ion s i te  and to atta in  a  des i red leve l  in  the target t issue. 

2 .  Spectrum of ac t iv i ty.  To t reat  an in fect ious d isease ef fec t ively,  an ant i -

in fec t ive drug must  be act ive against  the causat ive pathogen. Suscept ib i l i ty  

tes t ing or c l in ica l  exper ience in  t reat ing a g iven in fect ion may suggest  the 

ef fec t iveness of  a  par t icu lar drug. 

3 .  Pat ient  factors .  Select ion of  an ant i - in fec t ive drug reg imen must  take 

var ious pat ient fac tors  into  account  to  determine which type of drug should 

be adminis tered,  the correct drug dosage and administ ra t ion route, and the 

potent ia l  for  adverse drug ef fects .  

a .  Immunologica l  s ta tus. A pat ient  wi th  impai red immune mechanisms may 

requi re  a drug that  rap id ly dest roys pathogens ( i .e . ,  bacter ic idal  agent)  

ra ther  than one that  mere ly suppresses a pathogen's  growth or reproduct ion 

( i .e . ,  bacter iostat ic  agent) .  

b .  Presence of  a  foreign body.  The ef fec t iveness of  ant i - in fect ive therapy is  

reduced in  pat ients  who have prosthet ic  jo ints  or  va lves,  card iac  

pacemakers,  and various in ternal  shunts . 

c .  Age.  A drug 's  pharmacok inet ic  proper t ies may vary wide ly in  pat ients of  

d i f ferent  ages.  In  very young and very old  pat ients ,  drug metabol ism and 

excret ion commonly decrease.  Elderly pat ients  also have an increased r isk  

of  suf fer ing ototoxic i ty when receiv ing cer ta in  ant ib io t ics. 

d .  Under ly ing d isease 



(1)  Preexis t ing k idney or l iver  d isease increases the r isk  of  nephrotoxic i ty 

or  hepatotoxic i ty during the adminis t ra t ion of  some ant ibacter ia l  drugs. 

(2)  Pat ients wi th  centra l  nervous system (CNS) d isorders may suf fer 

neurotoxic i ty (motor  seizures)  dur ing penic i l l in  therapy. 

(3)  Pat ients wi th  neuromuscular  disorders (e .g. ,  myasthenia gravis)  are at  

increased r isk for develop ing neuromuscular  blockade dur ing 

aminoglycos ide or  po lymyxin B therapy. 

e .  His tory of  drug a l lergy or  adverse drug react ions.  Pat ients  who have had 

previous a l lergic or  o ther  untoward react ions to  a par t icu lar  ant ib iot ic  have 

a h igher  r isk  of exper ienc ing the same react ion dur ing subsequent  

adminis t ra t ion of  that  drug.  Except in l i fe- threatening si tuat ions,  pat ients  

who have had serious a l lerg ic  react ions to penic i l l in ,  for example,  should 

not  rece ive the drug again. 

f .  Pregnancy and lac tat ion.  Because drug therapy during pregnancy and 

lactat ion can cause unwanted ef fec ts ,  the mother 's  need for  the ant ibio t ic  

must  be weighed against the drug 's  potent ia l  harm. 

(1)  Pregnancy can increase the r isk of adverse drug ef fec ts  for  both mother  

and fe tus. Also, p lasma drug concentrat ions tend to  decrease in  pregnant 

women,  reduc ing a drug 's  therapeut ic  e ffec t iveness. 

(2)  Most  drugs,  inc lud ing ant ib io t ics ,  appear in  the breast  mi lk  o f  nursing 

mothers  and may cause adverse ef fec ts  in  in fants .  For  example, 

su l fonamides may lead to  toxic  bi l i rub in accumulat ion in  a newborn 's  bra in . 

g .  Genet ic  tra i ts 

(1)  Sul fonamides may cause hemolyt ic  anemia in pat ients  wi th  g lucose-6-

phosphate dehydrogenase (G6PD) def ic iency. 

(2)  Pat ients who rapidly metabol ize drugs ( i .e . ,  rap id  acetyla tors)  may 

develop hepat i t is  when receiv ing the ant i tubercu lar  drug isoniazid . 

E.  Empir ic  therapy.  In  ser ious or  l i fe-threatening d isease, ant i - in fec t ive 

therapy must begin before the in fect ing organism has been ident i f ied.  In  

th is  case,  the choice of  drug (or  drugs)  is based on c l in ical  exper ience,  

suggest ing that  a  par t icular  agent  is  e f fec t ive in  a g iven set t ing. 
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Figure 44-1. Approach to management of 
infection. 
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1 .  A broad-spectrum ant ib io t ic usual ly is  the most appropria te  choice unt i l  

the speci f ic  organism has been determined. 

2 .  In al l  cases,  cu l ture specimens must  be obtained before therapy begins.  

F.  Mul t ip le  ant ib io t ic  therapy.  A combinat ion of  drugs should be g iven only 

when c l in ical  exper ience has shown such therapy to  be more effec t ive than 

s ing le-agent therapy in  a par t icu lar  set t ing.  A mult ip le-agent  reg imen can 

increase the r isk of  toxic drug effec ts and,  in  a  few cases,  may resul t  in  

drug antagonism and subsequent  therapeut ic  inef fect iveness.  Indicat ions 

for  mult ip le-agent  therapy include 

1.  Need for  increased ant ib io t ic  e f fec t iveness.  The synerg is t ic  ( intens i f ied)  

e f fec t  o f  two or more agents  may a l low a dosage reduct ion or  a  fas ter  or  

enhanced drug effec t .  

2 .  Treatment  of  an in fec t ion caused by mul t ip le  pathogens (e.g. ,  in t ra-

abdominal  in fec t ion) 

3 .  Prevent ion of  pro l i ferat ion of drug-res is tant  organisms (e.g.,  dur ing 

t reatment  o f  tuberculos is)  

G.  Durat ion of  ant i - in fec t ive therapy. To achieve the therapeut ic  goal ,  ant i -

in fec t ive therapy must cont inue for a  suf f ic ient  durat ion. 

1 .  Acute uncompl icated in fect ion.  Treatment genera l ly should cont inue unt i l  

the pat ient  has been afebr i le  and asymptomat ic  for  a t least  72 hr .  

2 .  Chronic  in fec t ion (e.g.,  endocardi t is ,  osteomyel i t is ) .  Treatment  may 

requi re  a longer durat ion (4-6 weeks) wi th  fol low-up cu l ture analyses to  

assess therapeut ic  e f fect iveness. 

H.  Moni tor ing therapeut ic  e ffec t iveness. To assess the pat ient 's response 

to  ant i - in fect ive therapy, appropria te  spec imens should be cu l tured and the 

fo l lowing parameters  moni tored. 



1.  Fever  curve.  An important  assessment  tool ,  the fever curve may be a 

re l iab le  indicat ion of  response to  therapy.  Defervescence usual ly ind icates 

favorable response. 

2 .  Whi te  blood ce l l  (W BC) count .  In the in i t ia l  s tage of  in fec t ion,  the 

neutrophi l  count  f rom a per iphera l  b lood smear may r ise above normal  

(neutrophi l ia),  and immature neutrophi l  forms ( “bands”)  may appear ( “ le f t  

sh i f t ” ) .  In  pat ients who are elderly,  debi l i ta ted,  or suffer ing overwhelming 

in fect ion,  the W BC count may be normal  or  subnormal.  

3 .  Radiographic  f ind ings. Smal l  e f fusions,  abscesses,  or cavi t ies that  

appear on rad iographs ind icate the focus of  in fec t ion. 

4 .  Pain and inf lammation (as evidenced by swel l ing,  erythema, and 

tenderness)  may occur  when the infect ion is  superf ic ial  or wi th in  a  jo in t  or 

bone,  also indicat ing a poss ible  focus of infec t ion.  

5 .  Erythrocyte sedimentat ion ra te (ESR or  “sed rate”) .  Large e levat ions in  

ESR are assoc iated wi th acute or  chronic  in fec t ion,  par t icular ly 

endocard i t is ,  chronic  osteomyel i t is ,  and in t ra-abdominal  in fec t ions.  A 

normal  ESR does not  exc lude in fect ion;  more of ten,  ESR is elevated as a 

resul t  o f  noninfect ious causes such as co l lagen vascular d isease. 

6 .  Serum complement  concentrat ions,  par t icular ly the C3 component ,  are 

of ten reduced in ser ious in fect ions because of  consumpt ion dur ing the host  

defense process. 

I .  Lack of therapeut ic  e ffec t iveness.  When an ant ib io t ic  drug regimen fa i ls,  

o ther drugs should not be added ind iscr iminately or  the reg imen otherwise 

changed.  Instead,  the s i tuat ion should be reassessed and d iagnost ic  e ffor ts  

in tensi f ied. Causes of  therapeut ic  inef fec t iveness inc lude the fol lowing: 

1 .  Misd iagnosis.  The isola ted organism may have been mis ident i f ied by the 

laboratory or  may not  be the causat ive agent for in fec t ion (e .g. ,  the pat ient  

may have an unsuspected infect ion) .  

2 .  Improper drug reg imen.  The drug dosage,  admin is t ra t ion route,  dosing 

f requency,  or durat ion of therapy may be inadequate or  inappropr ia te . 

3 .  Inappropr iate  choice of  ant ib iot ic  agent .  As discussed in I .D, pat ient  

fac tors and the pharmacolog ica l  proper t ies  and spectrum of ac t iv i ty o f  a  

g iven drug must  be considered when p lanning ant i - in fec t ive drug therapy. 
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4 .  Microbial  res is tance.  By acqui r ing res is tance to  a speci f ic  ant ib io t ic ,  

microorganisms can survive in the drug 's presence.  Many gonococcal 

s t rains ,  for  instance,  now res is t  penic i l l in .  Drug res is tance is  part icu lar ly 

common in  geographical  areas in  which a speci f ic  drug has been used 

excess ively (and perhaps improper ly) .  

5 .  Unreal ist ic  expectat ions.  Ant ib io t ics  are inef fec t ive in  cer tain  

c i rcumstances. 

a .  Pat ients  wi th  condi t ions that requi re  surgica l  dra inage f requent ly cannot  

be cured by ant i - in fec t ive drugs unt i l  the dra in  has been removed.  For  



example, the presence of  necrot ic  t issue or  pus in  pat ients  wi th  pneumonia,  

empyema, or  renal  calcul i  is  a  common cause of  ant ib io t ic  fa i lure. 

b .  Fever  should not be t reated wi th  ant i - infec t ive drugs unless in fec t ion has 

been ident i f ied as the cause.  Al though fever f requent ly s igni f ies infec t ion,  i t  

sometimes s tems f rom noninfect ious condi t ions (e .g. ,  drug react ions,  

ph leb i t is ,  neoplasms, metabol ic  disorders,  ar thr i t is ) .  These condit ions do 

not  respond to  ant ib iot ics .  One except ion to this  posi t ion is neutropenic  

cancer pat ients ;  such pat ients  wi th no signs or  symptoms of  in fec t ion other  

than fever are wide ly t reated wi th  ant imicrob ial  agents . 

6 .  Infec t ion by two or  more types of  microorganisms. I f  not detected 

in i t ia l ly ,  an addi t ional  cause of  in fect ion may lead to  therapeut ic fai lure. 

J .  Ant imicrob ial  prophylaxis  for  surgery 

1.  Def ini t ion.  Ant ib io t ic  prophylaxis  is a  shor t  course of  ant ib io t ic  

adminis tered before there is  c l in ica l  evidence of  in fec t ion. 

2 .  General  cons iderat ions 

a.  Timing.  The ant ib io t ic  should be admin is tered to  ensure that  appropr iate  

ant ib io t ic  leve ls  are avai lable  at  the s i te  of  contaminat ion before the 

incis ion.  In i t ia t ion of prophylaxis  is  o f ten at  induct ion of anesthes ia,  wi th in  

1  hr  or  just  before the surg ica l  inc is ion. Th is  ensures peak serum and 

t issue ant ib iot ic  leve ls .  

b .  Durat ion. Prophylaxis  should be mainta ined for the durat ion of  surgery.  

Long surgica l  procedures (e.g. ,  >  3  hr) may requi re  addi t ional  doses.  There 

is  l i t t le evidence to  support  cont inuat ion of prophylaxis  beyond 24 hr.  

c .  Ant ib iot ic  spectrum should be appropr ia te  for  the usual  pathogens. 

(1)  In genera l ,  f i rs t -generat ion cephalosporins  (e.g. ,  cefazol in)  are the 

drugs of  choice for  most  procedures and pat ients . These agents  have an 

appropr ia te spectrum, a low f requency of  s ide ef fec ts ,  a  favorable ha l f - l i fe ,  

and a low cost .  

(2)  Vancomycin is a  sui tab le  al ternat ive in  penic i l l in -sens i t ive pat ients  and 

in  s i tuat ions in  which meth ic i l l in - res is tant  S.  aureus is  a  concern. 

d .  Route of  administ ra t ion.  Int ravenous ( IV)  or intramuscular  ( IM) routes are 

preferred to guarantee good serum and t issue leve ls  a t  the t ime of  incis ion. 

II. Antibacterial Agents 
A. Def in i t ion and c lass i f icat ion.  Used to  treat  in fec t ions caused by bacter ia ,  

ant ibacter ial  agents  fa l l  in to  severa l  major  categor ies:  aminoglycos ides,  

carbapenems,  cephalospor ins ,  erythromycins,  penic i l l ins  ( inc lud ing various 

subgroups) ,  su l fonamides,  te t racycl ines,  f luoroquinolones,  metron idazole 

(see V.C.2.b) ,  ur inary t rac t  ant isept ics ,  and misce l laneous ant i - in fect ives 

(Table 44-1).  

B.  Aminoglycosides.  These drugs,  containing amino sugars,  are used 

pr imar i ly in infec t ions caused by gram-negative enterobacteria and in  

suspected seps is .  They have l i t t le  ac t iv i ty against  anaerobic  and facul ta t ive 

organisms.  The toxic  potent ia l  o f  these drugs l imits  the ir  use. Major  



aminoglycos ides include amikacin (Amik in) ,  gentamic in  (Garamycin),  

kanamycin, neomycin,  net i lmic in ,  s t reptomycin, and tobramycin (Nebc in).  

1 .  Mechanism of  ac t ion.  Aminoglycos ides are bacter ic ida l ;  they inh ib i t  

bacter ia l  prote in  synthesis  by b ind ing to  and impeding the funct ion of  the 

30S r ibosomal  subunit .  (Some aminoglycos ides also b ind to  the 50S 

r ibosomal  subunit . )  Thei r mechanism of ac t ion is  not  fu l ly  known.  
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Table 44-1. Some Important Parameters of Anti-Infective Drugs 

Agent 
Elimination 

Route Half-Life 
Administrat

ion Route 

Common 
Dosage Range 

(Adults) 

Aminoglycosides 

 

Amikacin Renal 2-3 hr IV, IM 15 
mg/kg/da
y, (once 
daily 
dose) 

 

Gentamicin Renal 2 hr IV, IM 3 
mg/kg/da
y 
(standard 
dose); 6-7 



mg/kg/da
y (once 
daily 
dose) 

 

Kanamycin Renal 2-4 hr Oral, 
IV 

15 mg/kg 
every 8-
12 hr 

 

Neomycin Renal 2-3 hr Oral, 
topical 

50-100 
mg/kg/da
y (oral); 
10-15 
mg/day 
(topical) 

 

Netilmicin Renal 2-7 hr IV, IM 3-6 
mg/kg/da
y 

 

Streptomycin Renal 2-3 hr IM 15 
mg/kg/da
ya 

 

Tobramycin Renal 2-5 hr IV, IM 3 
mg/kg/da
y 
(standard 
dose); 6-7 
mg/kg/da
y, (once 
daily 
dose) 

Carbapenems 

 
Doripenem Renal 1 hr IV 500 mg 

every 8 hr 

 Imipenem Renal 1 hr IV 250 mg-1 



g every 6 
hr 

 Ertapenem Renal 4 hr IV, IM 1 g/day 

 
Meropenem Renal 1.5 hr IV, IM 0.5-2 g 

every 8 hr 

Cephalosporins 

 First-generation 

  Cefadroxil Renal 1.5 hr Oral 1-2 g/day 

  

Cefazolin Renal 1.4-2.2 
hr 

IV 250 mg-1 
g every 8 
hr 

  

Cephalexi
n 

Renal 0.9 1.3 
hr 

Oral 250-500 
mg every 
6 hr 

  

Cephapirin Renal 
(H) 

0.6-0.8 
hr 

IV, IM 500 mg-2 
g every 4-
6 hr 

  

Cephradin
e 

Renal 1.3 hr Oral, 
IV 

250-500 
mg every 
6 hr 

 Second-generation 

  

Cefaclor Renal 
(H) 

0.8 hr Oral 250-500 
mg every 
8 hr 

 

  Cefmetazo Renal 72 min IV 2 g every  



le 6-12 hr 

  

Cefotetan Renal 2.8-4.6 
hr 

IV, IM 1-2 g 
every 12 
hr 

 

  

Cefoxitin Renal 0.8 hr IV 1-2 g 
every 6-8 
hr 

 

  

Cefprozil Renal 78 min Oral 250-500 
mg every 
12-24 hr 

 

  

Cefuroxim
e 

Renal 1.5-2.2 
hr 

IV, IM 750 mg-
1.5 g 
every 8 hr 

 

  

Loracarbef Renal 1 hr Oral 200 mg 
every 12 
hr or 400 
mg/day 

 

 Third-generation  

  
Cefixime Renal 3-4 hr Oral 400 

mg/day 
 

  

Cefdinir Renal 1.7-1.8 
hr 

Oral 300 mg 
every 12 
hr 

 

  

Cefoperaz
one 

Hepatic 1.6-2.4 
hr 

IV 2-4 g 
every 12 
hr 

 

  

Cefotaxim
e 

Renal 
(H) 

1.5 hr IV 1-2 g 
every 6-8 
hr 

 



  

Cefpodoxi
me 

Renal 2.5 hr Oral 100-400 
mg every 
12 hr 

 

  

Ceftazidim
e 

Renal 1.8 hr IV, IM 1-2 g 
every 8-
12 hr 

 

  
Ceftibuten Renal 2.5 hr Oral 400 

mg/day 
 

  

Ceftizoxi
me 

Renal 1.7 hr IV 1-2 g 
every 8-
12 hr 

 

  
Ceftriaxon
e 

Renal 8 hr IV, IM 1-2 g/day 
 

 Fourth-generation  

  

Cefepime Renal 2-2.3 
hr 

IV, IM 1-2 g 
every 8-
12 hr 

 

Erythromycins and other macrolides  

 
Azithromycin Hepatic 68 hr Oral 250 

mg/day 
 

 

Clarithromycin Renal 3-7 hr Oral 250-500 
mg every 
12 hr 

 

 
Dirithromycin Hepatic 8 hr Oral 500 

mg/day 
 

 
Erythromycin base 
estolate, 

Hepatic 1.2-2.6 
hr 

Oral 250-500 
mg every 

 



ethylsuccinate, and 
stearate 

6 hr 

 

Erythromycin 
gluceptate and 
lactobionate   

IV 0.5-2 g 
every 6 hr  

Natural penicillins  

 

Penicillin G Renal 
(H) 

0.5 hr Oral, 
IV, IM 

200,000-
500,000 
U every 
6-8 hr 

 

 
Penicillin V Renal 1 hr Oral 500 mg-2 

g/day 
 

 

Penicillin G 
procaine 

Renal 24-60 
hr 

IM 300,000-
600,000 
U/day 

 

 

Penicillin G 
benzathine 

Renal 24-60 
hr 

IM 300,000-
600,000 
U/day 

 

Penicillinase-resistant penicillins  

 

Cloxacillin Renal 
(H) 

0.5 hr Oral 250-500 
mg every 
6 hr 

 

 
Dicloxacillin Renal 

(H) 
0.5-0.9 
hr 

Oral 500 mg-1 
g/day 

 

 

Methicillin Renal 
(H) 

0.5-1 
hr 

IV, IM 1-2 g 
every 4-6 
hr 

 



 
Nafcillin Hepatic 

(R) 
0.5 hr Oral, 

IV, IM 
0.25-2 g 
every 6 hr 

 

 

Oxacillin Renal 
(H) 

0.5 hr Oral, 
IV, IM 

500 mg-2 
g every 4-
6 hr 500-
875 mg 
every 12 
hr 

 

Aminopenicillins  

 

Amoxicillin Renal 
(H) 

0.9-2.3 
hr 

Oral 250-500 
mg every 
8 hr 

 

 

Amoxicillin/clavula
nic acid 

Renal 1 hr Oral 250-500 
mg every 
8 hr 

 

 

Ampicillin Renal 
(H) 

0.8-1.5 
hr 

Oral, 
IV, IM 

250 mg-2 
g every 4-
6 hr 

 

 
Ampicillin/sulbacta
m 

Renal 1-1.8 
hr 

IV, IM 1.5-3 g 
every 6 hr 

 

Extended-spectrum penicillins  

 

Mezlocillin Renal 
(H) 

0.6-1.2 
hr 

IV, IM 1-3 g 
every 4-6 
hr 

 

 

Piperacillin Renal 
(H) 

0.8-1.4 
hr 

IV, IM 1-1.5 
mg/kg 
every 6-
12 hr 

 

 Piperacillin/tazobact Renal 0.7-1.2 IV 3.375 g  



am hr every 6 hr 

 

Ticarcillin Renal 0.9-1.5 
hr 

IV, IM 1-3 g 
every 4-6 
hr 

 

 

Ticarcillin/clavulani
c acid 

Renal 1-1.5 
hr 

IV 3.1 g 
every 4-6 
hr 

 

Sulfonamides  

 
Sulfacytine Renal 4-4.5 

hr 
Oral 250 mg 

every 6 hr 
 

 
Sulfadiazine Renal 

(H) 
6 hr Oral, 

IV 
2-4 g/day 

 

 
Sulfamethoxazole Hepatic 

(R) 
9-11 hr Oral 1-3 g/day 

 

 
Sulfisoxazole Renal 

(H) 
3-7 hr Oral, 

IV 
2-8 g/day 

 

 

Sulfamethizole Renal — Oral 0.5-1 g 
every 6-8 
hr 

 

Tetracyclines  

 
Demeclocycline Renal 10-17 

hr 
Oral 300 mg-1 

g/day 
 

 

Doxycycline Hepatic 14-25 
hr 

Oral, 
IV 

100-200 
mg every 
12 hr 

 



 

Minocycline Hepatic 12-15 
hr 

Oral, 
IV 

100-200 
mg every 
12 hr 

 

 

Oxytetracycline Renal 6-12 hr Oral, 
IM 

250-500 
mg every 
6 hr 250-
500 mg 
q.i.d. or 
300 
mg/day in 
1 or 2 
divided 
doses 

 

 
Tetracyclineb Renal 6-12 hr Oral, 

IV, IM 
1-2 g/day 

 

Fluoroquinolones  

 

Ciprofloxacin Renal 
(H) 

5-6 hr IV 200-600 
mg every 
12 hr 

 

 

Enoxacin Renal 
(H) 

3-6 hr Oral 200 
mg/day-
400 mg 
every 12 
hr 

 

 
Gemifloxacin Fecal (R) 4-12 hr Oral 320 mg 

once daily 
 

 
Lomefloxacin Renal 6.35-

7.77 hr 
Oral 400 

mg/day 
 

 

Levofloxacin Renal 8 hr IV, 
Oral 

250-500 
mg every 
24 hr 

 



 
Moxifloxacin Hepatic 12 hr Oral 400 mg 

once daily 
 

 

Ofloxacin Renal 5-7.5 
hr 

Oral 100 
mg/day-
400 mg 

 

Urinary tract antiseptics  

 

Cinoxacin Renal 1-1.5 
hr 

Oral 250 mg 
every 6 hr 
or 500 mg 
every 12 
hr 

 

 

Fosfomycin Renal/fec
al 

5.7 hr Oral One 
packet (3 
g) in 90-
120 mL 
water × 1 
dose 

 

 

Methenamine 
hippurate and 
mandelate 

Renal 1-3 hr Oral 0.5-2 g 
q.i.d.  

 Nalidixic acid Renal 8 hr Oral 4 g/day  

 

Nitrofurantoin Renal 0.3-1 
hr 

Oral 5-7 
mg/kg/da
y 

 

 Norfloxacin Hepatic 3-4 hr Oral 400 b.i.d.  

Miscellaneous anti-infectives  

 

Atovaquone Fecal 50-84 
hr 

Oral 750 mg 
b.i.d. × 21 
days 

 



 

Aztreonam Renal 1.7 hr Oral, 
IV 

50-100 
mg/kg/da
y 

 

 

Clindamycin Hepatic 2-4 hr Oral, 
IM, IV 

300-900 
mg every 
6-8 hr 

 

 
Clofazimine Hepatic 70 

days 
Oral 50-100 

mg/day 
 

 
Dapsone Hepatic 

(R) 
28 hr Oral 50-100 

mg/day 
 

 

Daptomycin Renal 8 hr IV 4 
mg/kg/da
y 

 

 

Lincomycin Hepatic 
(R) 

4.4-6.4 
hr 

IV, IM 600 mg-1 
g every 8-
12 hr 

 

 

Linezolid Renal 4-6 hr Oral, 
IV 

600 mg 
every 12 
hr 

 

 

Mupirocin Renal 19-35 
min 

Topical Apply 
every 8-
12 hr 

 

 

Quinupristin/dalfopr
istin 

Hepatic 1 
hr/0.4-
0.5 hr 

IV 7.5 mg/kg 
every 8 hr  

 
Rifaximin Fecal 6 hrs Oral 200 mg 

t.i.d. 
 

 
Spectinomycin Renal 1.2-2.8 

hr 
IM 2-4 g 

(single 
 



dose) 

 
Telithromycin Hepatic 

(R) 
10 hr Oral 800 

mg/day 
 

 

Tigecycline Biliary 
(R) 

42 hr IV 100 mg 
load, 50 
mg every 
12 hr 

 

 
Trimethoprim Renal 

(H) 
8-15 hr Oral 100-200 

mg/day 
 

 
Vancomycin Renal 6-8 hr Oral, 

IV 
500 mg 
every 6 hr 

 

Antifungal agents  

 

Amphotericin B Unknow
n 

24 hr IV 1-1.5 
mg/kg/da
y 

 

 

Anidulafungin Fecal (R) 40-50 
hr 

IV Candidem
ia: 200 
mg day 1, 
then 100 
mg/day 

 

      

Esophage
al 
candidiasi
s: 100 mg 
day 1, 
then 50 
mg/day 

 

 

Caspofungin Hepatic 9-11 hr IV 70 mg on 
day 1, 
then 50 
mg q.d. 

 



 
Fluconazole Renal 22-37 

hr 
IV, 
Oral 

100-800 
mg/day 

 

 

Flucytosine Renal 6 hr Oral 50-150 
mg/kg/da
y 

 

 
Griseofulvin Hepatic 

(R) 
9-24 hr Oral 300-375 

mg/day 
 

 
Itraconazole Hepatic 24-42 

hr 
Oral 200-600 

mg/day 
 

 

Ketoconazole Hepatic/f
ecal 

3.3 hr Oral 200-400 
mg/day 
b.i.d 

 

 

Micafungin Hepatic 11-17 
hr 

IV Esophage
al 
candidiasi
s: 150 
mg/day 

 

      

HSCT 
prophylas
is: 50 
mg/day 

 

 
Miconazole Hepatic 20-24 

hr 
Oral 200-400 

mg/day 
 

 

Nystatin Fecal — Oral 500,000-
1,000,000 
U t.i.d. 

 

 
Posaconazole Fecal/ren

al 
35 hrs Oral 200 mg 

t.i.d. 
 

 Terbinafine Hepatic 11-16 Oral 250  



(R) hr mg/day 

 

Voriconazole Hepatic 6 hr IV, 
Oral 

IV: 6 
mg/kg 
every 12 
hr × 2 
doses, 
then 4 
mg/kg 
every 12 
h; oral: 
200 mg 
every 12 
h for > 40 
kg, 100 
mg every 
12 h for < 
40 kg 

 

Antiprotozoal agents  

 
Atovaquone Hepatic 67 hr Oral 750 mg 

b.i.d. 
 

 
Chloroquine Renal/fec

al 
72-120 
hr 

IM, 
Oral 

Depends 
on disease 

 

 
Diloxanide Renal — IM 500 mg 

t.i.d. 
 

 

Eflornithine Renal 3 hr IV 100 
mg/kg/do
se every 6 
hr 

 

 

Fansidar Renal 100-
231 hr 

Oral 1 tablet 
every 
week 

 

 Halofantrine Hepatic 3-4 Oral 500 mg  



days every 6 hr 
× 3 doses; 
repeat in 
7 days 

   

Renal 72-120 
hr 

Oral 310 mg 
every 
week 

 

 
Hydroxychloro
quine 

     

 

Iodoquinol Fecal — Oral 650 mg 
t.i.d. for 
20 days 

 

 

Mefloquine Hepatic 15-33 
days 

Oral 1250 mg 
single 
dose 

 

 

Metronidazole Hepatic 
(R) 

6-14 hr Oral, 
IV 

250-500 
mg every 
6-8 hr 

 

 

Nitazoxanide Hepatic 1-1.6 
hr 

Oral 100-200 
mg b.i.d. 
based on 
age 

 

 

Paromomycin Fecal — Oral 25-35 
mg/kg/da
y 

 

 

Pentamidine Renal 6-9 hr IM, IV, 
inhalati
on 

IV, IM: 3-
4 mg/kg 
every 
day; 
inhalation
: 300 mg 
every 4 

 



weeks 

 

Primaquine Hepatic 3.7-9.6 
hr 

Oral 15 mg 
(base)/da
y 

 

 

Pyrimethamine Renal 111 hr Oral 25 mg 
every 
week 

 

 
Quinacrine 

 
5 days Oral 100 

mg/day 
 

 
Quinine Renal 12 hr Oral 325 mg 

b.i.d. 
 

 
Tinidazole Hepatic 

(R) 
13.2 hr Oral 2 g q.d. × 

1-3 days 
 

Antitubercular agents  

 

Aminosalicylic acid Renal 1 hr Oral 150 
mg/kg 
daily 
(maximu
m 12 
g/day) 

 

 

Capreomycin Renal 4-6 hr IM 15 
mg/kg/da
y to 1 
g/day 
maximum 

 

 

Cycloserine Renal 10 hr Oral 15-20 
mg/kg 
(maximu
m 1 
g/day) 

 



 

Ethambutol Hepatic 3.3 hr Oral 15-25 
mg/kg/da
y 

 

 
Ethionamide Hepatic 3 hr Oral 500 mg-1 

g/day 
 

 

Isoniazid Hepatic 1-4 hr Oral, 
IV 

5-10 
mg/kg 
daily 
(maximu
m dose = 
300 mg) 

 

 

Pyrazinamide Hepatic 9-10 hr Oral 15-30 
mg/kg 
daily 
(maximu
m 2 
g/day) 

 

 

Rifampin Hepatic 2-3 hr Oral, 
IV 

10 mg/kg 
(up to 600 
mg) q.d. 

 

 
Rifabutin Hepatic 45 hr Oral 300 mg 

q.d. 
 

 

Rifepentine Hepatic 13.9 hr 
(active 
metabo
lite 
\13.4 
hr) 

Oral 600 mg 
every 3 
days 

 

Antiviral agents  

 

Abacavir Hepatic 1.5 hr Oral 300 mg 
b.i.d. or 
600 mg 

 



every day 

 
Adefovir Renal 7.5 hr Oral 10 mg 

every day 
 

 

Acyclovir Renal 2.2 hr Oral, 
IV, 
topical 

IV: 5-10 
mg/kg 
every 8 
hr; oral: 
200-800 
mg 3-5 × 
daily 
(dependin
g upon 
indication
) 

 

 

Amantadine Renal 17 hr Oral 100 mg 
b.i.d. or 
200 mg 
every day 

 

 

Amprenavir Hepatic 7-10 hr Oral 1200 mg 
b.i.d. 
(caps) 

 

 
Atazanavir Hepatic 7 hr Oral 400 mg 

every day 
 

 

Cidofovir Renal 6.5 hr IV 5 mg/kg 
week × 2 
(induction
); 5 
mg/kg 
every 2 
weeks 
(maintena
nce) 

 

 
Darunavir Hepatic 15 hr Oral 600 mg 

plus 100 
 



mg 
ritonavir 
b.i.d. 

 
Delavirdine Hepatic 

(R) 
2-11 hr Oral 400 mg 

t.i.d. 
 

 

Didanosine Renal 1.5 hr Oral ≥ 60 kg: 
400 mg 
every day 
(EC 
caps); < 
60 kg: 
250 mg 
every day 
(EC caps) 

 

 

Emtricitabine Renal 10 hr Oral 200 mg 
every day 
(caps) 

 

 
Enfuvirtide n/a 3.8 hr SC 90 mg 

b.i.d. 
 

 

Entecavir Renal 128-
149 hr 

Oral 0.5 mg 
every 
day, or 1 
mg every 
day in 
patients 
with 
lamivudin
e 
resistance 

 

 
Efavirenz Hepatic 40-55 

hr 
Oral 600 mg at 

bedtime 
 

 

Famciclovir Renal 2-2.3 
hr 

Oral 250-500 
mg every 
8-12 hr 

 



 
Fosamprenavir Hepatic 7.7 hr Oral 1400 mg 

b.i.d. 
 

 

Foscarnet Renal 3-6 hr IV 90 mg/kg 
every 12 
hr × 14-
21 days 
(CMV 
induction)
; 90 
mg/kg 
every day 
(CMV 
maintena
nce) 

 

 

Ganciclovir Renal 2.9 hr IV 5 mg/kg 
every 12 
hr 
(induction
) × 14-21 
days; 5 
mg/kg 
every day 
(maintena
nce) 

 

    

4.8 hr Oral 1000 mg 
t.i.d. 
(after 
induction) 

 

 
Indinavir Hepatic 1.4-2.2 

hr 
Oral 800 mg 

every 8 hr 
 

 

Lamivudine Renal 3-7 hr Oral 150 mg 
b.i.d. or 
300 mg 
daily 

 

 
Lopinavir/ritonavir Hepatic 4.4-6.1 

hr 
Oral 200 

mg/50 mg 
 



per tab (2 
tablets 
b.i.d.) 

 

Maraviroc Hepatic 14-18 
hr 

Oral 150-600 
mg b.i.d., 
dependin
g upon 
concomit
ant 
medicatio
ns 

 

 
Nelfinavir Hepatic 3.5-5 

hr 
Oral 1250 mg 

b.i.d. 
 

 

Nevirapine Renal 
(H) 

25-30 
hr 

Oral 200 mg 
every day 
× 14 
days, then 
200 mg 
b.i.d. 

 

 

Oseltamivir Renal 6-10 hr Oral 75 mg 
b.i.d. 
(treatment
); 75 mg 
every day 
(prophyla
xis) 

 

 
Raeltegravir Hepatic 9 hr Oral 400 mg 

b.i.d. 
 

 

Ribavirin Renal 298 hr Oral 800-1200 
mg daily, 
divided 
into 2 
doses 

 

 Rimantadine Renal 25 hr Oral 100 mg  



b.i.d. 

 

Ritonavir Hepatic 3-5 hr Oral 100-400 
mg daily, 
divided in 
1 or 2 
doses (as 
booster 
agent 
with other 
PIs) 

 

 

Saquinavir Hepatic 13 hr Oral 1000 mg 
(Invirase) 
plus 100 
mg 
ritonavir 
b.i.d. 

 

 

Stavudine Renal 1.5 hr Oral ≥ 60 kg: 
40 mg 
every 12 
hr; < 60 
kg: 30 mg 
every 12 
hr 

 

 
Telbivudine Renal 40-49 

hr 
Oral 600 mg 

every day 
 

 
Tenofovir Renal 10-14 

hr 
Oral 300 mg 

daily 
 

 

Tipranavir Hepatic 6 hr Oral 500 mg 
plus 200 
mg 
ritonavir 
b.i.d. 

 

 
Valacyclovir Renal 2.5-3.6 

hr 
Oral 0.5-1 g 

every day 
 



or b.i.d. 
or t.i.d. 

 

Valganciclovir Renal 4 hr Oral 900 mg 
b.i.d. × 21 
days 
(induction
), 900 mg 
every day 
(maintena
nce) 

 

 
Zalcitabine Renal 1-3 hr Oral 0.75 mg 

t.i.d. 
 

 

Zanamivir Renal 2.5-5.1 
hr 

Inhalati
on 
(Diskha
ler) 

2 
inhalation
s (10 mg) 
b.i.d. 
(treatment
); 10 mg 
every day 
(prophyla
xis) 

 

 
Zidovudine Renal 

(H) 
1.5-3.1 
hr 

Oral 300 mg 
b.i.d. 

 

     

IV 2 mg/kg 
over 1 hr, 
then 1 
mg/kg/hr 
until cord 
clamping 
(intrapart
um 
perinatal 
prophylax
is for 
pregnant 
women) 

 



Anthelmintics  

 
Albendazole Hepatic 8-12 hr Oral 400-800 

mg daily 
 

 

Diethylcarbamazine Renal 8 hr Oral 25 
mg/day 
for 3 
days, then 
50 
mg/day 
for 5 
days, then 
100 
mg/day 
for 3 
days, then 
150 
mg/day 
for 12 
days 

 

 

Ivermectin Hepatic 16-35 
hr 

Oral 150-200 
mcg/kg × 
1 dose 

 

 

Mebendazole Hepatic 8 hr Oral 100 mg 
b.i.d. × 3 
consecuti
ve days 

 

 

Praziquantel Hepatic 0.8-3 
hr 

Oral 60-75 
mg/kg in 
3 divided 
doses on 
the same 
day 

 

 

Pyrantel Hepatic — Oral 11 mg/kg 
(maximu
m = 1 g) 
as a 

 



single 
dose 

 

Thiabendazole Hepatic — Oral Dose 
based 
upon 
weight 
chart in 
prescribin
g 
informati
on, 100 
lb: 1 g 
b.i.d. 125 
lb: 1.25 g 
b.i.d. > 
150 lb: 
1.5 g 
b.i.d. 

 

CMV, cytomegalovirus; EC cap, enteric-coated capsule; H, additional 
significant hepatic elimination; HSCT, hematopoietic stem cell transplant; 
IM, intramuscular; IV, intravenous; PIs, protease inhibitors R, additional 
significant renal elimination; SC, subcutaneous. 

 

a Dosage applies to infections other than tuberculosis; for tuberculosis, 
dosage is 1 g/day. 
 
b Intravenous agent withdrawn from U.S. market. 
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2 .  Spectrum of ac t iv i ty 

a .  St reptomycin is ac t ive against  both gram-pos i t ive and gram-negat ive 

bacter ia .  However,  widespread resistance to  this drug has rest r ic ted i ts  use 

to  the organisms that cause p lague and tu laremia,  gram-pos i t ive 

s t reptococci  (g iven in combinat ion wi th  penic i l l in ) ,  and Mycobacter ium 

tuberculos is  (given in combinat ion wi th  other ant i tubercular agents ,  as 

descr ibed in  VI .C.2) .  

b .  Amikacin, kanamycin,  gentamicin , tobramycin,  neomycin,  and net i lmic in 

are act ive against  many gram-negative bacter ia  (e .g . ,  Proteus,  Serrat ia,  

and Pseudomonas organisms). 



(1)  Gentamic in is  ac t ive against  some Staphylococcus s t ra ins ; i t  is  more 

act ive than tobramycin against Serrat ia  organisms. 

(2)  Amikacin is the broadest  spectrum aminoglycos ide wi th act iv i ty against  

most  aerobic  gram-negative bac i l l i  as  wel l  as many anaerobic  gram-

negat ive bacterial  st rains  that  resist  gentamicin  and tobramycin.  I t  is  also 

act ive against  M.  tubercu los is  and Mycobacterium avium-in t racel lu lare 

(MAI) .  

(3)  Tobramycin may be more act ive against  Pseudomonas aeruginosa than 

gentamicin . 

(4)  Net i lmic in  may be act ive against gentamic in-res is tant  organisms; i t  

appears  to be less ototoxic  than other  aminoglycos ides. 

(5)  Neomycin, in addi t ion to  i ts  ac t iv i ty against such gram-negat ive 

organisms as Escherich ia  co l i  and Klebs ie l la  pneumoniae,  is ac t ive against  

several  gram-pos i t ive organisms (e.g. ,  S.  aureus) .  P.  aeruginosa and most  

s t reptococci  are now neomycin resis tant.  

3 .  Therapeut ic  uses 

a.  St reptomycin is used to  t reat  p lague,  tu laremia,  acute brucel losis  (g iven 

in  combinat ion wi th  te t racyc l ine),  bacter ia l  endocard i t is  caused by 

Streptococcus vi r idans (g iven in  combinat ion wi th  penic i l l in ) ,  and 

tuberculos is  (given in combinat ion wi th  other ant i tubercular agents ,  as 

descr ibed in  VI .C.2) .  

b .  Gentamic in,  tobramycin,  amikac in,  and net i lmic in  are therapeut ic  for  

ser ious gram-negative bac i l lary infect ions (e .g. ,  those caused by 

Enterobacter ,  Serrat ia ,  Klebs ie l la ,  and P.  aeruginosa),  pneumonia (given in  

combinat ion wi th  a cephalospor in or  penic i l l in) ,  meningi t is ,  compl icated 

ur inary t rac t  in fect ions,  os teomyel i t is ,  bacteremia,  and per i toni t is .  

c .  Neomycin is  used for preoperat ive bowel  s ter i l izat ion;  hepat ic  coma (as 

adjunct ive therapy) ;  and, in  topica l  form,  for  skin  and mucous membrane 

in fect ions (e .g. ,  burns) .  

4 .  Precaut ions and moni tor ing effec ts .  Aminoglycos ides can cause ser ious 

adverse ef fec ts .  To prevent  or  minimize such problems,  blood drug 

concentrat ions and blood urea ni t rogen (BUN) and serum creat in ine levels  

should be monitored dur ing therapy. 

a .  Ototoxic i ty.  Aminoglycos ides can cause vest ibu lar or  audi tory damage. 

The re la t ive ototoxic i ty is  as  fo l lows: 

s t reptomycin = kanamycin > amikac in = gentamic in  = tobramycin > 

net i lmic in 

(1)  Gentamic in and st reptomycin cause primar i ly vest ibu lar  damage 

(mani fes ted by t inn i tus,  ver t igo,  and ataxia) .  Such damage may be bi la tera l  

and i r revers ib le . 

(2)  Amikacin, kanamycin,  and neomycin cause mainly audi tory damage 

(hearing loss) .  

(3)  Tobramycin can resul t  in both vest ibu lar  and audi tory damage. 

b .  Nephrotoxic i ty.  Because aminoglycosides accumulate in the proximal  

tubule, mi ld renal dysfunct ion develops in  up to  25% of  pat ients  receiv ing 



these drugs for  severa l  days or  more.  Usual ly,  th is  adverse effec t  is  

reversib le .  Use of  once-dai ly admin is t ra t ion (ODA) has been repor ted in  the 

l i terature to  be as ef fec t ive and less nephrotoxic  than t rad i t ional  dos ing. 

(1)  Neomycin is the most nephrotoxic  aminoglycos ide;  s t reptomycin is the 

least  nephrotoxic .  Gentamic in and tobramycin are nephrotoxic  to  

approximately the same degree. 

(2)  Risk fac tors  for  increased nephrotoxic  e f fec ts inc lude the fol lowing: 

(a)  Preexis t ing renal  disease 

(b)  Previous or prolonged aminoglycos ide therapy 

(c)  Concurrent  adminis tra t ion of  another  nephrotoxic  drug 

(d)  Impai red renal  f low unre la ted to renal d isease (e.g. ,  f rom hypotens ion, 

severe hepat ic d isease) 

P.925 

 

 

(3)  Trough leve ls  > 2 µg/mL for  gentamicin and tobramycin and > 10 µg/mL 

for  amikac in are associated wi th  nephrotoxic i ty.  

c .  Neuromuscular  blockade.  This  problem may arise in  pat ients  receiv ing 

h igh-dose aminoglycos ide therapy. 

(1)  Risk fac tors  for  neuromuscular  blockade inc lude the fol lowing: 

(a)  Concurrent  admin is t ra t ion of  a  neuromuscular b lock ing agent  or an 

anesthet ic 

(b)  Preexis t ing hypocalcemia or myasthenia gravis 

(c )  In t raperi toneal  or rapid  IV drug adminis tra t ion 

(2)  Apnea and respi ratory depress ion may be reversed wi th  administ ra t ion 

of  ca lc ium or  an ant ichol inesterase. 

d .  Hypersensi t iv i ty and local  react ions are rare adverse ef fects  o f  

aminoglycos ides. 

e .  Therapeut ic  leve ls 

(1)  Gentamic in and tobramycin peak at 6-10 µg/mL for t rad i t ional  dos ing;  

when using the ODA method, the peak is  16-20 µg/mL or 8-10 t imes the 

MIC of  targeted bacter ia.  Thei r  t rough leve l  is  0 .5-1.5 µg/mL for  t rad i t ional  

or  once-dai ly reg imens. 

(2)  Amikacin peaks at  25-30 µg/mL.  The t rough leve l  is  5-8 µg/mL. 

5 .  Sign i f icant  in teract ions 

a.  IV loop d iuret ics  can resul t  in  increased ototoxic i ty.  

b .  Other  aminoglycos ides,  cephaloth in,  c isp la t in ,  amphoter ic in  B, and 

methoxyf lurane can cause increased nephrotoxic i ty when g iven concurrent ly 

wi th  s t reptomycin. 

C.  Carbapenems. These agents are β- lac tams that  contain  a fused β-lac tam 

r ing and a 5-membered r ing system that  di f fers f rom penic i l l ins  in  be ing 

unsaturated and contain ing a carbon atom ins tead of  a  su l fur  a tom. The 

c lass has a broader spectrum of  ac t iv i ty than do most  β- lactams. Former ly 

known as th ienamycin,  imipenem (Pr imaxin)  was the f i rs t  carbapenem 

compound int roduced in  the Uni ted States, fol lowed by meropenem 



(Merrem) and,  most  recent ly,  er tapenem ( Invanz)  and doripenem (Dor ibax) .  

Because i t  is  inhib i ted by renal d ipept idases,  imipenem must  be combined 

wi th  c i las tat in  sodium, a d ipept idase inh ibi tor  (c i las tat in  is  not  requi red wi th  

the others because these are not  sens i t ive to  renal  d ipept idase) .  

1 .  Mechanism of  ac t ion.  Carbapenems are bacteric idal ,  inhib i t ing bacterial  

ce l l  wal l  synthesis.  

2 .  Spectrum of ac t iv i ty.  These drugs have the broadest spectrum of  al l  β-

lactam ant ib iot ics . The group is ac t ive against  most  gram-posi t ive cocc i  

( includ ing many enterococc i ) ,  gram-negat ive rods ( including many P. 

aeruginosa s t rains) ,  and anaerobes.  This c lass has good act iv i ty against 

many bacteria l  s tra ins that  res is t  o ther  ant ib io t ics.  Er tapenem has a 

narrower spectrum of  ac t iv i ty than the other  carbapenems. I t  has l i t t le  or  no 

act iv i ty against P.  aeruginosa and Ac inetobacter .  These β-lac tam ant ib io t ics 

res is t  dest ruct ion by most  β- lactamases. 

3 .  Therapeut ic  uses.  Carbapenems are most  va lued in  the treatment  o f  

severe infec t ions caused by drug-res is tant  organisms suscept ib le  to  these 

agents.  These agents are ef fect ive against  ur inary t rac t and lower 

respi ratory in fec t ions,  int ra-abdominal and gynecolog ica l  infec t ions,  and 

skin ,  sof t - t issue,  bone,  and jo in t  in fec t ions. 

4 .  Precaut ions and moni tor ing effec ts 

a .  Carbapenems may cause nausea,  vomit ing,  d iarrhea,  and 

pseudomembranous co l i t is .  

b .  Seizures,  d izziness,  and hypotension may develop;  se izures appear less 

f requent ly wi th  meropenem or  ertapenem (1.5% of  pat ients  receiv ing 

imipenem versus 0.5% of  those receiv ing meropenem or  er tapenem). 

c .  Pat ients  who are al lerg ic to  penic i l l in  or cephalosporins  may suf fer  c ross-

sens i t iv i ty react ions dur ing carbapenem therapy. 

D.  Cephalospor ins.  These agents  are known as β- lactam ant ib iot ics 

because thei r  chemical  st ructure cons is ts o f  a  β- lac tam r ing adjoined to  a 

th iazol id ine r ing. Cephalospor ins  general ly are c lass i f ied in four  major  

groups based mainly on the ir  spectrum of  ac t iv i ty (Table 44-2) .  

1 .  Mechanism of  ac t ion.  Cephalospor ins  are bacter ic ida l ;  they inhibi t  

bacter ia l  cel l  wal l  synthes is ,  reduc ing cel l  wal l  s tab i l i ty  and thus causing 

membrane lys is .  
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Table 44-2. Classification of Cephalosporins 



First 
Generation Second Generation Third Generation 

Fourth 
Generation 

Cefadroxil 
(Duricef, 
Ultracef)a 
Cefazolin 
(Ancef, 
Kefzol) 
Cephalexin 
(Keflex)a 
Cephapirin 
(Cefadyl) 
Cephradine 
(Anspor, 
Velosef)a 

Cefaclor (Ceclor)a 
Cefmetazole 
(Zefazone) 
Cefotetan (Cefotan)b 
Cefoxitin (Mefoxin) 
Cefuroxime(Zinacef) 
Cefuroxime axetil 
(Ceftin)a 
Cefprozil (Cefzil)a 
Loracarbef 
(Lorabid)a 

Cefdinir 
(Omnicef)a 
Cefixime 
(Suprax)a 
Cefoperazone 
(Cefobid) 
Cefotaxime 
(Claforan) 
Cefpodoxime 
proxetil 
(Vantin)a 
Ceftazidime 
(Fortex, 
Tazicef, 
Tazidime) 
Ceftibuten 
(Cedax)a 
Ceftizoxime 
(Cefizox) 
Ceftriaxone 
(Rocephin) 
Cefditoren 
(Spectracef)a 

Cefepime 
(Maxipime) 

a Oral agent. 
 
b Discontinued in the U.S. market 2005. 

 

2.  Spectrum of ac t iv i ty 

a .  Fi rs t-generat ion cephalospor ins  are act ive against  most  gram-posi t ive 

cocci  (except enterococci )  as  wel l  as enter ic  aerob ic gram-negat ive bac i l l i  

(e .g .,  E.  col i ,  K.  pneumoniae,  Proteus mirabi l is ) .  

b .  Second-generat ion cephalosporins  are act ive against  the organisms 

covered by f i rs t -generat ion cephalosporins  and have extended gram-

negat ive coverage,  includ ing β- lac tamase-producing s t ra ins  of  Haemophi lus  

in f luenzae. 

c .  Th i rd-generat ion cephalospor ins  have wider act iv i ty against most gram-

negat ive bacteria ,  for example, Enterobacter ,  Ci trobacter ,  Serrat ia ,  

Providencia,  Neisser ia ,  and Haemophi lus organisms,  inc lud ing β-lac tamase-

producing s t ra ins . 

d .  Four th-generat ion cephalospor ins inc lude cefep ime (Maxip ime),  which is  

the f i rs t  member of this  group to be marketed.  However,  i ts  des ignat ion as 

a four th-generat ion cephalospor in is  debatable. Cefepime is  h igh ly res is tant  



to  β- lactamases and has a low propensi ty for  se lec t ion of  β- lac tam-resis tant  

mutant  s t ra ins . I t  shows evidence of greater ac t ivi ty versus gram-posi t ive 

cocci ,  Enterobacter iaceae,  and Pseudomonas than thi rd-generat ion 

cephalosporins . 

e .  Each generat ion of  cephalosporin  has sh i f ted toward increased gram-

negat ive act iv i ty but  has los t  ac t iv i ty toward gram-pos i t ive organisms. 

Four th-generat ion agents  have improved act iv i ty toward gram-posi t ive 

organisms over thi rd-generat ion agents . 

3 .  Therapeut ic  uses 

a.  Fi rs t-generat ion cephalospor ins  commonly are administered to  t reat 

ser ious Klebs ie l la  in fec t ions and gram-pos i t ive and some gram-negative 

in fec t ions in  pat ients  wi th  mi ld penic i l l in  al lergy.  These agents also are 

used widely in  perioperat ive prophylaxis .  For  most  other  ind icat ions,  they 

are not  the preferred drugs. 

b .  Second-generat ion cephalosporins  are va luable in the t reatment  of  

ur inary t rac t  in fect ions resul t ing f rom E.  col i  organisms,  acute ot i t is  media,  

s inusi t is ,  and gonococcal  d isease caused by organisms that  resist  o ther 

agents. 

(1)  Cefaclor  (Ceclor) is  usefu l  in  o t i t is  media and s inusi t is  in  pat ients  who 

are al lergic  to  ampic i l l in  and amoxic i l l in.  Cefprozi l  (Cefzi l )  and loracarbef  

(Lorabid)  are second-generat ion cephalosporins that  can be adminis tered 

twice da i ly but  o f fer  no important  spectrum d i f ferences. 

(2)  Cefoxi t in  (Mefoxin)  is therapeut ic  for  mixed aerobic-anaerobic 

in fec t ions,  such as in t ra-abdominal  in fec t ion.  The cefotetan (Cefotan)  

spectrum is s imi lar  but  th is agent can be given twice dai ly.  

(3)  Cefuroxime (Z inacef) is  commonly admin is tered for  outpat ient 

community-acqui red pneumonia. 

c .  Th i rd-generat ion cephalospor ins  penetrate the cerebrospina l  f lu id  (CSF) 

and thus are valuable in  the treatment  o f  meningi t is  caused by such 

organisms as meningococci ,  pneumococc i ,  H.  in f luenzae,  and enter ic  gram-

negat ive bac i l l i .  
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(1)  These agents a lso are used to  t reat  seps is  of  unknown or ig in  in  

immunosuppressed pat ients  and to t reat  fever  in  neutropenic  

immunosuppressed pat ients  (g iven in  combinat ion wi th  an aminoglycos ide) .  

(2)  Th i rd-generat ion cephalospor ins are usefu l  in in fec t ions caused by many 

organisms res is tant to  o lder  cephalosporins . 

(3)  These agents are f requent ly adminis tered as empir ic  therapy for l i fe-

threatening in fect ion in  which res is tant  organisms are the most  l ike ly cause. 

(4)  Ini t ia l  therapy of  mixed bacter ia l  in fect ions (e.g. ,  sepsis) commonly 

invo lves th i rd-generat ion cephalospor ins . 

d .  The four th-generat ion agent ,  cefepime,  is  approved for  t reatment  of  

ur inary t rac t  in fect ions,  uncompl icated sk in  and skin  s t ruc ture in fect ions, 



pneumonia,  and empir ic use in febr i le  neutropenic  pat ients .  Cefepime has a 

spectrum of  act iv i ty s imi lar  to thi rd-generat ion agents  but  is  more res is tant  

to  some β- lactamases. 

4 .  Precaut ions and moni tor ing effec ts 

a .  Because al l  cephalospor ins  (except  cefoperazone)  are e l iminated renal ly,  

doses must be adjusted for  pat ients  wi th  renal  impai rment .  

b .  Cross-sensi t iv i ty wi th  penic i l l in  has been reported in  up to  10% of  

pat ients  receiv ing cephalospor ins . More recent informat ion indicates that 

t rue cross-react iv i ty is  rare. 

c .  Cephalospor ins  can cause hypersens i t iv i ty react ions s imi lar  to  those 

resul t ing f rom penic i l l in  (see I I .E.1.e. (1)) .  Mani fes tat ions inc lude fever ,  

maculopapular  rash,  anaphylaxis ,  and hemolyt ic anemia. 

d .  Other  adverse ef fec ts  include nausea,  vomi t ing,  d iarrhea,  superin fect ion,  

nephrotoxic i ty,  and Clostr id ium d i f f ic i le- induced co l i t is ;  wi th  cefoperazone,  

cefmetazole,  and cefotetan (and formerly moxalactam and cefamandole) ,  

b leeding d iatheses may occur .  Bleeding can be reversed by v i tamin K 

adminis t ra t ion. 

e .  Cephalosporins  may cause fa lse-posi t ive g lycosur ia  resul ts  on tes ts  

us ing the copperreduct ion method. 

f .  Ceft r iaxone now contra ind icated in  newborns receiv ing concurrent  

adminis t ra t ion of  calc ium-conta in ing solu t ions or  products  due to  r isk  of  

fa tal  precipi ta t ion in  lungs and k idneys.  New warn ing added a lso s ta t ing 

that  cef t r iaxone and IV ca lc ium-conta in ing so lu t ions should not  be 

adminis tered wi th in  48 hours of each other .  

5 .  Sign i f icant  in teract ions 

a.  Probenecid may impair  the excret ion of  cephalospor ins  (except  

cef tazidime),  caus ing increased cephalospor in leve ls  and possible  toxic i ty.  

b .  Alcohol consumption may resul t  in  a  disu l f i ram-type react ion in pat ients  

receiv ing cefmetazole,  cefotetan,  and cefoperazone. 

c .  Aminoglycos ides or  loop diuret ics may cause addi t ive toxic i ty when 

adminis tered wi th  cephaloth in . 

d .  Plasma concentrat ions of cefac lor  extended-release tablets ,  cefd in i r ,  and 

cefpodoxime may be reduced by coadminis tra t ion wi th  antacids. 

e .  H2 -antagonis ts may reduce plasma leve ls  o f cefpodoxime and 

cefuroxime. 

f .  I ron supplements  and i ron- for t i f ied foods reduce absorpt ion of  cefd in i r  by 

80% and 30%, respect ive ly.  

E.  Erythromycins.  The chemical  s t ruc ture of  these macro l ide ant ibio t ics  is 

character ized by a lac tone r ing to  which sugars  are at tached.  Erythromycin 

base and the esto la te,  ethylsuccinate, and s tearate  sa l ts  are g iven ora l ly;  

erythromycin lactobionate and gluceptate are given parentera l ly.  

1 .  Mechanism of  ac t ion.  Erythromycins may be bacter ic ida l  or  

bacter iostat ic;  they b ind to  the 50S r ibosomal  subuni t ,  inh ib i t ing bacter ia l  

protein  synthes is .  



2.  Spectrum of ac t iv i ty.  Erythromycins are act ive against  many gram-

posi t ive organisms,  includ ing st reptococci  (e.g . ,  St reptococcus 

pneumoniae) ,  and Corynebacterium and Neisser ia  spec ies as wel l  as  some 

s t rains  of  Mycoplasma,  Legionel la,  Treponema, and Bordete l la .  Some S. 

aureus s t ra ins  that  res is t  penic i l l in G are suscept ib le  to  erythromycins. 

3 .  Therapeut ic  uses 

a.  Erythromycins are the preferred drugs for  the treatment  of  Mycoplasma 

pneumoniae and Campylobacter infec t ions,  Legionnai res disease,  

ch lamydia l  in fec t ions,  d iphther ia ,  and pertuss is .  
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b .  In pat ients  wi th  penic i l l in  al lergy,  erythromycins are important  

a l ternat ives in the t reatment  o f pneumococcal  pneumonia, S.  aureus 

in fect ions,  syphi l is ,  and gonorrhea. 

c .  Erythromycins may be g iven prophylact ica l ly before dental  procedures to  

prevent bacter ial  endocard i t is .  

4 .  Precaut ions and moni tor ing parameters 

a.  Gastroin test ina l  (GI)  dis t ress (e .g.,  nausea,  vomi t ing,  diarrhea,  

ep igast r ic  discomfor t )  may occur  wi th a l l  erythromycin forms and are the 

most  common adverse effec ts .  

b .  Al lerg ic  react ions ( rare)  may present  as  sk in erupt ions,  fever ,  and 

eosinophi l ia .  

c .  Cholestat ic  hepat i t is  may arise in  pat ients  t reated for 1  week or  longer 

wi th  erythromycin esto late;  symptoms usual ly d isappear wi thin  a  few days 

af ter drug therapy ends.  There have been in frequent  repor ts o f  

hepatotoxic i ty wi th  other sal ts o f erythromycin. 

d .  IM in jec t ions of  more than 100 mg produce severe pa in persist ing for  

hours . 

e .  Trans ient  hearing impai rment may develop wi th  h igh-dose erythromycin 

therapy. 

5 .  Sign i f icant  in teract ions 

a.  Erythromycin inh ibi ts  the hepat ic  metabol ism of  theophyl l ine, resu l t ing in  

toxic  accumulat ion. 

b .  Erythromycin inter feres wi th  the metabol ism of d igoxin ,  cort icostero ids , 

carbamazepine, cyclospor in,  and lovastat in ,  poss ibly potent iat ing the ef fec t  

and toxic i ty of  these drugs. 

c .  Clar i thromycin (Biaxin)  may potent ia te  ora l  ant icoagulants (moni tor 

prothrombin t ime),  increase cyclospor ine leve ls  wi th  increased toxic i ty,  and 

increase d igoxin  and theophyl l ine leve ls .  

d .  Co-administ ra t ion of c lar i thromycin and cisapr ide may increase r isk  of  

ser ious cardiac  arrhythmias;  coadmin is t ra t ion is contraind icated. 

e .  Sudden deaths have been repor ted when c lar i thromycin was added to 

ongoing pimozide therapy;  co-adminis tra t ion is  cont raind icated. 

6 .  Al ternat ives to  erythromycin 



a.  Clar i thromycin,  azi thromycin (Z i thromax),  and d i r i thromycin (Dynabac)  

are semisynthet ic  macro l ide ant ibio t ics .  These expens ive but wel l - tolerated 

a l ternat ives to erythromycin are admin is tered once dai ly.  

(1)  Clar i thromycin 

(a)  Spectrum of ac t iv i ty.  Clar i thromycin is  more act ive than erythromycin 

against  s taphylococci  and s treptococc i .  In  addit ion to  act iv i ty against  other  

organisms covered by erythromycin, i t  is  also act ive in v i t ro against MAI,  

Toxoplasma gondi i ,  and Cryptospor id ium spp. 

(b)  Therapeut ic  uses.  This  agent  is  ind icated for  the prevent ion of 

Mycobacterium avium complex (MAC) in fect ion and is  useful  in  o t i t is  media,  

s inusi t is ,  mycoplasmal  pneumonia, and pharyngi t is .  Clar i thromycin is  also 

used wi th  proton pump inh ib i tors  (PPIs)  for  Hel icobacter pylor i  eradicat ion. 

(2)  Azi thromycin 

(a)  Spectrum of ac t iv i ty.  Azi thromycin is  less act ive than erythromycin 

against  gram-pos i t ive cocci  but  more act ive against  H.  in f luenzae and other  

gram-negative organisms.  Azi thromycin concentrates wi th in  ce l ls ,  and 

t issue leve ls  are higher  than serum levels.  

(b)  Therapeut ic  uses.  This  agent  is  useful  in  nongonococcal urethr i t is  

caused by ch lamydia, lower respira tory t rac t  in fec t ions,  (MAC) in fect ion and 

prophylaxis ,  pharyngi t is ,  pe lv ic  in f lammatory d isease,  and legionnai res '  

d isease. Azi thromycin is a lso indicated for pediat r ic  use. 

(3)  Di r i thromycin is  ind icated for the t reatment  of  acute exacerbat ions of 

chronic  bronchi t is ,  pharyngi t is  and tons i l l i t i s  caused by Streptococcus 

pyogenes,  and uncompl icated skin  and sk in  st ructure in fect ions caused by 

S.  aureus. 

F.  Penic i l l ins 

1.  Natural  penic i l l ins .  As wi th  cephalospor ins  and a l l  o ther  penic i l l ins , 

natura l  penic i l l ins  are β-lactam ant ib iot ics . Among the most  important  

ant ib io t ics,  natura l  penic i l l ins  are the preferred drugs in the t reatment  of  

many in fect ious d iseases. 

a .  Avai lable  agents 

(1)  Penic i l l in  G sodium and potassium sal ts can be admin is tered oral ly,  

in t ravenously,  or  in t ramuscular ly.  
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(2)  Penic i l l in  V (Pen-Vee K),  a solub le drug form, is  admin is tered oral ly.  

(3)  Penic i l l in  G procaine and penic i l l in G benzathine are repos i tory drug 

forms.  Adminis tered in t ramuscular ly,  these insolub le sa l ts  a l low s low drug 

absorpt ion f rom the inject ion s i te and thus have a longer durat ion of  ac t ion 

(12-24 hr) .  

b .  Mechanism of  ac t ion.  Penic i l l ins are bacter ic ida l ;  they inhib i t  bacter ia l  

ce l l  wal l  synthesis in  a  manner s imi lar to  that  of the cephalospor ins . 

c .  Spectrum of  ac t iv i ty 



(1)  Natural  penic i l l ins  are h ighly act ive against  gram-posi t ive cocc i  and 

against  some gram-negat ive cocc i .  

(2)  Penic i l l in  G is  5-10 t imes more act ive than penic i l l in V against  gram-

negat ive organisms and some anaerobic organisms. 

(3)  Because natura l  penic i l l ins  are readi ly hydrolyzed by penic i l l inases (β-

lactamases) ,  they are inef fec t ive against S.  aureus and other  organisms 

that  res is t  penic i l l in .  

d .  Therapeut ic  uses 

(1)  Penic i l l in  G is  the preferred agent  for  al l  infec t ions caused by penic i l l in -

suscept ib le  S.  pneumoniae organisms,  inc lud ing 

(a)  Pneumonia 

(b)  Ar thr i t is  

(c )  Meningi t is  

(d)  Peri ton i t is  

(e)  Pericardi t is  

( f )  Osteomyel i t is  

(g)  Masto id i t is  

(2)  Penic i l l ins  G and V are highly e f fect ive agains t  other  st reptococcal  

in fec t ions,  such as pharyngi t is ,  ot i t is  media,  s inus i t is ,  and bacteremia. 

(3)  Penic i l l in  G is  the preferred agent  in  gonococcal infec t ions,  syphi l is ,  

anthrax,  ac t inomycos is ,  gas gangrene, and Lister ia  in fec t ions. 

(4)  Admin is tered when an oral  penic i l l in is  needed,  penic i l l in  V is  most  

usefu l  in sk in ,  sof t- t issue,  and mi ld  respi ra tory in fec t ions. 

(5)  Penic i l l in  G procaine is  e f fec t ive against  syphi l is  and uncompl icated 

gonorrhea. 

(6)  Used to  treat syphi l is  in fec t ions outs ide the CNS, penic i l l in  G 

benzath ine also is  e f fec t ive against group Aβ-hemolyt ic  s t reptococcal  

in fec t ions. 

(7)  Penic i l l ins  G and V may be used prophylact ical ly to prevent  

s t reptococcal  in fect ion,  rheumatic fever ,  and neonatal  gonorrhea 

ophthalmia.  Pat ients  wi th  va lvu lar  heart  disease may receive these drugs 

preoperat ive ly.  

(8)  There is  emerg ing res is tance to penic i l l in  G by S.  pneumoniae in some 

areas of  the Uni ted States.  The a l ternat ive therapy is  vancomycin. 

e .  Precaut ions and moni tor ing effec ts 

(1)  Hypersens i t iv i ty react ions.  These occur  in  up to  10% of  pat ients  

receiv ing penic i l l in .  Manifes tat ions range f rom mild  rash to  anaphylaxis .  

(a)  The rash may be ur t icar ia l ,  vesicu lar ,  bu l lous,  scarla t in i form,  or  

maculopapular .  Rarely,  thrombopenic purpura develops. 

(b)  Anaphylaxis  is  a  l i fe-threatening react ion that most  commonly occurs  

wi th  parentera l  admin is t ra t ion.  Signs and symptoms inc lude severe 

hypotension,  bronchoconstr ic t ion,  nausea, vomi t ing,  abdominal  pa in ,  and 

ext reme weakness. 

(c )  Other  mani fes tat ions of  hypersens i t iv i ty react ions inc lude fever,  

eosinophi l ia ,  angioedema, and serum s ickness. 



(d)  Before penic i l l in  therapy begins, the pat ient 's  h is tory should be 

evaluated for react ions to  penic i l l in .  A pos i t ive h is tory places the pat ient  a t  

he ightened r isk  for  a  subsequent  react ion.  In  most  cases,  such pat ients  

should receive a subst i tute  ant ib iot ic .  (However,  hypersens i t iv i ty react ions 

may occur  even in  pat ients  wi th a  negat ive h is tory. )  

(2)  Other  adverse effec ts  o f natura l  penic i l l ins  inc lude GI d is t ress (e .g.,  

nausea,  diarrhea),  bone marrow suppress ion (e.g. ,  impai red pla te le t  

aggregat ion,  agranulocytos is) ,  and super infect ion.  W ith  high-dose therapy,  

se izures may occur,  par t icular ly in pat ients wi th  renal  impai rment .  

f .  S ign i f icant  in teract ions 

(1)  Probenecid increases blood leve ls  of  natura l  penic i l l ins  and may be 

g iven concurrent ly for  th is  purpose. 
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(2)  Ant ibio t ic antagonism occurs  when erythromycins,  tet racyc l ines, or  

ch loramphenico l  is  g iven wi th in  1  hr o f  the admin is t rat ion of  penic i l l in .  The 

c l in ical  s ign i f icance of  such antagonism is  not  c lear .  

(3)  W ith  penic i l l in  G procaine and benzath ine,  precaut ion must  be used in  

pat ients  wi th  a  history of hypersens i t iv i ty react ions to  penic i l l ins  because 

pro longed react ions may occur .  Int ravascular in jec t ion should be avoided. 

Procaine hypersens i t iv i ty is  a contra ind icat ion to the use of  procaine 

penic i l l in  G. 

(4)  Parenteral  products  contain  e i ther  potass ium (1.7 mEq/mi l l ion uni ts )  or 

sodium (2 mEq/mi l l ion un i ts ) .  

2 .  Penic i l l inase-resis tant penic i l l ins .  These penic i l l ins  are not  hydro lyzed by 

s taphylococcal  penic i l l inases (β- lac tamases) .  These agents  include 

meth ic i l l in ,  nafc i l l in ,  and the isoxazoly l  penic i l l ins—cloxac i l l in ,  dic loxac i l l in  

(Dynapen),  and oxac i l l in.  

a .  Mechanism of  ac t ion (see I I .E.1.b) 

b .  Spectrum of ac t iv i ty.  Because these penic i l l ins  res is t  penic i l l inases,  they 

are act ive against  staphylococci  that produce these enzymes. 

c .  Therapeut ic  uses 

(1)  Penic i l l inase-resis tant  penic i l l ins  are used sole ly in s taphylococcal  

in fec t ions resul t ing f rom organisms that  res is t  natura l  penic i l l ins . 

(2)  These agents are less potent  than natural  penic i l l ins  against  organisms 

suscept ib le  to  natura l  penic i l l ins  and thus make poor subst i tutes in the 

t reatment  o f  in fec t ions caused by these organisms. 

(3)  Nafc i l l in  is  excreted by the l iver and thus may be usefu l  in  t reat ing 

s taphylococcal  in fect ions in  pat ients  wi th  renal  impai rment.  

(4)  Oxac i l l in ,  c loxac i l l in ,  and d ic loxac i l l in  are most  va luable in  long- term 

therapy of ser ious s taphylococcal infect ions (e .g.,  endocardi t is ,  

os teomyel i t is )  and in  the t reatment  o f  minor  s taphylococcal  in fec t ions of  the 

skin  and sof t  t issues. 

d .  Precaut ions and moni tor ing effec ts 



(1)  As wi th  al l  penic i l l ins,  the penic i l l inase-resistant  group can cause 

hypersens i t iv i ty react ions (see I I .E.1.e. (1)).  

(2)  Meth ic i l l in may cause nephrotoxic i ty and in ters t i t ia l  nephr i t is .  

(3)  Oxac i l l in  may be hepatotoxic .  

(4)  Complete cross-resistance exis ts  among the penic i l l inase-res is tant  

penic i l l ins . 

e .  Sign i f icant  in teract ions.  Probenec id increases b lood leve ls  of  these 

penic i l l ins  and may be given concurrent ly for  that purpose. 

3 .  Aminopenic i l l ins.  Th is penic i l l in group inc ludes the semisynthet ic  agents  

ampici l l in and amoxic i l l in  (Amoxi l ) .  Because of the i r  wider  ant ibacter ial  

spectrum, these drugs are a lso known as broad-spect rum penic i l l ins . 

a .  Mechanism of  ac t ion (see I I .E.1.b) 

b .  Spectrum of ac t iv i ty.  Aminopenic i l l ins  have a spectrum that  is  s imi lar  to  

but  broader than that o f  the natura l  and penic i l l inase-resistant  penic i l l ins . 

Eas i ly dest royed by s taphylococcal  penic i l l inases,  aminopenic i l l ins are 

ineffec t ive against  most  s taphylococcal  organisms.  Against most  bacter ia  

sens i t ive to  penic i l l in  G, aminopenic i l l ins  are s l ight ly less ef fec t ive than th is 

agent .  

c .  Therapeut ic  uses. Aminopenic i l l ins are used to t reat  gonococcal  

in fec t ions,  upper respi ratory infec t ions,  uncompl icated ur inary t rac t 

in fec t ions,  and ot i t is  media caused by suscept ible  organisms. 

(1)  For  in fec t ions resul t ing f rom penic i l l in - res is tant  organisms,  ampici l l in 

may be given in  combinat ion wi th  su lbactam (Unasyn) .  

(2)  Amoxic i l l in is  less ef fec t ive than ampic i l l in  against  shigel losis .  

(3)  Amoxic i l l in is  more effec t ive against  S. aureus,  Klebsie l la,  and 

Bacteroides f ragi l is  in fect ions when admin is tered in  combinat ion wi th  

c lavulanic ac id—amoxic i l l in /potassium c lavulanate (Augmentin)  because 

c lavulanic ac id inact ivates penic i l l inases. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Hypersens i t iv i ty react ions may occur  (see I I .E.1.e.(1)) .  

(2)  Diarrhea is  most  common wi th  ampici l l in .  

(3)  In addi t ion to the urt icar ia l  hypersensi t iv i ty rash seen wi th  a l l  

penic i l l ins ,  ampic i l l in  and amoxic i l l in  f requent ly cause a general ized 

erythematous,  maculopapular  rash.  (Th is  occurs in  5%-10% of  pat ients  

receiv ing ampici l l in .)  

e .  Sign i f icant  in teract ions (see I I .E.2.e) 
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4 .  Extended-spectrum penic i l l ins .  These agents  have the widest  

ant ibacter ial  spectrum of a l l  penic i l l ins.  Also ca l led ant ipseudomonal  

penic i l l ins ,  th is  group inc ludes the carboxypenic i l l in  (e.g. ,  t icarc i l l in )  and 

the ure idopenic i l l ins  (e .g. ,  mezloc i l l in ,  p iperac i l l in ) .  

a .  Mechanism of  ac t ion (see I I .E.1.b) 



b.  Spectrum of ac t iv i ty.  These drugs have a spectrum s imi lar  to  that o f  the 

aminopenic i l l ins  but  a lso are ef fec t ive against  Klebsiel la and Enterobacter  

spp. ,  some B.  f rag i l is  organisms,  and indole-pos i t ive Proteus and 

Pseudomonas organisms.  

(1)  Ticarci l l in  is ac t ive against P.  aeruginosa.  Combined wi th  c lavulanic 

ac id  (Timentin) ,  t icarc i l l in  has enhanced act iv i ty against  organisms that  

res is t  t icarc i l l in  alone. 

(2)  Piperaci l l in  is more act ive than t icarci l l in against  Pseudomonas 

organisms. 

(3)  Piperaci l l in  and tazobactam (Zosyn) .  Tazobactam is  a  β- lactamase 

inhib i tor  that  expands the spectrum of  ac t iv i ty to  include some organisms 

not  sensi t ive to  p iperac i l l in  a lone ( i f  res is tance is the resul t  o f  β- lac tamase 

product ion) ,  inc lud ing s t ra ins  of  staphylococci ,  Haemophi lus , Bactero ides,  

and Enterobacter iaceae. Genera l ly,  tazobactam does not  enhance act iv i ty 

against  Pseudomonas. 

c .  Therapeut ic  uses. Extended-spectrum penic i l l ins  are used main ly to  t reat  

ser ious in fect ions caused by gram-negat ive organisms (e.g. ,  seps is ;  

pneumonia;  in fec t ions of the abdomen,  bone, and soft  t issues) .  

Piperaci l l in/ tazobactam is  e ffec t ive in the t reatment  o f nosocomia l  

pneumonia. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Hypersens i t iv i ty react ions may occur  (see I I .E.1.e.(1)) .  

(2)  Ticarci l l in  may cause hypokalemia. 

(3)  The high sodium content  o f  t icarci l l in may pose a danger to  pat ients  

wi th  heart  fa i lure (HF). 

(4)  Al l  inhib i t  p la te let  aggregat ion,  which may resul t  in  bleeding. 

e .  Sign i f icant  in teract ions (see I I .E.2.e) 

G.  Sul fonamides.  Der ivat ives of  sul fan i lamide,  these agents  were the f i rs t  

drugs to  prevent and cure human bacter ia l  in fect ion successful ly.  Al though 

the ir  current  usefu lness is  l imi ted by the in t roduct ion of  more ef fec t ive 

ant ib io t ics and the emergence of  resis tant bacteria l  s t ra ins , su l fonamides 

remain the drugs of choice for  cer ta in  in fec t ions. The major su l fonamides 

are su l fadiazine,  sul famethoxazole, sul f isoxazole,  and sul fameth izole . 

1 .  Mechanism of  ac t ion.  Sul fonamides are bacter ios tat ic ;  they suppress 

bacter ia l  growth by t r igger ing a mechanism that  b locks fo l ic  acid  synthesis ,  

thereby forc ing bacteria  to  synthes ize the i r  own fo l ic  ac id . 

2 .  Spectrum of ac t iv i ty.  Sul fonamides are broad-spectrum agents  wi th  

act iv i ty against many gram-pos i t ive organisms (e.g. ,  S. pyogenes, S.  

pneumoniae)  and cer tain gram-negat ive organisms (e.g. ,  H.  in f luenzae,  E. 

co l i ,  P.  mi rab i l is ) .  They a lso are ef fec t ive against  cer tain  s t rains  of  

Chlamydia t rachomat is ,  Nocard ia,  Act inomyces,  and Baci l lus  anthracis .  

3 .  Therapeut ic  uses 

a.  Sul fonamides most o ften are used to  t reat  ur inary t rac t  in fec t ions caused 

by E.  co l i ,  includ ing acute and chronic  cyst i t is ,  and chronic  upper ur inary 

t ract  in fec t ions. 



b.  These agents have va lue in  the t reatment  o f nocard iosis ,  t rachoma and 

inclus ion conjunct iv i t is ,  and dermati t is  herpet i formis . 

c .  Sul fad iazine may be admin is tered in  combinat ion wi th  pyr imethamine to  

t reat toxoplasmosis. 

d .  Sul famethoxazole may be given in  combinat ion wi th  t r imethopr im 

(Bactr im) to t reat  such infect ions as Pneumocyst is  car in i i  pneumonia,  

Shige l la  enteri t is ,  Serrat ia  seps is ,  ur inary t ract  infec t ions, respi ra tory 

in fec t ions,  and gonococcal  urethr i t is  (see I I .J.7 .c ).  I t  is  the drug of  choice 

in  the t reatment  o f  Stenotrophomonas mal tophi l ia.  

e .  Sul f isoxazole is  sometimes used in  combinat ion wi th  erythromycin 

ethylsuccinate to  t reat acute ot i t is  media caused by H.  inf luenzae 

organisms.  For  the ini t ia l  t reatment  o f  uncompl icated ur inary t rac t 

in fec t ions,  sul f isoxazole may be given in  combinat ion wi th  phenazopyr idine 

for  rel ie f  of  symptoms of pa in ,  burning,  or  urgency.  

f .  Prophylact ic  sul fonamide therapy has been used successfu l ly to  prevent 

s t reptococcal  in fect ions and rheumat ic  fever  recurrences. 

4 .  Precaut ions and moni tor ing effec ts 

a .  Sul fonamides may cause b lood dyscras ias (e .g. ,  hemolyt ic  anemia—

part icular ly in pat ients  wi th  G6PD def ic iency,  aplast ic  anemia,  

thrombocytopenia, agranulocytos is ,  and eos inophi l ia ) .  
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b .  Hypersensi t iv i ty react ions to  sul fonamides probably resul t  f rom 

sens i t izat ion and most  commonly involve the skin  and mucous membranes.  

Mani fes tat ions include var ious types of sk in  rash,  exfo l iat ive dermati t is ,  and 

photosens i t iv i ty.  Drug fever  and serum sickness a lso may develop. 

c .  Crysta l lur ia  and hematur ia  may occur ,  poss ib ly leading to  ur inary t rac t  

obst ruct ion. (Adequate f lu id  in take and ur ine a lkal in izat ion can prevent  or  

minimize th is  r isk . )  Sul fonamides should be used caut iously in pat ients  wi th  

renal  impai rment .  

d .  Li fe-threatening hepat i t is  caused by drug toxic i ty or  sens i t izat ion is a  

rare adverse ef fec t .  S igns and symptoms inc lude headache, nausea, 

vomi t ing,  and jaundice. 

e .  AIDS pat ients have increased f requency of  cutaneous hypersensi t iv i ty 

react ions to sul famethoxazole. 

5 .  Sign i f icant  in teract ions.  Sul fonamides may potent ia te the effec ts o f 

phenyto in,  ora l  ant icoagulants,  and sul fonylureas. 

H.  Tetracycl ines.  These broad-spectrum agents are e ffec t ive against  certain  

bacter ia l  s t ra ins  that  resis t  o ther  ant ib io t ics .  Nonetheless,  they are the 

preferred drugs in only a few s i tuat ions.  The major  tet racyc l ines inc lude 

demeclocyc l ine (Dec lomycin) ,  doxycyc l ine (Vibramycin) ,  minocyc l ine 

(Minoc in),  and chlor te t racyc l ine. 

1 .  Mechanism of  ac t ion.  Tetracycl ines are bacter ios tat ic ;  they inhib i t  

bacter ia l  prote in  synthesis  by b ind ing to  the 30S r ibosomal  subunit .  



2.  Spectrum of ac t iv i ty.  Tetracycl ines are act ive against  gram-negative and 

gram-pos i t ive organisms,  spi rochetes,  Mycoplasma and Chlamydia 

organisms,  r icket ts ial  spec ies,  and cer ta in  protozoa. 

a .  Pseudomonas and Proteus organisms are now res is tant to  te t racycl ines.  

Many co l i form bacter ia,  pneumococc i ,  s taphylococc i ,  s t reptococc i ,  and 

Shige l la  s t rains  are increasingly res is tant .  

b .  Cross-res is tance wi th in  the tet racyc l ine group is  extensive. 

3 .  Therapeut ic  uses 

a.  Tetracyc l ines are the agents of  choice in  r icket ts ia l  (Rocky Mountain  

spot ted fever) ,  ch lamydia l ,  and mycoplasmal  in fec t ions;  amebiasis ;  and 

baci l lary in fec t ions (e .g.,  cholera,  brucel los is ,  tu laremia, some Salmonel la  

and Shige l la  in fect ions).  

b .  Tetracyc l ines are usefu l  al ternat ives to penic i l l in  in  the t reatment  o f  

anthrax,  syphi l is ,  gonorrhea, Lyme disease,  nocard ios is ,  and H.  in f luenzae 

respi ratory in fec t ions. 

c .  Oral  or top ica l  tet racyc l ine may be administered as a t reatment for acne. 

d .  Doxycyc l ine is  high ly e f fec t ive in the prophylaxis  o f  “ t rave ler 's  diarrhea”  

(commonly caused by E. col i ) .  Because the drug is  excreted mainly in the 

feces, i t  is  the safest te tracycl ine for  the treatment  o f ext rarenal  in fec t ions 

in  pat ients  wi th  renal  impai rment .  

e .  Demeclocycl ine is  used commonly as an adjunct ive agent  to  treat  the 

syndrome of  inappropria te  ant idiuret ic  hormone (SIADH) secret ion. 

4 .  Precaut ions and moni tor ing effec ts 

a .  GI  dist ress (e .g. ,  d iarrhea, abdominal  d iscomfor t ,  nausea,  anorexia)  is  a  

common adverse ef fec t  o f  tet racyc l ines. Th is  problem can be min imized by 

adminis ter ing the drug wi th  food or temporari ly  decreasing the dosage. 

b .  Skin rash,  ur t icar ia,  and genera l ized exfo l ia t ive dermat i t is  s igni fy a  

hypersens i t iv i ty react ion.  Rarely,  angioedema and anaphylaxis  occur .  

c .  Cross-sens i t iv i ty wi th in  the tet racyc l ine group is  common. 

d .  Phototoxic  react ions (severe sk in  lesions)  can develop wi th  exposure to 

sunl ight .  Th is react ion is most  common wi th demeclocycl ine and 

doxycyc l ine. 

e .  Tetracyc l ines may cause hepatotoxic i ty,  par t icu lar ly in pregnant  women.  

Mani fes tat ions include jaundice,  ac idos is ,  and fa tty l iver  in f i l t ra t ion. 

f .  Renal ly impai red pat ients  may exper ience a s ign i f icant  increase in BUN 

secondary to  catabol ic  ef fects o f  te t racycl ines. 

g .  Tetracyc l ines may induce permanent  tooth disco lorat ion,  tooth enamel 

defects ,  and retarded bone growth in infants  and ch i ldren. 

h .  Use of  outdated and degraded te tracyc l ines can lead to  renal  tubular 

dysfunct ion,  poss ib ly resul t ing in  renal  fa i lure. 

i .  Minocycl ine can cause vest ibular  toxic i ty (e.g.,  a taxia ,  dizziness,  nausea,  

vomi t ing).  

j .  IV te t racyc l ines are i r r i ta t ing and may cause phlebi t is .  
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5 .  Sign i f icant  in teract ions 

a.  Dai ry products and other  foods, i ron preparat ions,  and antacids and 

laxat ives contain ing a luminum, ca lc ium, or  magnes ium can cause reduced 

te t racyc l ine absorpt ion.  Absorpt ion of  doxycyc l ine is  not  inhib i ted by these 

fac tors. 

b .  Methoxyf lurane may exacerbate the tet racyc l ines '  nephrotoxic  e f fec ts .  

c .  Barb i turates and phenyto in  decrease the ant ib io t ic  e ffec t iveness of  

te t racyc l ines. 

d .  Demeclocycl ine antagonizes the act ion of ant id iuret ic  hormone (ADH) 

and may be given as a diuret ic  in  pat ients  wi th  SIADH. 

I .  F luoroquino lones are agents re la ted to  na l id ixic  ac id—see I I . I .1 .c ;  

I I .2 .c . (1) ;  I I .4.c .(1)—and inc lude c iprof loxac in (Cipro) ,  enoxac in (Penetrex) ,  

lomef loxac in (Maxaquin),  norf loxac in (Noroxin) ,  of loxac in (F loxin) ,  

moxi f loxac in (Avelox) ,  levof loxac in (Levaquin) ,  and gemi f loxac in (Fact ive) .  

They are bacter ic idal  for growing bacteria .  

1 .  Mechanism of  ac t ion.  F luoroquino lones inhibi t  DNA gyrase. 

2 .  Spectrum of ac t iv i ty.  F luoroquino lones are h igh ly act ive against  enter ic  

gram-negative baci l l i ,  Salmonel la,  Shigel la ,  Campylobacter,  Haemophi lus , 

and Neisser ia.  

a .  Ciprof loxac in has act iv i ty against  P. aeruginosa,  but  the f luoroquino lones 

as a group have var iab le act iv i ty against  non-P. aeruginosa.  Ciprof loxac in 

is  ac t ive against  some anaerobes;  i t  has moderate act iv i ty against  M.  

tuberculos is .  

b .  Gram-posi t ive organisms are less suscept ib le than gram-negat ive 

organisms but  usual ly are sens i t ive,  except  for  Enterococcus faecal is  and 

meth ic i l l in - res is tant  s taphylococc i .  

c .  Of loxac in has the greatest  ac t iv i ty against Chlamydia. 

3 .  Therapeut ic  uses (Table 44-3) 

a .  Norf loxac in is  indicated for the ora l  t reatment  o f  ur inary t rac t  in fec t ions,  

uncompl icated gonococcal  in fec t ions,  and prostat i t is .  

b .  Ciprof loxac in,  o f loxac in,  and levof loxac in are avai lab le oral ly and 

in t ravenously.  Ciprof loxac in is  approved for  use in  ur inary tract  in fec t ions;  

lower respi ra tory in fect ions;  s inus i t is ;  bone,  jo int ,  and sk in  st ruc ture 

in fec t ions;  empir ic use in  febr i le  neutropenic  pat ients ;  typhoid fever ;  

urethra l  and cervica l  gonococcal infect ions;  and in fect ious diarrhea.  

Of loxac in is approved for  use in  lower respi ra tory in fec t ions,  uncompl icated 

gonococcal and ch lamydia l  cervic i t is  and urethr i t is ,  skin  and sk in  st ruc ture 

in fec t ions,  prostat i t is ,  and urinary tract  in fec t ions.  

c .  Lomef loxac in, levof loxac in,  and enoxac in are approved for the t reatment  

o f  ur inary t rac t  in fec t ions.  Lomef loxac in, moxi f loxac in,  and levof loxac in are 

a lso used in  lower respi ra tory in fec t ions. 

d .  Moxi f loxac in is approved for  the treatment  o f  compl icated in t ra-

abdominal  in fec t ions but should not  be used for  ur inary t rac t  in fect ions. 



4.  Precaut ions and moni tor ing effec ts 

a .  Occas ional  adverse effec ts  inc lude nausea,  dyspepsia, headache,  

d izziness,  insomnia, card iac  QT pro longat ion,  arthropathy,  tendoni t is ,  CNS 

ef fec ts ,  photosens i t iv i ty,  and hypoglycemia. 

Table 44-3. Quinolone Agents Classified by Generation 

 Agent 
Spectrum of 
Coverage Site of Infection 

First-
generation 

Cinoxacin 
(Cinoxacin, 
Cinobac) 

Gram 
negatives 

Urinary tract 

 Enoxacin (Penetrex)   

 
Nalidixic acid 
(NegGram) 

  

 
Norfloxacin 
(Noroxin) 

  

Second-
generation 

Lomefloxacin 
(Maxaquin) 

Gram 
negatives 

Urinary tract 

 
Ciprofloxacin 
(Cipro)  

Systemic, 
urinary tract 

 
Ofloxacin (Floxin) 

 
Systemic, 
urinary tract 

Third-
generation 

Levofloxacin 
(Levaquin) 

Gram 
negatives 

Systemic, 
urinary tract 

 
Moxifloxacin 
(Avelox) 

Atypicals Systemic only 
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b .  Inf requent  adverse ef fec ts  include rash,  ur t icar ia ,  leukopenia,  and 

e levated l iver  enzymes.  Crysta l lur ia  occurs  wi th  h igh doses at  a lka l ine pH.  



c.  The FDA has added a b lack box warn ing about  the increased r isk  of  

develop ing tendini t is  and tendon rupture in  pat ients  tak ing th is  c lass of 

medicat ions. 

5 .  Sign i f icant  in teract ions 

a.  Ciprof loxac in has been shown to  increase theophyl l ine leve ls .  Var iab le  

ef fec ts  on theophyl l ine leve ls have been repor ted f rom other  members of 

the group.  In  pat ients  requi r ing f luoroquinolones, theophyl l ine leve ls  should 

be moni tored. 

b .  Antacids  and sucral fate  and diva lent  or  t r iva lent  cat ions such as i ron 

s ign i f icant ly decrease the absorpt ion of  f luoroquino lones. 

c .  Fluoroquino lones may increase prothrombin t imes in  pat ients  receiv ing 

warfar in .  

d .  Concurrent  use wi th nonsteroida l  ant i - in f lammatory drugs (NSAIDs) may 

increase the r isk of  CNS st imulat ion (se izures).  

e .  Fluoroquino lones may produce pro longed QT in terva l  when adminis tered 

wi th  c isapr ide and ant iarrhythmic agents .  Some f luoroquinolones ( i .e . ,  

gat i f loxac in,  moxi f loxac in)  should be avoided in pat ients  wi th  known 

pro longat ion of  the QTC in terva l ,  wi th uncorrected hypocalcemia,  or  who 

are receiv ing c lass IA or c lass I I I  ant iarrhythmic  drugs. 

f .  Some f luoroquinolones have been repor ted to  enhance the ef fec ts  o f ora l  

ant icoagulants. 

g .  Hyperg lycemia and hypoglycemia have been repor ted in  pat ients  

receiv ing qu ino lones and an ant id iabet ic  agent .  Blood glucose moni tor ing is  

recommended in  such pat ients . 

h .  Didanosine should be adminis tered at least  4 hr  a f ter  gat i f loxac in. 

J .  Urinary tract  ant isept ics . Concentrat ing in  the renal  tubules and b ladder,  

these agents exer t  local  ant ibacter ial  e f fec ts ;  most  do not  ach ieve b lood 

leve ls  high enough to  t reat  systemic  in fec t ions. However,  some new 

quino lone der ivat ives, such as c iprof loxac in and of loxac in,  are va luable in  

the treatment  o f  certa in  in fec t ions outside the urinary t rac t  (see I I .H.3.b) .  

1 .  Mechanism of  ac t ion 

a.  Methenamine is  hydrolyzed to  ammonia and formaldehyde in  acid ic  ur ine;  

formaldehyde is  ant ibacter ial  against  gram-pos i t ive  and gram-negat ive 

organisms.  Mandel ic  and h ippuric  acids ,  wi th  which methenamine is  

combined,  provide supplementary ant ibacter ial  ac t ion. 

b .  Ni tro furanto in  is  bacter iostat ic;  in  high concentrat ions,  i t  may be 

bacter ic idal .  Presumably,  i t  d is rupts bacter ial  enzyme systems. 

c .  Quinolones.  Nal idixic  ac id  and i ts  analogs and derivat ives—oxol inic  acid ,  

nor f loxac in, c inoxac in,  c iprof loxac in, and others—inter fere wi th  DNA gyrase 

and inh ibi t  DNA synthesis  dur ing bacteria l  repl icat ion. 

d .  Fosfomycin t romethamine is  bacteric idal  in  the ur ine at  therapeut ic  

doses.  The bacter ic idal  ac t ion is  because of  i ts  inact ivat ion of  the enzyme 

enolpyruvyl  t ransferase,  thereby b lock ing the condensat ion of ur id ine 

d iphosphate-N-acetylglucosamine wi th  p-enolpyruvate ,  one of the f i rs t  steps 

in  bacter ia l  cel l  wal l  synthesis.  



2.  Spectrum of ac t iv i ty 

a .  Methenamine is  ac t ive against  both gram-pos i t ive  and gram-negat ive 

organisms (e.g.,  Enterobacter ,  Klebs ie l la ,  Proteus,  P. aeruginosa,  S.  

aureus).  

b .  Ni tro furanto in  is  ac t ive against many gram-pos i t ive and gram-negative 

organisms,  inc lud ing some s t ra ins  of  E. col i ,  S.  aureus, Proteus,  

Enterobacter ,  and Klebsie l la .  

c .  Quinolones (see I I .H) 

(1)  Nal idixic  ac id and oxol in ic  ac id  are act ive aga inst  most  gram-negat ive 

organisms that  cause urinary t rac t  in fect ions,  includ ing P. mi rab i l is ,  E.  col i ,  

K lebs ie l la ,  and Enterobacter organisms.  These drugs are not  e ffec t ive 

against  Pseudomonas organisms. 

(2)  Norf loxac in is  ac t ive against  E. col i ,  Enterobacter,  Klebs iel la ,  Proteus, 

P.  aeruginosa, S.  aureus,  Ci t robacter ,  and some Streptococcus organisms. 

(3)  Cinoxac in is ac t ive against E.  col i ,  Klebsie l la ,  P.  mi rab i l is ,  Proteus 

vu lgaris ,  Proteus morgani i ,  Serrat ia ,  and Ci t robacter organisms. 

3 .  Therapeut ic  uses 

a.  Methenamine and ni t ro furantoin  are used to  prevent  and t reat  ur inary 

t ract  in fec t ions. 
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b .  Quinolones are adminis tered to t reat  ur inary t rac t  in fect ions;  some also 

are used in  such d iseases as osteomyel i t is  and resp i ra tory t rac t  in fec t ions.  

c .  Fosfomycin is  indicated for t reatment o f uncompl icated ur inary t rac t 

in fec t ion (acute cyst i t is )  in  women caused by suscept ible  s t ra ins  of  E. co l i  

or  E.  faecal is .  

4 .  Precaut ions and moni tor ing effec ts 

a .  Methenamine may cause nausea,  vomi t ing,  and d iar rhea; in h igh doses,  

i t  may lead to  ur inary t rac t  i r r i ta t ion (e .g. ,  dysuria,  f requency,  hematur ia ,  

a lbuminuria).  Skin  rash a lso may develop. 

b .  Ni tro furanto in  may cause var ious adverse ef fec ts.  

(1)  GI  dist ress (e .g. ,  nausea,  vomi t ing, d iarrhea)  is  re la t ively common. 

(2)  Hypersens i t iv i ty react ions to  ni t ro furanto in may invo lve the sk in ,  lungs,  

b lood,  or  l iver ;  mani festat ions inc lude fever ,  chi l ls ,  hepat i t is ,  jaundice, 

leukopenia,  hemolyt ic anemia,  granulocytopenia,  and pneumoni t is .  

(3)  Adverse CNS ef fects  include headache,  ver t igo,  and d izziness.  

Polyneuropathy may develop wi th  high doses or  in  pat ients  wi th  renal  

impai rment .  

c .  Quinolones 

(1)  Nal idixic  ac id and oxol in ic  ac id  may cause nausea,  vomi t ing,  abdominal  

pa in ,  urt icaria ,  prur i tus , skin  rash,  fever ,  eos inophi l ia ,  and CNS ef fec ts ,  

such as headache,  dizziness,  confus ion, ver t igo, drowsiness,  and 

weakness. 



(2)  Cinoxac in may induce nausea, vomit ing,  d iarrhea, headache,  insomnia,  

skin  rash,  prur i tus ,  and ur t icaria .  

5 .  Sign i f icant  in teract ions 

a.  The ef fec ts  of  methenamine are inh ibi ted by a lka l in iz ing agents  and are 

antagonized by acetazolamide. 

b .  Ni tro furanto in  absorpt ion is decreased by magnesium-conta in ing 

antac ids.  Ni t ro furanto in  b lood leve ls  are increased and ur ine leve ls  

decreased by su l f inpyrazone and probenec id,  leading to increased toxic i ty 

and reduced therapeut ic  e f fec t iveness. 

c .  Quinolones 

(1)  Cinoxac in ur ine leve ls  are decreased by probenec id,  reduc ing 

therapeut ic  ef fec t iveness. 

(2)  Norf loxac in is  rendered less ef fec t ive by antac ids. 

K.  Miscel laneous ant ibacter ia l  agents 

1.  Azt reonam (Azactam). Th is  agent  was the f i rs t  commercia l ly ava i lab le 

monobactam (monocyc l ic  β- lac tam compound). I t  resembles the 

aminoglycos ides in  i ts e ff icacy against  many gram-negative organisms but  

does not  cause nephrotoxic i ty or  o totoxic i ty.  Other  advantages of  this drug 

include i ts abi l i ty  to preserve the body's  normal gram-posi t ive and 

anaerobic f lora, ac t iv i ty against  many gentamicin-resis tant organisms,  and 

lack of  c ross-a l lergenic i ty wi th  penic i l l in .  

a .  Mechanism of  ac t ion.  Azt reonam is bacter ic idal ;  i t  inh ib i ts  bacteria l  ce l l  

wal l  synthesis.  

b .  Spectrum of ac t iv i ty.  Th is  drug is ac t ive agains t  many gram-negat ive 

organisms,  inc lud ing Enterobacter  and P.  aeruginosa. 

c .  Therapeut ic  uses. Azt reonam is therapeut ic for  ur inary t rac t infec t ions, 

sept icemia,  sk in  in fec t ions,  lower respi ra tory t rac t  in fec t ions, and in t ra-

abdominal  in fec t ions resul t ing f rom gram-negative organisms.  Increased 

incidence of  P.  aeruginosa resis tant to azt reonam have been repor ted. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Azt reonam sometimes causes nausea,  vomi t ing,  and d iarrhea. 

(2)  Liver  enzymes may increase t rans ient ly during azt reonam therapy. 

(3)  Th is drug may induce skin  rash. 

2 .  Chloramphenico l .  A ni t robenzene der ivat ive,  this  drug has broad act iv i ty 

against  r icketts ia  as wel l  as  many gram-posi t ive and gram-negat ive 

organisms.  I t  a lso is  e f fec t ive against  many ampic i l l in - res is tant  s t ra ins  of  H.  

in f luenzae. 

a .  Mechanism of  ac t ion.  Chloramphenico l  is  pr imar i ly bacterios tat ic,  

a l though i t  may be bacter ic idal  against  a  few bacter ia l  s t rains . 

b .  Spectrum of ac t iv i ty.  Th is  agent  is  ac t ive against  r icket ts ia and a wide 

range of bacter ia ,  includ ing H.  in f luenzae,  Salmonel la  typhi ,  Neisser ia  

meningi t id is ,  Bordetel la  per tuss is ,  Clost r id ium, B.  f rag i l is ,  S.  pyogenes,  and 

S.  pneumoniae. 
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c .  Therapeut ic  uses. Because of  i ts  toxic  s ide effec ts ,  chloramphenico l  is  

used only to  suppress infect ions that  cannot  be treated ef fec t ive ly wi th  

o ther ant ibio t ics . Such infect ions typ ica l ly inc lude 

(1)  Typhoid fever 

(2)  Meningococcal  in fec t ions in  cephalosporin-a l lerg ic  pat ients 

(3)  Serious H. in f luenzae in fect ions, par t icular ly in  cephalospor in-al lerg ic  

pat ients 

(4)  Anaerobic  in fec t ions (e .g.,  those originat ing in  the pe lv is  or intes t ines)  

(5)  Anaerobic  or  mixed in fect ions of the CNS 

(6)  Ricket ts ia l  in fec t ions in  pregnant  pat ients , te tracycl ine-al lerg ic  pat ients ,  

and renal ly impaired pat ients 

d .  Precaut ions and moni tor ing effec ts 

(1)  Chloramphenico l  can cause bone marrow suppress ion (dose-re la ted)  

wi th  resul t ing pancytopenia; rare ly,  the drug leads to aplast ic  anemia (not 

re lated to  dose) .  

(2)  Hypersens i t iv i ty react ions may include skin  rash and,  in  ext remely rare 

cases,  angioedema or  anaphylaxis .  

(3)  Chloramphenico l  therapy may lead to  gray baby syndrome in  neonates 

(especial ly premature in fants) .  Th is  dangerous react ion,  which stems par t ly 

f rom inadequate l iver detoxi f icat ion of  the drug,  is mani fes ted by vomi t ing, 

gray cyanos is ,  rap id  and i r regular  resp i rat ions,  vasomotor  col lapse,  and in  

some cases death. 

e .  Sign i f icant  in teract ions 

(1)  Chloramphenico l  inh ib i ts  the metabol ism of phenytoin , tolbutamide,  

ch lorpropamide, and dicumaro l ,  leading to prolonged act ion and in tens i f ied 

ef fec t  o f  these drugs. 

(2)  Phenobarb i ta l  shor tens chloramphenico l 's  ha l f - l i fe ,  thereby reduc ing i ts  

therapeut ic  ef fec t iveness. 

(3)  Penic i l l ins  can cause ant ib io t ic  antagonism. 

(4)  Acetaminophen elevates chloramphenicol  leve ls  and may cause toxic i ty.  

3 .  Cl indamycin (Cleocin).  Th is  agent  has essent ia l ly  rep laced l incomycin, 

the drug f rom which i t  is  der ived.  I t  is  used to  t reat  sk in ,  resp i ra tory tract ,  

and sof t - t issue infect ions caused by staphylococc i ,  pneumococc i ,  and 

s t reptococci .  

a .  Mechanism of  ac t ion.  Cl indamycin is  bacter iostat ic ;  i t  b inds to  the 50S 

r ibosomal  subunit ,  thereby suppress ing bacter ia l  prote in synthes is .  

b .  Spectrum of ac t iv i ty.  Th is  agent  is  ac t ive against  most  gram-posi t ive and 

many anaerobic organisms, inc luding B.  f ragi l is .  

c .  Therapeut ic  uses. Because of  i ts  marked toxic i ty,  c l indamycin is  used 

only against  in fec t ions for  which i t  has proven to be the most  e f fect ive drug.  

Typica l ly,  such infect ions include abdominal  and female geni tourinary t ract  

in fec t ions caused by B.  frag i l is .  

d .  Precaut ions and moni tor ing effec ts 



(1)  Cl indamycin may cause rash,  nausea,  vomi t ing,  diarrhea,  and 

pseudomembranous co l i t is  as  evidenced by fever,  abdominal  pa in ,  and 

b loody stools.  

(2)  Blood dyscras ias (e .g. ,  eosinophi l ia ,  thrombocytopenia,  leukopenia) may 

occur .  

e .  Sign i f icant  in teract ions.  Cl indamycin may potent iate  the ef fects  o f  

neuromuscular  b lock ing agents. 

4 .  Dapsone. A member of  the su l fone class, this drug is the pr imary agent  

in  the t reatment  o f  a l l  forms of  leprosy. 

a .  Mechanism of  ac t ion.  Dapsone is  bacter ios tat ic  for  Mycobacter ium 

leprae;  i ts  mechanism of ac t ion probably resembles that o f the 

su l fonamides. 

b .  Spectrum of ac t iv i ty.  Th is  drug is ac t ive agains t  M.  leprae; however,  drug 

res is tance develops in  up to  40% of pat ients .  Dapsone a lso has some 

act iv i ty against P.  carin i i  organisms and the malar ia l  parasi te Plasmodium. 

c .  Therapeut ic  uses 

(1)  Dapsone is the drug of  choice for  t reat ing leprosy. 

(2)  Th is agent may be used to  t reat  dermati t is  herpet i formis ,  a  sk in  

d isorder .  

(3)  Malopr im, a  dapsone-pyr imethamine product ,  is  valuable in  the 

prophylaxis  and t reatment  o f malar ia.  

(4)  Dapsone, wi th  or wi thout t r imethopr im,  is used for prophylaxis  o f  P.  

car in i i  pneumonia in  pat ients  wi th  AIDS. 

d.  Precaut ions and moni tor ing effec ts 

(1)  Hemolyt ic anemia can occur  wi th  da i ly doses > 200 mg.  Other  adverse 

hematologica l  e f fects  include methemoglobinemia and leukopenia. 
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(2)  Nausea,  vomi t ing,  and anorexia  may develop. 

(3)  Adverse CNS ef fects  include headache,  dizziness,  nervousness,  

le thargy,  paresthes ias, and psychosis.  

(4)  Dapsone occas ional ly resul ts in  a  potent ial ly  le tha l  mononucleosis- l ike 

syndrome. 

(5)  Paradoxical ly,  th is  drug sometimes exacerbates leprosy. 

(6)  Other  adverse effec ts  include skin  rash,  per iphera l  neuropathy,  b lurred 

vis ion,  t inn i tus , hepat i t is ,  and cholestat ic jaundice. 

e .  Sign i f icant  in teract ions.  Probenec id e levates blood leve ls  o f dapsone,  

poss ib ly resul t ing in  toxic i ty.  

5 .  Clofazimine is  phenazine dye wi th  ant imycobacter ial  and ant i -

in f lammatory act iv i ty.  

a .  Mechanism of  ac t ion.  Clofazimine appears  to  bind preferent ia l ly  to  

mycobacteria l  DNA, inhib i t ing repl icat ion and growth.  I t  is  bacter ic idal  

against  M.  leprae, and i t  appears  to  be bacter iosta t ic  against  MAI.  



b.  Spectrum of ac t iv i ty.  Clofazimine is ac t ive against  various mycobacteria ,  

includ ing M.  leprae, M.  tuberculos is ,  and MAI. 

c .  Therapeut ic  uses. Clofazimine is  used to t reat  leprosy and a var ie ty of  

a typ ica l  Mycobacter ium in fect ions. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Pigmentat ion (p ink  to brownish)  occurs  in  75%-100% of  pat ients  wi thin  a  

few weeks.  This  skin  d isco lorat ion has led to severe depress ion (and 

su ic ide) .  

(2)  Ur ine,  sweat ,  and other  body f lu ids  may be disco lored. 

(3)  Other  ef fec ts  include ichthyos is  and dryness of  sk in  (8%-28%), rash and 

prur i tus  (1%-5%),  and GI in to lerance (e.g. ,  abdominal /epigast r ic  pain, 

d iarrhea,  nausea,  vomi t ing)  in  40%-50% of pat ients .  Clofazimine should be 

taken wi th  food. 

6 .  Daptomycin (Cubic in)  is  a  un ique l ipopept ide ant ibio t ic wi th  c l in ica l  

ac t iv i ty in the t reatment  o f  res is tant  gram-posi t ive infec t ions. 

a .  Mechanism of  ac t ion.  Daptomycin is  bacteric ida l ;  un l ike other ant ib iot ics ,  

i t  b inds to  the bacterial  ce l l  membrane,  caus ing depolar izat ion of  the 

membrane potent ial  leading to  inhibi t ion of  RNA, DNA, and protein  

synthesis .  

b .  Spectrum of ac t iv i ty.  Th is  drug is ac t ive agains t  vancomycin-suscept ible  

E.  faecium and S. aureus ( including methic i l l in- res is tant  s t ra ins)  as wel l  as  

other aerobic gram-posi t ive bacter ia.  

c .  Therapeut ic  uses. Daptomycin is  indicated for the t reatment o f  

compl icated skin  and sk in  s tructure in fec t ions and S.  aureus bacteremia.  I t  

is  not  ind icated for  the t reatment  o f pneumonia. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Reported s ide ef fec ts are general ly mi ld  and se l f - l imi t ing and include 

const ipat ion,  abnormal  l iver  funct ion tes ts ,  and renal  fai lure. 

(2)  Cases of myalg ia  and/or  muscle weakness,  exacerbat ions of  myasthenia 

gravis,  and increases in  creat ine phosphokinase (CPK) have been reported. 

7 .  Linezol id  (Zyvox)  is  a  synthet ic  oxazol idinone that  has c l in ica l  use in  the 

t reatment  o f  in fec t ions caused by aerobic  gram-pos i t ive bacteria .  

a .  Mechanism of  ac t ion.  L inezol id  is  bacterios tat ic  against  Enterococci  and 

Staphylococc i ,  and bacter ic ida l  against  St reptococc i .  L inezol id  b inds to the 

23S r ibosomal  RNA of  the 50S subuni t  and thus inh ib i ts  protein  synthes is.  

b .  Spectrum of ac t iv i ty.  The drug is  ac t ive against  vancomycin-res is tant 

Enterococcus faecium and S. aureus (meth ic i l l in-suscept ib le  and -res is tant  

s t rains)  as  wel l  as  other  aerobic  gram-pos i t ive bacteria .  

c .  Therapeut ic  uses. L inezol id  is  indicated for t reatment  o f  in fect ions 

caused by vanco-mycin-res is tant  E.  faec ium, nosocomia l  pneumonia caused 

by meth ic i l l in -suscept ib le  and - resis tant s tra ins o f  S.  aureus,  community-

acqui red pneumonia caused by penic i l l in -suscept ib le  st rains of S.  

pneumoniae,  and sk in  and sk in  st ruc ture in fec t ions owing to  these 

organisms. 

d .  Precaut ions and moni tor ing effec ts 



(1)  Safety data are l imited.  Adverse ef fects  genera l ly are minor  (e .g. ,  

gast ro in test inal  compla ints ,  headache,  rash).  

(2)  Thrombocytopenia or a  s ign i f icant  reduct ion in  p la tele t count  has been 

reported (2.4%) and is  re la ted to  durat ion of  therapy.  Moni tor p la tele ts  in  

pat ients  wi th  r isk  of  b leeding,  preexis t ing thrombocytopenia, p la tele t 

d isorders ( inc luding those  
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caused by concurrent  medicat ions)  and in  pat ients  receiv ing l inezol id  

last ing longer than 2 weeks. 

(3)  Myelosuppression owing to  d i rec t bone marrow suppression has been 

reported rarely.  

e .  Sign i f icant  in teract ions.  Pat ients  receiv ing concomi tant  therapy wi th  

adrenergic or  serotonergic  agents  or consuming more than 100 mg of 

tyramine a day may exper ience an enhancement  o f  the drug 's  e ffec t  or  

serotonin syndrome. 

8 .  Quinupr is t in /da l fopris t in  (Synercid)  is an int ravenous s t reptogramin 

ant ib io t ic  composed of  two chemical ly d is t inct  compounds. 

a .  Mechanism of  ac t ion.  Quinupr is t in  binds to  the 50S subuni t ,  and 

dal fopris t in b inds t ight ly to  the 70S r ibosomal  part ic le .  

b .  Spectrum of ac t iv i ty.  Synerc id  has act iv i ty against  Staphylococci  spp.,  

includ ing res is tant  s t ra ins .  Th is  combinat ion has bet ter  ac t iv i ty against E. 

faec ium than Enterococcus faecal is  and is  a lso act ive against  some gram-

negat ive organisms and anaerobes;  ac t iv i ty has not  been shown against  

Enterobacter iaceae. 

c .  Therapeut ic  uses. I t  is  used for  t reatment  o f  vancomycin-res is tant  E.  

faec ium (VREF) bacteremia and skin  and sk in st ruc ture in fect ions caused 

by S.  aureus and S.  pyogenes. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Reported s ide ef fec ts are general ly mi ld  and in fus ion rela ted: pain , 

erythema,  or  i tch ing at  the in fus ion s i te ;  increases in  pu lse and dias tol ic  

pressure;  headache;  nausea or  vomi t ing;  and d iarrhea. I t  may increase l iver  

funct ion tests  s l ight ly.  

(2)  Drug in teract ions are a resul t  o f  cytochrome P450 3A4 inh ibi t ion. 

Potent ial  drug interact ions inc lude cyc losporin , ni fedipine,  and midazolam. 

(3)  Concomitant  use of  medicat ions that  may pro long QTc in terval  should be 

avoided. 

(4)  Mi ld  to l i fe-threatening pseudomembranous col i t is  has been repor ted. 

9 .  Ri faximin. Is  a  semi-synthet ic  ant ibio t ic  that  is  s t ruc tural ly rela ted to  

r i famyc in. 

a .  Mechanism of  ac t ion.  I t  inh ib i ts  bacteria l  RNA synthesis  by b ind ing to  the 

beta-subuni t  o f  bacterial  DNA-dependent RNA polymerase. 

b .  Spectrum of ac t iv i ty.  Th is  non-systemical ly absorbed drug has act iv i ty 

against  both enterotoxigenic  and enteroaggregat ive s t rains  of  Escher ichia 

co l i .  



c.  Therapeut ic  uses. Ri faximin is  used in  the t reatment  o f  Traveler 's  

d iarrhea wi th  noninvasive s tra ins of  E.  co l i .  High res is tance rates have 

been repor ted af ter  5  days of  t reatment .  

d .  Precaut ions and moni tor ing effec ts .  Because of i ts  l imi ted systemic  

absorpt ion,  adverse ef fec ts are few but include const ipat ion, vomi t ing,  

f la tu lence and headache.  

10.  Spect inomycin.  An aminocycl i to l  agent re la ted to  the aminoglycos ides,  

th is  ant ib iot ic  is  usefu l  against penic i l l in - res is tant  s t ra ins  of  gonorrhea. 

a .  Mechanism of  ac t ion.  Spect inomycin is  bacter ios tat ic ;  i t  selec t ively 

inhib i ts  prote in  synthes is by b ind ing to  the 30S r ibosomal  subuni t .  

b .  Spectrum of ac t iv i ty.  Th is  agent  is  ac t ive against  various gram-negat ive 

organisms. 

c .  Therapeut ic  uses. Spect inomycin is  used only to  t reat  gonococcal  

in fec t ions in  pat ients  wi th  penic i l l in  al lergy or when such in fect ion stems 

f rom penic i l l inase-produc ing gonococc i  (PPNG). 

d .  Precaut ions and moni tor ing effec ts .  Because spect inomycin is  given only 

as a s ing le-dose IM in ject ion,  i t  causes few adverse ef fec ts .  Nausea,  

vomi t ing,  urt icar ia ,  chi l ls ,  d izziness,  and insomnia occur  rare ly.  

11.  Te l i thromycin (Ketek)  is the f i rs t  o f  a  new c lass of  ant imicrobia ls  cal led 

the keto l ides.  I t  is  an ora l  semisynthet ic  der ivat ive of  erythromycin. 

a .  Mechanism of  ac t ion.  Te l i thromycin may be bacter ic idal  or  bacter ios tat ic ;  

i t  inh ib i ts  bacterial  protein  synthesis .  

b .  Spectrum of ac t iv i ty.  Th is  drug is ac t ive agains t  many aerobic  and 

anaerobic gram-posi t ive organisms,  inc lud ing mult id rug-  resistant  S.  

pneumoniae,  some gram-negat ive organisms as wel l  as atypical  pathogens. 

c .  Therapeut ic  uses. Te l i thromycin is  indicated for  the t reatment o f mi ld to 

moderate community-acqui red pneumonia only.  The FDA removed the 

previous 2 approved indicat ions and added a b lack box warn ing. 
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d .  Precaut ions and moni tor ing effec ts 

(1)  GI  ef fec ts  ( includ ing d iarrhea,  nausea,  and vomi t ing)  were the most  

common s ide ef fec ts  fo l lowed by d izziness and visual  disturbances (such as 

d iplopia and b lurred and abnormal  v is ion);  ser ious l iver  toxic i ty has been 

reported. 

(2)  Cross-sensi t iv i ty wi th  the other  macrol ides occurs . 

(3)  Concomitant  use of  drugs or  condit ions that  may pro long the QTc 

in terva l  should be avoided. 

(4)  Contraindicated in  pat ients  wi th myasthenia gravis ,  hepat i t is ,  or  

jaundice. 

e .  Sign i f icant  in teract ions 

(1)  Co-administ ra t ion of te l i thromycin wi th e i ther c isapride or p imozide is 

contra indicated. 



(2)  Concomitant  admin ist ra t ion of  drugs metabol ized by cytochrome P450 

3A4 in  pat ients  wi th  te l i thromycin should be c lose ly monitored. 

(3)  Pat ients on bepr id i l ,  mesor idazine,  ter fenadine,  thior idazine, or  

z iprasidone should not be prescr ibed tel i thromycin owing to  the h igh 

potent ia l  for  toxic i ty.  

(4)  Th is agent has a high potent ial  to  in teract  wi th  many drugs.  Check 

product information for the most  current  in teract ion in format ion. 

12.  Tigecycl ine (Tygaci l ) .  An in t ravenous g lycylcyc l ine ant ibio t ic  developed 

as a semisynthet ic  analogue of  te t racycl ine wi th  a  broad spectrum of  

ac t iv i ty.  

a .  Mechanism of  ac t ion.  Tigecycl ine is  bacterios tat ic ;  i t  inhib i ts  bacterial  

protein  synthes is  by revers ib ly bind ing to  the 30S r ibosome subuni t .  

b .  Spectrum of ac t iv i ty.  The drug is  ac t ive against  vancomycin-suscept ible  

E.  faecal is ,  meth ic i l l in - res is tant  S. epidermid is ,  and S. aureus (meth ic i l l in-

suscept ib le  and - resistant  st rains)  as  wel l  as some gram-negative aerobes 

and anaerobes. 

c .  Therapeut ic  uses. Tigecycl ine is  indicated for  the treatment  o f  

compl icated in t ra-abdominal  in fec t ions caused by E.  co l i ,  vancomycin-

suscept ib le  E.  faecal is ,  S.  aureus (meth ic i l l in -suscept ib le  s t rains  on ly)  and 

B.  f rag i l is .  A lso ind icated for the t reatment  of  compl icated skin  and sk in 

s t ruc ture in fec t ions caused by E. faecal is  (vancomycin-suscept ib le s t ra ins) ,  

S.  pyogenes and S.  aureus (meth ic i l l in -suscept ib le  and - resis tant s tra ins).  

d .  Precaut ions and moni tor ing effec ts .  

(1)  Safety data are l imited.  Side ef fec ts  are genera l ly mi ld  wi th  GI 

d isturbances—for  example,  nausea (22%-35%) and vomi t ing (13%-19%)—

the most  commonly repor ted. The mechanism of  these react ions is  

uncer tain . 

(2)  May cause permanent  d isco lorat ion of the teeth s imi lar  to  the 

te t racyc l ines. 

(3)  Caut ion in  pat ients  wi th  a  history of hypersens i t iv i ty react ions to  

te t racyc l ines. 

(4)  Phototoxic  react ions, pancreat i t is ,  and increases in  BUN may occur .  

e .  Sign i f icant  in teract ions.  Closely moni tor the prothrombin t ime or  

in ternat ional  sens i t iv i ty index ( INR) in  pat ients on warfar in  dur ing 

concomitant  admin is t ra t ion of  t igecyc l ine. 

13.  Tr imethoprim.  A subst i tu ted pyrimid ine, t r imethoprim is  most  commonly 

combined wi th  su l famethoxazole (a  su l fonamide d iscussed in  I I .F)  in  a  

preparat ion ca l led cot r imoxazole.  However,  i t  may be used alone for  cer tain  

ur inary t rac t  in fect ions. 

a .  Mechanism of  ac t ion.  Tr imethoprim inh ibi ts  dihydrofo la te reductase, thus 

b locking bacter ia l  synthes is  o f fol ic  ac id . 

b .  Spectrum of ac t iv i ty 

(1)  Tr imethopr im is act ive against most gram-negat ive and gram-posi t ive 

organisms.  However,  drug res is tance may develop when this drug is  used 

a lone. 



(2)  Tr imethopr im-sul famethoxazole is act ive against  a  varie ty of  organisms,  

includ ing S.  pneumoniae,  N.  meningi t id is ,  and Corynebacterium diphther iae;  

some s t rains  of  S.  aureus,  Staphylococcus epidermidis,  P. mi rabi l is ,  

Enterobacter ,  Salmonel la ,  Shigel la ,  Serrat ia ,  and Klebsiel la spp. ;  and E. 

co l i .  

(3)  The t r imethoprim-sul famethoxazole combinat ion is  synerg is t ic ;  many 

organisms res is tant to  one component  are suscept ible  to  the combinat ion.  

c .  Therapeut ic  uses 

(1)  Tr imethopr im may be used a lone or  in  combinat ion wi th  

su l famethoxazole to t reat  uncompl icated ur inary trac t infec t ions caused by 

E.  col i ,  P.  mi rabi l is ,  and Klebs ie l la  and Enterobacter  organisms. 

(2)  Tr imethopr im-sul famethoxazole is therapeut ic  for  acute gonococcal 

urethr i t is ,  acute exacerbat ion of  chronic  bronchit is ,  sh igel los is ,  and 

Salmonel la  in fec t ions. 
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(3)  Tr imethopr im-sul famethoxazole may be given as prophylact ic  or  

suppressive therapy in P.  car ini i  pneumonia. I t  is  the drug of choice for  the 

t reatment  o f  Stenotrophomonas mal tophi l ia  in fec t ions. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Most  adverse effec ts invo lve the sk in  (poss ib ly f rom sensi t izat ion) .  

These inc lude rash,  pruri tus , and exfo l ia t ive dermat i t is .  

(2)  Rare ly,  t r imethoprim-sul famethoxazole causes blood dyscrasias (e .g. ,  

acute hemolyt ic  anemia,  leukopenia,  thrombocytopenia,  

methemoglobinemia,  agranulocytosis ,  aplast ic  anemia) .  

(3)  Adverse GI e ffec ts inc lud ing nausea,  vomi t ing,  and epigast r ic  dist ress 

g lossi t is  may occur .  

(4)  Neonates may develop kern ic terus. 

(5)  Pat ients wi th  AIDS somet imes suf fer  fever ,  rash,  mala ise,  and 

pancytopenia dur ing t r imethopr im therapy. 

14.  Vancomycin.  Th is  glycopept ide dest roys most  gram-posi t ive organisms. 

a .  Mechanism of  ac t ion.  Vancomycin is  bacter ic ida l ;  i t  inhibi ts bacter ial  cel l  

wal l  synthesis.  

b .  Spectrum of ac t iv i ty.  Th is  drug is ac t ive agains t  most  gram-pos i t ive 

organisms,  inc lud ing meth ic i l l in- res is tant  s t rains  of  S.  aureus and 

Enterococc i .  

c .  Therapeut ic  uses. Vancomycin usual ly is  reserved for ser ious infect ions,  

especia l ly those caused by meth ic i l l in - res is tant  staphylococc i .  I t  is  

par t icular ly usefu l  in  pat ients  who are al lerg ic  to  penic i l l in  or  

cephalosporins .  Typica l  uses inc lude endocardi t is ,  os teomyel i t is ,  and 

s taphylococcal  pneumonia. 

(1)  Ora l  vancomycin is  va luable in  the treatment  o f  ant ib iot ic - induced 

pseudomembranous co l i t is  caused by C. di f f ic i le  or  S.  aureus enterocol i t is .  

Because vancomycin is  not  absorbed af ter  ora l  admin is t rat ion,  i t  is  not 



usefu l  for systemic  in fect ions.  Because of  resistance,  the Centers  for  

Disease Control  and Prevent ion (CDC) recommend vancomycin as the 

second choice to metronidazole for  C. d i f f ic i le  in fec t ions. 

(2)  Because 1 g provides adequate blood leve ls  for  7-10 days,  IV 

vancomycin is  par t icu lar ly usefu l  in  the t reatment o f  anephr ic  pat ients  wi th  

gram-pos i t ive bacteria l  in fec t ions. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Ototoxic i ty may arise;  nephrotoxic i ty is  rare but  can occur wi th  high 

doses. 

(2)  Vancomycin may cause hypersens i t iv i ty react ions,  mani fes ted by such 

symptoms as anaphylaxis  and skin  rash. 

(3)  Therapeut ic  leve ls  peak at  20-40 µg/mL.  The trough is  < 15 µg/mL. 

(4)  Red man's syndrome may occur .  Th is  is  fac ial  f lushing and hypotension 

owing to too rap id infus ion of  the drug.  Infus ion should be over  a  minimum 

of  60 min for  a  1-g dose. 

(5)  IV solu t ions are very i r r i ta t ing to  the vein . 

e .  Vancomycin-resistant  enterococc i .  A few s t rains  of vancomycin-res is tant  

enterococc i  are suscept ib le  to  te icoplan in ( invest igat ional  by Hoechst  

Mar ion Roussel ) ,  l inezol id  (Zyvox) ,  or  quinupr is t in /dal fopr is t in  (Synercid) .  

These agents may be usefu l  for mul t ip le-drug-resis tant  E.  faec ium. 

III. Systemic Antifungal Agents 
A. Def in i t ion.  These agents  t reat  systemic  and loca l  fungal  (mycot ic)  

in fec t ions—diseases that  res is t  t reatment  wi th  ant ibacter ial  drugs. 

B.  Amphoter ic in  B (Fungizone).  Th is polyene ant i fungal  ant ibio t ic  is 

therapeut ic  for  var ious fungal  in fec t ions that  f requent ly proved fa tal  before 

the drug became avai lable .  I t  is  used increas ingly in  the empir ic  treatment  

o f  severely immunocompromised pat ients  in  certain  c l in ical  s i tuat ions. 

1 .  Mechanism of  ac t ion.  Amphoteric in B is  both fungis ta t ic  in  c l in ical ly 

obtained concentrat ions and may be fungic ida l  in the presence of 

suscept ib le  organisms.  I t  b inds to  s terols  in  the fungal  cel l  membrane,  

thereby increasing membrane permeabi l i ty  and permit t ing leakage of  

in t racel lu lar  contents .  Other  mechanisms may be invo lved as wel l .  
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2 .  Spectrum of ac t iv i ty.  Amphoteric in B is  a broad-spectrum ant i fungal 

agent  wi th  act iv i ty against  Asperg i l lus , Blastomyces,  Candida spp.  

(a lbicans,  k rusei  t rop ical is ,  and glabrata) ,  Cryptococcus, Cocc id io ides,  

His top lasma, Paracocc idio ides,  Phycomycetes (mucor) ,  and Sporothrix.  I t  is  

a lso usefu l  against some protozoa such as Leishmania, Naegler ia,  and 

Acanthamoeba. 

3 .  Therapeut ic  uses.  Amphoter ic in  B is  the most e f fec t ive ant i fungal  agent  

in  the t reatment  o f  systemic  fungal  in fec t ions, especial ly in  

immunocompromised pat ients . 



a.  I t  is  the t reatment  o f  choice for  pu lmonary Asperg i l lus  in fect ions; 

Blastomyces in fect ions,  which are l i fe- threatening wi th  AIDS or  CNS 

involvement ;  deep-organ in fect ions wi th Candida; Cocc idioides in fect ions 

wi th  severe pu lmonary invo lvement  or  wi th  disseminated nonmeningeal  

immunocompetent  or  immunocompromised pat ients ; a l l  Cryptococcus 

in fect ions;  d isseminated His top lasma infect ions invo lv ing CNS or 

immunosuppressed pat ients ; Malassezia furfur  fungemia;  pu lmonary and 

ext rapulmonary Phycomycetes (mucormycosis);  Penic i l l ium marnef fei ;  and 

ext racutaneous Sporothrix.  

b .  Th is agent may be used to  t reat  cocc idioidal  ar thr i t is .  

c .  Topical  preparat ions are given to  eradicate cutaneous and 

mucocutaneous candidias is .  

d .  I t  may be used as empir ic  therapy in  febr i le ,  neutropenic  pat ients . 

e .  I t  is  used as secondary prophylaxis  o f  fungal  in fec t ions in  HIV-posi t ive 

pat ients ,  guard ing against  recurrence of  infect ion. 

f .  I t  may be used prophylact ica l ly in  neutropenic  cancer  pat ients  and bone 

marrow t ransplant  or  so l id-organ t ransplant  pat ients  to  reduce the incidence 

of  Asperg i l lus  and Candida in fect ions. 

4 .  Precaut ions and moni tor ing effec ts .  Because amphoteric in  B can cause 

many serious adverse effec ts ,  i t  should be adminis tered in a  hospita l  

set t ing—at least  dur ing the in i t ia l  therapeut ic  s tage.  The adverse ef fects  

are div ided in to  in fus ion react ions and others . 

a .  Infus ion react ions occur  whi le  the drug is  being admin is tered and include 

fever ,  shak ing chi l ls ,  hypotens ion, anorexia ,  nausea,  vomi t ing,  headache, 

dyspnea,  and tachypnea. Premedicat ion wi th  acetaminophen and 

d iphenhydramine has been helpful  in  prophylaxing against infus ion 

react ions.  In  addit ion,  hydrocor t isone 10-50 mg may be added to  the 

in fus ion as prophylaxis  against infus ion-rela ted react ions.  Meper idine 25-50 

mg IV is  ef fec t ive t reatment  o f  ac t ive shak ing chi l ls / r igors . Meper idine is  

a lso ef fec t ive in prophylaxis  o f  r igors . 

b .  Nephrotoxic i ty f requent ly occurs.  Dosage adjustment or  drug 

d iscont inuat ion or  changing to  a l iposomal  amphoter ic in  B product  may be 

necessary as renal  impairment  progresses. 

c .  Elect rolyte  abnormal i t ies ,  inc lud ing hypokalemia,  hypomagnesemia,  and 

hypocalcemia,  are common.  Moni tor  and replace e lec t rolytes  as needed. 

d .  Normocyt ic ,  normochromic  anemia wi l l  develop over  long- term use (10 

weeks) .  Moni tor  hematocr i t  per iod ical ly.  

e .  Bronchospasm, wheezing, and anaphylaxis  or  anaphylactoid  react ions 

have occurred.  A tes t  dose of  1 mg of amphoter ic in  B is o f ten admin is tered 

before in fus ion of  large quant i t ies  of  the drug. 

f .  Phlebi t is  or  thrombophlebi t is  is  repor ted wi th  convent ional  amphoteric in  

B.  Hepar in (500-1000 U) can be added to the in fus ion to  a id in prevent ion. 

g .  CNS ef fec ts  include headache,  peripheral  neuropathy,  mala ise, 

depress ion,  seizure, myasthenia, and hal lucinat ions. 



h.  Elevated l iver  t ransaminases,  aspar ta te aminotransferase (AST),  alanine 

aminotransferase (ALT),  a lka l ine phosphatase,  b i l i rubin , γ -

g lu tamylt ransferase (GGT),  and lac tate dehydrogenase (LDH) may occur .  

i .  Amphoteric in  B parentera l  use should be mixed only in dext rose 5% in  

water  (D5W ) and should be protected from l ight .  

5 .  Sign i f icant  in teract ions.  Other  nephrotoxic  drugs (aminoglycosides, 

capreomycin,  col is t in ,  c isp la t in ,  cyc losporine,  methoxyf lurane,  pentamid ine,  

po lymyxin B,  and vancomycin)  may cause addi t ive nephrotoxic i ty.  

6 .  Amphoteric in  B l ip id  complex (Abelcet) ,  amphoter ic in  B cholestero l  

su l fa te  complex (Amphotec) ,  and l iposomal  amphoteric in  B (AmBisome) 

of fer a l ternat ive formulat ions of  amphoter ic in B for  the t reatment o f severe 

fungal  in fect ions in pat ients  who are in to lerant  of  or  whose disease is  

re f rac tory to  convent ional  t reatment .  
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C.  Echinocandins.  Three echinocandins are approved in  the US: 

capsofungin (Canc idas) ,  micafungin (Mycamine) and anidu lafungin (Eraxis) .  

These agents have a broad spectrum of  ac t iv i ty against Candida spec ies 

wi th  micafungin and anidu lafungin having s imi lar  MICs that  are general ly 

lower than the MIC of  capsofungin. 

1 .  Mechanism of  ac t ion.  Caspofungin works by caus ing fungal ce l l  wal l  

lys is .  By be ing a noncompet i t ive inhibi tor o f  β (1 ,3)  synthase, which is  an 

essent ial  component  o f fungal  cel l  wal l  synthes is,  i t  causes osmot ic  

instabi l i ty  wi th in the fungus and fungal  cel l  wal l  lys is .  

2 .  Spectrum of ac t iv i ty.  Echinocandins have fungic idal  ac t iv i ty against  

Candida species and fungista t ic  act iv i ty against  Asperg i l lus  species.  Al l  

three agents  in  th is  c lass appear to  have good act iv i ty in  v i t ro  for  most  

isola tes of  Candida species,  including those that  are ei ther  Amphoter ic in-B 

or  f luconazole and i t raconazole-res is tant ,  such as C.  g labrata. 

3 .  Therapeut ic  uses.  Al l  three agents  are indicated for  the treatment  o f  

esophageal  candid ias is 

a .  Caspofunf in and anidu lafungin are a lso ind icated for  the t reatment o f  

candidemia and other infec t ions caused by Candida spec ies, including 

in t rabdominal  abscesses and peri ton i t is .  

b .  Caspofungin may a lso be used for  the t reatment  o f candida l  p leural  

space infect ions,  empir ic t reatment  o f  presumed fungal  in fec t ions in  

neutropenic  pat ients , and t reatment  o f invas ive asperg i l los is  in  pat ients  

re f rac tory to  or  in tolerant  o f  o ther  ant i fungals  ( i .e. ,  amphoter ic in B,  

i t raconazole) .  

c .  Micafungin is ind icated for the prophylaxis  o f  candidal  in fec t ions in  

pat ients  indergoing hematopoiet ic  s tem cel l  t ransplantat ion (HSCT). 

4 .  Precaut ions and moni tor ing effec ts .  Al though th is c lass has adverse 

events  associated wi th  i ts  use, the overa l l  toxic i ty prof i le  is s igni f icant ly 

bet ter  than that  of  amphoteric in  B. 



a.  Infus ion ve in  compl icat ions (not def ined by manufacturer)  and 

thrombophlebi t is  have been seen on in fusion of  caspofungin. 

b .  Hemato log ical  decreases in  hemoglobin and hematocr i t  may occur;  

however,  the incidence does not  di f fer  f rom that  of  having a fungal  d isease. 

c .  Headache may occur .  

d .  Sl ight  decreases in  serum potass ium may occur ,  but  nowhere near  the 

magni tude of that  caused by amphoter ic in B. 

e .  Anorexia ,  nausea,  vomi t ing,  and d iarrhea have occurred. 

f .  Rare increases in  serum creat inine;  however,  there have been no 

reported cases of  nephrotoxic i ty.  

g .  Possible  s l ight  increases in  serum aminotransferases 

h.  Al lerg ic  react ions occur  in  < 5% of  pat ients  and anaphylaxis  in < 2% of 

pat ients . 

i .  Pregnancy category C embryotoxic  react ions have occurred in animals . 

5 .  Sign i f icant  in teract ions 

a.  When cyclosporine is  combined wi th  caspofungin, c l in ica l ly s igni f icant  

r ises in  ALT were observed.  Serum t ransaminases should be monitored,  and 

th is  combinat ion should be avoided in  pat ients  with  preexis t ing l iver  

d isease. 

b .  When used in  combinat ion,  carbamazepine,  ne l f inavi r ,  nevi rapine,  

phenyto in,  and r i fampin increases the clearance of  caspofungin.  Higher 

doses of  caspofungin (70 mg every day)  should be cons idered when th is  

combinat ion is  adminis tered. 

c .  Tacro l imus c learance wi l l  be increased when the combinat ion is  used;  

moni tor tacrol imus serum levels  c losely.  

D.  F lucytos ine (Ancobon).  Th is  f luor inated pyr imid ine usual ly is  g iven in 

combinat ion wi th  amphoter ic in B. 

1 .  Mechanism of  ac t ion.  F lucytosine penetrates fungal  cel ls  and is  

converted to  f luorourac i l ,  a  metabol ic  antagonis t .  Incorporated in to  the RNA 

of  the fungal  cel l ,  f lucytos ine causes defect ive prote in  synthesis .  I t  is  e i ther  

fungista t ic  or  fungic ida l ,  depending on the concent rat ion of the drug. 

2 .  Spectrum of ac t iv i ty.  Th is  drug is pr imar i ly ac t ive against Cryptococcus 

and Candida.  I t  is  most  commonly used in conjunct ion wi th  amphoteric in  B.  

Fungal  resistance against  f lucytosine alone has been wel l  documented. 

F lucytosine may a lso possess some act iv i ty against  chromomycos is  and 

some s t rains  of  Asperg i l lus  ( in  v i t ro  test ing on ly) .  
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3 .  Therapeut ic  uses.  F lucytosine is  ad junct ively used wi th  amphoter ic in  B 

for  severe systemic  in fect ions (e .g. ,  sept icemia,  endocard i t is ,  pulmonary 

and ur inary t rac t infec t ions,  meningi t is ) .  Use of  f lucytos ine alone is not 

recommended. 

4 .  Precaut ions and moni tor ing effec ts 



a.  Frequent adverse ef fec ts inc lude GI  in tolerance wi th  nausea, vomi t ing, 

and d iarrhea. 

b .  Occas ional  adverse react ions are more severe and inc lude marrow 

suppression wi th  leukopenia or  thrombocytopenia (dose rela ted,  espec ial ly 

wi th  renal  fa i lure or  concurrent  amphoter ic in B use) .  Confus ion,  rash,  

hepat i t is ,  enterocol i t is ,  headache,  and photosensi t iv i ty react ions can also 

occur .  

c .  Rare react ions include hal luc inat ions,  b lood dyscrasias wi th  

agranulocytosis  and pancytopenia,  fa tal  hepat i t is ,  anaphylaxis ,  and anemia. 

d .  Flucytosine may cause a markedly false elevat ion of serum creat inine i f  

an Ektachem analyzer  is used. 

5 .  Sign i f icant  in teract ions.  Benef ic ial  drug in teract ions occur  wi th  

f lucytosine.  Flucytosine has demonstrated synergy wi th  amphoteric in  B and 

f luconazole against Cryptococcus and Candida spp. 

E.  Gr iseofu lv in  (Fulv ic in).  Produced f rom Penic i l l ium gr iseofu lv in  Dierckx,  

th is  drug is depos i ted in  the skin , bound to kerat in .  

1 .  Mechanism of  ac t ion.  Th is  agent  is  fungista t ic;  i t  inhibi ts fungal  ce l l  

ac t iv i ty by in terfer ing wi th  mi to t ic sp ind le st ruc ture.  I ts  mechanism of act ion 

is  s imi lar  to  colch ic ine. 

2 .  Spectrum of ac t iv i ty.  Gr iseofulv in  is  act ive against  various s t ra ins  of  

Microsporum, Epidermophyton,  and Tr ichophyton. 

3 .  Therapeut ic  uses.  Griseofu lv in  is  e f fec t ive in  t inea in fect ions of  the skin ,  

ha i r ,  and nai ls  ( inc luding athle te 's  foot,  jock  i tch,  and r ingworm) caused by 

Microsporum, Epidermophyton,  and Tr ichophyton. 

a .  General ly,  th is  agent  is  given only for  in fec t ions that  do not  respond to  

top ical  ant i fungal  agents.  

b .  Gr iseofu lv in  is  ava i lable  on ly in  ora l  form. 

c .  I t  possesses vasodi la tory act iv i ty and may be used in  Raynaud d isease. 

d .  I t  may be used to  treat  gout .  

4 .  Precaut ions and moni tor ing effec ts 

a .  Gr iseofu lv in  rare ly resul ts  in  ser ious adverse ef fects.  However,  the 

fo l lowing problems have been repor ted. 

(1)  Common: headache,  fa t igue,  confusion,  impaired per formance,  syncope,  

and le thargy,  which genera l ly reso lve wi th  cont inued use 

(2)  Occas ional :  leukopenia,  neutropenia,  and granulocytopenia 

(3)  Rare:  serum s ickness,  angioedema, ur t icar ia ,  erythema, and 

hepatotoxic i ty 

b .  The dosage depends on the par t ic le  s ize of  the product :  250 mg of  

u l t ramicrosize (Fulv ic in P/G) is equivalent  in  therapeut ic  ef fec ts  to  500 mg 

of  micros ize (Fulv ic in  U/F) .  

5 .  Sign i f icant  in teract ions 

a.  Gr iseofu lv in  may increase the metabol ism of  warfar in ,  leading to  

decreased prothrombin t ime. 

b .  Barb i turates may reduce gr iseofu lv in  absorpt ion. 

c .  Alcohol  consumption may cause tachycard ia  and f lush ing. 



d.  Ora l  contracept ives may cause amenorrhea or  increased breakthrough 

b leeding. 

F.  Imidazoles. The subst i tu ted imidazole derivat ives ketoconazole (Nizora l ) ,  

miconazole (Monis tat ) ,  f luconazole (Dif lucan) ,  i t raconazole (Sporanox) ,  

vor iconazole (Vfend)  and posaconazole (Noxaf i l )  are  valuable in  the 

t reatment  o f  a wide range of  systemic fungal  in fec t ions. 

1 .  Mechanism of  ac t ion.  Imidazoles inh ib i t  s terol  synthesis  in  fungal  ce l l  

membranes and increase cel l  wal l  permeabi l i ty ;  th is ,  in  turn,  makes the ce l l  

more vu lnerable to osmot ic  pressure.  These agents  are fungis ta t ic.  

2 .  Spectrum of ac t iv i ty.  These agents are act ive against  many fungi ,  

includ ing yeasts ,  dermatophytes,  act inomycetes, and some Phycomycetes.  
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3 .  Therapeut ic  uses 

a.  Ketoconazole,  an ora l  agent ,  successfu l ly t reats  many fungal infec t ions 

that  previous ly y ielded only to  parenteral  agents . 

(1)  I t  is  therapeut ic  for  systemic and vaginal  candidias is ,  mucocandidias is ,  

candidur ia ,  ora l  thrush,  h istoplasmosis,  cocc id ioidomycosis,  

chromomycosis ,  dermatophytos is  ( t inea) ,  and paracoccidio idomycos is .  

(2)  Because ketoconazole is  s low act ing and requi res a long durat ion of  

therapy (up to 6 months for  some chronic  in fec t ions) ,  i t  is  less effec t ive 

than other  ant i fungal  agents  for  the t reatment  o f  severe and acute systemic  

in fec t ions. 

b .  Miconazole,  pr imar i ly adminis tered as a top ical  agent,  The parentera l  

form has been discont inued in  the United States. I t  was a rela t ive ly toxic  

formulat ion which has been rep laced by other  members of  th is  c lass (e .g. ,  

f luconazole) .  

(1)  Topical  miconazole is  highly e f fect ive in  vulvovagina l  candid iasis,  

r ingworm, and other  sk in in fec t ions. 

c .  Fluconazole.  Avai lab le  in oral  and parenteral  forms,  f luconazole can be 

used against  systemic  and CNS in fect ions invo lving Cryptococcus and 

Candida. Candida oropharyngeal  in fec t ion and esophagi t is  may also be 

t reated wi th f luconazole. Aspergi l lus,  Coccid io ides,  and Histoplasma have 

demonstrated in v i t ro sens i t iv i ty.  

d .  I t raconazole is avai lab le  as an oral  agent  wi th act iv i ty against  systemic  

and invas ive pu lmonary aspergi l losis wi thout  the hematologica l  toxic i ty o f  

amphoter ic in  B.  Other  deep mycot ic  in fec t ions suscept ible  to  i t raconazole 

include b las tomycosis ,  cocc idioidomycos is ,  c ryptococcosis,  and 

h istoplasmosis. 

e .  Voriconazole. Voriconazole is avai lable as both an int ravenous and an 

ora l  agent  for  the t reatment  o f  fungal  in fect ions invo lv ing invas ive 

aspergi l losis,  Scedosporium apiospermum, and Fusarium spp. ,  includ ing 

those spec ies that  are ref ractory to o ther  therapy. 



f .  Posaconazole.  Avai lable  as an ora l  suspens ion indicated for  the 

prevent ion of invas ive infec t ions caused by Asperg i l lus  and Candida 

spec ies in pat ients  receiv ing HSCT or  wi th  neutropenis.  Posaconazole may 

a lso be used to  t reat  invas ive fungal  in fec t ions in pat ients  who have 

previously fa i led or are in to lerant  to  other ant i fungals . 

4 .  Precaut ions and moni tor ing effec ts 

a .  Ketoconazole may cause nausea,  vomit ing,  d iarrhea,  abdominal  pa in ,  

and const ipat ion. Rarely,  i t  leads to  headache,  dizziness,  gynecomastia ,  

and fa ta l  hepatotoxic i ty.  

b .  Fluconazole commonly causes GI  d is turbances (e.g . ,  nausea, vomi t ing,  

ep igast r ic  pa in,  diarrhea) .  Revers ible  e levat ions in  serum aminotransferase,  

exfo l ia t ive sk in  react ions,  and headaches have been repor ted. 

c .  I t raconazole may cause nausea, vomit ing,  hyper t r ig lycer idemia, 

hypokalemia,  rash,  and e levat ions in  l iver  enzymes. 

d .  Voriconazole. Visual  dis turbances,  fever ,  rash, vomi t ing,  nausea,  

d iarrhea,  headache, seps is ,  per iphera l  edema, abdominal pain , and 

respi ratory disorders  rare ly occurred.  Liver  funct ion tes t abnormal i t ies  have 

occurred. 

e .  Posaconazole.  Most  common adverse events  have been nausea and 

headache. Rash,  dry sk in ,  tas te disturbances,  abdominal  pa in ,  d izziness,  

hypokalemia,  thrombocytopenia,  and f lush ing can occur .  Posaconazole can 

cause abnormal i t ies  in  l iver  funct ion and has been associated wi th  

pro longat ion of  the QT interva l .  

5 .  Sign i f icant  in teract ions 

a.  Both ketoconazole and miconazole may enhance the ant icoagulant e f fec t  

o f  warfar in .  

b .  Ketoconazole may antagonize the ant ib io t ic  e f fec ts  of  amphoter ic in B. 

c .  Fluconazole has been shown to  elevate serum leve ls  o f  phenyto in ,  

cyc lospor ine, warfar in,  and su l fonylureas. Concurrent  hepat ic  enzyme 

inducers , such as r i fampin,  have resul ted in  increased el iminat ion of  both 

f luconazole and i t raconazole. 

d .  Coadminist ra t ion of  i t raconazole or  ketoconazole  wi th  astemizo le or 

ter fenadine may resul t  in increased astemizo le or ter fenadine leve ls ,  

poss ib ly leading to l i fe-threatening dysrhythmias and death. 

e .  Both ketoconazole and i t raconazole need the presence of  s tomach ac id  

for  adequate absorpt ion. Use wi th antacids,  H2 -b lockers ,  or  proton pump 

inhib i tors  is  contraindicated. 

f .  Concomitant  use of  imidazole ant i fungal  agents wi th  c isapr ide may resul t  

in  increased concentrat ions of  c isapr ide,  which has been associated wi th 

adverse cardiac events  such as torsades de pointes leading to  sudden 

death. 
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g.  Voriconazole. Cytochrome P450 2C19 is  the major enzyme involved in  

metabol ism.  Voriconazole inh ib i ts  cytochrome P450 2C19,  2C9, and 3A4.  

Any medicat ion that  is  metabol ized via these routes  may be af fec ted,  and 

moni tor ing of blood leve ls  ( i f  appropr ia te) or  c l in ica l  s igns and symptoms is  

necessary when tak ing concomi tant  medicat ions. 

h .  Posaconazole serum levels are reduced by concurrent  admin is t ra t ion 

wi th  c imetidine,  phenyto in  or  r i fbut in ;  avo id concommitant  use i f  possible . 

Posaconazole may increase concentrat ions of  cyc lospor ine,  tacrol imus,  

r i fabut in ,  midazolam, and phenytoin ; dosage adjustments may be requi red. 

(1)  Food increases the ora l  b ioavai labi l i ty ;  take posaconazole wi th  a  ful l  

meal  or l iquid  nutr i t ional  supplement 

G.  Nystat in  (Mycostat in) .  A polyene ant ibio t ic,  nys tat in  has a chemical  

s t ruc ture s imi lar  to  that o f  amphoter ic in B. 

1 .  Mechanism of  ac t ion.  Nystat in  is  fungic ida l  and fungis ta t ic ;  b ind ing to  

s tero ls  in  the fungal cel l  membrane, i t  increases membrane permeabi l i ty  

and permi ts  leakage of  in t racel lu lar  contents . 

2 .  Spectrum of ac t iv i ty.  Nystat in  is  ac t ive pr imar i ly against  Candida spp. 

3 .  Therapeut ic  uses 

a.  Th is drug is  used pr imar i ly as  a top ical  agent  in  vaginal  and ora l  Candida 

in fect ions. 

b .  Ora l  nystat in  is  therapeut ic  for  Candida infect ions of  the GI  t rac t,  

especia l ly ora l  and esophageal infect ions;  because the drug is  not  readi ly 

absorbed,  i t  mainta ins  good local  ac t iv i ty.  

4 .  Precaut ions and moni tor ing effec ts .  Oral  nystat in  occas ional ly causes GI  

d ist ress (e .g. ,  nausea,  vomit ing,  d iarrhea) .  Rarely,  hypersens i t iv i ty 

react ions occur .  

H.  Terb inaf ine (Lamis i l )  is  a  synthet ic  a l ly lamine wi th  s t ruc ture and act iv i ty 

re lated to  naft i f ine. 

1 .  Mechanism of  ac t ion.  Terb inaf ine inh ib i ts  squalene monooxygenase,  

leading to  an in terrupt ion of  fungal  stero l  b iosynthesis.  Terb inaf ine may be 

fungic ida l  or  fungis ta t ic ,  depending on drug concentrat ion and species. 

2 .  Spectrum of ac t iv i ty.  Terb inaf ine has act iv i ty against  dermatophyt ic  fungi  

(Tr ichophyton,  Microsporum, and Epidermophyton) ,  f i lamentous fungi  

(Asperg i l lus),  and dimorphic  fungi  (Blastomyces).  I t  may also possess some 

act iv i ty against yeasts. 

3 .  Therapeut ic  uses 

a.  Ora l  terb inaf ine is  usefu l  against  in fec t ions of  the toenai l  and f ingernai l  

(onychomycosis,  t inea unguium).  Time to  cure is  reduced over  imidazole 

ant i fungals  for  these ind icat ions.  I t  is  useful  in  pat ients  who may not  

to lerate the adverse ef fec t  prof i le o f  imidazole ant i fungals. 

b .  I t  is  also used in  t inea capi t is  and t inea corpor is  in fec t ions. 

4 .  Precaut ions and moni tor ing effec ts .  Adverse effec ts  inc lude tas te or  

ocular  d is turbances, symptomatic  hepatobi l iary dysfunct ion, decrease in  

lymphocyte count  and neutropenia,  and ser ious sk in react ions. 



IV. Topical Antifungal Agents 
A. Def in i t ion.  These agents  are for  topica l  use for  fungal in fec t ions. 

B.  Amphoter ic in  B (Fungizone) is ava i lab le as a 3% cream or  lo t ion or  an 

ora l  suspens ion that is  not  absorbed through the GI  t rac t .  

1 .  Mechanism of  ac t ion.  See I I I .B.1. 

2 .  Spectrum of ac t iv i ty.  See I I I .B.2. 

3 .  Therapeut ic  uses.  Amphoter ic in  B is  used for  oropharyngeal  candidiasis ,  

cutaneous and mucocutaneous candidal  in fec t ions,  or  as  a local  i r r igant for  

the b ladder and in t rap leura l  or  in t raper i toneal  areas. 
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4 .  Precaut ions and moni tor ing effec ts .  Compared wi th  systemic  

adminis t ra t ion, the top ica l  formulat ions have relat ive ly low toxic i ty.  

a .  Dry sk in  and loca l  i r r i ta t ion wi th  erythema, pruri tus ,  or  burn ing, a long 

wi th  mi ld  skin  d isco lorat ion,  has occurred wi th  the lot ion and cream. 

b.  Rash and GI  ef fec ts  (e .g. ,  nausea, vomi t ing,  steatorrhea,  d iarrhea)  tend 

to  occur  wi th  the suspens ion.  In  addi t ion,  there have been case repor ts  o f 

ur t icaria ,  angioedema, Stevens-Johnson syndrome,  and toxic  epidermal  

necro lysis.  

C.  Butenaf ine (Mentax)  is  a  synthet ic  benzylamine rela ted to  the a l ly lamine 

ant i fungal  agents  (naft i f ine,  terbinaf ine) .  

1 .  Mechanism of  ac t ion.  Butenaf ine a l ters  fungal  membrane permeabi l i ty  

and growth inhib i t ion,  in ter feres wi th s terol  biosynthes is  by a l lowing 

squalene to  accumulate wi th in  the cel l ,  and may be fungic idal  in  cer ta in  

concentrat ions against suscept ible  organisms such as the dermatophytes.  

2 .  Spectrum of ac t iv i ty.  Butenaf ine is ac t ive against  Tr ichophyton rubrum, 

Tr ichophyton mentagrophytes, Microsporum canis ,  Sporothr ix schenck i i ,  

and yeasts  inc lud ing Candida parapsi losis  and C.  a lb icans. 

3 .  Therapeut ic  uses.  The 1% cream is  used in dermatophytoses, inc lud ing 

t inea corpor is ,  t inea cruris ,  and t inea pedis . 

4 .  Precaut ions and moni tor ing effec ts .  I f  c l in ica l  improvement  o f  fungal  

in fec t ion does not  improve af ter  the t reatment  per iod,  the diagnos is  should 

be reevaluated. 

D.  Butoconazole (Mycelex)  is  an azole ant i fungal  c ream avai lable  for  

vaginal  use. 

1 .  Mechanism of  ac t ion.  Butoconazole has fungista t ic  ac t iv i ty against 

suscept ib le  organisms.  The drug in ter feres wi th  membrane permeabi l i ty ,  

secondary metabol ic  ef fec ts ,  and growth inhibi t ion.  Butoconazole conta ins  

ant ibacter ial  e f fec ts  against  some gram-posi t ive organisms. 

2 .  Spectrum of ac t iv i ty.  Butoconazole is  ac t ive against dermatophytes 

(Tr ichophyton concentr icum, T.  mentagrophytes,  T.  rubrum, Tr ichophyton 

tonsurans,  Epidermophyton f loccosum, M.  canis ,  Microsporum gypseum), 



yeasts  (C.  a lb icans,  C.  glabrata),  and some gram-posi t ive organisms (S.  

aureus, E.  faecal is ,  and S.  pyogenes) .  

3 .  Therapeut ic  uses.  A 2% cream is  used for  vu lvovagina l  candid iasis and 

compl icated,  recurrent  vu lvovaginal  candidias is .  

4 .  Precaut ions and moni tor ing effec ts 

a .  Vulvovaginal  burn ing and i tch ing are the most common;  however,  the i r  

incidence is  low.  Headache;  i tch ing of  f ingers ;  ur inary f requency and 

burning;  and vulvovagina l  discharge,  i r r i ta t ion, soreness,  s t inging,  odor ,  

and swel l ing rarely occur.  

b .  Butoconazole may damage bi r th-contro l  devices such as condoms and 

d iaphragms,  leading to  inadequate protect ion.  Consider  al ternat ive methods 

of  bi r th contro l .  

c .  Tampon use should be avoided wi th  the use of  butoconazole. 

E.  Cic lop i rox (Loprox)  is  a  synthet ic ant i fungal  agent  that is  chemical ly 

unrela ted to  any other  ant i fungal  agent .  The ethanolamine conta ined in 

c ic lop i rox appears  to  enhance epidermal  penetrat ion. 

1 .  Mechanism of  ac t ion.  Cic lop irox causes in t racel lu lar deplet ion of  amino 

ac ids and ions necessary for  normal  cel lu lar funct ion. 

2 .  Spectrum of ac t iv i ty.  Cic lop irox is  ac t ive against  dermatophytes,  yeasts ,  

some gram-pos i t ive and gram-negative bacter ia ,  Mycoplasma,  and 

Tr ichomonas vaginal is .  Speci f ical ly,  c ic lop irox has act iv i ty against  T.  

mentagrophytes,  T.  rubrum, E.  f loccosum, M.  canis,  M.  fur fur,  and C. 

a lbicans. 

3 .  Therapeut ic  uses.  Cic lop i rox is  used top ica l ly for  the t reatment  of  t inea 

pedis , t inea crur is ,  t inea corporis ,  t inea versico lor  ( f rom Malassezia) ,  and 

cutaneous candidias is  (moni l ias is )  f rom C.  alb icans. 
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4 .  Precaut ions and moni tor ing effec ts .  Local  i r r i tat ion manifes ted by 

erythema,  pruri tus , burn ing,  b l is ter ing,  swel l ing, and oozing has occurred.  I f  

th is  occurs,  c ic lop i rox should be discont inued. 

F.  Cl ioquino l  ( formerly iodochlorhydroxyquin)  is a topica l  ant i fungal  in  a 3% 

ointment  that can be used a lone or  in  combinat ion wi th  hydrocor t isone. 

1 .  Mechanism of  ac t ion.  Unknown 

2.  Spectrum of ac t iv i ty.  I t  is  ac t ive against  dermatophyt ic  fungi .  

3 .  Therapeut ic  uses.  I t  is  used topica l ly against  the fo l lowing: 

a .  Tinea pedis  and t inea cruris  ( r ingworm in fect ions) 

b .  Previous ly used to t reat  diaper  rash;  however,  i t  is  no longer 

recommended,  and use in  ch i ldren < 2 years  of  age is  contraindicated 

4.  Precaut ions and moni tor ing effec ts 

a .  Local  i r r i ta t ion,  rash, and sensi t iv i ty react ions are common. 

b .  Systemic absorpt ion af ter  topica l  appl icat ion may occur .  



c.  High doses of  c l ioquino l  over long periods of  t ime have been associated 

wi th  oculotoxic /neurotoxic  e ffec ts,  including opt ic  neuri t is ,  opt ic  a trophy,  

and subacute myeloopt ic neuropathy. 

G.  Clot r imazole (Lot r imin)  is  an azole ant i fungal  agent  that  is  an imidazole 

der ivat ive.  I t  is  re la ted to  other  azole ant i fungal  agents such as 

butoconazole,  econazole,  ketoconazole,  miconazole, oxiconazole,  

su lconazole,  and t ioconazole. 

1 .  Mechanism of  ac t ion.  Clot r imazole a l ters  fungal  ce l l  membrane 

permeabi l i ty  by bind ing wi th  phosphol ipids  in  the membrane. 

2 .  Spectrum of ac t iv i ty.  I t  is  ac t ive against  yeasts,  dermatophytes (T.  

rubrum, T.  mentagrophytes,  E.  f loccosum, M.  canis) ,  and some gram-

posi t ive bacter ia.  At  h igher  concentrat ions, c lo t r imazole inhib i ts  M.  fur fur ,  

Asperg i l lus  fumigatus,  C.  a lb icans,  and some s t ra ins  of  S.  aureus,  S. 

pyogenes,  Proteus vulgar is ,  and Salmonel la .  At very h igh concentrat ions,  

c lot r imazole has an ef fec t  on Sporothr ix,  Cryptococcus,  Cephalospor ium, 

Fusar ium, and T.  vaginal is .  

3 .  Therapeut ic  uses 

a.  The lozenges,  which are admin is tered 5 t imes per  day,  are usefu l  in 

t reat ing oropharyngeal candid iasis.  Lozenges are a lso used for  pr imary 

prophylaxis  o f mucocutaneous candid iasis  in  HIV- in fected in fants  or  

ch i ldren wi th  severe immunosuppression. 

b .  The cream, lot ion,  or  so lu t ion is used to  t reat  dermatophytoses,  

superf ic ia l  mycoses, and cutaneous candid ias is .  

c .  In t ravagina l  dosage forms are usefu l  in  treat ing vu lvovaginal  candid iasis .  

4 .  Precaut ions and moni tor ing effec ts 

a .  Cutaneous react ions wi th  topica l  administ ra t ion may inc lude b l ister ing, 

erythema,  edema, prur i tus ,  burn ing,  s t inging,  peel ing,  sk in f issures,  and 

genera l  i r r i tat ion. 

b .  The vagina l  table ts  are associated wi th  mi ld  burn ing,  sk in rash, i tching,  

vu lva l  i r r i ta t ion, lower abdominal  c ramps,  b loat ing,  s l ight c ramping,  vagina l  

soreness during in tercourse, and an increase in  ur inary frequency. 

c .  Cross-sens i t izat ion occurs  wi th  imidazole;  however,  i t  is  unpredic tab le. 

d .  Abnormal  l iver  funct ion tes ts  (elevated AST) have occurred in pat ients  

taking the lozenges. 

H.  Econazole (Spectazole)  is  an azole ant i fungal  agent  that  is  an imidazole 

der ivat ive. 

1 .  Mechanism of  ac t ion.  Econazole al ters  ce l l  membranes and increases 

permeabi l i ty  ( l ike many other azole agents).  

2 .  Spectrum of ac t iv i ty.  Econazole is  ac t ive agains t  dermatophytes,  yeasts ,  

some gram-pos i t ive bacter ia,  and T.  vaginal is .  

3 .  Therapeut ic  uses 

a.  The 1% topical  c ream, lo t ion,  or so lut ion is  usefu l  in  t reat ing 

dermatophytoses and cutaneous candidias is  ( t inea corpor is  and t inea 

cruris ).  

b .  Econazole is  also used to  t reat  pi tyr iasis  ( t inea)  versico lor  (M.  fur fur) .  
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4 .  Precaut ions and moni tor ing effec ts .  In  genera l ,  there is  a  low incidence 

of  toxic i ty.  Topical ly,  a pat ient  may exper ience burn ing,  s t inging 

sensat ions, prur i tus,  and erythema (af ter  2-4 days) .  

I .  Gent ian v iole t  is  a  dye that possesses the abi l i ty  to  k i l l  fungi ,  yeasts ,  and 

some gram-pos i t ive bacter ia.  

1 .  Mechanism of  ac t ion.  None known 

2.  Spectrum of ac t iv i ty.  Gent ian v iolet  is  ac t ive against Candida,  

Epidermophyton,  Cryptococcus, Tr ichophyton,  and some Staphylococcus 

spp. 

3 .  Therapeut ic  uses.  I t  is  used to  t reat cutaneous C.  a lb icans in fect ions 

(moni l ia  or  thrush) .  

4 .  Precaut ions and moni tor ing effec ts 

a .  Gent ian v iole t may cause i r r i ta t ion or sensi t iv i ty react ions or  possibly 

u lcerat ion of the mucous membranes.  I f  the solu t ion is  swal lowed,  

esophagi t is,  laryngi t is ,  or  t rachei t is  may occur .  

b .  Skin ta ttooing may occur  i f  gent ian v iole t is  appl ied to  granulat ion t issue. 

c .  Gent ian v io let  should not  be used in  areas of  extens ive ulcerat ion. 

d .  Th is drug is  a  dye and wi l l  s ta in  c lo th ing. 

J .  Ketoconazole (Nizora l)  is  an imidazole-derived ant i fungal  drug that  is  

ava i lab le  top ical ly as  a cream and a shampoo. 

1 .  Mechanism of  ac t ion.  See I I I .E.1. 

2 .  Spectrum of ac t iv i ty.  See I I I .E.2. 

3 .  Therapeut ic  uses 

a.  The 2% topical  c ream is  used in  treat ing t inea corpor is ,  t inea crur is ,  and 

t inea pedis  caused by the dermatophytes (E.  f loccosum, T.  mentagrophytes,  

and T.  rubrum). 

b .  I t  is  used for cutaneous candid ias is .  

c .  The 2% topica l  c ream or  2% shampoo may be used in  t reat ing t inea 

vers ico lor  (M.  fur fur) .  Selenium-based shampoos may also be usefu l  in  th is  

area. 

d .  The 2% topical  c ream is  useful  against  seborrhe ic dermat i t is .  The 2% 

shampoo is useful  in  reduc ing sca l ing caused by dandruf f .  

e .  When combined wi th  a s teroid , ketoconazole is  usefu l  in  t reat ing the 

fo l lowing:  a top ic  dermat i t is ,  diaper  rash,  eczema, fo l l icu l i t is ,  impet igo,  

in ter t r igo,  l ichenoid dermati t is ,  and psorias is .  

f .  An ophthalmic  suspens ion can be extemporaneous ly prepared to  t reat  

fungal  kerat i t is .  

4 .  Precaut ions and moni tor ing effec ts 

a .  React ions f rom the 2% top ica l  c ream include loca l  i r r i ta t ion,  prur i tus ,  and 

s t ing ing. Contact  dermati t is  is  poss ib le  and occurs  wi th  other imidazole 

der ivat ives. 



b.  The 2% shampoo may lead to  increased hai r  loss, i r r i tat ion,  abnormal  

ha i r texture,  sca lp pustu les ,  dry sk in ,  prur i tus ,  and o i l iness or  dryness of  

ha i r and scalp. I t  may in  addi t ion s t raighten otherwise cur ly ha i r .  

K.  Miconazole (Monis tat ) is  an imidazole-derived ant i fungal  drug that is  

ava i lab le  top ical ly as  a 2% aerosol ,  2% aerosol powder,  2% cream, a k i t ,  

2% powder and 2% t inc ture,  2% vagina l  c ream, and 100 mg and 200 mg 

vaginal  suppos i tor ies. 

1 .  Mechanism of  ac t ion.  See I I I .E.1. 

2 .  Spectrum of ac t iv i ty.  See I I I .E.2. 

3 .  Therapeut ic  uses.  Miconazole is  advantageous over  other agents  such as 

nystat in  and tolnaf tate  in that i ts  ac t iv i ty covers dermatophytes as wel l  as 

Candida. 

a .  Topical  use is e ffec t ive against t inea pedis ,  t inea cruris ,  and t inea 

corpor is  caused by dermatophytes (T.  mentagrophytes , T.  rubrum, and E. 

f loccosum). 

b .  I t  is  also effec t ive against  t inea vers ico lor  f rom M. fur fur .  

c .  Like other  imidazole der ivat ives, i t  is  usefu l  in  t reat ing cutaneous fungal  

in fec t ions. 

d .  The vagina l  c ream and vaginal  supposi tor ies  are effec t ive in  t reat ing 

vu lvovagina l  candid iasis.  
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4 .  Precaut ions and moni tor ing parameters 

a.  Topical  creams have caused loca l  i r r i ta t ion and burn ing. 

b .  Vagina l  preparat ions have led to  vulvovagina l  burning,  i tching,  i r r i ta t ion,  

pe lv ic  cramps,  vagina l  burn ing,  headache,  h ives, and sk in  rash. 

c .  I f  vu lvovagina l  candid ias is  pers is ts for longer than 3 days,  seek fur ther 

medica l  a t tent ion. 

d .  Tampons should be avoided in  pat ients  us ing vaginal  suppos i tor ies or  

c ream; sani tary pads should be subst i tu ted. 

e .  Vagina l  supposi tor ies  are manufactured f rom a vegetable oi l  base that  

may in teract wi th  la tex products .  Avoid using d iaphragms or condoms 

concurrent ly wi th  supposi tor ies .  Seek an a l ternat ive form of b ir th  control .  

L .  Naft i f ine (Naft in) is  a synthet ic  al ly lamine simi lar  to  terb inaf ine.  I t  is  

ava i lab le  as a 1% top ical  c ream and a 1% topica l  ge l .  

1 .  Mechanism of  ac t ion.  Naf t i f ine is  fungista t ic and in terferes wi th s terol  

b iosynthesis  by accumulat ing squalene in  the fungal  cel l .  Naf t i f ine a lso 

possesses some loca l  ant i - in f lammatory act iv i ty.  

2 .  Spectrum of ac t iv i ty 

a .  Naft i f ine is  ac t ive against  T.  mentagrophytes,  T.  rubrum, T.  tonsurans,  

Tr ichophyton verrucosum, Tr ichophyton violaceum, E.  f loccosum, 

Microsporum audouini i ,  M.  canis,  and M. gypseum. 



b.  C.  a lbicans,  Candida krusei ,  Candida parapsi los is ,  and Candida 

t ropical is  are af fec ted by naf t i f ine;  however,  the concentrat ions of  naf t i f ine 

vary for  Candida k i l l ing,  depending on the spec ies.  

c .  In  v i t ro  act iv i ty has been demonstrated against Aspergi l lus f lavus and 

Asperg i l lus  fumigatus.  Others  include Sporothr ix schencki i ,  Cryptococcus 

neoformans,  Petr ie l l id ium boydi i ,  B lastomyces dermat i t id is ,  and 

His top lasma capsulatum. 

3.  Therapeut ic  uses.  Naft i f ine is act ive against  dermatophytoses and 

cutaneous candidias is .  

a .  I t  is  also used to t reat t inea cruris,  t inea pedis,  t inea corporis,  and t inea 

manus (T.  mentagrophytes,  T.  rubrum, T.  verrucosum, T.  v iolaceum, E.  

f loccosum, or  M.  canis) .  

b .  I t  is  also usefu l  in  t reat ing t inea unguium (onychomycos is) .  

4 .  Precaut ions and moni tor ing effec ts .  Trans ient  burning and s t ing ing 

M.  Nystat in  (Mycostat in) .  A polyene ant ibio t ic,  nys tat in  has a chemical  

s t ruc ture s imi lar  to  that o f  amphoter ic in B.  I t  is  ava i lab le as an ora l  

suspension,  tab le t ,  lozenge, top ica l  c ream, ointment ,  top ical  powder,  and 

vaginal  table t .  

1 .  Mechanism of  ac t ion.  Nystat in  is  fungic ida l  and fungis ta t ic ;  b ind ing to  

s tero ls  in  the fungal cel l  membrane, i t  increases membrane permeabi l i ty  

and permi ts  leakage of  in t racel lu lar  contents . 

2 .  Spectrum of ac t iv i ty.  Nystat in  is  ac t ive pr imar i ly against  Candida spp. 

3 .  Therapeut ic  uses.  Th is  drug is used pr imari ly as  a top ical  agent  in  

vaginal  and oral  Candida in fect ions. 

4 .  Precaut ions and moni tor ing effec ts .  I r r i tat ion has occurred in  ext remely 

rare ins tances. 

N.  Oxiconazole (Oxis ta t ) is  an imidazole-derived ant i fungal  drug that is  

ava i lab le  as a 1% top ical  c ream or  1% topica l  lo t ion. 

1 .  Mechanism of  ac t ion.  See I I I .E.1. 

2 .  Spectrum of ac t iv i ty.  See I I I .E.2. 

3 .  Therapeut ic  uses 

a.  The 1% cream or  lo t ion is  usefu l  in  t reat ing t inea cruris ,  t inea corpor is ,  

t inea manus,  and t inea pedis  f rom dermatophytes.  

b .  Oxiconazole is a lso effec t ive against  t inea vers ico lor  caused by M.  

fur fur.  

4 .  Precaut ions and moni tor ing effec ts .  Adverse effec ts  are rare and are 

conf ined to  loca l  i r r i ta t ion. 
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O.  Sulconazole (Exelderm) is  an imidazole-der ived ant i fungal  drug that is  

ava i lab le  as a 1% top ical  c ream and a 1% topica l  so lu t ion. 

1 .  Mechanism of  ac t ion (see I I I .E.1).  The ant ibacter ial  ef fec ts  exer ted by 

su lconazole are thought to  be the resul t  o f  a  di rec t  phys icochemical  e f fect  



on the destruct ion of  unsaturated fat ty ac ids  present  in  bacteria l  ce l l  

membranes. 

2 .  Spectrum of ac t iv i ty 

a .  Sulconazole has act iv i ty against  dermatophytes,  includ ing E. f loccosum, 

M.  audouin i i ,  M.  canis,  M.  gypseum, T.  mentagrophytes,  T.  rubrum, T.  

tonsurans,  and T.  v iolaceum. I t  a lso has act iv i ty against  M.  fur fur.  

b .  Sulconazole a lso has act iv i ty against se lec ted gram-pos i t ive aerobes (S.  

aureus, S.  ep idermid is ,  Staphylococcus saprophyt icus,  E.  faecal is ,  

Micrococcus lu teus,  and Bac i l lus  subt i l is )  and anaerobes (Clostr id ium and 

Propion ibacter ium acnes,  Clost r id ium perf r ingens,  Clost r id ium tetani ,  and 

Clost r id ium botul inum). 

3 .  Therapeut ic  uses 

a.  The 1% topical  c ream or  1% top ica l  so lut ion is  usefu l  in t reat ing t inea 

corpor is  and t inea crur is.  

b .  The 1% topical  c ream has been s tud ied for  use against  t inea pedis;  the 

so lu t ion has not  been evaluated for this ind icat ion. 

c .  The 1% cream is  usefu l  against  t inea vers ico lor  (M.  fur fur).  

d .  There is  not  an approved ind icat ion for cutaneous candid iasis;  however,  

su lconazole 1% is  as  ef fec t ive as miconazole 2% or  c lot r imazole 1% in  

t reat ing cutaneous candid ias is .  

e .  Sulconazole is usefu l  in  t reat ing in fec t ions caused by bacter ia  such as 

impet igo (S.  pyogenes)  and ecthyma (S.  aureus).  

4 .  Precaut ions and moni tor ing effec ts .  Adverse react ions inc lude loca l  

e f fec ts  such as burning and i r r i ta t ion,  sk in  edema,  dryness,  sca l ing,  

f issuring,  c racking,  genera l ized red papules,  and severe eczema. 

P.  Terb inaf ine (Lamis i l  AT) is  a  synthet ic  a l ly lamine avai lab le  as a 1% 

cream wi th  s t ructure and act iv i ty rela ted to  naf t i f ine. 

1 .  Mechanism of  ac t ion.  Terb inaf ine inh ib i ts  squalene monooxygenase,  

leading to  an in terrupt ion of  fungal  stero l  b iosynthesis.  Terb inaf ine may be 

fungic ida l  or  fungis ta t ic ,  depending on drug concentrat ion and species. 

2 .  Spectrum of ac t iv i ty.  Terb inaf ine has act iv i ty against  dermatophyt ic  fungi  

(Tr ichophyton,  Microsporum, and Epidermophyton) ,  f i lamentous fungi  

(Asperg i l lus),  and dimorphic  fungi  (Blastomyces).  I t  may also possess some 

act iv i ty against yeasts. 

3 .  Therapeut ic  uses.  I t  is  useful  for  t inea pedis ,  t inea corporis ,  and t inea 

cruris .  

4 .  Precaut ions and moni tor ing effec ts .  I t  can cause local  i r r i ta t ion. 

Q.  Terconazole (Terazol-7)  is  an imidazole-der ived ant i fungal  drug that is  

ava i lab le  as a 0.4% and 0.8% vaginal  c ream and an 80-mg vagina l  

suppos i tory. 

1 .  Mechanism of  ac t ion.  I t  is  fungic idal  against  C.  a lb icans.  L ike other  

imidazole agents,  terconazole a l ters ce l lu lar  membranes,  resu l t ing in  

increased membrane permeabi l i ty .  

2 .  Spectrum of ac t iv i ty.  I t  is  ac t ive against  dermatophytes; yeasts;  and,  a t 

h igh concentrat ions, gram-pos i t ive and gram-negat ive bacteria .  



3.  Therapeut ic  uses are for  compl icated and uncompl icated vulvovaginal  

candidias is .  

4 .  Precaut ions and moni tor ing effec ts .  Adverse react ions inc lude burn ing,  

prur i tus ,  i r r i ta t ion, headache,  body pain,  and pain of  female geni ta l ia .  

R.  Tioconazole (Vagis ta t-1)  is  an imidazole-der ived ant i fungal  drug that is  

ava i lab le  as a 6.5% vagina l  o in tment.  

1 .  Mechanism of  ac t ion.  Tioconazole is  fungic idal  against  C. a lb icans. L ike 

other imidazole agents , t ioconazole a l ters  ce l lu lar  membranes, resu l t ing in  

increased membrane permeabi l i ty .  
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2 .  Spectrum of ac t iv i ty 

a .  Act iv i ty against  fungi  inc ludes most  s t ra ins  of  Candida and the 

dermatophytes.  There is  a lso act iv i ty against Asperg i l lus  and C.  

neoformans. 

b .  Tioconazole is  ac t ive against  the fo l lowing aerobic  gram-pos i t ive 

bacter ia :  Gardnerel la vagina l is ,  Corynebacterium minut iss imum, E.  faecal is ,  

S.  aureus,  S. epidermidis ,  and some Streptococci  spp.  Gram-negative 

bacter ia :  i t  is  act ive against  H.  pylor i ,  Haemophi lus  ducreyi ,  Moraxel la  

catarrha l is ,  Neisser ia  gonorrhoeae,  and N.  meningi t id is .  

c .  Other  organisms that t ioconazole has act iv i ty against are T.  vagina l is,  

Lymphogranuloma venereum, and Chlamydia t rachomat is .  

3 .  Therapeut ic  uses.  Tioconazole is  used for  s imple and compl icated 

vu lvovagina l  candid iasis.  Other  uses have been explored;  however,  top ical  

c reams for  use in  those scenarios  are not  ava i lab le  in  the United States. 

4 .  Precaut ions and moni tor ing effec ts .  Local  i r r i tat ion has been mani fes ted 

as vulvovagina l  burn ing, vagini t is ,  and prur i tus . 

S.  To lnaf ta te (Tinact in) is  avai lab le  top ical ly as  a 1% aerosol ,  1% powder, 

1% cream, and 1% solut ion. 

1 .  Mechanism of  ac t ion.  I t  may d is tor t  hyphae and s tunt mycel ia l  growth in  

suscept ib le  fungi .  

2 .  Spectrum of ac t iv i ty.  To lnaf ta te may be e i ther fungis ta t ic or  fungic ida l  to  

the fo l lowing organisms: M.  gypseum, M.  canis ,  M.  audouini i ,  Microsporum 

japonicum, T.  rubrum, T.  mentagrophytes,  Tr ichophyton schoenle in i i ,  T.  

tonsurans,  E.  f loccosum, Aspergi l lus n iger ,  C.  albicans,  C.  neoformans,  and 

A.  fumigatus. 

3 .  Therapeut ic  uses.  To lnaf ta te is used for dermatophytoses and t inea 

vers ico lor .  

4 .  Precaut ions and moni tor ing effec ts .  There may be s l ight  loca l  i r r i ta t ion. 

V. Antiprotozoal Agents 
A. Classi f icat ion.  These drugs fa l l  in to  two main categories :  ant imalar ial  

agents,  used to t reat  malar ia infect ion,  and amebic ides and 

t r ichomonacides, used to  t reat  amebic  and t r ichomonal  in fect ions. 



B. Ant imalarial  agents . St i l l  a  leading cause of i l lness and death in  t rop ica l  

and subtrop ical  countr ies ,  malar ia  resul ts  f rom infect ion by any of  four  

spec ies of  the protozoal  genus Plasmodium. Ant imalar ia l  agents  are 

se lect ive ly ac t ive dur ing d i f ferent  phases of the protozoan l i fe cycle . Major  

ant imalaria l  drugs include ch loroquine (Ara len) ,  ha lo fantr ine (Hal fan) ,  

hydroxychloroquine (Plaqueni l ) ,  pr imaquine,  pyr imethamine (Daraprim),  

qu in ine,  and mef loquine (Lar iam).  In  addit ion,  two combinat ion brands are 

avai lab le :  sul fadoxine plus  pyr imethamine (Fansidar)  and atovaquone p lus  

proguani l  (Malarone) .  

1 .  Mechanism of  ac t ion 

a.  Chloroquine and hydroxychloroquine bind to and al ter the proper t ies  of 

microbial  and mammalian DNA. 

b.  The mechanism of  act ion of  pr imaquine, quin ine,  Fansidar ,  and 

mefloquine is  unknown. 

c .  Pyr imethamine impedes fo l ic  acid  reduct ion by inh ib i t ing the enzyme 

d ihydrofola te reductase. 

2 .  Spectrum of ac t iv i ty 

a .  Chloroquine and hydroxychloroquine are suppress ive b lood schizont ic ida l  

agents and are act ive against  the asexual  erythrocyte forms of  Plasmodium 

vivax and Plasmodium falc iparum and gametocytes of P.  v ivax,  Plasmodium 

malar iae, and Plasmodium ovale. 

b .  Pr imaquine,  a  curat ive agent,  is  ac t ive against  l iver forms of P.  v ivax and 

P.  ovale and the pr imary exoerythrocyte forms of P.  falc iparum. 

c .  Pyr imethamine is  act ive against  chloroquine-res is tant  s t ra ins  of  P. 

fa lc iparum and some s tra ins  of  P.  v ivax.  

d .  Quin ine,  a  genera l ized protoplasmic poison, is toxic  to a  wide range of  

organisms.  In  malar ia ,  this  drug has both suppress ive and curat ive act ion 

against  ch loroquine-resis tant  s t rains . 
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e .  Fansidar  (su l fadoxine p lus  pyr imethamine) is  a b lood schizont ic ida l  agent  

that  is  ac t ive against  the erythrocyt ic  forms of  suscept ib le  plasmodia.  I t  is  

a lso act iveagainst T.  gondi i .  

f .  Malarone (atovaquone p lus  proguani l )  is  ac t ive against  the erythrocyt ic  

and exoerythrocyt ic  forms of Plasmodium spp. 

g .  Mef loquine is  a  blood schizont ic ida l  agent  that is  act ive against  P.  

fa lc iparum (both ch loroquine-suscept ib le and - res is tant  s t rains)  and P.  

v ivax.  

h .  Halofantr ine is  a b lood schizont ic idal  agent  act ive against  P.  fa lc iparum 

and P.  v ivax.  

3 .  Therapeut ic  uses 

a.  Chloroquine is  the preferred agent  used to suppress malaria  symptoms 

and to  terminate acute malaria  a t tacks resul t ing from P.  falc iparum and P. 

malar iae in fec t ions. 



(1)  I t  is  more potent and less toxic  than quin ine. 

(2)  Except  where drug-res is tant  P. falc iparum st ra ins  are prevalent,  

ch loroquine is the most  usefu l  ant imalar ia l  agent.  

b .  Hydroxychloroquine is used as an a l ternat ive to  ch loroquine in  pat ients 

who cannot  to lerate chloroquine or  when ch loroquine is  unavai lab le. 

c .  Primaquine is  used to  cure relapses of  P.  v ivax and P.  ovale malaria  and 

to  prevent malaria  in  exposed persons returning from regions where malaria  

is  endemic. 

d .  Pyr imethamine is  e f fec t ive in  the prevent ion and t reatment  o f  

ch loroquine-resistant st ra ins  of  P.  fa lc iparum. I t  is  now used a lmost  

exc lus ively in combinat ion wi th  a  sul fonamide or  su l fone. 

e .  Quin ine 

(1)  Quin ine su l fa te ,  an ora l  form,  is  therapeut ic  for  acute malar ia  caused by 

ch loroquine-resistant st ra ins . 

(2)  Quin ine dihydrochlor ide,  a  parentera l  form,  is  used in  severe cases of  

ch loroquine-resistant malar ia .  ( I t  is  ava i lable  on ly f rom the CDC.) 

(3)  Quin ine is  a lmost  a lways given in  combinat ion wi th  another  ant imalarial  

agent .  

f .  Fansidar 

(1)  Fansidar  is  used for  the suppression or  prophylaxis  o f  ch loroquine-

res is tant P.  fa lc iparum malaria .  

(2)  I t  has been used for the prophylaxis  o f P.  carin i i  in fect ions in AIDS 

pat ients  unable to tolerate cot r imoxazole ( t r imethopr im-sul famethoxazole).  

g .  Mef loquine is  indicated for the t reatment  of  acute malaria  and the 

prevent ion of P.  fa lc iparum and P.  v ivax in fec t ions. 

h .  Halofantr ine is  ind icated for  t reatment  of  malar ia  in  adul ts who can 

to lerate ora l  medicat ion and who have mi ld  to  moderate malar ia  (≥ 100,000 

paras i tes/mm 3 )  caused by P.  fa lc iparum or  P. v ivax.  

i .  Malarone 

(1)  Prophylaxis  o f  P. falc iparum malaria ,  inc luding areas where ch loroquine 

res is tance has been repor ted. 

(2)  Treatment  of  acute,  uncompl icated P.  falc iparum malar ia .  Th is  

combinat ion has been shown to  be effec t ive in  reg ions where the drugs 

ch loroquine, halofantr ine,  mef loquine,  and amodiaquine may have 

unacceptable fa i lure ra tes,  presumably because of  drug res is tance. 

4 .  Precaut ions and moni tor ing effec ts 

a .  Chloroquine and hydroxychloroquine 

(1)  Because these drugs concentrate in  the l iver ,  they should be used 

caut iously in pat ients  wi th  hepat ic d isease. 

(2)  Chloroquine must be adminis tered wi th  ext reme caut ion in  pat ients  with  

neuro log ical ,  hematologica l ,  or severe GI  d isorders . 

(3)  Visual  d is turbances,  headache, sk in  rash,  and GI  dis tress have been 

reported. 

b .  Pr imaquine 



(1)  Th is agent is  contra ind icated in  pat ients wi th rheumato id ar thr i t is  and 

lupus erythematosus and in  those receiv ing other  potent ia l ly  hemolyt ic 

drugs or  bone marrow suppressants . 

(2)  Pr imaquine may cause agranulocytos is ,  granulocytopenia,  and mi ld  

anemia.  In  pat ients  wi th  G6PD def ic iency,  i t  may cause hemolyt ic anemia. 

(3)  Abdominal  c ramps,  nausea, vomi t ing,  and epigast r ic  dist ress somet imes 

occur .  

c .  Pyr imethamine 

(1)  In h igh doses,  th is  drug may cause agranulocytos is ,  megaloblast ic  

anemia,  ap last ic anemia, and thrombocytopenia. 
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(2)  Erythema mul t i forme (Stevens-Johnson syndrome),  nausea,  vomi t ing, 

and anorexia  may develop during pyr imethamine therapy.  

d .  Quin ine 

(1)  Quin ine is  contraind icated in  pat ients  wi th G6PD def ic iency,  t inni tus , 

and opt ic neur i t is .  

(2)  Quin ine overdose or  hypersens i t iv i ty react ions may be fa ta l .  

Mani fes tat ions of quinine poisoning inc lude visual  and hear ing 

d isturbances;  GI  symptoms (e.g. ,  nausea,  vomi t ing) ;  hot,  f lushed sk in ;  

headache; fever;  syncope;  confusion;  shal low,  then depressed,  respi rat ions;  

and card iovascular  col lapse. 

(3)  Quin ine must  be used caut ious ly in  pat ients  wi th  a t r ia l  f ibr i l la t ion. 

(4)  Renal damage and anur ia  have been repor ted. 

e .  Fansidar 

(1)  Severe,  sometimes fa ta l ,  hypersens i t iv i ty react ions have occurred.  In  

most  cases,  death resul ted f rom severe cutaneous react ions, including 

erythema mul t i forme,  Stevens-Johnson syndrome,  and toxic  epidermal  

necro lysis.  

(2)  Adverse hemato log ica l  and hepat ic  e f fec ts  as seen wi th  sul fonamides 

have been repor ted. 

f .  Mef loquine 

(1)  Concomitant  use of  mefloquine wi th  qu in ine, qu in idine,  or β-adrenergic  

b lockade may produce e lec t rocardiographic abnormal i t ies or  card iac  arrest.  

(2)  Concomitant  use of  mefloquine and quin ine or  ch loroquine may increase 

the r isk  of  convuls ions. 

g .  Halofantr ine 

(1)  Do not admin is ter wi th  drugs known to  prolong the QTc interval ;  

in teract ion wi th  mef loquine fur ther  pro longs the QTc in terval .  

(2)  A sevenfo ld  increase in  peak p lasma leve l  and threefo ld increase in  the 

area under the curve (AUC) occurred when g iven wi th  high-fa t food.  Simi lar 

increases occur  when doses are admin is tered 2 hr  a f ter  a meal.  Admin is ter  

ha lo fantr ine on an empty s tomach. 

h .  Malarone 



(1)  Concomitant  admin ist ra t ion wi th te tracyc l ine has been assoc iated wi th  

40% reduct ion in  plasma concentrat ions of a tovaquone.  Simi lar ly,  

concurrent r i fampin is  known to  reduce atovaquone leve ls  by 50%. 

(2)  Take malarone wi th  food or  mi lk .  

C.  Amebic ides and t r ichomonacides.  These agents  are cruc ia l  in  the 

t reatment  o f  amebiasis ,  g iard ias is ,  and t r ichomoniases—the most  common 

protozoal  in fect ions in the United States.  The major  amebicides inc lude 

d i loxanide, iodoquino l  (Yodoxin) ,  metronidazole (F lagyl) ,  n i tazoxanide 

(Al in ia),  paromomycin (Humat in),  qu inacr ine,  and t in idazole (Tindamax).  

1 .  Mechanism of  ac t ion 

a.  Di loxanide,  a d ichloroacetamide der ivat ive,  is  amebic ida l ;  i ts  mechanism 

of  ac t ion is unknown.  (Not  avai lab le  commerc ia l ly but  can be compounded 

by Panorama Compounding Pharmacy,  Van Nuys, CA—per Medical  Let ter 

8 /04.) 

b .  Metron idazole is  a  synthet ic  compound wi th d irec t amebicidal  and 

t r ichomonacida l  ac t ion;  i t  works at  both in tes t inal  and ext ra in test ina l  s i tes.  

I ts  mechanism of ac t ion invo lves d isrupt ion of  the he l ica l  s t ructure of  DNA. 

c .  Ni tazoxanide is  designated by the U.S.  Food and Drug Adminis tra t ion 

(FDA) as an orphan drug.  I ts  ant iprotozoal ac t iv i ty  is  be l ieved to  be the 

resul t  o f  in ter ference wi th  the pyruvate:  ferredoxin oxidoreductase (PFOR) 

enzyme-dependent  e lec tron t ransfer react ion essent ia l  for  energy 

metabol ism. 

d.  Quinacr ine is  an acridine derivat ive that  inhib i ts  DNA metabol ism. 

e.  Iodoquinol  is  a luminal  or  contact  amebicide that  is  ef fec t ive against the 

t rophozoi tes of  Entamoeba histo lyt ica located in  the lumen of  the large 

in test ine. 

f .  Paromomycin is a  poorly absorbed amebicidal  aminoglycos ide whose 

mechanism of  act ion para l le ls  o ther aminoglycos ides ( i .e . ,  prote in  synthesis  

inhib i tor) .  I t  is  a lso ef fect ive against  enteric bacter ia Salmonel la and 

Shige l la .  

g .  Tin idazole precise mechanism of  act ion is  unknown.  

2 .  Spectrum of ac t iv i ty and therapeut ic  uses 

a.  Di loxanide 
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(1)  Th is drug is  used to  treat  asymptomat ic  carr iers  of  amebic and Giardia 

cysts . 

(2)  Di loxanide is  therapeut ic  for  invasive and ext ra in test ina l  amebiasis 

(g iven in  combinat ion wi th  a  systemic  or  mixed amebicide) .  

(3)  Di loxanide is  not  e f fec t ive as s ingle-agent  therapy for ext ra in test ina l  

amebias is .  

b .  Metron idazole 

(1)  Th is agent is  the preferred drug in  amebic  dysentery, g iardias is ,  and 

t r ichomonias is .  



(2)  Metron idazole also is ac t ive against  al l  anaerobic  cocci  and gram-

negat ive anaerobic  baci l l i .  

(3)  Th is agent is  the t reatment  of  choice by the CDC for  the t reatment  o f  C.  

d i f f ic i le co l i t is  in fec t ions owing to  the emerg ing use of  broad-spectrum 

ant ib io t ics.  Th is  therapy is  cost -ef fec t ive. 

c .  Quinacr ine is usefu l  in the t reatment o f  g iardias is  and tapeworms (see 

VI I I .H.2) .  

d .  Iodoquinol  is  indicated for t reatment o f intes t ina l  amebiasis.  I t  is  ac t ive 

against  the protozoa E.  h isto lyt ica. 

e .  Ni tazoxanide is ind icated for  treatment  o f  d iarrhea caused by 

Cryptospor id ium parvum and Giardia  lambl ia in chi ld ren. 

f .  Paromomycin is ind icated for  acute and chronic in tes t ina l  amebiasis;  i t  is  

not  useful  for  ext ra in test inal  amebias is  because i t  is  not  absorbed.  

Paromomycin has been used for  Dientamoeba f rag i l is ,  Taenia saginata,  

Dipyl id ium caninum, and Hymenolepis  nana. 

g .  Tin idazole is  a  second-generat ion synthet ic n i tro imidazole act ive against  

t r ichomonias is ,  Giardia  duodenal is /G.  lambl ia ,  and E.  h is tolyt ica. 

3 .  Precaut ions and moni tor ing effec ts 

a .  Di loxanide rare ly causes serious adverse ef fects .  Vomi t ing, f la tulence,  

and pruri tus  have been repor ted. 

b .  Metron idazole 

(1)  The most  common adverse ef fec ts  of  th is  drug are nausea,  ep igast r ic  

d ist ress, and diarrhea. 

(2)  Metron idazole is  carcinogenic in mice and should not be used 

unnecessar i ly .  

(3)  Headache,  vomi t ing,  meta l l ic  tas te,  and s tomat i t is  have been reported. 

(4)  Occas ional ly,  neuro log ical  react ions (e .g. ,  a taxia ,  per iphera l  

neuropathy,  se izures) develop. 

(5)  A disu l f i ram-type react ion may occur  wi th  concurrent  e thanol  use. 

c .  Quinacr ine. See VI I I .H.4. 

(1)  Th is drug frequent ly causes dizziness,  headache,  nausea, and vomi t ing.  

Nervousness and se izures a lso have been repor ted. 

(2)  Quinacr ine should not  be taken in combinat ion wi th  pr imaquine because 

th is  may increase pr imaquine toxic i ty.  

(3)  Quinacr ine should be administered wi th  ext reme caut ion in  pat ients  with  

psorias is  because i t  may cause marked exacerbat ion of this  d isease. 

d .  Iodoquinol  may produce opt ic  neur i t is  or  a t rophy or  per iphera l  

neuropathy wi th  high-dose,  long- term use.  Prote in-bound iod ine leve ls  may 

be increased dur ing t reatment  and may in ter fere wi th  the resul ts  o f  thyro id  

tes ts  for  6  months af ter  treatment .  Iodoquinol  should not be used in 

pat ients  who are hypersensi t ive to  8-hydroxy-quino lone (e.g. ,  iodoquino l ,  

iodochlorhydroxyquin)  or iodine-conta ining agents  or in pat ients  wi th  

hepat ic  disorders . 



e.  Paromomycin may cause nausea,  cramping,  and d iar rhea at  h igh doses 

(> 3 g/day) .  Inadver tent absorpt ion through u lcerat ive bowel  lesions may 

resul t  in  o totoxic i ty or renal  damage. 

f .  Ni tazoxanide may cause abdominal  pa in ,  diarrhea, vomi t ing,  headache,  

f la tu lence,  fever ,  eye disco lorat ion,  rh ini t is ,  and d iscolored ur ine. 

g .  Tin idazole may produce meta l l ic  tas te,  nausea,  anorexia ,  dyspepsia,  

vomi t ing,  weakness,  d izziness,  and headache. 

D.  Pentamidine iseth ionate (Pentam 300) is  an aromat ic  diamide 

ant iprotozoal  agent .  I t  can be adminis tered in t ramuscular ly,  in t ravenous ly,  

or  by inhalat ion. 

1 .  Mechanism of  ac t ion is  not  fu l ly  understood,  but  in  v i t ro  studies indicate 

in ter ference wi th  nuc lear metabol ism and inhibi t ion  of  DNA, RNA, 

phosphol ip id ,  and prote in  synthes is .  

2 .  Therapeut ic  uses 

a.  Pentamid ine is  indicated for  the prevent ion and t reatment  o f infec t ions 

caused by P. car ini i .  
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b .  Unlabeled uses inc lude t reatment  o f t rypanosomias is ,  v isceral  

le ishmanias is ,  and babes ios is .  

3 .  Precaut ions and moni tor ing effec ts 

a .  Nephrotoxic i ty,  bronchospasm, and cough are the most common effects  

produced by in t ravenous or  inhaled pentamid ine. 

b .  Severe hypotension may occur  a f ter  a parentera l  dose of  pentamid ine. 

Card iorespi ra tory arrest  can occur  a fter  a  s ing le  rap id in fus ion of  the drug. 

c .  Pain,  erythema,  and tenderness may occur  a fter  an IM admin is t ra t ion of  

the drug.  This  can be min imized by us ing the Z- t rack technique of  drug 

adminis t ra t ion. Phlebi t is  may occur  fo l lowing IV admin is t rat ion. 

d .  Hypoglycemia may occur  wi th  in i t ia l  admin is t ra t ion of  drug via  the IV,  IM,  

or  inhalat ional  route.  Af ter  the pat ient has been on the drug for a  per iod of  

t ime,  hyperglycemia wi l l  resul t .  The effec t  of  the drug may actual ly induce a 

reversib le  insu l in-dependent d iabetes mel l i tus. 

e .  Leukopenia and thrombocytopenia,  which can be severe,  occur  

occasional ly.  

f .  Pentamid ine may resul t  in e levated l iver  funct ion tes ts ,  AST,  and ALT.  

g .  GI  ef fec ts  can a lso occur ,  inc lud ing nausea,  vomit ing,  abdominal  

d iscomfor t ,  pain ,  d iarrhea,  and dysgeusia. 

h .  Neuro logica l  e f fec ts  can occur  wi th  parenteral  adminis t ra t ion and may 

include d izziness,  t remors,  confus ion,  anxie ty,  insomnia, and se izures. 

i .  Hypocalcemia and fever  have a lso been repor ted and may be severe at 

t imes. 

E.  Atovaquone (Mepron)  is  a  hydroxynaphthoquinone ini t ia l ly  synthesized 

as an ant imalarial  drug. 



1.  Mechanism of  ac t ion.  Atovaquone b locks mi tochondr ial  elec t ron t ransport  

a t  complex I I I  o f  the respi ratory chain of  protozoa,  resul t ing in  inh ibi t ion of  

pyr imid ine synthesis.  

2 .  Spectrum of ac t iv i ty.  I t  is  ac t ive against  P.  carin i i ,  T.  gondi i ,  C. parvum, 

P.  falc iparum, Isosporidia ,  and Microspor idia. 

3 .  Therapeut ic  uses.  Atovaquone is  used for  second-l ine t reatment  o f  mi ld  

to  moderate P.  carini i  pneumonia in  pat ients  in to lerant o f cot r imoxazole or 

o ther su l fonamides or who are nonrespons ive to  cot r imoxazole. 

4 .  Precaut ions and moni tor ing effec ts 

a .  Ora l  absorpt ion s igni f icant ly increases when admin is tered wi th food 

(especial ly a  h igh- fa t  meal ) .  

b .  Rash, nausea,  d iarrhea,  headache, fever ,  abdominal  pain ,  d izziness,  and 

e levated l iver  funct ion tes ts commonly are repor ted. 

5 .  Sign i f icant  in teract ions.  Atovaquone is  high ly bound to  plasma protein . I t  

should be used wi th  caut ion when admin is tered wi th  other  highly protein-

bound drugs wi th  a  narrow therapeut ic  range. 

F.  Ef lorni thine HCl  (Orn idyl ) .  Th is  is  an IV ant iprotozoal  agent .  I ts  act iv i ty 

has been at t r ibuted to  the inh ib i t ion of  the enzyme orni thine decarboxylase. 

1 .  Mechanism of  ac t ion.  Th is  is  a spec i f ic ,  enzyme-act ivated, i r reversib le  

inhib i tor  o f  orn i th ine decarboxylase. 

2 .  Spectrum of ac t iv i ty and therapeut ic  uses.  Ef lorn i th ine is  ac t ive in  the 

t reatment  o f  the meningoencephal i t ic  s tage of Trypanosoma brucei  

gambiense (s leeping sickness) .  

3 .  Precaut ions and moni tor ing effec ts 

a .  Myelosuppress ion is  the most  f requent ser ious s ide ef fec t.  

b .  Seizures occur  in  about  8% of t reated pat ients.  

c .  Cases of  hearing impai rment  have been reported. 

VI. Antitubercular Agents 
A. Def in i t ion and c lass i f icat ion.  Drugs used to  treat  tuberculos is  suppress 

or  k i l l  the s low-growing mycobacteria  that cause th is  disease. 

Ant i tubercular agents  fa l l  into  two main categories :  f i rst - l ine  
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and second-l ine drugs.  Because the causat ive organisms tend to  develop 

res is tance to  any single  drug, combinat ion drug therapy has become 

s tandard in  the t reatment  o f  tubercu losis .  

1 .  The incidence of  tubercu losis in the Uni ted States is increasing owing to  

sh i f ts in populat ions cons idered to be endemic for  tubercu losis ,  the r ise in  

HIV-pos i t ive pat ients ,  and drug resis tance. 

2 .  Agents  chosen for  therapy must eradicate mycobacterium. F i rs t - l ine 

agents avai lable  inc lude isoniazid ,  e thambuto l ,  pyrazinamide,  r i fampin,  

r i fabut in ,  and r i fapent ine.  Combinat ion chemotherapy is  essent ial .  Agents  

showing the lowest  incidence of  res is tance ( isoniazid ,  r i fampin)  are usual ly 

used in  combinat ion wi th pyrazinamide or  ethambuto l .  



3.  Choice of  therapy depends on many pat ient and d isease fac tors (e .g. ,  

durat ion of therapy needed,  l ike l ihood of  drug resis tance,  and HIV s tatus) .  

4 .  Treatment  choices based on CDC recommendat ions (Table 44-4) .  

B.  F i rs t - l ine.  These drugs,  ison iazid ,  e thambuto l ,  r i fampin, r i fabut in ,  

r i fapent ine,  and pyrazinamide usual ly o f fer  the greatest  e f fec t iveness wi th 

the least  toxic i ty;  they are successfu l  in most tuberculos is  pat ients .  At  least  

three to four  drug combinat ions are recommended.  The CDC recommends 

dai ly t reatment wi th  isoniazid , r i fampin,  pyrazinamide,  and ethambuto l  for 

the in i t ia l  phase of  2  months,  fo l lowed by a cont inuat ion phase of  ison iazid  

and r i fampin for  4-5 months (Table 44-4) .  

1 .  Ethambuto l  (Myambuto l )  is  a  synthet ic  water-based compound. 

a .  Mechanism of  ac t ion.  Th is  drug is bacter ios tat ic .  I ts  prec ise mechanism 

of  ac t ion is unknown;  however,  i t  has demonstrated act iv i ty only against 

suscept ib le  bacter ia  act ive ly undergoing ce l l  d iv is ion. 

b .  Spectrum of ac t iv i ty and therapeut ic  uses.  Ethambutol  is  ac t ive against 

many M. tubercu los is  s t ra ins  as wel l  as many other  mycobacter ia l  species.  

However,  drug res is tance develops fa i r ly rap idly when i t  is  used a lone. In 

most  cases,  ethambutol  is  given adjunct ively in combinat ion wi th  isoniazid  

or  r i fampin for  tuberculos is .  I t  is  also usefu l  in combinat ion wi th  o ther  

agents such as c lar i thromycin or azi thromycin and r i fabut in  in  t reat ing MAC. 

Table 44-4. Treatment for Active Tuberculosis 

  Initial Phase Continuation Phase 
Rank Agent Dosage Agent Dosage 

1 INH 7 days a week × 8 weeks INH/RIF 7 days a week 
× 18 weeks 

 RIF or  or 

 
PZA 5 days a week × 8 weeks 

 
5 days a week 
× 18 weeks 

 EMB    

2 INH 
RIF 

7 days a week × 2 weeks, 
then 2 times a week × 6 
weeks 

INH/RIF 2 times a 
week × 18 
weeks 

 PZA or   



 

EMP 5 days a week × 2 weeks, 
then 2 times a week × 6 
weeks 

  

3 INH 3 times a week × 8 weeks INH/RIF 3 times a 
week × 19 
weeks 

 RIF    

 PZA    

 EMB    

4 INH 7 days a week × 8 weeks INH/RIF 7 days a week 
× 31 weeks 

 RIF or  or 

 
EMP 5 days a week × 8 weeks 

 
5 days a week 
× 31 weeks 

    or 

    

2 times a 
week × 31 
weeks 

EMB, ethambutol; INH, isoniazid; PZA, pyrazinamide; RIF, rifampin. 

Adapted with permission from CDC guidelines for treatment of tuberculosis 
2003. MMWR 2003; 52 (RR11); 1-77. 
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c .  Precaut ions and moni tor ing effec ts .  Rare ly,  e thambutol  causes such 

adverse ef fec ts  as revers ible  dose-re lated (= 15 mg/kg/day)  opt ic  neur i t is ,  

drug fever ,  abdominal pain ,  headache,  dizziness, and confus ion. L iver 



funct ion tests  should be per iod ical ly moni tored. Visual  tes t ing and renal  

funct ion ( reduce dose wi th  impai rment)  should also be moni tored. 

2 .  Isoniazid  (Nydrazid)  is  a  hydrazide of  ison icot in ic  ac id .  The mainstay of  

ant i tubercu lar  therapy,  th is drug should be included ( i f  to lerated) in a l l  

therapeut ic  reg imens. 

a .  Mechanism of  ac t ion.  Isoniazid  is  bacterios tat ic  for  res t ing bac i l l i  and 

bacter ic idal  for  rap idly d iv id ing organisms.  I ts  mechanism of  act ion is  not  

fu l ly  known;  the drug probably d is rupts bacter ial  ce l l  wal l  synthesis by 

inhib i t ing mycol ic  ac id  synthes is .  

b .  Spectrum of ac t iv i ty.  Isoniazid has act iv i ty on ly against  organisms in  the 

genus Mycobacterium. More spec i f ica l ly,  i t  has demonstrated act iv i ty 

against  M.  tuberculos is ,  Mycobacterium bovis ,  and se lect  s t ra ins  of  

Mycobacterium kansas i i .  

c .  Therapeut ic  uses 

(1)  The most  widely used ant i tubercular agent,  isoniazid should be g iven in  

combinat ion wi th  other ant i tubercular drugs (such as r i fampin,  e thambutol ,  

and pyrazinamide) to  prevent  drug resistance in tuberculos is .  

(2)  Treatment  of  la tent  in fec t ion (previously re ferred to  as prevent ive 

therapy of chemoprophylaxis) .  Isoniazid may be admin is tered a lone for up 

to  1  year  in  adul ts  or  chi ldren who have a pos i t ive  tubercu l in  tes t  resu l t  but  

lack act ive lesions. 

d .  Precaut ions and moni tor ing effec ts 

(1)  The most  common adverse ef fec ts  of  ison iazid  are sk in  rash,  fever,  

jaundice,  and per iphera l  neuri t is .  

(2)  Hepati t is ,  an occas ional  react ion, can be severe and, in some cases,  

fa tal .  The r isk  of  hepat i t is  increases wi th  the pat ient 's age and r ises wi th  

a lcohol  abuse. Moni tor  l iver  funct ion tes ts .  

(3)  Blood dyscras ias (e .g. ,  agranulocytosis ,  aplast ic  or  hemolyt ic  anemia, 

thrombocytopenia)  may occur .  Moni tor  complete b lood count  (CBC) 

rout inely.  

(4)  Adverse GI e ffec ts inc lude nausea,  vomi t ing,  and epigast r ic  d is t ress. 

(5)  CNS toxic i ty may resul t  f rom pyr idoxine def ic iency.  Signs and symptoms 

include insomnia,  res t lessness,  hyperref lexia ,  and convuls ions.  Pyr idoxine 

15-50 mg/day should be adminis tered to pat ients  taking isoniazid to 

minimize the peripheral  neuropathy associated wi th  i ts  use (espec ial ly in  

pat ients  wi th  d iabetes,  HIV,  uremia, a lcohol ism,  malnutr i t ion,  pregnancy,  or  

se izure disorder) .  

e .  Sign i f icant  in teract ions 

(1)  W ith  concurrent  phenyto in  therapy,  blood levels  o f  both phenytoin  and 

isoniazid  may increase, poss ib ly caus ing toxic i ty.  

(2)  Aluminum-conta in ing antacids  may reduce isoniazid  absorpt ion. 

(3)  Concurrent  carbamazepine therapy may increase the r isk of hepat i t is .  

(4)  Use of  ison iazid  wi th  o ther ant i tubercu lar agents , such as cyc loser ine or  

e th ionamide,  may cause addi t ive nervous system ef fec ts .  



(5)  There is  the potent ia l  for  the seroton in syndrome to  exis t  when isoniazid  

is  used in  combinat ion wi th  select ive seroton in reuptake inh ibi tors  or  in  

pat ients  taking meper idine.  Isoniazid  has been shown to  have some 

monoamine oxidase (MAO) inhib i t ing act iv i ty.  

3 .  Ri fampin (Rimactane)  is  a  complex macrocycl ic agent .  

a .  Mechanism of  ac t ion.  Th is  drug is bacter ic ida l ;  i t  impai rs  bacterial  RNA 

synthesis  by b ind ing to  DNA-dependent  RNA polymerase. 

b .  Spectrum of ac t iv i ty.  Ri fampin has act iv i ty against  most  mycobacterial  

s t rains .  In  addi t ion,  r i fampin has act iv i ty against many other  organisms,  

includ ing N.  meningi t id is,  S.  aureus, H.  in f luenzae,  Legionel la  pneumophi la ,  

and C.  t rachomat is .  

c .  Therapeut ic  uses 

(1)  In recommended combinat ions for t reatment  of  act ive tubercu los is 

(2)  Prophylact ic r i fampin is  e f fect ive when admin is tered to  carr iers  of  N.  

meningi t id is  d isease and chemoprophylaxis  o f  pat ients  wi th H.  in f luenzae 

type b organisms. 

(3)  Ri fampin may be used in combinat ion wi th dapsone for  the t reatment o f  

leprosy. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Serious hepatotoxic i ty may resul t  f rom r i fampin therapy. L iver funct ion 

tes ts  should be rout inely conducted. 

P.958 

 

 

(2)  In rare cases,  this drug induces an in f luenza-l ike syndrome. 

(3)  Other  adverse effec ts  include skin  rash,  drowsiness,  headache,  fa t igue,  

confus ion,  nausea,  vomi t ing, and abdominal  pa in. 

(4)  Ri fampin co lors  ur ine,  sweat ,  tears , sa l iva,  and feces orange red. 

e .  Sign i f icant  in teract ions 

(1)  Ri fampin induces hepat ic  microsomal  cytochrome P450 isoenzymes and 

thus may decrease the therapeut ic  e ffec t iveness of  cor t icosteroids ,  

warfar in ,  oral  contracept ives,  quin id ine,  d ig i toxin ,  protease inh ibi tors  (PIs) ,  

nonnucleoside reverse t ranscr ip tase inh ib i tors,  ketoconazole,  verapami l ,  

methadone,  ora l  ant idiabet ic  agents , cyclospor ine,  dapsone,  

ch loramphenico l ,  and barb i turates. 

(2)  Probenecid may increase blood leve ls  of  r i fampin. 

(3)  Aminosal icyl ic  acid  may impai r absorpt ion of  r i fampin secondary to  

bentoni te , an exc ip ient used in preparat ion of  aminosal icyl ic  granules. 

f .  The newer r i famycins,  r i fabut in  (Mycobutin) and r i fapent ine (Pri f t in)  may 

be subst i tu ted for  r i fampin in  spec ia l  s i tuat ions,  e .g . ,  in tolerance or ser ious 

drug in teract ions. 

4 .  Ri fabut in  (Mycobut in)  is  an ant imycobacter ia l  agent that  is  s imi lar  to  

r i fampin,  wi th act iv i ty against  both tubercular  and nontubercular  

mycobacteria l ,  and of fers  no clear  advantage over  r i fampin. 



a.  Mechanism of  ac t ion.  In  addit ion to  i ts  ant imycobacterial  ac t iv i ty against  

tubercular and nontubercu lar  mycobacteria l ,  r i fabut in  has been repor ted to  

inhib i t  reverse t ranscr ip tase and block the in v i t ro  infec t iv i ty and rep l icat ion 

of  HIV. 

b .  Therapeut ic  uses.  Ri fabut in  is ind icated for  the prevent ion of  

d isseminated MAI complex d isease in pat ients wi th  advanced HIV 

in fect ions. 

c .  Precaut ions and moni tor ing effec ts .  The use of r i fabut in  has resul ted in 

mi ld  elevat ion of l iver  enzymes and thrombocytopenia. 

d .  Sign i f icant  in teract ions 

(1)  Ri fabut in  antagonizes and potent ia l ly  negates the immune response 

mediated by the baci l lus Calmet te-Guérin  (BCG) vaccine. 

(2)  Ri fabut in  may increase the c learance of  drugs by inducing hepat ic  

microsomal enzymes, but  does so to  a  lesser  extent  than r i fampin.  The 

concentrat ions of  the fol lowing drugs may be reduced whi le tak ing r i fabut in :  

cyc lospor ine, z idovudine,  prednisone, d ig i toxin ,  qu inid ine, ketoconazole,  

protease inhib i tors ,  propranolo l ,  phenyto in,  su l fonylureas, and warfar in .  

Serum cyclospor ine levels  should be moni tored in  pat ients  receiv ing both 

agents. 

5 .  Ri fapent ine (Pr i f t in)  is  a  long-act ing r i famyc in-der ivat ive and has a 

s imi lar  prof i le o f microbio log ica l  ac t iv i ty to  r i fampin. I t  is  usual ly 

adminis tered once or  twice weekly.  

a .  Mechanism of  ac t ion.  Ri fapent ine is  bacter ic ida l  against  in t racel lu lar  and 

ext racel lu lar  M.  tuberculos is  a t  therapeut ic  leve ls .  

b .  Spectrum of ac t iv i ty and therapeut ic  uses.  Indicated for  t reatment  o f  

pr imary tuberculos is .  Ri fapent ine should always be used in  conjunct ion wi th  

≥ 1 other  ant i tuberculos is  drug to  which the iso late is  suscept ib le . 

c .  Precaut ions and moni tor ing effec ts .  Ri fapent ine induces cytochrome 

P450 isoenzymes 3A4 and 2C8/9 responsib le  for inact ivat ion of  cer ta in  

ca lc ium channel b lock ing agents  (verapamil ,  d i l t iazem, n i fedip ine) ,  

ant i fungals  (ketoconazole,  f luconazole,  i t raconazole),  su l fonylurea 

ant id iabet ic  agents , methadone, cor t icostero ids,  cardiac  glycos ides,  cer tain  

ant iarrhythmic  agents  (disopyramide, mexi le t ine,  qu in idine,  toca inide) ,  

qu in ine,  dapsone,  chloramphenicol ,  c lar i thromycin,  doxycyc l ine, 

f luoroquino lones,  t ranscrip tase inh ib i tor  cyc lospor in ,  tacro l imus,  and 

warfar in .  Concomi tant  use of  r i fapent ine wi th these drugs may decrease 

p lasma concentrat ions and dosage adjustments  may be required. 

6 .  Pyrazinamide is  a pyrazine analog of n icot inamide. 

a .  Mechanism of  ac t ion.  Th is  drug is bacter ic ida l  and/or  bacteriostat ic,  

depending on the ce l l  concentrat ion achieved. 

b .  Spectrum of ac t iv i ty and therapeut ic  uses.  Pyrazinamide is  a  highly 

spec i f ic  agent  and has act iv i ty on ly against  M.  tubercu losis .  Pyrazinamide 

is  used as a pr imary agent  wi th  isoniazid  and r i fampin for  at  least  2 months,  

fo l lowed by isoniazid  and r i fampin. 



c.  Precaut ions and moni tor ing effec ts .  Th is  agent may resul t  in  

hepatotoxic i ty and,  rarely,  hepat ic  necrosis resul t ing in death.  Anorexia ,  

nausea,  vomi t ing,  mala ise,  and fever  have  
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been repor ted. Hyperuricemia may resul t  in  gouty exacerbat ions.  Both l iver  

funct ion tests  and uric ac id levels should rout ine ly be moni tored. 

C.  Second- l ine agents .  These agents  inc lude aminosa l icyl ic  acid  (Paser) ,  

capreomycin (Capastat ) ,  cyc loser ine (Seromycin),  e thionamide (Trecator-

SC),  quinolones (c iprof loxac in,  o f loxac in,  levof loxac in,  spar f loxac in) ,  

s t reptomycin and kanamycin.  Second- l ine drugs are main ly subst i tuted or 

added to  preferred therapy owing to in tolerance or  drug resis tance. These 

agents are less effec t ive,  more toxic ,  and are used in combinat ion wi th 

pr imary agents . 

1 .  Mechanism of  ac t ion 

a.  Aminosal icyl ic  acid  is bacter iostat ic;  i t  probably inh ib i ts  the enzymes 

respons ib le for fol ic  ac id synthesis.  

b .  Cyc loser ine can be bacterios tat ic  or  bacter ic ida l ,  depending on i ts  

concentrat ion at  the in fec t ion s i te ;  i t  impairs  amino ac id  use,  thereby 

inhib i t ing bacter ia l  cel l  wal l  synthes is .  

c .  The mechanism of ac t ion of  capreomycin (bacter ios tat ic ) ,  e thionamide 

(bacteric idal ) ,  and pyrazinamide (bacter ic ida l)  is  unknown. 

2 .  Spectrum of ac t iv i ty and therapeut ic  uses.  Second-l ine ant i tubercu lar  

agents are act ive against  var ious microorganisms,  includ ing M.  

tuberculos is .  These agents  general ly are reserved for pat ients  wi th  

extens ive ext rapulmonary or  drug-res is tant  d isease or  for  pat ients  who 

need retreatment .  These drugs are a lmost  a lways administered in  

combinat ion. 

3 .  Precaut ions and moni tor ing effec ts 

a .  Adverse ef fects  o f  aminosal icyl ic  acid  inc lude leukopenia,  

agranulocytopenia,  thrombocytopenia,  hemolyt ic anemia,  mononucleos is-

l ike syndrome,  mala ise,  jo in t  pain , fever,  and skin rash. 

b .  Capreomycin and s t reptomycin are ototoxic  and nephrotoxic ;  they should 

not  be administered together .  

c .  Cycloser ine may cause adverse CNS effec ts,  inc luding headache,  

su ic idal  and psychot ic  tendenc ies,  hyper i r r i tab i l i ty ,  confus ion,  paranoia,  

and nervousness. 

d .  Eth ionamide may induce nausea,  vomi t ing,  orthostat ic  hypotens ion,  

meta l l ic  tas te,  ep igast r ic d is t ress,  and peripheral  neuropathy. 

e .  St reptomycin. See I I .B.3. 

D.  Al ternat ive agents 

1.  Ri fa ter .  A combinat ion of  r i fampin 120 mg,  isoniazid  50 mg,  and 

pyrazinamide 300 mg in  one tablet is  used in  pat ients  expected to  have low 

compl iance wi th  tuberculos is  drug therapy. One disadvantage is  that  many 



pat ients  are requi red to  take as many as 5-6 table ts  dai ly,  which may 

reduce compl iance. 

2 .  Quinolones. Ciprof loxac in and levof loxac in are used in  tubercu los is  

therapy.  Levof loxac in is  preferred owing to  increased serum concentrat ions.  

Levof loxac in is usual ly used in combinat ion wi th o ther tuberculosis agents  

for  ac t ive t reatment .  For  prophylaxis ,  levof loxac in is  combined wi th  

pyrazinamide. 

3 .  Macro l ides. Clar i thromycin and azi thromycin have shown l imi ted act ivi ty 

against  M.  tuberculos is .  

VII. Antiviral Agents 
A. Def in i t ion.  These drugs t reat  v ira l  infec t ions by af fec t ing v i ral  

rep l icat ion. Because viruses lack independent  metabol ic  ac t iv i ty and can 

rep l icate only wi th in  l iv ing host  cel ls ,  ant iv i ral  agents  tend to  in jure host  as  

wel l  as v i ra l  ce l ls .  A l though most  ant iv i ral  drugs are act ive against  ei ther  

DNA or  RNA vi ruses,  some (e.g. ,  adefovi r ,  r ibavir in)  are act ive against  

both. 

B.  DNA vi ruses.  Current ly approved ant iv i ra l  therap ies against  the 

Herpesvi r idae family o f  DNA vi ruses—herpes simplex v i rus  1 and 2 (HSV-1,  

HSV-2) ,  varice l la-zoster  v i rus  (VZV),  cytomegalovi rus  (CMV)—are vi rustat ic  

and arrest  DNA synthes is  by inhib i t ing v i ral  DNA po lymerase. Many of  these 

agents are prodrugs and requi re v i ra l  and host  ce l lu lar enzymes (e.g. ,  

thymid ine,  deoxyguanos ine k inase)  to  phosphoryla te them in to the act ive 

t r iphosphate form before exer t ing thei r  ant iv i ra l  ac t iv i ty.  Hence, a  common 

mechanism of  resistance is  a  def ic iency or   
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s t ruc tura l  a l terat ion in  v ira l  thymid ine k inase (Table 44-5) .  Some of these 

agents a lso demonstrate act iv i ty against  RNA vi ruses,  inc lud ing hepat i t is  C 

and HIV. 

Table 44-5. Activity of Various Anti-DNA Viral Agents 

Agent HSV-1 HSV-2 VZV CMV Influenza 
A 

Influenza 
B 

Acyclovira + + + — — — 

Amantadine — — — — + — 

Cidofovir — — — + — — 

Famciclovir + + + — — — 



Foscarnet + + + + — — 

Ganciclovira — — — + — — 

Oseltamivir — — — — + + 

Rimantadine — — — — + — 

Valacyclovira + + + — — — 

Valganciclovira — — — + — — 

Zanamivir — — — — + + 

HSV, herpes simplex virus, VZV, varicella-zoster virus; CMV, 
cytomegalovirus. 

a Requires activation into 
triphosphate form. 

      

 

1.  Acyc lovir  (Zovi rax)  is  a  synthet ic acyc l ic  analog of  guanos ine wi th  

act iv i ty against var ious herpes vi ruses. 

a .  Mechanism of  ac t ion.  Acyc lovi r  monophosphate is  phosphoryla ted to  the 

t r iphosphate, where i t  becomes incorporated in to v i ra l  DNA and inh ib i ts  

v i ra l  rep l icat ion. 

b .  Spectrum of ac t iv i ty.  Th is  agent  is  ac t ive against  herpes vi ruses,  

par t icular ly HSV-1, HSV-2,  VZV, and ch ickenpox (var ice l la) .  

c .  Therapeut ic  uses 

(1)  Acyc lovir  is  used to  treat  in i t ia l  and recurrent  HSV-1 and HSV-2 

in fect ions and for acute treatment  of  herpes zoster  (shing les)  and 

ch ickenpox.  I t  is  also used ora l ly for  long- term suppress ion of  geni tal  HSV 

in fect ions. 

(2)  Th is agent is  avai lab le  in top ica l ,  ora l ,  and IV forms.  Topica l  acyc lovi r  is  

appl ied di rec t ly on herpes lesions in  recurrent  herpes lab ia l is  (cold  sores).  

I t  is  not  recommended for  use on genita l  herpes les ions due to  poor 

e f f icacy. 

(3)  Acyc lovir  may be administered in t ravenously in  the t reatment o f in i t ia l  

and recurrent  mucocutaneous HSV in fect ion and VZV infect ion in  



immunocompromised pat ients ,  as wel l  as  in  the t reatment  o f HSV in fect ions 

that  are d isseminated or a f fec t  the centra l  nervous system. 

d.  Precaut ions and moni tor ing effec ts 

(1)  Ora l  acyc lovi r  may induce nausea,  vomi t ing, d iarrhea,  and headache. 

(2)  IV administ ra t ion may cause dose-dependent renal  impai rment ,  

c rys tal l ine nephropathy,  neuro log ical  e f fec ts (e .g. ,  lethargy,  confusion,  

t remors,  ag i ta t ion, seizures, coma,  obtundat ion) ,  hypotension,  rash,  i tch ing,  

and phlebi t is  a t  the in ject ion s i te.  

(3)  Local  d iscomfor t  and prur i tus  may resul t  f rom top ical  adminis t ra t ion. 

(4)  Acyc lovir  is  removed by hemodia lys is .  Doses should be adjusted in  

renal  impai rment  and hemodialys is .  

e .  Sign i f icant  in teract ions.  Probenec id reduces the renal  c learance of  

acyclovi r ,  resu l t ing in  increases in  acyclovi r  hal f - l i fe  and serum 

concentrat ion. 

2 .  Adefovi r  d ip ivoxi l  (Hepsera)  is  a  phosphonate nucleot ide analog wi th  

act iv i ty against var ious DNA and RNA vi ruses. 

a .  Mechanism of  ac t ion.  Adefovir  is  phosphorylated to  the act ive 

d iphosphate form by cel lu lar k inases.  I t  is  then incorporated into  v i ra l  DNA, 

resul t ing in terminat ion of  repl icat ion. 

b .  Spectrum of ac t iv i ty and therapeut ic  uses 

(1)  Adefovi r  is  ac t ive against  hepat i t is  B v i rus  ( inc luding lamivudine-

res is tant s t ra ins),  herpes vi ruses,  and HIV. 

(2)  However,  adefovi r  is  approved for  use only for  t reatment o f  chronic  

hepat i t is  B in fect ion in adul ts  wi th  evidence of  act ive v i ral  rep l icat ion wi th 

persistent ly elevated l iver  funct ion tes ts  or h is to log ical ly ac t ive d isease. 
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c .  Precaut ions and moni tor ing effec ts 

(1)  Severe acute hepat i t is  exacerbat ions have occurred in  pat ients  who 

d iscont inue therapy (b lack box warn ing) .  I f  therapy is  d iscont inued,  l iver  

funct ion tests  must be moni tored closely.  

(2)  Nephrotoxic i ty has been repor ted wi th  adefovi r ,  especia l ly in  pat ients  

wi th  under ly ing renal  dysfunct ion or  those taking concomitant  nephrotoxins  

(b lack box warn ing) .  

(3)  Other  adverse effec ts  include rash,  GI  disturbances,  headache,  and 

weakness. 

(4)  Dose adjustment  is requi red for renal  insuff ic iency. 

3 .  Amantadine (Symmetre l )  is  a  synthet ic  t r icyc l ic  amine wi th  a un ique 

chemical  s t ruc ture s imi lar  to  r imantadine. I t  is  e f fec t ive against  in f luenza A 

vi ra l  in fec t ion. 

a .  Mechanism of  ac t ion.  Amantadine inh ib i ts  rep l ica t ion of  the inf luenza A 

vi rus  by inter fer ing wi th  v i ra l  a t tachment  and uncoat ing. 

b .  Spectrum of ac t iv i ty and therapeut ic  uses 



(1)  Due to increasing rates of  resis tance, amantadine is  no longer 

recommended for prophylaxis  or  t reatment  o f  in f luenza A vi rus . 

(2)  Th is drug may also be used to  t reat  parkinsonism as wel l  as drug-

induced ext rapyramidal symptoms. 

c .  Precaut ions and moni tor ing effec ts 

(1)  The most  pronounced adverse ef fects  o f  amantadine are ataxia ,  

n ightmares,  and insomnia.  Other  CNS ef fec ts  include depression, 

confus ion,  d izziness,  fa t igue, anxiety,  and headache.  Elderly pat ients may 

be at  increased r isk of  CNS adverse react ions.  Pat ients  wi th  a h is tory of  

se izures or  psychiat r ic  disorders  should be moni tored c lose ly dur ing 

therapy. 

(2)  Ant ichol inergic react ions (e .g. ,  dry mouth,  blurred vis ion)  have been 

reported. 

(3)  Dosage adjustment  is  needed for  pat ients  wi th  impai red renal  funct ion.  

4 .  Cidofovi r  (Vis t ide)  is  a  synthet ic acyc l ic  purine nuc leos ide phosphonate 

der ivat ive. 

a .  Mechanism of  ac t ion.  Cidofovi r  diphosphate suppresses CMV repl icat ion 

by select ive inh ibi t ion of v i ra l  DNA synthes is .  

b .  Spectrum of ac t iv i ty.  In  v i t ro act iv i ty has been demonstrated against 

CMV, VZV,  Epste in-Barr  v i rus  (EBV),  and HSV-1 and HSV-2.  Contro l led 

c l in ical  studies are l imi ted to  pat ients wi th  AIDS and CMV ret ini t is .  

c .  Therapeut ic  use inc ludes the t reatment ,  but  not  the cure of,  CMV ret ini t is  

in  pat ients  wi th  AIDS. 

d.  Precaut ions and moni tor ing effec ts 

(1)  Avoid us ing th is  drug in  pat ients  wi th serum creat in ine > 1.5 mg/dL or  

c reat inine c learance (CrCl )  ≤ 55 mL/min or  in  pat ients  who are receiv ing (or  

have received in  the past  7  days)  nephrotoxic  agents . 

(2)  Cidofovi r  is  contraindicated in pat ients  wi th  a h istory of  severe 

hypersens i t iv i ty to probenecid or  su l fa-contain ing medicat ions. 

(3)  The dose- l imi t ing toxic i ty o f  c idofovi r  is  nephrotoxic i ty;  neutropenia,  

per iphera l  neuropathy, and diarrhea are common adverse ef fec ts .  

(4)  Probenecid must  be adminis tered before and af ter each cidofovi r  dose.  

The pat ient  must  be hydrated wi th  1 L of  normal  sa l ine before in fusing.  

Cidofovi r  is  ava i lable  on ly in  IV form. 

5 .  Entecavi r  (Barac lude) is  a  carbocycl ic  analog of  guanos ine used for  

t reatment  o f  chronic  hepat i t is  B in fect ion. 

a .  Mechanism of  ac t ion.  Once phosphoryla ted to the act ive t r iphosphate 

form,  entecavi r  inh ibi ts  hepat i t is  B v i ra l  polymerase and u l t imate ly ha l ts  

hepat i t is  B DNA synthesis .  

b .  Spectrum of ac t iv i ty.  Entecavi r  exh ib i ts  ac t iv i ty against  hepat i t is  B v i rus ,  

includ ing lamivudine-resis tant  s t rains .  Development  o f HIV resis tance to  

nucleos ide reverse transcr iptase inhibi tors  is  poss ible  i f  entecavi r  is  used 

wi thout  ant i re t rovi ral  t reatment  in  HIV and hepat i t is  B v i rus  co-in fect ion. 

c .  Therapeut ic  uses 



(1)  Entecavi r  is  approved for t reatment o f chronic  hepat i t is  B in fect ion in  

adul ts wi th  evidence of  ac t ive v ira l  repl icat ion and pers is tent e levat ions in  

l iver  funct ion tes ts or  h isto log ical ly ac t ive d isease. 

(2)  I t  is  e ffec t ive for  pat ients  who have fai led t reatment  wi th lamivudine 

owing to res is tance development .  
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(3)  Entecavi r  is  not recommended for  use in  pat ients  wi th  hepat i t is  B v i rus  

in fec t ion who are co- infected wi th  HIV and are not  rece iv ing ant i re trovi ral  

therapy. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Severe acute exacerbat ions of  hepat i t is  B have been observed in  

pat ients  who discont inue therapy,  necess i ta t ing c lose moni tor ing (black box 

warn ing) .  

(2)  Common adverse ef fec ts  include d izziness,  fa t igue, headache,  and 

nausea. 

(3)  Dose adjustment  is requi red for renal  insuff ic iency. 

(4)  Counsel  pat ients to take entecavi r  on an empty s tomach. 

6 .  Famcic lovir  (Famvi r ) is  a  prodrug of the ant iv i ra l  agent  penc ic lovir .  

a .  Mechanism of  ac t ion.  Famcic lovi r  is  rap id ly phosphoryla ted in  v i rus-

in fected cel ls  by v i ral  thymid ine k inase to  penc ic lovi r  monophosphate. 

Pencic lovi r  is  a  compet i t ive inh ib i tor  of  v i ral  DNA polymerase and prevents  

v i ra l  rep l icat ion by inh ib i t ion of herpes vi rus  DNA synthesis.  

b .  Spectrum of ac t iv i ty and therapeut ic  uses 

(1)  Famcic lovir  has act ivi ty against  HSV-1,  HSV-2,  and VZV. The drug is  

indicated for management  o f acute herpes zoster (shingles)  and oral  and 

geni tal  herpes. 

(2)  Therapy must be promptly in i t ia ted as soon as herpes zoster is  

d iagnosed (wi th in  48-72 hr) ,  at  a dose of  500 mg every 8 hr for 7  days. 

c .  Precaut ions and moni tor ing effec ts 

(1)  Common adverse events  inc lude fa t igue,  GI complain ts  (nausea,  

d iarrhea,  vomi t ing,  const ipat ion) ,  and anorexia .  Headache is  a lso commonly 

reported. 

(2)  Dose adjustment  is necessary in  pat ients  wi th renal  dysfunct ion.  

Famcic lovi r  is  removed by hemodia lysis.  

7 .  Foscarnet  (Foscavi r )  is  a  synthet ic  pyrophosphate analog that  d i rec t ly 

inhib i ts  enzymes invo lved in v i ral  DNA synthes is  wi thout  incorporat ion in to  

v i ra l  DNA. I t  is  a  broad-spectrum ant iv i ra l  agent  and is  an opt ion in cases 

of  acyc lovi r  or  ganc ic lovir  resistance. 

a .  Mechanism of  ac t ion 

(1)  Vi ra l  DNA repl icat ion requi res the addi t ion of  deoxynuc leoside 

t r iphosphates at  the end of  the DNA st rand by DNA polymerase and the 

subsequent  c leavage of  pyrophosphate f rom the newly at tached nucleot ide.  

Foscarnet  b inds noncompet i t ive ly to  DNA polymerase to form an inact ive 



complex and prevents  pyrophosphate c leavage.  Vi ra l  DNA chain elongat ion 

is  thus terminated. 

(2)  Foscarnet  is a lso act ive against  HIV.  I t  is  a  noncompet i t ive,  revers ible  

inhib i tor  o f  HIV reverse transcrip tase,  the enzyme responsible  for  

convert ing v i ral  RNA to vi ra l  DNA. 

b.  Spectrum of ac t iv i ty and therapeut ic  uses.  Foscarnet  has in  v i t ro  act iv i ty 

against  HSV-1 and HSV-2,  CMV, VZV,  EBV DNA polymerases,  in f luenza 

polymerase, and HIV reverse t ranscr ip tase.  Therapeut ical ly,  the drug is  

used to  t reat  CMV disease as wel l  as  acyc lovi r - res is tant  HSV and VZV 

in fect ions. 

(1)  Foscarnet  is an a l ternat ive to  gancic lovi r  and va lgancic lovi r  for  

t reatment  o f  CMV in fect ion in  immunocompromised pat ients .  Foscarnet  

causes less hemato log ic toxic i ty than gancic lovi r  in  pat ients  who have 

received a l logeneic stem cel l  t ransplants.  An ini t ia l  induct ion therapy las ts  

2-3 weeks.  Maintenance therapy is  needed to  prevent  relapse. 

(2)  Foscarnet  is ind icated for the t reatment  of  acyc lovi r - resis tant 

mucocutaneous HSV in  immunocompromised pat ients .  I t  is  not ,  however,  a  

cure for HSV in fect ions. 

(3)  Foscarnet  is able  to  cross the b lood-bra in barr ier .  

c .  Precaut ions and moni tor ing effec ts 

(1)  IV foscarnet  is  high ly nephrotoxic ,  caus ing acute tubular necrosis .  The 

incidence of  acute renal  fa i lure can be markedly reduced i f  adequate 

hydrat ion and dai ly monitor ing of  serum creat in ine and BUN are mainta ined 

throughout  therapy. 

(2)  Other  common adverse ef fec ts  include e lec t ro lyte  abnormal i t ies  (e .g. ,  

hypocalcemia,  hypomagnesemia, hypophosphatemia and 

hyperphosphatemia,  hypokalemia) ,  anemia,  fever,  headache,  and seizures. 

(3)  Dose adjustment  for  renal  dysfunct ion is  requi red.  Foscarnet  is  removed 

by hemodia lys is .  

(4)  Foscarnet  must  be admin is tered using an in fus ion pump over  at  least 

1 .5-2 hr .  Do not  admin is ter  the drug as an IV bo lus . 
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d .  Sign i f icant  in teract ions 

(1)  Concomitant  nephrotoxins  (aminoglycos ides,  amphoter ic in  B,  e tc . )  

increase the r isk of  renal toxic i ty.  

(2)  Foscarnet  is exc lusive ly e l iminated by glomeru lar f i l t rat ion;  concurrent 

nephrotoxic  agents  should be avoided whenever poss ib le. 

8 .  Ganc ic lovi r  (Cytovene) is a  synthet ic  pur ine nuc leoside analog that is  

approved for  the t reatment  and prophylaxis  of  CMV in fect ions in 

immunocompromised pat ients  (e .g. ,  HIV-pos i t ive pat ients ,  t ransplant  

rec ip ients) .  



a.  Mechanism of  ac t ion.  Af ter  conversion to  gancic lovi r  t r iphosphate,  

ganc ic lovir  is  incorporated in to v i ral  DNA, which inhib i ts  v ira l  DNA 

polymerase, thereby terminat ing v ira l  repl icat ion.  

b .  Spectrum of ac t iv i ty.  Ganc ic lovi r  has in  v i t ro  act iv i ty against  HSV-1 and 

HSV-2,  VZV,  EBV, and CMV (owing to i ts  enhanced abi l i ty  to  penetrate host  

ce l ls ).  

c .  Therapeut ic  uses. I t  is  indicated for  t reatment  o f  CMV ret ini t is  in  pat ients  

wi th  HIV/AIDS.  I t  is  a lso used for  prophylaxis  o f CMV in fect ion in  HIV-

posi t ive pat ients  (secondary prophylaxis)  and t ransplant rec ipients a t r isk  

for  CMV disease. 

(1)  Conversion into  the tr iphosphate form is  greater  in  in fec ted host  ce l ls,  

even though drug penetrat ion occurs  in  both uninfec ted and in fected ce l ls.  

(2)  Inh ib i tory concentrat ions for the v i ral  DNA polymerase are lower than 

those for  the host  cel lu lar  polymerase. 

(3)  I t  is  avai lab le in  ora l  and IV formulat ions as wel l  as an int raocular 

implant .  Al though the ora l  formulat ion is  approved for prevent ion and 

maintenance t reatment  of  CMV, i ts  poor  b ioavai lab i l i ty  has l imi ted i ts  use. 

Valganc ic lovi r  has become the drug of  choice for  these ind icat ions, owing 

to  i ts  markedly improved b ioavai labi l i ty .  

d .  Precaut ions and moni tor ing effec ts 

(1)  Ganc ic lovi r  has a b lack box warn ing concern ing increased potent ia l  for  

neutropenia,  anemia,  and thrombocytopenia.  I t  is  a lso teratogenic , 

carc inogenic ,  and mutagenic . 

(2)  Adverse ef fects  commonly inc lude fever,  rash,  and GI  d is turbances. 

Phleb i t is  and pain may occur  a t the s i te  o f infus ion. 

(3)  Because gancic lovi r  is  c leared by glomerular f i l t ra t ion and tubular  

secret ion,  renal  funct ion and adequate hydrat ion should be monitored.  

Doses should be adjusted in cases of  renal  impairment  and hemodialys is .  

(4)  Solut ions of  ganc ic lovi r  are ext remely a lka l ine.  Avoid di rec t  contact  wi th  

skin . 

e .  Sign i f icant  in teract ions 

(1)  Probenecid may increase ganc ic lovir  concentrat ions and poss ib ly 

toxic i ty.  

(2)  Use of  z idovudine,  azath iopr ine,  or  mycophenola te mofet i l  in  

combinat ion wi th  ganc ic lovi r  may resul t  in  neutropenia;  careful  moni tor ing 

of  neutrophi l  count is  requi red when these are taken concurrent ly wi th  

ganc ic lovir .  

(3)  Imipenem-c i las tat in in  combinat ion wi th gancic lovi r  may increase the 

potent ia l  for  seizures. 

9 .  Osel tamivi r  (Tami f lu)  is  pharmacological ly s imi lar  to  zanamivi r  but  

s t ruc tura l ly d i f ferent.  Both of  these agents  are in  a  c lass known as the 

neuramin idase inhibi tors and have a un ique mechanism of  ac t ion. 

a .  Mechanism of  ac t ion.  Osel tamivi r  is  a  prodrug that  must be hydrolyzed to  

osel tamivi r  carboxylate in  v ivo to exer t  i ts  ant iv i ra l  ac t iv i ty.  I t  is  a potent  



select ive inhibi tor  o f  the in f luenza vi rus  enzyme,  neuramin idase. Inh ibi t ion 

of  this enzyme prevents  v i ra l  rep l icat ion and spread to  other host  cel ls .  

b .  Spectrum of ac t iv i ty.  Th is  agent  is  ac t ive against  both in f luenza A and B 

vi ruses. 

c .  Therapeut ic  uses 

(1)  I t  is  approved for  the symptomatic  t reatment o f  in f luenza A and B 

in fect ions in  pat ients  1  year  of  age and o lder who present  wi th  symptoms 

wi th in  48 hr.  

(2)  Osel tamivi r  has been shown to  decrease the durat ion of symptoms by 1-

2 days i f  taken wi th in  48 hr  of  onset  of  v i ral  symptoms. 

(3)  I t  is  also approved for  the prophylaxis  o f  in f luenza in fect ions in  pat ients  

1  year  o f  age and older.  Note:  The inf luenza vi rus  vacc ine is s t i l l  the go ld 

s tandard for  prophylaxis .  

(4)  Osel tamivi r  demonstrates some act iv i ty against  s t rains  of  avian 

in f luenza,  making i t  a  possib le  opt ion for  t reatment  and prophylaxis .  
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d .  Precaut ions and moni tor ing effec ts 

(1)  The most  common adverse ef fec ts  are nausea and vomi t ing.  There have 

been post market ing repor ts o f  sel f - in jury and del i r ium (most ly in  Japan) 

among pediatr ic  pat ients.  Close moni tor ing for  abnormal  behavior is  

recommended. 

(2)  Dosage adjustments  are requi red for  pat ients  wi th  impai red renal  

funct ion. 

(3)  Cross-res is tance between osel tamivi r  and zanamivi r  has been repor ted. 

10.  Ribavi r in  (Rebetol ,  Copegus)  is  a synthet ic nuc leos ide analog. 

a .  Mechanism of  ac t ion.  Ribavi r in  may inhib i t  RNA and DNA synthes is  by 

deplet ing int racel lu lar  nuc leot ide reserves. 

b .  Spectrum of ac t iv i ty.  Th is  agent  is  ac t ive in  v i t ro  against  a broad 

spectrum of  DNA and RNA vi ruses,  including in f luenza A and B,  RSV, 

herpes s implex,  and hepat i t is  C vi rus . 

c .  Therapeut ic  uses. The aerosol ized form of  r ibavi r in  is  no longer 

recommended for t reatment  o f  RSV in  in fants  and ch i ldren,  owing to 

incons is tent  c l in ical  benef i ts  observed in  c l in ica l  t r ia ls.  Combinat ion 

therapy wi th  ora l  r ibavi r in  and subcutaneous in ter feron-α is  e ffec t ive in 

t reatment  o f  chronic  hepat i t is  C. 

d .  Precaut ions and moni tor ing effec ts 

(1)  Common adverse ef fec ts  of  ora l  r ibavi r in  include hemolyt ic anemia and 

GI  d is turbances.  Hemoglobin and hematocri t  should be moni tored carefu l ly,  

especia l ly dur ing the f i rst  4  weeks of  t reatment .  

(2)  Ribavi r in  is  teratogenic ;  i ts  use is  contra ind icated in pregnancy.  

(3)  Ribavi r in  should be avoided in  pat ients  wi th  a CrCl  < 50 mL/min. 

(4)  Ribavi r in  should never  be used as monotherapy in  treatment  o f  chronic  

hepat i t is  C. 



11.  Rimantadine (F lumadine)  is  a synthet ic ant ivi ra l  agent and an α-methyl  

der ivat ive of  amantadine that blocks the ear ly s tep in the rep l icat ion of  the 

in f luenza A vi rus . 

a .  Mechanism of  ac t ion.  Rimantadine inhib i ts  the ear ly v i ra l  rep l icat ion 

cyc le ,  poss ib ly inhib i t ing the uncoat ing of  the v i rus .  I t  has the same 

mechanism of  act ion and spectrum of ac t iv i ty as  amantadine. 

b .  Spectrum of ac t iv i ty and therapeut ic  uses 

(1)  Due to increasing rates of  resis tance, r imantad ine is  no longer 

recommended for prophylaxis  or  t reatment  o f  in f luenza A vi rus . 

(2)  Inf luenza vacc inat ion is  the method of  choice for  prevent ion of inf luenza 

in fect ion. 

c .  Precaut ions and moni tor ing effec ts 

(1)  Rimantadine may increase the inc idence of  se izure in  pat ients wi th  

se izure disorder .  

(2)  The most  f requent  adverse react ions include GI  d is turbance (e.g. ,  

nausea,  vomi t ing,  anorexia)  and CNS toxic i ty (e.g. ,  insomnia,  dizziness,  

headache),  which are less than those observed wi th  amantadine. 

(3)  Dose reduct ions are recommended in  pat ients  wi th  hepat ic  or renal 

dysfunct ion. 

12.  Te lb ivudine (Tyzeka) is  a  synthet ic  thymid ine nucleos ide analog used 

for  t reatment  of  chronic  hepat i t is  B in fect ion. 

a .  Mechanism of  ac t ion.  Te lb ivudine is  phosphoryla ted in to the act ive 

t r iphosphate form that  inh ibi ts hepat i t is  B v i ra l  DNA polymerase,  wi th  

u l t imate terminat ion of  the DNA chain and inh ib i t ion of  v i ra l  repl icat ion. 

b .  Spectrum of ac t iv i ty.  

(1)  Te lbivudine exhib i ts  ac t iv i ty against hepat i t is  B v i rus  but  not  HIV. 

(2)  There is  a  h igh inc idence of  c ross-resis tance between lamivudine-

res is tant hepat i t is  B v irus  and te lb ivudine. 

c .  Therapeut ic  uses. 

(1)  Te lbivudine is ind icated for  t reatment  of  chronic  hepat i t is  B in fect ion in 

adul ts wi th  act ive v i ra l  rep l icat ion and pers is tent e levat ions in l iver funct ion 

tes ts  or  histo logical ly act ive disease. 

(2)  W hen compared wi th  lamivudine,  telbivudine produced a greater 

v i ro log ic  response in  contro l led c l in ica l  t r ia ls.  

d .  Precaut ions and moni tor ing effec ts .  

(1)  There is  a  b lack box warn ing regard ing severe exacerbat ions of  

hepat i t is  B in  pat ients  d iscont inuing therapy,  requ i r ing c lose moni tor ing. 
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(2)  Common adverse ef fec ts  include e levat ions in  creat ine phosphok inase,  

headache, fat igue, nausea,  and vomi t ing. 

(3)  Dosage adjustment  is  required in pat ients  wi th  renal  insuff ic iency. 

(4)  May be taken wi thout regard to  meals. 



13.  Valacyclovi r  (Val t rex)  is the L-valy l  es ter  prodrug of  the ant iv i ral  agent  

acyclovi r .  

a .  Mechanism of  ac t ion.  Valacyc lovi r  is  rapid ly conver ted to acyc lovir .  

Acyc lovi r  is  select ive for the thymid ine k inase enzyme,  beginn ing the 

convers ion of  acyclovi r  to  acyc lovi r  t r iphosphate, s topping the rep l icat ion of  

herpes vira l  DNA. 

b.  Spectrum of ac t iv i ty and therapeut ic  uses 

(1)  Valacyc lovi r  is  ac t ive against  HSV-1,  HSV-2,  and VZV. 

(2)  Th is agent is  used for  the acute t reatment  of  herpes zoster  (sh ingles) ,  

herpes lab ial is  (co ld  sores) ,  and genita l  herpes in  immunocompetent  adults .  

I t  is  also ef fec t ive for suppression of recurrent  ep isodes of  geni tal  herpes in  

immunocompetent  and HIV- in fected people as wel l  as  reduct ion of 

t ransmiss ion of  geni tal  herpes. 

(3)  Advantages over  acyc lovi r  include ora l  dos ing o f  only once to  three 

t imes dai ly and at tainment  o f higher  plasma concentrat ions than oral  

acyclovi r .  A disadvantage is  that  there is  no IV form avai lab le . 

c .  Precaut ions and moni tor ing effec ts 

(1)  Valacyc lovi r  has caused thrombotic  thrombocytopenic purpura/hemolyt ic  

uremic syndrome in  immunocompromised indiv iduals ,  inc lud ing those wi th  

advanced HIV and t ransplant  rec ip ients . 

(2)  Begin therapy wi thin  72 hr o f herpes zoster  rash onset .  

(3)  Most  commonly reported adverse react ions are mi ld and include nausea,  

headache, and vomi t ing. Dosage adjustment is  needed in  pat ients  wi th 

renal  dysfunct ion. 

14.  Valganc ic lovi r  (Valcyte)  is  the L-va ly l  ester  prodrug of the ant iv i ra l  

agent  ganc ic lovir .  

a .  Mechanism of  ac t ion.  Valganc ic lovi r  is  converted in  v ivo to  ganc ic lovi r .  

Af ter  conversion to  the act ive form,  ganc ic lovi r  t r iphosphate,  ganc ic lovi r  is  

incorporated in to  v i ral  DNA, which inh ibi ts  v i ral  DNA polymerase,  thereby 

terminat ing v i ra l  repl icat ion. 

b .  Spectrum of ac t iv i ty and therapeut ic  uses 

(1)  For  in  v i t ro  act iv i ty,  see VII .B.8.b. 

(2)  Valgancic lovi r  is  ind icated for  the t reatment of  CMV ret in i t is  in  pat ients  

wi th  AIDS and for  prevent ion of  CMV af ter  t ransplantat ion of k idney,  hear t ,  

and k idneypancreas. I t  is  not  indicated for  l iver  t ransplant  recipients,  due to  

an increased r isk of t issue- invasive CMV as compared wi th  ganc ic lovir .  

(3)  The markedly improved bioavai lab i l i ty  o f  valgancic lovi r  over  ora l  

ganc ic lovir  has resul ted in  the widespread use of va lgancic lovi r  for  

t reatment  and prevent ion of  CMV disease. 

c .  Precaut ions and moni tor ing effec ts 

(1)  Same b lack box warn ings as for  ganc ic lovi r .  

(2)  Doses should be adjusted in  cases of  renal impai rment.  Do not use in  

hemodia lysis pat ients ;  gancic lovi r  must  be used. 

(3)  Only avai lab le  ora l ly.  Do not  subst i tu te  doses of  ora l  valgancic lovi r  1 :1 

for  ora l  gancic lovi r ;  they are not equiva lent.  



(4)  A potent ia l  carcinogen and teratogen;  common adverse ef fects  are the 

same as for  ganc ic lovi r .  

(5)  I f  the tab le t  is  broken,  avoid contact  wi th  skin  owing to teratogenic and 

carc inogenic  potent ia l .  

(6)  Be aware of the potent ial  for  errors  as a resul t  o f  the look-a l ike and 

sound-a l ike names of  va lganc ic lovir  and valacyc lovi r .  

d .  Sign i f icant  in teract ions.  Same as for  ganc ic lovi r ;  see VI I .B.8.e. 

15.  Zanamivi r  (Relenza)  is  the f i rs t  o f  a  c lass of  ant iv i ra l  agents  ca l led 

neuramin idase inhibi tors approved by the FDA for  the t reatment o f inf luenza 

A and B in fect ions in  adul ts  and chi ldren at  least 7  years  of  age. I t  is  a lso 

indicated for prevent ion of  in f luenza in adul ts  and ch i ldren at least  5 years  

of  age. 

a .  Mechanism of  ac t ion.  Zanamivi r  inh ib i ts  rep l icat ion of  the in f luenza A and 

B vi ruses by se lect ive inh ibi t ion of  the in f luenza vi rus  neuraminidase 

enzyme. 

b.  Spectrum of ac t iv i ty.  Th is  agent  is  ac t ive against  both the in f luenza A 

and B vi ruses.  I t  demonstrates act iv i ty against  avian in f luenza in  an imal  

s tud ies. 
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c .  Therapeut ic  uses 

(1)  I t  is  approved for  the t reatment  o f  uncompl icated in f luenza A and B 

in fect ion for pat ients  who have been symptomatic  for  < 48 hr .  I t  is  a lso 

indicated for inf luenza prophylaxis .  

(2)  Zanamivi r  is  approved for oral  inhalat ion use only,  using the Diskhaler 

device provided by the manufacturer .  

(3)  Zanamivi r  may be cons idered for  prevent ion or  t reatment  o f avian 

in f luenza. 

(4)  Shown to  decrease durat ion of  symptoms by approximately 1 .5 days i f  

taken wi thin  48 hr  o f onset  o f v i ral  symptoms. 

d .  Precaut ions and moni tor ing effec ts 

(1)  The use of  zanamivi r  is  general ly not  recommended in  pat ients  wi th a  

h istory of  as thma or  chronic obst ruct ive pu lmonary d isease,  owing to  the 

r isk  of  bronchospasm and acute decl ine in  lung funct ion. 

(2)  The most  common adverse ef fec ts  were mi ld  and inc luded diarrhea,  

nausea,  and vomi t ing.  The incidence of  these was no di f ferent  than 

p lacebo. 

(3)  Do not puncture the Rotadisk  bl is ter  unt i l  immediate ly before 

adminis ter ing the dose to  ensure fu l l  dosage. Manual  dexter i ty requi red for  

th is  device. 

C.  RNA vi ruses (HIV) 

1 .  Current ly,  s ix c lasses of  ant i re t rovira l  agents  are approved.  These drugs 

are act ive against  HIV and include the nuc leoside reverse t ranscr iptase 

inhib i tors  (NRTIs)  abacavi r ,  d idanosine,  emtr ic i tab ine,  lamivudine,  



stavudine,  zalc i tab ine,  and zidovudine; the nucleot ide reverse t ranscrip tase 

inhib i tor  (NtRTI)  tenofovir  d isoproxi l  fumarate;  the nonnuc leos ide reverse 

t ranscrip tase inhib i tors  (NNRTIs)  de lavi rdine,  e favi renz,  nevi rapine and 

et ravi r ine;  and the protease inh ib i tors  (PIs)  amprenavi r ,  a tazanavi r,  

darunavi r ,  fosamprenavi r,  ind inavi r ,  lop inavi r / r i tonavi r ,  ne l f inavi r ,  r i tonavir ,  

saquinavi r ,  and t ipranavir ;  the fus ion inh ibi tor enfuvi r t ide;  the entry inh ibi tor  

maraviroc;  and the integrase inh ib i tor  ral tegravi r .  

2 .  These agents are v i rus tat ic and requi re  l i fe long therapy. They are 

current ly approved for  use in  various combinat ions known as potent  

combinat ion ant i re t rovi ral  therapy. 

a .  Appropr iate  combinat ions inc lude those that  have demonstrated ef f icacy 

and safety in  contro l led c l in ical  t r ia ls  (Table 44-6) .  

b .  Monotherapy wi th  any s ing le  ant i re t rovi ra l  agent  is  unacceptable in  the 

t reatment  o f  HIV infect ion owing to  rap id development  o f v i ral  res is tance. 

c .  Before designing a t reatment  p lan,  a  minimum of  two CD4+  ce l l  counts 

and one HIV RNA level  (v i ra l  load)  should be obta ined to  conf i rm the in i t ia l  

measurements  and determine i f  t reatment  should be in i t ia ted. Af ter  s tar t ing 

therapy,  repeat  these measurements in 2-8 weeks,  fo l lowed by every 3-4 

months thereaf ter .  

d .  A min imum of 1 .0- log1 0  cop ies/mL dec l ine in  HIV RNA levels  should be 

seen af ter the f i rs t  2-8 weeks of  therapy for c l in ica l  response; a  subsequent  

decrease to  undetectab le levels should be achieved by 16-24 weeks. 

3 .  Reverse t ranscr ip tase inhibi tors  are c lass i f ied as e i ther  nuc leosides or  

nucleot ides.  These agents  are compet i t ive inhib i tors  o f  reverse 

t ranscrip tase,  which leads to chain terminat ion when incorporated into  the 

v i ra l  DNA chain.  They are inact ive unt i l  phosphoryla ted by human ce l lu lar 

k inases into  the act ive tr iphosphate metabol i te .  Each agent has a 

corresponding three- let ter  acronym as wel l  as a brand name.  W ith the 

except ion of  abacavi r ,  each agent in this  c lass of  ant i ret rovi ra ls  requires 

dosage adjustment  in  pat ients  wi th renal dysfunct ion.  Al l  agents in this  

c lass have a b lack box warn ing concern ing the potent ia l  for development  of  

lact ic  ac idos is  and severe hepatomegaly wi th  steatos is .  

a .  Abacavi r  (ABC; Z iagen) is  a synthet ic carbocyc l ic  nuc leoside analog 

indicated for the t reatment  o f both adul t  and pedia t r ic  pat ients  wi th  HIV. 

(1)  Mechanism of  ac t ion. See VI I .C.3. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Abacavi r is  approved for  use 

in  adul ts and ch i ldren ≥ 3 months of  age only in combinat ion wi th  other 

ant i re t rovi ra l  agents . 

(a)  Abacavi r  is  ava i lab le  a lone or  co- formulated as  a combinat ion table t  

wi th  lamivudine and zidovudine (Tr iz iv i r )  which is dosed twice da i ly.  

(b)  Abacavi r  is  a lso avai lab le  in  a  combinat ion tab le t wi th  lamivudine 

(Epzicom) which is dosed once dai ly.  

(3)  Precaut ions and moni tor ing ef fects .  Abacavir  has a b lack box warn ing 

for  a l i fe- threatening hypersensi t iv i ty react ion that  can lead to death.  I t  

occurs  in  approximate ly 5% of  pat ients  taking this  drug, typ ical ly wi th in the 



f i rst  6  weeks of  therapy.  Th is  react ion invo lves respi ra tory symptoms,  fever ,  

rash,  and GI  complain ts .  Reexposure fol lowing these symptoms can mimic 

anaphylaxis  and may resul t  in  death. Therefore, rechal lenge is  

contra indicated.  A Medicat ion Guide descr ibing th is react ion should be 

d ispensed wi th  each new prescrip t ion and ref i l l  o f  abacavi r-containing 

products .  The HLA-B *5701 screening tes t  should be used pr ior  to in i t ia t ing 

therapy to reduce the r isk  of this react ion. 
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Table 44-6. Department of Health and Human Services Guidelines for the Use of 
Antiviral Agents in HIV-1-Infected Adults and Adolescents 

When to begin treatment 

Treat any patient with history of AIDS defining illness 

Treat any patients with CD4+ cell count < 200/mm3 or between 200-
350/mm3 

Treat patients who are pregnant, have HIV-associated nephropathy or those 
co-infected with hepatitis B virus (when treatment for hepatitis B is 
indicated). 

Note: The optimal time to start treatment in patients with CD4+ cell count > 
350/mm3 is not well defined. 

Regimen selection 

Selection of a treatment regimen should be individualized for each patient 
based on adverse effect profiles, drug interactions, comorbidities, pill 
burden, etc. Preferred and alternative treatment regimens in previously 
untreated patients are as follows: 

To select an antiretroviral regimen, select one component from Column A 
and one from Column B: 

Column A (NNRTI or PI Options) Column B (Dual NRTI 
Options) 

Preferr NNRT o PI Preferr Tenofovir/em



ed 
Compo
nents 

I 
Efavir
enza 

r Atazanavir or 
ritonavir 
Fosamprenavi
r + ritonavir 
(b.i.d.) 
Lopinavir/rito
navir (b.i.d.) 

ed 
Compo
nents 

tricitabine or 
abacavir/lami
vudine 

Alterna
tive to 
Preferr
ed 
Compo
nents 

NNRT
I 
Nevira
pineb 

o
r 

PI 
Atazanavir 
Fosamprenavi
r 
Fosamprenavi
r/ritonavir 
(once daily) 
Lopinavir/rito
navir (once 
daily) 
Saquinavir + 
ritonavir 

Alterna
tive to 
Preferr
ed 
Compo
nents 

Zidovudine/la
mivudine or 
didanosine + 
(emtricitabine 
or 
lamivudine) 

Agents or combinations that should not be offered at any time 

All monotherapies 

2-NRTI regimens 

Abacavir + tenofovir + lamivudine as a triple NRTI regimen 

Tenofovir + didanosine + lamivudine as a triple NRTI regimen 

Saquinavir as the sole PI in a PI-based regimen 

Zidovudine + stavudine 

Didanosine + stavudine 

Lamivudine + emtricitabine 



Atazanavir + indinavir 

2-NNRTI combination 

Monitoring 

Before initiating drug therapy, must obtain CD4+ cell count and plasma HIV 
RNA levels plus complete blood count, chemistry, lipid profile, liver 
enzymes, and genotypic resistance testing 

If HIV RNA does not reach undetectable levels (< 50 copies/mL) by 16-24 
weeks, perform resistance testing, compliance assessment, and consider a 
regimen change 

NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside 
reverse transcriptase inhibitor; PI, protease inhibitor. 

a Cannot be used in the first trimester of pregnancy or in women who wish to 
conceive or are not using effective contraception. 
 
b Should not be initiated in women with pre-nevirapine CD4+ cell counts > 
250/mm3 or men with pre-nevirapine CD4+ cell counts > 400/mm3 owing to 
high incidence of hepatic adverse effects. 
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(4)  Sign i f icant  in teract ions.  Alcohol  increases abacavi r 's  AUC by 41%. 

b.  Didanosine (ddI ;  Videx) ,  a  synthet ic  pur ine analog,  inhib i ts  HIV 

rep l icat ion and has a longer in t racel lu lar  ha l f - l i fe  (> 20 hr)  than zidovudine 

(7 hr).  

(1)  Mechanism of  ac t ion. See VI I .C.3. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Didanos ine is approved for 

the treatment  o f  adul ts  and ch i ldren only in  combinat ion wi th o ther  

ant i re t rovi ra l  agents . 

(3)  Precaut ions and moni tor ing ef fects 

(a)  Didanosine can cause revers ib le peripheral  neuropathy and acute,  

potent ia l ly  le thal  pancreat i t is  (b lack box warn ing) .  Serum t r ig lycer ides 

should be monitored,  and d idanosine should be wi thheld when in i t ia t ing 

potent ia l  pancreat i t is - induc ing agents  (e.g. ,  IV pentamidine,  su l fonamides) .  

Trans ient ly e levated serum amylase may not  re f lec t  pancreat i t is .  



(b)  Other  adverse effec ts  include headaches,  d iarrhea,  nausea, and 

hyperuricemia (because d idanos ine is  cata lyzed to  ur ic  acid) .  

(c )  Didanosine is  avai lable  in  an enteric coated capsule or  buffered ora l  

tab le t  formulat ion to  prevent  degradat ion at ac idic  pH. I t  must  be taken on 

an empty s tomach. 

(d)  Do not use in  combinat ion wi th  s tavudine or  za lc i tab ine because of  

addi t ive potent ial  for  toxic i ty.  

(e)  Do not use the combinat ion regimen of  didanos ine and tenofovi r  in 

t reatmentnaïve pat ients , owing to h igh rates of  ear ly v i ro log ic  fa i lure. 

(4)  Sign i f icant  in teract ions.  Pancreat i t is - induc ing drugs, a lcohol,  and those 

known to cause per iphera l  neuropathy should not be used wi th  d idanosine.  

Ribavi r in  should not  be co-admin is tered wi th  d idanosine. 

c .  Emtr ic i tabine (FTC; Emtr iva) is  a synthet ic nuc leoside analog s t ruc tura l ly 

re lated to  lamivudine wi th  act iv i ty against  HIV in fect ion. 

(1)  Mechanism of  ac t ion. See VI I .C.3. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Emtr ic i tabine is  indicated for  

use in HIV- in fected adul ts  and chi ldren in  combinat ion wi th  o ther  

ant i re t rovi ra l  agents . I t  is  avai lab le  by i tse l f  or  as  a combinat ion table t  wi th  

tenofovi r  (Truvada) and as a combinat ion tab let  wi th  tenofovi r  and efavi renz 

(Atr ip la) .  A l though i t  demonstrates act iv i ty agains t  hepat i t is  B v i rus , i t  is  

not  approved for  use in  treatment  of  this infec t ion.  

(3)  Precaut ions and moni tor ing ef fects 

(a)  Adverse ef fects  most commonly observed in  c l in ica l  t r ia ls were mi ld-

moderate and inc lude headache,  rash,  diarrhea,  and nausea.  

Hyperp igmentat ion of  the palms or  so les may occur .  

(b)  Serious acute exacerbat ions of  hepat i t is  B have been documented in  

HIV/hepat i t is  B co-in fected pat ients  who discont inued therapy wi th  

emtr ic i tab ine (b lack box warn ing) ;  therefore, l iver funct ion tes ts should be 

moni tored for  severa l  months after  d iscont inuat ion. 

(4)  Sign i f icant  in teract ions.  None have been ident i f ied. 

d .  Lamivudine (3TC; Epiv i r )  is  a  synthet ic  nuc leos ide analog wi th act iv i ty 

against  HIV and hepat i t is  B v i rus . 

(1)  Mechanism of  ac t ion. See VI I .C.3. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Lamivudine is  indicated for 

use in HIV-posi t ive adul ts  and chi ldren > 3 months of age in  combinat ion 

wi th  o ther  ant i re t rovira l  agents.  I t  is  also used in a  lower dosage for  the 

t reatment  o f  chronic  hepat i t is  B in  pat ients  wi th  act ive l iver inf lammation 

and evidence of  hepat i t is  B v i ra l  repl icat ion. 

(a)  Lamivudine is avai lab le  a lone or  wi thin  a  twice dai ly combinat ion tab let  

conta in ing lamivudine,  z idovudine and abacavi r  (Tr iz iv i r ) .  

(b)  Lamivudine is a lso avai lab le as a combinat ion tab let  wi th  abacavi r  

(Epzicom) and zidovudine (Combivi r) .  
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(3)  Precaut ions and moni tor ing ef fects 

(a)  Reported adverse react ions are minor  and inc lude headache,  fa t igue, 

and GI react ions such as nausea,  vomi t ing,  and diar rhea. CNS toxic i ty 

includes neuropathy,  dizziness,  and insomnia. Lab tes t  abnormal i t ies such 

as neutropenia and e levat ions in l iver  enzymes have a lso been repor ted. 

(b)  Do not use in  combinat ion wi th  zalc i tab ine owing to  antagonism of  

e f fec ts .  

(c )  Lamivudine has the same b lack box warn ing regard ing acute 

exacerbat ions of  hepat i t is  B as emtr ic i tab ine (see VI I .C.3.c).  

(4)  Sign i f icant  in teract ions.  Co-admin is t ra t ion wi th  cot r imoxazole resul ts  in  

increased lamivudine leve ls.  No dose adjustment  is  requi red. 

e .  Stavudine (d4T;  Zer i t )  is  a  synthet ic  thymid ine nucleos ide analog that  is  

ac t ive against  HIV. 

(1)  Mechanism of  ac t ion. See VI I .C.3. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Stavudine is  indicated for  use 

in  combinat ion wi th  other  ant i re trovi ral  agents in adul ts and ch i ldren of  al l  

ages. 

(3)  Precaut ions and moni tor ing ef fects 

(a)  The major  toxic i ty wi th  s tavudine is  a  dose re la ted but  revers ib le  

per iphera l  neuropathy occurr ing in up to  21% of pat ients . 

(b)  Other  adverse effec ts  include headache, rash,  diarrhea,  nausea, and 

vomi t ing. 

(c )  Fatal  ep isodes of  pancreat i t is  have been reported. 

(4)  Sign i f icant  in teract ions.  Do not  use in  combinat ion wi th  z idovudine or  

za lc i tabine. 

f .  Tenofovi r  disoproxi l  fumarate (TDF;  Vi read)  is an acycl ic  nuc leos ide 

phosphonate d ies ter  analog (nuc leot ide) wi th  ant iv i ra l  ac t iv i ty against  HIV 

and hepat i t is  B v i rus. 

(1)  Mechanism of  ac t ion. Tenofovi r  (a  prodrug) is rapid ly hydro lyzed by 

p lasma esterases to tenofovi r ,  wi th  subsequent  conversion to the act ive 

tenofovi r  d iphosphate.  Note:  NtRTIs  are act ive as the d iphosphate,  un l ike 

the NRTIs , which requi re conversion to  the t r iphosphate. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Tenofovi r  is  approved for  use 

in  combinat ion wi th  other  ant i re trovi ral  agents for  the t reatment o f HIV in  

adul ts.  I t  is  also avai lab le  as a once dai ly combinat ion tab le t  contain ing 

tenofovi r  and emtr ic i tabine (Truvada) and tenofovi r ,  emtr ic i tabine,  and 

efavi renz (Atr ip la) .  

(3)  Precaut ions and moni tor ing ef fects 

(a)  Minor  adverse ef fec ts  have been repor ted in  c l in ical  t r ia ls .  These 

include compla in ts o f d iarrhea,  vomi t ing, and nausea. 

(b)  Addi t ional  adverse effec ts  observed during postmarket ing surve i l lance 

include acute renal  fa i lure and decreases in  bone mineral  dens i ty.  

(c )  Tenofovi r  has the same b lack box warn ing that  emtr ic i tab ine has for 

pat ients  wi th  concomi tant  hepat i t is  B (see VII .C.3.c) .  

(d)  Dose adjustment  is requi red for renal  insuff ic iency. 



(4)  Sign i f icant  in teract ions 

(a)  Tenofovi r  increases d idanos ine serum concentrat ions, necessi tat ing a 

dose reduct ion of  d idanos ine. 

(b)  Tenofovi r  decreases serum concentrat ions of a tazanavi r .  W hen these 2 

agents are used together ,  r i tonavir  must  be added to  the reg imen. 

g .  Zalc i tab ine (ddC; Hiv id)  is  a synthet ic pyr imidine nucleos ide analogue 

that  is ac t ive against  HIV.  

(1)  Mechanism of  ac t ion. See VI I .C.3. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Zalc i tabine is  no longer 

recommended as a component  of  in i t ia l  combinat ion therapy of  HIV owing to  

i ts  severe adverse ef fec t prof i le .  The manufacturer  discont inued i ts  

product ion in  2006. 

(3)  Precaut ions and moni tor ing ef fects 

(a)  The major  c l in ical  toxic i ty o f  zalc i tab ine is  periphera l  neuropathy,  which 

occurs  in  up to 35% of  pat ients  and may be potent ia l ly  disabl ing. 

(b)  Other  adverse effec ts  include pancreat i t is ,  stomat i t is ,  cardiomyopathy,  

and hypersens i t iv i ty react ions. 

(c )  Do not  use in  combinat ion wi th  lamivudine,  s tavudine,  or  z idovudine. 

(4)  Sign i f icant  in teract ions 

(a)  Drugs that  have the potent ia l  to  cause per iphera l  neuropathy should be 

avoided.  These inc lude ch loramphenico l ,  c isp la t in,  dapsone,  didanos ine,  

d isu l f i ram, hydralazine,  isoniazid,  metron idazole, n i t ro furanto in ,  phenyto in ,  

r ibavi r in ,  and vincr is t ine. 
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(b)  Zalc i tab ine t reatment should be in terrupted when a drug wi th the 

potent ia l  to  cause pancreat i t is  is  in i t iated ( i .e . ,  pentamid ine) .  

(c )  Do not  take wi th  magnesium-,  calc ium-,  or  aluminum-containing 

antac ids. 

(d)  Cimetidine and probenecid may increase za lc i tab ine levels ,  caus ing 

increased za lc i tabine toxic i ty.  

h .  Zidovudine (AZT;  Retrovi r )  is  a synthet ic thymid ine analog. This  agent  

was the f i rs t  ava i lab le  drug for  the treatment  o f  HIV infect ion. 

(1)  Mechanism of  ac t ion. See VI I .C.3. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses 

(a)  Zidovudine is  indicated in  the treatment  o f  adu l ts  and chi ldren > 6 

weeks of  age for  the t reatment  of  HIV. 

(b)  I t  is  ind icated for the prevent ion of  maternal - fe ta l  HIV t ransmiss ion. 

(c )  Zidovudine is  avai lable  as ora l  capsules,  tab le ts ,  and so lut ion as wel l  as  

an IV solut ion. 

(d)  Ora l  z idovudine is  a lso avai lable  as a co- formulat ion wi th lamivudine 

(Combivi r )  and wi th  lamivudine and abacavi r  (Tr iz iv i r ) .  

(3)  Precaut ions and moni tor ing ef fects 



(a)  Zidovudine can cause severe bone marrow suppress ion,  inc lud ing 

macrocyt ic anemia and neutropenia af ter  the f i rs t  few weeks to  months of 

therapy.  The r isk  is  increased in  pat ients  wi th  preexis t ing bone marrow 

suppression or  who are tak ing concomi tant  medicat ions that  cause bone 

marrow suppress ion. 

(b)  Erythropoiet in  can be considered as an adjunct ive therapy in  pat ients  

wi th  z idovudine- induced anemia,  in  cases for which i t  cannot be 

d iscont inued. 

(c )  Other  adverse ef fec ts inc lude headache,  mala ise,  seizures,  anxie ty,  

fever ,  and rash. 

(d)  Prolonged use may lead to  symptomatic  myopathy. 

(4)  Sign i f icant  in teract ions 

(a)  Cotr imoxazole,  atovaquone,  valpro ic  ac id ,  methadone,  and probenecid 

may increase zidovudine concentrat ions,  caus ing increased r isk  of  

z idovudine toxic i ty.  

(b)  Other  cytotoxic  drugs,  such as ganc ic lovi r ,  dapsone, and in terferon-α,  

can cause addi t ive bone marrow suppress ion. 

(c )  Ribavi r in ,  r i fabut in,  and r i fampin may decrease levels o f  z idovudine. 

4 .  Nonnuc leos ide reverse t ranscr ip tase inh ib i tors.  The NNRTI c lass binds 

d i rec t ly to  and produces a noncompeti t ive inh ibi t ion of  the HIV reverse 

t ranscrip tase,  leading to  chain terminat ion. These agents  are ind icated for 

use in adul ts  and pediat r ic  pat ients  in  combinat ion wi th  ei ther  NRTIs  or  

poss ib ly PIs .  Efavi renz is  cons idered a preferred NNRTI,  whereas the 

others  are current ly recommended as a l ternat ives.  NNRTI-based reg imens 

provide potent  ant iv i ra l  ac t iv i ty wi th less p i l l  burden than many PI-based 

reg imens. Al l  NNRTIs may cause rash and hepatotoxic i ty;  pat ients  should 

be moni tored c lose ly for  these adverse ef fec ts .  

a .  Delavi rdine (Rescrip tor)  

(1)  Mechanism of  ac t ion. See VI I .C.3. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Delavi rd ine is  approved for  

use in adul ts  in  the t reatment  o f HIV in  combinat ion wi th  o ther  ant i re t rovira l  

agents.  I ts  use has fa l len out  o f favor owing to  i ts  three t imes dai ly dos ing 

schedule. 

(3)  Precaut ions and moni tor ing ef fects 

(a)  In c l in ica l  t r ia ls ,  4.3% of  pat ients d iscont inued delavi rd ine because of  

rash.  Cases of  Stevens-Johnson syndrome have been repor ted. 

(b)  Other  adverse effec ts  include headache and nausea. 

(4)  Sign i f icant  in teract ions 

(a)  The concentrat ions of  the fol lowing medicat ions are great ly increased by 

de lavi rd ine and must  be avoided:  a lprazolam, midazo lam, t r iazo lam, 

s imvastat in ,  lovastat in ,  r i fabut in ,  and cisapr ide. 

(b)  Decreased delavi rdine concentrat ions resul t  when i t  is  admin is tered wi th  

St .  John 's  wort ,  carbamazepine,  phenobarb i ta l ,  phenytoin , or  r i fampin. 

Concomi tant  use should be avoided. 



(c )  Because delavird ine requi res an ac id ic  GI  t rac t  for  opt imal  absorpt ion,  

i ts  use is  contraindicated wi th  proton pump inh ibi tors  and H2 - receptor  

antagonists.  

b .  Efavi renz (Sust iva) 

(1)  Mechanism of  ac t ion. See VI I .C.3. 
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(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Efavi renz is  approved for  use 

in  combinat ion wi th  other  ant i re trovi ral  agents for  the t reatment o f HIV 

in fect ion in adul ts  and pediat r ic  pat ients  (≥ 3 years  of  age) .  I ts  advantage 

over  o ther  NNRTIs is once-dai ly dos ing.  I t  is  avai lab le a lone or  as a 

combinat ion tab let  wi th  tenofovi r  and emtr ic i tabine (Atr ip la) .  

(3)  Precaut ions and moni tor ing ef fects 

(a)  Most  common adverse ef fects  are CNS-re la ted (52%),  inc lud ing 

insomnia,  dizziness, drowsiness,  n ightmares, and hal lucinat ions,  

necess i ta t ing bedt ime dos ing to  minimize these effec ts .  These effec ts 

typ ica l ly subside af ter  2-4 weeks of t reatment.  

(b)  Owing to i ts  teratogenic e f fects ,  e favi renz should be avoided in  the f i rs t  

t r imester  o f  pregnancy and in  women of ch i ldbear ing potent ial  who wish to  

conceive. 

(c )  Other  adverse ef fec ts inc lude rash,  increased t ransaminases,  and GI  

d isturbances. 

(4)  Sign i f icant  in teract ions 

(a)  Efavirenz induces and inh ib i ts  the cytochrome P450 3A4 isoenzyme 

system. I t  should not  be used concomi tant ly wi th  c isapride,  midazolam, 

t r iazolam, or ergot  derivat ives. 

(b)  St .  John 's  wort  decreases efavi renz concentrat ions and should be 

avoided. 

(c )  Efavi renz decreases methadone concentrat ions by 60%; pat ients  should 

be moni tored for  opia te wi thdrawal  and have the ir  doses t i t ra ted 

according ly.  

c .  Et ravi r ine (In te lence) 

(1)  Mechanism of  ac t ion. See VI I .C.3. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Etravi r ine is  indicated for  use 

in  combinat ion wi th  at  least  two addi t ional  ant i re trovi ra l  agents  in  

t reatment-exper ienced adul ts  who demonstrate v ira l  rep l icat ion and 

documented resistance to  other  NNRTIs. I t  is  not for  use in  t reatment-naïve 

pat ients . 

(3)  Precaut ions and moni tor ing ef fects .  

(a)  Adverse ef fects  inc lude nausea and rash. 

(b)  Since food increases the absorpt ion of  et ravi r ine by 50%, i t  should be 

taken fo l lowing a meal .  

(4)  Sign i f icant  in teract ions. 



(a)  Et ravi r ine induces and inh ib i ts  a var iety o f  cytochrome P450 

isoenzymes.  I t  should not  be used concomi tant ly wi th  carbamazepine,  

phenobarb i tal ,  phenyto in,  unboosted PIs , a tazanavi r / r i tonavi r,  

fosamprenavi r / r i tonavi r ,  t ipranavi r/ r i tonavir ,  or  o ther  NNRTIs. 

(b)  St .  John 's  wort  and r i fampin decrease et ravi r ine concentrat ions and 

should be avoided. 

(c )  Et ravi r ine may decrease serum concentrat ions of methadone; pat ients 

should be monitored c lose ly.  

d .  Nevi rap ine (Vi ramune) was the f i rs t  NNRTI approved for  use by the FDA 

for  the treatment  o f  HIV in fect ion. 

(1)  Mechanism of  ac t ion. See VI I .C.3. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Nevi rapine is  ind icated in 

combinat ion wi th  other ant i re t rovi ra ls  in  adult  and pediat r ic  (≥ 2  months old)  

HIV pat ients. 

(3)  Precaut ions and moni tor ing ef fects 

(a)  Nevi rap ine has the h ighest  inc idence of  Stevens-Johnson syndrome of 

a l l  NNRTIs. 

(b)  Symptomatic hepat i t is ,  includ ing fa tal  hepat ic necros is ,  has been 

observed wi th nevi rapine (b lack box warn ing).  The f requency of  th is  

adverse ef fec t  is  increased in  women wi th  pre-nevi rap ine CD4+  counts  > 

250 cel ls /mm 3  and men wi th  CD4+  counts  > 400 ce l ls/mm 3 .  Nevi rap ine 

should not  be in i t ia ted in these pat ients. 

(c )  Other  adverse ef fec ts inc lude fever ,  nausea,  and headache. 

(d)  To decrease the f requency of  adverse ef fec ts,  a  2-week dose escalat ion 

is  requi red. 

(4)  Sign i f icant  in teract ions 

(a)  Nevi rap ine induces cytochrome P450 3A4, resul t ing in  decreased 

concentrat ions of  caspofungin,  ketoconazole,  i t raconazole,  ora l  

contracept ives,  and protease inhib i tors . 
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(b)  Use of  r i fampin and St .  John 's  wort  should be avoided,  as  they decrease 

the serum concentrat ions of nevirapine. 

(c )  Methadone concentrat ions decrease signi f icant ly  wi th  nevirapine,  of ten 

necess i ta t ing a dose increase. 

5 .  Protease inh ib i tors . The PIs  compet i t ive ly inh ib i t  the v i ra l  protease 

enzyme,  prevent ing the enzyme f rom cleaving the gag and gag-pol  

po lyproteins  necessary for  v i r ion product ion.  PIs  are used in  combinat ion 

wi th  o ther  ant i re t rovira l  agents,  including other  PIs ,  to  suppress HIV 

rep l icat ion. Al l  o f  the PIs are cytochrome P450 inh ibi tors ;  r i tonavi r is  the 

most  potent  inhibi tor.  A l l  PIs  are contraind icated wi th  numerous drugs,  

includ ing s imvastat in ,  lovastat in ,  r i fampin,  c isapride, p imozide, midazolam, 

t r iazolam, ergots ,  and St.  John 's  wort .  Concomi tant  therapy wi th  

ant iepi lept ic  drugs,  erect i le  dysfunct ion drugs,  and azole ant i fungals  must 



be undertaken wi th  caut ion.  Owing to  the wide array of  drug interact ions 

wi th  PIs , a lways assess medicat ion prof i les  carefu l ly for  drug in teract ions 

before in i t iat ion. 

a .  Amprenavi r  (Agenerase)  

(1)  Mechanism of  ac t ion. See VI I .C.5. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Amprenavi r is  no longer 

recommended for use in  t reatment  reg imens for HIV due to  i ts  

d iscont inuat ion in  la te  2007. 

(3)  Precaut ions and moni tor ing ef fects .  

(a)  Use of  the ora l  solut ion in  pregnant  women,  ch i ldren < 4 years  old , and 

pat ients  wi th  hepat ic  or  renal  insuf f ic iency is  contra ind icated owing to  the 

propylene g lyco l  vehic le  (b lack box warn ing) .  

(b)  Because amprenavi r is  a  su l fonamide,  the potent ia l  for  c ross-sens i t iv i ty 

to  o ther su l fonamides exis ts .  

(c )  Adverse effec ts inc lude hyper l ip idemia,  hyperg lycemia,  fa t  

mald is t r ibut ion,  rash,  and GI  dis turbances. 

(d)  Dosage adjustment  is  required for hepat ic  insuf f ic iency. 

(4)  Sign i f icant  in teract ions (see VI I .C.5).  Amprenavi r  decreases methadone 

concentrat ions,  poss ib ly requi r ing a methadone dose increase to  prevent  

wi thdrawal .  

b .  Atazanavi r (Reyataz)  

(1)  Mechanism of  ac t ion. See VI I .C.5. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Atazanavi r  is  a  component o f  

preferred and al ternat ive PI-based reg imens for  HIV.  I t  is  dosed once dai ly.  

(3)  Precaut ions and moni tor ing ef fects .  

(a)  Atazanavi r may prolong the PR in terva l  and poss ibly cause f i rst -degree 

AV b lock.  Elect rocard iogram (ECG) should be moni tored. 

(b)  Other  adverse effec ts  include fa t  mald is t r ibut ion, hyperg lycemia, and 

indi rec t  hyperbi l i rubinemia.  In  contrast  to  the other  PIs ,  atazanavi r  appears  

to  be devoid of  e f fec ts  on l ip ids . 

(c )  Dose adjustment is  requi red for hepat ic insuff ic iency. 

(4)  Sign i f icant  in teract ions (see VI I .C.5).  Atazanavi r  is  the most  problemat ic  

o f  al l  PIs  in  terms of  drug interact ions. 

(a)  I f  used in combinat ion wi th  e favi renz or  tenofovi r ,  low-dose r i tonavi r  

must  be adminis tered concomitant ly.  

(b)  Because atazanavir  requi res  an ac id ic  GI  t ract  for  opt imal  absorpt ion, 

concomitant  use of  proton pump inh ib i tors  is contra ind icated.  I f  o ther  ac id 

suppressants  are used wi th  atazanavi r ,  the doses must  be separated by as 

much t ime as possib le  (up to  12 hr  apart ) .  

c .  Darunavi r  (Prezis ta) 

(1)  Mechanism of  ac t ion. See VI I .C.5 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Darunavi r  is  the newest  PI to  

receive FDA approval for the t reatment o f  HIV.  I ts use is  l imi ted to  high ly 

t reatment-exper ienced pat ients  or pat ients  wi th  HIV res is tance mutat ions. 

(3)  Precaut ions and moni tor ing ef fects 



(a)  Darunavi r must be co-adminis tered wi th  r i tonavi r  

(b)  Because darunavi r  contains  a su l fonamide moiety,  c ross-react iv i ty may 

occur  in  sul fa-a l lergic pat ients . 

(c )  Adverse effec ts inc lude nausea,  increased amylase,  hepatotoxic i ty,  

hyper l ip idemia,  hyperglycemia,  and rash. 

(4)  Sign i f icant  in teract ions.  See VI I .C.5. 

d .  Fosamprenavi r  (Lexiva)  

(1)  Mechanism of  ac t ion. See VI I .C.5.  Fosamprenavi r  is  the prodrug of  

amprenavi r .  
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(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Fosamprenavi r  has large ly 

rep laced amprenavi r  because of  i ts  improved dosing convenience. I t  is  

recommended as one of  the preferred components  in  PI-based regimens for  

in i t ia l  t reatment  of  HIV. 

(3)  Precaut ions and moni tor ing ef fects 

(a)  Fosamprenavi r  may be dosed once dai ly in  t reatment  naïve pat ients .  PI -

exper ienced pat ients requi re twice da i ly dos ing. In  most cases, 

fosamprenavi r  is  administered wi th  low dose r i tonavi r .  

(b)  Adverse ef fects  are the same as those wi th  amprenavi r (see 

VI I .C.5.a. (3) .  b ,  c  and d).  

(4)  Sign i f icant  in teract ions (see VI I .C.3).  I f  used in  combinat ion wi th  

e favi renz,  fosamprenavi r must  be administered wi th  a booster  dose of  

r i tonavi r .  

e .  Ind inavi r  (Crixivan)  

(1)  Mechanism of  ac t ion. See VI I .C.5. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Ind inavi r ,  in  combinat ion wi th  

r i tonavi r ,  is  no longer recommended as part  o f  reg imen for  pat ients 

receiv ing in i t ia l  t reatment  for  HIV due to  a high inc idence of  nephrol i th ias is .  

(3)  Precaut ions and moni tor ing ef fects 

(a)  Because ind inavi r  may cause nephrol i th iasis  (k idney s tones) ,  pat ients  

should be ins t ructed to  dr ink at least  1 .5  L of  water  dai ly to  prevent this  

adverse ef fec t .  

(b)  Ind inavi r  can cause ind i rec t hyperb i l i rub inemia.  Combinat ion therapy 

wi th  a tazanavi r  is  not recommended owing to  the potent ia l  for addi t ive 

ef fec ts .  

(c )  Other  adverse ef fec ts inc lude hyperg lycemia,  hyper l ip idemia,  fa t  

mald is t r ibut ion,  headache,  and GI  in to lerance. 

(d)  Dose adjustment  is requi red for hepat ic insuff ic iency. 

(4)  Sign i f icant  in teract ions (see VI I .C.5).  Vi tamin C in  doses > 1 g dai ly 

decreases indinavi r concentrat ions.  Caut ion pat ients  not to exceed the 

recommended dai ly al lowance for  v i tamin C. 

f .  Lopinavi r / r i tonavi r (Kalet ra) 

(1)  Mechanism of  ac t ion. See VI I .C.5. 



(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Th is  product  is  ava i lab le  as a 

co- formulat ion of  lopinavi r  wi th  a “booster”  dose of  r i tonavi r ,  which inhibi ts  

lopinavi r metabol ism and resul ts  in  h igher  serum concentrat ions.  

Lopinavi r/ r i tonavir  is  a preferred PI  used in  in i t ia l  PI -based reg imens owing 

to  i ts  potency and convenient  dosing. 

(3)  Precaut ions and moni tor ing ef fects 

(a)  Lopinavi r /r i tonavi r was recent ly re formulated as a f i lm-coated tablet  that  

does not  requi re re f r igerat ion.  I t  is  a lso avai lable as an oral  so lu t ion 

conta in ing 42% alcohol.  

(b)  Adverse ef fects  inc lude GI  in to lerance, hyperl ip idemia,  hyperg lycemia, 

fa t  mald is t r ibut ion,  and pancreat i t is .  

(4)  Sign i f icant  in teract ions.  See VI I .C.5. 

(a)  Lopinavi r /r i tonavi r decreases methadone concent rat ions,  poss ib ly 

necess i ta t ing a methadone dose increase to  prevent  op iate wi thdrawal .  

(b)  Concomitant  admin ist ra t ion wi th vor iconazole is  contra ind icated 

because of  the r isk  of  decreased vor iconazole ef f icacy. 

(c )  Dos ing varies  due to  drug in teract ions wi th  concomitant  use of  

e favi renz,  nevi rapine,  fosamprenavi r ,  or  nel f inavir .  Be sure to  check 

appropr ia te re ferences for  proper dos ing. 

g .  Nel f inavi r  (Vi racept) 

(1)  Mechanism of  ac t ion. See VI I .C.5. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Nel f inavi r  is  a  possib le  

component  o f an al ternat ive PI-based regimen for in i t ia l  t reatment  o f  adul ts  

wi th  HIV infect ion. Unl ike the other PIs,  i t  is  never  used in combinat ion wi th  

r i tonavi r .  I t  is  not general ly recommended due to in fer ior v i rologic e f f icacy.  

(3)  Precaut ions and moni tor ing ef fects 

(a)  Diarrhea is  commonly repor ted wi th nel f inavi r .  Th is  can of ten be 

managed wi th  ant id iarrheals .  

(b)  Other  adverse effec ts  are s imi lar  to  those wi th  lop inavi r / r i tonavi r .  

(c )  Use caut ion wi th  look-a l ike,  sound-al ike names (ne l f inavir  and 

nevi rap ine) .  

(4)  Sign i f icant  in teract ions (see VI I .C.5.)  Nelf inavi r  decreases methadone 

concentrat ions,  necess i ta t ing increased moni tor ing and dose adjustment  i f  

indicated. 

h .  Ri tonavi r  (Norvi r)  

(1)  Mechanism of  ac t ion. See VI I .C.5. 
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(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Ritonavi r is  rare ly used as 

the sole  PI  in  a  PI-based regimen owing to i ts  poor  tolerab i l i ty  and h igh pi l l  

burden when admin is tered in  fu l l  doses.  Al ternat ive ly,  i t  is  used in  low 

doses as a pharmacok inet ic  boost ing agent  wi th  o ther PIs .  Because i t  is  

such a potent  cytochrome 450 enzyme inhib i tor ,  r i tonavi r  markedly 



increases the serum concentrat ions of  other  PIs ,  resul t ing in h igher  

concentrat ions wi th  improved vi ral  suppression. 

(3)  Precaut ions and moni tor ing ef fects 

(a)  Capsules should be ref r igerated before d ispens ing. Capsules then may 

be s tored at  room temperature for  up to 30 days. 

(b)  Ora l  so lut ion should not  be re f r igerated. 

(c )  Adverse effec ts inc lude GI  in to lerance, c i rcumoral  paresthesias,  

hyper l ip idemia,  hyperglycemia,  fat  mald is t r ibut ion,  increased l iver  funct ion 

tes ts ,  and tas te perversion. 

(4)  Sign i f icant  in teract ions (see VI I .C.5).  Many drug in teract ions occur  wi th  

r i tonavi r  because i t  is  such a potent  inhib i tor  o f  so many cytochrome P450 

isoenzymes.  Always refer  to  proper  resources to assess for  drug 

in teract ions. 

i .  Saquinavi r ( Invi rase) 

(1)  Mechanism of  ac t ion. See VI I .C.5. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  Use of  saquinavi r wi thout  

booster doses of  r i tonavir  is  not  recommended because of  the poor  

b ioavai lab i l i ty  o f  saquinavi r .  

(3)  Precaut ions and moni tor ing ef fects 

(a)  Saquinavi r  is  ava i lab le  as a hard ge l  capsule and tablet ( Invi rase)  and 

was previously avai lable as a sof t  gel  capsule (For tovase) .  The var ious 

dosage forms are not  bioequiva lent  and cannot  be used interchangeably.  

(b)  The soft  gel  capsule formulat ion is  no longer manufactured (effec t ive 

February 2006).  

(c )  Adverse effec ts are s imi lar to  lop inavi r / r i tonavi r .  

(4)  Sign i f icant  in teract ions.  See VI I .C.5. 

j .  Tipranavi r (Apt ivus) 

(1)  Mechanism of  ac t ion. See VI I .C.5. 

(2)  Spectrum of ac t iv i ty and therapeut ic  uses.  The use of  t ipranavi r is  

l imi ted to  highly t reatment-exper ienced pat ients  wi th  HIV who are res is tant  

to  o ther PIs as wel l  as  to o ther  c lasses of ant i ret rovi ra ls .  

(3)  Precaut ions and moni tor ing ef fects .  

(a)  Owing to the poor  b ioavai lab i l i ty  o f  t ipranavi r ,  i t  must  be co-

adminis tered wi th  r i tonavi r .  

(b)  Capsules must  be refr igerated.  Once d ispensed,  they are s tab le at room 

temperature for up to 60 days. 

(c )  Tipranavi r has been associated wi th c l in ica l  hepat i t is  and fa tal  hepat ic  

decompensat ion (black box warn ing) .  L iver  funct ion tes ts  should be 

moni tored c lose ly,  especia l ly in  pat ients wi th  under ly ing l iver  disease. 

(d)  Rare ly,  there have been repor ts o f fa ta l  and nonfatal  in t racrania l  

hemorrhage wi th  t ipranavi r  (b lack box warn ing) .  

(e)  Because the s t ruc ture of  t ipranavi r  conta ins a sul fonamide moiety,  

c ross-react iv i ty may occur  in  su l fa-al lerg ic  pat ients . 

( f )  Other  adverse effec ts inc lude rash,  hyperl ip idemia,  hyperglycemia,  and 

fa t  mald is t r ibut ion. 



(4)  Sign i f icant  in teract ions (see VI I .C.5).  Loperamide may decrease 

t ipranavi r concentrat ions.  

6 .  Fus ion inh ibi tors . Enfuvi r t ide (T-20;  Fuzeon) is  the f i rst  and only member 

of  this c lass of  ant i re trovi ra ls .  

a .  Mechanism of  ac t ion.  Enfuvi r t ide inh ib i ts  the entry o f  HIV in to CD4+  ce l ls  

by in ter fer ing wi th  the fus ion of  v i ral  and cel lu lar membranes. 

b .  Spectrum of ac t iv i ty and therapeut ic  uses.  Enfuvi r t ide is  pr imari ly used in  

h igh ly t reatment-exper ienced pat ients  wi th  extens ive v i ra l  resistance.  I t  is  

not  recommended for  use as in i t ia l  therapy in  t reatment-na ive pat ients ,  as  i t  

has not  been s tud ied in  th is populat ion. 

c .  Precaut ions and moni tor ing effec ts 

(1)  Enfuvi r t ide is  in jec ted subcutaneous ly twice da i ly.  Local  in jec t ion s i te 

react ions occur  in  almost  a l l  pat ients ,  inc lud ing pain, redness,  prur i tus,  and 

nodules. 
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(2)  Other  adverse effec ts  include hypersens i t iv i ty react ions and increased 

rate of  bacteria l  pneumonia. 

(3)  No dose adjustment  is  necessary for  renal  impai rment .  

d .  Sign i f icant  in teract ions.  There are no sign i f icant  drug in teract ions wi th  

enfuvi r t ide. 

7 .  Entry inh ibi tor .  Maravi roc  (Selzentry)  is  the f i rst  and only member of  th is  

c lass of ant i re t rovi ra l  therapy. 

a .  Mechanism of  ac t ion.  Maravi roc  is  a chemokine receptor  5  (CCR5) 

coreceptor antagonis t.  I t  b inds to  the CCR5 receptor  on the CD4 ce l l  

membrane, prevent ing entry o f  the v i rus  in to the ce l l .  

b .  Spectrum of ac t iv i ty and therapeut ic  uses.  Maravi roc is  used along wi th 

other ant i re t rovi ra ls  on ly in  h igh ly t reatment-exper ienced adult  pat ients  who 

are in fec ted wi th  HIV that  b inds to the CCR5 receptor .  

c .  Precaut ions and moni tor ing effec ts .  

(1)  Hepatotoxic i ty was observed dur ing c l in ical  t r ia ls  wi th  maravi roc  (black 

box warn ing) .  Th is  may be preceded by a systemic  a l lergic react ion.  

Pat ients  should be evaluated immediately i f  e i ther  occurs . 

(2)  Use caut ion in  pat ients  wi th  l iver  d isease or  card iovascular  r isk  factors . 

(3)  Adverse ef fects  inc lude cough, rash,  fever ,  musculoskeleta l  symptoms,  

d izziness,  and abdominal  pain . 

(4)  Not recommended for use in  pat ients  wi th  renal  insuf f ic iency un less no 

a l ternat ive opt ion is avai lable . 

d .  Sign i f icant  in teract ions. 

(1)  Dos ing for  maraviroc  var ies depending upon concomi tant  medicat ions 

that  interact :  

(a)  W hen used wi th cytochrome P450 inhib i tors ,  such as PIs  (except  

t ipranavi r/ r i tonavir ) ,  de lavi rd ine,  ketoconazole, i t raconazole,  and 

c lar i thromycin,  adminis ter  maravi roc  150 mg twice dai ly.  



(b)  W hen used wi th cytochrome P450 inducers  (such as carbamazepine,  

phenobarb i tal ,  phenyto in,  e favirenz,  and r i fampin)  wi thout a  s t rong 

cytochrome P450 inh ib i tor ,  adminis ter  maraviroc  600 mg twice da i ly.  

(c )  When used wi th  other  medicat ions, inc lud ing t ip ranavi r/ r i tonavir ,  

nevi rap ine,  NRTIs , and enfuvi r t ide,  adminis ter  maravi roc  300 mg twice 

da i ly.  

(2)  Concomitant  admin ist ra t ion wi th St .  John 's wort  is  not  recommended 

due to  reduct ion in maravi roc  serum concentrat ions. 

8 .  Integrase inhib i tor .  Ral tegravi r  ( Isentress)  is  the f i rs t  and only member of  

th is  c lass of  ant i ret rovi ral  therapy. 

a .  Mechanism of  ac t ion.  Ral tegravi r  inh ibi ts  the vi ra l  enzyme integrase,  

thereby prevent ing the insert ion of  HIV genet ic  mater ial  in to  the CD4 cel l  

genome and hal t ing the v i ra l  rep l icat ion process. 

b .  Spectrum of ac t iv i ty and therapeut ic  uses.  Raltegravir  is  used along wi th  

other ant i re t rovi ra ls  on ly in  t reatment-exper ienced adul t  pat ients  who 

demonstrate resistant  st ra ins  of  HIV. 

c .  Precaut ions and moni tor ing effec ts .  

(1)  Since elevat ions in  creat ine k inase, a long wi th  myopathy and 

rhabdomyolys is ,  may occur  wi th  ra l tegravi r ,  use wi th  caut ion in  pat ients  

who are receiv ing concomi tant  medicat ions that  may cause these adverse 

ef fec ts .  

(2)  The most  common adverse ef fec ts  include nausea,  d iarrhea,  headache,  

and fever .  

d .  Sign i f icant  in teract ions.  Rifampin decreases the serum concentrat ion of 

ra l tegravi r  and should be used wi th  caut ion. 

VIII. Anthelmintics 
A. Def in i t ion.  These drugs are used to r id  the body of  worms (helminths).  

These agents may act  loca l ly to  r id the GI  t ract  of  worms or  work  

systemical ly to  eradicate worms that are invading organs or  t issues. 

B.  Mebendazole (Vermox) is a  synthet ic  benzimidazole-der ivat ive 

anthelmint ic .  

1 .  Mechanism of  ac t ion.  Mebendazole in terferes wi th  reproduct ion and 

surviva l  o f  helminths by inh ib i t ing the format ion of  microtubules and 

i r revers ibly b lock ing g lucose uptake,  thereby deple t ing glycogen stores in  

the he lminth. 

2 .  Spectrum of ac t iv i ty.  Mebendazole is  ac t ive against var ious nematodes 

that  are pathogenic to  humans,  including Ancylostoma duodenale (common 

hookworm),  Ascar is  lumbr ico ides  
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( roundworm),  Capi l lar ia ph i l ipp inens is  (Phi l ipp ine threadworm),  Enterobius 

vermicu lar is  (p inworm),  Necator  amer icanus (Amer ican hookworm), and 

Tr ichuris  t r ichiura (whipworm).  



3.  Therapeut ic  uses.  Mebendazole is  used for  the t reatment  o f s ingle  or  

mixed infect ions wi th  the he lminths l is ted in  VI I I .B.2.  Immobi l izat ion and 

subsequent  death of  he lminths are s low,  wi th  complete GI  c learance up to  3 

days af ter therapy.  

4 .  Precaut ions and moni tor ing effec ts 

a .  In cases of  massive infec t ion,  abdominal  pa in ,  nausea,  and d iarrhea 

associated wi th expuls ion of  organisms may resul t .  

b .  Myelosuppress ion (neutropenia and thrombocytopenia)  can occur wi th  

h igh doses (40-50 mg/kg/day) .  

c .  I f  the pat ient is  not  cured in  3 weeks,  re t reatment  is  necessary. 

5 .  Sign i f icant  in teract ions.  Agents  that  may reduce the serum 

concentrat ions and subsequent  e f f icacy of  mebendazole include 

carbamazepine and phenyto in . 

C.  Albendazole (Albenza)  is a  synthet ic  benzimidazo le-der ivat ive 

anthelmint ic .  

1 .  Mechanism of  ac t ion.  See VII I .B.1. 

2 .  Spectrum of ac t iv i ty.  A lbendazole is act ive against  Taenia so l ium (pork  

tapeworm) and Echinococcus granulosus (dog tapeworm). 

3 .  Therapeut ic  uses.  Albendazole is used to  t reat parenchymal  

neurocyst icercos is  in  combinat ion wi th  cor t icostero ids  as wel l  as  cyst ic  

hydat id  disease (before and af ter  surgica l  removal  of  the disease).  

4 .  Precaut ions and moni tor ing effec ts 

a .  The drug should be admin is tered wi th a fa t ty meal  to  achieve opt imal  

absorpt ion. 

b .  Hepatotoxic i ty occurs  in  16% of  pat ients ; l iver  funct ion tests  every 2 

weeks are recommended whi le  taking a lbendazole. 

c .  Rare ly,  leukopenia,  thrombocytopenia,  granulocytopenia,  pancytopenia, 

and agranulocytosis occur .  A CBC should be checked every 2 weeks whi le  

taking a lbendazole. 

D.  Diethylcarbamazine c i t ra te (Hetrazan) 

1 .  Mechanism of  ac t ion.  Diethylcarbamazine c i t rate  is  a synthet ic organic 

compound h ighly speci f ic  for  several  common paras i tes . 

2 .  Spectrum of ac t iv i ty.  Th is  agent  is  ac t ive against  W ucherer ia  bancroft i ,  

Onchocerca vo lvu lus,  Brugia malayi ,  Mansonel la  perstans,  Mansonel la  

ozzard i ,  Ascar is  lumbr ico ides, and Loa loa. 

3 .  Therapeut ic  uses.  Diethylcarbamazine c i t ra te  is  used for the t reatment  o f  

Bancrof t 's  f i la r ias is ,  onchocercias is ,  ascarias is ,  and loias is .  I t  is  avai lab le  

d i rec t ly f rom the manufacturer  for  compassionate use only.  

4 .  Precaut ions and moni tor ing effec ts 

a .  Pat ients  t reated for  W. bancrof t i  in fec t ion of ten present  wi th  headache 

and general  mala ise. Severe a l lerg ic  phenomena in  conjunct ion wi th  a  sk in  

rash have been repor ted.  

b .  Pat ients  t reated for  onchocercias is  present wi th  prur i tus,  facia l  edema, 

and systemic symptoms secondary to  the in f lammatory response caused by 

pathogen death (known as a Mazzot t i  react ion).  Severe react ions may be 



noted af ter a  s ing le  dose.  For  this  reason,  ivermect in  is  used to  t reat  

onchocerc ias is .  

c .  Chi ldren who are undernour ished or  are suf fer ing f rom debi l i ta t ing 

ascar iasis infec t ion may exper ience g idd iness,  malaise,  nausea,  and 

vomi t ing af ter  treatment .  Other  drugs are avai lable  to  t reat  Ascar is  

(mebendazole and a lbendazole) .  

E.  Pyrante l  (Pin-Rid)  is a  pyr imidine-der ivat ive anthelmint ic.  

1 .  Mechanism of  ac t ion.  Pyrantel  is  a depolar iz ing neuromuscular  blocking 

agent  that  causes a spast ic  paralys is  of  the he lminth. 

2 .  Spectrum of ac t iv i ty.  Pyrantel  is  ac t ive against  A.  lumbr icoides 

( roundworm),  E.  vermicular is  (p inworm),  A. duodenale (hookworm), N.  

americanus (hookworm), and Tr ichostrongylus or iental is  (ha i rworm). 

3 .  Therapeut ic  uses.  Pyrantel  is  used for  the t reatment  of  roundworm, 

p inworm, and hookworm in fect ions. 
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4 .  Precaut ions and moni tor ing effec ts 

a .  Most  commonly reported react ions inc lude anorexia ,  nausea,  vomi t ing,  

d iarrhea,  headache, and rash. 

b .  A s ing le  dose may be mixed wi th  food, mi lk ,  ju ice,  or  taken on an empty 

s tomach. 

F.  Th iabendazole (Mintezol ) ,  a pyrazino isoquino l ine derivat ive, is  a 

synthet ic  heterocyc l ic  anthe lmint ic .  

1 .  Mechanism of  ac t ion is  not  known precise ly.  Th iabendazole is  shown to  

inhib i t  the he lminth-speci f ic  enzyme,  fumarate reductase.  Thiabendazole 

a lso demonstrates ant i - in f lammatory,  ant ipyret ic ,  and analgesic e ffects.  

2 .  Spectrum of ac t iv i ty.  I t  is  ac t ive against  most in tes t ina l  nematodes,  

includ ing Ancylostoma brazi l iense (dog and cat  hookworm),  A.  duodenale 

(hookworm),  A.  lumbr icoides ( roundworm),  E.  vermicu lar is  (p inworm),  N.  

americanus (hookworm), St rongyloides s tercora l is  ( threadworm),  T.  

t r ich iura (whipworm),  T.  sp i ra l is,  and Toxocara can is  and Toxocara cat i  

(dog and cat  roundworms). 

3 .  Therapeut ic  uses.  Th iabendazole is  used for  the t reatment  o f  

s t rongyloidias is  ( threadworm in fect ion) ,  cutaneous larva migrans (creeping 

erupt ion) ,  and viscera l  larva migrans. I t  is  used for  the t reatment o f 

uncinar ias is  (hookworm),  N.  americanus, A.  duodenale,  t r ichur ias is  

(whipworm),  and ascarias is  ( large roundworm) when more spec i f ic  therapy 

is  unavai lab le  or further t reatment  is  requi red wi th  a  second agent .  

4 .  Precaut ions and moni tor ing effec ts 

a .  Adverse ef fects  o f  th iabendazole are usual ly mi ld  and t rans ient,  

occurr ing 3-4 hr  a f ter  the drug has been administered and last ing for  2-8 hr .  

b .  Most  common react ions inc lude anorexia ,  nausea,  vomi t ing, and 

d izziness. 



c.  Gidd iness,  se izures, ver t igo,  paresthes ias, and psychic  disturbances may 

a lso occur ,  but less f requent ly.  

d .  I f  hypersensi t iv i ty develops, the drug should be d iscont inued.  Erythema 

mult i forme ( includ ing Stevens-Johnson syndrome) has been repor ted. 

5 .  Sign i f icant  in teract ions.  Serum xanth ine leve ls ( theophyl l ine and 

caf fe ine)  may increase. 

G.  Ivermect in  (St romecto l )  

1 .  Mechanism of  ac t ion.  Ivermect in  potent ia tes the inh ib i tory e f fects  o f  γ -

aminobutyr ic  ac id  (GABA) in  various nematodes and arthropods, resul t ing in  

paralys is  and death of  the organisms. 

2 .  Spectrum of ac t iv i ty.  Th is  agent  is  ac t ive against  S.  s tercora l is  ( intest ina l  

forms only)  and O.  vo lvulus ( immature forms only) .  I t  is  a lso useful  for  

t reatment  o f  in fec t ions wi th  A.  lumbr ico ides,  E.  vermicular is,  M.  ozzard i ,  T.  

t r ich iura,  and W . bancroft i .  

3 .  Therapeut ic  uses 

a.  Ivermect in  is  useful  for  t reatment o f  in fect ions wi th  the parasi tes  l is ted in  

VI I I .G.2. 

b .  Two s tudies demonstrated that  ivermect in  was more ef fec t ive than 

a lbendazole for t reatment  o f  s t rongylo id ias is .  

c .  Ivermect in  is  o f ten favored over  diethylcarbamazine c i t ra te  owing to  i ts 

less severe adverse effec t  prof i le.  

4 .  Precaut ions and moni tor ing effec ts ,  

a .  May cause a Mazzot t i  react ion (see VI I I .D.4.b)  that  is  less severe than 

wi th  d iethylcarbamazine c i t ra te. 

b .  Reports  of  ser ious and poss ibly fa ta l  encephalopathy have occurred in 

pat ients  wi th  concomi tant  L .  loa in fec t ion 

c .  Other  adverse ef fec ts  include edema, d izziness,  headache, rash, and GI  

d isturbances. 

d .  Counsel  pat ients to take ivermect in  wi th water .  

H.  Praziquante l  (Bi l t r ic ide)  

1 .  Mechanism of  ac t ion.  Praziquante l  increases ce l l  membrane permeabi l i ty  

in  suscept ib le  he lminths, wi th  loss of  int racel lu lar calc ium and paralys is  o f 

the ir  musculature. Vacuol izat ion and dis in tegrat ion of  the schis tosome 

tegument  resul t ,  fo l lowed by attachment  o f phagocytes to  the paras i te  and 

death. 
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2 .  Spectrum of ac t iv i ty.  Praziquante l  is  act ive against  trematodes ( f lukes),  

includ ing al l  Schistosoma spp.  and Clonorchis s inens is ,  Opisthorchis 

v iverr in i ,  Fasc iola  hepat ica ( l iver  f lukes) ,  Paragonimus uterobi la tera l is ,  

Paragonimus westermani ( lung f lukes) ,  Metagonimus yokogawai ,  

Fasc io lopsis buski ,  and Heterophyes heterophyes ( in tes t inal  f lukes) .  

3 .  Therapeut ic  uses.  Praziquantel  is  ac t ive in  t reat ing al l  types of 

sch is tosomias is  that  are pathogenic  to  humans;  c lonorch ias is  and 



opis thorch iasis  (Chinese and southeast  As ian l iver  f lukes);  many other 

types of  in fec t ions involv ing in test ina l ,  l iver ,  and lung f lukes;  and 

cestod ias is  ( tapeworm) in fec t ions. 

4 .  Precaut ions and moni tor ing effec ts 

a .  Treatment  of  ocular  cyst icercosis is  contra indicated because parasi te  

dest ruct ion wi thin  the eyes may cause i r reparable les ions. 

b .  In genera l ,  adverse effec ts  are general ly mi ld  and wel l  to lerated.  I t  is  

d i f f icu l t  to  d i f ferent ia te  between effec ts  caused by the praziquante l  versus 

ef fec ts  demonstrated by dying parasi tes . 

c .  The most  common s ide ef fects  are t ransient  and may include mala ise, 

headache, d izziness,  and abdominal d iscomfor t .  

d .  Praziquantel  may impai r  ac t iv i t ies that  requi re mental  aler tness. 

P.979 

 

 

STUDY QUESTIONS 
Direct ions for quest ions 1-12: Each of  the quest ions,  sta tements ,  or  

incomplete s ta tements in th is  sect ion can be correc t ly answered or  

completed by one of  the suggested answers or  phrases.  Choose the best 

answer. 

1.  Isoniazid is  a  primary anti tubercular agent that 

(A)  requi res pyr idoxine supplementat ion. 

(B)  may d isco lor  the tears ,  sa l iva,  ur ine,  or  feces orange red. 

(C)  causes ocular  compl icat ions that are revers ib le  i f  the drug is  

d iscont inued. 

(D)  may be ototoxic  and nephrotoxic .  

(E)  should never  be used because of hepatotoxic  potent ia l .  

V iew Answer1.  The answer is  A [see V.B.2.d. (5)] .2 .  Al l  of  the 

fol lowing factors may increase the r isk of  nephrotoxici ty from 

gentamicin therapy except which one? 

(A)  age > 70 years 

(B)  prolonged courses of gentamic in therapy 

(C) concurrent  amphoteric in  B therapy 

(D) t rough gentamic in  leve ls  < 2 mg/mL 

(E)  concurrent  c ispla t in  therapy 

View Answer2.  The answer is  D [see I I .B.4.b ] .mgmL3.  In which of 

the fol lowing groups do al l  four drugs warrant careful  monitoring for 

drug-related seizures in high-r isk pat ients? 

(A)  penic i l l in  G,  imipenem, amphoter ic in  B,  metron idazole 

(B)  penic i l l in  G,  chloramphenico l ,  tet racyc l ine,  vancomycin 

(C) imipenem, te t racycl ine,  vancomycin, sul fad iazine 

(D) cycloser ine, metron idazole,  vancomycin,  sul fad iazine 

(E)  metron idazole,  imipenem, doxycyc l ine, erythromycin 



View Answer3.  The answer is  A [see I I .E.1.e. (2); 

I I .J .5 .d.(2); I I I .B.4.b] .4 .  AC is a 34-year-old male admitted with a 

diagnosis of peri tonitis.  Cultures are positive for Bacteroides fragi l is,  

Enterococcus faecal is ,  and Staphylococcus aureus.  Which of the 

fol lowing would be the best ini t ia l  therapy to recommend? 

(A)  tel i thromycin 

(B)  quinupr is t in /da l foprist in 

(C)  t igecyc l ine 

(D) t r imethopr im/su l famethoxazole 

(E)  kanamycin 

View Answer4.  The answer is  C [see I I .K.13 ] .5 .  TJ is  a 45-year-old 

female presenting with an Enterobacter aerogenes bacteremia with a 

low-grade fever (101.6°F) .  The most appropriate management of her 

fever would be to 

(A)  g ive acetaminophen 1000 mg ora l ly every 6 hr .  

(B)  g ive aspi r in  650 mg ora l ly every 4 hr .  

(C)  g ive a l ternat ing doses of asp ir in and acetaminophen every 4 hr .  

(D)  wi thhold ant ipyret ics and use the fever  curve to  moni tor her 

response to  ant ib io t ic  therapy. 

(E)  use tep id water  baths to reduce the fever .  

View Answer5.  The answer is  D [see I .H.  1 ] .6 .  BC has an upper 

respiratory infect ion.  Two years ago,  she experienced an episode of  

bronchospasm after penici l l in therapy.  Current cultures are posit ive for 

a  strain of Streptococcus pneumoniae that  is  sensit ive to al l  of  the 

fol lowing drugs.  Which of  these drugs would be the best choice for this 

pat ient? 

(A)  amoxic i l l in/c lavu lanate 

(B)  tel i thromycin 

(C)  ampic i l l in 

(D)  cefac lor 

(E)  loracarbef 

View Answer6.  The answer is  B [see I I .K. 12].7 . Al l  of  the fol lowing 

drugs are appropriate therapies for a lower urinary tract  infect ion 

owing to Pseudomonas aeruginosa except 

(A)  norf loxac in. 

(B)  t r imethopr im-sul famethoxazole. 

(C)  c iprof loxac in. 

(D)  tobramycin. 

(E)  methenamine mandelate. 

View Answer7.  The answer is  

B [see I I .E.4I I .H.3.aandbII . I .2.a I I . I .3 .a ] .P.  aeruginosa.8.  BT is  a 43-

year-old female seen by her primary-care physician for a  mild 

staphylococcal  cellul it is  on the arm. Which of  the fol lowing regimens 

would be appropriate oral  therapy? 

(A)  d ic loxac i l l in  125 mg every 6 hr 



(B)  vancomycin 250 mg every 6 hr 

(C)  meth ic i l l in  500 mg every 6 hr 

(D)  cefazol in  1  g every 8 hr 

(E)  penic i l l in  V 500 mg every 6 hr 

View Answer8.  The answer is  A [see I I .C ] .P.980 

 

 

9.  RC is a 33-year-old male with a history of  HIV for 10 years who now 

presents with Mycobacterium avium-intracel lulare (MAI) .  Which of  the 

fol lowing drugs has demonstrated in vi tro activi ty against MAI? 

(A)  daptomycin 

(B)  c lar i thromycin 

(C)  erythromycin base 

(D) c loxac i l l in 

(E)  minocyc l ine 

View Answer9.  The answer is  B [see I I .D.6.a-b] .Toxoplasma 

gondiiCryptosporidium10.  Al l  of  the fol lowing statements 

regarding pentamidine isethionate are true except which one? 

(A)  I t  is  ind icated for  treatment  or  prophylaxis  of  in fec t ion owing to  

Pneumocyst is  carini i .  

(B)  I t  may be adminis tered in t ramuscular ly,  in travenous ly,  or  by 

inhalat ion. 

(C)  I t  has no cl in ica l ly s ign i f icant e f fect  on serum g lucose. 

(D)  I t  is  e f fec t ive in  the treatment  of  le ishmanias is .  

View Answer10. The answer is  C [see IV.D ] .P.  carini i .11.  RE is a 23-

year-old male with a history of  inf luenza A infect ions.  An outbreak of 

inf luenza A has just been reported in his community,  and he is  

exhibit ing ini t ial  symptoms of  the infection. Which agent would be the 

most useful  to treat  RE? 

(A)  c idofovi r  

(B)  famciclovi r  

(C)  osel tamivi r  

(D)  foscarnet 

(E)  r ibavi r in 

View Answer11. The answer is  C [seeVII .B.9] .12.  Dr.  Jones 

requests your help in prescribing a protease inhibitor for his pat ient .  

He has heard that  not al l  agents are the same and asks for your 

recommendation as to which agent would be least  l ikely to cause the 

pat ient 's cholesterol to increase.  Which agent would you recommend? 

(A)  saquinavi r 

(B)  r i tonavi r 

(C)  ind inavi r 

(D)  nel f inavi r  

(E)  a tazanavi r 



View Answer12. The answer is  E [seeVII .C.5.b. (3). (b) ] .Direct ions for  

quest ions 13-14:  The quest ions and incomplete sta tements in this sect ion 

can be correct ly answered or completed by one or  more of  the suggested 

answers.  Choose the answer,  A-E. 

13.  Drugs usual ly act ive against  penici l l inase-producing 

Staphylococcus aureus include which of  the fol lowing? 

( I )  piperaci l l in-tazobactam 

( I I )  amoxici l l in-clavulanate 

( I I I )  nafci l l in 

A i f  I  only is  correct 

B i f  I I I  on ly is  correct 

C i f  I  and I I  are correct 

D i f  I I  and I I I  are correct 

E i f  I ,  I I ,  and I I I  are correct 

View Answer13. The answer is  E ( I ,  I I ,  I I I )  [see I I .E.23and4 ] .S.  

aureus14.  Antiviral  agents that  are act ive against  

cytomegalovirus (CMV) include which of  the fol lowing? 

( I )  ganciclovir 

( I I )  foscarnet 

( I I I )  acyclovir  

A i f  I  only is  correct 

B i f  I I I  on ly is  correct 

C i f  I  and I I  are correct 

D i f  I I  and I I I  are correct 

E i f  I ,  I I ,  and I I I  are correct 

View Answer14. The answer is  C ( I  and I I )  [seeVII .B.  

1VI I .B.7and8 ] .Direct ions for  quest ions 15-17:  Each descrip t ion 

l is ted in this sect ion is  most  c lose ly associated with  one of  the fo l lowing 

drugs.  The drugs may be used more than once or not  a t  a l l .  Choose the 

best  answer,  A-E. 

15.  It  may be administered once per day for the treatment of  urinary 

tract  infect ions. 

A c lo fazimine 

B i t raconazole 

C lomefloxac in 

D neomycin 

View Answer15. The answer is  C [see I I .H.3.c ] .16. I t  may cause pink 

to brownish skin pigmentat ion within a few weeks of ini t iat ion of  

therapy.  

A c lo fazimine 

B i t raconazole 

C lomefloxac in 

D neomycin 



View Answer16. The answer is  A [see I I .J.  9].Mycobacterium17.  Co-

administrat ion with astemizole or terfenadine may lead to l i fe-

threatening cardiac dysrhythmias. 

A c lo fazimine 

B i t raconazole 

C lomefloxac in 

D neomycin 

View Answer17. The answer is  B [see I I I .E.5.d] .P.981 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  A [see V.B.2.d. (5)] .  

Isoniazid  increases the excret ion of  pyr idoxine, which can lead to  

per iphera l  neur i t is ,  par t icu lar ly in  poorly nour ished pat ients .  Pyridoxine (a 

form of  v i tamin B6 )  def ic iency may cause convuls ions as wel l  as  the 

neuri t is ,  involv ing synovia l  tenderness and swel l ing.  Treatment  wi th the 

v i tamin can reverse the neuri t is  and prevent  or  cure the seizures. 

2 .  The answer is  D [see I I .B.4.b].  

Trough serum levels  < 2 mg/mL are considered appropr iate  for  gentamic in  

and are recommended to min imize the r isk  of  toxic i ty f rom this  

aminoglycos ide. Because aminoglycos ides accumulate in the proximal  

tubule of  the k idney,  nephrotoxic i ty can occur .  

3 .  The answer is  A [see I I .E.1.e. (2) ;  I I .J.5 .d. (2);  I I I .B.4.b;  IV.C.3.c ].  

Seizures have been att r ibuted to  the use of  penic i l l in  G, imipenem, 

amphoter ic in  B,  and metron idazole.  Seizures are espec ial ly l ike ly wi th  h igh 

doses in pat ients  wi th  a h istory of  se izures and in  pat ients  wi th  impai red 

drug e l iminat ion. 

4 .  The answer is  C [see I I .K.13] .  

A l though act ive against var ious gram-pos i t ive and negat ive organisms,  

t igecycl ine is  on ly agent  approved for  the t reatment  o f in t ra-abdominal  

in fec t ions caused by these organisms. 

5 .  The answer is  D [see I .H.  1] .  

The fever  curve is usefu l  for  moni tor ing a pat ient 's  response to  

ant imicrob ia l  therapy.  Ant ipyret ics  can be used to reduce h igh fever  in  

pat ients  a t  r isk  for  compl icat ions (e .g. ,  seizures)  or ,  in  some cases,  to  

make the pat ient  more comfor tab le. 

6 .  The answer is  B [see I I .K.  12] .  

Amoxic i l l in  and ampic i l l in  are a l l  penic i l l ins  and should be avoided in  

pat ients  wi th  h is tor ies  of hypersens i t iv i ty to  other penic i l l in compounds.  

Al though the r isk  of  cross-react iv i ty wi th  cephalosporins  (e .g.,  cefac lor ,  

loracarbef) is  now cons idered low,  most  c l in ic ians avoid the use of  these 

agents in pat ients  wi th  his tor ies  of  type I  hypersens i t iv i ty react ions (e .g. ,  

anaphylaxis ,  bronchospasm, g iant h ives) .  

7 .  The answer is  B [see I I .E.4; I I .H.3.a and b;  I I . I .2 .a ;  I I . I .3 .a ;  I I .J.7 ].  



Norf loxac in,  c iprof loxac in,  tobramycin,  and methenamine mandelate achieve 

ur ine concentrat ions h igh enough to  t reat  ur inary t rac t  in fec t ions caused by 

P.  aeruginosa. Tr imethopr im-sul famethoxazole is not  useful  for  t reat ing 

in fec t ion caused by this organism, a l though the combinat ion is  useful  for  

t reat ing cer tain  other  ur inary t rac t  in fect ions. 

8 .  The answer is  A [see I I .C;  I I .E.  1 .c. (3) ;  I I .E.2.b;  I I .J .8] .  

A l though vancomycin,  meth ic i l l in ,  and cefazol in  have excel lent  ac t iv i ty 

against  s taphylococci ,  they are not e f fect ive ora l ly for  systemic  in fec t ions. 

Vancomycin is  prescr ibed oral ly for  in fec t ions l imi ted to the gast ro in test ina l  

t ract ,  but  because i t  is  poor ly absorbed ora l ly,  i t  is  not  e f fect ive for  

systemic  in fec t ions. Most  hospi tal -  and communi ty-acqui red staphylococci  

are current ly res is tant  to penic i l l in.  Thus of the drugs l is ted, the most  

appropr ia te drug for  ora l  therapy of  staphylococcal  ce l lu l i t is  is  dic loxac i l l in .  

9 .  The answer is  B [see I I .D.6.a-b].  

Clar i thromycin,  an a l ternat ive to  erythromycin,  has demonstrated in  v i t ro  

act iv i ty against MAI.  Clar i thromycin is a lso used against  Toxoplasma gondi i  

and Cryptosporidium spp. ,  and i t  is  more act ive than erythromycin against  

s taphylococci  and s t reptococci .  Vancomycin and c loxac i l l in  are used to  

t reat s taphylococc i  and st reptococc i ,  but  has no demonstrated act iv i ty 

versus MAI.  

10.  The answer is C [see IV.D] .  

Pentamid ine isethionate is  indicated for  both t reatment  and prophylaxis  o f 

in fec t ion f rom P. car in i i .  I t  can be administered int ramuscular ly,  

in t ravenously,  or  by inhalat ion. Inhalat ion may produce bronchospasm. 

Blood glucose should be careful ly moni tored because pentamid ine may 

produce ei ther  hyperg lycemia or hypoglycemia. 
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11.  The answer is C [see VI I .B.9] .  

Cidofovi r ,  famcic lovi r ,  and foscarnet  have l i t t le  or no in  v ivo act iv i ty against  

in f luenza A.  Ribavi r in has some act iv i ty but  is  a  second-l ine agent  for  

in f luenza A and is mainly ind icated for t reatment o f  hepat i t is  C in  

combinat ion wi th  in terferon.  Oseltamivi r  is  an agent  that  demonstrates 

act iv i ty against inf luenza A and B.  I t  is  ind icated for  the prophylaxis  and 

t reatment  o f  in f luenza infect ions. 

12.  The answer is E [see VI I .C.5.b.(3) . (b) ] .  

The majori ty o f  protease inhibi tors  cause hyperl ip idemia.  Atazanavi r  does 

not  cause this adverse ef fect  and may be preferred in  cer ta in c l in ica l  

s i tuat ions. 

13.  The answer is E ( I ,  I I ,  I I I )  [see I I .E.2,  3  and 4].  

P iperaci l l in and amoxic i l l in  each include a β- lac tamase inhibi tor .  These 

combinat ions of fer  ac t iv i ty against  S. aureus s imi lar  to  that  o f  the 

penic i l l inase-res is tant  penic i l l ins,  such as nafc i l l in .  

14.  The answer is C ( I  and I I)  [see VI I .B.  1;  VI I .B.7 and 8] .  



Only ganc ic lovi r  and foscarnet  are act ive against CMV in fect ions. These 

agents are v i rus tat ic  and arrest  DNA synthesis by inhibi t ing v i ra l  DNA 

polymerase. Foscarnet  is  a  broad-spectrum ant ivi ra l  agent and is  used in  

pat ients  wi th  gancic lovi r  res is tance.  Acyclovi r  is  not  c l in ical ly usefu l  for the 

t reatment  o f  CMV in fect ions because CMV is  relat ive ly res is tant  to  acyclovi r  

in  v i t ro .  

15.  The answer is C [see I I .H.3.c] .  

Lomef loxac in may be administered dai ly for  t reat ing ur inary t ract  in fec t ions.  

Enoxac in is another  f luoroquinolone used to  t reat ur inary t rac t infec t ions.  

Compared to other  f luoroquinolones,  ne i ther  lomef loxac in nor  enoxac in 

improves the spectrum of  act iv i ty.  

16.  The answer is A [see I I .J .  9] .  

Because c lofazimine conta ins  phenazine dye,  i t  can cause p ink  to  brown 

skin  p igmentat ion.  Th is  change in  pigmentat ion occurs  in  75%-100% of  

pat ients  taking clo fazimine,  and i t  occurs  wi thin  a  few weeks of  the 

in i t ia t ion of therapy.  The d isco lorat ion of  skin has repor tedly led to severe 

depress ion and even suic ide in  some pat ients . Clofazimine is  used in  the 

t reatment  o f  leprosy and severa l  a typ ical  Mycobacterium in fect ions. 

17.  The answer is B [see I I I .E.5.d] .  

Admin is t ra t ion of  i t raconazole or  ketoconazole with  astemizole or  

ter fenadine may increase the leve l  o f  as temizo le or  ter fenadine,  which can 

lead to l i fe- threatening dysrhythmias and death. I t raconazole, which is  an 

imidazole,  is  a  fungis ta t ic  agent .  Speci f ical ly,  i t raconazole can be taken 

ora l ly to  t reat  aspergi l los is  in fec t ions and other  deep fungal  in fec t ions, 

such as b las tomycosis,  cocc idioidomycos is ,  c ryptococcosis,  and 

h istoplasmosis. 



 



55 
Thyroid Disease 
John E . Ja nosik  

I. PHYSIOLOGY 
A. Thyroid horm one regula t ion  

1.  The thyro id  gla nd synthes izes ,  stores,  and secre tes hormones that  are im portant 

to growt h,  deve lopm ent,  and the metabolic rate. These horm ones are  thyroxine (T 4)  

and t r iiodothyronine (T 3 ).  
2.  The thyro id  gla nd a lso secretes  ca lci tonin,  wh ich reduces blood calcium ion 

concent rat ion.  

3.  Thyroid horm one secret ion and t ransport  are cont rol led  by thyroid-st im ulat ing 
hormone (thyrotropin;  TSH).  TSH is  released by the  anter io r  pitui tary gland,  which 

is t r iggered by thyrotropin-re lea si ng horm one (TRH),  secreted f rom the 

hypotha lamus.  

a.  The process produces increased leve ls  of t hyroid horm one (circula t ing f ree T 4  

and f ree T3 ),  which,  in turn,  signa ls the pit uita ry to stop re leas ing TS H (negat ive 
feedback ).  

b.  Converse ly,  low blood leve ls o f free hormone tr igger  p itu itary re lease of TSH, 

which st im ula tes the  thyro id g land to secrete T4  and T3  unt i l f ree hormone leve ls  

return to  normal.  At  this point ,  the  pituitary gland ceases to release TSH, whic h 

comple tes the feedback loop (Figure  55-1) .  
c.  This hom eostat ic  mechanism attempts to maintain the leve l of  circu la t ing thyro id  

hormone within a  nar row range.  

B. Biosynthesi s (F igure 55-2)  

1.  Essent ia l to  synthes is  of  t hyro id horm ones is d ie tar y iod ine,  reduced to inorga nic  
iodide,  which the thyroid  ac t ive ly ext racts from the plasm a t hrough iod ide trapp ing 

( iodide pum p) . Some of  this  iod ide is s tored with in the  collo id;  some dif fuses into  

the  lumen of thyroid fo l l ic les .  

 

Figure 55-1. Thyroid hormone regulation loop. 
This carefully balanced hormone regulation 
system uses both positive (stimulating) and 
negative (inhibiting) feedback to maintain 
homeostasis. Disruption of any of these elements 
can produce serious consequences, such as 
myxedema crisis (under availability of thyroid 
hormone) or thyroid storm (overabundance of 
thyroid hormone). T3, triiodothyronine; T4, 
thyroxine; TRH, thyroid-releasing hormone; TSH, 
thyroid-stimulating hormone. 
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Figure 55-2. Biosynthesis of thyroid hormones. 
The major products are thyroxine (T4) and 
triiodothyronine (T3). These are formed in the 
follicle cells of the thyroid gland by iodination of 
tyrosine residues. Monoiodotyrosine and 
diiodotyrosine residues are formed first. These 
then react to form T3 and T4. 
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2.  Iodide is  oxid ized by peroxidase and bound to  tyrosy l residues with in the 

thyrog lobu lin molecule  in a process cal led  organif icat ion.  
a.  The synthes is beg ins  w ith iod ide bind ing to t yrosine,  fo rming monoiodotyrosine 
(MIT) .  
b.  MIT then binds another  iod ide to f orm diiodotyrosine (DIT).  
c.  Then,  slowly,  a  coupling  react ion b inds MI T and DIT,  producing T3  and T4 .  

C. Hormone tra nsport  

1.  After TSH st imula t io n o f  the thyroid  g land,  T3  and T4  a re c leaved f rom 

thyrog lobu lin and re leased into  the  c ircula t ion.  

2.  W hen in the  circu la t io n,  thyroid horm one is  transpor ted bound to several plasma 

proteins ,  a process that  

a.  He lps protect the hormone f rom premature metabo lism and excre t ion 

b.  Pro longs its  ha lf - l i fe in t he  circu la t ion 

c.  Al lows the thyro id hormone to  reach its s ite  of ac t ion 

3.  Most thyroid horm one is  t ranspor ted  by thyroxine-binding globuli n (TBG). 
Prea lbumin  and album in also  serve as car riers.  

D. Hormone metabolism  

1.  Per ipheral convers ion of  T4  to T3  occurs  in the pitu ita ry gla nd,  l i ver ,  and k idneys 

and accounts f or about  80% of  T3  generat ion.  
2.  Deiodina t ion  accounts  for  most hormone degradat ion.  The major steps in th is  

process are shown in F ig ure  55-3.  

3.  De iod inated horm ones are excre ted in feces and urine .  



4.  Minor  nonde iod inat io n pathways o f metabo lism inc lude conj ugat ion with su lfa te 

and g lucuron ide,  deam inat io n,  and decarboxy la t ion.  

 

Figure 55-3. Thyroxine metabolism—major steps 
in the primary and alternative deiodination 
pathways. 
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E.  Hormone f unct ion.  Altho ugh the ef fects of thyroid horm ones are known,  the 

basic  m echan ism s produc ing t hese ef fects elude prec ise def init io n;  however ,  t hey 

seem to act iva te t he  messenger  RNA (mRNA) transcr ipt ion process and can promote 
protein synthes is  or  ( in e xcess ive am ount s) p rote in catabo lism.  Thyroid horm ones  

af fect  the  fo l low ing:  

1.  Growth and deve lopment  

2.  Ca lor igen ics by increas ing the rate of basa l m etabo lism  

3.  Cardiovascular  sys tem by increas ing the  metabo lic ra te,  which increases b lood 

f low,  cardiac  output ,  and heart rate (may be related in par t  to an increased t issue 

sens it iv it y to  catecho lam ines)  
4.  The cent ral nervous sys tem (CNS) by increas ing or  diminish ing cerebrat ion 

5.  Musculature by causing a f ine  t remor  

6.  S leep by induc ing fat igued wakefulness  with hypert hyroid ism  or som nolence with 

hypothyro id ism  

7.  L ip id metabo lism  by s t im ulat ing  l ip id  mobil iza t ion and degradat ion 

F.  Thyroid f unct ion studie s (Tab le  55-1)  

1.  Serum tota l thyroxine (TT4 )  

a.  This tes t provides the  most  d irect  ref lect ion o f  thyro id funct ion by ind ica t ing 

hormone ava ilab i l it y to t issues.  Tota l ( f ree and bound)  T4  is de term ined by 

rad ioimmunoassay,  which is sens it ive  and rapid.  

b.  Changes in thyro id g lobu lin conce nt ra t ion,  part ic ular ly TB G, which increases 

dur ing  pregnancy,  alt er  the tota l concent rat ion of  T4  and may produce a  m is leading 

hig h or  low test  result .  

c.  However , these changes in TBG do not  affect  the concent rat ion of f ree T4 .  

Theref ore , to clar if y thyro id  func t io n,  either protein-b ind ing (T3  up tak e tes t)  o r free 

T4  m ust  be measured.  



d.  An e levated TT4  leve l ind ica tes  hyper thyroid is m; a decreased TT4  le ve l,  

hypothyro id ism. However,  the TT4  leve l in a euthyro id  pat ient  can be a lte red by 

other  factors,  such as  pregnancy or  febr i le i l lness es (which e levat e the TT4 ) , 

nephrot ic syndrom e or  c ir rhos is  (wh ich lower  it ) ,  and var ious drugs ( Table  55-2) .  

2.  Serum tota l t r iiodothyroni ne (TT 3)  

a.  This sens it ive and h igh ly specif ic  tes t measures tota l ( free and bound)  T3 .  

b.  Serum T3  and T4  usua l ly r ise and fal l together;  however ,  hyper thyroid ism  

commonly causes a disproport ionate  r ise in T3 ,  and the  TT3  can r ise before the  TT4  

leve l.  There fore,  TT3  is usefu l fo r ear ly detect ion or  to rule out  hyper thyro id ism.  

Many o f the symptoms associated with hyper thyro id ism  are the  result  of  the  

ele vated TT3 .  

c.  This tes t may not  be d iagnost ica l ly s ign if icant  fo r  hypothyroid ism , in which TT 3  

leve ls may fal l but  s tay within the normal range.  The TT3  m ay be low in only 50% of  

pa t ients  with hypothyro id ism.  

Table 55-1. Test Results in Thyroid Disorders 

Thyroid Function Test Hypothyroidism Hyperthyroidism 

Serum resin triiodothyronine 
uptake (RT3U) 

↓ (< 35%) ↑ (> 45%) 

Serum total thyroxine (TT4) ↓ (< 5 µg/dL) ↑ (> 12 µg/dLl) 

Serum total triiodothyronine 
(TT3) 

↓ (< 80 ng/dL) ↑ (> 180 ng/dLl) 

Free thyroxine index (FTI) ↓ (< 5.5) ↑ (< 10.5) 

Serum thyrotropin (TSH) assaya ↑ (> 4.5 
µU/mL) 

↓ (< 0.4 µU/mL)b 

↑ , increased levels; 
 
↓ , decreased levels. 
 
a In clinical practice the third-generation test is commonly used with 
sensitivity to detect 0.01-0.02 mIU/L. 
 
b Fourth-generation assays detect 0.001-0.002 mIU/L. 
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Table 55-2. Effects of Drugs on Thyroid Function Tests 

Drug 
Serum 

T4 

Resin 
T3 

Uptak
e 

Free 
Thyroxin
e Index 

Serum 
T3 

Serum 
TSH Comment 

p-
Aminosalicylic 
acid 

↓ n/
d 

↓ n/
d 

↑a Antithyroid 
effect, rarely, 
with long-
term use 

Aminoglutethim
ide (Cytadren) 

↑ n/
d 

n/d n/
d 

↑  

Amiodaroneb ↑ n/
d 

n/d ↓ ↑q Inhibits 
peripheral 
conversion of 
T4 to T3 

Anabolic 
steroids and 
androgens 

↓ ↑ 0 ↓a n/
d 

Decreased 
serum TBG 

Antithyroid 
drugs 
(propylthiouraci
l or 
methimazole) 

↓ ↓ ↓ ↓ 0 
or 
↑ 

TSH may 
increase if 
patient 
becomes 
hypothyroid 

Asparaginase 
(Elspar) 

↑ ↑ n/d ↓a ↑a Decreased 
serum TBG 

Barbiturates ↓c n/
d 

↓ n/
d 

n/
d 

Stimulates T4 
metabolism 

Calcium 
carbonated 

↓ n/
d 

n/d 0 ↑ Subclinical 
signs of 
hypothyroidis



m; separate 
time of 
ingestion of 
calcium and 
levothyroxine 

Ciprofloxacine ↓ n/
d 

n/d ↓ ↑ Clinical signs 
of 
hypothyroidis
m; separate 
administratio
n by 6 hr. 

Contraceptives, 
oral 

↑ ↓ 0 ↑ 0 TBG usually 
increased 

Corticosteroids 0 
or 
↓ 

0 
or 
↑ 

0 or 
↓ 

↓ ↓ Usual doses 
decrease 
TBG; high 
doses may 
increase TBG 

Danazol 
(Danocrine) 

↓ ↑ 0p ↓ 0 
or 
↓ 

Decreased 
serum TBG 

Estrogens and 
SERMsg 

↑ ↓ 0 ↑ 0 Increased 
serum TBG 

Ethionamide 
(Trecator-SC) 

↓ n/
d 

↓a n/
d 

↑a Antithyroid 
effect 

Fluorouracil 
(Adrucil) 

↑ ↓ n/d ↑ 0 Patients 
clinically 
euthyroid; 
TBG 
increased 

Heparin, IV ↑h 0 
or 

↑a 0 n/
d 

FTI is 
increased 



↑ with some 
measures 

Hypoglycemics 
(sulfonylureas) 

0i 0i 0i n/
d 

n/
d 

 

Iodides, 
inorganic 

0 0 0 n/
d 

n/
d 

 

Iodides, organic 0 0 0 n/
d 

n/
d 

 

Levodopa and 
levodopacarbid
opa (Sinemet, 
Parcopa) 

0 0 0 0 ↓j 
 

Levothyroxine 
(Levothroid, 
Levoxyl, 
Synthroid, 
Unithroid) 

↑sk

,l 
↑ 
or 
0 
or 
↓k,

l 

0 or 
↑k,l 

↑ 
or 
0k,

l 

↑ 
or 
0k  

Liothyronine 
(Cytomel) 

↓k 0 
or 
↓k 

↓k ↑ 
or 
↓k,

l 

0k 
 

Liotrix 
(Thyrolar) 

0k 
or 
↓s 

0k 0k 0k,
l 

0k 
 

Lithium 
carbonate 
(Eskalith, 
Lithobid) 

0 
or 
↓ 

0 
or 
↓ 

0 or 
↓ 

0 
or 
↓ 

0 
or 
↑ 

 

Methadone 
(Dolophine) 

↑s ↓ 0 ↑ 0 Increased 
serum TBG 



Mitotane 
(Lysodren) 

↓ 0 0a n/
d 

n/
d 

 

Nitroprusside 
(Nitropress) 

↓ n/
d 

n/d n/
d 

n/
d 

Clinical 
hypothyroidis
m 

Oxyphenbutazo
ne and 
phenylbutazone 
(Butazolidin) 

0 
or 
↓ 

↑ ↓ n/
d 

↑a May compete 
with T4 for 
TBG binding, 
rarely, overt 
hypothyroidis
m and goiter 
may occur 

Perphenazine 
(Trilafon) 

↑ ↓ ↓ ↑ 0a  

Phenytoin 
(Dilantin) 

↓ 0 
or 
↑s 

0 or 
↓s 

↓ 0 Stimulates T4 
metabolism 
and may 
compete with 
T4 for TBG 
binding 

Propranolol 
(Inderal) 

0 
or 
↑m 

0n n/d ↓o 0 
 

Raloxifeneg 
(Evista) 

↑ ↓ 0 ↑ 0 Increased 
serum TBG 

Resorcinol 
(excessive 
topical use) 

↓ ↓ ↓ ↓ ↑ 
 

Salicylates 
(large doses) 

↓ ↑S ↓a ↓ 0a Compete 
with T4 for 
TBG binding 



Tamoxifeng ↑ ↓ 0 ↑ 0 Increased 
serum TBG 

a Effect deduced, not based on reported clinical evidence. 
 
b Data from Rae P, Farrar J, Beckett G, Toft A. Assessment of thyroid status 
in elderly people. Br Med J 1993;307:177-180. 
 
c Patients requiring thyroid-replacement therapy have decreased serum 
thyroxine when barbiturates are given. 
 
d Data from Singh N, Singh P, Hershman JM. Effect of calcium carbonate on 
the adsorption of levothyroxine. JAMA 2000;283:2822-2825. 
 
e Data from Cooper JG, HarboeK, Frost SK, Skadberg O. Ciprofloxacin 
interacts with thyroid replacement therapy. Br Med J 2005;330:1002. 
 
fMay increase slightly but usually remains in the normal range. 
 
g Data from Siraj ES, Gupta MK, Reddy SK. Raloxifene causing 
malabsorption of levothyroxine. Arch Intern Med 2003;163:1367-1370. 
 
h T4 assay by competitive protein binding is spuriously increased, but T4 
radioimmunoassay is probably not affected. Free thyroxine measured by 
dialysis may be increased. 
 
i May occasionally decrease serum T4 and increase resin T3 uptake. 
 
j Slight decrease in euthyroid patients; but in long-standing hypothyroid 
patients, levodopa considerably decreases the elevated TSH. 
 
k In a patient on adequate doses for thyroid replacement. 
 
l Increased T4, FTI, and T3 tend to return to normal after several months of 
therapy with levothyroxine. After liothyronine, T3 may be elevated 2 hr after 
a dose and depressed 24 hr after a dose. 
 
m Increased T4 levels are reported in one study, but not in others. 
 
n With short-term propranolol in hyperthyroid patients. 
 
o In euthyroid patients, the decreased serum T3 returns to normal with 
continued propranolol therapy. 
 
p Free thyroxine index may increase slightly but usually remains in the 
normal range. 



 
q Data from Batcher EL, Tang XT, Singh BN, et al. Thyroid Function 
Abnormalities during Amiodarone Therapy for Persistent Atrial Fibrillation. 
Am J Med 2007;120:880-885. FTI, free thyroxine index; IV, intravenous; 
n/d, no data; s, slight effect; SC, subcutaneous; SERMs, selective estrogen 
receptor modulators; T3, triiodothyronine; T4, thyroxine; TBG, thyroxine-
binding globulin; TSH, thyroid-stimulating hormone; 0, no effect; ↑, 
increased; ↓, decreased. 
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d.  If  there is an abnormality in b ind ing proteins ,  th is  test  can y ie ld t he  same 

misleading results as the  TT4  readings.  Other factors affec t ing test  results inc lude 

pregnancy (wh ich increases TT3  leve ls) ,  malnut r i t io n or  hepat ic  or  renal disease 

(which lower  TT3  leve ls ) ,  or  var ious  drugs (Tab le  55-2) .  

3.  Resin t r iiodothyronine uptake (RT 3U)  

a.  This tes t clar if ies whet her  abnormal T4  leve ls  are  the result  of a  thyro id  disorder  

or  to abnormalit ies  in the  bind ing prote ins because it  evaluates  the b ind ing capacity 

of  TBG.  

b.  If  an abnormal am ount  (high or  low)  o f thyroid  horm one is  present  in the  blood,  

the  RT3U results cha nge in the same direct ion  as  the a lte red leve l—elevated in 

hyper thyro id ism,  decreased in hypothyro id ism.  

c.  However , if  abnormalit ies in b ind ing prot eins  under l ie  the abnorm al leve ls  of  TT 4,  

TT3 ,  o r both,  the R T3U results  change in the opposite d irect ion—decreas ing as 

TBG increases, increas ing as TBG decreases.  

d.  Severa l d rugs can cause spur ious  changes in the  RT3U (Table  55-2).  

4.  Serum thyrotropin (TSH) assa ys  

a.  This tes t is  the most sensit ive  test  for  de tec t ing  the  hypothyro id  st ate  because 

the hypotha lam ic -pituit ary axis  com pensates very quick ly for  even s l ig ht  decreases 

in c ircu lat ing  f ree hormone by re leas ing m ore TSH.  The TSH leve ls may be elevated 

even before low c irculat ing  leve ls of  TT4  a re detec tab le  by diagnost ic  test ing.  

b.  The ear ly TSH assay used radio imm unoassay (RIA)  methodo logy.  The sens it ivity 

of  the assay has im proved s ince,  moving to the  use of monoclona l ant ibod ies  in the 

late  1980s. Nomenclature estab lished by the  Amer ican Thyro id  Assoc iat ion (ATA)  

has c lass if ied  the  im provement  in sens it ivity based on the lower l im it  of  de tect ion.  

The new c lass if ica t io n f ol lows a  generat iona l format , as shown in Tab le  55-3.  

c.  The cur rent (third -generat ion)  serum TSH assay ( leve l o f  detect ion 0.01-0.02 

mIU/L)  uses monoc lona l ant ibod ies  refer red to as imm unorad iometr ic  or 

immunom etr ic  ( IMA)  methodo logy ( instead of  the  o lder  radio imm unoa ssay 



techn iques)  and demonst rates  greater sensit iv it y in the  detect ion o f  thyro id d isease 

than o lder  tests.  
d.  This  assay is  usua l ly used to diagnose thyro id  disease and monito r  pat ients 

receiv ing rep lacement  therapy to cont ro l over treatment . (Over treatment—TSH < 0 .4 

mIU/L—may contr ibute  to excessive  bone dem inera lizat ion ( reduced bone dens ity) ,  

elect rocard iogram [ECG] changes, at r ia l f ibr i l la t io n,  o r elevat ion of  liver  funct ion 

tests. )  

e.  The IMA techn ique is  very sens it ive .  The f our th-generat ion IMA can detect TSH 

leve ls in t he  range of  0.001-0.002 m IU/L .  

f .  The th ird -generat ion IMA assays may a lso detec t subclinica l thyro id  disease (TSH 

= 0.1-0 .45 mIU/L).  Treatment  of  subc linica l hypothyro id ism is cont rovers ia l because 

there is ins uf f ic ient  evidence to  ind ica te a benef it.  

g.  TSH leve ls  m ay a lso be inf lue nced by psychiat r ic i l lness.  Some stud ies o f  

hosp ita l ized pat ient s have reported abnormally h igh or  low TSH leve ls  in otherwise 

euthyroid pat ients .  Current  f ind ings in HIV -posit ive pat ients are uncer ta in;  however ,  

autoimm une thyro id  disease appears  to be more preva le nt  in these pat ients .  

h.  Ef fects of  drugs on the serum  TSH are shown in Tab les 55-2 and 55-4.  

5.  Free thyroxine index (FTI )  

a.  This is not  a separate tes t but rather  an est im at ion o f  the  free T 4  leve l through a  

mathem at ical interpretat ion o f  the re lat ions hip  between RT3U and serum T4  leve ls.  

 

Table 55-3. Serum Thyroid-Stimulating Hormone Assay Nomenclature 

Generation Lower Level of Detection

First (RIA method) 1-2 mIU/L 

Second 0.1-0.2 mIU/L 

Third 0.01-0.02 mIU/L 

Fourth 0.001-0.002 mIU/L 
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Table 55-4. Medications Influencing Thyroid-Stimulating Hormone (TSH) 
Levels 

Agent Mechanisms 

Potential 
Clinical 
Thyroid 
Effect(s) 

Effect on 
TSH 

Effect on 
Other 
Thyroid 
Function 
Tests Comments 

Amioda
rone 

Iodine 
effects 
(see 
Iodine 
below) 

Clinical 
or 
subclinic
al 
hypothyr
oidism; 
subclinic
al 
hyperthy
roidism 
infreque
ntly 

Hypothy
roidism 
is 
usually 
detected 
during 
the first 
3 
months 
after 
starting 
therapy; 
continue 
to detect 
patients 
at 6 
months. 
Overt 
hypothyr
oidism 
(TSH 
>10 
µU/mL) 
has been 
observed 
at 6 
months. 
Mild 
elevatio
ns (TSH 
4.5-
10µU/m
L) have 
been 
observed 
at 12 
months. 

Incre
ased 
total 
T4 
level
s 

The 
large 
iodine 
load 
with the 
administ
ration of 
amiodar
one is 
the 
primary 
contribut
or to the 
drug 
interacti
on. 
Regions 
where 
patients 
have 
adequate 
intake of 
iodine in 
their diet 
have 
been 
associate
d with 
higher 
rates of 
hypothyr
oidism. 
Biochem
ical 
changes 
in 
thyroid 



Subclini
cal 
hyperthy
roidism 
(TSH 
<0.35µU
/mL) has 
been 
observed 
occasion
ally 

function 
noted in 
a 
majority 
of 
patients 
on 
therapy, 
requirin
g 
frequent 
monitori
ng 

 

Direct 
inhibition 
of T4 to T3 
conversio
n 

  

Incre
ased 
free 
T4 
level
s 

 

 

Direct 
toxic 
effects on 
thyroid 

  

Incre
ased 
rever
se T3 
level
s 

 

 

Induction 
of thyroid 
autoimmu
nity 

Hyperth
yroidism 

 

Decr
eased 
total 
and 
free 
T3 

 

Calciu
m 
carbona
te 

Adsorptio
n of 
levothyrox
ine to 
calcium in 
acid 
environme
nt 

Subclini
cal 
hypothyr
oidism 

Elevatio
n 

Decr
ease 
free 
T4 
and 
total 
T4 

 



Ciprofl
oxacin 

Decreases 
absorption 
of 
levothyrox
ine 

Hypothy
roidism 

Elevatio
n 

Decr
eased 
thyro
id 
horm
one 
level
s 

Clinical 
hypothyr
oidism 
detected 

Cortico
steroids 

Central 
suppressio
n of TSH 
release 

Minimal 
or none 

Suppress
ion 

Usua
lly 
withi
n 
norm
al 
range
, 
altho
ugh 
total 
T4, 
free 
T4, 
T3 
reduc
ed, 
and 
rever
se T3 
incre
ased 
from 
basel
ine 

Compen
satory 
mechani
sms lead 
to 
normaliz
ation of 
TSH 
levels 
with 
chronic 
exposure 

 

Reduction 
of thyroid 
iodine 
uptake 

    

 

Inhibition 
of T4 to T3 
conversio
n 

    



 

Reduction 
of 
thyroidbin
ding 
globulin 
levels 

    

Dopami
ne and 
dopami
ne 
agonists 

Central 
suppressio
n of TSH 
release 

Minimal 
or none 

Suppress
ion 

Nor
mal 
or 
decre
ased 
horm
one 
level
s 

Prolonge
d use of 
dopamin
e in high 
doses 
may 
potentiat
e the 
low 
thyroxin
e state of 
critical 
illness 

Dopami
ne 
antagon
ists 

Release of 
central 
TSH 
inhibition 

Minimal 
or none 

Elevatio
n 

Usua
lly 
norm
al 

Effects 
not well 
characte
rized 

Iodine Inhibition 
of iodine 
uptake 
and 
organificat
ion 

Clinical 
or 
subclinic
al 
hypothyr
oidism 

Elevatio
n 

Decr
eased 
thyro
id 
horm
one 
level
s 

Clinical 
hypothyr
oidism 
most 
common 
in those 
with 
underlyi
ng 
organific
ation 
defects, 
such as 
autoimm
une 
thyroidit
is or 
previous 



radioiodi
ne 
therapy; 
iodine-
induced 
hyperthy
roidism 
is 
generall
y 
confined 
to those 
with 
iodine 
deficien
cy or 
autoimm
une 
thyroid 
disease 

 

Impairme
nt of 
thyroid 
hormone 

    

 

Inhibition 
of T4 to T3 
conversio
n 

Hyperth
yroidism 

Suppress
ion 

Eleva
ted 
thyro
id 
horm
one 
level
s 

 

 

Induction 
of thyroid 
autoimmu
nity 

    

Interfer
on 

Unclear; 
likely 
owing to 

Hypothy
roidism 
(silent 

Elevatio
n 

Decr
eased 
thyro

No 
apparent 
direct 



immunom
odulating 
properties 
and 
stimulatio
n of 
autoimmu
nity 

thyroiditi
s, Graves 
disease) 

id 
horm
one 
level
s 

influenc
e on 
TSH 
secretion
: 
pretreat
ment 
detectabl
e 
antimicr
osomal 
antibodi
es may 
represen
t a risk 
factor 
for 
interfero
n-
induced 
thyroid 
disease 

  

Hyperth
yroidism 
(with or 
without 
autoantib
odies) 

Suppress
ion 

Incre
ased 
thyro
id 
horm
one 
level
s 

 

Lithium 
salts 

Inhibition 
of 
iodothyro
nine 
biosynthes
is 

Clinical 
or 
subclinic
al 
hypothyr
oidism 

Elevatio
n 

Nor
mal 
or 
decre
ased 
thyro
id 
horm
one 
level
s 

Some 
sources 
recomm
end 
thyroid 
function 
testing 
at 6-
month 
intervals 
while on 
therapy 



 

Reduction 
of thyroid 
iodine 
concentrat
ion 

    

 

Suppressi
on of 
thyroid 
hormone 
release 

    

 

Induction 
of thyroid 
autoimmu
nity 

    

Radiogr
aphic 
contrast 
media 

Iodine 
effects 
(See 
Iodine 
above) 

Minimal 
or none 

Elevatio
n 

Nor
mal 
or 
decre
ased 
thyro
id 
horm
one 
level
s 

Alteratio
ns are 
maximal 
3-4 days 
after 
administ
ration 
and may 
persist 
for up to 
2 weeks 

 

Direct 
inhibition 
of T4 to T3 
conversio
n 

  

Eleva
tion 
of 
rever
se T3 
level
s 

 

Raloxif
ene 

Malabsorp
tion; 
mechanis
m 
unknown 

Hypothy
roidism 

Elevatio
n 

Decr
eased 
thyro
id 
horm
one 

Clinical 
hypothyr
oidism 
detected 



level
s 

Somato
statin 
and 
analogs 

Central 
suppressio
n of TSH 
release 

Minimal 
or none 

Suppress
ion 

Usua
lly 
norm
al 

Effects 
not well 
characte
rized 

T3, triiodothyronine; T4, thyroxine. 
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b.  FTI va lues are elevated in hyper t hyroid ism , when TB G is  low,  and decreased in 

hypothyro id ism, when TBG is  elevated.  
c.  E ffects of  drugs on FTI are shown in Table 55-2 .  

G. Strategies and cost considera t ions for test ing  

1.  The m ost f requent ly  used and lea st expensive  tests  for  screening are  the TT4  

and the RT3U, which are  used to ca lculate  the FTI .  A serum TSH assay may also  be 

used,  but at  an add it io na l cos t (F igure  55-4) .  

2.  Thyroid d isease screen ing fo r  the otherwise general ly hea lt hy popu la t ion has 

been shown to  not be cost -ef fect ive  based on the ra te of  de tect ion and cost 

associated w ith m assive  screening.  However , wit h increased use and im provements  

in t echno logy,  costs  have been fal l ing (F igure 55-5) .  

3.  The most  appropr ia te target  populat ion  fo r screen ing inc ludes e lder ly pat ie nt s 

hosp ita l ized fo r exacerbat ions  of  chron ic  diseases or  who are coinc identa l ly 

diagnosed with a  chronic   
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disease—for exam ple,  congest ive hear t fa ilure  (CHF) ,  rheum atoid arthr it is —m enta l 

status  changes, or psychosocial p rob lems.  



 

Figure 55-4. Algorithm for using a sensitive 
thyroid-stimulating hormone (TSH) assay as a 
single test of thyroid function. The algorithm 
assumes a clinically intact hypothalamic-pituitary 
axis, absence of medications known to influence 
TSH or other thyroid indices, and generally good 
physical and psychiatric health. The TSH assay 
should meet the American Thyroid Association 
criteria for a sensitive assay and/or have a known 
functional sensitivity limit at the second-
generation (0.1 mIU/L) level or greater. Close 
follow-up, clinical observation for signs and 
symptoms of hyperthyroidism or hypothyroidism 
and repeated TSH determinations at intervals of 6 
to 12 months. T3, trirodothyronine; T4, thyroxine. 

 

Figure 55-5. Algorithm for the use of sensitive 
thyroid-stimulating hormone (TSH) testing in 
patients with nonthyroidal illness (NTI). The TSH 
assay should meet the American Thyroid 
Association criteria for a sensitive assay and/or 
have a known functional sensitivity limit at the 
second-generation (0.1 mIU/L) level or greater. 
Medications known to alter TSH levels (i.e., 
corticosteroids, dopamine) must be considered 
when interpreting results. 

4.  The ATA recommends a free thyroxine (FT4 )  and a sens it ive  TS H assay as the 

pr im ary laboratory tests f or d iagnos ing thyro id  disease.  The sens it ive TSH assay is 

usefu l in detect ing  pat ients at  r isk  of  receiving  an excess amount  of thyroxine as  

rep lacement  therapy.  

II. HYPOTHYROIDISM. 
The inab il i t y of the thyroid g land to supp ly suf f ic ient  thyroid hormone results  in 

varying  degrees o f hypothyro id ism f rom m ild,  c l inica lly ins ign if icant  fo rms t o the l ife -

threatening ext reme, m yxedema coma.  
A. Cla ssif icat ion 

1.  Primary hypothyroidism  is the  result  of  

a.  G land dest ruct ion or  dysfunct ion caused by d isease or medical t herap ies  (e.g. ,  

rad iat ion,  surg ica l procedures)  

b.  Failure  of  the  gland to  develop or  congen ital incom petence ( i. e. , cret inism )  

2.  Secondary hypothyroidism  is  the  result  o f a  pituitary d isorder that  inh ib its  TSH 

secre t ion.  The thyro id  gland is norm al but  lacks appropr ia te s t im ula t ion by TSH.  



3.  Tert ia ry hypothyroidism  re fers to  a cond it ion in which the  p ituitary- thyro id  axis  

is int ac t , but  the hypotha lam us lack s the  abil ity to secrete TRH t o st im ulat e the 

pitu ita ry.  

4.  Subclinica l hypothyroidism  ref ers to pat ients  wit ho ut  c l inica l sym ptoms, a 

normal FT4 ,  and elevat ed TSH leve ls .  Current ly there is insuf f ic ient  evidence to 

suppor t t reatment  because consequences of  nont reatment  are m inimal.  

B. Ca uses  

1.  Ha shim oto thyroidi tis,  which is  a chronic lymphocyt ic thyroid it is tha t  is  

cons idered to be an auto imm une disorder  

2.  Treatment  of  hyperthyro idism,  such as  rad ioact ive iod ine therapy,  subtotal 

thyroidectom y,  or adm inis t ra t ion o f  ant it hyro id agents  
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3.  Surgical excision  

4.  Goiter  (enlargement  of the thyroid g land)  

a.  Endem ic goiter  results  f rom inadequate  intak e of d ie tary iod ine.  Th is  is  common 

in regions w ith iod ine-dep le ted soil  and in areas of  endem ic malnut r i t ion.  
b.  Spora dic goiter  can fo l low ingest ion o f  certa in drugs or foods containing 

progoitr in  (L-5-viny l-2 - thiooxa zo lidone) ,  which is  inac t ive and conver ted by 

hydro lys is to goit r in.  

(1)  Go it r ins  inh ib it  o xidat io n o f  iodine to iod ide and prevent  iod ide from b ind ing t o 

thyrog lobu lin,  thereby decreasing thyro id hormone product ion.  

(2)  Progo it r in has  been iso la ted in cabbage,  ka le ,  peanut s, b russels sprout s, 

mustard , rutabaga, kohlrabi,  spinach,  caulif lower ,  and horserad ish.  

(3) Goitrogenic  drugs  inc lude propylt hiourac il (PTU) , iod ides,  pheny lbutazo ne,  

coba lt ,  and l i thium .  
c.  Less common ca uses  inc lude acute (usua lly t raum at ic )  and subacute thyroid it is ,  

nodu les ,  nodular  goiter , and thyro id  cancer .  

C. Signs and sym ptoms  

1.  Ear ly c l in ica l fea tures tend to be somewhat  vague:  lethargy,  fat igue,  

forgetfulness ,  sensit ivity to co ld,  unexp la ined weight  gain,  and const ipa t ion.  

2.  Progressive ly,  the charac ter is t ic  features of  m yxedema emerge: dr y,  f laky, 

ine last ic sk in;  coarse ha ir ;  s lowed speech and thought ;  hoarseness;  puf fy face,  

hands,  and feet;  eyel id  droop; hear ing  loss ;  menorrhagia ;  decreased l ib ido;  and 

slow re turn of  deep tendon ref lexes (espec ia l ly in  the Ach il les  tendon).  If  unt reated,  

myxedem a coma wil l deve lop.  

D. Laboratory f inding s (Tab le  55-1)  

E.  Treatment  goal  is  rep lacement  therapy us ing oral agents (Table 55-5) .  

Table 55-5. Thyroid Replacement Preparations 



Preparation 
(Trade Names) Advantage Disadvantage Comments Source 

Desiccated 
thyroid 
(Thyroid 
USP, 
Thyroid 
Strong, 
Armour 
Thyroid, 
Thyrar, S-P-
T) 

Low cost Some 
preparation
s have 
unpredicta
ble results; 
inconsisten
t T3:T4 
ratio T3 
increases 
adverse 
effects 

Contains T3; 
some brands 
are 
standardized 
by iodine 
contenta 

Porcine
, 
bovine, 
or 
ovine 
thyroid 
glands 

Liothyronine 
(Cytomel) 

Predictabl
e results; 
useful for 
myxedema 
crisis 

Lacks T4 Usually 
reserved for 
myxedema 
crisis 

Synthet
ic 

Liotrix 
(Thyrolar) 

Standardiz
ed 
formulatio
n 

T3 
increases 
adverse 
effects; 
expensive 

Fixed T3:T4 
ratio of 1:4; 
metabolism 
of T4 to T3 
renders T3 
component 
unnecessary 

Synthet
ic 

Levothyroxi
neb 
(Levothroid, 
Synthroid, 
Levoxyl, 
Unithroid) 

Predictabl
e results, 
intravenou
s 
preparatio
n available 

Expensive Agent of 
choice; does 
not contain 
T3; all 
preparations 
may be 
interchangea
ble 

Synthet
ic 



a Iodine content and T3:T4 ratio vary with species. 
 
b Generic formulations manufactured by Pharmaceuticals Basics for Geneva 
Generics and Rugby have been shown to be bioequivalent to Synthroid and 
Levoxyl. (Dong BJ, Hauck WW, Gambertoglio JG, et al. Bioequivalence of 
generic and brand-name levothyroxine products in the treatment of 
hypothyroidism. JAMA 1997;277:1205-1213.) T3, triiodothyronine; T4, 
thyroxine. 
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F.  Therapeut ic  agents 

1.  Desiccated thyroid  preparat ions  

a.  At one t im e t he agent o f cho ice ,  des iccated thyroid  (Arm our Thyroid)  has  fa lle n 

out  of favor since s tandard ized synthet ic  levothyr oxine preparat ions have becom e 

ava ilab le .  
b.  Desiccated thyro id  preparat ions are not  cons id ered bioequiva lent ;  t hey have 

ev idenced vary ing am ount s of act ive  substances. Although they m et es tab lished 

Uni ted States Pharmacopeia  (USP)  cr iter ia fo r iodine content ,  var ia t ion in act iv ity 

was noted. The content  assay,  while specif ic  for iod ine,  was unab le  to spec ify the 

rat io  of  T3  to T4,  and this  ra t io  var ies with the  an imal source.  Porcine gland 

preparat ions have a hig her  T3  to T4  ra t io  than those f rom ovine and bovine sources.  

2.  F ixed-ra t io liotr ix (Thyrolar) prepa rat ions.  In an effor t to s tandardize  the T3  to 

T4  rat io,  substances that mimic glandular  content  were deve loped.  However, the T 3  

component  proved unnecessary (because T4  is metabolized to T3 )  and even 

disadvantageous because of  T3 - induced adverse ef f ects  (e.g.,  tremor, headache, 

pa lp itat ions,  dia r rhea) .  

3.  Levothyroxine  

a.  Pred ic tab le results and lack of  T3 - ind uced s ide  e ffec ts have made levothyroxine 

(Levothro id ,  Synthro id,  Levoxy l)  t he  agent  o f choice .  

b.  The three maj or  bra nds o f levothyro xine preparat ions (Levothro id ,  Synt hro id,  

Levo xy l)  have been compared for  b ioequ iva le nce and were shown to be equiva le nt  

in pat ients  with hypothyro id ism.  

c.  Recent s tud ies in pat ients w ith hypothyro id ism have com pared brand and gener ic  

form ulat ions of  levothyroxine,  wh ich inc lude Synthroid,  Levo xy l,  and gener ic  

form ulat ions manufactured by P harmaceut ical Bas ics  and so ld by Geneva Gener ic  

and Rugby.  B ioequiva le nce has been demonstrated with these f orm ulat ions.  

However, when switching form ula t ions ,  it  is recommended to monitor  t he  pat ient  



close ly because there may be some ind ivid ua l pat ient  var iab il it y am ong form ulat ions 

(Figure  55-6) .  

 

Figure 55-6. Algorithm for management of 
patients on levothyroxine therapy. TSH, tyroid-
stimulating hormone. 
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d.  The avera ge adult  maintenance  dose is 75-150 µg /day. The dose range has 

been shown to  be 1.5-1.7 µg /kg/day or an average of  1.6 µg /kg/day for ot herwise 

hea lthy adults.  
e.  E lderly  o r chronica lly ill  pat ients  require an average dose of  50 -100 µg /day, 

which is  25-50 µg /day less  than otherwise hea lthy adults  o f the same he ig ht  and 

weight .  

f .  Thyro xine le ve ls  ret urn to normal wit hin a  few week s.  C lin ica l im provem ent beg ins  

in 2  week s with ful l reso lut ion o f  s igns  and symptom s of  hypothyroid ism  by 3 -6 

mont hs  of  therapy.  

g.  TSH leve ls  beg in to decrease a fter  start ing  thyroid replacement . TSH remains  

ele vated for  some t ime afte r T4 leve ls return to  normal.  Generally,  TSH leve ls return 

to normal af ter a m inim um of 6 -8 weeks,  but  may cont inue t o fa ll  over  6 -12 months 

(Figure  55-6) .  
G. Precaut ions a nd monitor ing ef f ects  

1.  Adult  pat ients w ith a h is tory of  card iac  d isease and elder ly pat ients  should  begin 

therapy w ith lower  doses (e .g. ,  25  µg /day of  levothyroxine) .  Af te r 2-4 weeks,  the  

dose shou ld  be increased gradua lly to  an ind ividually adj us ted maint enance dose 

(usua lly < 100 µg daily) .  

2.  Pat ients should be observed on in it ia t io n o f  therapy fo r possib le  ca rdia c 
com plica t ions,  such as ang ina,  palp itat ions,  o r ar rhythmias .  

3.  Serum thyroid leve ls shou ld be monitored,  part icular ly T 4 ,  sens it ive  TS H and 

RT3U leve ls,  and the FTI.  Serum thyroxine tes ts  rem ain elevated dur ing  the f irst f ew 

mont hs  of  treatment  even w ith the  presence of  cl inica l symptoms.  Serum thyroxine 

tests do not  pred ic t the c l in ica l sta te . Test ing  is  unnecessary un less  noncom pliance 

is suspected.  



4.  It  is  recommended to monito r  the  sensit ive TSH test  2-6 months  a fter  the  last  

dose change.  However, this  test  cont inues to change for  up  to 1  year . Test ing ear ly 

may result  in over t reatment.  Refer  to F igure  55-6 fo r the managem ent of  pa t ients  on 

levot hyroxine therapy.  

5.  Levot hyroxine adm inis t ra t ion,  par t icu lar ly long - term therapy,  can induce 

thyrotoxicos is ;  T4  leve ls can r ise even though the dosage remains  uncha nged.  

Monitor  for c lin ica l s igns of  thyroid  d isease.  

6.  Accelerated bone loss has been associated with over t reatment . Pat ients  

receiv ing rep lacement  therapy with low TSH va lues may have lower  bone m inera l 

dens it y because excess hormone accelerates the ra te  of remodel ing ( rate of  

reporp t ion >  rate  of format ion)  and m ay contr ibut e to  an increased inc idence of  

nont raum at ic  fracture.  

7.  Drug intera ct ions  

a.  Cholestyram ine (Questran)  and colest ipol (Colest id) ,  bi le ac id  sequest rants , 

can cont r ibut e to  a decrease in thyroxine  b ioava i lab il i t y whe n adm inis tered 

concom itant ly.  B ile ac id sequest rants  should  be adm in is tered at least  6  hr aft er  o ral 

thyroxine t o reduce the potent ia l for  this c l in ica l ly  sign if icant  d rug interact ion.  

b.  Ca lcium  ca rbonate  (Os-Cal,  Tum s)  can reduce thyroxine b ioa va ilab il it y by 

adsorpt ion in an ac id  env ironm ent . These should  be adm inis tered separate ly to  

avo id  interact ion.  

c.  Estrogens (E st race, Premar in)  and selec t ive es t rogen receptor  modulators 

(SERMs) tamoxifen (No lvadex)  or ralo xifene (Evis ta) may contr ibute to lower  leve ls  

of  FT4  and elevated TSH leve ls,  requir ing  an increase in levothyroxine dose.  

d.  Ra loxif ene  has been shown to  cause malabsorpt ion of  levot hyroxine when co-

administered resu lt ing in hypothyroid ism . Absorptio n s tud ies demonstrated that 

separat ing  adm inist rat ion t im es by ~ 12 hr  for the  two medicat ions prevents  the 

interac t ion.  
e.  Ciprof loxacin  (C ipro)  has been repor ted t o int eract  wit h levothyro xine when 

given together,  result ing  in ele vated TSH and reduced FT4  and FT3  leve ls .  

Adm in is t ra t ion o f  the drugs separate ly,  wit h a  6-hr  interva l,  resulted in rapid 

normaliza t ion o f  the thyroid  func t ion t es ts.  

H. Myxedema coma  is  a l ife - threatening complica t ion w ith a  high mor ta l ity ra te.  

1.  It  is  most common  in e lder ly pat ients  with pree xist ing ,  a lthough us ua lly 

und iagnosed,  hypot hyro id ism.  
2.  Precipitat ing factors  inc lude a lcoho l,  sedat ive ,  or narcot ic use;  overuse of  

ant ithyro id  agents;  abrupt d iscont inuat ion of  t hyroid horm one therapy; infec t ion;  

exposure to cold temperat ures; and ia t rogenic ins ult  owing to radiat ion therapy or 

thyroid surgery.  

P.1213 

 

 

3.  The pat ient  usua lly dec lines  f rom profound le thargy to  coma, hypotherm ia ,  and a 

sig nif icant  decrease in resp irat ory rate,  potent ia l ly lead ing to  respiratory fai lure  as  

the  cr isis progresses.  Hypometabo lism  produces a  f lu id  and e lect ro lyte  im ba lance 



tha t  leads to f luid re tent io n and hyponat rem ia . Cardiac effects inc lude decreased 

hear t  rate and contract i l it y,  decreas ing card iac output .  
4.  Treatment  cons is ts of  rapid rest orat ion o f  T3  and T4 leve ls to normal.  

a.  A load ing dose o f levothyro xine 400-500 µg  is  g iven as  an int ravenous ( IV ) bo lus.  

Lio thyronine (Cytomel) , 25 µg ,  is then g iven ora lly every 6 hr .  
b.  Treatment is  cont inued unt i l im provement  is no ted.  Then l iothyronine is  

discont inued,  and levothyro xine is  changed to t he ora l p reparat ion.  A maintenance 

dose is  then determ ined (see II.F.3) .  

III. HYPERTHYROIDISM 
is the  overabundance o f  thyro id  horm one.  Thyrotoxicosis is the  general term 

applied  to overact ivit y of  the thyroid g land.  

A. Graves disease (d if f use toxic  goiter)  

1.  The m ost common f orm  of  hyper thyro id ism, Graves d isease occurs  pr im ar i ly,  but  

no t  exc lus ive ly,  in young w omen.  
2.  The basis of  this  d isease is  an autoimm une disorder  in whic h ant ibod ies  b ind to  

and act iva te  TSH receptors , result ing  in the  overproduct ion o f  thyro id hormone.  
a.  These ant ibod ies are termed long-act ing thyroid  st im ulators (LATS)  because 

the ir  dura t ion o f  act ion extends beyond that  o f TSH.  As TSH is  only m im ick ed, not  

overabundant ,  neit her  tes t ing  for  TSH nor  attempts  to  inf luence it  a re product ive .  
b.  Ant ibody t ite rs often are elevated in pat ients  with Graves d isease.  

3.  S igns a nd symptom s character is t ic  o f Graves d isease inc lude 

a.  D if fuse ly en larged nontender  goite r  

b.  Nervousness,  ir r itabi l ity,  anxie ty,  and insom nia  

c.  Heat  into le rance and pro fuse sweat ing 

d.  W eight  loss  despite increased appet ite  

e.  Tremor and m usc le  weak ness  

f .  Pa lpitat ions and tachycardia 

g.  Exophtha lm os, s tare, and l id lag  (slow upper  lid  clos ing)  

h.  D iar rhea 

i .  Thr i l l  or  bruit  over  the  thyro id  

j .  Per io rbita l edem a 

B. Plummer disea se ( toxic nodula r  goiter)  

1.  This f orm of  thyrotoxicosis is less common than Graves disease.  Its under ly ing 

cause remains  unk nown,  but  its  inc ide nce is hig hest  in pat ie nts  > 50 years of  age, 

and it  ar ises usua lly f rom a long-s tanding no ntoxic go ite r.  
2.  The thyro toxicos is  is  a  result  of  one or  more adenomatous nodules  autonomous ly 

secre t ing e xcess ive thyroid hormone,  which suppresses t he  res t of  the g land.  

Scann ing conf irms the d iagnos is  if  i t  ind ica tes  that  ac t iv ity and iod ine uptak e are 

conf ined to the nodular  m ass, unless TSH is int roduced.  

3.  S igns a nd symptom s are  essent ial ly the  sam e as fo r Graves d isease except  that 

one or more nodu lar  masses are found,  rather than d if fuse glandu lar  en largement ,  
and ophtha lm opathy is  usua lly absent .  Cardiac abnorma lit ies (e.g. , CHF,  

tachyar rhythm ias)  are commonly seen with P lummer disease.  

C. Less common forms of  hyperthyroidism  



1.  Jodbasedow phenomenon is  an overproduct ion o f  thyro id  hormone fo llow ing a 

sudden,  la rge increase in iod ine ingest ion—through either a sudden reversal of an 

iod ine-def ic ient  diet  o r the int roduct ion of  iod ide or  iodine in cont rast  agents or 

drugs (e.g .,  the  ant ia r rhythmic agent  am iodarone).  

P.1214 

 

 

2.  Fact it ious hyperthyroidism  occurs w ith abus ive ingest io n o f  thyroid - rep lacem ent 

agents, usua lly in a  misguided e ffor t to  lose weight .  D iagnosis is a ided by the 

absence of g land ular  swel l ing and of  exopht ha lm os and the lack  of  auto imm une 

ac t iv ity found in Graves disease.  

3.  Subclinica l hyperthyroidism  refers  to pat ient s  wit hout  c l inica l sym ptoms,  a 

normal FT4  and FT3  and TSH leve ls below the low er  lim its  of  normal (<0.4 m IU/L) . 

Current ly t here is  ins uf f ic ient  ev idence to  suppor t treatment  because consequences 

of  nont reatment are minimal.  
D. Laboratory f inding s (Tab le  55-1)  

E.  Treatment  goal.  Symptomat ic re l ief  is p rovided unt i l  de f in it ive t rea tment can be 

ef fect ed.  
F.  Therapeut ic  agents 

1.  β -Adrenerg ic  block ing agents—propranolo l 

a.  Propranolo l ( Indera l)  reduces some of  the per iphera l manifest at ions (e .g. , 

tachycard ia,  sweat ing ,  severe t remor , nervousness)  o f hyper thyroid ism.  

b.  In addit ion to  provid ing  sym ptomat ic  rel ie f ,  proprano lo l inhib its t he  per ipheral 

convers io n o f  T4 to T3 .  
2.  Ant ithyroid agents—propylthiouracil (PTU)  and m ethimazole (Tapazole)  

a.  Act ion.  These agents  may he lp  at tain remiss io n through d irect int er fe rence with 

thyroid horm one synthes is.  Both agents inhib it  iodide o xidat io n and iodoth io urac il  

coup ling.  In add it ion,  PTU  (but not  methim azole)  d im in ishes per iphera l de iod inat ion 

of  T4  to T3 .  

b.  Therapeut ic  uses  o f  these drugs inc lude  

(1) Def ini t ive  t reatment  in whic h rem iss ion is  ach ie ved 

(2) Adjunct ive thera py  with rad ioact ive  iod ine unt i l the radiat ion takes ef fect  

(3) Preopera tive preparat ion  to  es tablish and maintain a  euthyro id  state unt i l  

de f init ive surgery can be performed  
c.  Dosa ges 

(1) Propylthiouracil  
(a )  For  adults,  t he  in it ia l dose is 300-450 µg /day in three d iv ided doses ( i.e. , 100-

150 µg  every 8 hr) . Adu lt  pat ients w ith severe disease may require  as m uch as 600 -

1200 µg /day init ia l ly.  

(b)  The init ia l dose is cont inued for about  2 months ;  then a maint enance dose of 

100-150 µg /day is  give n,  as a s ing le dose or d iv ided into  two doses.  

(c)  Ma int enance therapy is  cont inued for  approximate ly 1 year , then gradua lly 

discont inued over  1-2 months while the  pat ient  is monitored for  s igns  of  recur rent  

hyper thyro id ism.  The pat ient  may remain in rem ission fo r severa l years. A recur rent  



ep isode o f hyper thyro id ism is  most l ike ly to occur  with in 3-6  months of d rug 

discont inuat ion.  
(d)  I f  hyper thyroid ism  recurs afte r drug therapy is  st opped, the  agent  should be 

restarted and a lternat ive therapy shou ld be cons idered (e .g .,  thyro id  gland ablat ion 

or  removal) .  
(2) Methimazole  

(a )  The in it ia l dose range is 5-60 µg/day in three divided doses, depending on 

disease severity.  Af te r 2 months  o f therapy,  a maintenance dose of 5 -30 µg /day is  

init ia ted.  

(b)  Maintena nce therapy is  cont inued for  approximate ly 1 year  at wh ich t ime the 

drug is gradua lly d iscont inued,  usua lly over  1 -2 months .  

d.  Preca ut ions and monitor ing ef fects 

(1)  Serum t hyroid leve ls  and the FTI should be monitored f or  a  ret urn to normal.  

(2)  Go ite r size  should  decrease wit h reduced hormone output.  

(3)  The inc idence o f  adverse ef fects is <  1% with P TU and < 3% wit h m ethimazole .  

The adverse effects are simi lar  for  the two agents.  

(a )  The m ost bothersome are  dermatologic reactions (e .g. ,  rash, ur t icar ia ,  

prur itus,  hair  loss ,  sk in p igmentat ion) .  Others inc lude headache,  drowsiness,  

paresthesia,  nausea,  vom it ing ,  ver t igo ,  neur it is ,  loss  o f taste , ar thra lg ia ,  and 

myalgia.  

(b) Severe a dverse ef fects—agranu locytos is ,  g ranulocytopenia,  thrombocytopenia ,  

drug fever , hepat it is ,  and hypopro thrombinem ia—occur  less f requent ly.  Pat ients  

receiv ing meth im azole who are > 40 years old and are rece iv ing doses above 40 

µg / day are at increased r isk  o f develop ing agranu loc ytos is .  Pat ients  rece iv ing  
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PTU who are  > 40 years  o ld are at increased r isk o f  develop ing agr anu locytos is ,  but  

no  dose assoc ia t io n has been establis hed.  

3.  Radioact ive iodine (RAI)  

a.  Act ion.  The thyroid g la nd pick s  up the  radioactive  elem ent  iod ine -131 ( 13 1 I) as  it  

wou ld  regular  iod ine.  The radioact ivit y subsequent ly dest roys some o f the cells  tha t  

wou ld  otherwise concent rate iod ine and produce T4 ,  thus  decreasing thyro id 

hormone product ion.  

b.  Adva nta ges  

(1) High cure rate—a lm ost  100% for  pat ients  with Graves disease and only s l ig ht ly 

less  for pat ients  with P lummer d isease 

(2) Avoids surgica l r isks—such as  adverse react ion to anest het ics, 

hypoparathyroid ism , nerve palsy,  b leeding,  and hoarseness  

(3) Less expensive—avoids  cost  o f hosp ita l iza t ion 

c.  Disadvanta ges 

(1)  R isk  of  de layed hypothyro id ism  

(2)  S l ight ,  though undocum ented,  r isk of  genet ic damage 

(3)  Mult ip le  doses,  which m ay be required,  may de lay therapeut ic eff icacy for  a long 

per iod  (many m onths  or a year ).  



d.  Dosa ge.  A dose of 80-100 mCi of 1 3 1 I  per est imated gram of  thyroid g la nd is  

recommended.  Some protoco ls  use lower  dosages,  but  these may be less  ef fect ive,  

requir ing  retreatment . W hen the dose is  higher ,  t here is a  potent ial r isk  that 

hypothyro id ism wi l l deve lop.  

e.  Preca ut ions and monitor ing ef fects  

(1)  Radioiod ine therapy generally is  reserved for  pa t ient s past the childbear ing  

years  because ef fects on future of fspr ing are not  known.  

(2)  Response to 1 3 1 I  is  hard to gauge,  and pat ients must  be monito red ear ly fo r  

recur rence of  hyper t hyroid ism, and la ter for hypot hyroid ism,  which m ay deve lop 

even 20 years or more a fter  therapy.  

4.  Subtota l thyroidectomy.  Par t ia l rem oval of the  thyro id gla nd m ay be ind icated if  

drug therapy fa ils  o r  rad ioact ive iod ine is  undes irable.  This  is  a  dif f icult  procedure , 

but  the  success rate is  high and t he cure rap id.  Risks  inc lude those ment ioned in 

III .F. 3.b. (2),  precip it at ing  thyro id s torm, and permanent  postopera t ive 

hypothyro id ism. The r isk  of ind uc ing thyroid  s torm can be m in im ized by obta in ing a  

euthyroid s tate through use of  ant ithyro id  agents  (see III .F .2)  o r propranolo l (see 

III .F. 1).  

G. Compl ica t ions 

1.  Hypothyroidism  may occur  iat rogenica lly o r , it  has been proposed,  as a natura l 

sequel to Graves disease.  

2.  T hyroid storm (thyrotoxic cr isis)  is  a  sudden exacerbat ion o f hyper thyro id ism  

caused by rapid re lease ( leakage)  of  thyro id hormone.  It is  invar iab ly fa tal if  not  

t rea ted rap id ly.  In this c r is is ,  unc hecked hypermetabolism  leads u lt imately to 

dehydra t ion,  shock,  and death.  
a.  Precipitat ing factors  inc lude thyro id  t raum a or  surgery, RAI therapy,  infec t ion,  

and sudden discont inuat ion o f  ant ithyroid  therapy.  

b.  Character ist ics.  I t  is  charac ter ized by a TT4  leve l of  25-30 µg /dl,  rap id ly r is ing 

fever , tachycard ia  dispropor t ionate  to the  fever , and unexp la ined,  pronounced 

rest lessness and t remor.  

c.  Treatment  

(1) PTU,  in doses o f 150-250 µg o ral ly every 6  hr , is the  pre fer red agent because 

PTU b locks  per ipheral de iod inat ion of  T4  to  T3 ,  whereas methimazole does not . 

However, i f  necessary,  methimazole,  15 mg orally every 6  hr ,  can be used inst ead.  

(2) Propranolol,  in doses o f 20-200 mg orally every 6 hr or 1-3 mg int ravenous ly 

every 4-6 hr , should  be adm inis tered un less  cont raind ica ted (e .g.,  if  the pat ient  has  

CHF) .  

(3) Potassi um  iodide,  in doses of  50-100 mg every 12 hr,  is g iven (af ter P TU) to  

minim ize int rathyroida l iod ine uptak e.  

(4)  Other suppor t ive  therapy inc ludes rehydra t ion,  coo ling ,  ant ib io t ics,  rest,  and 

sedat ion.  
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STUDY QUESTIONS 



Direct ions f or  quest ions 1 -16:  Each of  the  questions,  sta tements , or  incomplete  

statements in th is  sec t ion can be correct ly answered or completed by one  of the 

suggested answers  or phrases. Choose t he best  answer .  

1.  W hat is the correct  form ula to use f or calculat ing the f ree thyroxine index 

(FTI)?  
(A)  T4  ×  RT3U /mean serum RT3U  

(B) T3  ×  T3 /mean serum RT3U 

(C) T3  ×  RT3U/mean serum RT3U 

(D) T4  ×  RT3U × mean serum R T3U 

(E) T3  ×  RT3U  × mean serum RT3U 

View Answer1.  The answer is  A[see I.F.15] .2.  What is the necessary 
precursor  besides dieta ry iodine required for  thyroxine biosy nthesis?  
(A)  tr i iodothyronine (T3 )  

(B) threonine  

(C) tyros ine 

(D) thyro trop in ( thyro id-s t im ula t ing horm one)  

(E) thyroxine-b ind ing g lobulin (TBG)  

V iew Answer2.  The answer is  C[see] .3. All of  the follow ing condit ions a re 
causes of  hyperthyroidism except  

(A)  Graves d isease.  

(B) Hashim ot o thyro id it is .  

(C) toxic  m ult inod ular  goiter .  

(D) tr i iodothyronine toxicos is .  

(E) P lummer d isease.  
V iew Answer3.  The answer is  B[seeand4.  Which of  the f o llowing 

prepara t ions is used to at ta in remission of  thyrotoxicosis?  

(A)  propranolo l 

(B) l iot r ix 

(C) levothyro xine  

(D) propylth io uraci l  

(E) des iccated thyro id  

V iew Answer4.  The answer is  D[seeand] .5.  The thyroid gland norma lly 
secretes w hich of  the follow ing substances into the serum?  

(A)  thyro trop in- releas ing hormone (TRH)  

(B) thyro trop in ( thyro id -s t imula t ing horm one)  

(C) di iodot hyron ine (DIT)  

(D) thyroglobu lin 

(E) thyroxine (T4 )  

V iew Answer5.  The answer is  E[see] .6.  All of  the follow ing condit ions a re 
causes of  hypothyroidism except  
(A)  endem ic  go ite r.  

(B) surg ical e xc is io n.  

(C) Hashim oto  thyro id it is .  

(D) go it r in- induced iod ine def iciency.  

(E) Graves d isease.  



View Answer6.  The answer is  E[see] .7.  Common tests to  monitor pat ients 
receiving replacement therapy for hypothyroidism include a ll of the follow ing 
except  
(A)  thyro trop in (TSH) st im ulat ion tes t.  

(B) serum TSH assay.  

(C) free thyro xine inde x (FTI ) .  

(D) res in t r i iodothyro nine uptake (RT3U).  

(E) to tal thyroxine (TT4 ) .  
V iew Answer7.  The answer is  A[see] .8. W hich of  the f o llow ing pairs of  

prepara t ions has been studied f or bioequiva lence? 

(A)  Levoxyl—Thyrolar  

(B) thyroglobulin 

(C) Levothroid—S ynthro id  

(D) Cytomel—S ynthro id  

(E) des iccated thyro id—Arm our Thyroid 
V iew Answer8.  The answer is  C[seeand] .9.  The inhibit ion of  p ituita ry 

thyrotropin secret ion is control led by w hich of  the fol low ing? 

(A)  free thyroxine (T4)  

(B) thyro id - releas ing hormone (TRH)  

(C) free thyro xine inde x (FTI )  

(D) reverse tr i iodothyronine ( rT3 )  

(E) to tal thyroxine (TT4 )  

V iew Answer9.  The answer is  A[see] .10.  W hich of  the follow ing agents 
has been show n to intera ct  wi th ora l thyroxine (T 4) replacement  therapy? 
(A)  propylt hio urac il  

(B) cho les tyram ine  

(C) thyro trop in 

(D) levothyro xine  

(E) lovastat in 

V iew Answer10.  The answer is B[see] .P. 1217 

 

 

11. What laboratory tests are  current ly recommended by the American Thyroid 
Associat ion to dia gnose thyroid disease? 
(A)  res in t r i iodothyron ine uptake (RT3U) and tota l thyroxine (TT4 )  

(B) thyro trop in (TSH) and f ree thyro xine index (FTI)  

(C) tot al t hyroxine (TT4 )  and sensit ive TSH assay 

(D) free T4 and sens it ive TSH assay 

(E) free T4  and RT3U 

View Answer11.  The answer is D[see] .12.  W hat pat ient  populat ion should 
be screened for thyroid d isease?  

(A)  hospit al ized pat ients  

(B) elder ly pat ie nts  with chron ic disease 

(C) elder ly hosp ita l ized pat ients 

(D) co llege s tudents  



(E) women > 20 years old 

V iew Answer12.  The answer is B[see] .13.  W hat is the avera ge 
repla cement  dose of  levothyroxine f or a n otherwise healthy a dult?  

(A)  25-50 µg/day 

(B) 50-100 µg /day 

(C) 75-150 µg/ day 

(D) 100-200 µg /day 

(E) 200-400 µg /day 
V iew Answer13.  The answer is C[see] .14.  W hat fa ctors af fect  the opt imal 

repla cement  dose of  levothyroxine? 

(A)  age,  he ig ht ,  and weight  

(B) durat ion o f  hypothyro id ism 

(C) pre treatment  thyroid-s t im ulat ing  horm one (TSH) leve l  

(D) presence of chronic  i l lness  

(E) Al l of  the  above  
V iew Answer14.  The answer is E [see] .15.  Which of  the values represents 

the low er level of  detect ion f or the fourth-genera t ion sensit ive TSH a ssay as 
establ ished by the American Thyroid Associa t ion? 
(A)  0. 5-5  mIU/L  

(B) 1-2  mIU/L  

(C) 0.01-0 .02 mIU/ L 

(D) 0.001-0.002 m IU/ L 

(E) 0. 0001-0.0002 mIU/L 

V iew Answer15.  The answer is D[seeand] .16.  In w hich of  the follow ing 
clin ica l presenta t ions should the TSH  assa y be used?  

(A)  popula t io n screening for  thyroid d isease  

(B) screening hospita l ized pat ients  

(C) pat ients  rece iv ing thyro id  rep lacem ent  a fter  6-8 weeks of  therapy 

(D) pat ients  who are HIV pos it ive  

(E) screening pat ients with psych ia t r ic  i l lness  

V iew Answer16.  The answer is C[see] .Direct ions for quest ion 17:  The 

quest ion in th is  sect ion can be cor rect ly answered or  completed by one or more of  

the  suggested answers.  Choose the answer,  A-E.  
17. A 62-yea r-old woman w ith a 5 -year history of  well  ma naged hypothyroidism 
wa s recently started on ra loxifene 60 mg da ily in the m orning for the 
prevent ion of  postmenopausa l osteoporosis.  Her  thyroid disease had been well 
controlled on 150 µg  levothyroxine (Synthroid) da ily  in the morning.  Her TSH 
has rema ined within the normal  range w hile  on treatment.  Her m ost recent  TSH 
of  2 .5 m IU/L a nd normal FT 4 va lues w here noted last  year.  She presents today 
with a n e levated TSH 15.5 mIU/L af ter 4 months of  ra loxif ene therapy a nd 
symptom s of  hypothyroidism.  W hat change in thera py would be best  for this 
pat ient?  
( I)  repeat the TSH test  and FT4  Tests 
( II)  increa se the dose of  levothyroxine to 200 µg  da ily 
( II I)  sw itch the dosing of  the ra loxif ene to the eveni ng 



A  if  I  only  is  correct  

B  if  I I I  only  is correct  

C  if  I  and II  are correct  

D  if  I I  and III  are cor rect  

E  if  I ,  I I ,  a nd III  a re correct  

V iew Answer17.  The answer is B( I II)  [seeand] .P.1218 

 

 
Direct ions f or  quest ion 18:  The quest ion in th is  sect ion can be correct ly answered 

by one  o f the suggested answers.  Choose the best  answer .  

18. A 69-yea r-old woman w ith hypertension and hypothyroidism is being 
t reated for a  wound inf ect ion.  In the pa st,  she was mainta ined on 125 µg  
levothyroxine (Levoxyl)  da ily  with a normal TSH of  2. 0 m IU/L. Af ter  6 weeks of  
t reatment  with ora l ciprof loxa cin (500 mg tw ice a  da y)  she com pla ins of  fat igue 
and sensit iv ity to cold.  Her serum TSH level wa s 14 mIU/L and FT 4 was below 
normal. What is the best  management  for this pat ient .  

(A)  increase the dose of levothyro xine  

(B) switch the  pat ient  f rom Levoxy l to  Synthro id 

(C) discont inue le vothyro xine unt i l  the  wound is hea led 

(D) cont inue therapy w ithout  any changes  

(E) separate the  adm inist rat ion of  c ip rof loxac in and levothyroxine by at  least  6 hr  

V iew Answer18.  The answer is E [seeandD irect ions f or question 19:  The 

quest ions  in this sect ion can be correct ly answered or  comple ted by one or m ore  of  

the  suggested answers.  Choose the answer,  A-E.  
19. Which of  the follow ing agents have been shown to interact  w ith ora l 
thyroxine (T 4)  replacement  therapy? 
( I)  atenolol 
( II)  ca lc ium  carbona te 
( III)  c iprof loxa cin 

( IV)  levothyroxine 
(V) ra loxifene 
A  if  I  only  is  correct  

B  if  IV  only  is correct  

C  if  I  and IV  are cor rec t  

D  if  I ,  I I ,  I I I ,  and IV  are correct  

E  if  I I ,  I I I ,  and V  are cor rec t  

V iew Answer19.  The answer is E ( I, I I I ,  V)  [seeand] .20. W hat is the ef fect 
of  amiodarone therapy on thyroid f unct ion?  

(A)  Pat ients  with under lying  thyro id dysfunct ion are at an increase r isk  of  

deve lop ing hypothyro id ism within 6  months  o f therapy 

(B) Pat ients  witho ut  under lying  thyro id dysfunct ion rout ine ly develop subc linica l 

hyper thyro id ism with am iodarone therapy 

(C) Am iodarone interacts direc t ly with c irculat ing  serum thyrotropin 

(D) Am iodarone has no ef fect on thyro id funct ion.  

(E) None of  the  above 



View Answer20.  The answer is A[and] .P.1219 

 

 

ANSWERS AND EXPLANATIONS 
1.  T he answ er is A  [see I .F.15].  

The FTI is  a  mathem at ical interpretat ion o f  the re la t ions hip between the rRT3U and 

T4  le ve ls ,  compared to  the mean popula t io n va lue  for RT3U. The FTI is  calcu la ted 

us ing reported values fo r TT4  and R T3U. The normal FTI va lue in euthyroid  pat ients 

is 5.5 -12.  
2.  T he answ er is C  [see  I .B ] .  

B iosynt hes is  o f  thyro id  horm ones begins  wit h iod ide bind ing to  tyros ine,  whic h forms 

MIT.  MIT binds another  iodide at om to form DIT.  W hen MIT and DIT are  formed, a 

coup ling react ion occurs , which produces T3 ,  T4 ,  reverse tr i iodot hyron ine ( rT3) ,  and 

other  by-products.  

3.  T he answ er is B  [see  I I .B.1;  II I .A and  B]  

Hashimoto thyro id it is  (chron ic  lym phocyt ic  thyro id it is )  is  a cause of  hypot hyroid ism . 

The inc idence of  Hashimoto thyroid it is  is  1%-2%, and it  increases with age. It  is 

more common in wom en than in m en and more common in whites  than in blacks.  

There may be a fam il ia l tendency.  Pat ients  with Hashim oto thyroid it is  ha ve elevat ed 

t ite rs o f ant ibodies  to t hyrog lobu lin:  A t i ter  < 1 :32 is  seen in >  85% of  pat ients .  Two 

var iants  of  Hashim oto thyro id i t is  have been described:  gland f ibrosis and id iopathic 

thyroid a t rophy,  whic h is  most l ik e ly an extens ion o f  Hashim oto thyro id it is .  
4.  T he answ er is D  [see  I I I .F .1 and  2 ] .  

In hyper thyro id pat ients,  rem iss ion o f thyro toxicos is  is  ach ie ved with PTU by two 

mechanism s:  (1)  inter ference of  iod inat ion of  the  tyrosyl res idues,  ult im ate ly 

reduc ing product ion o f T4  and (2) inhib it ion of  peripheral convers io n o f T4  to T3 .  

Propranolo l is commonly used as an adj unct to PTU for sym ptomat ic  m anagement of 

hyper thyro id ism.  

5.  T he answ er is E  [see  I .A.1 ] .  

The m aj or  compounds secreted by the  thyro id  gland,  a fter  its st im ulat ion by 

thyrot ropin,  are  T3  and T4 .  W hen released from the thyroid ,  T3  and T4  are  

t ranspor ted by plasm a prot eins—nam ely TBG,  t hyroxine-b ind ing prea lbum in,  and 

alb um in.  

6.  T he answ er is E  [see  I I .B;  II I .A.1 ] .  

Graves disease (dif fuse toxic  go ite r )  is  the most common form o f hyper thyroid ism.  It  

occurs most of ten in wom en in t he  3rd and 4th decades of  life .  There  is  a  genet ic  

and fam il ia l p red ispos it ion.  The cause is  l ink ed to an autoimmune react ion bet ween 

immunoglob ul in G ( IgG) and the thyroid.  

7.  T he answ er is A  [see  I I .G.3 ] .  

The TSH st im ulat ion test  measures  thyroid t issue response to  exogenous TS H. It is 

no t  commonly used to monito r  thyro id -replacem ent  therapy.  It  may be useful in the 

init ia l d iagnos is o f hypothyroid ism.  

8.  T he answ er is C  [see  I I .F.3.b  and c] .  



Many brands o f levothyro xine are cur rent ly ava ila ble.  Both gener ic  and t rade name 

preparat ions have been stud ied,  with an emphas is  on Levot hro id and S ynthro id .  The 

im portance o f bioequ iva lence becomes apparent when pat ients have rece ived 

dif f erent b rands of  levothyro xine and ha ve exhib it ed  changes in therapeut ic  

response to equ iva lent  rep lacement  doses.  
9.  T he answ er is A  [see  I .A.3.a ] .  

An increase in the b lood leve l o f  thyro id  horm one (see c ircula t ing f ree  T4  and free 

T3 )  s igna ls the  pituitary to  stop releas ing TSH. The free f rac t ion o f  T4  is availab le  to 

bind a t  the p itu ita ry receptors .  

10. The a nsw er is B  [see  I I .G.7] .  

Euthyroid  pat ients rece iv ing oral rep lacement  therapy have become hypothyro id  

af te r concom itant adm inis t ra t ion o f  bi le  ac id  sequestrant  t herapy. It  appears that  

bioava i lab il ity is  reduced as a  result  o f adm inis ter ing  these agents  at close dosing 

interva ls .  It  is  recommended that  at leas t  6 hr  pass  before adm inis t rat ion o f  a bi le 

ac id sequestrant . I t  would  be preferab le  to se lect  another  nonb i le ac id sequest rant 

when c l inica l ly poss ib le .  

11. The a nsw er is D  [see  I.G. 4] .  

The f ree T4  and t he  ( third-generat ion)  TSH assay shou ld  be used only fo r the 

diagnos is  o f  pat ients  most  l ik ely to  have thyroid  d isease based on cl inica l 

presentat ion and re lat ive  r isk  (e.g. , age, sex,  family h is tory) ,  not for populat io n 

screening.  The t hird -generat ion TS H assay is  a lso  more commonly used to monit or  

rep lacement  therapy and to  m inim ize over t reatment  and the correspond ing r isk  o f 

acce lerated bone loss .  
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12. The a nsw er is B  [see  I.G. 3] .  

Cost versus benef it  is  c r it ica l to the  dec is ion of  choosing to  screen ent ire  

popu lat ions.  Because t he frequency of  de tec t ion has been proven to  be higher  in 

elder ly pat ients  (2%-5%) w ith chron ic  disease,  the  re lat ive  m inor  cos ts  assoc ia ted 

to obta in RT3U and TT4  to calculate  a FTI  are worth the cost . A serum TSH assay 

can be reserved for  pa t ients  with an abnormal FTI.  Another  considerat ion is  to use 

the  sens it ive  TSH assay for  diagnos is in p lace of  the  serum TSH assay at  a  higher  

cost but without  the necess ity o f ret est ing.  I f  pa t ients  adm it ted to the  hospita l f or an 

acute  il lness  were screened and the result s were misleading,  they m ay be 

prescr ibed inappropr ia te  therapy because acute  il lness m ay be assoc iat ed with the 

temporary effects caus ing abnorm al test  results .  

13. The a nsw er is C  [see  I I . F.3.d] .  

The average adult  maintenance dose is 75-150 µg/day, wh ich has been shown to be 

1.5-1.7  µg /kg/day.  The dose is  usua l ly adj us ted in increments  of 25-50 µg /day every 

4 weeks. The t ota l daily dose used to  be 100 -200 µg /day,  which resulted  in 

over t reatment  af ter the int roduct ion o f  the sensit ive TSH assay.  E lder ly or  

chron ica lly i l l pat ients  require an average dose of  50-100 µg/ day, whic h is  25-50 

µg / day less than o therwise healthy adu lts  of  the  sam e he ight  and weight .  

14. The a nsw er is E  [see  I I .F.3.e] .  



Elder ly or  chronica l ly i l l  pa t ients  require an average dose o f 50-100 µg /day,  which is  

25-50 µg /day less  than otherwise healthy adu lts  of  the  same he ight  and weight .  

Because the average dose for rep lacement  therapy is  between 1.5 and 1 .7 

µg /kg /day,  weight  af fec ts  the to tal da ily dose.  

15. The a nsw er is D  [see  I.F .4 .e and  f ] .  

The Am er ican Thyro id  Assoc iat ion has es tab lished standard nom enc la ture  tha t 

ind icates each techno log ica l im provement  and the abi l ity to  detect lower  leve ls  of  

TSH us ing m onoc lona l ant ibod ies .  As  the sens it iv ity o f the assay improves, t he  

lower  le ve l o f  detect ion is  repor ted as  a range in m il l i- Internat iona l Units per l ite r . 

The m ost sens it ive  test  is  cur rent ly the  four th-generat ion IMA,  w it h a repor ted lower  

leve l of  de tec t ion of  0 .001-0 .002 mIU/L . In usua l c l in ica l pract ice  the third -

generat ion IMA is  most commonly used,  with sensit iv ity in the  range of  0. 01-0.02 

mIU/L.  

16. The a nsw er is C  [see  I.F .4 .g; I I .6; Figure  55-6 ] .  

The cur rent  third-genera t ion TSH assay is  not  ind icated for use in hosp it al ized 

pat ients  who are not  suspected t o have t hyroid d isease.  Studies  have ind icated that  

abnormally h ig h or  low TSH leve ls  are detected in euthyroid hosp ita l ized pat ients .  

Psychiat r ic  i l lness may also  inf lue nce TSH leve ls.  
17. The a nsw er is B  (I I I ) [see  I I .G.7 ; Tab les  55-2 and 55-4 ] .  

The pat ient  is  m ost l ike ly exper ienc ing a  drug interact ion between raloxifene and 

levot hyroxine.  The best cho ice is  to separate t he  medicat ions by at least  12  hr.  A 

repeat of the  TSH assay wil l o nly conf irm the result s,  whic h are  sign if icant ly 

ele vated. Increasing the  dose of  levothyro xine m ay result  in over t reatment.  

18. The a nsw er is E  [see  I I .G.7;  Tables 55-2 and  55-4 ]  

This pat ient  is m ost  l ik ely exper ienc ing a drug interact ion between levothyro xine 

and c ip rof loxac in when tak en concom itant ly.  There is no benef it  to switch ing to  

another  brand of  levothyroxine or  increas ing the  dose. The best so lut ion is  to 

separate the doses o f c ipro f loxac in by 6 hr .  

19. The a nsw er is E  (I ,  I I I ,  V)  [see  I I .G.7 ; Tab les  55-2 and 55-4 ] .  

Pat ients  receiving  ora l replacem ent  therapy who take ca lcium  carbonat e 

concom itant ly have been shown to exper ience decreased free T4 and to tal T4  leve ls 

tha t  resulted in an e levated TSH. The mechanism appears t o be adsorpt ion of  

levot hyroxine to  calcium carbonate at  ac id  pH levels,  which m ay reduce 

bioava i lab il ity.  I t  is recommended to separa te  the  t im e of  ingest ion of  each product 

to reduce the chance of  this interact ion.  C iprof loxac in and Raloxifene have a lso  

been shown to  interact  with levothyro xine when administered together.  Separat e 

administ ra t ion t im es by 6 hr  f or  c ip rof loxac in and by 12 hr  for  ra lo xifene.  

20. The a nsw er is A  [Tables 55-2  and  55-4] .  

Pat ients  receiving  am iodarone t herapy are at  r isk  o f  develop ing hypothyro id ism 

especial ly i f  there is  under ly ing thyro id  disease.  Am iodarone delivers  high leve ls  of  

iod ine to  the system cont r ibut ing to subc lin ica l or  c l in ica l hypothyro id ism more 

of ten.  Subcl in ica l hyper thyroid ism has been observed rarely.  Some pat ients  wit ho ut  

under lying  thyro id  d isease may exper ience changes in thyro id  func t io n wh ile  

pat ients  with under ly ing d isease a re more l ik ely to  present with hypothyro id ism.  



Pat ients  shou ld  be monito red closely for  thyroid  func t io n when beg inn ing 

am iodarone t herapy.  

 



56 
Renal Failure 
Andrew  L.  Wilson 

I. ACUTE RENAL FAILURE 
A. Def init ion.  Acute  renal fai lure  (ARF)  is  the sudden,  potent ia l ly reversib le 

inter rupt ion of  k idney funct ion,  result ing in re tent ion of  nit rogenous waste products 

in body f lu ids .  

B. Cla ssif icat ion a nd et io logy.  ARF is  c lass if ied  according to its  cause.  

1.  Prerenal ARF stems f rom im paired renal per fus io n,  whic h may result  from: 

a.  Reduced arter ia l b lood vo lume [e .g. ,  dehydra t ion,  hem orrhage,  vomit ing,  

dia r rhea,  other  gast ro intes t ina l (GI) f lu id  loss ]  

b.  Ur inary losses f rom excess ive diures is  

c.  Decreased cardiac  output [e .g. ,  from congest ive heart  fa i lure  (CHF) or  per icardia l 

tamponade]  

d.  Rena l vascular  obst ruct ion (e.g ., stenosis)  

e.  Severe hypotens ion 

2.  Intrarenal ARF ( intr insic  or  parenchyma l ARF)  ref lec ts  st ruc tura l k idne y 

damage result ing  f rom any o f  the fo l low ing cond it ions .  

a.  Acute tubula r  necrosis (ATN),  the  lead ing cause o f ARF,  may be associated 

wit h:  

(1)  Exposure  to nephrotoxic am inog lycosides,  anesthet ics ,  pest ic ides ,  organ ic  

meta ls,  and radiopaque contrast  mater ia ls  

(2)  Ischemic inj ury (e. g., surgery,  circu lat ory co llapse, severe  hypotens ion)  

(3)  P igm ent  (e.g ., hem olys is ,  m yog lob inur ia)  

b.  Acute g lom erulonephr it is  

c.  Tubular  obst ruc t ion,  as from hemolyt ic react ions  or  ur ic acid crysta ls  

d.  Acute inf lammat ion (e. g.,  acute  tubu lo interst it ia l nep hr it is ,  papi l la ry necrosis)  

e.  Renal vascul it is  

f .  Malignant  hyper tens io n 

g.  Radiat ion nephr it is  

3.  Postrena l ARF  results  from obst ruct ion of  ur ine  f low anywhere a long the ur inary 

t rac t. Causes of postrenal ARF inc lude:  

a.  Ureteral obstruc t ion,  as f rom calcu li,  ur ic  acid c rys ta ls , or throm bi 

b.  B ladder obstruc t ion,  as from ca lculi ,  throm bi,  tumors,  or  infec t io n 

c.  Urethral obstruc t ion,  as f rom s tr ic tures , tumors,  or  prosta t ic  hyper trophy  

d.  Ext r ins ic  obst ruc t ion,  as f rom hem atoma,  inf la mmatory bowel disease,  or 

accidenta l surg ica l l igat ion 
C. Pathophysiology.  ARF progresses in three phases.  

1.  Init ia t ing phase  

a.  The in it ia t ing phase is def ined as the  t im e between the rena l insult  and the point  

at  which ext rarena l fac tors  no longer  reverse the  dam age caused by the obstruct ion 

or  o ther cause of  ARF.  Th is  phase may not be well-def ined cl inica lly and may 

escape not ice  or  d iagnos is .  



b.  Ur ine output  may drop mark edly to  400 mL/day or  less  (oligur ia ).  In some 

pat ients ,  urine  output  f alls below 100 mL/ day (a nur ia).  O lig ur ia  m ay las t  on ly hours 

or  as long as 4-6 weeks.  However , i t  has  been shown that  40%-50% of AR F pat ients 

are not  ol ig ur ic  or anur ic.  

c.  Nit rogenous waste products  accum ulat e in the b lood.  

(1) Azotem ia  ref lec ts urea accum ula t ion due to impa ired g lomerular  f i lt ra t ion and 

concent rat ing  capac ity.  

(2)  Serum creat inine concent ra t ion,  sulfate , phosphate , and organic  ac id  leve ls  

cl im b rapidly.  

d.  The serum sodium concentra t ion  fal ls  be low norm al f rom int race llula r  f lu id  

sh if t ing  and d ilut io n.  
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e.  Hyperka lem ia  occurs  due to t he  accum ulat ion of  organ ic  ac ids (metabolic  

ac idos is ) .  I f  potass ium intak e is  not  res tr icted or body potassium is not  removed, 

hyperka lemia result s.  W ithout  t reatment ,  hyperk alem ia  may lead to neurom uscular  

depress ion and paralys is ,  impaired cardiac  conduct ion,  a rrhythm ias ,  resp iratory 

muscle para lys is,  card iac ar rest,  and ult imate ly death.  

2.  Ma intena nce phase  

a.  This phase beg ins  when ur ine  output  r ises above 500 mL/ day—typica l ly af t er 

several days  o f ol ig ur ia .  A r ise  in ur ine  output  o r a  “diure t ic  response” may not  be 

seen in non-o lig ur ic pat ients . Increased ur inary output  does not  signa l recovery o f 

renal funct ion.  
b.  Ur ine  output  r ises in increm ents  of severa l m il l i l i ters  to 300-500 mL/ day. Ur ine  

output  may double f rom day to day in the init ia l recovery per iod .  

c.  Azotem ia and assoc ia ted laboratory f ind ings may pers is t unt i l ur ine  output  

reaches 1000-2000 mL/day.  

d.  The maintenance phase car r ies  a r isk  o f f lu id  and elec t rolyte  abnormal it ies,  GI 

bleed ing,  infect ion,  and respiratory fai lure .  

3.  Recovery pha se.  Dur ing  the recovery phase,  rena l func t io n gradua lly re turns to 

normal.  Most  recovered renal func t ion appears in the  f irs t 2 weeks; however , 

recovery of renal func t io n m ay cont inue for a year.  Res idua l im pairment  may persist  

indef inite ly.  
D. Clinica l eva luat ion  

1.  Physical f indings.  In it ia l ly,  ARF causes azot em ia  and,  in 50%-60% of  cases, 

ol igur ia.  Later, elec t rolyte  abnormalit ies and o ther  severe sys temic e ffects occur .  

a.  Ur ine output  typica lly is low ,  f rom 20-500 mL/day.  Comple te anur ia  is  ra re.  

b.  Signs  and symptom s of  hyperka lemia,  result ing  f rom metabol ic  ac idos is  and 

reduced potass ium excre t ion by im paired k idneys,  inc lude:  
(1)  Neurom uscular  depression (e.g. , parest hesias ,  m usc le weakness,  paralys is )  

(2)  D iar rhea and abdomina l d is tent io n 

(3)  S low or ir regular  pu lse 

(4)  E lec t rocardiographic  cha nges with potent ial cardiac  ar res t  



c.  Urem ia,  caused by excess ive n it rogenous waste re tent ion,  leads to  nausea, 

vomit ing,  dia r rhea,  edema, conf us ion,  fa t igue,  neurom uscular  ir r itabil it y,  and coma.  
d.  Metabolic  acidosis,  a  common complicat ion of ARF, is  evidenced by:  

(1)  Deter iorat ion o f  menta l s tatus , obtundat ion,  com a,  and lethargy 

(2)  Depressed card iac contract i l it y and decreased vascular  resist ance, lead ing to  

hypotension,  pulm onary edema,  and vent r icu lar  f ibr i l la t ion 

(3)  Nausea and vom it ing  

(4)  Resp ira tory abnormalit ies  (e.g. , hypervent i la t ion,  Kussm aul's respira t ion)  

e.  Hyperphosp ha temia  ar ises f rom decreased phosphate  excret ion.  It  is generally 

no t  seen in ARF.  

(1)  As  serum phosphate r ises,  hypocalcemia results from the fo rmat ion of  ins o lub le  

ca lc ium phosphate complexes.  

(2)  The signs and sym ptoms re late to  resultant  hypoca lcem ia  and metasta t ic  soft -

t issue calc if icat ion.  

(3)  Manif es tat ions o f hypoca lcem ia  inc lude:  

(a )  Neurom uscular  ir r i tab il i t y,  cramps,  spasms, and tetany 

(b)  Hypotens ion 

(c)  Sof t-t issue calc if ica t ion 

(d)  Menta l s tatus  changes (e.g ., confusion,  m ood changes,  loss  of  inte l lec t  and 

memory)  

(e)  Hyperac t ive  deep-tendon ref lexes and Trousseau's  and Chvostek 's signs 

(f )  Abdomina l c ram ps 

(g)  St r idor  and dyspnea 

f . Hyponatremia  results  from dilut ion and int ravascu lar  f lu id sh if ts  dur ing t he  

diuret ic phase of  ARF. Phys ica l f ind ings inc lude le thargy,  weak ness,  se izures,  

cognit ive  im pairm ent,  and possible  reduct ion in le ve l o f  consc ious ness.  

g.  Intravascular  volume deplet ion,  suggest ing prerenal fa ilure,  may cause:  

(1)  F lat  j ugular  venous pu lses  when the pat ient  l ies  supine  

(2)  Orthostat ic  changes in b lood pressure and pulse  

(3)  Poor sk in turgor  and dry mucous membranes 
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h.  Other  f indings  suggest ing prerena l fa ilure inc lude:  

(1)  An abdom ina l bru it ,  poss ibly ind icat ing  rena l ar tery stenos is  

(2)  Increased paradoxus,  suggest ing  per icard ia l tamponade  

(3)  Increased j ugular  venous pressure,  pulm onary rales , and a third  hear t sound,  

sig na ling  CHF 

i .  Postrenal  fa ilure  caused by obst ruc ted ur inary  f low may manifes t  itse lf  in:  

(1)  A suprapubic or f lank  mass  

(2)  B ladder distent ion 

(3)  Cost overtebra l ang le  tenderness 

(4)  Prostate  enlargem ent  

2.  Diagnost ic test  result s  



a.  Ur inalysis inc ludes an exam inat ion of  sediment ; ident if ica t io n o f  prote ins,  

glucose,  ketones, b lood,  and nit r i tes ; and measurem ent of ur inary pH  and ur ine-

spec if ic g ravity (concent rat ion)  or osmola lity (d i lu t ion) .  P r ior  administ ra t ion o f  

f luids ,  d iure t ics ,  and changes in ur inary pH may confound accura te diagnos is ,  using 

ur ina lys is .  
(1) Ur inary sediment  examinat ion 

(a )  Few casts  and formed e lements are found in prerena l ARF.  

(b)  P igm ented cellu lar  casts  and renal tubular  epi the lia l ce l ls  appear with ATN.  

(c)  Red b lood ce ll  and whit e b lood ce ll casts genera lly ref lec t inf lammatory disease.  

(d)  Large num bers of  broad white  ce ll casts  suggest  chronic  rena l fa i lure.  

(2)  The presence of  b lood in the ur ine (hematur ia)  or p rote ins (proteinur ia )  

ind icates renal dysf unct ion.  

(3) Ur ine-specif ic  gra vi ty  ranges from 1.010-1. 016 in ARF.  

(4) Ur ine osm olality  typica lly r ises  in prerena l ARF due to increased secret ion of  

ant id iure t ic  horm one.  
b.  Measurem ent of  ur ine sodium  and creat inine  levels can he lp  c lass ify ARF.  

(1)  In prerenal  ARF, the  ur ine  creat inine  concent ra t ion increases,  and ur ine sodium 

leve l decreases.  
(2)  In intrarenal ARF result ing  f rom ATN,  the  ur ine  creat in ine  concent ra t ion 

decrea ses,  and the ur ine sodium  leve l i ncreases.  
c.  Creat inine c learance,  an inde x of  the  glomerula r  f iltrat ion ra te (GFR),  a l lows 

es t im at ion o f the  number of  func t io ning nephrons;  decreased creat in ine c learance 

ind icates renal dysf unct ion.  A t imed ur ine  co llec t ion should be used to ca lcu la te 

GFR in acute renal fai lure .  
d.  Blood chem istry  provides an inde x of  rena l e xcretory func t io n and body 

chem is try status.  Find ings t yp ica l of  ARF inc lude:  

(1)  Increased b lood urea nit rogen (BUN)  

(2)  Increased serum creat in ine  concent ra t ion 

(3)  Possib le  increase in hemoglob in and hem atocr it  va lues due to dehydrat ion 

(4)  Abnorm al serum e lect rolyte  va lues  

(a )  Serum potassium  level above 5  mEq/L 

(b)  Serum  phosphate  leve l above 2.6 mEq/L (4.8 mg/ dl)  

(c)  Serum ca lc ium  leve l be low 4 mEq/L (8.5  mg/dl) ,  ref lec t ing hypoca lcem ia .  (The 

serum calcium  level m ust  be cor re lated with the  serum  albumin leve l.  Each r ise or  

fal l  of  1 g/dl of serum a lbum in beyond its norm al range is respons ib le for  a  

correspond ing increase or  decrease in serum calcium  of approxim ate ly 0 .8 mg/dl.  A 

be low-normal serum album in leve l m ay result  in a  decept ive ly low serum  ca lc ium  

leve l. )  

(d)  Serum  sod ium  leve l below 135 mEq/L,  ref lec t ing hyponat rem ia  

(5)  Abnorm al arter ia l b lood gas va lues [pH below 7.35,  bicarbonate concent rat ion 

(HCO - 3)  be low 22], ref lect ing  m etabo lic acidosis 

e.  Rena l fa ilure  index (RFI)  is  the  rat io  of ur ine sodium  concentra t ion to the ur ine-

to-serum creat inine  rat io.  The RFI he lps determ ine t he  et iology o f  ARF. Typ ically,  

the  RFI is  less  than 1 in prerena l ARF or  acut e g lomerulonephr it is  (a cause of 



int ra renal ARF) . The RFI is greater than 2 in postrenal ARF and in o ther  int rarenal 

causes of ARF.  
f . E lectrocardiography (ECG)  may show evide nc e of  hyperk a lem ia—that is ,  ta l l,  

peak ed T waves; widening QRS complexes;  p rolonged PR interva l,  p rogressing to 

decreased amplit ude and disappear ing P waves; and,  ult imately,  vent ricu lar  

f ibr i l la t io n and card iac  ar res t.  
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g.  Radiographic  f indings  

(1) Ultra sound  m ay detec t upper ur inary t rac t obs t ruct ion.  

(2) Kidney,  ureter,  o r bla dder radiography  may revea l:  

(a )  Ur inary t rac t calcu li 

(b)  Enlarged k idneys,  suggest ing ATN 

(c)  Asymmetr ica l k idneys,  suggest ing  un i la teral rena l a r tery d isease,  ureteral 

obstruct ion,  o r chronic  pye lonephr it is  

(3) Ra dionuclide sca n may revea l:  

(a )  B i la tera l d if fe rences in renal per f us io n,  suggest ing ser ious renal d isease  

(b)  B i lateral dif ferences in dye e xcret ion,  suggest ing  parenchym al disease or  

obstruct ion as the cause of ARF 

(c)  D if fuse,  slow,  dense radionuc lide  uptake,  suggest ing ATN 

(d)  Patchy or absent rad ionuc lide  uptak e,  poss ib ly ind ica t ing severe , acute 

glom erulo nephr it is  

(4) Computed tomogra phy (CT) scan  may provide bet te r vis ua lizat ion of  an 

obstruct ion.  

h.  Rena l biopsy  may be performed in se lec ted pat ients  when o ther  test  results  are  

inconc lus ive.  
E.  Treatment  object ives  

1.  Correct  revers ib le causes of  ARF, prevent ing or  m inim izing  fur ther renal damage 

or  complicat ions.  

a.  D iscont inue nep hro toxic  drugs; remove other nephrotoxins  through dia lys is or  

gastr ic lavage f or poisonings.  

b.  Treat under ly ing infect ion.  

c.  Remove any ur inary t ract  obst ruc t ions .  

2.  Correct  and mainta in proper  f lu id  and elec t rolyte  ba lance.  Match f luid,  

elect rolyte ,  and nit rogen intak es to ur ine  output .  

3.  Treat body chem is t ry alterat ions ,  espec ia l ly hyperk alem ia  and metabol ic  ac idos is ,  

when present . Treatment may inc lude renal d ia lys is.  

4.  Improve ur ine  output .  

5.  Treat sys temic manifes ta t ions  of ARF.  

F.  Therapy  

1.  Conservat ive ma na gement  a lone m ay suff ice  in uncompl icated ARF.  

a.  F luid  management  



(1)  F luid intake should  m atch f lu id  losses. Sensible losses  ( i.e . , ur ine,  stool,  tube 

dra inage)  and insensible losse s ( i .e. , sk in,  respi ratory t rac t) o f 500 -1000 mL/day 

shou ld  be inc luded in f luid ba lance calcu lat ions.  

(2)  Vo lum e over load should  be avo ided to m inimize the  r isk  of  hyper tens ion and 

CHF.  
(3)  The pat ient  shou ld be weighed da ily to  determine f lu id  vo lume stat us .  

b.  Dietary  mea sures  

(1)  Because catabo lism accompanies rena l fa i lure,  the  pat ient  shou ld  receive  a  

high-ca lor ie,  low-prote in diet .  Such a die t helps  to:  

(a )  Reduce rena l work load by decreas ing product ion of  end products of  protein 

ca tabol ism t hat the k idneys cannot  excrete  

(b)  Prevent  ketoac idos is  

(c)  Al le via te  m anifestat ions  o f  urem ia (e.g. , nausea,  vom it ing,  confus ion,  fa t igue)  

(2)  I f  edema or  hyper tension is  present , sod ium  intake should be rest r ic ted .  

(3)  Potass ium intak e m ust  be lim ited  in m ost pat ients. Fruits ,  vegetables , and sa lt  

subst itutes conta ining  potass ium should  be l im it ed  or  avoided.  

2.  Ma na gement  of  body chem istry a ltera t ions 

a.  Treatment  of  hyperka lem ia  

(1) Dia lysis  m ay be used to t rea t acut e, l ife - threatening hyperkalem ia  (see II.F.7 ).  

(2) Ca lcium chlor ide or  ca lcium glucona te  

(a ) Mechanism of  action and therapeut ic ef fects.  Calc ium  chlor ide or  calcium 

gluconate  rep laces and maint a ins body ca lc ium,  counterac t ing t he  cardiac  ef fects of  

acute  hyperk alem ia .  
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(b) Administrat ion and dosage.  W hen used to reverse hyperk alem ia - induced 

cardio toxic it y,  ca lc ium  chlor ide  is  given int ravenous ly,  as 5-10 mL of a 10% solut ion 

(1.4  mEq Ca2+ /mL)  adm inist ered over 2 minutes . D oses of  up  to  20 mL of a  10% 

so lut ion are safe  when give n slowly.  Another  10-20 mL of a 10% solut ion p laced in a  

larger  f luid vo lum e and adm inis tered slowly may fol low the in it ia l dose.  Calc ium  

gluconate  is  adm inist ered as 10 mL of a 10% so lu t ion (1  g) over 2-5 m inutes . This  

may be repeated a second t im e.  

(c) Preca ut ions and m onitor ing ef fects 

( i)  Int ravenous ( IV) calcium is  cont raind icated in pat ients  with vent r icular  f ib r i l lat ion 

or  rena l calcu li.  

( ii)  The infus ion rat e should not  exceed 0 .5 mL/m in.  Pat ients  should remain 

recum bent fo r about 15 m inut es  aft er  infus ion.  

( ii i)  The ECG should be monitored dur ing  calc ium gluconate  therapy.  

( iv)  Ca lc ium  gluconate  should  not  be m ixed w ith so lut ions  cont ain ing sod ium 

bicarbonate because this  can lead to prec ip ita t ion.  

(v)  Adverse ef fects  inc lude hypotens ion,  t ing l ing  sensat ions ,  and renal ca lc ulus  

format ion.  
(d) S ignif ica nt  interact ions.  Calc ium  may cause increased d ig ita l is  toxic it y whe n 

administered concurrent ly w it h d ig ital is  preparat ions.  



(3) Sodium bicarbona te may be give n as an emergency measure for  severe 

hyperka lemia or met abolic ac idos is .  
(a ) Mecha nism of  a ct ion and therapeut ic ef fect.  IV  sodium b icarbonate restores  

bicarbonate that  the  rena l tubu les cannot  reabsorb f rom the g lom erular  f i lt ra te and 

increases art er ia l pH.  This  results  in a sh if t  of potass ium  into ce lls  and reduces 

serum potass ium concent ra t ion.  

(b) Onset  of  a ct ion is 15-30 minutes .  

(c) Administrat ion a nd dosage  

( i)  Sodium  bicarbonate  is  adm inistered int ravenous ly.  

( ii)  The dosage is  ca lculated as fol lows:  

[50% of body weight  (kg)] ×  [des ired ar ter ial b icarbonate (HCO - 3) -  actua l HCO - 3]  

One ampule  (50 mEq) may be g iven int raveno us ly  over  5  m inutes .  

(d) Preca ut ions and m onitor ing ef fects 

( i)  To  avo id sodium and f luid over load,  sod ium bicarbonate m ust  be give n 

caut ious ly.  H alf  of the  pat ient 's b icarbonate def ici t  is  rep laced over the f irs t 12 

hours  of  therapy.  

( ii)  Sodium bicarbonate may prec ipitate  calcium salt s in IV  so lut io ns  and shou ld  not  

be  mixed in the  sam e infus ion f lu id .  
( ii i)  Ar ter ia l b lood gas va lues and serum e lec t ro ly te levels sho uld be monitored 

close ly dur ing sodium  bicarbonate  therapy.  

(4) Regular  insulin with dextrose  

(a ) Mecha nism of  a ct ion and therapeut ic ef fect.  The insu lin causes an 

int racellula r  shif t  of  potass ium . The com binat io n of  insul in w ith de xt rose depos its 

potassium  with g lycogen in the  l iver ,  reduc ing t he  serum pot assium .  
(b) Onset  of  a ct ion is 15-30 minutes .  

(c) Administrat ion a nd dosage.  Regular  insulin (10 units  in 500 m L of  10% 

dext rose) is  adm in is tered int ravenous ly over  60 minutes .  
(d) Preca ut ions and m onitor ing ef fects 

( i)  The serum  g lucose leve l sho uld be monitored dur ing  therapy.  

( ii)  The pat ient  should be assessed for  s igns  and symptoms of f luid  over load.  

(5) Sodium polystyrene sulf onate (SPS)  

(a ) Mecha nism of  a ct ion.  SPS is  a potassium -removing res in that  exchanges 

sodium  ions  fo r potass ium ions  in the  intes t ine (1  g  of  SPS exchanges 0.5 -1 mEq/L  

of  potassium ). The SPS is  dist r ibuted throughout  the intest ines and excret ed in the  

feces.  

(b) Thera peut ic  ef fect .  Adminis tered as  an adj unct ive  t reatment  f or  hyperk alem ia,  

SPS reduces potass ium leve ls  in the  serum and other  body f luids .  

(c) Onset  of  a ct ion o f o ral ly administered SPS is  2 hours ; ef fects are  seen in 1  

hour  when SPS is  adm in is tered as a retent ion enem a.  
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(d) Administrat ion and dosage  



( i)  SPS is  usua lly adm in is tered ora lly,  a lthough it  may be given through a  

nasogastr ic tube. The oral dose is  15 -30 g in a suspension of  70% sorb ito l,  

administered every 4 -6 hours  unt i l  the  des ired therapeut ic e ffect  is  achieved.  

( ii)  W hen oral or  nasogast r ic adm inis t ra t ion is  not  poss ib le due to nausea,  vomit ing,  

or  para lyt ic  i leus ,  SPS may be given by re tent ion enema. The rectal dose is  30 -50 g 

in 100 mL of sorbito l as  a warm emuls io n,  adm inis tered deep into the  sigm oid co lon 

every 6 hours . Adm in is t rat ion may be done with a  rubber tube that  is taped in p lace 

or  via  a Foley ca theter with a  ba lloon inf la ted dista l t o the anal sphinc ter .  
(e) Preca ut ions and m onitor ing ef fects 

( i)  The pat ient 's  serum elec t rolyte  leve ls  should be monitored c lose ly dur ing SPS 

therapy.  Sod ium , chlor ide,  b icarbonate , and pH shou ld  be monito red in addit io n t o  

potassium .  

( ii)  SPS therapy usua lly cont inues unt i l the  serum potassium leve l drops to between 

4 and 5 mEq/L .  

( ii i)  The pat ient  shou ld be assessed regular ly for  sig ns  o f potass ium deplet ion,  

inc lud ing ir r itab i l ity,  confus ion,  cardiac  ar rhythm ias , ECG changes,  and m usc le  

weakness.  

( iv)  SPS exchanges sodium  for potass ium , so sodium  over load m ay occur during  

therapy.  Pat ients  with hyper tens io n or  CHF shou ld  be c lose ly monitored.  

(v)  For  oral administ ra t ion,  SPS shou ld  be m ixed on ly with water  or sorb ito l.  Or ange 

j uice ,  which has a  high potassium  content , should  not  be  used because it  decreases 

the  eff ec t iveness of  the  SPS.  For recta l adm in is t rat ion,  SPS should  be m ixed only 

wit h water  and sorbitol,  never  with mineral o i l .  

(vi)  Adverse ef fects  o f SPS inc lude const ipa t io n,  fecal im pact ion w ith rectal 

administ ra t ion,  nausea,  vom it ing ,  and diar rhea.  

(vii)  SPS shou ld not  be used as t he  so le  agent  in the t reatment  of  severe 

hyperka lemia;  other  agent s or therapies  shou ld  be used in conj unct ion w ith this 

agent .  

(f )  S ignif icant interact ions.  Magnes ium  hydroxide and other  nonabsorbab le  

ca t iondonat ing  laxat ives  and antac ids may decrease the ef fec t iveness of potassium 

exchange by SPS and may cause systemic a lkalos is .  

b.  Treatment  of  meta bol ic acidosis.  Sod ium bicarbonate may be give n if  the 

ar ter ial pH  is  be low 7.35 [see I.F.2 .a. (3)].  

c.  Treatment  of  hyperphospha tem ia  

(1) IV  ca lcium  is  f irs t- l ine  therapy for severe l ife - threaten ing hyperphosphatemia.  

Calc ium reduces the  serum  phosphorus concent rat ion by che la t ion.  

(2) Ora l ca lc ium sa lts  bind  dietary phosphorus in the  GI tract .  

(3) Sevelamer  is  a non- ionic po lymer  that  b inds  d ietary phosphorus  in the  GI tract.  

(4) Dia lysis  m ay be used to t rea t acut e, l ife - threatening hyperphosphatem ia 

accompanied by acute hypoca lcem ia  (see II.F.7). I t  is  also  performed when vo lume 

over load is  present.  

(5) Alum inum hydroxide  (an alum inum -containing  antac id)  

(a ) Mecha nism of  a ct ion and therapeut ic ef fect.  Alum inum b inds e xcess 

phosphate  in the intest ine ,  thereby reducing phosphate  concent rat ion.  

(b) Onset  of  a ct ion is 6 -12 hours.  



(c) Administrat ion a nd dosage.  Aluminum  hydroxide is  adm in is tered oral ly as  a  

tab let  or suspension.  For the treatment  of hyperphosphat em ia ,  0.5-2  or 15-30 mL o f 

suspens ion is  adm in is tered three or  four  t imes daily w ith m eals .  

(d) Preca ut ions and m onitor ing ef fects 

( i)  Alum inum hydroxide m ay cause const ipat ion and anorexia .  

( ii)  Serum  phosphate  leve ls  shou ld  be monito red because alum inum hydro xide can 

cause phosphate deplet ion.  

( ii i)  Alum inum hydroxide can cause calcium  resorpt ion and bone dem inera lizat ion.  

d.  Treatment  of  hypocalcemia.  Immediate  t reatment  is necessary if  the  pat ient  has 

severe hypoca lcem ia ,  as evidenced by t etany.  

(1) Ca lcium glucona te [see I.F.2.a. (2) ]  

(a ) Mecha nism of  a ct ion and therapeut ic ef fect.  This  drug rep laces and maintains  

body ca lc ium , rais ing  the  serum ca lc ium leve l immedia tely.  
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(b) Administrat ion and dosage.  W hen used to reverse hypocalcemia,  ca lc ium  

gluconate  is  adm inist ered int ravenous ly in a dosage of  1-2 g over a  per iod of 10 

minutes ,  fo llowed by a s low infus io n (over 6 -8 hours)  of an addit iona l 1 g .  

(c) Preca ut ions,  m onitor ing ef fects,  a nd signif icant interact ions  [see 

I.F.2.a. (2). (c),  (d) ]  

(2) Ora l ca lc ium sa lts.  Ca lcium  carbonat e,  chlor ide , gluconat e, o r lactate  may be 

given by m outh when ora l intake is  perm itt ed or i f  the pat ient  has  relat ive ly mi ld  

hypoca lcem ia . The us ua l adu lt  dosage is  4-6  g/ day g iven in three or  four divided 

doses.  

e.  Treatment  of  hyponatrem ia  

(1)  Moderate  or asymptomat ic  hyponat rem ia  may require only f luid  restrict ion.  
(2) Sodium chlor ide  m ay be g iven for severe symptomat ic  hyponat remia ( i .e. ,  a 

serum sod ium leve l be low 120 mEq/ L).  

(a ) Mecha nism of  a ct ion and therapeut ic ef fect.  Sod ium  chlor ide  rep laces and 

mainta ins  sod ium and chlor ide concent rat ion,  thereby increasing ext race llu lar  

tonic ity.  

(b) Administrat ion and dosage  

( i)  A 3% or 5% sodium  chlor ide so lut ion m ay be adm inis tered by s low IV infus ion.  

The amount  of  solut ion needed is  ca lculated f rom the f ollow ing equat io n:  

(Normal serum  sodium  leve l -  ac tua l serum sod ium level)  × tota l body water  

( ii)  Typ ica lly,  400 mL or less is adm inis tered.  

(c) Preca ut ions and m onitor ing ef fects 

( i)  Hyper tonic  sodium  chlor ide  m ust  be adm in is tered very s lowly to  avoid c irculatory 

over load,  pulmonary edema, or centra l pont ine demyelinat ion.  
( ii)  Serum  e lect ro lyte leve ls must  be monito red frequent ly dur ing therapy.  

( ii i)  Excessive  infus io n may cause hypernat rem ia and ot her ser ious  e lec t ro lyte 

abnormalit ies  and m ay worsen exis t ing acidosis.  Infus ion rates shou ld  not  exceed 

0.5 mEq/kg/hr.  

3.  Ma na gement  of  system ic ma nifestat ions 



a.  Treatment  of  f luid overload and edema.  As water  and sodium  accum ula te in 

ext racellu lar  f luid dur ing  ARF,  f lu id  over load and edema may occur .  Diuret ics  and 

dopamine m ay be g iven to reduce f luid vo lum e excess and edema. Treatment should 

be init ia ted as soon as  poss ib le  af ter o l igur ia beg ins.  Ma nnitol  o r a  loop diuret ic 

may be used; thia zide diure t ics are avoided in rena l fa i lure because they are 

ine f fect ive  when creat inine  clearance is  less  than 25 mL/min,  and they m ay worsen 

the pat ient 's cl inica l s tatus .  

(1) Step 1 . Loop (high-cei ling)  diuret ics.  These agents  inc lude f urosem ide, 
bum etanide,  torsem ide  and ethacrynic a cid.  Loop d iuret ics  are more potent  and 

faster-ac t ing than th iaz ide d iuret ics .  

(a ) Mecha nism of  a ct ion and therapeut ic ef fects.  Loop diure t ics inh ib it  sod ium 

and chlor ide reabsorpt ion a t  the loop o f Henle,  p rom ot ing water excret ion.  

(b) Onset  of  a ct ion for  an oral dose is  1 hour ; several m inutes  for  an IV  dose. 

Durat ion o f  act ion for an ora l dose is 6-8 hours;  2-3 hours for  an IV dose.  

(c) Administrat ion a nd dosage  

( i)  Furosem ide,  the most commonly used  loop diure t ic ,  usua lly is administered 

int ravenous ly in pat ients with ARF to hasten t he  therapeut ic  e f fect . The dose is 

t it ra ted to the  pat ient 's  needs;  the  usua l init ia l dose is  1 -1.5 mg/kg.  If  the  f irs t  dose 

does not produce a  ur ine  output  of 10-15 mL wit hin 20-30 m inut es ,  a dose of  2-3  

mg/k g is adm inis tered;  if  t he  desired response st i l l does not  occur,  a dose of 3 -6 

mg/k g is adm inis tered 20-30 m inutes after  the second dose.  

( ii)  Bumetanide  m ay be g iven to pat ients  who are unrespons ive or  al le rg ic  to 

furosem ide.  The usua l dosage, adm inis tered int raveno us ly or  int ram uscular ly in the 

t rea tment of  ARF,  is  0. 5-1  mg/day; however , some pat ient s m ay require  up to 20 

mg/day. A second or t hird  dose may be give n a t interva ls  of  2-3 hours .  W hen 

bumetanide is given orally,  the  dosage is 0.5-2  mg/ day, repeated up to  two t im es,  i f  

necessary, at  interva ls  of  2-3 hours .  
( ii i)  Ethacrynic a cid  is  less commonly used  to treat  ARF because ot otoxic ity 

(somet imes ir reversib le )  is  assoc ia ted wit h i ts use.  It  may be given int ravenous ly 

(slowly over  severa l m inutes)  in a dose of 50-100 mg.  The usua l ora l dosage is  50 -

200 mg/day;  some pat ients  may require up t o 200 mg twice dai ly.  Ethacrynic  acid 

can be safely g iven to  pat ients  who m ay have a su lfonamide  
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al lergy,  whic h wou ld  preclude them from therapy wit h f urosem ide or torsemide.  

( iv)  T orsem ide  may a lso be g iven to pat ients  unr esponsive  to or a llerg ic to 

furosem ide.  The usua l dose is  20 mg, administered int raveno us ly.  Doses may be 

increased by doubling  up to  200 mg; 10-20 mg of torsem ide is  equipotent  to  40 mg 

of  furosemide or  1 mg bum etanide.  Torsem ide o ffe rs bet ter b ioava i lab il i t y com pared 

to o ther loop d iure t ics ;  however , it  is cons iderably m ore expens ive.  
(d) Preca ut ions and m onitor ing ef fects 

( i)  Loop diure t ics  must be used caut ious ly because they may cause overdiuresis 

lead ing to orthos tat ic  hypotens ion,  f luid  and e lec t rolyte  abnormal it ies ,  inc lud ing 

vo lum e deplet ion and dehydra t ion,  hypoca lcem ia , hypok alem ia ,  hypochlorem ia,  



hyponat rem ia, hypomagnesemia,  and trans ient  oto toxic ity,  espec ia l ly w ith rapid IV  

inj ect ion.  
( ii)  Serum  e lect ro lyte leve ls shou ld be monito red f requent ly and the pat ient  

assessed regu lar ly for s igns  and sym ptoms of elec t rolyte  abnorm alit ies.  

( ii i)  B lood pressure and pulse  ra te shou ld be assessed dur ing  d iure t ic  therapy.  

( iv)  GI react ions inc lude abdom ina l pain and d iscomf ort,  d ia r rhea (w ith furosem ide 

and e thacryn ic  ac id) , and nausea (with bumet anide) .  

(v)  B lood g lucose leve ls  sho uld be monitored in d iabet ic  pat ients  rece iv ing  loop 

diuret ics  because these agents may cause hyperglycem ia and im paired g lucose 

tole rance.  

(vi)  P at ients who are al le rg ic  to  sulfonam ides may be hypersens it ive  to bum et anide 

and furosemide.  

(vii)  Furosem ide and et hacrynic ac id  may cause agranulocyt os is .  

(e) S igni f ica nt  interact ions  

( i)  Aminoglycoside a nt ib iot ics may potent ia te oto toxic ity when adm in is tered with 

any loop d iuret ic.  

( ii)  Nonsteroidal ant i - inf lammatory drugs (NSAIDs)  may hamper the d iuret ic 

response to furosemide and bumetanide;  probenecid  may hamper  the  diure t ic  

response to bumetanide.  

( ii i)  E thacrynic ac id may potent ia te t he  ant icoagu lant  e ffects of warfar in.  

(2) Step 2 . Ma nnitol,  an osmot ic d iuret ic,  is a  non- reabsorbab le  po lysacchar ide .  

(a ) Mecha nism of  a ct ion and therapeut ic ef fect.  Mann ito l increases the  osmot ic 

pressure  of the  g lom erular  f i lt ra te; f luid f rom inters t i t ia l spaces is drawn into  blood 

vessels,  expand ing p lasm a vo lume and mainta ining  or  increas ing the ur ine f low.  

This drug may be g iven to  prevent  ARF in high- r isk  pat ients,  such as t hose 

undergo ing surgery or  suf fe r ing  f rom severe t rauma or hem olyt ic  t ransfus ion 

react ions.  
(b) Onset  of  a ct ion is 15-30 minutes .  Durat ion o f  act ion is 3 -4 hours .  

(c) Administrat ion a nd dosage.  Mann ito l is ava ilab le in so lut ions,  ranging f rom 

5%-25%. For  the t reatment  of o ligur ic  ARF or  the prevent ion of  ARF, the  usual 

init ia l dose is  12.5 -25 g , adm inis tered int ravenous ly;  the maxim um dai ly dosage is  

100 g, adm in is tered int ravenous ly.  The exact  concent rat ion o f  the  solut ion is  

de term ined by the pat ient 's f luid requirements.  

(d) Preca ut ions and m onitor ing ef fects 

( i)  Mannitol is cont ra ind ica ted in pat ients  with anur ia ,  pulm onary edema or  

congest ion,  severe dehydra t ion,  and int racrania l hem orrhage (except  dur ing 

craniotomy) .  

( ii)  Mannitol m ay cause or  worsen pu lm onary edema and c irculatory over load.  If  

sig ns  and sym ptoms of  these prob lem s develop,  the infus ion shou ld  be st opped.  

( ii i)  Other adverse ef fects of  mannito l i nc lude f lu id and e lec tro lyte abnormalit ies ,  

water  intoxicat ion,  headache,  confus ion,  b lur red vis ion,  thirst ,  nausea,  and 

vomit ing.  

( iv)  V ita l s igns ,  ur ine  output ,  daily weight ,  card iopulm onary status,  and serum  and 

ur ine sodium  and potassium leve ls shou ld be monitored dur ing  m annito l therapy.  

(v)  Mann ito l so lut io ns  with und isso lved crys tals shou ld not  be adm inis tered.  



4.  Dia lysis.  I f  the  above strategies  fai l,  hem odia lys is or per itonea l d ia lys is  m ay be 

necessary in ARF pat ients who deve lop anur ia ,  acute f lu id over load,  severe 

hyperka lemia,  metabo lic  ac idos is ,  o r a BUN leve l above 100 mg/ dl.  For  a d iscuss io n 

of  d ia lys is ,  see II.F.7.  
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II. CHRONIC KIDNEY DISEASE 
A. Def init ion.  C hronic  k idney d isease (CKD) is  the  progressive ,  ir revers ib le 

deter iorat ion o f  renal func t ion.  Usually result ing  from long-s tand ing d isease, CKD  

somet imes der ives  f rom ARF t hat does not respond to t rea tment.  

B. Cla ssif icat ion a nd pathophysiology  

1.  CKD is  def ined as k idney damage or GFR <60 mL/m in/ 1.73 m2 for  ≥3 months .  

Kidney damage is  def ined as patho log ical abnormalit ies or  mark ers of  damage,  

inc lud ing abnorm alit ies in b lood or  ur ine tes ts or imaging stud ies .  CKD has recent ly 

been rec lass if ied  as  stages I-V  to denot e the sever ity o f  renal im pa irm ent.  

Genera lly,  CKD,  if  lef t unt reated,  p rogresses at  a pred ic tab le ,  s teady rate f rom 

stage I through s tage V.  

a.  Stage 1  is  def ined as  k idney damage wit h a  normal or  increased GFR. The 

correspond ing GFR in s tage I CKD is usua lly >90 mL/m in/1.73 m2.  

b.  Sta ge 2  is  def ined as k idne y dam age or a m ild ly decreased GFR (60-89 

mL/m in/1.73 m2).  
c.  Stage 3  sign if ies  modera te reduct ions  in GFR (30-59 mL/m in/1. 73 m2).  

d.  Sta ge 4  connotes a GFR of 15-29 mL/min/1 .73 m2.  

e.  Stage 5  is  k idney fa i lure or  a GFR of  <15 mL/min/1 .73 m2.  

2.  As CKD progresses,  nephron dest ruc t ion worsens,  lead ing to  deter iora t ion in the 

k idneys'  f i lt rat ion,  reabsorpt ion,  and endocr ine f unct ions.  

3.  Renal f unct ion typica l ly does not d im in ish unt i l about  75% of  k idney t issue is 

damaged.  U lt imate ly,  the  k idneys become shrunken,  f ib rot ic m asses.  

C. Et io logy. Causes of  CKD in adults include:  

1.  D iabet ic nephropathy 

2.  Hyper tens ion 

3.  G lom erulo nephr it is 

4.  Polyc ys t ic  k idney d isease  

5.  Long-stand ing vascular  disease (e.g .,  rena l a r tery stenos is )  

6.  Long-stand ing obstruc t ive  uropathy (e .g. ,  renal  ca lcul i)  

7.  E xposure  to  nephrot oxic  agents  

D. Clinica l eva luat ion  

1.  Physical f indings.  S igns and sym ptoms, whic h vary wide ly,  do  not appear unt i l  

renal insuf f ic iency progresses to  renal fai lure .  

a.  Metabolic abnorma lit ies inc lude loss  of  the  ab il it y to maintain sod ium,  

potassium , and water homeostasis,  leading to hyponat rem ia or hypernat rem ia,  

based on re la t ive sodium or  water  intake. Hyperka lemia is uncommon unt i l end -

stage disease.  Flu id  over load,  edema, and CHF may become a problem unless f luid  



intak e is c lose ly m anaged. As rena l fa i lure progresses,  the inab i l it y to  excrete  ac id  

and m aint ain buf fe r  capac ity leads t o metabol ic  ac idos is  (see I .D.1.b,  d, g,  h).  

Calc ium and phosphate met abolism is a lte red due to hyperparathyro id ism.  

b.  Neurologica l manifestat ions  inc lude shor t a ttent io n span,  loss  of  memory, and 

l is t lessness.  As CKD progresses, these advance to confus ion,  stupor,  seizures ,  and 

coma. Neurom uscular  f ind ings inc lude per iphera l neuropathy;  pain,  i tch ing,  and a 

burning sensat ion,  part icu lar ly in the  feet  and legs . Pat ients  may appear 

into xicated.  If  dia lys is  is  no t  started af te r these abnormalit ies  occur,  motor 

invo lvement  beg ins ,  inc lud ing loss of deep-t endon ref le xes,  weakness, and f ina l ly,  

quadr ip leg ia.  

c.  Cardiova scula r problems  inc lude ar ter ial hyper tens ion,  per iphera l edema, CHF, 

and pulmonary edema. Uremic per icardit is  is  now increasing ly inf requent  as a result  

of  ear ly d ia lys is.  

d.  GI ma nif esta t ions inc lude hiccups,  anorexia,  nausea,  vom it ing ,  const ipa t ion,  

stomat it is ,  and an unp leasant  taste in the  m outh.  CKD pat ients  have an increased 

inc idence of  ulcers,  pancreat it is,  and d iver t icu los is .  
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e.  Respiratory problem s inc lude dyspnea when CHF is present , pulm onary edema, 

ple ur it ic  pa in,  and uremic p leur it is .  

f . Integumentary f indings  typica lly inc lude pale ye l lowish,  d ry, scaly sk in;  severe  

itching;  urem ic frost ; ecchym oses;  purpura; and br it t le na ils and ha ir .  

g.  Musculoskeleta l cha nges  range from muscle and bone pain to  patho log ica l 

f rac tures  and ca lc if icat ions in t he  bra in,  hear t,  eyes, j oints ,  and vessels.  Sof t -t issue 

ca lc if icat ion and rena l os teodyst rophy m ay occur .  

h.  Hematologica l disturbances  inc lude anem ia.  The signs and sym ptoms of  anem ia 

ar ise from lack  o f epoet in a lfa  and reduced l i fe span of  red b lood cells,  inc lud ing :  

(1)  Pa llor  o f  the sk in,  na il beds,  pa lms,  conj unct ivae,  and m ucosa  

(2)  Abnorm al bruis ing or  ecchym oses, and urem ic bleeding due to  p late le t  

inact ivat io n 

(3)  Dyspnea and ang ina pector is  

(4)  Ext reme fat igue  

2.  Diagnost ic test  result s  

a.  Creat inine c learance  may range f rom 0-90 mL/m in,  ref lec t ing rena l im pa irm ent.  

b.  Blood tests t yp ica lly show:  

(1)  E levat ed BUN and serum  creat inine  concent rat ion 

(2)  Reduced ar ter ia l pH and b icarbonate concent rat ion 

(3)  Reduced serum  calcium  leve l 

(4)  Increased serum potass ium  and phosphate  leve ls  

(5)  Possib le  reduct ion in the  serum sodium leve l 

(6)  Normochrom ic , normocyt ic  anem ia (hematocr it 20%-30%) 

c.  Ur inalysis m ay revea l g lycosur ia ,  pro te inur ia ,  erythrocyt es, leuk ocytes , and 

casts . S pecif ic  gravit y is  f ixed at  1.010.  



d.  Radiographic  f indings.  K idne y,  ure ter,  and b ladder radiography,  IV pyelography,  

renal scan,  rena l ar ter iography,  and nephrotomography m ay be perf ormed. 

Typ ical ly,  these tests revea l small k idneys ( less  than 8 cm in le ngth) .  

E.  Treatment  object ives  

1.  Improve pat ient  comf ort  and prolong l i fe.  

2.  Treat sys temic manifes ta t ions  of CKD.  

3.  Correct  body chem istry abnormalit ies .  

F.  Therapy.  Management  of t he  CKD pat ient  is genera lly conservat ive .  D ie tary 

measures  and f luid res tr ic t ion re l ie ve som e sym ptom s of  CKD a nd may increase 

pat ient  comfort  and pro long l if e unt i l d ia lys is  or rena l t ransp lanta t ion is required or 

ava ilab le  (see I .F.1.a,  b).  

1.  Treatment  of  edema. Angiotensin-convert ing enzyme (ACE) inhibitors and 

diuret ics m ay be g iven to  manage edema and CHF and to increase ur ine  output .  

a.  ACE inhibi tors—ca ptopr il, ena la pr il, l isinopri l,  f osinopr il—are widely used to 

de lay progression of  CKD because they help preserve renal funct ion and typ ica l ly 

cause fewer adverse e ffects than o ther  ant ihyper tens ive  agents  (se e Chapter  39).  

They a lso  decrease proteinur ia  and nephro t ic  syndrome.  

b.  Diuret ics.  An osm ot ic d iuret ic,  a loop d iure t ic ,  o r  a t hia z ide - l ik e  diuret ic  may be 

given.  

(1) Osmotic and loop diuret ics.  S ee I.F.3.a. (1),  (2) fo r informat ion on the  use of 

these drugs in rena l fa i lure.  

(2) T hia zide- like  diuret ics.  Metola zone  is  the most  commonly used thiaz ide 

diuret ic in CKD.  

(a ) Mecha nism of  a ct ion and therapeut ic ef fect.  Metolazone reduces the body's 

f luid and sod ium vo lum e by decreasing sod ium reabsorp t ion in the d is ta l convo luted 

tubule,  thereby increasing ur inary e xcre t ion o f  f lu id  and sodium .  

(b) Administrat ion and dosage.  Metolazone is  given oral ly at  5-20 mg/day;  t he  

dose is  t it ra ted to the pat ient 's  needs.  Due to its  long ha lf - l ife ,  met olazone m ay be 

given every other  day. Furosem ide and meto lazo ne act synergist ica l ly.  Combinat ion 

use is common, and metolazone shou ld be administered 30 m inut es  before 

furosem ide to ach ieve the  opt im al d iure t ic  e ffect.  

(c) Preca ut ions and m onitor ing ef fects 

( i)  Meto lazone sho uld  not  be g iven to  pat ients  with hypersens it ivit y to  sulfonam ide 

der ivat ives,  inc lud ing thiaz ides .  
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( ii)  To  avo id noctur ia ,  the daily dose should  be g iven in the  m orning.  

( ii i)  Met olazone m ay cause hem atolog ica l react ions,  such as  agranu locytosis ,  

ap las t ic  anemia,  and thrombocytopenia .  
( iv)  F lu id vo lum e deplet ion,  hypok alem ia ,  hyperur icem ia ,  hyperg lycem ia,  and 

im paired g lucose tolerance may occur dur ing  m eto la zone therapy.  

(v)  Metolazone m ay cause hypersens it ivit y react ions,  inc lud ing vascul it is  and 

pneumonit is .  

(d) S ignif ica nt  interact ions  



( i)  D ia zoxide  may pot ent ia te the  ant ihyper tens ive ,  hyperglycemic,  and 

hyperur icemic ef fects of metolazone.  
( ii)  Colest ipol  and cholestyram ine  decrease the absorp t ion o f  metolazone.  

2.  Treatment  of  hypertension.  Ant ihypertensive a gents  may be needed if  blood 

pressure  becomes dangerous ly hig h as  a result  of edema and the hig h ren in leve ls 

tha t  occur  in CKD.  Ant ihypert ensive  therapy should  be in it iated in the lowest  

ef fect ive dose and t i t rated according to the  pat ient 's  needs.  

a.  ACE inhibi tors—ca ptopr il, ena la pr il, l isinopri l,  f osinopr il—as above in II.F .1.a  

(see a lso Chapter  39).  

b.  Dihydropyr idine ca lcium-cha nnel b lockers,  inc lud ing amLodipine  and 

felodipine,  have s im ila r  ef fec ts  and may be used ins tead of  ACE inhib it ors .  

c.  β -Adrenergic blockers,  inc lud ing propranolol  and atenolol,  reduce b lood 

pressure  through var io us  m echan isms (see Chapter  39).  

d.  Other  a nt ihypertensive agents  a re somet im es used in the  t rea tment of  CKD, 

inc lud ing α-adrenergic drugs,  clonidine,  and vasodi la tors , such as hydralaz ine  

(see Chapter  39).  

3.  Treatment  of  hyperphospha tem ia  invo lves  adm inist rat ion of  a phosphate binder ,  

such as  a luminum  hydroxide or ca lc ium carbonate (see I. F.2 .c).  
4.  Treatment  of  hypoca lcem ia  

a.  Ora l ca lc ium salts  [see I.F. 2.d .(2) ]  

b.  Vitam in D  

(1) Mecha nism of  a ct ion and therapeut ic ef fect.  V itam in D promotes intest ina l 

ca lc ium and phosphate absorpt ion and ut i l izat ion and,  thus,  increases the serum  

ca lc ium concent rat ion.  
(2) Choice of  agent .  For the t reatment  of  hypoca lcem ia in CKD and other rena l 

disorders,  calcit r io l  (vitamin D3,  the ac t ive fo rm o f  vitam in D) is the  prefer red 

vit am in D supplement  because of its  greater ef f icacy and relat ive ly shor t  durat ion of  

ac t ion.  Other sing le-ent ity preparat ions inc lude dihydro tachysterol,  ergocalcifero l,  

and calc ifed io l.  Newer vit am in D ana log ues inc lude doxercalc ifero l and par icalc it ol.  

(3) Administrat ion a nd dosage.  Calc it r io l is  give n oral ly or  via  IV;  the  dose is  

t it ra ted to the  pat ient 's  needs (0.5-1 mg/day may be ef fect ive) .  

(4) Preca ut ions and m onitor ing ef fects 

(a )  V itam in D adm inis t rat ion m ay be dangerous in  pat ients  with rena l fa i lure  and 

must be used with ext rem e caut ion.  
(b)  V itam in D toxic ity m ay cause a w ide range of  s igns  and symptoms,  inc lud ing 

headache,  dizz iness ,  ataxia ,  convu ls ions,  psychos is ,  sof t- t issue calcif icat ion,  

conj unct ivit is ,  photophob ia ,  t innitus ,  nausea,  diarrhea,  prur itus,  and m usc le  and 

bone pa in.  

(c)  V itam in D has a nar row therapeut ic  inde x,  necessitat ing  f requent  measurem ent 

of  BUN and serum ur ine calc ium  and potass ium leve ls.  
5.  Treatment  of  other system ic manif estat ions of  CKD  

a.  Treatment  of  anem ia  inc ludes adm in is t rat ion of  iron (e.g. , ferrous sulfate) , fo la te 

supp lements,  and epoet in a lfa .  
(1)  Severe anem ia may warrant trans fusion w ith packed red blood cells.  



(2)  Epoet in a lfa st imula tes  the product ion of  red ce ll progenit ors and t he product ion 

of  hemoglob in.  It  also  accelera tes the re lease of re t iculocyt es  f rom t he bone 

marrow.  

(a )  An in it ia l dose of  epoet in alf a is 50-100 U/k g int ravenous ly or  subcutaneously 

three t im es a week.  The dose may be adj usted upward to elic it  the des ired 

response.  

(b)  Epoet in alfa work s best in pat ients  with a hematocr it  be low 30%. Dur ing  the 

init ia l t reatment , t he  hematocr it  increases 1% -3.5% in a 2 -week per iod.  The target  
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hematocr it  is  33%-35%. Maintena nce doses are t it rat ed based on hem atocr it  af ter 

this leve l is reached.  

(c)  Epoet in a lfa therapy shou ld  be temporar i ly s topped if  hematocr it  exceeds 36%. 

Add it iona l s ide e ffects inc lude hyper tens ion in up to  25% of  pat ients .  Headache and 

mala ise have been reported.  
(d)  The ef fects o f epoet in a lfa  are dependent  on a ready supp ly of  iron fo r 

hemoglob in synthes is.  P at ients who do not respond shou ld  ha ve iron stores 

checked.  Th is  inc ludes serum iron,  to tal iron-bind ing capac ity,  trans ferr in 

sa turat ion,  and serum ferr it in.  Iron supp lem entat ion shou ld be increased as 

ind icated.  

(3)  Darbepoeit in is  a new epoet in alfa ana logue.  I ts advantage is  a pro longed 

plasm a ha lf - l ife ,  thus  al low ing it  t o be adm inis tered once week ly or  biwee k ly.  

(4)  Int ravenous iron products may be g iven to  reple te iron stores. This rout e is  

preferred to oral supp lement at ion due to  low oral bioava ilab il ity and GI  intolerance.  

Iron dext ran is  commonly used;  however , i t  is  assoc ia ted with hypotens io n and 

anaphy laxis .  Newer  iron products inc lude sod ium ferr ic g luco nate and iron sucrose, 

which are bet ter tolerated and can be infused m ore rapid ly com pared to iron 

dext ran.  Pat ients  with severe  iron def ic iency m ay rece ive up to a  total of 1 g  of  an 

iron preparat ion over  severa l days.  The ra te of infus ion depends on the preparat ion 

used.  

b.  Treatment  of  GI disturbances 

(1)  Ant iemet ics  help  cont rol nausea and vom it ing .  

(2)  Docusate  sod ium or met hy lce llulose m ay be used to prevent  const ipat ion.  

(3)  Enemas may be given to remove blood from the GI t rac t.  

c.  Treatment  of  skin problem s.  An ant ip rur it ic  agent ,  such as  diphenhydram ine,  

may be used to al levia te  itching.  

6.  Ma na gement  of  body chem istry a bnorma lit ies (see I.F.2 )  

7.  Dia lysis.  W hen CKD progresses to end-stage rena l disease and no longer  

responds to conservat ive  m easures, long- term dialys is  or  renal t ransp lanta t io n is 

necessary to prolong l i fe.  
a.  Hem odialysis  is  the pref erred d ia lys is  m ethod f or pat ients with a reduced 

per itoneal m embrane, hypercatabo lism, or acute hyperka lemia.  

(1)  This  technique invo lves shunt ing o f  the pat ien t 's  blood through a  dialys is  

membranecontain ing unit  fo r dif fus io n,  osmos is , and ult ra f i l t rat ion.  The blood is  

then re turned to the pat ient 's  c ircu la t io n.  



(2)  Vascular  access may be obtained v ia  an ar ter iovenous f is tula  or an externa l 

shunt .  
(3)  The procedure takes only 3 -8 hours ; most  pat ients need three treatments a 

week. W it h proper  t rain ing,  pat ients  can per form hem odia lys is  at home.  

(4)  The pat ient  receives hepar in dur ing  hemodia lys is  to  prevent  clot t ing .  

(5)  Var ious  com plicat ions may ar ise , inc lud ing c lo t t ing  o f  the  hem of i lte r , 

hemorrhage, hepat it is ,  anemia,  sept icem ia,  cardiovascular  problem s, a ir  embolism,  

rap id shif ts  in f lu id  and e lect ro lyte ba lance,  i tching,  nausea, vom it ing ,  headache,  

se izures,  and a luminum osteodystrophy.  

b.  Per itonea l dia lysis  is  the preferred d ia lys is  method for pat ients w ith bleed ing 

disorders and card iovascular  d isease.  

(1)  The per itoneum is used as a semipermeable membrane.  A p las t ic cat heter  

inser t ed into the per itoneum provides access for  the  dia lysate , which draws f lu ids,  

wastes , and elec tro lytes  across the per itonea l m embrane by osmosis  and dif fus io n.  

(2)  Per itoneal d ia lys is  can be car r ied out  in t hree d if fe rent modes.  

(a ) Interm it tent  per itonea l dia lysis  is  an autom at ic cycl ing mode last ing  8-10 

hours ,  per formed three t imes a  week.  Th is  m ode a llows night t im e treatment  and is  

appropr ia te for  work ing pat ients.  
(b) Cont inuous ambulatory per itonea l dia lysis  is  per formed da ily fo r 24 hours 

wit h four  exchanges daily.  The pat ient  can remain act ive dur ing  the  treatment .  

(c) Cont inuous cyclic  per itonea l dia lysis  may be used if  the other  two modes fa i l  

to improve creat inine  c learance. D ia lys is  takes p lace at nig ht ;  the  las t  excha nge is 

reta ined in the  per itonea l cavity dur ing the day,  then drained that  evening.  

(3) Adva nta ges o f per itoneal d ia lys is  inc lude a  lack  of  ser ious  com plicat ions,  

retent ion of normal f luid and elec t rolyt e balance,  sim plic ity,  reduced cost, pat ient  

independe nce,  and a  reduced need (or no need) for  hepar in adminis t ra t ion.  

(4) Complicat ions  of  peritonea l d ia lys is inc lude hyperglycem ia,  const ipa t ion,  and 

inf lammat ion or  infec t ion a t  the ca theter s it e. Als o,  this  m et hod car r ies  a hig h r isk  o f 

per iton it is.  
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8.  Rena l t ransplantat ion.  This surgica l p rocedure  al lows some pat ients with end-

stage rena l d isease to l ive norm al and,  in m any cases,  longer  l ives .  
a.  Histocompat ib ility  must  be test ed to minimize  the r isk  of  t ransp la nt  reject ion 

and fa i lure.  Hum an leukocyte  ant igen (HLA)  type, m ixed lym phocyte react ivity,  and 

blood group types are determined t o assess histocom pat ib i l it y.  

b.  Rena l t ransp lant  mater ial m ay be obtained f rom a liv ing donor  or a cadaver .  

c.  T hree types of  graf t reject ion can occur .  

(1) Hyperacute ( immediate)  reject ion results  in graf t loss with in minutes  to hours 

af te r transplantat ion.  

(a )  Acute ur ine f low cessat ion and blu ish or  mott led k idney d iscolorat ion are  

int raopera t ive  signs o f hyperacute  rej ect ion.  
(b)  Post operat ive m anifes tat ions  inc lude k idney enlargem ent , fever,  anur ia ,  local 

pa in,  sodium retent ion,  and hyper tens io n.  



(c)  Treatment  fo r hyperacute reject ion is  immedia te nephrectom y.  

(2) Acute reject ion may occur  4 -60 days af ter transp lanta t io n.  

(3) Chronic re ject ion  occurs  more than 60 days a f te r transplant at ion.  

(a )  S igns and symptoms inc lude low-grade fever ,  increased prote inur ia ,  azotem ia ,  

hyper tension,  o l ig ur ia ,  we ight  gain,  and edema.  
(b)  Treatment  may inc lude a lk ylat ing  agents , cyc lospor ine,  ant i lym phocyte g lobu lin,  

and cort icos tero ids.  In some cases,  nephrectom y is  necessary.  

d.  Complicat ions  inc lude:  

(1)  Infec t ion,  diabetes,  hepat it is,  and leuk openia ,  result ing  f rom imm unosuppress ive 

therapy 

(2)  Hypertens ion,  result ing  f rom var ious  causes 

(3)  Cancer (e.g .,  lym phoma, cutaneous malignanc ies ,  head and neck cancer, 

leukem ia, co lon cancer)  

(4)  Pancreat it is  and m enta l and emot iona l d isorders  (e.g. , suic ida l tendenc ies ,  

severe depress ion,  b rought  on by steroid therapy) 
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STUDY QUESTIONS 
Direct ions:  E ach o f the numbered items or  incomple te  sta tements in t his  sect ion is 

fol lowed by answers or  by complet ions o f the s ta tem ent.  Selec t the one  le t tered 

answer  or  comple t io n tha t  is  best  in each case.  

Quest ions 1-5  A 48-year-old b lack  man has a h is tory of m ild to  severe 

hyper tension.  H is  hyper t ension has been poor ly cont ro l led with ena lapr i l  and 

hydrochloroth iazide.  On pr io r  vis its,  his b lood pressure cont rol has  var ied and 

seems to cor respond with a  lack  o f complia nce wi th his  t reatment reg imen.  The 

pat ient  s tates  that  he occasiona l ly forgets his  p i l ls  or  does not  take them when he is 

fee ling “okay. ” The pat ient 's  h is tory does not  inc lude d iabetes  mell it us or hear t 

disease.  He comple ted a 14-day course o f c lar ithrom yc in fo r an upper resp ira tory 

infec t ion in the past  month and has returned to  the c linic  fo r  fol low- up review o f  the 

infec t ion and his hyper tension therapy.  

On this  vis it ,  the pat ient  com plains  of  dizz iness,  loss  of energy, increased f requency 

of  ur inat ion,  and edema of the  lower  ext rem it ies .  H is  phys ica l exam inat ion revea ls  

an overweig ht  man with a s tand ing b lood pressure  of  175/100 mm Hg,  moderate 

edema of the  ank les ,  and a s l ight  third hear t sound.  Laboratory results  inc lude 

blood urea nit rogen (BUN) of  45 mg/dl,  serum creat inine  concent ra t ion o f  3.7 mg/dl,  

serum calcium  of 5.3 mg/mL,  serum potass ium  of 6.3 mg/mL, and a hematocr it  of 

25 . Serum iron,  tota l iron-b ind ing capac ity,  t rans fer r in sa turat ion,  and serum ferr it in 

are norm al.  Microscopic ur ine and chemica l ana lyses revea l m ild prote inur ia and a 

spec if ic g ravity o f  1. 010.  

1.  T he history, physica l examinat ion,  laboratory values,  a nd current  signs a nd 
symptom s suggest  that the pat ient  has w hich of  the fo llow ing condit ions? 

(A)  Acut e rena l fa i lure brought  on by a nephro toxic drug (c lar ithrom yc in,  ena lapr i l)  

(B) Acut e rena l fa i lure result ing  f rom renal obst ruc t ion by a  k idney s tone 



(C) Acute  rena l fa i lure prec ip ita ted by severe dehydrat ion 

(D) Chronic rena l fai lure  result ing f rom hypertens ion 
V iew Answer1.  The answer is  D[] .2. Treatment  of  the pat ient 's f luid  

retent ion and edema should begin w ith a ll of  the f ollow ing EXCEPT 

(A)  res tr ict ion of  f luid intake  

(B) therapy with furosem ide or metolazone 

(C) treatment  o f hyper tens ion us ing a  β -b lock er  or  ang iot ensin-conver t ing enzym e 

inh ib ito r  

(D) digit a l is g lycos ide therapy if  congest ive hear t  fa i lure is  present  

(E) hem odia lys is 

V iew Answer2.  The answer is  E[] .3. The most  like ly cause of  the anem ia 
seen in this pat ient  is 
(A)  ur inary blood loss  

(B) vitamin B 12 def ic iency 

(C) iron def iciency 

(D) decreased red ce ll l ife span and a def iciency of  epoet in a lfa  

V iew Answer3.  The answer is  D[] .4. This pat ient' s sym ptom s seemed to 
appea r suddenly a nd may result  f rom his history of  uncontrol led hypertension.  
Which statement  best  describes hypertensio n?  

(A)  A m ajor cause of chronic  renal fai lure  

(B) A m ajor cause of acute renal fai lure 

(C) A m ajor  cause of both chronic and acute rena l fa ilure  

(D) Only seen in pat ients  whose rena l fa i lure  has caused excessive f lu id  ret ent ion 

V iew Answer4.  The answer is  A[] .5. W hen should per itoneal d ia lysis or  
hem odia lysis be considered to treat  this pat ient 's renal fa ilure? 

(A)  As soon as poss ib le to prevent  fur ther complica t ions  result ing f rom decreased 

renal funct ion 

(B) Only whe n rena l func t ion has decreased to  a point  where f luid and e lec t rolyte  

status  cannot  be maintained us ing conservat ive measures 

(C) On an int erm it tent  basis as the  s ituat ion dem ands  

(D) Only i f  the pat ient  is  a k idney t ranspla nt  cand idate  

V iew Answer5.  The answer is  B[] .6. Acute rena l fa ilure  (ARF)  may be 
caused by a ll of  the f ol low ing EXCEPT  

(A)  acute t ubular  necros is  (ATN)  due t o drug  therapy (e. g., am inog lycosides,  

cont rast  media)  

(B) severe hypotens io n or  c ircula tory collapse 

(C) decreased card iac output , as f rom congest ive hear t  fa ilure  

(D) hem olys is  and myoglobinur ia 

(E) hyperkalem ia  

V iew Answer6.  The answer is  E[and] .P.1235 

 

 

7.  L if e- threatening ca rdia c arrhythm ias due to hyperkalemia  should be t reated 
with 

(A)  calc ium chlor ide or ca lc ium gluconate  int ravenous ly  



(B) digo xin or  ot her dig ita l is p repara t ions  

(C) loop diure t ics to  rapid ly e l im inate  potass ium  

(D) sodium polys tyrene sulfonat e (SPS)  

V iew Answer7.  The answer is  A[] .8. Aluminum  hydroxide is used to treat  

hyperphosphatemia a ssociated with renal failure. Chronic use of  a luminum 
hydroxide may ca use a ll of  the follow ing condit ions E XCEPT  

(A)  phosphate dep le t ion 

(B) calc ium resorp t ion and bone dem ineraliza t io n 

(C) anorexia and const ipa t io n 

(D) f lu id  retent ion 

V iew Answer8.  The answer is  D[and] .9. T he diuret ic  of  choice f or  the 
init ia l t reatment  of  a  pat ient  with either  a cute or  chronic rena l fa ilure (ARF,  
CKD) w hose creat inine c learance is below 25 mL /m in is 

(A)  hydrochloro thiaz ide 

(B) bum etanide  

(C) furosem ide 

(D) ethacrynic acid 

V iew Answer9.  The answer is  C[] .10. E poet in a lfa  is used comm only to 
t reat the anem ia associa ted w ith chronic  renal fa ilure  (CKD). Which of  the 
follow ing condit ions lim its the ef fect ivene ss of  epoet in a lfa? 

(A)  A pat ient 's  al le rgy to  epoet in alfa 

(B) Deple t ion o f  iron stores,  requir ing  ora l o r  parentera l supp lem enta t ion 

(C) The ine f fec t iveness o f epoet in a lfa,  as 30% of  pat ients  do not respond  

(D) The anem ia of  chronic  renal fai lure  is  not  due to a lack of  epoet in a lfa ,  so 

epoet in alf a wi l l not  amel io ra te.  

V iew Answer10.  The answer is B[ ] .P.1236 

 

 

ANSWERS AND EXPLANATIONS 
1.  T he answ er is D  [ I I .D .1 ] .  

The f luid  and e lec t rolyte  st atus of the  pat ient  descr ibed in the  case,  combined w ith 

the  ur ine-spec if ic g ravity,  lack  of c rysta ls  or casts in the ur ine,  and the compla int  of  

fat igue,  suggest chronic rena l fa i lure result ing  f rom uncont rol led  hyper tens io n or  an 

unknown cause.  The ant ib iot ic therapy (c la r ithromyc in)  and ant ihyper tens ive drug 

(enalapr i l)  a re not nephrotoxic,  and the pat ient 's  b lood pressure  and f lu id  sta tus do 

not  ind ica te a  prerena l cause.  

2.  T he answ er is E  [ I I .F.1,  2] .  

Al l of  these measures are ind ica ted as init ia l therapy for the  t reatment o f edema and 

f luid re tent ion due to  chronic rena l fa i lure except  hem odia lys is ,  whic h should be 

reserved unt i l  m ore conservat ive measures are t r ied .  

3.  T he answ er is D  [ I I .D .1.h ] .  

There is  no  evidence o f frank  blood loss.  The decreased hematocr it  and the  cl in ica l 

sig ns  ind ica te  the  anemia o f chronic rena l fa i lure  due to the shor tened red b lood 

ce ll l ife  span. Decreased epoet in a lfa  is  the cause.  



4.  T he answ er is A  [ I I .C .2 ] .  

Sys temic long-s tand ing h igh b lood pressure is  the second most  common cause of  

chron ic  renal fai lure  (CKD ). Only m alig nant  hyper tens ion can cause acute rena l 

fai lure  (ARF),  which is  not  common.  H igh b lood pressure is  common afte r 

substant ia l rena l damage has occur red in both CKD and AR F,  but i t  does not  occur  

as  the  f irst  or only manifes tat ion.  

5.  T he answ er is B  [ I I .F .7 ] .  

D ialys is  should be cons idered when the pat ient 's  renal func t ion has decreased to a 

po int  where conservat ive  m easures are ine f fect ive .  Per itoneal dia lys is  and 

hemodia lys is  have assoc ia ted complicat ions and morbid ity,  so int erm it tent  or ear ly 

use o f these therap ies is not  ind icated.  Pat ients  can be mainta ined on dia lys is  for 

extended per iods,  so  e l ig ib i l it y fo r transplant  is  no t  required.  

6.  T he answ er is E  [ I .B .1-3 ].  

Hyperkalem ia  is  a  sign of  acute and chronic  renal  fai lure,  result ing  f rom the 

decreased rena l func t io n and changes in ac id -base balance.  
7.  T he answ er is A  [ I .F.2.a ] .  

Int ravenous calc ium  chlor ide or  g luconate is used to t rea t potass ium - ind uced 

ar rhythm ias. D igo xin is not  ind icat ed. Loop d iure t ics  and sod ium  po lyst yrene 

su lfonate (SPS) do not  have a sign if icant  enoug h ef fect  on potass ium in a short  

per iod  to t rea t a l if e- threatening ar rhythmia. SPS and loop d iure t ics ,  along with 

dia lys is,  may be considered to remove potassium in the shor t term, prevent ing  the  

recur rence of  arrhythm ias .  

8.  T he answ er is D  [ I .F.2.c. (5). (d) .( i) ,  ( ii)  and  ( i i i) ] .  

Common ef fec ts  of  the  sus tained use o f alum inum-conta ining  antacids  inc lude 

phosphate  deplet ion,  calc ium  resorpt ion,  bone dem inera lizat ion,  anorex ia ,  and 

const ipat ion.  Fluid  re tent ion does not  result  from the use of  antac ids conta in ing  

alum inum  hydroxide.  
9.  T he answ er is C  [ I .F.3.a. (1). (c) ] .  

Furosem ide is t he  diure t ic  of choice  for  the  in it ia l t reatment  of a pat ient  with e ither  

acute  or  chronic  rena l fai lure  (ARF, CKD) whose creat in ine c learance is be low 25 

mL/m in.  A thia zide diure t ic  has  l it t le e f fect at  a creat in ine  c learance below 25 

mL/m in.  Bum etanide,  torsemide,  and ethacrynic acid are appropr ia te only if  the 

pat ient  is a l le rg ic to furosemide or i f  repeated doses o f furosem ide are inef fec t ive.  

10. The a nsw er is B  [ I I .F.5.a. (2) .(d) ] .  

Epoet in a lfa  is  w idely used and h ig hly e f fect ive  in  treat ing the  anem ia assoc ia ted 

wit h chron ic  renal fa i lure (CKD). Few reports of  pa t ients  ref rac tory to epoet in a lfa 

therapy have appeared in m edica l l i tera ture. However ,  the dep le t io n o f  iron stores  

wil l  no t  al low the format ion of red blood cells,  even in the presence of  appropr iate 

am ount s of epoet in a lfa .  All  CKD pat ients  rece iving  epoet in a lfa require  some iron 

supp lementa t ion,  and most  pat ients  require parentera l iron to achie ve suf f icient  

supp lies t o cont inue develop ing hem oglobin over  the term of the ir  i l lness.  
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I. PRINCIPLES OF ONCOLOGY. 
The term cancer  refers to a heterogeneous group o f  d iseases caused by an 

im pairm ent o f the normal func t io ning of  genes,  whic h leads to  genet ic damage.  

A. Character ist ics of  ca ncer cells.  Cancer ce lls a re a lso refer red to as tumors, or 

neop lasm s.  Tumors ar ise  from a s ing le abnormal cell ,  wh ich cont inues to d iv ide 

indef inite ly.  Uncont rol led  growth,  abil ity to invade  loca l t iss ues,  and abi l ity to  

spread, or  meta stasize,  a re charac ter is t ics o f cancer  cells .  

1.  Carcinogenesis.  The m echanism of how cancers  occur is  thought  to be a 

mult istage, m ult ifac tor ia l p rocess that  invo lves both genet ic and env ironm enta l 

factors .  

a.  Init ia t ion.  The f irst  step invo lves  the  exposure  o f normal ce lls  to a carcinoge n,  

producing genet ic  damage to a ce ll .  

b.  Promotion.  The environment  becomes a ltered to al low preferent ial g rowth of  

muta ted ce lls over  normal cells.  The m utated ce lls  become cancerous.  

c.  Progression.  Increased pro li fera t ion o f  cancer cells a l lows for  invasion int o local 

t issue and m et astas is .  

2.  Types of  cancer .  Tum ors can be benign or  malignant .  Benign tum ors  are 

generally s low growing,  resemble  normal ce lls ,  a re local ized,  and are not harmful.  

Ma lignant  tum ors  oft en pro l if erate more rapidly,  have an atyp ica l appearance, 

invade and dest roy sur round ing t issues,  and are harmful i f  le f t  unt reated.  Malignant  

cancers are fur ther cat egor ized by t he  locat ion f rom where the  tum or cells  ar ise .  

a.  Solid  tum ors.  Carcinomas  are tum ors  of  ep ithelia l ce l ls .  These inc lude specif ic  

t issue cancers (e. g. , lung,  co lon,  b reast ).  Sarcoma s inc lude tumors of connect ive 

t issue such as  bone (e .g. ,  osteosarcoma) or  muscle (e .g. , le iomyosarcoma).  
b.  Hematologica l maligna ncies.  Lymphomas  are  tumors of the  lym phat ic system 

and inc lude Hodgk in and non-Hodgk in lym phomas.  Leukem ia s a re tum ors  of blood-

form ing e lem ents and are c lass if ied  as  acute or chron ic,  m ye lo id or  lym phoid.  
B. Incidence.  Cancer is  the second leading ca use of  death  in the United S tates . 

The l i fet im e probab il i ty o f  develop ing cancer  is  >  30%.  The est im ated inc idences of  

new cancers and cancer -related deaths by site are  give n in F igure 57-1. The most  

common cancers are breast, pros tate, lung,  and colorec ta l.  The lead ing cause of  

cancer  death is  lung cancer .  

C. Ca use.  Many factors have been im plica ted in the  orig in o f  cancer. Some o f these 

factors  are as fol lows:  

1.  V iruses,  inc lud ing Epste in-Barr  virus  (EBV ),  hepat it is  B virus (HBV) , and hum an 

papil lom avirus  (HPV)  
2.  Environm ental  and occupat ional exposures,  such as  ionizing  and u lt rav io let  

rad iat ion and exposure to chem icals,  inc lud ing viny l chlor ide,  benzene,  and 

asbestos  

3.  L if estyle factors,  such as high- fat , low- f iber  d ie ts and tobacco and ethano l use 



4.  Medicat ions,  inc lud ing a lkyla t ing agents and imm unosuppressants 

5.  Genet ic factors,  inc lud ing inher ited m utat ions,  cancer-caus ing genes 

(oncogenes),  and defect ive tum or-suppressor genes  

D. Detect ion  and diagnosis  are  cr it ica l fo r the  appropr iate  t reatment  of  cancer.  

Ear l ier  detect ion m ay im prove response to t rea tment .  
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Figure 57-1. Cancer incidence and deaths. 
Leading cancer sites for estimated new cases and 
deaths by gender in the United States, 2007 
estimates. aExcludes basal and squamous cell skin 
cancers and in situ carcinomas except urinary 
bladder. [Adapted with permission from Jemal A, 
Murray T, Ward E, et al. Cancer statistics, 2007. 
CA Cancer J Clin 2007;57:43-66.] 

1.  Warning signs  of  cancer have been out l ined by the  Amer ican Cancer  Soc iet y.  

a.  Change in bowel or  bladder habits 

b.  A sore that  does not  hea l 

c.  Unusua l bleed ing or  discharge 

d.  Thick ening or  lump in the breast  or  e lsewhere  

e.  Indigest ion or  dif f icult y swa llowing 

f . Obvio us change in a  wart  or mole  

g.  Nagg ing cough or  hoarseness  

2.  Guideline s for screening  asym ptomat ic  peop le  for t he  presence of cancer have 

been es tab lished by the Amer ican Cancer  Soc ie ty ,  the  Nat iona l Cancer  Ins t itute , 

and the U.S. P revent ive H ea lth Services Task Force. Because many cancers  do not  

produce signs or  symptoms unt i l they have become la rge, the goa l o f screening is to  

detect cancers  ear ly,  when the d isease is  curab le ,  and to reduce mor tal ity.  The 

dif f erent sets o f guide lines  vary sl ight ly in their  recommendat ions for age and 

f requency of  screening procedures.  Tab le  57-1 prov ides the Amer ican Cancer 

Soc ie ty's recommendat ions for  screening.  
3.  T umor markers  are  b iochem ical ind ica tors of  the  presence of  neop last ic 

pro l ife rat ion detec ted in serum,  p lasma,  or  other body f lu ids .  These tumor markers 

may be used in it ia l ly as  screening tests, to  reveal  further  inf orm at ion a f ter abnormal 

test  results ,  o r to monitor  t he  ef f icacy o f therapy. E levated leve ls  of these markers 

are not  de f in it ive  for  the  presence of   
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cancer  because leve ls can be e levated in o ther  benign and malig na nt  cond it ions,  

and fa lse-pos it ive  results  do occur . E xam ples  of som e commonly used mark ers 

inc lude 

Table 57-1. American Cancer Society's Recommendations for the Early 
Detection of Cancera 

Cancer Site Population Starting 
Age 

Tests or Procedures 

Breast Women 20+ Breast self-examination 

  20+ Clinical breast examination 

  40+ Mammography 

Colorectal Men and 
Women 

50+ Fecal occult blood test or fecal 
immunochemical test 

  50+ Flexible sigmoidoscopy 

  50+ Colonoscopy 

  50+ Double-contrast barium enema 

Prostate Men 50+ Digital rectal examination 

  50+ Prostate-specific antigen 

Cervix Women 18+ Pap (Papanicolaou) test 

aIn average-risk, asymptomatic people. 

Adapted with permission from Smith RA, Cokkinides V, Eyre HJ, et al. 
American Cancer Society guidelines for the early detection of cancer. CA 
Cancer J Clin 2005;55:31-44. 

 

a.  Carc inoembryonic ant igen (CEA)  f or  colorecta l cancer  

b.  α -Fetoprote in (AFP) fo r hepatocel lu lar  carcino ma 

c.  Pros tate-specif ic  ant igen (PSA)  for  prostate cancer  



4.  T umor b iopsy.  The def init ive tes t for  the  presence of  cancerous cells  is  a b iopsy 

and patholog ical exam inat ion of  the  biopsy specimen.  Several types o f procedures 

are used in the patholog ical ana lys is  of  tum ors , inc lud ing eva luat ing  the 

morpholog ica l fea tures  (appearance)  of the t issue and cells ,  look ing fo r  cell -sur face 

mark ers,  and cytogenet ic  evaluat io n fo r specif ic  chromosomal abnormalit ies.  
5.  Imaging studies,  such as x- rays ,  CT scans,  MRI,  and pos it ron-em ission 

tomography (PET) , may be used to  a id in t he  diagnos is  or locat ion o f  a tum or and to 

monitor  response t o t reatment .  
6.  Other  la boratory tests  commonly used for cancer diagnos is inc lude comple te  

blood counts  (CBC s) and b lood chem is t r ies.  A CBC measures the leve ls of  the three 

basic  b lood ce lls—whit e cel ls ,  red  cells,  and p lat ele ts .  

a.  The CBC wil l  of ten inc lude an ANC (abso lute neut rophil count )  which m easures 

the  abso lute number  of neut rophils  in your  white b lood count .  The ANC is  ca lculated 

by m ult ip lying  the  white  blood count  (WBC) × total neut rophi ls  (segmented 

neut roph ils% + segmented bands%) × 10 = ANC.  Segmented neut rophils  are  o ften 

l is ted  as  “polys”  and segmented bands are immature “polys . ”  

E.  Sta ging  is the categor izing  of  pa t ients  accord ing to  the ext ent  of  the ir  d isease.  

The s tage of the disease is used to det erm ine prognos is  and t reatment . Two 

dif f erent s taging sys tem s are wide ly em ployed for the  s tag ing o f neoplasms.  

1.  TNM classif icat ion 

a.  T  ind ica tes  tumor  s ize and  is  c lass if ied f rom 0 to  4, w ith 0 ind icat ing  the  absence 

of  tum or .  

b.  N  ind icates the  presence and extent  o f reg iona l lym ph node spread and is  

classif ied  f rom 0 to 3,  with 0  ind ica t ing  no regional lym ph node invo lvem ent and 3 

ind icat ing  extens ive invo lvement .  

c.  M  ind icates t he  presence of dis tant  metastases and is be classif ied  as 0  ( fo r 

absence) or 1 (for  presence of d is tant  metastases) .  
d.  For example,  T2N1M0 ind icates a moderate -size  tumor with l im ited nodal disease 

and no d is tant  metas tases.  

2.  AJCC  staging,  deve loped by the Amer ican Jo in t  Comm it tee on Cancer,  classif ies 

cancers as stages 0- IV .  An assigned TNM t ransla tes into  a stage. A high number 

ind icates larger tum ors w ith extens ive nodal invo lvem ent and/or  metas tasis.  

Genera lly,  h igh num bers also  ind ica te a worse prognos is .  There are spec if ic s tag ing 

cr it er ia  for  each tum or type.  
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F.  Survival  depends on the  tumor  type, the extent  of disease,  and t he therapy 

received.  Alt hough som e pat ients  are  f ree o f a l l detectab le disease,  not  al l pa t ient s 

are cured.  Onco logis ts  prefer  to use the  term complete response  or remission  to  

ind icate  a pat ient  w it h no ev idence of  disease af te r  treatment . This is no t  a synonym 

for cure.  For some s low-growing tum ors,  these disease- free periods may extend for 

10-15 years after the  in it ia l rem ission.  However , a num ber o f pat ients who have 

achieved com plete rem iss ion m ay re lapse.  



II. CELL LIFE CYCLE. 
Knowledge o f the ce ll l ife  cyc le and cel l cyc le  k ine t ics is essent ial to the  

understand ing o f  the act iv it y of  chem otherapy agents in the  t reatment o f cancer  

(Figure  57-2) .  

A. Phases of  the cell  cycle  

1.  M pha se,  or  mitosis,  is the  phase in whic h the  ce ll  d iv ides  into  two daughter  

ce lls .  

2.  G 1 pha se,  or postm itot ic ga p,  is when RNA and the prote ins required for  the 

spec ia l ized func t ions  of  the  cell  are  synthes ized in preparat ion for  DNA synthes is .  
3.  S  phase  is  the phase in wh ic h DNA synthes is  and repl icat ion occurs .  

4.  G 2 pha se,  or the  premitot ic  or  postsynthet ic  ga p,  is the  phase in which RNA 

and the enzym es topo isom erase I  and II are produced to prepare for dupl icat ion of  

the  ce ll .  
5.  G 0 pha se,  or resting pha se,  is the phase in wh ic h t he  ce ll  is  no t  comm itted to 

div is io n.  C ells in th is  phase are  general ly no t  sensit ive to  chemotherapy.  Some of  

these cells m ay reenter the act ive ly d ivid ing  ce ll cycle.  In a  process called 
recruitm ent ,  some chem otherapy reg im ens are  designed to enhance t his  reent ry by 

k il l ing a  la rge num ber  of act ive ly d iv id ing cel ls .  

B. Cell growth k inet ics.  Severa l te rms descr ibe  cell  growth k ine t ics .  

1.  Cell growth f raction is the  proport ion of  cells  in the  tumor  d iv id ing  or  prepar ing  

to d iv ide.  As the tum or enlarges,  the  ce ll  growth fract ion decreases because a  

larger  proport ion o f  ce lls may not  be ab le  to  obtain adequate  nut r ients and b lood 

supp ly for  replicat ion.  

2.  Cell cycle  t ime  is the average t im e for  a cell that  has j ust  complet ed mitos is  to 

grow and aga in divide  and aga in pass through m itos is .  Cel l cyc le  t im e is  specif ic  for 

each ind iv idua l tum or .  

 

Figure 57-2. The cell cycle. The cell growth 
cycle, emphasizing the relationship between 
proliferating cell populations. [Reprinted with 
permission from Lenhard RE Jr., Osteen RT, 
Gansler T, et al., eds. The American Cancer 
Society's Clinical Oncology. Atlanta, American 
Cancer Society, 2001.] 
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Figure 57-3. The gompertzian growth curve. 
During the early stages of its development, a 
tumor grows exponentially. But as a tumor 
enlarges, its growth slows. By the time a tumor 
becomes large enough to cause symptoms and be 
clinically detectable, the majority of its growth 
has already occurred and is no longer exponential. 
[Reprinted with permission from Lenhard MJ Jr., 
et al., eds. The American Cancer Society's 
Clinical Oncology. Atlanta, American Cancer 
Society, 2001.] 

3.  T umor doubling t im e is the  t ime for  the  tumor to  doub le  in s ize .  As  the t um or  

gets larger, its  doub ling t im e get s longer  because it  conta ins  a  smalle r  propor t ion of  

ac t ive ly d iv id ing  cells owing t o rest r ict ions  of  space, nut r ient  ava ilab i l it y,  and blood 

supp ly.  

4.  The gompertz ian growth curve  i l lust ra tes  these ce ll g rowth concepts (Figure  57-

3) .  

C. Tumor cell burden is t he  num ber of tum or ce lls in the body.  

1.  Because o f the la rge num ber of  cells required to produce sym ptoms and be 

cl inica lly de tectable (approxim ately 109  ce lls ) ,  the tum or may be in the  p lateau 

phase o f the growth curve by the t im e it  is  detected.  

2.  The cell k ill hypothesis s tates that a cer ta in percent age of tumor cells  w il l  be  

k il led w ith each course of cancer  chemotherapy.  

a.  As tum or  ce lls  a re k il led ,  ce lls in G 0  may be recruited  into G1 ,  result ing in tumor 

regrowth.  

b.  Thus repeat ed cyc les  o f chemotherapy are requ ired to achieve a comple te 

response or remiss ion (Fig ure  57-4) .  

c.  The percentage of  cel ls  k i l led depends on the chem otherapy dose.  

3.  In theory,  the  tumor burden would  never  reach abso lute zero because only a  

percentage o f ce lls a re k il led  w it h each cycle.  Less  than 10 4  ce lls m ay depend on 

el im inat io n by the  host 's imm une syst em.  

D.  Chemot herapeut ic  agents  may be c lass if ied  according to  the ir  re liance on cell 
cycle  kinet ics  for  t he ir  cyto toxic e ffect.  Combinat io ns  o f  chemotherapy agents  that 

are act ive in d if fe rent phases of the  ce ll  cyc le may result  in a greater ce ll  k i l l.  A ce ll  

cycle c lass if ica t io n o f some commonly used chemotherapeut ic  agents is  give n in 

II.D .1 .a,  b,  c and d.  

1.  Phase-specif ic a gents  are most  act ive aga inst  cells  that  a re in a  specif ic  phase 

of  the ce ll cyc le.  These agents are most ef fect ive aga ins t  tum ors  with a  high growth 

f rac t ion.  Theore t ica l ly,  by adm in is ter ing  these agent s as cont inuous int ravenous 

infus ions or  by mult ip le repeated doses, i t  may increase the l ike l ihood of  hit t ing  the 

major ity of  ce lls  in the spec if ic  phase at  any one t ime. Therefore, these agents  are 

also cons idered schedule -dependent  agents.  Examples are as  fol lows:  
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Figure 57-4. Chemotherapy and tumor cell 
survival. Relationship between tumor cell 
survival and chemotherapy administration. The 
exponential relationship between chemotherapy 
drug dose and tumor cell survival dictates that a 
constant proportion, not number, of tumor cells is 
killed with each cycle of treatment. In this 
example, each cycle of drug administration 
results in 99.9% (3 log) cell kill, and 1 log of cell 
regrowth occurs between cycles. The broken line 
indicates what would occur if the last cycle of 
therapy were omitted. Despite complete clinical 
remission of disease, the tumor would ultimately 
recur. [Reprinted with permission from Lenhard 
MJ Jr., et al., eds. The American Cancer Society's 
Clinical Oncology. Atlanta, American Cancer 
Society, 2001.] 

a.  M phase:  m itot ic inh ib itors  (e .g.,  vinca a lk aloid s,  taxanes)  

b.  G 1 phase:  asparaginase,  prednisone  

c.  S  phase:  ant im etabolites  

d.  G 2 phase:  b leom yc in,  e topos ide 

2.  Phase-nonspecif ic agents  are effect ive  whi le  ce lls  a re in the act ive cyc le but  do 

not  require that  the  cell  be  in a par t icular  phase. These agents generally show more 

ac t iv ity agains t  s low-growing tumors. The y m ay be adm inist ered as s ing le bo lus  

doses because t he ir  act ivity is independe nt  of the  ce ll cyc le.  These drugs are also  

cons idered dose-dependent  agents. Exam ples are a lk ylat ing  agents  and ant itumor 

ant ib iot ics .  

3.  Cell cycle -nonspecif ic agents  a re ef fect ive  in  al l phases,  inc lud ing G 0 .  

Examples  are carm ust ine ,  lom ust ine,  and radia t io n.  

III. CHEMOTHERAPY 
A. Object ives of  chem othera py  

1.  A cure  may be sought  w ith aggress ive therapy for a pro longed per iod of  t ime to 

eradicat e a l l d isease.  For leukem ias , this  cura t ive  approach may cons is t  of  

rem ission induct ion,  a ttempt ing the maxim al ce ll ki l l,  fo l lowed by consol ida t ion 

therapy to erad icate al l c l in ica l ly undetec table  disease and to  lower  the  tum or cell 

burden below 103 ,  at  which leve l hos t  imm unolog ical de fenses may keep the cells  in 

cont ro l.  
2.  If  the  goa l is  pa llia t ion,  chem otherapy may be g iven to  decrease tum or  s ize,  

cont ro l g rowt h,  and reduce sym ptoms. Pa ll iat ive  therapy is  usua lly g iven when 

comple te eradica t ion o f  the tum or is cons idered unl ike ly or  the  pat ient  refuses 

aggress ive t herapy.  
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3.  Adjuvant  chemotherapy is  g iven af ter  more definit ive  therapy, such as  surgery, 

to e l im inate any remain ing d isease or  undetected m icrometastas is.  
4.  Neoa djuva nt  chem otherapy is g iven to  decrease the tumor burden before 

def init ive t herapy, such as  surgery or rad ia t ion.  

5.  Salvage chem otherapy is g iven as  an attempt to get  a  pat ient  into rem ission,  

af te r previous therap ies have fai led.  

B. Chem otherapy dosing  m ay be based on body weight ,  body surface area (BSA) , 

or  a rea under  the concent rat ion versus t ime curve (AUC) . BS A is  m ost f requent ly 

used because it  p rovides an accurate compar ison of  ac t iv ity and toxic it y across  

spec ies.  In add it ion,  BSA cor relates with cardiac  output ,  which determ ines rena l and 

hepat ic  blood f low and thus  af fects drug e l im inat ion.  

C. Dosing adjustm ents m ay be required for k idney or  l iver  dys funct io n to  prevent  

toxic ity.  

D. Combinat ion chemothera py is  usua lly m ore ef fec t ive  than sing le-agent  therapy.  

1.  W hen combin ing chem ot herapy agent s, factors  to  consider  inc lude  

a.  Ant itum or act iv ity 

b.  D if ferent  mechanisms of act ion 

c.  Min im ally over lapp ing toxic it ies  

2.  The reasons for adm inis ter ing  combinat ion che motherapy inc lude:  

a.  Overcoming or prevent ing  res is tance 

b.  Cytotoxic ity to  rest ing and d iv id ing  ce lls 

c.  B iochem ical enha ncement  of ef fect  

d.  Rescue of normal cells 

3.  Dosing  and scheduling  o f  combinat io n regimens are impor tant  because they are 

designed to a llow recovery of  normal ce lls .  These reg im ens general ly are  give n as  

shor t  courses of therapy in cyc les.  

4.  Acronym s of ten are used to designate  chem otherapy regim ens. For  exam ple,  

CMF refers to a combinat ion of  cyc lophospham ide,  methot rexate ,  and f luorourac il  

used in the  treatment  of b reast  cancer.  

E.  Administra t ion  

1.  Routes o f adm in is t rat ion vary,  a lthough int ravenous ( IV) adm inis t rat ion is  

em ployed m ost commonly.  

2.  Other  administ rat ion techn iq ues inc lude ora l,  subcutaneous,  int rathecal,  int ra -

ar ter ial,  int raper itonea l,  int raves ica l,  cont inuous IV inf us ion,  bo lus IV  inf us ion,  and 

hepat ic  ar te ry infus io n.  

3.  Drugs that  may be g iven intra thecal ly  are methot rexate  and cytarabine.  Drugs 

shou ld  not  be  adm inis tered by the  int rat heca l route  wit hout  spec if ic  informat ion 

suppor t ing  int rathecal adm in is t rat ion.  Deaths have occur red when v incr is t ine  and 

other  drugs have been adm in is tered by the int ra theca l route . Caut ion should  be 

used in the  prepara t ion and de livery o f  d rugs t o be used in this m anner .  



4.  Products  with dif ferent  form ula t ions ,  inc lud ing l iposomal or  pegylated agent s 

(e.g .,  liposom al doxorub ic in,  pegf i lg ras t im) , are being used to decrease frequency 

of  adm in is t rat ion and/or  reduce toxic it ies.  

F.  Response to chemotherapy  is  def ined in a  number  of  ways and does not a lways 

correlate  with pat ient  surviva l.  
1.  Com plete response (CR)  ind ica tes d isappearance o f a l l c l inica l,  gross, and 

microscopic  d isease.  

2.  Part ia l response (PR )  ind icat es  a >  50% reduct ion in tumor size ,  las t ing a  

reasonable per iod of t im e.  S ome evidence o f  disease remains  a f ter t herapy.  

3.  Response rate  (RR)  is def ined as CR + PR.  

4.  Stable d isease  ind icates tum or  tha t  neither  grows nor shr ink s s ignif icant ly (< 

25% change in size) .  
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5.  Progression  or  no response  afte r therapy is  def ined by a  > 25% increase in 

tum or size  or  the  appearance of new les ions.  

G. Factors af fect ing response to chem otherapy 

1.  T umor cell  heterogeneity .  Large tumors have comple ted m ult ip le  ce ll d iv is ions ,  

result ing  in severa l m utat ions and genet ica lly d iverse cells .  

2.  Drug resistance.  The Goldie-Coldman hypothesis  s tates tha t genet ic  changes 

are assoc iat ed with drug res is tance, and the probab il i t y o f resistance increases as 

tum or size  increases.  The hypothes is  assum es t hat  at  the  t im e of  diagnosis,  m ost  

tum ors possess res is tant  c lones.  The m ost we ll -s tud ied m echanism  of res is tance 

invo lves  the  mdr  (m ult idrug resistance)  gene,  which codes for membrane-bound P-

glycoprote in.  P-g lycopro tein serves as a channe l through which cellula r  toxins  ( i.e . , 

chemotherapeut ic  agents) may be excre ted f rom the cell .  
3.  Dose intensity  is  de f ined as  a spec if ic dose de livered over a  specif ic  per iod of  

t im e. Occas iona lly,  the ful l  dose cannot  be g iven or  a cyc le  is  delayed owing to 

complica t io ns  or  toxic it ies .  Subopt imal doses have resulted  in reduced response 

rates and surviva l.  Dose densi ty  invo lves shor tening the  usua l interval bet ween 

doses to maximize the drug ef fects on the tum or  growth k inet ics .  

4.  Pat ient -specif ic factors  such as  poor funct ional sta tus , impaired organ func t io n,  

or  concom itant  diseases may comprom ise how a chem otherapy reg im en is  g ive n and 

af fect  how the pat ient  responds to  t rea tment.  

IV. CLASSIFICATION OF CHEMOTHERAPEUTIC AGENTS 
A. Alkylat ing agents were the  f irs t g roup o f ant ineop last ic agent s. The proto type of  

this c lass  is  m echlore tham ine,  or  nitrogen m ustard,  whic h was researched as a 

chem ical war fare agent. A lkyla t ing agents cause cross - link ing  and abnormal base 

pa ir ing o f  DNA strands, which inhib it  rep licat ion o f  the  DNA.  Th is  m echanism  is 

known as a lkyla t ion.  These are phase-nonspecif ic agents.  Exam ples  of alkyla t ing 

agents and their  toxic it ies  are  listed in Tab le  57-2.  

B.  Most of  the a nt itum or ant ibiot ics a re obta ined from organisms o f the 

Streptomyces  genus.  These agents  may ac t by either alk yla t ion (m itom yc in)  or 



intercalat ion.  Interca la t io n is the process by which the  drug sl ides between DNA 

base pa irs  and inh ib its  DNA synthes is .  These are phase -nonspec if ic  agents . 

Examples  of  ant itum or  ant ib iot ics  and t he ir  toxic it ies  are l is ted  in Tab le  57-2.  

C. Ant imetabolites are st ruc tura l ana logs of  na tura l ly occurr ing  subst rates fo r 

biochemica l react ions .  The y inh ib it  DNA synt hes is by act ing as false  subst it ut ions in 

the  product ion o f  nuc le ic acids .  These are  S phase-specif ic  agents . Exam ples of  

ant im etabo lites  and the ir  toxic it ies are l is ted  in Table 57-2.  

D. Mitot ic  inhibitors.  The v inca a lka lo ids ar res t cel l d iv is ion by prevent ing 

micro tubule f ormat ion.  The taxa nes promote micro tubu le assembly and st ab il iza t ion,  

thus prohib it ing  ce ll d iv is io n.  These are  M phase-spec if ic agents.  Exam ples  of these 

agents and their  toxic it ies  are  listed in Tab le  57-2.  

E.  Topoisomerase inhibitors  inhib it  the  enzym es topo isom erase I or  I I .  The 

topoisomerases are necessary for  DNA rep lica t ion and RNA t ranscr ip t ion.  These are 

G2 phase-spec if ic  agents.  Examples o f these agents  and the ir  toxic it ies  are l ist ed  in 

Tab le  57-2.  
F.  Enzymes.  Asparag inase is  an enzym e that causes the  degradat ion of the 

essent ia l am ino ac id asparag ine to aspart ic acid and ammonia (Tab le 57-2).  Unlike  

normal cel ls ,  tumor cells  lack  the  abil ity to synt hesize  asparag ine.  This is a G 1  

phase-spec if ic  agent .  

G. Prote in tyrosine k ina se inhibitors.  Imat in ib  mesylate  is  a se lect ive  tyros ine 

k inase inhib ito r  that  causes apoptosis  or  arrest  of  growth in ce lls  expressing the 

Bcr -Abl oncopro tein (Tab le  57-2). Bcr -Abl is  the  product of  a spec if ic  chrom osomal 

abnormality (P hilade lph ia chrom osome),  which is  present in virt ua lly a l l pat ients 

wit h chron ic  m ye logeno us le uk emia (CML).  It  is the  f irst  approved ant ineop las t ic  

agent  designed to  have targeted enzym e act iv it y.  Er lot inib is a  select ive inhib itor  of  

ep iderm al growth fac tor receptor  (EGFR) tyros ine  k inase.  EGFR is a cell  sur face 

receptor  t ha t is  overexpressed in certa in solid tumors . The bind ing of  the  EGFR 

receptor  t o i ts l igand act iva tes tyrosine k inase,  wh ic h then s t im ulates  ce ll 

pro l ife rat ion and growth of  the tum or. Er lo t in ib  blocks the tyrosine k inase s igna l ing  

cascade and inh ib its cancer ce ll g rowt h. These agents  are a lso k nown as  ta rgeted 

agents because t hey a ffect spec if ic receptors  to induce cancer  ce ll  death.  
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Table 57-2. Cancer Chemotherapeutic Agents by Mechanism of Action and 
Toxicities 



Drug Toxicities 

Alkylating agents 

Altretamine 
(hexamethylmelamine) 

Nausea and vomiting, myelosuppression, 
paresthesias, CNS toxicity 

Busulfan Myelosuppression, pulmonary fibrosis, 
aplastic anemia, skin hyperpigmentation 

Carmustine (BCNU) Delayed myelosuppression, nausea and 
vomiting, hepatotoxicity 

Chlorambucil Myelosuppression, pulmonary fibrosis, 
hyperuricemia 

Carboplatin Myelosuppression, nausea and vomiting, 
peripheral neuropathy, ototoxicity 

Cisplatin Nephrotoxicity, nausea and vomiting, 
peripheral neuropathy, myelosuppression, 
ototoxicity 

Cyclophosphamide Myelosuppression, hemorrhagic cystitis, 
immunosuppression, alopecia, stomatitis, 
SIADH 

Dacarbazine (DTIC) Myelosuppression, nausea and vomiting, 
flulike syndrome, hepatotoxicity, alopecia, 
flushing 

Estramustine Myelosuppression, ischemic heart disease, 
thrombophlebitis, hepatotoxicity, nausea 
and vomiting 

Ifosfamide Myelosuppression, hemorrhagic cystitis, 
somnolence, confusion 



Lomustine (CCNU) Delayed myelosuppression, nausea and 
vomiting, hepatotoxicity, neurotoxicity 

Mechlorethamine Myelosuppression, nausea and vomiting, 
phlebitis, gonadal dysfunction 

Melphalan Myelosuppression, anorexia, nausea and 
vomiting, gonadal dysfunction 

Oxaliplatin Sensory peripheral neuropathy, nausea and 
vomiting, diarrhea, mucositis, 
transaminase elevations, alopecia 

Procarbazine Myelosuppression, nausea and vomiting, 
lethargy, depression, paresthesias, 
headache, flulike syndrome 

Streptozocin Renal toxicity, nausea and vomiting, 
diarrhea, altered glucose metabolism, liver 
dysfunction 

Temozolomide Myelosuppression, nausea and vomiting, 
fatigue, headache, peripheral edema 

Thiotepa Myelosuppression, nausea and vomiting, 
mucositis, skin rashes 

Antitumor antibiotics 

Bleomycin Pneumonitis, pulmonary fibrosis, fever, 
anaphylaxis, hyperpigmentation, alopecia 

Dactinomycin Stomatitis, myelosuppression, anorexia, 
nausea and vomiting, diarrhea, alopecia 

Daunorubicin Myelosuppression, cardiotoxicity, 
stomatitis, alopecia, nausea and vomiting 



Doxorubicin Myelosuppression, cardiotoxicity, 
stomatitis, alopecia, nausea and vomiting 

Epirubicin Myelosuppression, nausea and vomiting, 
cardiotoxicity, alopecia 

Idarubicin Myelosuppression, nausea and vomiting, 
stomatitis, alopecia, cardiotoxicity 

Mitomycin C Myelosuppression, nausea and vomiting, 
anorexia, alopecia, stomatitis 

Mitoxantrone Myelosuppression, cardiotoxicity, 
alopecia, stomatitis, nausea and vomiting 

Valrubicin Urinary frequency, dysuria, hematuria, 
bladder spasm, incontinence, cystitis (For 
intravesical bladder administration) 

Antimetabolites 

Azacytidine Myelosuppression, nausea and vomiting, 
diarrhea, constipation, injection site pain, 
muscle aches, fatigue, edema, dizziness 

Capecitabine Diarrhea, stomatitis, nausea and vomiting, 
hand-foot syndrome, myelosuppression 

Cladribine (2Cda) Myelosuppression, fever, rash 

Cytarabine (Ara-C) Myelosuppression, nausea and vomiting, 
diarrhea, stomatitis, hepatotoxicity, fever, 
conjunctivitis, CNS toxicity 

Decitabine Myelosuppression, petechiae, fatigue, 
diarrhea, constipation, hyperglycemia, 
myalgias/arthralgias, rash, edema 



Fludarabine Myelosuppression, nausea and vomiting, 
fever, malaise, pulmonary infiltrates 

Floxuridine Hepatotoxicity, gastritis, mucositis 

5-Fluorouracil Stomatitis, myelosuppression, diarrhea, 
nausea and vomiting, cerebellar ataxia 

Gemcitabine Myelosuppression, fever, flu-like 
syndrome, rash, mild nausea and vomiting 

Hydroxyurea Myelosuppression, mild nausea and 
vomiting, rash 

6-Mercaptopurine Myelosuppression, nausea and vomiting, 
anorexia, diarrhea, cholestasis 

Methotrexate Mucositis, myelosuppression, pulmonary 
fibrosis, hepatotoxicity, nephrotoxicity, 
diarrhea, skin erythema 

Nelarabine Neurologic toxicities disorders, 
somnolence, hypoesthesia, and seizures), 
thrombocytopenia, anemia, and 
neutropenia, fatigue, and nausea 

Pemetrexed Myelosuppression, edema, fatigue, nausea 
and vomiting, diarrhea, mucositis, skin 
rash 

Pentostatin Nephrotoxicity, CNS depression, 
myelosuppression, nausea and vomiting, 
conjunctivitis 

6-Thioguanine Myelosuppression, hepatotoxicity, 
stomatitis 

Mitotic inhibitors 



Docetaxel Myelosuppression, fluid retention, 
hypersensitivity, paresthesias, rash 
alopecia 

Ixabepilone Peripheral sensory neuropathy, 
neutropenia, fatigue, myalgia, arthralgia, 
stomatitis, hypersensitivity reactions, 
anorexia 

Paclitaxel Myelosuppression, peripheral neuropathy, 
alopecia, mucositis, anaphylaxis, dyspnea 

Vinblastine Myelosuppression, paralytic ileus, 
alopecia, nausea, stomatitis 

Vincristine Peripheral neuropathy, paralytic ileus, 
SIADH 

Vinorelbine Peripheral neuropathy, myelosuppression, 
nausea and vomiting, hepatic dysfunction 

Topoisomerase inhibitors 

Etoposide Myelosuppression, nausea and vomiting, 
diarrhea, fever, hypotension with infusion, 
alopecia 

Irinotecan Myelosuppression, diarrhea, nausea and 
vomiting, anorexia 

Teniposide Myelosuppression, nausea and vomiting, 
alopecia, hepatotoxicity, hypotension with 
infusion 

Topotecan Myelosuppression, fever, flulike 
syndrome, nausea and vomiting 

Enzymes 



Asparaginase Allergic reactions, nausea and vomiting, 
liver dysfunction, CNS depression, 
hyperglycemia 

Pegasparaginase Hypersensitivity reactions, hepatotoxicity, 
fever, nausea and vomiting 

Protein tyrosine kinase inhibitors 

Dasatinib Pleural and pericardial effusions, diarrhea, 
myelosuppresion, gastrointestinal 
hemorrhage, rash 

Erlotinib (OSI-774) Acneiform rash, diarrhea, nausea, pruritus, 
fatigue, eye irritation 

Imatinib mesylate (STI-571) Myelosuppression, hepatotoxicity, fluid 
retention, nausea, diarrhea 

Lapatinib Diarrhea, rash, nausea, fatigue, anemia, 
left ventricular and liver dysfunction 

Nilotinib Rash, headache, nausea, fatigue, 
thrombocytopenia, neutropenia 

Sorafenib Hand-and-foot syndrome, fatigue, 
hypertension, rash/desquamation, diarrhea 

Sunitinib Hand-and-foot syndrome, skin and hair 
discoloration, fatigue, diarrhea, 
hypothyroidism, hypertension, left 
ventricular dysfunction, 
mucositis/stomatitis, nausea 

Temsirolimus Hyperglycemia, hypophosphatemia, 
anemia, hypertriglyceridemia, rash, 
diarrhea, mucositis/stomatitis 



Histone deacetylase inhibitors 

Vorinostat Thrombocytopenia, anemia, diarrhea, 
nausea/vomiting, hyperglycemia 

Miscellaneous 

Tretinoin (all-trans retinoic 
acid, ATRA) 

Leukocytosis, arrhythmias, headache, 
nausea and vomiting, scaling of skin, 
ATRA syndrome (fever, dyspnea, weight 
gain, pulmonary infiltrates) 

Arsenic trioxide Arrhythmias, hyperleukocytosis, nausea 
and vomiting, diarrhea, abdominal pain, 
APL differentiation syndrome (fever, 
dyspnea, weight gain, pulmonary 
infiltrates) 

Bexarotene (Targretin R) Hyperlipidemia, pancreatitis, 
hypothyroidism, hypercalcemia, 
leukopenia, peripheral edema, rash 

Bortezomib (Velcade R) Fatigue, peripheral neuropathy, 
myelosuppression, hypotension, 
arthralgias, diarrhea, nausea and vomiting, 
headache, fever 

Lenalidomide Myelosuppression, thromboembolic 
events, bacterial infection, fatigue, 
diarrhea 

Thalidomide Fatigue; headache; numbness in hands, 
feet, arms, and legs; constipation; 
increased risk for thrombotic events 

Hormonal agents 

Adrenocorticoids Fluid retention, hyperglycemia, 
hypertension, infection 



 Dexamethasone  

 Methylprednisolone  

 Prednisone  

Estrogens Fluid retention, feminization, uterine 
bleeding, nausea and vomiting, 
thrombophlebitis 

 Diethylstilbestrol  

 Estradiol  

Progestins Weight gain, fluid retention, feminization, 
cardiovascular effects 

 Medroxyprogesterone  

 Megestrol acetate  

Antiestrogens Hot flashes, nausea and vomiting, altered 
menses 

 Fulvestrant  

 Tamoxifen  

 Toremifene  

Estrogen agonist/antagonist 

 Raloxifene Hot flashes, arthralgias, flu-like syndrome 

Aromatase Inhibitors Rash, electrolytes disturbance, drowsiness, 



nausea, anorexia 

 Aminoglutethimide  

 Anastrozole  

 Exemestane  

 Letrozole  

Androgens 

 Testosterone 

 Methyltestosterone 

 Fluoxymesterone 

Masculinization, amenorrhea, 
gynecomastia, nausea, water retention, 
changes in libido, skin hypersensitivity, 
hepatotoxicity 

Antiandrogens 

 Bicalutamide 

 Flutamide 

 Nilutamide 

Hot flashes, decreased libido, impotence, 
diarrhea, nausea and vomiting, 
gynecomastia, hepatotoxicity 

LHRH Analogs 

 Leuprolide 

 Goserelin 

Hot flashes, menstrual irregularity, sexual 
dysfunction, edema 

LHRH antagonist Hypersensitivity reactions, hypotension, 



 
Abarelix syncope, hot flashes, breast enlargement, 

prolongation of QT interval 

APL, acute promyelocytic leukemia; ATRA, all-trans-retinoic acid; CNS, 
central nervous system; LHRH, luteinizing hormone-releasing hormone; 
SIADH, syndrome of inappropriate antidiuretic hormone. 
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H.  Other  miscellaneous  agents  are l isted in Tab le  57-2.  

1.  Tret inoin (a ll- t rans re t ino ic ac id;  ATRA) is  a ret ino id der ived f rom vitam in A,  

used for  a spec if ic  form of  acute leuk em ia,  k nown as acute promyelocyt ic  le uk em ia 

(APL), to he lp ce lls  d if fe rent ia te into  func t io na lly mature ce lls .  

2.  Arsenic t rioxide  is  an ant ineop las t ic  arsenic  com pound used for APL that  may 

ind uce se lect ive  apoptos is  of  AP L cel ls .  

3.  Bexa rotene  is  a se lec t ive  ret ino id  X receptor (RXR) ligand used for  cutaneous T 

ce ll lym phom a.  Act iva t io n o f  the ret ino id recept ors  leads to regu la t io n o f  gene 

express ion and apoptosis.  

4.  Bortezomib  is  a proteosome inh ib itor  used in pat ients  wit h m ult ip le  mye loma.  

a.  Proteosomes are  enzym e comple xes tha t are respons ib le for degrad ing prote ins 

tha t  cont rol the  cell  cyc le .  
b.  Bortezom ib is  spec if ic in that  it  inter feres with the  degradat ion of  nuc lear factor  

κβ  (NF-κβ).  NF-κβ is released f rom its inhib it ory par tner prote in and m oves to t he  

nuc leus.  W hen the inhib it ory par tner does not  degrade because of  the  act ion of  

bortezom ib,  NF-κβ  is  prevented f rom t ranscr ib ing t he  genes tha t promot e cancer  

growth.  

5.  T ha lidomide and Lenolidomide  are imm unomodula tory agents wit h a  var ie ty of 

mechanism s of ac t ion.  The y work  as ang iogenes is  inh ib itors  by inter fer ing  w ith the 

growth o f new blood vesse ls  needed for tumor growth and surviva l.  They inhib it  the  

product ion of  tum or  necros is fac tor α (TNF -α) product io n,  causes oxidat ive  dam age 

to DN A, and he lp  st im ula te  hum an T cells .  They can be used as treatment  for  

mult ip le  m yelom a in combinat ion with de xam et hasone.  

I .  Hormones  a re a class  of het erogeneous compounds that have a var iety o f ef fects  

on ce lls .  Tab le  57-2 l ist s some of  the  most  commonly used horm onal agents in 

cancer  t herapy.  



J.  Biological response modif iers a lte r or  enhance the pat ient 's immune sys tem to 

f ight  cancer  or to lessen the s ide e ffects of  the  cancer  treatment .  Examples  are 

given in Tab le 57-3.  
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Table 57-3. Biological Agents Used in Oncology 

Agent Indications Toxicity 

Cytokine 

Interferon-α -2a, 
-2b (Roferon-
AR, Intron A) 

Malignant melanoma, 
chronic myelogenous 
leukemia, hairy-cell 
leukemia, Kaposi 
sarcoma, chronic 
hepatitis B and C, 
follicular lymphoma 

Flulike syndrome, 
anorexia, depression, 
fatigue 

Interleukin 2 
(aldesleukin, 
Proleukin) 

Renal cell carcinoma, 
malignant melanoma 

Chills, fever, dyspnea, 
pulmonary congestion, 
edema, nephrotoxicity, 
hypotension, mental 
status changes, anemia, 
thrombocytopenia, 
diarrhea, nausea and 
vomiting 

Interleukin 11 
(oprelvekin, 
Neumega) 

Thrombocytopenia Fluid retention, 
peripheral edema, 
dyspnea, tachycardia, 
atrial arrhythmias, 
dizziness, blurred vision 

Filgrastim (G-
CSF, 
Neupogen) 

Decrease 
incidence/duration of 
neutropenia, 
hematopoietic stem-cell 
mobilization 

Bone pain, fever, 
malaise 

Pegfilgrastim 
(Neulasta) 

Decrease 
incidence/duration of 
neutropenia 

Bone pain, fever, 
malaise 



Sargramostim 
(GM-CSF, 
Leukine) 

Acceleration of myeloid 
recovery, BMT failure or 
engraftment delay, 
induction for acute 
myelogenous leukemia, 
hematopoietic stem cell 
mobilization, myeloid 
reconstitution after BMT 

Bone pain, 
arthralgia/myalgia, 
chills, fever, rash, first-
dose reaction 
(hypotension, 
tachycardia, dyspnea) 

Epoetin α 
(erythropoietin, 
Epogen, Procrit) 

Anemia associated with 
chronic renal failure, 
cancer chemotherapy or 
HIV treatments, 
reduction of blood 
transfusions in surgery 
patients 

Hypertension, headache, 
arthralgias 

Darbepoetin α 
(Aranesp) 

Anemia associated with 
chronic renal failure, 
chronic renal 
insufficiency, cancer- 
and chemotherapy-
associated anemia 

Hypertension, myalgia, 
headache, fever, 
tachycardia, nausea 

Monoclonal antibody 

Alemtuzumab 
(Campath R) 

B cell chronic 
lymphocytic leukemia 

Infusion-related fevers, 
chills, rash, hypotension, 
shortness of breath, 
nausea and vomiting, 
opportunistic infections, 
neutropenia, 
thrombocytopenia 

Bevacizumab 
(Avastin R) 

Metastatic colorectal 
cancer, non-small cell 
lung cancer 
(nonsquamous) 

Hypertension, 
proteinuria, GI 
perforation, thrombotic 
events, impaired wound 
healing 

Cetuximab 
(Erbitux R) 

Metastatic colorectal 
cancer 

Acneiform rash, infusion 
related reactions, fatigue, 



nausea and vomiting, 
diarrhea 

Gemtuzumab 
ozogamicin 
(Mylotarg R) 

Acute myeloid leukemia Infusion-related fever, 
chills, nausea and 
vomiting, headache, 
hypotension, 
myelosuppression, 
hepatotoxicity, 
hypersensitivity 

Ibritumomab 
tiuxetan 
(Zevalin R) 

Non-Hodgkin lymphoma Infusion-related fevers, 
chills, rigors, 
hypersensitivity, 
hypotension, 
myelosuppression 

Panitumumab EGFR-expressing, 
metastatic colorectal 
carcinoma with disease 
progression on or 
following 
fluoropyrimidine-, 
oxaliplatin-, and 
irinotecan-containing 
chemotherapy regimens. 

Transient acneiform skin 
rash, erythema, dry skin, 
skin fissures/exfoliation, 
diarrhea 

Rituximab 
(Rituxan R) 

Non-Hodgkin lymphoma Hypersensitivity, 
infusion-related fevers, 
chills, rigors, 
hypotension 

Tositumomab 
(Bexxar R) 

Non-Hodgkin lymphoma Hypersensitivity 
reactions, fever, chills, 
myelosuppression, 
especially 
thrombocytopenia, rash, 
nausea and vomiting, 
diarrhea 

Trastuzumab 
(Herceptin R) 

Breast cancer Infusion-related fevers, 
chills, cardiac 



dysfunction including 
dyspnea, cough, 
peripheral edema, 
nausea and vomiting, 
hypersensitivity, 
hypotension, diarrhea 

Immunotoxin 

Denileukin 
diftitox (Ontak 
R) 

Cutaneous T cell 
lymphoma 

Acute hypersensitivity, 
including hypotension, 
dyspnea, rash, chest 
pain, tachycardia, 
vascular leak syndrome, 
dizziness, nausea and 
vomiting, diarrhea 

BMT, bone marrow transplant; G-CSF, granulocyte colony-stimulating 
factor; GI, gastrointestinal; GM-CSF, granulocyte-macrophage colony-
stimulating factor. 
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1.  Cytokines are so lub le factors  secreted or re leased by cells tha t  af fec t the 

ac t iv ity of  other  ce lls  and/or the secre t ing ce ll i tse lf .  These agents genera lly act  as  

regula tory or hem atopo ie t ic  growth factors .  
2.  Monoclonal ant ibodies  are recombinant  ant ibodies  des igned to  ident ify cancer -

spec if ic ant ige ns,  b ind  to  the ant igens on the pat ient 's  cancer  cells,  and a l low the 

pat ient 's  imm une system to e l im inate those ce lls.  
a.  Some monoc lona l ant ibod ies are be ing conj ugat ed to ant itumor agents or  

rad ioiso topes (e.g.,  gemtuzumab ozogam ic in,  ib r itum omab t iuxetan) to help ta rget 

cytot oxic  therapy to the  tumor cells.  
b.  Another  example  of a monoclona l ant ibody is bevac izumab,  which targets and 

inh ib its  vascu lar endothe lia l g rowt h factor (VEGF).  VEGF is  an im portant  regula tor  

of  the growth and surviva l of  blood vesse ls  k nown as angiogenes is .  Bevac izum ab 

work s by inhib it ing  ang iogenes is  and,  therefore,  inh ib it ing  the  blood supp ly to the 

tum or.  

c.  Other  monoc lona l ant ibod ies are lis ted  in Table  57-3 .  

3.  Immunotoxins.  Denile uk in dif t ito x is a  fusion pro tein composed of diphther ia  

toxin and inter le uk in 2 ( IL-2) . I t  is des igned to  d irec t the cytocida l ac t ion of  

dip hther ia t oxin to cel ls  with the IL -2 receptor on the ir  sur face.  This form of therapy 



is ab le to bypass the need for a func t io ning immune sys tem, which m ay be def ect ive 

in many cancer  pat ients.  

V. TOXICITIES OF CHEMOTHERAPY AGENTS. 
Chem otherapeut ic agents are most  toxic to rap id ly pro l if era t ing cel ls .  The t issues 

most commonly af f ec ted are those of  t he  m ucous membranes,  
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sk in,  ha ir ,  gastro intes t ina l (GI) t ract,  and bone marrow. Of these,  bone marrow 

toxic ity can be the  most l ife - threatening.  
A. Bone marrow suppressio n is the most common  dose- lim it ing side ef fect  of 

cancer  t herapy.  

1.  Com plicat ions  

a.  Inf ect ions.  W hite  blood cel ls  are most affected owing t o their  short  life  span (6-

12 hr ).  

(1)  A sign if icant  decrease in the wh ite  blood ce ll count ,  par t icular ly a  neut rophil 

count  < 500/mm 3  (neutropenia ), predisposes the pat ient  to development  of ser ious  

infec t ions .  

(2)  The usua l s igns  and sym ptoms of  infect ion m ay be absent , and fever may be t he  

on ly ind icator  (febr ile  neutropenia) .  

(3) Colony-st im ula t ing factors—for example ,  gra nulocyte  colony-st imulat ing 

factor (G-CSF) and granulocyte-macrophage colony-st im ulat ing factor  (GM-
CSF)—may be used t o st im ula te neut rophi l p roduct ion and lessen the degree and 

durat ion of  neut ropenia .  

b.  Bleeding.  P late le ts have an intermediate  lif e span o f 5 -10 days. D ecreased 

pla telets  ( thrombocytopenia ) can also  occur  f rom chemotherapy, wh ich can lead to  

bleed ing and m ay require pla telet  transfus ions.  

c.  Anem ia  and fat igue  secondary to cancer chemotherapy may a lso occur . It  

generally does not occur  as  quick ly as other bone marrow toxic it ies  because of  the  

long l ife  span o f red  blood ce lls  (about 120 days). Human recombinant  
erythropoiet in (e.g. , epoet in α,  darbepoet in α )  may be used to increase 

hemoglob in,  decrease trans fus ion requ irements,  and decrease fa t igue.  
2.  The t ime course  of mye losuppression var ies w ith the  chemotherapy reg im en.  In 

general,  the  onset  of m yelosuppress ion is 7 -10 days afte r the chem otherapy has 

been adm inistered.  The lowest  point  o f  the count s,  ca lled the  na dir,  is usua l ly 

reached in 10-14 days. Recovery of  counts  usua l ly occurs  in 2-3  week s.  
3.  A pat ient 's counts must be suf f icient ly recovered  before rece iv ing subseque nt  

chemotherapy cycles .  Generally,  the  neut rophil count  m ust  be > 1,500/mm 3 and the 

pla telet  count  > 100,000/mm 3 before  the pat ient  rece ives  addit iona l chem otherapy.  

4.  The extent  o f m yelosuppress ion is rela ted to  the chemotherapy a gents used and 

doses  g ive n.  Drugs tha t  can cause severe m ye losuppress ion inc lude carmust ine,  

cytarabine,  daunorub ic in,  doxorub ic in,  and pac li taxe l.  
5.  Some chem otherapy agents cause l it t le or  no m yelosuppress ion.  These inc lude 

asparag inase,  b leom ycin,  and vincr is t ine .  

B. Dermatological toxicity  



1.  Alopecia  is  the loss of ha ir  assoc ia ted with chem otherapy. Not a ll agents cause 

alopec ia,  and hair  loss  may be part ial or  complet e.  Chemotherapy agents that 

commonly cause a lopecia inc lude cyc lop hospham ide, doxorub ic in,  mechlore tham ine ,  

and pac lit axe l.  

2.  Drugs associated with necrosis o f t issue are  cal led  vesica nts.  Loca l necrosis  

may result  f rom extra vasat ion o f ves icant  chemotherapy drugs outs ide the  ve in 

dur ing  the ir  administ rat ion.  Ves icant  agents  inc lude dact inomyc in,  daunorub ic in,  

doxorub ic in,  idarub ic in,  m echlore tham ine,  m itom ycin,  v inb las t ine,  v incr ist ine ,  and 

vinore lb ine.  

a.  Most vesicant  ext ravasat ions  produce immediate  pain  or  burni ng.  However , a 

de layed react ion m ay occur  hours or weeks later. S ign if icant  t issue inj ury,  inc lud ing 

ulcera t ion or  necros is ,  may require  plas t ic  surgery intervent ion.  

b.  The trea tment  of  ext ravasat ions  var ies,  depending on the vesicant .  Heat  or co ld  

pack s and chem icals such as  hya luronidase or  dimethyl su lfo xide (DMSO) may be 

used.  
3.  Cancer  chemotherapy can also cause skin cha nges  such as dryness and 

sens it iv it y to  sun lig ht .  Exam ples  are f luorourac il and m ethot rexate.  

C.  GI toxic it ies are f requent ly e xper ienced by pat ients  rece iv ing chem otherapy.  

1.  Na usea  and vomit ing  are  often the  most d is t ress ing  toxic it ies  from the pat ient 's  

perspect ive.  However, this  s ide e f fect  can generally be prevented,  or bet ter 

cont ro l led,  with the use of  cur rent ly ava ilab le ant iem et ics.  

a.  Severe vom it ing  can result  in dehydra t io n,  elec t rolyte  imbalances,  and 

esophageal tears and may cause t he pat ient  t o d iscont inue t herapy.  
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b.  Nausea and vom it ing  may be acute, dela yed,  o r  a nt ic ipatory  in nature .  

Ant iem et ics shou ld be used prophylact ica l ly to  prevent  the  occur rence of nausea 

and vom it ing ,  part icu lar ly with chemothe rapeut ic agents  that have a hig h 

em et ogenic  r isk.  

c.  Tab le 57-4 l is ts commonly used chemotherapeut ic a gents  and the ir  emetogenic  

potent ia l on a  sca le of 1-5.  

(1)  The em etogenic  potent ia l o f  combinat io ns  o f chemotherapy agents can be 

es t im ated by ident ify ing t he  m ost emetogenic  agent  in t he  combinat ion.  
(2)  The cont ribut ion o f  the o ther agents can then be eva luated by us ing the 

fol low ing gu ide lines:  

(a )  Level 1 agent s do not cont r ibute  to t he  emetogen ic ity of  the  regimen.  

(b)  Adding one or more leve l 2 agents increases the  em etogenic ity to  one level 

hig her  than the most emetogenic agent  in the  combinat ion.  

(b)  Adding le ve l 3  or 4 agents increases the  leve l of  emetogenic ity by one le ve l per 

agent .  

d.  The occurrence of nausea and vom it ing  is  inf luenced by the  emetogenic ity o f  the 

chemotherapeut ic  agent  or combinat io n o f  agents,  the chemotherapeut ic  dose,  t he  

method of  administ ra t ion,  and ind ividua l pa t ient  charac ter is t ics.  



2.  Stomat it is is a  generalized inf lammat ion o f  the oral m ucosa or other  areas of the 

GI  t rac t. Because o f the rapid turnover  o f epithe lia l cel ls in the  GI tract,  this is a  

common site o f toxic ity.  

a.  S igns  and symptom s inc lude erythema,  pain,  d ryness of the  mouth,  burning or  

t ing ling  of  the  lips,  ulcerat ions,  and b leeding.  
b.  Chemotherapy agents assoc iated with s tomat it is  inc lude capecitab ine,  

f luorourac il ,  and methotrexate .  

c.  T ime course.  Stomat it is  us ua lly appears within a  week af ter the  offending agent  

is administered, and resolves  in 10 -14 days.  

d.  Consequence s of  s tomat it is inc lude infec t ion o f  the ulcera ted areas,  inab il it y to  

eat,  pa in requir ing opio id  ana lgesics ,  and subsequent  decreases in chem otherapy 

doses.  

Table 57-4. Emetogenic Potential of Cancer Chemotherapeutic Agents 

Level 5: Very 
Highly 
Emetogenic 

Level 4: Highly 
Emetogenic 

Level 3: 
Moderately 
Emetogenic 

Level 2: Low 
Emetic Risk 

Level 1: 
Very Low 
Emetic Risk 

Carmustine 
> 250 
mg/m2 
Cisplatin ≥ 
50 mg/m2 
Cyclophosp
hamide ≥ 
1500 mg/m2 
Dacarbazine 
Mechloretha
mine 
Streptozocin 

Carmustine 
≤ 250 
mg/m2 
Cisplatin < 
50 mg/m2 
Cyclophosp
hamide 750-
1500 mg/m2 
Cytarabine > 
1000 mg/m2 
Dactinomyci
n 
Doxorubicin 
> 60 mg/m2 
Lomustine 
Melphalan 
(intravenous 
> 50 mg/m2) 
Methotrexat
e > 1000 
mg/m2 
Procarbazin
e 
Temozolomi
de 
Thiotepa ≥ 
15 mg/m2 

Carboplatin 
Cyclophosp
hamide ≤ 
750 mg/m2 
Cytarabine < 
1000 mg/m2 
Daunorubici
n 
Doxorubicin 
≤ 60 mg/m2 
Idarubicin 
Ifosfamide 
Methotrexat
e 250-1000 
mg/m2 
Mitoxantron
e 
Temozolami
de 
Melphalan > 
50 mg/m2 

Docetax
el 
Etoposid
e 
Fluorour
acil 
Gemcita
bine 
Irinoteca
n 
Methotr
exate 
50-250 
mg/m2 
Mitomy
cin 
Paclitax
el 
Thiotepa 
< 15 
mg/m2 
Topotec
an 
Pemetre
xed 

Asparagi
nase 
Bleomyc
in 
Capecita
bine 
Chloram
bucil 
Dasatini
b 
Decitabi
ne 
Erlotinib 
Gemtuzu
mab 
Hydroxy
urea 
Lenalido
mide 
Methotre
xate 
≤50mg/
m2 
Melphal
an (oral) 
Nelarabi
ne 
Rituxima
b 



Sorafeni
b 
Sunitinib 
Thalido
mide 
Thiogua
nine 
Trastuzu
mab 
Vinblasti
ne 
Vincristi
ne 
Vinorelb
ine 
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e.  Topica l and loca l a na lgesics in the  form of  mouthr inses are commonly used and 

can he lp with m outh and  throat  pa in.  

3.  Other  GI toxic it ies  inc lude diarrhea  (e.g .,  ir ino tecan, f luorourac il) ,  const ipa t ion  

(e.g .,  vincr is t ine) ,  anorexia ,  and taste cha nges.  

D. Tumor lysis sy ndrom e (T LS)  may occur in hematologica l m alig nanc ies such as  

leukem ia and lym phom a, in wh ich there is a  high tumor  cel l burden or  rapidly 

growing tum ors. Owing to t he  spontaneous lys is  o f  ce lls f rom treatment w ith 

chemotherapy,  ce ll lys is  causes release of int racellular  p roducts,  inc lud ing ur ic 

ac id,  potass ium,  and phosphate , which can lead to renal fai lure  and cardiac  

ar rhythm ias. This m ay be prevent ed by giving  int ravenous hydra t io n,  by alka lin iz ing 

the  ur ine ,  and by giving  agents such as a llopur inol  o r rasbur ica se  (E li tek) to 

decrease ur ic  acid.  
E.  Hypercalcemia  may occur in pat ie nts  with sol id or  hematolog ic  m alignanc ies  and 

can o ften be the  present ing  s ign o f  malignancy.  The m aj or cause of  hypercalcem ia 

is increased os teoc last ic bone resorp t ion,  whic h is generally caused by the release 

of  para thyro id hormone-re lat ed protein (PTHrP) by the  tum or cel ls .  Common 

present ing  sympt oms inc lude m enta l s tatus  changes, fat igue and m usc le  weak ness,  

po lyur ia ,  polyd ips ia ,  nausea and vom it ing .  Treatment  inc ludes aggress ive hydra t ion 

wit h norm al sa line,  ca lc iur ic t herapy wh ich cons is ts of ca lciton in,  and 

bisphosp honates  such as  pam idronate (Aredia)  or zo ledronic acid (Zometa).  

F.  Chills  and f ever  may occur  after  the adm inis t ra t ion o f  some chemotherapy and 

bio log ica l agents . Th is  fever  general ly can be dif ferent iated f rom fever owing to  

infec t ion because o f its  temporal rela t ions hip to  chem otherapy adm in is t rat ion.  Th is  

react ion is  commonly assoc ia ted with bleom yc in,  cytarab ine m onoclona l ant ibod ies ,  

and IL -2.  



G. Pulmonary toxic ity is generally ir revers ib le  and may be fatal.  

1.  S igns  and symptom s are  shor tness of  breath,  nonproduct ive cough,  and low-

grade fever.  In some cases, t he  r isk  of pulmonary toxic ity increases as the  

cumula t ive dose of the  drug increases (e. g.,  bleom ycin) .  

2.  Chemotherapeut ic agents associa ted with pulm onary toxic it y inc lude b leom yc in,  

busu lfan,  carmust ine,  and m itom yc in.  

H. Cardiac toxic ity  may manifest  as an acute or chronic  prob lem.  

1.  Acute changes a re generally t ransient  elec t rocard iograph abnormalit ies  tha t may 

not  be c l in ica lly s ig nif icant .  

2.  Chronic cardiac toxici ty is ir revers ib le congest ive hear t  fa i lure .  Risk fa ctors 

inc lude chest  ir rad ia t ion and high cum ulat ive  doses of cardio toxic chem otherapy.  

3.  Chemotherapy agents tha t  are associated w ith chron ic  cardiotoxic ity inc lude 

daunorub ic in,  doxorub ic in,  epirub ic in,  idarub ic in,  and m itoxant rone.  Dexrazoxane  is 

a card ioprotect ive  agent  that may be used wit h doxorub ic in to  help  prevent  or 

lessen its  toxic e f fects to  the heart .  
I .  Hypersensit ivity  react ions  m ay occur  w ith any chem otherapy agent . Life-

threatening react ions ,  inc lud ing anaphy la xis,  appear to be more common with 

asparag inase,  carbopla t in,  c isp la t in,  e topos ide,  pac li taxe l,  and tenipos ide.  
J.  Neurotoxicity  may occur  with sys tem ic or int rat heca l chemotherapy.  

1.  V incr is t ine is associated w ith autonomic and per iphera l neuropathies .  P at ients 

may exper ie nce gait  dist urbances,  num bness and t ing ling o f  hands and feet,  and 

loss  of deep-tendon re f lexes.  Int rathecal adm in is t rat ion of vincr is t ine  results  in fatal 

neuro toxic ity.  

2.  Per iphera l neuropathy  and ototoxic ity a re common dose- l im it ing to xic it ies o f  

cisp lat in.  Sensory  neuropathies,  caus ing t ing ling or  num bing of  the  hands and f eet,  

may be assoc ia ted with capec itabine,  oxa lip lat in,  and pac lit axe l.  

3.  H igh doses of  cytarab ine m ay produce cerebella r toxicity  that manifes ts  in it ia l ly 

as  loss  of  eye-hand coord inat ion and m ay progress  to  coma.  
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4.  Ara chnoidit is  has  been assoc ia ted wit h int ra theca l adm inis t ra t ion o f  cytarab ine 

and m ethot rexate.  

K. Hemorrhagic cyst it is  is  a  bladder toxic ity that  is seen most  commonly a f ter  

administ ra t ion o f  cyc lophosphamide and ifosfam ide.  Acrole in,  a metabol ite of  these 

agents, is  thought  to cause a  chem ica l ir r ita t ion o f  the b ladder m ucosa, result ing  in 

bleed ing.  P revent ive measures inc lude aggress ive  hydrat ion w ith subsequent  

f requent  ur inat ion,  and the adm inis t rat ion of  the  uropro tectant  mesna. Mesna  ac ts  

by bind ing to acrole in and prevent ing it  from contact ing  the  b ladder  m ucosa.  

L.  Rena l toxic ity may manifes t  by e levat io ns  in serum  creat inine  and b lood urea 

nit rogen (BUN) as well as  e lect ro lyte abnormalit ies . Nephrotoxic ity is  assoc ia ted 

wit h cisp la t in,  ifosfam ide, methot rexate,  and s treptozoc in.  Int ravenous hydra t ion is  

used to pro tect  the k idneys f rom the nephro toxic e f fects  o f cisp la t in.  Osmot ic  

diures is  w it h m annito l m ay a lso help reduce the inc idence of  cisp lat in 

nephrotoxic it y.  



M.  Hepatotoxicity  may manif es t  as  e levated liver  func t ion tests, j aund ice,  o r 

hepat it is .  Asparaginase,  cytarab ine,  mercaptopur ine ,  and methotrexate are known to 

cause hepat ic  toxic ity.  

N. Secondary ma lignancies,  such as sol id  tum ors,  lymphom as,  and leuk em ias , may 

occur  many years  a fter  chem otherapy or  radiat ion .  Ant ineop last ic agents known to  

possess a hig h carc inogen ic  r isk  inc lude cyc lophosphamide,  etopos ide,  melpha lan,  

and m echloretham ine.  

O.  Chem otherapy may cause infert i lity,  which m ay be temporary or permanent . 

Cyc lophospham ide,  chloram buc il,  mechlore thamine,  melpha lan,  and procarbazine 

are assoc iat ed with a signif icant  inc ide nce of infe r t il i t y in males and females .  

VI. OTHER THERAPEUTIC MODALITIES 
A. Surgery  may be d iagnost ic  (biopsy,  exp loratory laparo tomy, second - look) or 

therapeut ic  (tumor  debulk ing or  removal) .  Surgery is o ften combined with 

chemotherapy and/or rad ia t ion.  

B. Radiat ion therapy  invo lves  h igh doses of ioniz ing radiat ion d irec ted at  the  

cancerous t issue.  Radiat ion may be combined w ith surgery and/or  chemotherapy.  
Depending on the  area of  the  body being ir rad ia ted,  adverse react ions  m ay inc lude 

stomat it is ,  nausea and vom it ing ,  diar rhea,  and m ye losuppress ion.  

C. Hematopoiet ic stem-cell  transplanta t ion  invo lves  int ravenous infus ion of  stem 

ce lls  f rom a compat ib le donor  to a  rec ip ie nt  fo llow ing hig h-dose chemotherapy.  It  is 

used for  treatment  of diseases invo lv ing the  bone marrow or imm une syst em and to 

al low for  adm in is t rat ion of  high-dose chemotherapy or  rad iat ion fo r  tum ors res is tant  

to s tandard  doses. Stem ce lls can be obta ined from bone marrow or per iphera l 

blood.  

1.  In a utologous  t ransplant s,  s tem ce lls  are obta ined f rom the pat ient ,  preserved, 

and later  reinfused into  the same pat ient .  Allogeneic  t ransp lants  invo lve two 

separate ind ividua ls .  Ce lls  are obta ined f rom a matched donor  and then infused into 

a separate pat ient .  

2.  Transp lant - re la ted compl icat ions inc lude hepat ic  venoocc lus ive  d isease (VOD), 

acute  and chron ic  graft  versus host d isease (GVHD), infec t ion,  and pulmonary 

complica t io ns .  
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STUDY QUESTIONS 
Direct ions f or  quest ions 1 -14:  Each of  the  questions,  sta tements , or  incomplete  

statements in th is  sec t ion can be correct ly answered or completed by one  of the 

suggested answers  or phrases. Choose t he best  answer .  

1.  T he top four  most  commonly d iagnosed cancers include a ll of  the fol low ing 
except  
(A)  lung.  

(B) prostate .  

(C) co lon and rectum .  

(D) thyro id.  



(E) breast .  

V iew Answer1.  The answer is  D[see] .2. W hich statement  regarding pha se-
speci f ic chem otherapeut ic a gents is correct? They  

(A)  are  most ef fect ive  in one phase o f the ce ll cyc le.  

(B) are  e ffect ive  in a l l  phases o f the cel l cyc le .  

(C) are  only e f fect ive  in G 0  phase.  

(D) inc lude the a lk ylat ing  agents .  

(E) inc lude the ant itum or  ant ibio t ics .  
V iew Answer2.  The answer is  A[seeand] .3.  Body surfa ce area (BSA) is 

used in calcula t ing chem othera py doses because  

(A)  BSA is  an ind ica tor  of tumor ce ll m ass.  

(B) BSA cor re lates with card iac  output .  

(C) BSA correlates with gast rointest ina l t rans it  t ime.  

(D) the  Nat iona l Cancer Ins t itute  requires  tha t  BSA be used.  

(E) the U.S.  Food and Drug Adm in ist rat ion (FDA)  requires  tha t BS A be used.  
V iew Answer3.  The answer is  B[see] .4. T he rat iona le for combinat ion 

chem otherapy include s a ll of  the f ol low ing except  

(A)  biochem ical enhancem ent of  effect .  

(B) rescue of  norm al ce lls .  

(C) overcoming or  prevent ing  res is tance.  

(D) biochem ical nul l if ica t ion o f  ef fec t.  

(E) cytotoxic  to  both rest ing and d iv id ing  ce lls.  

V iew Answer4.  The answer is  D[see] .5. All of  the follow ing chem othera py 
agents ca n be administered intra theca lly except  
(A)  methot rexate .  

(B) cytarab ine.  

(C) hydrocort isone.  

(D) thiotepa.  

(E) vincr is t ine.  

V iew Answer5.  The answer is  E[see] .6.  Which of  the fo llowing 
chem otherapeut ic agents is cla ssif ied a s a n a lkylat ing agent? 

(A)  cyc lophospham ide 

(B) et opos ide 

(C) mechlore tham ine 

(D) paclita xe l 

(E) cyc lophospham ide and mechloretham ine  

V iew Answer6.  The answer is  E[see IV .A.  1] .7. W hich of  the fol low ing 
chem otherapy a gents acts by interca lat ion?  

(A)  vincr is t ine 

(B) pac lita xe l 

(C) doxorub ic in 

(D) vincr is t ine and pac litaxe l  

(E) topotecan 
V iew Answer7.  The answer is  C[see IV .B.1] .8. How do ant imetabolites 

exert  their  cytotoxic ef fect? 



(A)  inhib it ing  DNA synthes is  by s l id ing between DNA base pairs  

(B) inhib it ing  RNA synthes is  by s l id ing between RNA base pairs  

(C) act ing as  false  met abolites  in the m icro tubules  

(D) act ing as  false  subst itut ions in the  product ion o f nuc le ic acids  

(E) promot ing  m icrotubule  assem bly and s tab il izat io n 
V iew Answer8.  The answer is  D[see] .9. All of  the follow ing chem othera py 

agents w ork through af fect ing microtubule f unct ion except  

(A)  docetaxe l.  

(B) vinb last ine .  

(C) m itoxant rone.  

(D) vincr is t ine.  

(E) vinorelb ine .  

V iew Answer9.  The answer is  C[see] .10.  Hormonal  agents that a re usef ul 
in the t reatment  of  ca ncer  include 

(A)  tamoxifen.  

(B) prednisone.  

(C) f lutam ide.  

(D) tamoxifen and f lutam ide.  

(E) tamoxifen,  p rednisone,  and f lutam ide.  

V iew Answer10.  The answer is E [see] .P.1256 

 

 

11. When does the neutrophil  na dir  a ssociated with chem othera py agents 
genera lly occur?  
(A)  dur ing adminis t ra t ion o f  the chem otherapy 

(B) 1-2  days af te r therapy 

(C) 10-14 days afte r therapy 

(D) 1 mont h a fter therapy 

(E) when the p late le t  count  beg ins to r ise  

V iew Answer11.  The answer is C[see] .12.  Stomat i t is is cha ra cter ized by 
a ll of  the fol low ing signs a nd symptom s except  

(A)  headache.  

(B) erythem a.  

(C) bleeding.  

(D) ulcerat ions.  

(E) dryness of mouth.  

V iew Answer12.  The answer is A[see] .13.  W hich of  the f o llow ing 
sta tements descr ibes hem orrhagic  cyst it is? It  

(A)  is  caused by excret ion of  tumor ce ll b reak down products.  

(B) is  assoc ia ted wit h i fos fam ide or cyclophospha m ide adm in is t rat ion.  

(C) is  caused by the  adm inis t rat ion of  mesna.  

(D) can be prevented or t reated with acro le in.  

(E) can be t reated with granu locyte co lony-st imula t ing fac tor (G-CSF).  
V iew Answer13.  The answer is B[see V. J] .14. All of  the follow ing 

chem otherapy a gents are  vesica nts except  



(A)  doxorub ic in.  

(B) mechlore tham ine.  

(C) vincr is t ine.  

(D) methot rexate .  

(E) idarubic in.  
V iew Answer14.  The answer is D[see] .Direct ions for quest ions 15-19:  

Each agent  in this sect ion is  m ost c lose ly assoc ia ted with one  o f  the fol low ing 

adverse ef fects. Each ef fect  is used only once.  Choose the best  answer, A-E.  
15. V incr ist ine  
A  cardiotoxic it y 

B  hypersensit iv ity 

C  diar rhea 

D  gast rointest ina l hem orrhage 

E  const ipa t ion 

V iew Answer15.  The answer is E [see] .16.  Ir inotecan 
A  cardiotoxic it y 

B  hypersensit iv ity 

C  diar rhea 

D  gast rointest ina l hem orrhage 

E  const ipa t ion 

V iew Answer16.  The answer is C[see] .17.  Doxorubicin 
A  cardiotoxic it y 

B  hypersensit iv ity 

C  diar rhea 

D  gast rointest ina l hem orrhage 

E  const ipa t ion 

V iew Answer17.  The answer is A[see] .18.  Paclita xel 
A  cardiotoxic it y 

B  hypersensit iv ity 

C  diar rhea 

D  gast rointest ina l hem orrhage 

E  const ipa t ion 

V iew Answer18.  The answer is B[see] .19.  B leomycin 
A  cardiotoxic it y 

B  hypersensit iv ity 

C  diar rhea 

D  gast rointest ina l hem orrhage 

E  const ipa t ion 

V iew Answer19.  The answer is D[see] .Direct ions for quest ions 20 -24:  

Each of the quest ions ,  s tat ements , or  incomple te statement s in th is  sec t ion can be 
correct ly answered or comple ted by one  of the suggested answers or  phrases.  

Choose t he best  answer.  

For quest ions 20-22:  P .A. is  a 60-year-o ld  man who has recent ly been d iagnosed 

wit h stage IIB  lung cancer . Af ter his  case was evaluat ed,  it  was decided t hat  he  



would  undergo surgica l resect ion o f  the pr im ary tum or  and then rece ive 

chemotherapy with carboplat in and docetaxe l.  
20. What type of  chem otherapy is P.A. receiving?  

(A)  adj uvant  

(B) salvage 

(C) neoadj uvant  

V iew Answer20.  The answer is A[see] .21.  W hat side ef f ects would you 
counsel P .A. a bout? 
(A)  nausea and vom it ing  

(B) per iphera l neuropathy 

(C) hem orrhag ic  cys t it is 

(D) A and B  

(E) B and C 

V iew Answer21.  The answer is D[see] .22.  P .A.  received carboplat in and 
docetaxel a nd has a n appointm ent  in clinic  1 week af ter complet ing 
chem otherapy to  check his CBC a nd electro lytes.  His WBC = 2.7,  Polys = 12%, 
and Ba nds = 2%. W hat  is P.A.'s ANC ? 

(A)  324 

(B) 54  

(C) 378 

(D) 2700 

V iew Answer22.  The answer is C[see I.C .6] .P.1257 

 

 
23. If  P.A.  ha s recurrence of  his lung ca ncer  after thera py with carboplat in and 
docetaxel, w hich targeted agent  may be considered f or  second- line thera py? 

(A)  doxorub ic in 

(B) busulf an 

(C) cyc lophospham ide 

(D) er lot inib  

(E) bleom yc in 

V iew Answer23.  The answer is D[see] .24.  W hat side ef f ects a re  
associa ted with er lot inib use? 

(A)  Acne ifo rm rash 

(B) D iar rhea 

(C) Per iphera l neuropathy 

(D) A and B  

(E) Hypertens ion 

V iew Answer24.  The answer is D[see] .P. 1258 

 

 

ANSWERS AND EXPLANATIONS 
1.  T he answ er is D  [see  I .B ] .  



Prostate cancer is the  most  common cancer in m en,  breast cancer  is the  most  

common cancer  in wom en, fo llowed by lung,  then co lon and rec tum for both men and 

wom en.  

2.  T he answ er is A  [see  I I .D.1 , 2 and 3 ] .  

Phase-specif ic  agents are  most act ive  in one spec if ic phase of  the cel l cyc le .  These 

agents have no act ivit y aga inst  ce lls  in G 0 ,  the res t ing phase.  Examples of phase -

spec if ic agents  inc lude the m itot ic  inhib ito rs,  asparag inase,  the  ant im etabolites,  and 

etoposide.  
3.  T he answ er is B  [see  I I I .B ] .  

BSA cor rela tes with cardiac  output , wh ich determ ines rena l and hepat ic  b lood f low 

and thus  a ffects drug el im inat ion.  

4.  T he answ er is D  [see  I I I .D .2 ] .  

Combinat io n chem ot herapy has been deve loped to  have m axim al cyt otoxic ity to 

tum or ce lls  and m in im al toxic ity to  normal ce lls .  The drugs are dosed and scheduled 

such that  maxim al ce ll k i l l  occurs , while  spar ing  normal ce lls as much as poss ib le.  

Combinat io n regim ens o ften conta in agents w ith dif ferent  spect rums o f toxic ity.  

5.  T he answ er is E  [see  I I I .E .3 ] .  

Int ra thecally adminis tered vincr is t ine is f ata l.  Al l syr inges o f vincr is t ine m ust  be 

labe led “Fatal if  g iven int ratheca lly.  For  int ravenous use only. ”  

6.  T he answ er is E  [see IV.A . 1] .  

Cyc lophospham ide and mechloretham ine are nit rogen m ustards, a  subgroup of  the  

alk y lat ing  agents . E topos ide is  a  topoisom erase II inh ib itor ,  and pac li taxe l is  a 

mitot ic inh ib ito r .  

7.  T he answ er is C  [see IV .B.1].  

Doxorub ic in is an ant itum or  ant ib io t ic  that  inh ib its  DNA synthes is  by interca lat ion.  

V incr ist ine  and pac li taxe l are  m itot ic  inhib ito rs tha t  act  on micro tubule assem bly.  

Topot ecan inhib its  topo isom erase I.  
8.  T he answ er is D  [see  IV .C ] .  

Ant im etabo lites  are  st ruc tura l ana logs o f  na tura lly occurr ing  subst ra tes for 

biochemica l react ions .  The y inh ib it  DNA synt hes is by act ing as false  subst it ut ions in 

the  product ion o f  DNA.  

9.  T he answ er is C  [see  IV .D ] .  

Docetaxel is a taxane,  whic h work s by promot ing  m icrotubu le  assembly and 

stabil izat ion,  result ing in inh ib it io n o f  cell  divis ion.  V incr ist ine ,  v inb last ine ,  and 

vinore lb ine are vinca a lka lo ids,  which work  by prevent ing  micro tubu le f orm at ion.  

Mitoxant rone is  an ant itum or ant ib iot ic,  which works  by DNA intercalat ion.  

10. The a nsw er is E  [see  V I;  Table 57-2 ] .  

Tam oxifen is  an ant ies t rogen used in the  t rea tment  o f breast cancer. Prednisone is  

used for  its ant i lym phocyt ic  proper t ies  in the  t reatment  o f non-Hodgk in lym phoma. 

Flutam ide is  an ant ia ndrogen used in the t reatment  of  prost ate  cancer.  
11. The a nsw er is C  [see  V. A.2 ] .  

Bone marrow suppress ion,  par t icu lar ly of  t he  neut rophils,  usua lly is  the most 

profound 10-14 days a fter  chemotherapy.  
12. The a nsw er is A  [see  V.C.2 ] .  



Stomat it is,  or  m ucosit is ,  is  an inf lammat ion of  t he  m ucous membranes, par t icular ly 

the  ora l m ucosa.  Altho ug h the sym ptoms generally are  lim ited  to the  mouth and 

throat, stomat it is  m ay affect  any par t of  the gastro intes t ina l t ract , potent ia l ly 

caus ing d iar rhea and anal f iss ures.  
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13. The a nsw er is B  [see V. J].  

Hemorrhagic  cys t it is  results f rom ir r i tat ion of  the  lining of  the bladder by acrole in,  a  

metabo lite  of  ifosfam ide and cyc lophospham ide.  Mesna m ay be used to inact iva te 

the  acrole in,  thus prevent ing hemorrhagic cyst it is .  

14. The a nsw er is D  [see  V.B.2 ] .  

Ves icant  chem otherapy agents may cause local necrosis i f  ext ravasated out side the  

ve in.  Doxorub ic in,  idarub ic in,  mechlore tham ine,  and v incr is t ine are all  c lassif ied  as 

ves icants .  
15. The a nsw er is E  [see  V .C.3;  V.E-G ] .  

16. The a nsw er is C  [see  V.C.3;  V.E-G ] .  

17. The a nsw er is A  [see  V.C.3;  V.E-G ] .  

18. The a nsw er is B  [see  V.C.3;  V.E-G ] .  

19. The a nsw er is D  [see  V.C.3;  V.E-G ] .  

Card iot oxic ity is  assoc ia ted with cum ulat ive  doses of  doxorub ic in and o ther  

ant itumor ant ib io t ics .  Hypersens it ivity f rom pac lita xe l may be the  result  o f  its  

Cremophor  d i luent .  Severe diar rhea, requir ing t reatment  with at rop ine,  is  assoc ia ted 

wit h ir inotecan.  Pulm onary toxic ity is associated wit h cum ulat ive  doses of  

bleom ycin.  Severe const ipa t io n and para lyt ic  i le us  is  assoc ia ted wit h the use o f 

vincr is t ine .  

20. The a nsw er is A  [see  I I I .A.3 ] .  

Receiving  chem otherapy af te r potent ia l ly curat ive  surgery is  known as adj uvant  

chemotherapy.  

21. The a nsw er  is D  [see  Tab le 57-2 ] .  

Nausea and vom it ing  are common s ide ef fects  o f carbop lat in and docetaxe l.  

Premedicat ions  w ith ant i-nausea m edicat ions are given before these chemotherapy 

agents are give n.  P er ipheral ne uropathy can commonly be seen with docetaxe l.  

Pat ients need to be counse led about  this and fo l lowed up on t his  adverse event  on 

rout ine c l in ic  vis its.  I f  le f t unt reat ed severe,  disabl ing  neuropathy can result .  

Hemorrhagic  cys t it is  is  an adverse event  of some o f  the a lk ylat ing  agents  inc lud ing 

ifos fam ide and cyc lophospham ide, but  no t carbopla t in.  

22. The a nsw er is C  [see I.C .6].  

The ANC is  ca lculated by m ult ip lying  the  WBC × the to tal neut roph ils  (segmented 

neut roph il% + segmented band %) × 10. 2.7 × (12% + 2%) × 10 = 378.  
23. The a nsw er is D  [see  IV .G ] .  

Er lo t inib is an agent  targeted for the  ep iderm al growth factor receptor tyros ine 

k inase.  Busulfan and cyc lophospham ide are alkyla t ing agents  that  are non ce ll cyc le 

spec if ic.  B leom yc in and do xorub ic in are  ant itum or ant ib iot ics  that  intercala te with 

DNA and are  phase non-spec if ic  agents .  



24. The a nsw er is D  [see  Tab le 57-2 ] .  

Er lo t inib can cause acnie form rash, d ia r rhea, nausea,  prur it is,  f at igue,  and eye 

ir r ita t io n.  
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Pain Management 
Alan F. Kaul 

I. INTRODUCTION 
A. Def init ions  

1.  Pain  is  an unp leasant  sensory and emot iona l exper ience that is associated w ith 

ac tua l o r  po tent ia l t issue dam age or  descr ibed in terms of  such damage.  It is a  

subjec t ive,  ind iv idua l exper ie nce that has  phys ica l,  psycho log ica l,  and socia l 

de term inants .  There  is  no object ive measurement o f pa in.  In the  United States 

alo ne,  recur rent o r persistent  pa in is  exper ienced  by more than 75 m il l io n 

ind iv idua ls.  

2.  Acute pa in las ts > 30 days and occurs aft er  musc le  st rains  and t issue inj ury,  

such as  traum a or  surgery.  The pain is usua l ly se lf - l im it ing,  decreas ing w ith t im e as 

the  inj ury hea ls .  It  is descr ibed as a l inear  process, w ith a beg inning and an end.  

Increased autonom ic nervous sys tem act iv ity of ten accompanies  acute pain,  caus ing 

tachycard ia,  tachypnea,  hyper tension,  diaphores is , and m ydr iasis.  Increased anxiety 

also may occur .  

3.  Chronic pain  is  persist ent or episodic pa in of  a  durat ion or  intens it y t ha t  

adverse ly af fects the  func t ion or  we ll-being of  t he  pat ient  and can pers is t  af ter the 

resolut ion of  an inj ury.  Some def ine  it  as las t ing  more than 6 months.  

a.  Chronic nonma lignant  pa in may be a complica t ion o f  acute inj ury in which the 

hea ling  process does not occur  as expect ed or  may be caused by a d isease such as 

a rheum ato logica l d isorder (e. g.,  os teoar thr it is,  rheum atoid  arthr i t is ,  f ib rom yalgia) .  

b.  The elder ly are more l ik ely to exper ience chronic pain because of  the increased 

preva lence o f  degenerat ive d isorders  in th is  age group.  

c.  The pa in is  constant ,  does not improve with t ime,  and is  descr ibed as a cyc lic  

process (vic ious  circ le) .  

d.  Compared to acute pain,  there is  no longer  autonom ic nervous sys tem st im ula t io n 

so  the  pat ient  m ay not appear to  be in pa in.  Instead, the pat ient  may be depressed; 

suf fer insomnia ,  we ight  loss,  and sexua l dysfunct ion;  and may not  be  ab le  to cope 

wit h the  normal ac t iv it ies  of  da ily l i ving ,  inc lud ing  family and j ob -related act iv it ies.  
4.  Chronic cancer pa in occurs in 60%-90% of  pat ients  with cancer .  Its 

character is t ics  are  s im ila r  to those o f chronic  nonmalignant  pa in.  In addit ion to  

depress ion,  p rom inent  character is t ics are fear, anger,  and agony.  The cause of 

chron ic  cancer  pa in can be rela ted to  the tum or or  cancer therapy or can be 

id ios yncrat ic .  Tum or causes of pain inc lude bone metastas is,  compress ion of  nerve 

st ruct ures, occlus io n o f  blood vessels,  obstruct ion o f  bowel,  or  inf i lt ra t ion o f  soft  

t issue.  

5.  Breakthrough pa in is t he  interm it t ent , t rans ito ry increase in pa in that  occurs at  a 

greater intens ity over  base line chronic pa in.  It  may have tem poral character ist ics ,  

precip ita t ing f actors , and predictabil it y.  

6.  Neuropathic  pa in is a  result  o f an inj ury or  malfunc t ion o f  the nervous sys tem. 

Exc lud ing pat ients  with a  progressive  per ipheral neuropathy or neuropathic pa in 

associated w ith a cancer les io n,  t issue damage is  not  ongoing.  Neuropathic  pain is  



descr ibed as aching,  throbbing,  burning,  shoot ing ,  s t ing ing and tenderness or 

sens it iv it y o f  the sk in.  
B. Pr incip les of  ma nagement  

1.  Com prehensive pain assessm ent  should  determ ine the character is t ics of the 

pat ient 's  pain com plaint ,  cl inica l s tat us , and pa in management  his tory.  
a.  Assessment  of the  pa in com pla int  should inc lude chronology and sym ptomatology 

of  the present ing  compla int  such as  informat ion about  onset, locat ion,  intens ity,  

durat ion,  qua l ity,  dist r ibut io n,  p rovocat ive f actors , tem poral qual it ies,  sever ity,  and 

pa in h is tory.  

b.  Assessment  of c l inica l s tatus  should  inc lude the extent  of  under ly ing t rauma or 

disease.  Also,  the pat ient 's phys ica l,  psycho log ica l,  and soc ia l cond it ions shou ld  be 

determ ined.  
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c.  Assessment  of pa in managem ent his tory inc ludes drug al lerg ies,  ana lges ic  

response,  onset , durat ion,  and s ide e ffects.  

2.  Appropr iate pa in ma na gement targets shou ld  be established.  

a.  The pr im ary pa in m anagement goa l is to im prove pat ient  comfort .  

b.  For acute pa in management , improved comfort  can a id the  heal ing  and 

rehab il it at ion process.  

c.  For chronic  pa in,  the  specif ic  obj ec t ives are to break the  pa in cyc le  ( i.e . , erase 

pa in memory) and m inim ize breakthrough pain.  

d.  Other  targets fo r chronic  pain m anagement  inc lude im provem ent of genera l we ll-

be ing,  s leep, out look ,  self -esteem, act ivit ies o f daily l iv ing ,  support , and mobil i t y.  

3.  Individualized pain management  regimens  should  be determ ined and init iated 

prompt ly.  
a.  The opt im al ana lges ic reg im en,  inc lud ing dose,  dosing interva l,  and mode of  

administ ra t ion,  shou ld be se lected.  

b.  Addit io na l pharmacologica l adj uncts  and nonp harmacolog ica l therap ies should be 

added if  needed.  

c.  The most  common regimens for acute pain inc lude interm it t ent (as needed) 

dosing,  pa t ient -cont ro lled ana lges ia  (PCA) ,  or epidural infus ions w ith narcot ic  or 

nonnarcot ic agent s.  
d.  Altho ugh the pract ice is cont roversia l and o ften not  in t he  best  int erests of  

pa t ients ,  narcot ic use is  of ten m in im ized or  avoided for chronic nonm al ignant  pain.  

Pain m anagement  spec ia l ists  are chang ing th is  subopt im al pract ice. Nonnarcot ic  

ana lges ics  and nonpharm aco logica l m anagement  usua lly are maximized.  

e.  For chronic  cancer  pa in,  an ind iv id ua lized around - the-clock analges ic  regim en is 

es tab lis hed,  us ing a  long-ac t ing ana lges ic .  An int ermittent , as-needed reg im en for 

breakthrough pa in,  us ing a  shor t -ac t ing ana lges ic ,  is  also  determ ined.  

4.  Monitor ing  the  pa in management regimen and reassessm ent  of  the  pat ient 's 

pa in shou ld occur  on a  cont inuous,  t im e ly basis.  Any cha nges in ana lgesic,  dose,  

dosing int erval,  or  method of adm inis t ra t ion sho uld be not ed in the  pat ient 's  medica l 

record and car r ied  out in a  t im e ly fashion.  



II. ANALGESICS 
A. Nonna rcotic a na lgesics  inc lude asp ir in;  ot her sa licy la tes ;  acetam inophen;  

nonstero ida l ant i- inf lammatory drugs (NSAIDs) ; se lect ive ,  cyc looxygenase 2 (COX-

2)  inhib itors ; d isease-modify ing  ant irhe um at ic drugs (DMARDs); and tumor-necros is  

factor α (TNF-α) inhib ito rs (Table  58-1).  Aspir in products, acetam inophen,  and some 

low-dose NSAIDs such as  ibupro fen,  ketopro fen,  and naproxen sodium are availab le 

as  over- the-counter  (OTC) products .  

1.  Mechanism  of  act ion.  Sa licylates and NS AIDs are prostag land in inhib ito rs and 

prevent  periphera l noc icept io n by vasoact ive  substances such as  prostag land ins  

and bradyk in ins.  Most NSAIDs inh ib it  both COX-1,  which produces prostagland ins 

tha t  are believed to be cytoprotect ive  of  the  s tomach l in ing,  and COX-2,  which 

produces prostagland ins  respons ib le  for  pain and inf lammat ion.  Se lec t ive  COX-2 

inh ib ito rs l ike celecoxib  do not  inhib it  COX-1. Adal im um ab, etanercept,  and 

inf l ixim ab act by bind ing or  captur ing e xcess TNF-α,  one o f the dom inant  cytok ines,  

or  prote ins,  tha t play an important role in the inf lammatory response.  The exact  

mechanism  of act ion of  lef lunom ide,  a nove l drug used to t reat rheumato id arthr it is ,  

is no t  complete ly known but  it  is  thought  to inhib it  pyr im id ine synt hes is .  

2.  T herapeut ic  ef fects 

a.  The per iphera lly ac t ing,  nonnarcot ic ana lges ics have severa l ef fects in common. 

These e ffects d ist ing uish these agent s f rom narcot ic analges ics.  

(1)  They are ant ipyre t ic .  

(2)  They are ant i- inf lammatory (except acetam inophen) .  

(3)  There is a  ceil ing  e f fec t to the ana lges ia .  

(4)  They do not  cause tolerance.  

(5)  They do not  cause phys ical or  psycho log ica l dependence.  

b.  The eff icacy o f nonnarcot ics  is  com pared to aspir in.  Most  drugs are comparab le 

to asp ir in;  however ,  several NSAID s have shown a  super io r  ef fect  to 650 mg of  

aspir in.  
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Table 58-1. Nonnarcotic Oral Analgesics and Nonsteroidal Anti-Inflammatory 
Drugs (NSAIDs) 



Drug 
Adult Dose 
Range (mg) 

Dosing 
Interval (hr) 

Maximum 
Dose/Day (mg) 

Para-aminophenol derivatives 

Acetaminophen (Tylenol) 325-1000 4-6 4000 

Salicylates    

Aspirin 325-1000 4-6 4000 

Choline magnesium 
trisalicylate (Trilisate) 1000-1500 12 

3000 

Diflunisal (Dolobid) 250-1000 8-12 1500 

Salsalate (Disalcid) 500-1000 8 3000 

Arylpropionic acid derivatives 

Fenoprofen (Nalfon) 200 4-6 3200 

Flurbiprofen (Ansaid) 50-100 6-12 300 

Ibuprofen (Motrin) 300-800 6-8 3200 

Ketoprofen (Orudis) 12.5-75 6-8 300 

Naproxen (Naprosyn) 200-500 12 1250 

Naproxen sodium 
(Anaprox) 

275-550 12 1375 

Oxaprozin (Daypro) 600-1200 12 1200 

Heteroaryl acetic acid derivatives 



Diclofenac (Voltaren) 25-75 6-12 200 

Ketorolac (intramuscular) 
(Toradol) 15-60 6 

120 

Ketorolac (oral) 10 4-6 40 

Tolmetin (Tolectin) 200-600 6-8 1800 

Indole and indene acetic acid derivatives 

Etodolac (Lodine) 200-400 6-12 1200 

Indomethacin (Indocin) 25-50 8-12 200 

Sulindac (Clinoril) 150-200 12 400 

Anthranilic acid derivatives (fenamates) 

Meclofenamate 50-100 4-6 400 

Mefenamic acid (Ponstel) 250 6 1000 

Alkanone derivatives    

Nabumetone (Relafen) 1000 12-24 2000 

Enolic acid derivatives (oxicams) 

Piroxicam (Feldene) 20 24 20 

Cyclooxygenase 2 (COX-
2) selective inhibitors 

   



Celecoxib (Celebrex) 100-200 12-24 400 

Disease-modifying antirheumatic drugs (DMARDs) 

Leflunomide (Arava) 20 24 20a 

Biological response modifiers (tumor necrosis factor α inhibitors) 

Adalimumab (Humira) 40 SC 
injection 

Every 
other 
week 

TBD 

Etanercept (Enbrel) 25 SC 
injection 

Once 
weekly 

50 SC 
injection 

Infliximab (Remicade) 3/kg IV. 
infusion 

Every 4-6 
weeks 

10/kg 

a Excludes loading dose of 100 mg/day for 3 days. 
 
IV, intravenous; SC, subcutaneous; TBD, to be determined. 

 

(1)  D if lun isa l (500 mg)  

(2)  Ibuprofen (200-400 mg)  

(3)  Naproxen sodium  (550 mg)  

(4)  Ketoprofen (25-50 mg)  

c.  The newer  classes of d rugs,  in general,  have not  been compared to aspir in.  
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3.  Cl inical use  

a.  General ly,  the  nonnarcot ic  ana lges ics  are used ora lly to  manage m ild t o moderate  

pa in.  
(1)  They are par t icular ly suit ed  for acute pa in of  sk eleta l m usc le  (orthopedic )  o r ora l 

(denta l)  or ig in.  

(2)  They are used to treat pain and inf lammat ion assoc ia ted with os teoarthr it is and 

rheum at oid  arthr it is .  

(3)  They are used in chron ic  pa in and can have an addit ive e f fect with narcot ic  

ana lges ics .  
(4)  They a lso m ay be eff ect ive in m anaging pa in owing to bone metastases.  



b.  The NSAID ketorolac  is  adm inistered int ramuscu lar ly and is usefu l in m odera te to 

severe pain,  par t icular ly in cases in wh ich narcot ics  are undes irab le (e .g.,  with drug 

addic ts , excess ive narcot ic sedat ion,  resp ira tory depress ion) .  

c.  The NSAID diclofena l epo lamine is  ava i lab le  as a  topical pa tch (F lector Patch ® )  

for t reatment of stra ins,  sprains ,  and contus ions.  One patch is app lied  to the  most  

pa infu l a rea twice  a day (shou ld not  be  appl ied  to damaged or  non- intact  sk in) .  

d.  Pat ient s may vary in the ir  response and tolerance to nonnarcot ic  ana lgesics .  If  a 

pat ient  does not  respond to  the maximum  therapeut ic dose, then an alternat e  NSAID 

shou ld  be tr ied.  L ik ewise, i f  a pat ient  e xper iences s ide effect s w ith one drug, then 

another  agent  shou ld  be t r ied.  

e.  Severa l d rugs (e.g ., d if lunisa l,  cho line  magnesium tr isa l ic ylate ,  naproxen,  

ce leco xib,  lef lunom ide,  etanercept ,  inf l ixim ab,  and adalim um ab)  have long ha lf - l i ves  

and,  there fore,  may be adm inist ered less f requently.  

f .  The cos t of  nonnarcot ic  ana lges ics  is h ig hly var iab le and should be cons idered 

when an agent  is  se lect ed. Pharmacotherapy with the COX-2 inh ib itor  ce lecoxib ,  the 

newer  DMARDs lik e lef lunom ide or TNF-α inhib ito rs is s ignif icant ly m ore expens ive  

than o lder  agents.  

4.  Adverse ef fects  

a.  Ga strointest inal (GI) ef fects.  Most nonnarcot ic ana lges ics cause GI sym pt oms 

secondary to  pros tag land in inh ib it io n.  At  norm al doses,  acetam inophen and cho line  

magnes ium  t r isal icylate  produce m inim al GI upset .  Because of their  mechanism of  

ac t ion,  the  COX-2 inhib ito rs have a GI  toxic ity s im ila r  to placebo.  Ada lim um ab, 

etanercept ,  inf l ix im ab, and le f lunom ide have been associated w ith GI s ide  ef fec ts  

inc lud ing nausea,  abdom inal pa in,  dyspeps ia ,  const ipa t ion,  vom it ing,  hem atochezia,  

intes t ina l obduct ion,  intes t ina l per fora t ion,  pancreat it is,  per itonit is,  pept ic  u lcer , and 

diar rhea.  

(1)  The m ost common GI sym ptom is  dyspeps ia ,  but  u lcera t ion,  b leed ing,  o r 

perforat ion can occur .  

(2)  Pat ient s m ost predisposed to severe GI ef fec ts  inc lude the e lder ly,  pat ients  with 

a his tory o f ulcers or chronic d isease,  and those who sm oke or use a lcohol.  

(3)  To m in im ize GI ef fects,  the lowest  poss ib le ana lges ic  dose should be used.  

Asp ir in,  ava ilab le as  enter ic-coated products,  may m in im ize GI  upset . Combinat ion 

therapy w ith a GI “protec tant”  (e.g. , antacid,  H2 -ant agon is t ,  sucralfate, m isopros to l)  

may be needed.  
b.  Hematologica l effects.  Most nonnarcot ic ana lges ics inh ib it  p lat ele t  aggregat ion.  

The e ffect  is produced by revers ib le inh ib it ion o f  p rostag land in synthetase.  Aspir in 

is an ir reversible  inhib ito r . Acetam inophen and choline  magnesium tr isa l ic ylate  lack  

ant ip late le t  ef fec ts . TNF-α inh ib itors  have been assoc iat ed with anem ia,  aplas t ic  

anem ia, leuk open ia ,  neut ropenia ,  pancytopenia ,  and t hrombocytopen ia .  Lef lunom ide 

has been associated w ith anem ia and ecchymos is .  
(1)  The effect  of  the  NSAIDs cor relates to the  presence of  an effect ive serum  

concent rat ion.  

(2)  Use of  ant icoagulants  (e.g.,  hepar in,  war far in [Coum adin]  is  relat ive ly 

cont ra ind ica ted in com binat ion w ith asp ir in or  NSAIDs.  



c.  Rena l ef fects.  NSAIDs can produce rena l dysfunct io n.  E tanercept  has not  been 

shown to  af fec t rena l func t ion.  
(1)  The m echanism  of NSAID- induced renal dysfunct ion inc ludes prostagland in 

inh ib it io n,  int ers t it ia l nep hr it is ,  im paired renin secre t ion,  and enhanced tubular  

water /sod ium  reabsorp t ion.  
(2)  Many r isk fac tors have been impl icated, inc lud ing congest ive  hear t  fai lure  

(CHF),  chronic  rena l fai lure  (CRF),  c ir rhos is,  dehydra t ion,  diuret ic  use,  and 

atherosc lerot ic d isease in e lder ly pat ie nt s.  
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(3)  Rena l dys funct ion is commonly m anifes ted as abrupt onset o l igur ia w ith 

sodium /water  retent ion.  The e f fect  reverses a fter  discont inuat io n o f the NS AID.  

d.  Ma lignancies a nd lymphoprolif erat ive d isorders 

Agent s that  block TNF may affect host  defenses agains t  mal igna nc ies because TNF 

mediates inf lammat ion and modulates ce llu la r im mune response.  Lymphom as have 

occur red more frequent ly in pat ie nts  rece iv ing TNF-b lock ing agents  than in cont rols .  

e.  Inf ect ions.  Opportunist ic and ser ious infect ions leading to seps is  and death have 

been assoc iat ed with le f lunomide and the TNF-block ing agents .  

f . Miscel laneous ef fects  

(1)  Even in norm al doses,  acetam inophen can cause hepatotoxic it y in pat ients  with 

l iver  d isease or  chronic  alcoho lism . Hepatotoxic ity has  also  been repor ted with the 

use o f a l l NS AIDs inc lud ing the COX-2 se lec t ive  inh ib ito rs. Lef lunomide and 

inf l ixim ab have a lso been shown to cause transient  e levat ions  in l iver  funct ion tests 

such as  aspart ate  am inot ransferase (AST)—serum glutam ic -oxa loacet ic  

t ransam inase (SGOT)—and a lan ine am inot ransferase (ALT)—serum glutam ic -pyruv ic  

t ransam inase (SGPT)  
(2)  Some pat ients  exh ib it  acute hypersens it iv it y reac t ions  to asp ir in.  Manifest at ions 

inc lude either  a rhin it is o r  asthm a presentat ion or  a true  al lerg ic  react ion (e .g. ,  

ur t icar ia,  wheals,  hypotens ion,  shock , syncope). A c ross-sens it iv ity to  ot her  NSAIDs 

may deve lop.  

(3)  Some NSAIDs produce centra l nervous sys tem (CNS) e ffects,  inc lud ing im paired 

ment at ion,  headaches,  and attent ion def ic it  disorder .  

(4)  Lef lunom ide has rece ived a bla ck box warning  because of  its Category X 

pregnancy warning.  It  has  also  been assoc ia ted with we ig ht  loss ,  alopec ia ,  rash, 

and anem ia.  

(5)  TNF-b lock ing agents  have been associated with react ions  at the  inj ect ion s it e 

and autoant ibody product ion.  

(6)  As  of  Apr il 2005,  the  U.S. Food and Drug Administ ra t ion (FDA) issued a black 
box warning  for  ce leco xib,  a  selec t ive COX-2 inh ib itor ,  because if  its l ink  to an 

increased r isk f or card iovascu lar  events  (heart at tack  and st roke) This increased 

r isk  has been demonst rat ed to be a drug c lass  effec t fo r al l NSAIDs,  exc lud ing 

aspir in.  Celecoxib  is  also  cont ra ind ica ted in pat ient s with su lfona mide al lergy.  
5.  Drug intera ct ions.  Sa lic y lates  have two c lin ic ally s ig nif icant  drug int eract ions.  



a.  Ora l ant icoagula nts.  Aspir in shou ld  be careful ly monitored,  if  used,  in 

ant icoagu lat ed pat ients  because it  inh ib its  plate le t  func t ion and can cause gastr ic 

mucosal damage.  This can s ignif icant ly increase the r isk  o f bleeding in 

ant icoagu lat ed pat ients . Also ,  doses of  > 3 g/day of  asp ir in produces 

hypopro thrombinemia.  Cho line m agnes ium  tr isa l icy la te  or acetaminophen can be 

used if  a  nonnarcot ic  is  needed in an ant icoagulated pat ient .  

b.  Methotrexa te.  Sal icylates may enhance t he toxic ity o f  methot rexate . The pr imary 

mechanism  is  b lock age of  met hot rexate rena l tubu lar  secret ion by salicy la tes .  The 

resultant  m ethot rexate  toxic ity has  been reported as pancytopenia or hepatotoxic ity.  

Salicy la tes should be avoided in pat ients receiv ing methotrexate.  

c.  TNF-blocking a gents.  Anak inra (K ineret ),  a recom binant  inter le uk in 1 ( IL-1)  

receptor  antagonis t ,  has  been observed to cause an increased r isk  of  ser ious  

infec t ions  as  neut ropenia  whe n used concomitant ly wit h e tanercept in pat ients  with 

rheum at oid  arthr it is .  Consequent ly,  i ts use is not  recommended concom itant ly w ith 

any TNF-b lock ing agent .  
B. Narcot ic a na lgesics inc lude the opio id  drugs (Tab le 58-2) . B ecause of  the ir  

abuse potent ia l,  op io ids are c lassif ied  as cont ro lled drugs.  Spec ial regulat ions 

cont ro l their  prescr ib ing.  
1.  Mechanism  of  act ion  

a.  E ndogenous opiates af fo rd the  body self -pa in- rel iev ing m echan ism s. These 

endogenous pept ides inc lude the endorphins ,  enkepha lins,  and dynorphins .  

b.  Exogenous op ia tes  are c lass if ied  as  agonists  (s t im ulate  op ia te receptors), 

antagon is ts (displace agonis ts f rom opia te  receptors) , and m ixed opia tes (agonist -

antagon is t  or  part ia l agon is t  act ions) .  
c.  Op ia te receptors are located in the  bra in and spina l cord . Several types of opiate  

receptors have been ident if ied,  inc lud ing µ, κ,  δ , σ,  and ε .  

d.  St im ulat ion of  µ receptors produces the  character ist ic narcot ic  (morphine - l ik e) 

ef fect s.  

(1)  Ana lges ia 

(2)  Miosis 

(3)  Euphoria 

(4)  Resp ira tory depress ion 

(5)  Sedat ion 
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Table 58-2. Some Commonly Used Opioid Analgesics 



Drug 
Parenteral Dose 

(mg)a 
Oral Dose 

(mg)a 
Duration 

(hr) 

Morphine 10 60 4-7 

Morphine (CR) (MS Contin) n/a n/a 12-24 

Hydromorphone (Dilaudid) 1.3 7.5 4-6 

Oxymorphone (Numorphan) 1 — 4-6 

Levorphanol (Levo-
Dromoran) 

2 4 4-7 

Methadone (Dolophine) 10 20 4-6 

Meperidine (Demerol) 75 300 3-6 

Fentanyl (Sublimaze) 0.1 — 1-2 

Fentanyl transdermal 
(Duragesic) 

n/a n/a 48-72 

Codeine 130 200 4-6 

Hydrocodoneb — 5-10 4-5 

Dihydrocodeineb — 32 4-5 

Oxycodoneb — 5-10 4-5 

Oxycodone (CR) 
(OxyContin)  

n/a 12-24 

Propoxyphene (Darvon) — 65-100 4-6 



Nalbuphine (Nubain) 10 — 4-6 

Butorphanol (Stadol) 2 — 4-6 

Dezocine (Dalgan) 10 — 4-7 

a Doses equivalent to 10 mg intramuscular or subcutaneous morphine 
 
b Doses for moderate pain not necessarily equivalent to 10 mg morphine. 
 
CR, controlled release; n/a, not applicable. 

 

(6)  Phys ica l dependence 

(7)  Bradycard ia  

e.  The specif ic  mechanism (cent ral and sp ina l)  o f opiate  agonis t  is  altera t io n of the 

ef fect s o f noc icept ive neuro t ransm it ters, possib ly norepinephr ine  or  serotonin.  
2.  Cl inical use  

a.  Op io id ana lges ics  are  used for the managem ent  of  modera te to severe pain 

(acute or chronic  pa in)  of somat ic or visceral or ig in.  
b.  The use of  narcot ics shou ld be ind iv id ua lized fo r each pat ient .  The opt im al 

ana lges ic  dose var ies  f rom pat ient  t o pat ient .  Each ana lges ic  reg im en should  be 

t it ra ted by increasing the  dose up to the appearance of l im it ing adverse ef fects.  

Chang ing to  anot her analges ic should occur  only af ter an adequate therapeut ic  t r ia l.  

c.  The appropr iate  route  of administ ra t ion shou ld be se lected for  each pat ient .  

(1) Ora l administrat ion is the pre ferred rout e, par t icu lar ly for  pa t ients  with chronic,  

stable pain.  Cont rolled - release m orphine and oxycodone tab lets  are availab le for 

conven ie nce in cont ro ll ing  cont inuous pain,  part icular ly in those pat ients  with 

cancer .  

(2) Intram uscular  a nd subcutaneous administrat ion a re very commonly used in 

the  post operat ive per iod .  Fluc tuat io ns  in absorpt ion m ay occur , par t icu lar ly in 

elder ly or  cachect ic  pat ients .  

(3) Intravenous ( IV) bolus adm inistra t ion  has the  most  rapid,  p red ic tab le  onset  of 

ef fect .  

(4) IV  inf usion is used to t i t rate pain re l ie f  rap id ly,  part icu lar ly in pat ients with 

unstable chronic pain.  Morph ine is most  commonly used,  of ten with supp lem enta l IV  

bo lus  doses fo r breakthrough pa in.  A m echan ica l infus io n dev ice is necessary.  

(5) IV  PCA is most  of ten used for acut e postoperat ive  pa in.  It  produces prompt 

ana lges ia  w ith m in im al side  ef fects because small doses (e.g. , 1-2  mg morphine)  

are de livered at frequent  interva ls  (e. g. , every 10 m in) . I t  a l lows pat ient  cont ro l of  

pa in management . Morphine and meper id ine are the  m ost commonly used agents. A 

mechanica l infus ion dev ice  and proper ly t rained pat ient  and s taff  a re necessary.  



(6) Epidural  and intratheca l a dm inistrat ion are used for  acute postoperat ive  pa in 

and ear ly m anagement  of  chronic  cancer  pa in.  All  drugs used ep idura l ly or  

int ra thecal ly must be preservat ive f ree because of  the neurot oxic ity of  parabens and 

benzyl a lcoho l when adm in is tered via  these routes . Int rathecal doses are genera lly 

1/10 of  the cor respond ing drug 's  ep idura l dose.  
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Table 58-3. Epidurally Administered Preservative-Free Opioids: Intermittent 
Dosing 

Drug Dose (mg) 

Onset of 
Action 
(min) 

Time to 
Peak 
Effect 
(min) 

Duration of 
Action 

(hr) 

Morphine 5-10 25 60 12-24 

Fentanyl 0.1 5-10 20 6 

Meperidine 50-
100 

5-10 15-30 7 

Hydromorphone 1 10-15 20 12 

Buprenorphine 
(Subutex) 

0.3 30 40-60 8-9 

 

(a )  Low opiate doses s t im ulate  spina l op ia te receptors  and reduce the amount  o f 

narcot ic  reaching the  bra in.  Th is  results  in de laye d or  m inim al ef fect s such as  

sedat ion,  nausea,  and respira tory depress ion.  The op ia te d is t r ibut ion that  causes 

such ef fec ts depends on the  s ite  of sp ina l inj ec t ion,  water so lub il it y of  the  op ia te,  

and vo lum e inf used.  For  exam ple ,  after lum bar  adminis t rat ion o f  a more wat er -

so lub le  op ia te (morphine) ,  severe respira tory depress ion can be observed 12-24 hr  

af te r in it ia l dos ing.  

(b)  Local side  effects of int ra thecal opiate  adm inis t rat ion are itch ing and ur inary 

retent ion.  Depend ing on the opiate  used and the type o f pain being t reated, 

interm it tent  doses or cont inuous infus ions (v ia  a mechanica l infus ion dev ice)  can be 

used (Tables  58-3 and 58-4).  

(7) Recta l adm inistrat ion is an alternat ive  for pat ients  unab le  to  tak e ora l 

narcot ics.  Genera lly,  poor absorpt ion resu lts  in an unre liab le ana lges ic response.  It  

is an unacceptab le route of adm in is t rat ion fo r  many pat ients .  



(8) Transderma l a dministrat ion is an alternat ive  for  pat ients  wit h chronic pain who 

are unab le  to t ake oral narcot ics .  A contro l led- re lease patch is  avai lab le  fo r  

fentanyl.  S low onset  requires  addit io na l ana lgesia  when s tart ing  t reatment .  The 

durat ion of  ana lges ia  is  48 -72 hr per patch. A slow reduct ion o f  ef fec t fo l lows 

remova l o f  the  patch and requires 24-36 hr of  monito r ing.  
d.  Pat ient s who have chronic  pain or  acute pain that  is constant  throughout  the day 

shou ld  receive  regular ly schedu led (around- the-clock) doses of  narcot ics .  

(1)  Long-act ing  op ia tes  (e .g.,  cont rol led - release morphine and o xycodone)  are 

preferable.  

(2)  A supp lement  give n as needed may be necessary to manage breakt hrough pain,  

for whic h shor t -act ing  opia tes (e.g. , immedia te- re lease morphine,  hydromorphone)  

are preferable.  If  f requent  supplem ents are requir ed, then the  around - the-clock 

reg imen should  be adj usted based on morphine equiva lents  (Table 58-2) .  

e.  Although the ana lgesia and s ide e f fec ts  of  op ia tes are  qua lita t ive ly s im ilar ,  

ind iv idua l pa t ient s m ay respond dif ferent ly.  Ana lg es ic  selec t ion is  based on:  
(1)  Pat ient 's  past  analges ia  exper ie nce  

(2)  Need for a rapid onset  of ef fec t  

(3)  Pre ference for a long (or  shor t)  durat ion o f  ac tio n 

(4)  Pre ference for a part icu lar  m ode of delivery 

(5)  Pre ference for a part icu lar  dosage form 

(a )  Cont ro l led- release morphine or  oxycodone for a  long durat ion of  act ion (8 -12 hr ) 

may be pre ferab le t o opiates w ith long ha lf - l i ves (e.g. , methadone,  levorphano l) ,  

which can accum ulate  and cause overdose sym ptom s (e .g.,  resp irat ory depression) .  

Table 58-4. Epidurally Administered Preservative-Free Opioids: Continuous 
Infusion 

Drug 
Initial Bolus Dose 

(mg) 
Infusion Concentration 

(mg/mL) 
Rate 

(mg/hr) 

Morphine 2 0.05-0.25 0.2-1.5 

Fentanyl 0.05-0.1 0.005-0.025 0.02-
0.15 

Meperidine 50-100 10-20 5-20 

Hydromorphone 0.5-1 0.02-0.05 0.15-
0.3 
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(b)  Transdermal fentanyl can be used for pat ients  who are unable to  swallow.  



(c)  Rect al suppos ito r ies can be used for pat ients  who are unab le to  swallow.  They 

are avai lab le  for morphine,  hydrom orphone,  and oxymorphone.  
(d)  Concent rated hydrom orphone inj ect ion (10 mg/mL) can be used for cachect ic  

pat ients  who requ ire  subcut aneous inj ec t ions and in pat ie nt s whose inj ect ion 

vo lum es must be m in im ized.  
(6)  Individua l sens it iv ity to  s ide  e ffec ts, whic h inc ludes nausea,  euphor ia,  sedat ion,  

and resp iratory depression 

(a )  Par t ia l agonists  or  m ixed agonis t -antagonis ts  may be preferab le  for  acute  pain 

management  in pat ients a t r isk  for  respiratory depress ion secondary to op ia te 

agon ist s. These agents should not  be used in pat ient s who have rece ived chron ic  

doses of  opiates because w ithdrawal sym ptoms wil l  occur .  

(b)  Ep idura l adm in is t rat ion m ay be preferab le  for  cr it ica l ly i l l pat ients  at r isk  fo r 

respira tory depress ion secondary to system ic  narcot ic adm inis t ra t ion.  

3.  Adverse ef fects.  Al l narcot ics  can produce a var ie ty of side  effec ts tha t  range 

f rom bothersome to  lif e- threatening.  
a.  Const ipa t ion  occurs as a result  o f  decreased intest ina l tone and per is talsis.  

There is  a pat ient  var iabi l it y,  but  generally most  pat ient s  exper ience const ipa t ion 

af te r severa l days  of t herapy.  Const ipa t io n m ay be more bothersome with certa in 

types of op ia tes (e.g. ,  code ine) .  I t  may occur sooner  and be more prob lemat ic  in 

hosp ita l ized or  bedr idden pat ients  or in pat ients  who have received a nest hesia or  

drugs with ant icho linergic e f fects . Prophy laxis  w it h a  la xat ive/ stool so ftener 

combinat ion (e. g.,  b isacody l/docusat e (Gent lax-S) and dietary counse ling  are 

warranted for  pat ients  who need chronic opiate  therapy.  

b.  Na usea  and vomit ing  occur  owing to  cent ra l st imu la t io n o f  the chemoreceptor 

t r igger zone.  It  is more problemat ic w ith one- t ime or  interm it tent  parenteral dosing 

for acute pa in.  Occasiona lly,  pa t ients  require concom itant  therapy with an 

ant iemet ic  (e.g., hydro xyz ine,  p rochlorperazine) ;  however ,  these agents may add to 

the  sedat ive  ef fec ts of opiates.  

c.  Sedat ion is  a  dose-related effect  but  somet im es is  enhanced by concomitant  use 

of  o ther drugs w ith sedat ing e ffects (e.g. ,  benzod iazepines,  ant iemet ics).  Most 

chron ic  pa in pat ients  become tolerant  to this  ef fec t,  but  occas iona l ly the  addit io n o f  

a CNS  st im ulant ,  such as dext roamphetamine or methylphen idate,  is  needed.  

(1)  Pat ient s s tart ing therapy with narcot ics should  be warned about dr iv ing  or  

operat ing machinery.  
(2)  Sedat ion may be a sign of  excess ive dosing or accumula t io n.  However , sedat ion 

shou ld  not  be  confused with phys io log ica l s leep in pat ients who have pa in-cont rol 

dif f icu lt ies .  Pat ients  in pa in o ften develop insomnia .  W hen pain is brought  under  

cont ro l by appropr ia te  narcot ic  t it rat ion,  the  pat ient  in it ia l ly m ay s leep for several 

hours .  

d.  Respiratory depression  is  the m ost ser ious  adverse e ffect accompany ing 

narcot ic  overdose. Resp ira tory depression m ay be a sign of  an excessive  dose, 

accum ulat ion of  long ha lf - l ived opia tes  (e.g. , methadone,  levorphano l) ,  or  

accum ulat ion of  act ive morphine m et abolites  in rena l fa i lure pat ients .  



(1)  Resp ira tory rate shou ld  be caref ul ly m onitored in pat ients  receiving  IV  or  

ep idural op ia tes ,  in neo nates , in e lder ly pat ient s,  and in pat ient s rece iv ing o ther  

drugs that  cause resp ira tory depression.  

(2)  The op ia te antagonist s, naloxone and na lmefene,  are  adm in is tered int ravenous ly 

to reverse l ife- t hreatening respiratory depress ion.  Use of  na lo xo ne or  nalm efene 

(Revex)  in an op iate -dependent  pat ient  (e.g .,  a  chronic cancer  pain pat ient )  can 

precip ita te  op iat e withdrawal.  

e.  Ant icholinergic ef f ects,  such as dry mouth and ur inary ret ent ion,  can be 

bothersome f or some pat ients .  

f . Hypersensit ivity  react ions ,  such as itching owing to his tam ine release, can occur  

secondary to  op ia te use, part icular ly wit h epidura l o r int ratheca l adm in is t rat ion.  

Wheals  somet imes occur at  the s ite  of morphine inj ect ion.  These react ions  do not  

represent true a l le rgy.  

g.  CNS exci tat ion,  such as  m yoc lonus and ot her se izure - l ik e  act iv it y,  can be 

produced with the  use of meper id ine in rena l fa i lu re. These sym ptoms have a lso 

been observed in pat ients  wit h norm al renal func t ions  who rece ive high doses of  

meper id ine (e .g. ,  < 800 mg/ day of  int ramuscular  meper id ine) .  The accum ula t ion o f  

the  metabo lit e normeper id ine  is  the cause.  
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4.  Drug intera ct ions  

a.  Narcot ics  have add it ive  CNS depressant e ffects  when used in combinat io n with 

other  drugs tha t a lso are CNS depressants (e.g. , alcoho l,  anesthet ics,  

ant idepressants,  ant ihistam ines ,  barbitura tes, benzod iazep ines,  phenothiaz ines) .  

b.  Narcot ics , par t icu lar ly meper id ine ,  can cause severe  react ions  such as 

exc itat ion,  sweat ing,  r igid ity,  and hyper tens io n in pat ients receiving  monoamine 

oxidase (MAO) inh ib ito rs. Meper id ine sho uld be avo ided and other narcot ics star ted  

at  lower doses in pat ients  being t reated wit h MAO inh ib ito rs.  

5.  Tolerance  means that increasing doses of  op iat e are needed to maintain 

ana lges ia .  To lerance usua lly deve lops to the  analgesic,  sedat ive,  and euphor ic  

ef fect s o f opio ids,  but  no t to  the pup il lary-const r ic t ing  and const ipat ing  ef fects. Th is 

is us ua lly observed as a  decreasing durat ion of  ana lges ia  in chronic  pain pat ients.  

The add it io n o f  an NSAID may he lp de lay or  provide adequate analges ia in to le rant  

pa t ients .  

6.  Dependence.  The use o f op ia tes fo r chronic  pain may result  in phys ica l 

dependence,  such t ha t  the abrupt  d iscont inuat ion  o f the opiate  results in the  

deve lopm ent  o f withdrawal sym ptoms.  

a.  W ithdrawal symptoms inc lude anxie ty,  ir r it ab i l it y,  insom nia,  ch il ls,  sa l ivat ion,  

rhinor rhea,  d iaphoresis ,  nausea,  vom it ing ,  GI c ramping and diar rhea,  and 

pi loerec t ion.  

(1)  The appearance and intens ity o f  withdrawal symptoms vary accord ing to  the 

ha lf - l i fe o f the opiate . For exam ple,  the withdrawal sym ptoms after  d iscont inuat ion 

of  chronic methadone may tak e several days  to deve lop and may be less int ense 

than those of  w ithdrawal f rom morphine owing to  its shor ter ha lf - l i fe.  



(2)  The deve lopm ent  o f to le rance may be associa ted with w ithdrawal sym ptoms.  

(3)  The use of naloxone or  a par t ia l agonis t -antagonist  such as  pentazocine in a 

pat ient  rece iv ing chronic op iate  therapy produces acute w ithdrawal.  

b.  The deve lopm ent of  phys ica l dependence seen in chronic  pa in pat ients is not  the  

same as psycho log ica l dependence or  add ic t ion.  Also ,  the drug-seek ing behavior  

observed in m any acute pa in pat ients  ( i.e . , f rom postoperat ive pain)  is not  a s ign o f  

addic t io n,  but  rat her  a need for  adequat e pain re l ie f . St ud ies  suggest  tha t the 

addic t ive  rates for long- term t reatment of  noncancer pa in are  low in pat ie nts  without  

a pr io r his tory o f add ic t ion.  The analges ic needs o f  this  type of  pat ient  should be 

reassessed and usua lly necessitates  increas ing the dose of op iate,  chang ing t o a  

longer  durat ion drug, chang ing to a PCA,  or  add ing an ana lges ic  adj unct .  

C. Tramadol (Ultram)  is  an ora l,  cent ra lly act ing  ana lgesic w ith weak opiate 

ac t iv ity.  I t  has  not been placed in a contro l led drug schedule.  

1.  Mechanism  of  act ion  

a.  Tramadol is  a  synthet ic  am inocyc lohexano l that b inds  to op iat e recept ors,  

inh ib it ing norepinephr ine and sero tonin.  

b.  The analges ic e ffects are part ia l ly antagon ized  by nalo xone.  

2.  Cl inical use  

a.  Tramadol is  used f or  moderate to  moderately severe pain.  

b.  The recommended dosage is 50-100 mg every 4-6 hr , up  to a maxim um  of 400 

mg/day.  

c.  At maxim um dosage, tramadol appears  no more ef fec t ive  than acetam inophe n-

code ine com binat ions .  

3.  Adverse ef fects  

a.  GI effects  inc lude nausea,  const ipat ion,  and dry m outh.  

b.  CNS ef fects  inc lude d izziness ,  headache,  sedat ion,  and seizures  (overdose).  

c.  Diaphoresis  

4.  Drug intera ct ions  

a.  Tramadol can increase the sedat ive  ef fect of  alcoho l and hypnot ics.  

b.  Tramadol inhib its  m onoam ine upt ak e and should  not  be used with MAO inh ib itors .  

c.  Tramadol used with se lect ive  serot onin reuptake inhib it ors  (SSRIs) and other  

agents t ha t increase serotonergic act iv it y can cause “serotonin syndrom e,” which is  

character ized by ir r itab il ity,  anxiet y,  CNS exc ita t ion,  and m yoc lonus.  

D. Adj uvant  ana lgesics  

Adj uvant  ana lgesics  are drugs whose in it ia l FDA approved ind ica t ion was for  a 

cond it io n other  than pain.  Other classes o f drugs af fect  nonopiate  pa in pathways 

and m ay be useful in cer ta in types of pain (e .g. ,  neuropathic pa in) .  These drugs 

of ten are used with o ther analgesics  and some may he lp manage narcot ic s ide 

ef fect s (Tab le  58-5) .  
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Table 58-5. Analgesic Adjuncts 



Class Drugs Indications 

Tricyclic 
antidepressants 

Amitriptyline (Elavil), 
desipramine (Norpramin), 
doxepin (Sinequan), 
imipramine (Tofranil) 

Neurogenic pain; 
chronic pain 
complicated by 
depression or insomnia 

Anticonvulsants Gabapentin (Neurontin), 
pregabalin (Lyrica), 
carbamazepine (Tegretol), 
clonazepam (Klonopin), 
phenytoin (Dilantin), 
valproate (Depakote), 

Lancinating 
neurogenic pain (e.g., 
trigeminal neuralgia, 
phantom limb pain, 
post-trauma 
neurogenic pain) 

Neuroleptics Fluphenazine (Prolixin), 
haloperidol (Haldol), 
prochlorperazine 
(Compazine) 

Refractory neurogenic 
pain; pain complicated 
by delirium or nausea 
(prochlorperazine) 

Corticosteroid Dexamethasone 
(Decadron) 

Pain from neural 
infiltration; pain 
associated with bony 
metastases 

Antihistamine Hydroxyzine (Atarax, 
Vistaril) 

Pain complicated by 
anxiety or nausea 

Benzodiazepines Alprazolam (Xanax), 
lorazepam (Ativan) 

Pain complicated by 
anxiety or muscle 
spasm 

Amphetamines Dextroamphetamine 
(Dexedrine), 
methylphenidate (Ritalin) 

For excessive opiate-
induced sedation in 
chronic pain patients 

 

1.  Neuropathic  pa in a gents  inc lude ant iconvulsa nts  (e.g.,  gabapent in,  p regaba lin,  

lam otr ig ine ,  carbamazepine) ,  sys temic local anesthet ic agent s—for example,  5% 

l idoca ine (Lidoderm) patch—and t r icycl ic  ant idepressant s—such as, am itr ipty l ine ,  

nor t r ipt yl ine ,  and desipram ine.  Gabapent in and sys temic local anesthet ic agents are 

cons idered f irst- l ine therapy in t reat ing  po lyneuro pathies .  

a.  Mechanism  of  act ion.  
(1)  Gabapent in and pregabalin m ay re l ieve neuropathic  pain by the presynapt ic 

bind ing of  the  α-2-δ subunit  of  vo ltage -sens it ive  ca lc ium channe ls .  



(2)  Pregaba lin m ay a lso modula te the  release of  the  sensory neuropept ide 

substance P.  
(3)  Lamotr ig ine  and carbamazep ine are bel ieved to b lock  sodium  channe ls at  the 

sit e o f ectopic d ischarge of damaged nerves.  

(4)  The use of local anesthet ics  al lows for loca l pain re l ie f  witho ut  syst em ic toxic it y,  

spec if ica l ly by b ind ing t o the sodium  channe ls in the dam aged nerves.  

(1)  I t  is  hypothes ized tha t  TC As obtain the ir  analgesic e ffects as a resu lt  of  sod ium 

channe l b lock ade a t the s ite  of  ectopic d ischarge in t he  per ipheral nerves.  
(6)  Al l o f  these agents are recommended to a id  in  the  reduct ion of  neurona l 

hyperexc itab il i t y,  whether  i t  is  per ipherally o r  cent ral ly.  

b.  Clinical use  

(1)  Data are avai lab le  to give  gu idance on which agents  to use to treat  neuropathic  

pa in,  but  they do not p red ic t  whic h agent  w il l  provide rel ief  for  each ind iv id ua l 

pa t ient 's  pain.  

(2)  Typ ica lly,  a treatment a lgor ithm  may recommend:  

(a ) F irst line  

( i)  Gabapent in 

( ii)  Pregaba lin 

( ii i)  5% l idoca ine patches  

( iv)  TCAs 

(b) Second line  

( i)  Other  ant iconvulsants  ( lam otr ig ine  or  carbamazep ine)  

( ii)  Other ant idepressants (buprop ion,  c ita lopram,  paroxet ine ,  ven la faxine,  

im ipram ine)  
(c) Other  

( i)  Capsaic in,  c lonid ine 
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c.  Adverse ef fects.  the most  common adverse events associated w ith 

ant iconvu lsants are  dizz iness,  headaches,  and drowsiness.  Lamotr igine  has been 

associated w ith the  development  of  S tevens-Johnson syndrome (SJS).  It  is  

recommended that lamotr ig ine  be t it rated up every 2 weeks to m inim ize the 

occur rence o f SJS.  
E.  Miscellaneous agents 

1.  Capsaic in,  a component  of red peppers,  causes the release of substance P from 

sensory nerve f ibers,  result ing in prolonged cutaneous pa in t ransmiss io n,  his tamine 

release,  and erythem a because o f re f lex vasod ilat ion.  Repeated local applica t ion 

deple tes  the per iphera l sensory C-nerve f iber  of  substance P , result ing in pain 

inh ib it io n.  Top ica l capsa icin c ream 0.025% or  0.075% has been shown to  be useful 

in t reat ing j o int  pa in and tenderness in pat ients w ith ar thr it is.  Ot her uses may 

inc lude t reat ing  diabet ic  neuralg ia ,  ref lex sympathet ic  dys t rophy,  tr igemina l 

neura lg ia,  not alg ia  paresthet ica , psor ias is  and psora len (P) , and long-wave 

ult rav io let  radiat ion (UVA) induced sk in pa in,  and postherpet ic  neuralg ia .  Local 



toxic ity m ay inc lude burn ing,  st ing ing,  e rythema, prur itus ,  and superf ic ia l sk in 

ulcers .  
2.  Glucosamine sulfate  and chondroit in sul fate  have been used with increas ing 

f requency in the  treatment  of degenerat ive j oint  d isease.  G lucosam ine su lfa te 

appears  to act as a substra te  for  and s t im ulant  to the b iosynt hes is  o f 

glucosam inog lycans and hya luro nic acid fo r fo rm ing proteog lycans found in t he  

st ruct ura l m at r ix of  j oints .  Chondro it in sulfate  prov ides addit iona l subst rates fo r the 

format ion o f  healthy j o int  m at r ix.  Shor t - te rm side ef fects  assoc iat ed with 

glucosam ine inc lude GI prob lem s,  drows iness,  sk in react ions ,  and headache.  

Fur t her  research is needed t o val idate  the ir  ro les. 

F.  Nonpharmacological  pa in ma nagement .  Other  therapeut ic  modalit ies  for pain 

management  inc lude cognit ive  beha viora l intervent ions and phys ica l met hods.  

These modalit ies  are  appropr iat e fo r interes ted pat ients ,  pat ients  exper ie nc ing 

anxiet y with the ir  pa in,  pat ients  who have incomple te relief  f rom ana lges ic  therapy,  

and pat ients who need to avoid or  reduce analges ic use (e .g.,  those with chronic  

nonm al ignant  pain) .  

1.  Cognit ive  beha vioral intervent ions inc lude educat ion and  inst ruct ion,  s im ple 

rela xat ion,  biofeedback, and hypnos is.  
2.  Physical methods inc lude acupuncture ,  phys ica l therapy,  compress ion g loves,  

or thot ic devices ,  heat  and co ld  appl icat ions,  massage, exercise ,  res t, 

immobil iza t ion,  and transcutaneous e lect r ica l ner ve st imula t io n (TENS).  
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STUDY QUESTIONS 
Direct ions f or  quest ions 1 -7:  E ach of  the quest ions ,  statements,  or incom ple te 

statements in th is  sec t ion can be correct ly answered or completed by one  of the 

suggested answers  or phrases. Choose t he best  answer .  

1.  An emaciated 69-year-o ld ma n with adva nced inoperable throat ca ncer is 
hospita lized for  pain mana gem ent.  He is receiving a  morphine solut ion (40 mg 
orally)  every 3 hr  for pa in.  He com pla ins of  dysphagia and the f requency w ith 
which he m ust  take morphine.  An a ppropr iate analgesic a lternat ive f or  this 
pat ient  would be  

(A)  chang ing to  a contro l led- re lease oral m orphine.  

(B) increas ing t he  dose of  the  oral morphine so lut ion.  

(C) chang ing to  int ram uscular  m ethadone.  

(D) chang ing to  t ransdermal fentanyl.  

(E) decreasing the  f requency o f  ora l m orphine adm in is t rat ion.  

V iew Answer1.  The answer is  D[see] .For quest ions 2-3:  A 52-year-o ld 

wom an with a  d iagnos is of  ovar ian cancer  presents  wit h compla ints  of  pa in.  Her  

pa in was reasonab ly we l l cont rol led  wit h two capsu les o f  oxycodone every 4 hr  unt i l 

2 weeks ago,  at whic h po int  she was hosp ita l ized fo r pa in cont rol.  She was placed 

on m eper id ine (75 mg)  every 3  hr but  s t il l  com plained about  pain.  H er meper idine  

dosage was increased to 100 mg every 2 hr .  



2.  At this dosa ge of  meper id ine,  the pat ient  is likely  to experience 

(A)  exce llent  pain re l ie f .  

(B) resp iratory depression.  

(C) worsening renal funct ion.  

(D) m yoclon ic  se izures .  

(E) excess ive  sedat ion.  

V iew Answer2.  The answer is  D[see] .3. An a ppropr ia te next step in this 
pat ient 's thera py would be to  
(A)  add a nonst ero ida l ant i - inf lammatory drug (NSAID) .  

(B) discont inue the meper id ine  and conver t  her  to a cont ro lled- re lease oral 

morphine or  oxycodone.  

(C) cont inue the  present  meper idine dosage because she wil l  eventua lly get  rel ief .  

(D) decrease the meper idine  dose to avo id s ide effect s.  

(E) consider  hypnos is  or  relaxat ion techniq ues.  

V iew Answer3.  The answer is  B[see] .4. A 20-year-o ld vict im of  a motor 
vehic le a ccident is 3  da ys postsurgery for  orthopedic  a nd internal injur ies.  He 
has been in se vere pain and wa s p laced on a  regimen of  intramuscular  
morphine (5 -10 mg)  every 4 hr as needed for pa in.  A pa in consultant  starts the 
pat ient  with a  20-m g intravenous m orphine loading dose a nd then begins a 
cont inuous intravenous m orphine infusion w ith a s-needed morphine boosters.  
About  2 hr af ter  this regimen is sta rted,  the pat ient  is asleep.  The nurse is 
concerned a nd ca lls the physicia n.  T he physicia n should  

(A)  call  for  a psychia t r ic  consu lt .  

(B) adm inis ter  naloxone.  

(C) examine the pat ient  and reconf irm the dosage and m onitor ing  parameters .  

(D) add an inj ectab le  nonsteroida l ant i- inf lammatory drug (NSAID).  

(E) add an amphetam ine.  

V iew Answer4.  The answer is  C[see] .P.1272 

 

 

5.  Potent ia l  adverse effects associated w ith aspir in include a ll of  the fol low ing 

except  
(A)  gastrointest ina l u lcera t ion.  

(B) rena l dys funct ion.  

(C) enhanced m ethot rexate toxic ity.  

(D) cardiac  ar rhythm ias .  

(E) hypersensit iv it y as thm a.  

V iew Answer5.  The answer is  D[see] .6. All of  the follow ing facts a re true 
about nonsteroida l a nt i- inf lammatory drugs (NSAIDs)  except  w hich one? 

(A)  They are ant ipyret ic.  

(B) There  is  a  ce il ing  ef f ec t to  the ir  ana lges ia .  

(C) They can cause tolerance.  

(D) They do not  cause dependence.  

(E) They are ant i- inf lammatory.  



View Answer6.  The answer is  C[see] .7. W hich of  the f o llow ing narcot ics 
has the longest durat ion of  ef fect? 
(A)  methadone 

(B) control led- release morphine  

(C) levorphano l 

(D) transdermal fentanyl 

(E) dihydrom orphone 

V iew Answer7.  The answer is  D[see] .Direct ions for quest ions 8 -10:  The 

quest ions  and incomple te s ta tements in th is  sec t ion can be correct ly answered or  

comple ted by one or  more  of  the  suggested answers.  Choose the answer,  A-E.  
8.  Agents that  are safe to use in a  pat ient  with b leeding problem s include 
( I)  choline ma gnesium tr isa licylate 
( II)  acetaminophen 
( III)  ketorolac  
A  if  I  only  is  correct  

B  if  I I I  only  is correct  

C  if  I  and II  are correct  

D  if  I I  and III  are cor rect  

E  if  I ,  I I ,  a nd III  a re correct  

V iew Answer8.  The answer is  C( I, I I)  [see] .9. W hich of  the fol low ing drugs 
bind or  capture excess TNF-α?  
( I)  adalimuma b 
( II)  etanercept  
( III)  lef lunom ide  
A  if  I  only  is  correct  

B  if  I I I  only  is correct  

C  if  I  and II  are correct  

D  if  I I  and III  are cor rect  

E  if  I ,  I I ,  a nd III  a re correct  

V iew Answer9.  The answer is  C( I, I I)  [see] .10.  Lef lunom ide ha s been 
associa ted with 
( I)  diarrhea.  
( II)  a lopecia.  
( II I)  a nemia .  
A  if  I  only  is  correct  

B  if  I I I  only  is correct  

C  if  I  and II  are correct  

D  if  I I  and III  are cor rect  

E  if  I ,  I I ,  a nd III  a re correct  

V iew Answer10.  The answer is E ( I, I I ,  I I I)  [see] .P.1273 

 

 

ANSWERS AND EXPLANATIONS 
1.  T he answ er is D  [see  I I .B.2.c .(8) ] .  



Pat ients  with throat  cancer of ten cannot  tak e ora l ana lges ics .  The pat ient  descr ibed 

in t he  quest ion is also having pa in d if f icult ies  wit h an every 3-hr  reg im en.  

Transdermal fentanyl is  a good alt ernat ive  because,  af ter  t i t rat ion,  e xcel le nt  

ana lges ia  can be produced without  using ora l o r  parentera l agent s. Also,  the  

f requency of  ana lges ic  use may be decreased when t i t rat ion has occur red.  
2.  T he answ er is D  [see  I I .B.3.g ] .  

3.  T he answ er is B  [see  I I .B.2.c .(1) ;  I I .B. 2.d .(1) ] .  

Myoc lon ic se izures can occur afte r f requent , hig h-dose meper id ine  ow ing to  the  

accum ulat ion of  the metabo lite ,  normeper id ine .  Both oxycodone and m eper id ine  

have shor t  durat ions of  effect .  In t he  chronic  pa in  pat ient ,  an around - the-clock 

reg imen,  using a cont rol led- re leased ora l m orphine,  would be an appropr ia te 

alte rnat ive .  W ith t it rat ion,  the pat ient  should have  good pa in rel ief  with an every 8 -  

to 12-hr regim en.  

4.  T he answ er is C  [see  I I .B.3.c ] .  

A pat ient  suf fe r ing  f rom pa in cannot  sleep proper ly.  W hen the pa in is  adequate ly 

cont ro l led,  the  pat ient  m ay sleep init ia l ly for many hours.  Th is  us ua lly is  not  

oversedat ion ow ing to the  narcot ic. These pat ients shou ld  be monito red closely 

(e.g .,  resp ira tory rate) , and other  sedat ing  drugs should be e l im inated.  Usua lly,  no 

other  intervent ion is  needed.  

5.  T he answ er is D  [see  I I .A.4 ] .  

Asp ir in has severa l adverse effects and drug interact ions .  However,  cardiac  

ar rhythm ias are not  induced by aspir in.  

6.  T he answ er is C  [see  I I .A.2 ] .  

Unlike  the opiates, NSAID  use is not  assoc ia ted wit h the deve lopm ent  of tolerance.  
7.  T he answ er is D  [see  Table  58-2 ] .  

Transdermal fentanyl is  a contro l led- re lease dosage form t hat is  ef fec t ive for up to a  

72-hr  per iod . All  of  the  other  drugs listed in the  quest io n are effect ive fo r per iods  of  

1-8 hr .  

8.  T he answ er is C  ( I,  I I ) [see I I .A.4 .b ] .  

Unlike  asp ir in and NSAIDs, acetaminophen and cho l ine  m agnes ium  t r isa l icy la te lack 

ant ip late le t  ef fec ts . There fore , they are safe to use fo r pat ients  with b leed ing 

problem s.  

9.  T he answ er is C  ( I,  I I ) [see I I .A.1 ] .  

Ada lim um ab,  et anercept , and inf l ixim ab act  by bind ing or  captur ing  excess TNF-α, 

one o f the dom inant  cytok ines or  proteins  tha t  p lay an im portant ro le in t he  

inf lammat ory response. The exact  m echan ism of ac t ion o f  le f lunom ide,  a nove l d rug 

used to t reat rheumato id arthr it is ,  is not  complete ly known but  i t  is  thought  to inhib it  

pyr im id ine synthes is .  

10. The a nsw er is E  (I ,  I I ,  I I I)  [see  I I .A.4.a;  II .A.4. d.(4) ] .  

Le f lunomide has been assoc ia ted with we ight  loss ,  d ia r rhea,  nausea, a lopec ia ,  rash,  

anem ia, and transient  e levat ions  in l iver  funct ion tests.  
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I. NUTRITIONAL PROBLEMS IN HOSPITALIZED 
PATIENTS 
A. Incidence.  I t  has  been est imated that  30%-50% of pat ients  admitted to hospit als  

have som e degree of  malnut r it ion.  As  m any as  75% of pat ients  undergo a 

deter iorat ion o f  nut r it iona l sta tus wh ile hospita l ized.  

B. Def init ions  

1.  Ma lnutr it ion  is  a pat ho log ica l sta te, result ing f rom a relat ive  or  abso lut e 

def ic iency or  excess of  one or more essent ia l nut r ie nt s.  

2.  Marasmus is a chronic d isease that  deve lops over  mont hs  or years as  a result  o f 

a def iciency in tot al ca lor ic intak e. Deplet ion of  fat  stores and ske let al p rotein 

occurs to meet  metabo lic  needs.  Marasm ic pat ien ts are general ly no t  

hyperm etabo lic  and are ab le  to preserve their  viscera l p rote in com partment  as 

determ ined by measurements of  serum a lbum in,  prealbum in,  and t ransferr in.  

a.  Marasm us is  a wel l-adapted form of  malnut r it io n,  and despite a  cachect ic  

appearance, immunocompetence,  wound  hea ling,  and the abil it y to  hand le  shor t -

term st ress are  genera lly we ll p reserved.  

b.  Nutr it iona l suppor t in t hese pat ient s should be init ia ted caut ious ly because 

aggress ive replet ion can result  in severe metabo lic  dist urbances,  such as 

hypoka lemia and hypophosphatemia.  

3.  Kwashiorkor  is  an acute  process t ha t can deve lop wit hin week s and is 

associated w ith viscera l p rote in deplet ion and im paired imm une funct io n.  It  is  the  

result  of poor  prote in intak e w ith adequate to s l ight ly inadequate calor ic intake; thus  

pat ients  usua lly appear we ll nour ished.  A hypermetabolic  sta te (e.g ., traum a, 

infec t ion)  com bined with pro tein depr ivat ion can rap id ly deve lop into  a severe 

kwashiorkor malnut r it ion charac ter ized by hypoa lbuminemia,  edema,  and im paired 

ce llu la r  imm une funct ion.  

a.  In hospital ized pat ients ,  the developm ent  of  kwashiorkor has been implica ted in 

poor wound hea ling ,  gastrointest ina l (GI) b leed ing,  and sepsis.  
b.  Aggressive  nut r it iona l suppor t  to replete  prote in stores and decrease morb id ity 

and m or tal ity is  ind icat ed when the diagnosis o f  kwashiorkor is  made.  

4.  Mixed marasm ic kwa shiorkor  is  a severe form o f pro te in-ca lor ie malnut r i t ion 

tha t  usually deve lops when a m arasmic pat ient  is subjected to an acute 

hyperm etabo lic  s t ress,  such as t raum a, surgery, or  infect ion.  

a.  This condit ion resu lts  in dep let ion of  fat stores , sk ele tal m usc le pro tein,  and 

viscera l p rote in.  

b.  Because of  the  marked imm une dys funct ion tha t  deve lops in this s tate,  vigorous 

nut r it io na l suppor t  is ind icated.  

II. NUTRITIONAL ASSESSMENT AND METABOLIC 
REQUIREMENTS 



A. Nutr itiona l a ssessm ent .  The m ost commonly used tools for  nut r it io na l 

assessment  are as fol lows:  
1.  Subject ive globa l assessm ent  (SGA)  re lies  heav ily on the  pat ient 's h is tory.  

a.  SGA takes int o account :  
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(1)  Recent  weight  change 

(2)  D iet  his tory 

(3)  Type and length of  sym ptoms af fect ing  nut r it iona l sta tus (e.g. , nausea,  vomit ing,  

dia r rhea)  

(4)  Funct iona l status 

(5)  Metabolic demands of the  cur rent  d isease process 

(6)  Gross phys ica l s igns  

(a )  St atus o f subcutaneous fat  

(b)  Evidence o f m uscle wast ing 

(c)  Presence or absence of  edema and asc ites 

b.  Pat ient s are t hen c lass if ied  as  being we ll no ur ished or moderately or  severe ly 

malnour is hed.  

2.  Mini Nutr it ional Assessm ent  (MNA)  s im ila r  to the  SGA,  valida ted in elder ly 

pat ients  

a.  MNA tak es into  account :  

(1)  Loss of appet ite 

(2)  W eight  loss  

(3)  Mobil it y 

(4)  Psycholog ica l/phys ica l st ress 

(5)  Neuro-psycholog ica l p rob lem s 

(6)  BMI 

b.  Pat ient  is  then assessed as be ing a t  no  or incr eased nut r it iona l r isk.  If  at 

increased r isk a ful l nut r it iona l assessment  is  und er taken 

3.  V iscera l Prote in Markers (VPM)  can be ind ica tors  of pro te in deple t io n if  results  

are subnorm al.  

a.  Most commonly used VPM are:  

(1)  Album in 

(2)  Prealbum in ( t ransthyret in)  

(3)  Transfer r in 

(4)  Ret ino l-b ind ing protein 

4.  Tota l lymphocyte count—an ind icator  of  imm une competence—subnorm al leve ls  

can be an ind icator o f malnut r it ion.  

5.  Anthropomorphics—sk in- fo ld measurements  

a.  Values <5th percent i le  can be ind ica tors of  fat  and prot ein dep let ion 

b.  Most commonly used:  

(1)  Tr iceps 

(2)  B iceps  

(3)  Subscapular  



(4)  Supra il iac  

6.  Mult ifactor ia l Prognost ic Indicators  

a.  Prognost ic N utr it iona l Index (PNI) is  der ived f rom a f orm ula t ha t at tempts to 

quant ify a pat ient 's  r isk  of  deve loping operat ive complica t ions  based on a variety of  

mark ers of  nut r it iona l s ta tus  inc lud ing:  
(1)  V iscera l p rot ein m arkers 

(2)  Anthropom orphics 

(3)  Imm une competence 

b.  Prognost ic Inf lammatory Nut r it iona l Inde x (PINI)  is s im ilar  to the PNI but  adds the 

inf lammat ory markers a lpha 1 acid g lycoprote in and c - react ive prote in.  

7.  Body composit ion analysis assesses nut r i t io na l s tatus by measur ing and 

compar ing the rat ios of  var ious body compartments.  

a.  Bioelectrica l im peda nce.  The res is tance to an e lect r ica l current  is  used to 

ca lcula te  lea n body m ass.  The equipm ent  is  relat ive ly inexpe ns ive and easy to use.  

The results  are  inaccura te in c r it ica l ly i l l pat ients and pat ients w ith f lu id and 

elect rolyte  abnormal it ies.  

b.  Dual-energy x-ra y a bsorpt iom etry  (DEXA).  The d if fe rent ia l a t tenuat ion of  x- rays  

is used to measure fat and lean body m ass. The equipm ent is  expens ive,  and 

results are af fect ed by hydrat ion st atus.  

c.  Tota l body potassium  est im at es lean body m ass by using a who le body counter 

to measure  a  potass ium  iso tope concent rated in lean t issue.  Th is  m ethod of  body 

composit ion ana lys is  is  impract ica l and avai lab le  at  only a few centers.  
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d.  Tota l body water  est imates  lean body mass f rom deuter ium total body wat er 

measurements . Th is  technique is c l in ica l ly im pract ical.  
e.  In vivo ne utron act iva t ion analysis.  Unlike  other  techniq ues,  this analys is  

div ides  the body int o severa l compartments. This techn ique requires  a s ignif icant  

dose of rad iat ion and is  ava i lab le  at  on ly a few research centers .  

8.  Tests of  physiological f unct ion  a t tempt  to quant ita te malnut r i t ion based on the 

decrease in m usc le  s trength caused by am ino ac id  mobil iza t io n.  

a.  Maxim um volunta ry grip strength is measured with isok inet ic dynamometry.  The 

results cor re la te wel l to  tota l body pro tein.  This t es t requires  pat ient  cooperat ion.  
b.  Electrica l st imulat ion of  the ulna r nerve  measures  cont ract ile func t io n o f  the 

adductor po ll ic is musc le .  This  technique does not requ ire vo luntary pat ient  e f fort  

and is ine xpens ive  and easy to  do. Its prognost ic re l iab il it y is s t i l l under  eva luat ion.  

B. Meta bolic requirem ents 

1.  Energy requirem ents are determ ined as nonprote in calor ies (NPCs).  I t  is  

im portant to  avo id excess calor ies  to minim ize compl icat ions o f  nut r ient  de livery and 

to opt im ize nut r ient  metabo lism. E nergy requirements  can be determined by the  

fol low ing three methods.  

a.  Indirect calor im etry or  measured energy expenditure  (MEE)  is the  most  

accurate  method of  determ ining calor ic  requirem ents .  



(1)  Oxygen (O 2)  consumpt ion and carbon d ioxide (CO2 ) p roduct ion are measured 

direct ly.  
(2)  Energy expend iture is rela ted d irect ly to  oxygen consum pt ion and is  calcu lat ed 

f rom these measurements.  

(3)  A respiratory quot ient  (RQ) can also  be obta ined f rom an MEE and is  def ined as  

the  rat io o f the amount  of CO 2  produced to that  of O 2 consum ed dur ing  the course of  

oxidat io n of  body fue ls .  The oxidat ion of  carbohydra te result s in an RQ of 1.0—that 

is,  as  m uch CO 2 is  produced as  O 2 is  consum ed.  The oxidat ion of f at p roduces 

sig nif icant ly less  CO 2 and results  in an RQ of  0.7. Normal m ixed substra te oxidat ion 

results in an RQ of 0.8 -0.9 .  

(4)  The provis ion of  excess carbohydra te calor ies  causes t he ir  conversion to  fat 

( l ipogenes is ) .  Lipogenesis produces s ignif icant ly more carbon dioxide than oxidat ion 

does. Th is  can result  in an RQ > 1.0, wh ich is cons is tent  with over feed ing.  The 

determ inat ion of  RQ can, there fore,  ind ica te patterns  of subst rat e use.  

b.  Est imated energy expenditure (EEE)  f irst  requires  the calcu la t ion o f  the basal 
energy expenditure  (BEE)  f rom the Harr is-Benedict  equat ion;  the BEE is then 

mult ip l ied  by appropr iat e stress and ac t iv ity factors .  

(1) Men:  BEE = 66.5 +  [13.8 × weight  (kg) ] + [5 × he ight  (cm)]  -  [6. 8 ×  age (years)]  

(2) Women:  BEE = 655 +  [9. 6 ×  weight  (k g) ] + [1.8 × heig ht  (cm)] -  [4.7  × age 

(years) ]  

(3) Stress fa ctors:  uncom plicated surgery 1.00-1.05,  per it onit is  1 .05-1.25,  and 

seps is  or mult ip le  t raum a 1.25-1 .5  

(4) Act ivity fa ctors:  bedres t 0.95-1.10 and ambula t ion 1 .10-1. 30 

c.  S imple nomogram.  The leas t  accura te  method of  es t im at ing calor ic  

requirements , this t echn iq ue is  based on the  pat ient 's  weight  in k i lograms. It  is  

usefu l when the o ther methods cannot  be used. Pat ients  with m ild  to  moderate 

degrees of  st ress require  approxim ate ly 25 -30 k ca l/k g/ day, whereas t he  severe ly 

st ressed pat ient  (e. g. , a pat ient  wit h m ajor  burns)  may require 35 kcal/kg/day  or 

more.  

2.  Protein (ni t rogen)  requirem ents can be determ ined by a num ber  of techn iq ues,  

but  nit rogen ba lance determ inat ions and nomograms appear to  be the most  

pract ica l.  

a.  Nit rogen bala nce technique s.  The prac t it ioner  determ ines the  pat ient 's  nit rogen 

output  and deve lops a nut r it iona l suppor t  program in wh ich the  pro tein adm inis tered 

results in a  nit rogen input  that  exceeds losses.  

(1)  N it rogen ba lance = 24-hr nit rogen intake -  24-hr  n it rogen output .  

(2)  A 24-hr  nit rogen intake = 24-hr  t ota l p rote in int ak e ÷ 6.25 (approxim ate ly 16% of  

protein is  com posed of  nit rogen) .  

(3)  A 24-hr  nit rogen out put  = [24 -hr ur ine urea nit rogen (UUN) × 1 .25 + 2,  where 

1.25 accounts for non-UUN losses (e.g .,  ammonia ,  creat inine)  and 2  accounts  for  

non- ur ine  n it rogen losses (e.g. , sk in,  feces).  Total ur inary nit rogen (TUN) 

determ inat ions  

P.1277 

 

are cur rent ly ava ilab le in som e cent ers . Because TUN is a more accurate method o f 



assess ing ur inary n it rogen losses,  it  should be used when avai lab le  in place o f  a 

24-hr  UUN × 1 .25 when calcu lat ing  a nit rogen ba lance.  
(4)  A posit ive n it rogen balance of  3-6  g is the  goal.  

(5)  This  m ethod cannot  be used in renally im pa ired pat ients.  

b.  Nomogram method.  This method es t im ates pro tein needs based on lean body 

weight .  Protein requ irement s are 1.5-2.0  g  protein/k g/ day fo r hospital ized pat ients .  

c.  Nonprotein calorie to nit rogen (NPC:N) rat io.  An NPC:N rat io of 125-150: 1 

generally has  been recommended for the mild ly to moderate ly s t ressed pat ient  to 

achieve opt imal nit rogen retent ion and pro tein synthes is .  In the  severe ly st ressed 

pat ient ,  some stud ies ind icate  that  rat ios as low as  85:1 may be e ffect ive .  

3.  Essent ia l fa tty acids (EFAs)  a re t hose po lyunsaturated f atty acids  that  cannot  

be synt hesized by hum ans.  EFAs a ffect immune responses by inf luenc ing energy 

product ion,  eicosanoid  synthes is,  and cell m embrane f lu id it y.  They also  af fect  leve ls  

of  a rachido nic acid in lym phocytes—especial ly monocytes , macrophages, and 

po lym orphonuc lear  neut roph ils  (PMNs). L ino le ic  ac id ,  an omega-6 po lyunsaturated 

fatty acid (PUFA) ,  is  the  pr inc ipal EFA for humans. α -Lino len ic  ac id ,  an om ega-3 

PUFA,  also  cannot  be synthes ized in vivo ;  its  m etabolic s ig nif icance in hum ans 

cont inues to be invest iga ted. It  m ight be a  condit iona l ly essent ia l fatt y acid.  
a.  Def ic ie ncy sta tes o f l inole ic  acid  a re character ized by d iar rhea,  dermat it is,  and 

ha ir  loss .  

b.  The cur rent ly ava ilab le l ip id em uls io ns  have a  h igh l ino le ic ac id content .  

c.  Provid ing  4%-7% of a  pat ient 's  ca lor ic  requirements as l ino le ic ac id  f rom l ip id 

em uls ion prevent s the  deve lopment  of essent ia l fa t ty ac id  def ic ie ncy.  

4.  V itam ins a re essent ia l for p roper  subst rat e metabolism. Accepted dai ly 

al lowa nces for ora l adm inis t ra t ion have been established .  The FDA recent ly  
approved a new m ult ivitam in preparat ion for adults receiving parentera l 
nutr it ion (PN).  
a.  V itam in A (fat  so lub le) .  Normal stores can las t  up  to 1 year but  are rap id ly 

deple ted by s tress. V itam in A has essent ia l funct ions in v is io n,  growth,  and 

reproduct ion.  R ecommended ora l intake is  2500 -5000 IU/day.  T he recommended 
requirem ent  is 3300 IU/day in PN f orm ulat ions.  
b.  Vitam in D  (fat  so lub le) .  In conj unct ion w ith para thormone and calciton in,  vitam in 

D he lps regula te ca lc ium  and phosphorous homeostasis. Recommended ora l intake 

is 100-400 IU/day.  The PN requirem ent  is 200 IU/day.  
c.  V itam in E  (fat  solub le)  appears  to f unct ion as  an ant ioxidant ,  inhib it ing  the 

oxidat io n of  free unsatura ted fatty ac ids . Recommended daily oral a l lowances are 

12-15 IU/day.  The requirem ent in PN f ormulat ions is 10 IU/day.  The presence of 

po lyunsatura ted fatty ac ids increases the requirement  for  vit am in E, whic h needs to 

be cons idered w ith the  use of l ip id syst em  PN.  

d.  Vitam in K  (fat  so lub le)  p lays  an essent ia l ro le in t he  synthes is o f  c lo t t ing fac tors. 

The suggested ora l intake is  0.7 -2 .0 mg/day. The recommended PN requirement  is 
150  µg /day.  
e.  V itam in B 1 (thiam ine;  water solub le)  func t ions  as a coenzym e in the  

phosphog luco nate pat hway and as a s truc tural component  of  nervous sys tem 

membranes.  The deve lopm ent  of  its  def ic ie ncy sta te ( i.e ., acute pernic io us  ber iber i 



wit h high output  card iac fa i lure)  is  wel l descr ibed in pat ients on PN rece iv ing 

inadequat e thiamine rep lacem ent . A pro longed def ic ienc y s tate can cause W ernicke 
encepha lopathy.  Recommended doses are  0. 5 mg/1000 ora l ca lor ies /day and 6 
mg/da y in PN f orm ulat ions.  

f . V itamin B 2 ( r ibof la vin;  water so lub le)  func t io ns  as a coenzym e in oxidat ive  

phosphory la t io n.  E ssent ia l ly,  no int race llula r  s tores are mainta ined.  Oral 

requirements  are 1.3 -1 .7 mg/day. The requirem ent  in PN form ulat ions is 3 .6  
mg/da y.  
g.  Vitam in B 3 (nia cin;  water  so lub le)  func t ions  as  a coenzym e in oxidat ive  

phosphory la t io n and bios ynt het ic pathways.  Pe llagra is  the well -descr ibed 

def ic iency s ta te.  Ora l requirem ents are  14.5-19. 8 mg/day.  The recommended PN 
requirem ent  is 40 mg/day.  
h.  Vitam in B 5 (pa ntothenic acid;  water  so lub le) .  The func t iona l fo rm of vitam in B 5 

is coenzym e A,  whic h is essent ia l t o a ll acylat ion react ions.  Ora l requirem ents are  

5-10 mg/day.  Int ravenous ( IV) requirem ents  are 10-29 mg/day.  
i .  V itamin B 6 (pyr idoxine;  water solub le)  func t ions  as  a coenzym e in a var iety o f  

enzym at ic pathways.  Def ic ie ncy sta tes are accentuated by some medicat ions,  

inc lud ing  
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iso niaz id ,  penic i l lam ine,  and cyc loser ine .  Ora l requ irements  are 1.5-2.0  mg/day. 

The recommended PN requirement  is 6. 0 mg/day.  
j .  V itamin B 7 (b iot in;  water  so lub le)  func t io ns  in carboxylat ion react ions.  It  is  

synthes ized by intes t ina l f lora ;  there fore,  def iciency s tates are rare.  The 
requirem ent  in PN formulat ions is 60  µg /day.  
k.  V itam in B 9 (folic a cid;  water  solub le)  is  invo lved in a var iety o f  biosynthet ic 

react ions and amino ac id  conversions.  Folate  cofact ors are  necessary for  pur ine 

and pyr im id ine (DNA) synthes is .  St ores usua lly la st 3-6 months ; however ,  rapid 

deple t io n is seen wit h m etabo lic s t ress . Def ic ie nc y of  vitam in B 1 2  causes def ic iency 

in f ola te .  A megalob last ic anem ia is  class ic in the  def ic ienc y state.  Def iciency o f  

fol ic ac id in a  pregnant  m other can cause neura l t ube defects in the fetus . Oral 

requirements  are 200-400 µg /day.  The recommended requirem ent  in PN 
formula t ions is 600  µg /da y.  
l .  V itamin B 12  (cya nocoba lam in;  water solub le)  has a  var ie ty of metabo lic  and 

biosynthet ic  func t io ns .  Because of  large stores , def iciency s tates can t ake years  to 

deve lop.  Megalob last ic (pernic io us)  anemia is one manifes tat ion of  de f ic ienc y.  

Another  manifes tat ion of  de f ic iency is per iphera l neuropathy because B 1 2  is  

respons ib le for  b iosynt hes is o f the insulat ion sheet  on nerves called  m yelin.  Ora l 

requirements  are 2 µg/ day. The requirement  in PN f orm ula t ions i s 5 .0 µg/ day.  
5.  Trace mineral  def iciency  may deve lop dur ing  PN because of  reduced intake, 

increased use,  decreased p lasma bind ing,  or  increased excret ion.  

a.  Iron is necessary for  hemoglobin and myoglobin product ion and is a  necessary 

co fac tor in a var iety o f enzym at ic  react ions .  Def iciency is c lass ical ly demonst ra ted 

by a hypochrom ic ,  m icrocyt ic  anem ia as wel l as by the  development  of  immune 



def ic iency.  Ora l requirem ents are 16-18 mg/day.  IV requirem ents are 0 .5-1.0 

mg/day.  
b.  Z inc  is  necessary for DNA and RNA synthes is  and is  a necessary cofactor  in a  

var ie ty o f  enzymat ic  react ions .  Zinc  def ic ienc y results in im pa ired wound hea ling ,  

growth retardat ion,  hair  loss ,  dermat it is ,  d ia r rhea, anorexia ,  and glucose 

into lerance.  Pat ient s at  high r isk  for deve lop ing z inc def ic iency are t hose with lo ng -

term stero id  therapy, malabsorpt ion syndrom es, f istulas,  seps is ,  and major surgery. 

Oral requirements are 10-15 mg/day.  IV requ irements  are 3.0-5.0 mg/day.  

c.  Copper  is  necessary fo r hem e synthes is ,  e lec t ron t ranspor t, and wound healing .  

Def iciency that  deve lops dur ing  PN usua lly m anif est s as  anem ia, leukopenia ,  and 

neut ropenia.  Ora l requ irement s are 30 µg /kg/day .  Intraveno us requirements are  
0.5-1.5  mg/day.  
d.  Ma nga nese  is  invo lved in pro te in synthes is  and poss ib ly g lucose use. Oral 

requirements  are 0.7 -22 mg/day.  Intra venous requirem ents a re 150-300  µg /da y.  
e.  Selenium  is im por tant  in ant ioxidant  react ions .  Def iciency dur ing  PN has been 

associated w ith m uscle pain and card iom yopat hy.  Intra veno us  requirem ents are 40-
60  µg /day.  
f . Iodine  is  a component  of the thyroid hormones.  Def iciency m anifes ts as  a goiter . 

Recommended intak e is 1 µg /kg/day.  

g.  Chrom ium  is  import ant  in glucose use and potent iates t he  eff ect  of  insu lin.  S igns 

of  def iciency inc lude hyperglycem ia  and abnormal glucose to le rance. Ora l 

requirements  are 70-80 µg /day. Int ravenous ( IV) maintenance requirements are 

0.14-0.2 µg/kg/day (10-15 µg /day).  Suggested IV requirements f or def ic iency a nd 
severe glucose intolerance are 150-200  µg /da y.  
h.  Molybdenum  is  essent ia l to  xanthine oxidase.  Oral requirements  are 2. 0 

µg /kg /day.  

III. METHODS OF SUPPORT 
A.  PN is also ca lled tota l parentera l nutr it ion (TPN)  and hyperalimenta t ion.  It  is 

used to meet  the  pat ient 's  nut r it iona l requirements  when the entera l rout e cannot  

accomplish th is .  

1.  Indicat ions.  W hen the entera l route  cannot  be used because o f dysfunct io n or  

disease states (e. g. , acute pancreat it is ,  inf lammatory bowel d isease,  comple te 

bowel obstruc t ion) ,  PN is  inst it uted.  

2.  Init ia t ion  of PN should be under tak en with in 1-3  days in m oderate ly to  severely 

malnour is hed pat ients  when t he inadequacy o f  enteral suppor t is ant ic ipa ted for  

more than 5-7  
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days .  In healthy or  m ild ly m alnour is hed pat ients ,  PN shou ld  be in it ia ted wit hin 5 -7  

days if  entera l suppor t has  not been init iated.  

3.  Routes of  adm inistrat ion 

a.  A centra l  venous route  is  used with hyper tonic  PN form ulat ions ( i .e. ,  dext rose 

concent rat ions  > 10%). Most  commonly,  dext rose concent rat ions of 25% are used 

cent ra l ly,  and the osmolar ity exceeds 2000 mOsm/ L. S uch h ighly osmolar  so lut io ns  



must be infused into  a large-d iameter  cent ral ve in (e.g. , super ior vena cava) , where 

they are rap idly d i luted by high f low rates.  
b.  A per ipheral venous route  can be used when the dext rose concent rat ion is  10% 

or  less.  

(1)  So lut ions  w ith 10% dext rose,  am ino ac ids,  e lect ro lytes,  and t race m inera ls  have 

a result ing  osmolar ity o f  900-1000 mOsm/L. H igher  osmolar ity is  assoc iated with a 

hig her  inc ide nce o f thrombophleb it is .  

(2)  The m ajor  reason for  use of  the centra l venous PN rather  than the per iphera l 

route is the  deve lopment  of  thrombophleb it is .  Mainta in ing the osmola lity o f  the 

per iphera l P N so lut io n <  900 mOsm/kg and preferab ly between 600 and 800 

mOsm/kg with int ravenous l ip id em uls ion administered concurrent ly over  24 hr  

minim izes t he  inc idence o f thrombophleb it is .  Also ,  the developm ent  of  new 

per iphera l f inebore catheters made from polyurethane or  s i l icone has been shown t o 

be sign if icant ly less thrombogenic .  In addit ion,  the  use of low-dose hepar in (1 

un it /m L)  and hydrocort isone (5  mg/L)  delivered in  the PN so lut io ns  has been shown 

to protect agains t  thrombophleb it is .  

(3) Glyceryl trinit rate  patches (5 mg), when appl ied over  the area where the  t ip  o f 

the  catheter is  expected to l ie ,  have been shown to  sign if icant ly reduce per iphera l 

PN inf us ion fai lure  caused by phleb it is.  W ith the use o f this  new catheter techno logy 

and new t echn iques fo r infus ion,  it  is now feasible to  adm in is ter  per iphera l PN in 

se lec ted pat ients  for short -term therapy (7 -10 days)  with a  low inc ide nce of 

per iphera l ve in thrombophleb it is .  

4.  NPC sources  

a.  Dextrose monohydrate is the form o f dext rose used for parentera l 

administ ra t ion.  I t  yie lds  3.4 kca l/g . It  is the  component  in PN form ulas  tha t 

cont r ibutes  the most  to osmolar ity.  I t  is availab le  commerc ia l ly in concent ra t ions  up 

to 70%.  
b.  Intravenous lip ids  are commerc ia l ly ava ilab le as 10% or  20% emuls io ns  der ived 

f rom soybean o il ( Int ra l ip id )  or a combinat io n o f  soybean o il a nd saff lower  oi l 

(Liposyn I I ) .  

(1)  Both the  10% and 20% em ulsions are isotonic (280 and 340 mOsm/L, 

respect ive ly)  and can be administered via the  per ipheral ve in w ith a low inc idence 

of  phleb it is ;  these em ulsions provide 1.1  and 2.0  kca l/m L,  respect ive ly.  They 

conta in 1.2% egg yo lk  phosphol ip ids  as  the em ulsifying  agent  and 2.25%-2.5% 

glycero l to  make t he em uls ions  isosmot ic.  

(2)  L ipid em uls ions can be g iven as  part o f the dai ly NPC requirement  or  2-3 t im es 

per week to prevent  essent ial fat ty acid def iciency.  Both types o f l ip id  emuls io n 

conta in part ic les o f 0.4-0.5 µm, wh ich prevents  the use of 0.22 µm bacter ial 

retent ion f i lt ers .  

5.  Protein (ni t rogen)  source.  Synthet ic crysta lline amino a cids  are cur rent ly 

used as the nit rogen source in PN formula t io ns .  

a.  T hese form ula t ions are a vailable  commercia lly  w ithout  e lectrolytes a nd 
dextrose in concentrat ions of  5.5% (T ravasol) , 8.5% (Travasol) ,  10% (Aminosyn 
II,  Tra va sol) ,  15%. (Aminosyn II,  C linisol)  a nd 20% (Prosol) .  

b.  These formula t ions  y ie ld 4  k ca l/g .  



c.  These solut io ns  genera lly contain a  m ixt ure  of  f ree  essent ia l and no nessent ia l L -

am ino acids .  
d.  Spec ia l ized am ino acid fo rm ula t io ns  are ava ilab le f or specif ic  disease states.  

6.  System s of  PN  

a.  Glucose system PN  

(1) Def ini t ion.  The g lucose sys tem PN is  a parenteral f orm ulat ion in which dext rose 

is used exc lus ive ly as  the  NPC source.  N it rogen is provided as cryst all ine  amino 

ac ids .  E lec t ro lytes ,  vitam ins ,  and t race m inera ls  are  added to the form ulat ion as 

needed.  
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(2) Administrat ion.  The glucose syst em PN formula t ions  us ua lly have dext rose 

concent rat ions  of 25% or greater and m ust be administered by the centra l venous 

route. These form ulat ions are a lso re ferred to as  two - in-one form ula t ions  because 

the dext rose and amino ac ids are usua lly m ixed in one cont ainer  w ith elec t rolytes ,  

vit am ins,  and t race m inera ls .  

(a )  Because of  the  high dext rose concent ra t ion,  in it ia l administ ra t ion shou ld be at  

low ho ur ly ra tes (e.g.,  50  mL/hr ) and increased gradua lly over  24 hr  to avo id  

hyperglycem ia  (> 200 mg/dL) .  

(b)  To  avo id  react ive  hypog lycem ia (< 70 mg/dL), d iscont inuat ion shou ld  be gradua l 

over  several ho urs .  

(c)  L ipid em uls ions should be administered for essent ia l fa tty a cid replacem ent  in 

a dose t hat provides 4%-7% of  required calor ies as  l ino le ic ac id.  This can be 

accomplished by the  administ rat ion o f  250 mL of  20% or 500 mL of  10% em uls ion,  

two t o three t imes week ly.  

b.  L ipid  system  PN  

(1) Def ini t ion.  The l ip id system PN is a  parenteral form ula t ion in wh ic h l ip id is  

administered da ily to  provide a  substant ial proport ion o f  the NPC. N it rogen is  

provided as c rysta l l ine  amino ac ids.  E lectro ly tes,  v itam ins,  and t race m inera ls  are 

added to the form ulat ion as  needed.  

(2) Administrat ion.  The l ip id  sys tem PN is  adm inis tered per iphera lly when the 

dext rose concent rat ion is  less  than or  equal to 10% and cent ral ly when the dext rose 

concent rat ion is  m ore than 10%.  
(a ) P iggyback method.  The solut ion w ith am ino ac ids,  dext rose, e lect ro lytes , trace 

minerals,  and vitamins  is  infused concurrent ly wit h a separate bot t le  of  lip id  

em uls ion through a Y site on t he  int ravenous administ ra t ion se t .  

(b) Tota l nutr ient  adm ixture  (TNA)  method—three- in-one,  al l- in-one.  Lip ids,  am ino 

ac ids ,  dext rose, e lec t ro lytes , trace m inera ls ,  and vitam ins  are  m ixed in one 

conta iner  and adm inis tered by the  cent ral or per iphera l route ,  depending on 

dext rose concent rat ion.  

( i)  Advantages  inc lude s im pl if ica t io n o f  adm inis t rat ion and decreased training  t im e 

for hom e PN pat ients .  



( ii)  D isadva ntages  inc lude the inab il it y to  inspect  for par t icu la te matter  in the  

opaque adm ixture ,  the inab il ity to use 0.22-µm bacter ia l re tent ion f i lte rs, and 

stabil it y p rob lem s.  

( ii i)  Because the presence of  lip id  em uls ion in TN As obscure  the presence of  a 

precip ita te  and may present  a l i fe- threatening hazard t o pat ients,  the  U.S. Food and 

Drug Administ ra t ion (FDA)  suggests tha t  the p iggyback method be used to 

administer  lip id  em uls ion.  If  a TNA is deem ed medica lly necessary,  then specif ic  

admixture  gu ide lines recommended by the  FDA should  be fo l lowed.  Also,  a  part ic le  

f i lte r  ( i.e . , 1.2 µ)  should be used with TNA adm in ist rat ion.  

(c) L ipid  dosa ge  

( i)  Lip id  calor ies shou ld  not  exceed 60% of to tal da ily calor ies,  inc lud ing pro tein 

ca lor ies .  

( ii)  Maxim um dosage of  l ip ids for  adu lts  is  2.5 g/kg /day.  

( ii i)  Base line  and week ly serum t r ig lycer ides  m ust be monitored in pat ients  on l ip id  

syst em PN.  
(3) Adverse ef fects  of  lip ids are uncommon.  The most  frequent  adverse e ffects 

inc lude fever,  chil ls ,  sensat ion o f  warmt h, chest  pain,  back pain,  vom it ing,  and 

ur t icar ia (overa ll inc idence < 1%). Severe hypo xe m ia has been repor ted w ith rap id  

infus ion o f  lip id  em uls ion.  

7.  Addit ives 

a.  E lectrolytes.  PN form ulat ions must inc lude adequate  amounts  of  sodium,  

magnes ium , calc ium,  chlor ide,  potassium,  phosphorus,  and acetate.  The 

int racellula r  “anabo lic ”  elec t ro lytes—potass ium , magnes ium, and phosphate—are 

essent ia l for prot ein synthes is .  Requirements  vary wide ly,  depend ing on a  pat ient 's 

f luid and e lec t ro lyte losses;  renal,  hepat ic ,  and endocr ine  s tatus ; ac id -base 

ba lance;  metabolic  rate; and type of  PN formula  used. The elec t ro lyte compos it ion 

of  the PN form ula  m ust  be adj us ted to meet  the needs o f the ind iv id ua l pa t ie nt .  
b.  Vitam ins and trace minerals.  V itam ins  are usua lly added to PN so lut ions in t he  

form  
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of  commercia l ly ava ilab le  mult ivitam in preparat ions .  Current ly,  there is  a new adult  

mult ip le  v itamin infus ion formula  avai lab le  ( Infuv it e  Adult ,  MVI-Adult )  that meets the 

recent ly am ended requirem ents o f the FDA for  adult  parenteral mult ivitam ins .  
(1)  The new FDA requirem ents  are based on the pr io r  m ult iv itamin f orm ulat ion 

recommended by the Nutr it ion Ad visory Group o f the Depar tment of  Foods and 

Nut r it ion o f  the Amer ican Medica l Associat ion (NAG-AMA) but  wit h increased 

dosages of vitam ins B 1,  B6 ,  C,  and fo lic acid and the add it ion of  vit am in K.  

(2)  The FDA also  approved the same mult ivitam in  formula t ion w ithout  vitam in K 

(MV I-12;  m ult iv itam in infus ion w it ho ut  v itam in K) fo r  those pat ients  who rece ive 

war far in- type ant icoagu lant  therapy.  B ecause of st ab il it y p rob lem s, one via l of  

Infuvite Adu lt  and MVI-Adu lt  contains  v itamins  A,  D,  E, B 1 ,  B 2,  B 3 ,  B 5,  B 6,  and K . 

MV I-12 contains  the same vitam ins  in one v ia l w ithout  vitam in K.  The second via l fo r 

bo th preparat ions  contains  v itamins  B 12 ,  b io t in,  and f ol ic ac id.  



(3)  Trace m inerals  m ay be added ind ividua lly or  as a commerc ia l ly ava ilab le 

mult ie lem ent prepara t ion.  P rec ise requirements for  t race m inera ls  have yet  to be 

determ ined.  

c.  Insulin may be required for  pat ients  rece iv ing  PN f orm ulat ions (especial ly 

glucose system PN) to  mainta in blood g lucose levels  <  200 mg/dL. If  ins ul in is  

required,  it  is  best p rovided by the add it ion of  an appropr iate  amount  o f regular  

ins ul in to t he  PN form ulat ion at  t he  t im e of  adm ixt ure.  Although a  sm all am ount  of 

ins ul in (5-10 U per bag) may be adsorbed to the  cont ainer  and tubing,  such losses 

can be overcome by appropr ia te t i t rat ion of  the  dose. The addit io n o f  insulin to  the 

PN form ula t ion has the advantage of  changes in the  ra te of PN inf us ion being 

autom at ically accom panied by appropr iate  changes in the ra te of ins ulin infus ion.  

d.  Miscellaneous drugs.  A num ber of  medicat ions have been successful ly adm ixed 

wit h PN form ulat ions fo r cont inuo us infus io n.  The H 2- recept or antagonist s are t he  

most common drugs used in t his  way.  The rout ine  addit ion o f  medicat ions to PN 

form ulat ions remains  cont rovers ia l because of:  
(1) Quest ions of  sta bili ty  over the wide range  o f PN component  concent rat ions 

(2)  Possib le  therapeutic inadequacy  or  toxic ity secondary to PN rate changes and 

loss  of peak and t rough le ve ls  
(3)  Increased potent ia l for wa ste  wit h dose changes 

8.  Com plicat ions  w ith the use o f PN can be ser ious  and potent ia l ly l ife - threatening 

but  can be avoided by careful m anagement . Complica t ions  can be divided into  

mechanica l,  infec t ious,  and m et abolic.  

a.  Mechanica l  compl icat ions genera lly re la te to the cent ra l venous catheter or  i ts 

placement  and inc lude pneum othorax,  catheter occ lus ion,  and veno us thrombos is .  
b.  Inf ect ious complica t ions  usua lly are re la ted to the  cent ral venous cat heter. This 

l inere lat ed seps is  is  secondary to m ult ip le  catheter  manipulat ions,  contaminat ion 

dur ing  inser t io n,  or contaminat ion dur ing  rout ine maintenance.  Hyperglycemia and 

IV  lip ids  also  ha ve been implica ted.  Mainta in ing  b lood sugars < 200 mg/ dL has been 

shown to  sign if icant ly reduce sept ic  compl icat ions  in cer ta in subsets of pat ients .  

c.  Metabolic  compl icat ions are the  most  common. These  inc lude hyperglycem ia ,  

hypoglycem ia , hypok alem ia ,  hypomagnesemia, hypophosphatem ia , metabo lic 

ac idos is ,  respiratory ac idos is ,  prerenal azotem ia ,  and zinc  def ic ie ncy.  A t rans ient  

se lf - l im ited  hepat ic dys funct ion is a lso seen with long - term PN. 

B. Entera l  nutri t ion (EN).  Use of the  GI tract  to achieve to tal nut r it iona l suppor t  or  

part ia l suppor t in combinat ion with the  parentera l route  should be at tempted 

whene ver  possible  in the face of  inadequate ora l intak e. Theoret ica l advantages 

inc lude m aintena nce o f normal d iges t ion,  absorpt ion,  and gut  mucosal bar r ie r  

funct ion.  

1.  Contra indica t ions to EN inc lude complete  intest ina l obs t ruc t ion,  high-output  

intes t ina l f ist ulas ,  severe  acut e pancreat it is ,  severe  acute inf lammatory bowel 

disease,  and severe diar rhea.  

2.  Routes of  adm inistrat ion.  Tube f eedings can be adm inis tered via  nasogastr ic ,  

nasoduodena l,  nasoj ej una l,  gas tros tomy, and jej unost om y tubes.  
3.  EN form ula t ions can be c lassif ied  as  being standard (comple te) or  modular .  



a.  Standard form ula s generally conta in carbohydra tes, fats , vitam ins,  t race 

minerals,  and a nit rogen source.  They are fur ther c lass if ied  accord ing to the ir  

nit rogen source.  
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(1) Monom eric  fo rm ulas  cont ain c rys ta l l ine am ino acids  as the ir  nit rogen source.  

These form ulas  are  usually marketed commercial ly for spec if ic  ind ica t ions  (e. g.,  

i le us ,  pancreat it is ,  hepat ic  coma).  

(2) Short-chain pept ide  form ulas conta in d ipept ides  and tr ipept ides  from 

hydro lyzed prot ein or de  novo synthes is  as  their nit rogen source.  They are cur rent ly 

mark eted for the metabolica l ly st ressed pat ient .  

(3) Polymeric form ulas  contain e ither  intact  proteins  or  protein hydrolysat es  as  

the ir  n it rogen source.  Most pat ients  can be managed wit h these form ulas.  

b.  Modular f orm ula s cons is t  o f separate modules  o f specif ic  nut r ient s that  can be 

combined or  administered separa tely.  They are  used for  supplem enta l use or t o 

custom des ign an EN form ula  to meet  a spec if ic  c l in ica l s itua t io n.  

(1) Carbohydrate  modules  dif fer in the  type of carbohydra te present (e.g. , 

po lysacchar ides ,  d isacchar ides, monosacchar ides) .  

(2) Protein  modules  contain e ither  intact  protein,  hydrolyzed prote in,  or cryst all ine 

am ino acids .  

(3) Fat  modules conta in e it her  long-cha in t r ig lyce r ides  (LC Ts) prepared from 

vegetab le  oi ls or  medium-chain t r iglycer ides (MCTs)  prepared from coconut  o il.  

MC Ts are  more water solub le  and m ore eas ily absorbed than LCTs. (Bypassing the  

intes t ina l lac tea l and lym phat ic syst em, MCTs are transport ed direct ly to  the  porta l 

syst em.)  MCTs are,  however,  relat ive ly expe ns ive  and conta in no essent ia l fat ty 

ac ids .  
4.  Com plicat ions.  The two most common complica t ions  o f EN are diar rhea and 

im proper tube placem ent.  

a.  Diarrhea  in pat ients  receiving  EN is usua l ly secondary to concom itant 

administ ra t ion o f  medicat ion (e.g.,  ant ib iot ics  and  sorbit ol-conta in ing l iqu ids) . 

Infect ious  causes should be e lim inated (e.g., Clost ridium di ff ic i le) , af ter which 

ant id iar rhea l m edica t ions  m ay be benef icia l.  R educ ing the rate or  concent rat ion m ay 

also be ef fect ive.  
b.  A feeding tube improper ly pla ced into  the  tracheobronch ia l t ree can have 

disas t rous consequences.  Tube feed ings shou ld  never  be init iated without  

rad iolog ica l ver if icat ion o f  tube posit ion.  

c.  Aspirat ion  

IV. MONITORING SUPPORT 
A. PN.  In add it ion to appropr ia te general medica l and nurs ing care, pat ients 

receiv ing PN in it ia l ly requ ire  da ily and week ly laboratory monitor ing  to assess 

nut r it io na l p rogress and metabol ic  st atus.  

1.  E lectrolytes  



a.  Init ia l ly,  pota ssium , sodium ,  and chlor ide  shou ld be determ ined daily.  

Potassium  is  used int race llu la r ly;  thus  hypok alem ia  is  not  an uncommon f ind ing.  
b.  Ca lcium , magnesium,  and phosphate  are pr imar i ly int racel lular  e lect ro lytes ,  

serum leve ls  o f  whic h become depleted during  pro te in synthes is .  S erum leve ls 

generally do not  fal l as rapidly as potassium ; t herefore, monitor ing  two to t hree 

t im es a week is  recommended in it ia l ly unt i l the pat ient  is  s tab il i zed,  then week ly 

thereaf ter .  

c.  Bicarbonate  shou ld  be monito red to assess acid -base ba lance.  Hyperchlorem ic  

metabo lic  ac idos is  m ay develop in pat ients  on PN.  Th is  im ba lance can be cor rec ted 

by provid ing  the  potass ium and sodium as acetate (conver ted to  b icarbonate  in the 

serum) rather  than as  the chlor ide  sa lt .  Afte r in it ia l cor rect ion,  p rovis io n o f  one ha lf  

the  sodium and potass ium  requirements  as  the acetate sa lt  and one ha lf  as the  

ch lor ide  salt  may be benef ic ia l.  

2.  Serum glucose  should be monitored dai ly,  part icu lar ly in cent ra l g lucose 

syst ems. Mainta in ing  a blood glucose concentra t ion between 100 -200 mg/dL is  

generally recommended.  

3.  Weights  obta ined on a dai ly or  every ot her  day basis  t rack opt im um lean body 

weight  ga in of  0.25-0 .50 lb /day.  Weight  gain in e xcess of  0.5 lb /day generally 

ind icates f lu id over load or fat  deposit io n.  

4.  V iscera l proteins (e .g. , albumin,  prealbum in,  t ransfer r in)  are important 

ind icators of t he  adequacy of  nut r it iona l suppor t .  
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a.  Album in  is  usef ul in t he  in it ia l assessment of nut r it iona l s ta tus , but  i ts long ha lf -

l ife  (18-21 days) l im its  its  ut il i t y as  a short -te rm mark er  of nut r it iona l replet ion.  

b.  Prealbum in  has a  shor t half - l ife  (2-3 days)  and is  a  more sensit ive and ear ly 

ind icator  of the  adequacy of  nut r it io na l suppor t.  I ts serum value is  false ly elevated 

in rena l fa i lure .  

c.  Transf err in  has  an interm ediate ha lf - l ife  (7-10 days) , which m ak es week ly 

monitor ing  usef ul.  Transferr in m ay be false ly elevated in iron-def ic ienc y s tates.  

d.  Ret inol-binding protein has  an ult ra -short  hal f - li fe (12 hrs).  Va lues are  af fected 

by inj ury and metabo lic  s tress.  

5.  Serum creat inine  and blood urea nit rogen (BUN)  should be obt ained a t  leas t 

week ly.  E vidence o f  rena l impairment  may require modif icat ion of  the  PN form ula.  

E levat io n o f  the BUN in the absence of  rena l im pairm ent may be secondary to the  

PN form ula  (e.g. , excess nit rogen,  low NPC:N rat io)  and appropr iate  adj ustment s 

need to be made.  

6.  L iver  f unct ion tests—aspar tate am inot ransf erase (AST) , a lan ine 

am inot ransferase (ALT) ,  alka line phosphatase,  lac tate dehydrogenase (LDH), and 

bi l ir ub in—require  base line and per iodic monitor ing  because of  potent ia l toxic it y f rom 

the PN form ulat ion ( i.e . , fa tty inf i lt ra t ion o f  the l iver ). Abnorm al l i ver  func t io n 

studies  m ay necessitat e changes in the PN formula t ion.  
7.  Serum tr ig lycer ides  should  be measured for  a base line  and week ly thereaf ter fo r 

pa t ients  on l ip id  sys tem PN.  It  is  no t  necessary to monitor  t r ig lycer ides on a week ly 



basis  for  pat ients rece iv ing l ip ids  two to  three t imes per week for essent ia l fa tty ac id  

rep lacement .  
8.  A 24-hr  UUN  shou ld  be obtained week ly to  determ ine n it rogen balance for  

pa t ients  in whom nit rogen requirem ents are uncertain.  These are usual ly highly 

st ressed, severely i l l,  o r  inj ured pat ients  in an intens ive care  unit  ( ICU) sett ing .  
9.  Serum iron leve ls  sho uld be obt ained week ly to  determ ine def ic iency and to  

al low appropr ia te interpreta t ion o f serum t ransf er rin leve ls .  

B. EN  genera lly requires less  int ense laboratory monito ring .  Spec if ic labora tory 

gu ide lines  for  monito r ing EN support  vary from ins t itut io n to  ins t itut io n.  

V. SUPPORT OF SPECIFIC STATES 
A. Condit iona lly  essent ia l nutr ient s 

1.  Glutam ine.  B ecause of  its  ins tab il i ty,  glutamine is  cur rent ly not  a component  o f 

commerc ial ly ava i lab le  st andard PN am ino ac id  so lut ions  and is found in f ree  form 

in re la t ive ly few EN form ulas.  A relat ive  def ic ie ncy has been shown to occur in 

cr it ica l i l lness.  It  is  k nown to be used as a pr imary fuel source by enterocytes and 

may exer t  a t rophic  e f fec t on the  gut  m ucosa.  It  is most  widely used as  a PN 

component  for  bone marrow transp lant  pat ients  and shor t  gut  syndrome. G lutamine -

conta in ing  d ipept ides tha t  are stab le  and hig hly solub le  are  be ing invest igated as a 

source o f g lutam ine in PN. At  present ,  glutamine m ust be added to the PN so lut io n 

at  the t im e of  compound ing.  Increasing ev idence suppor ts  glutamine 

supp lementa t ion in cr it ica l i l lness,  however  opt imum route, t im ing and dos ing have 

yet  to  be def in it ive ly determ ined.  
2.  Arginine  has been shown exper im enta lly and cl inica lly to  enhance imm une 

funct ion.  EN form ulas  enr iched with arg in ine are ava ilab le commercial ly.  Recent ly 

the  eff icacy o f exogenous ly adm in is tered arg inine  to subsets of  c r it ica l ly i l l  pa t ients  

has come into quest ion.  Opt im um  dosing in other  pat ient  populat ions is s t il l 

undeterm ined.  

3.  Ant ioxida nt  formulat ions.  Oxidant  product ion occurs as part of  the  normal 

inf lammat ory response and has been im plica ted in reperfus ion inj ury.  The body also  

produces ant ioxidant  defenses to l im it  oxidant  damage to healthy t issue.  These 

defenses rely on adequat e intake of  die tary nut r ients ,  such as  the  sulf ur -containing 

am ino acids ,  vitam in E, vitamin C ,  se lenium , and zinc .  Severa l invest igato rs bel ieve 

provis io n of  these nut r ie nts  should be an ear ly pr io r ity in c r it ical ly i l l  pa t ie nts .  

Opt im um doses remain cont rovers ia l.  

4.  Tyrosine,  cysteine,  and ta ur ine  a re e ither  absent  or present in low 

concent rat ions  in commerc ial ly ava i lab le  PN f ormulas .  The y are bel ieved to  be 

cond it io na lly essent ia l am ino acids  by som e invest iga tors.  
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5.  Omega-3 polyunsaturated fat ty acids  are derived f rom f ish o i ls  and are 

cur rent ly found in som e EN form ulat ions.  These fa t ty ac ids have been shown 

exper im entally to enhance immune response, protec t agains t  tumor growt h, and 

inh ib it  som e of the  pro inf lammatory e ffects of omega -6 fatty acids . In addit io n,  t hey 



have been shown to lower  cardiovascular  r isk  factors by decreasing p la te let  

ac t ivat ion,  lower ing  blood pressure,  and reduc ing t r iglycer ides .  However,  we ll-

cont ro l led cl inica l t r ia ls  in hum ans are  needed to  conf irm the benef icia l e f fects of  

immunom odulat ion seen in anim al m odels.  

B. Nutr itiona l support  for renal fa ilure .  The goal of  nut r it iona l suppor t  in acute 

renal fai lure  (ARF)  is  to meet  the  pat ient 's  NPC requ irem ents whi le m inim izing 

vo lum e, prote in load,  and pot ent ia l elec t ro lyte imbalance.  

1.  PN form ula t ions used in ARF are  low-nit rogen,  high-ca lor ic  dens ity fo rm ulas  

(e.g .,  2% am ino acid/47% dext rose), result ing in NPC:N rat ios  of approxim ately 

500:1.  

2.  Commercia l renal  fa ilure formulat ions (e .g. ,  NephrAm ine,  RenAmin,  Am inosyn 

RF) , conta ining  pr imar i ly essent ia l am ino acids ,  have shown no c l in ica l adva ntage 

over  less expens ive,  low-concent rat ion s tandard am ino acid fo rm ulat ions.  

3.  Standard glucose system f orm ula t ions (4 .25% amino ac id /25% dext rose)  can 

generally be used in renal fai lure  pat ients who are  be ing d ia lyzed on a regular  

basis .  This fo rm ulat ion is  part icular ly useful in severe ly malnour ished pat ients  

because it  can provide adequate protein t o a ttain pos it ive  n it rogen balance,  which is  

not  poss ib le  with rena l fa i lure PN.  
4.  Monitor ing tra nsf err in  is  a more sens it ive  and accurate visceral pro tein m arker  

compared to album in and prealbum in f or assess ing nut r i t iona l p rogress in t hese 

pat ients .  

5.  Entera l form ulat ions  that  a re low in n it rogen and calor ie  dense (1. 7-2 .0 

NPC/mL) are  ava ilab le fo r  pa t ients  with rena l fa i lure .  

C. Nutr itiona l support  for hepa tic fa ilure .  Pat ie nt s with hepat ic  fai lure  have 

alte red prote in metabo lism, resu lt ing  in decreased serum  leve ls  of  branched-cha in 

am ino acids  ( i.e . , leuc ine,  isoleuc ine,  va line)  and increased levels of  aromat ic  

am ino acids  ( i.e . , pheny la la nine,  tyros ine,  trypt ophan) ,  m ethion ine,  and glutam ine.  

A s im ila r  am ino ac id  prof i le can exis t  in the cerebrospina l f lu id  (CSF) and is t hought  

to cont r ibut e to  hepat ic  encepha lopathy.  F luid and elec t ro lyte d is turbances are  

f requent ly associated with hepat ic  fai lure as well.  

1.  PN form ula t ions enr iched in branched-chain am ino acids  (36%) and low in 

aromat ic  amino ac ids  (e.g ., HepatAm ine)  im prove menta l s tatus  in pat ients  with 

alte red serum am ino ac id  pro f iles  and hepat ic encepha lopathy.  However , studies  

have not  demonst rated def in it ive cl inica l d if fe rences in morbidit y and m orta li t y w ith 

these expens ive  formula t io ns  compared to standard form ulas .  

2.  Adequate NPC  with a  20-40 g/day prot ein load (e.g. , 2% amino ac id /25% 

dext rose) is  an a lte rnat ive approach to the use o f hepat ic  fa ilure am ino ac id 

form ulat ions.  Prot ein load can be l ibera lized s lowly as  long as menta l s ta tus  does 

not  deter iorate.  

3.  EN form ula t ions (e.g ., Hepat ic -Aid  II)  enr iched wit h branched-cha in am ino ac ids  

and low in arom at ic  am ino ac ids are commercial ly  avai lab le  for pat ients  with hepat ic 

fai lure .  

D. Nutr itiona l support  for respiratory fa ilure.  The type and amount  of  substrate 

administered as NPC can have an e f fect  on a pat ient 's  vent i la tory s tat us .  

Overfeeding wit h resultant  l ipogenes is  and increased carbon d io xide product ion can 



be a cause o f resp iratory ac idos is  and/or  increased minute  vent i la t ion and,  

therefore,  shou ld  be avo ided.  Even in the  presence of  appropr iate amounts  of  NPC 

administered as carbohydra te,  t he  normal carbon dio xide load generated by 

glyco lys is  may be excess ive fo r the pat ient  wit h under ly ing pu lm onary dys funct ion—

for example,  chronic  obstruc t ive pulmonary disease (COPD).  
1.  PN lipid system  form ulat ions  (e.g. , 4.25% amino ac id /15% dext rose with da ily 

l ip id em uls ion) ,  where the  l ip id  com ponent  const itutes 40%-50% of the tota l NPC, 

may be benef ic ia l in reducing the  vent i la tory demands in resp ira tory fa i lure pat ients  

because l ipo lys is  generates less  carbon dio xide than g lycolys is .  

2.  EN form ula t ions conta in ing  s im ila r  amounts  of  fat can be prepared f rom standard 

EN form ulas  with the use of  lip id  m odules  ( i.e . , MCT oil ,  corn oi l) .  More  expens ive  

commerc ial pu lm onary form ulas  are a lso  ava ilab le.  
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3.  Oxepa,  a low-carbohydrat e enteral formula  contain ing ant ioxidants ,  

eicosapentaenoic ac id,  and γ - lino len ic  ac id ,  is  cur rent ly ava ilab le f or  adu lt  

respira tory d is t ress syndrom e (ARDS).  It  modulates the  phosphol ip id fa t ty acid  

composit ion o f  inf lammatory cell membranes,  decreases the synthes is  of  the  

pro inf lammatory eicosano ids of lung inj ury,  and attenuates  endotoxin- induced 

increases in pu lm onary m icrovascular  protein permeabil it y.  L im ited studies  have 

shown som e im provement  in card iopu lm onary hemodynamics  and respiratory gas 

exchange in ARDS.  

E.  Nutrit ional support  for cardia c fa ilure.  The goal in these pat ients is to meet 

metabo lic  needs whi le res tr ic t ing f luid and sodium intake.  

1.  PN form ula t ions tha t  provide prote in and calor ies  in as  high a concent rat ion as 

poss ib le is the  goal of nut r it io na l therapy.  This can be accomplished w ith both 

cent ra l g lucose or  lip id  sys tem PN  form ula t ions  (e.g .,  5% am ino ac id/ 35% dext rose;  

7% am ino ac id /21% dext rose/20% l ip id em uls io n) .  

2.  Serum electrolyte monitoring  and a djustm ent  are im perat ive in cardiac  fai lure  

pat ients  rece iving  PN, par t icular ly when potent d iuret ics  are used concurrent ly.  

3.  EN form ula t ions with high nut r ient  dens ity are  ava ilab le  fo r ora l supp lementa t ion 

or  tube feed ings.  Infus io n o f  enteral tube f eedings should beg in at  one third  to one 

ha lf  the st rength,  with a gradual increase in concent rat ion,  whi le  maintaining  a s low 

infus ion ra te (30-50 mL/hr ) to avoid rapid  increases in f luid load,  card iac out put, 

hear t  rate,  and m yocardia l o xygen consumpt ion.  

F.  Nutr it ional support  in pancreat it is.  Severe acute  pancreat it is  is  a 

hypercatabolic  st ate that  without  nut r it iona l suppor t renders the pat ie nt  a  poor 

surgica l cand idat e and at  increased r isk  of  infect ion.  The goal of  nut r it io na l suppor t 

in severe acute pancreat it is  is  to res t the pancreas by l im it ing  exocr ine s t imula t ion 

while prov id ing adequate nut r i t ion.  

1.  PN  is  generally favored over  EN to  achieve this  goa l in the ear ly phases of  

pancreat it is.  L ip id  sys tem PN has been shown to be safe and eff ect ive whe n 

administered to these pat ients,  provided there is  no concurrent  hyper l ip idem ia ;  in 

fact , i t  may be valuab le  in the pat ient  with reca lc it rant hyperglycem ia .  



2.  EN,  using chem ical ly de f ined (elem enta l) , low- fa t  form ulas  adm inistered into  the  

jej unum,  results  in m in im al pancreat ic  st im u lat ion  and has been used safe ly in these 

pat ients .  

G. Nutr it iona l support  in stress/cr it ica l care.  In hypermetabo lic  c r it ical ly i l l  

pa t ients ,  altera t ions  in subst rate use,  the  develop ment  of cond it io na l nut r ient  

de f ic ienc ies ,  and modulat ion of  t he  imm une response provide the  rat iona le fo r 

spec if ic nut r i t io na l fo rmula t io ns .  

1.  In cr it ica l i l lness ,  branched-cha in am ino ac ids  ( i .e. ,  iso leuc ine,  leuc ine,  va line)  

are released from ske le tal muscle for  prote in synt hes is  and as an energy subst rate.  

PN form ula t ions  enr iched in branched-cha in am ino ac ids (45%)—for example,  

FreAm ine HBC, BranchAmin,  Am inosyn-HBC—have been made avai lab le  wit h the 

rat iona le  that , being the preferred fuel source in this pat ient  popula t ion,  i t  would 

enha nce prot ein synthes is,  decrease protein cat abolism,  and im prove the pat ient 's 

cl inica l outcom e.  However ,  these more expens ive  branched -cha in am ino acid 

form ulat ions have not  been shown to favorably inf lue nce c l inica l outcom es in 

cr it ica l ly i l l pat ients.  

2.  E nteral form ula t ions  are  current ly be ing produced (e.g .,  Impact,  Perat ive)  with 

var ious  am ounts of the  cond it iona lly essent ia l nut r ients  of cr it ic al i l lness  and 

immunom odulatory substra tes (e.g. ,  omega-3 polyunsatura ted fat ty ac ids,  arginine ,  

glutamine) .  C linica l s tud ies o f  the abil it y o f  these form ulas  to im prove outcomes in 

cr it ica l i l lness have been m ixed.  

3.  Hyperglycemia  and insul in resistance  are  common occurrences in c r it ica l ly i l l 

pa t ients .  Recent  data invo lving  mechanica lly vent i la ted pat ients in the  surgica l 

intens ive  care unit  who rece ived intens ive insulin therapy to  mainta in b lood g lucose 

leve ls bet ween 80 and 110 mg/dL showed a s ignif icant  reduct ion in m ortal ity when 

compared to more convent io na l therapy o f mainta in ing  b lood glucose leve ls between 

180 and 200 mg/dL. The great est  reduct ion in m or ta lity was assoc iated with deaths  

caused by m ult ip le  organ fa i lure with a proven sept ic  focus.  These data po int  out  

the  im portance of st r iv ing fo r a t ight  g lucose contro l in c r it ica l ly i l l  pa t ie nts  on PN 

while avo id ing the complica t io ns  of  hypoglycem ia.  
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4.  Thermal inj ury is  one of  the  most hyperm etabolic cond it io ns  observed in the 

cr it ica l care set t ing .  

a.  Methods for est imat ing the  ca lor ie  requirem ents  in this pat ient  popula t ion are  

conf l ic t ing  owing to dif ferences in b ias and prec is ion.  One of the more accurate 

unb iased methods repor ted for  est im at ing  energy requirements in therm al inj ury  is  

Kca l =  (1000 k ca l ×  BSA) + (25 × %BSAB)  

where BSA is body sur face area and BS AB is body sur face area burned.  
b.  Prote in requirem ents in therm ally inj ured pat ients are  high at  2 -2. 5 g/k g/day 

because of the sign if icant  degree of  ca tabol ism associated wit h this inj ury.  

c.  The increased dermal losses of  nit rogen from the ir  burn wounds renders  the use 

of  the convent io na l n it rogen balance formulas less  accura te in assess ing n it rogen 

requirements  especial ly w ith therm al inj ur ies  > 40% of BS A.  The UUN p lus the  



insens ib le loss f ac tor can d if fer  s ignif ica nt ly f rom to tal nit rogen losses in th is  

pat ient  populat ion.  
H. Nutr itiona l support  in pregnancy.  Nut r i t io na l suppor t in pregnancy can have a 

sig nif icant  a ffect on feta l outcome.  W eight  ga in throughout  pregnancy is  the pr imary 

ind icator  of the  adequacy of  the  nut r it iona l s ta te of  mother and child .  A weight  ga in 

of  11.5-16.0 kg should be the desired goal in women wit h normal prepregnancy body 

mass index.  PN and EN have both been used successful ly dur ing  pregnancy,  with 

both modalit ies  dem onst rat ing  adequate materna l we ight  gain,  appropr ia te feta l 

growth,  and term de livery.  The calor ies  required to achieve appropr ia te we ight  gain 

throughout  the  ent ire  pregnancy per  the  Wor ld  Healt h Organizat ion 

recommendat ions  are an addit iona l 300 k cal/ day above the es t im at ed basa l energy 

expend iture (based on the pregravid we ig ht )  dur ing  al l t r imesters.  The 

recommended da ily prote in int ake dur ing  a normal pregnancy is  approxim ate ly 1 

g/k g/day. This am ount  represents the  normal recommended daily a l lowa nce for  

females  p lus  an add it iona l 10  g/day. In pregnant  pat ients  with m oderate to severe 

st ress, bot h calor ies  and prote in requirem ents need to  be adj usted in the sam e 

manner  as fo r other  hypermetabo lic  nonpregnant  pat ient s.  

1.  PN glucose syst em and lip id  sys tem  form ulat ions can both be used successful ly 

to meet the  nut r ie nt  requirem ents of  pregnant  pat ients . PN is  most  commonly used 

dur ing  pregnancy in pat ients  with severe  hyperemes is  gravidarum.  

2.  Essent ia l fa t ty ac ids (EFAs) are required by both mother and fe tus . They are 

necessary fo r prostag land in synt hes is and norm al feta l l ip id deve lopm ent . The 

provis io n of  a t leas t  4 .5-7.0% of calor ie requirement s as EFAs has been est imated 

to meet the  m inim um  requirements dur ing  pregnancy.  
3.  The da ily  vitam in requirements in a  normal pregnancy based on the 1999 

die tary reference intak es (DRI) can be met with t he  parentera l v itam in infus io n 

Infuvite Adu lt  and MVI-Adu lt .  I f  MVI-12 is  used as the  parenteral vitam in 

preparat ion,  an addit io na l 65 ug o f  vitam in K needs to be added to the dai ly PN 

form ulat ion to  meet  the daily DRI requirements .  

4.  Prea lbum in appears  to be the prefer red b iochem ical m ark er to assess prote in 

status  in pregnancy because album in is fa lse ly depressed and t ransferr in is  fa lse ly 

ele vated in pregnant  pat ients .  

5.  EN may be useful dur ing pregnancy fo r pa t ients  wit h less severe hyperem es is  

gravidarum.  The composit ion o f  po lym er ic form ulas  should be adequate fo r meet ing 

the  nut r it iona l requirem ents  of most  pregnant  pat ients.  

6.  B lood g lucose leve ls  should be k ept  a t approximat ely 100 mg/dL dur ing  prolonged 

cont inuous PN or EN infus ion because chron ically e levated maternal glucose leve ls 

can result  in f eta l anomalies ,  increased r isk  of  m iscarr iages, and st i l lb ir th.  

I .  Nutr it iona l suppor t  in inf lammatory bowel disea se ( IBD).  IBD is associated 

wit h weight  loss ,  hypoa lbum inem ia,  anem ia,  elec trolyte  im balance,  and 

vit am in/m inera l def ic ie nc ies (especial ly z inc)  

1.  PN has no role as pr im ary t herapy 

2.  PN has a ro le  with high output  f istu lae 

3.  Polym er ic and e lem enta l ent eral fo rmulas seem equal ly tolera ted.  

P.1287 



 

 
J.  Nutr it ional support  in short  bowel syndrom e (SBS).  A loss of  bowel f rom 

resect ion or  dysfunct io n can result  in reduced absorpt ion of  f luid,  e lect rolytes, 

macro and m icronut r ients.  Spec if ic  def icienc ies  are  related t o the regions of los t  

absorpt ion (e.g .,  f ree water and iron def iciency are assoc ia ted with j ej una l loss,  

vit am in B12, b i le salt  and f at solub le  vitam in def ic ie ncy are  assoc ia ted wit h i lea l 

loss) .  Complica t io ns  inc lude dehydrat ion;  we ight  loss; def ic ienc ies  o f elec t rolyt es , 

mineral and t race e lement s; metabolic  bone d isease; cho le l ith ias is ;  nephro lith ias is;  

gastr ic acid hypersecret ion and D- lac t ic  ac idos is .  Intes t ina l adapta t ion beg ins to 

occur  af ter resect ion and is  promot ed by enteral feeding.  

1.  PN not uncommonly requ ired for the shor t te rm,  and is  usua lly requ ired fo r the 

long t erm in m ass ive sm al l bowel resect ion.  

2.  Hypersecret ion o f  gast r ic  ac id  shou ld  be treated w ith H2-b lockers.  

3.  D- lac t ic  acidos is  is caused by fermentat ion of  an increased carbohydrate load 

de livered to the co lon.  Treatment is  aim ed at decreas ing ent era l carbohydrates .  

4.  Fat so lub le  vitam ins  shou ld  be monito red and rep laced.  

5.  S too l volum e shou ld  be monito red and t reated wit h ant i -d ia r rheal agents  if  

greater than 2 l ite rs /day.  

6.  Ora l calcium  and magnesium supplem entat ion needed when enteral feeding 

achieved.  

7.  Intest ina l adaptat ion in pat ients with massive  resect ion m ay be 

hastened/ im proved by the  provis ion o f  glutam ine (enteral and/or parenter al)  

recombinant  hum an growth hormone and high-carbohydrate , low- fat  feeds.  
K. Nutr itiona l support  in ba r iatr ic surgery.  Bar iat r ic  surger ies  are  d iv ided into  

rest r ic t ive (ver t ical banded gast rop las t ies  and s i las t ic  r ing ver t ical gas t roplas t ies),  

rest r ic t ive/malabsorpt ive (R oux-en- Y gast r ic bypass) and malabsorpt ive  procedures 

(bi l iopancreat ic  diversion) .  S ince rest r ict ive procedures reta in the  use of the  ent ire  

gastro intes t ina l t rac t, nut r it iona l def ic ienc ies  are less  common than in m alabsorpt ive  

procedures . The pr imary nut r ients  a ffected by bariat r ic  surgery inc lude:  

1.  Iron—one of  t he  most  frequent  def ic ienc ies af te r  bar ia t r ic  surgery. Occurs in both 

rest r ic t ive and m alabsorpt ive procedures.  Def ic iency is  secondary to reduced areas 

of  absorpt ion in t he  smal l bowel w ith m alabsorpt ive  procedures  and reduced 

product ion of  hydrochlor ic  ac id  in the  s tomach for both types o f bar ia t r ic  

procedures . The result  is  a reduct ion in iron reduced to the  absorbab le  ferrous 

state.  Prevent ion/ t rea tment is with oral iron supp lem entat ion combined wit h ascorb ic  

to acidif y t he  stomach and fac il i tate  absorpt ion.  

2.  V itamin B12 def ic ie ncy—common af ter gast r ic  bypass surgery. Absorpt ion is  

dependent  on int r ins ic f ac tor produced in the par ieta l ce l ls  of  the  s tomach and 

hydrochlor ic  ac id  is  required to cleave vitam in B12 f rom prote in foodstuf fs  in the  

stomach. Preva lence a fter  Roux-en-Y procedure  is  est im ated at  12% to 33%. 

Prevent io n/ t reatment : oral B 12 fo rm ula t ions  o f  350 -1000 mcg/day or monthly 

inj ect ions  of  2000 mcg in those pat ients  who do not  respond to the  ora l 

supp lements.  



3.  Folate  def ic ie ncy— less frequent  than B12 def iciency.  Fola te  absorpt ion occurs  

preferent ial ly in the  proximal intest ines  but  wit h adaptat ion a f ter gast r ic  bypass 

surgery absorpt ion can occur  throughout  the small bowel.  Prevent io n/ t reatment : 1 

mg fo lat e PO/day.  

4.  Thiam ine def iciency—uncommon.  Seen with post operat ive hyperem es is  

syndrom es.  Prevent ion:  50-100 mg IV or IM thiamine a t  6 weeks postop in pat ients 

wit h hyperem esis.  

5.  Z inc—depends on fat  absorpt ion.  Def ic iency observed with malabsorp t ive 

surgery.  S tandard  da ily supplem enta t ion o f zinc  is  recommended a fter  

malabsorpt ive surgery.  

6.  Selenium  def iciency and a l ife- t hreatening cardiom yopathy have been repor ted in 

pat ients  af ter  malabsorp t ive surgery. Supplem enta t ion o f  selenium at  40 -80mcg/day 

is recommended in pat ients  undergoing malabsorp t ive bar iat r ic surgery.  

7.  Fat so lub le  vitam ins  (A,D,E,K)—Malabsorpt ive  bar ia t r ic  surgery results in a h igh 

inc idence of  vitam in A, D and K def ic ie ncy w ith alt ered calcium metabol ism (vitam in 

E,  to a lesser  ext ent ) .  Pat ients  undergoing malabsorpt ive  surgery require  long - term 

annua l measurements  of  fat-so lub le  nut r ients .  There is no proven regim en for 

vit am in supp lem entat ion af ter malabsorpt ive surgery but  life - lo ng da ily 

supp lementa t ion of fat solub le  vitam ins  has been recommended at the  fol low ing 

dosages: 10,000 IU vitam in A;  1200 IU vitam in D; 300 mcg vitamin K , and 1800 mg 

ca lc ium c it rate.  
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VI. TECHNICAL ASPECTS OF PN PREPARATIONS 
A.  PN form ula preparat ion is  pe r formed a sept ically  in the pharmacy under  a laminar  

f low hood that f i lte rs t he  air ,  removing airborne par t ic les and m icroorganism s.  

B. Compat ib ility  of  the  var ious  components of  PN formula t ions  is  determined by 

several factors, inc lud ing the ir  concent rat ion,  solut io n pH, t emperat ure, and the 

order  of adm ixture.  The m ost common  compat ib i l i ty concern is  in regard to the 

addit ion of  ca lc ium and phosphate sa lts to  PN solut ions.  
C.  Afte r adm ixture o f the var ious components , the PN solut io n shou ld  be visua lly  
inspected  fo r precipitate  or  part iculate  matter . Af ter labeling  and f ina l check ing,  the 

PN solut ion shou ld  be refr igerated unt i l de l ivery to  the  nurs ing unit .  

D.  A stat is t ica l ly va lid ,  cont inuo us ster ility  test ing program  should be an essent ia l 

component  o f qua lity cont rol in prepar ing PN so lu t ions .  

VII. HOME PARENTERAL NUTRITION (HPN) 
has become a wide ly accepted and useful techn ique for provis ion of  comple te 

nut r it io na l requ irements in t he  hom e set t ing.  W hen used appropr iate ly,  this  m odality 

benef its  the pat ient  medical ly and psycho log ica l ly ,  with a decreased cost  to the 

hea lthcare  sys tem.  

A. Indicat ions  for  HPN inc lude shor t bowel syndrom e,  severe inf lammatory bowel 

disease,  radiat ion enter it is ,  enterocutaneous f is tulae ,  and se lected malignanc ies .  



B. Ca ndidate select ion requires a m ult id isc ip l ina ry approach to determine if  t he  

pat ient  and family can assum e the respons ib i l i t y and t ra in ing  needed for safe and 

successful HPN.  

C. Administra t ion.  HPN is  inf used through a centra l venous S ilas t ic  ca theter (e.g.,  

H ickman, B roviac) , which al lows for  pro longed PN with low clot t ing  and inf ec t io n 

rates. The PN so lut io n is  genera lly infused over  a 12-  to 15-hr  per iod  at nig ht .  Th is  

type of  cycl ing  program allows t he pat ient  to be f ree  f rom the inf us ion pum p dur ing 

the  day,  al low ing for  a more normal l i fes tyle .  
D. Clinica l monitor ing  and fol low- up are done per iod ically,  depend ing on the needs 

of  the ind iv id ua l pat ient .  Long-term HPN pat ients generally are seen by the 

phys ic ia n on a  monthly basis a f ter  init ia l s tab il i za t ion.  

VIII. MISCELLANEOUS 
A. Soluble f iber  is present in some commerc ia l ly ava ilab le EN form ulas.  This f iber  

is fermented by normal large intes t ina l f lora  to shor t -chain fa t ty ac ids tha t are  used 

by co lonocytes as  a fue l source.  These short -chain fa tty ac ids a lso seem to have a  

t rophic e ffect on the  la rge intes t ina l m ucosa.  
B. Growth factors.  The use of  recombinant  hum an growth hormone, insu lin- l ik e  

growth f actor ,  and anabo lic s tero ids,  in com binat ion wit h nut r i t io na l suppor t to 

im prove nit rogen balance and reduce hospital lengt h o f stay in selec t  pat ient  

popu lat ions,  is  cur rent ly under  invest igat ion.  To date,  recombinant  growth horm one 

(Hum atrope) is availab le  for  nut r it io na l suppor t in  children w ith cys t ic  f ib ros is ,  s ick le  

ce ll anem ia,  and t ha lassem ia and in adult s with AIDS-re la ted cachexia.  Oxandro lone 

is a synthet ic anabo lic  s tero id  with FDA approval for increasing we ight  gain in 

pat ients  with chronic infect ion,  m aj or surgery,  and severe  t raum a. It a lso has 

es tab lis hed eff icacy in a lcoho lic c ir rhos is  ( improved  surviva l and l iver  func t io n) ,  

burns  ( im proved nit rogen ba lance,  wound hea ling,  and weight  gain) ,  and in AIDS  

cachexia  ( im proved weight  gain) .  Usua l dose is  2.5 -20 mg ora lly (80  mg in a lcoho l ic  

cir rhosis )  in d iv ided doses dai ly for  up to 4  week s.  
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STUDY QUESTIONS 
Direct ions:  E ach o f the quest ions ,  statements , or incomple te s tatements in th is  

sect ion can be correct ly answered or comple ted by one  of  the  suggested answers or 

phrases.  Choose the best  answer .  

1.  A 32-year-old well-nour ished man involved in a m otor  vehic le  accident  was 
admitted to the surgical intensive ca re unit  wi th m ult iple  long bone fractures 
and abdominal injur ies w ith no nutr it iona l support for 4 days.  T his pa t ient  is 
most  like ly 
(A)  suffe r ing f rom moderate  to severe k washiorkor  malnut r it ion.  

(B) at  low r isk  f or  hospital-acqu ired infect ion and other  complica t io ns .  

(C) not  suf fer ing f rom prote in or  ca lor ie m alnut r it ion.  

(D) suf fe r ing f rom severe marasm us malnut r i t ion.  

(E) not  a  candidat e for aggressive  nut r it iona l support .  



View Answer1.  The answer is  A[see] .2. A pat ient  in the intensive ca re 
uni t on a vent ila tor was placed on a  glucose system  pa rentera l nutr it ion (PN) 
formula t ion providi ng 2040 kcal/day and 98 g  protein/da y.  A mea sured energy 
expenditure (MEE) of  2038 kcal a nd a respiratory quot ient  (RQ) of  1.1 were 

subsequent ly obta ined. W hich of  the fol low ing is correct  ba sed on this 
inf ormat ion? 

(A)  The pat ient  is rece iv ing adequate  g lucose ca lor ies,  and an adj ustment  in the 

program is  not necessary.  

(B) The da ily pro tein intake has to  be decreased to reduce the pat ient 's  RQ.  

(C) The PN formula t io n should be switched to a l ipid system formula t ion t o reduce 

the carbon dio xide load.  

(D) The pat ient  is  re taining oxygen f rom the glucose ca lor ies  in the PN formula t ion.  

(E) Lipid emuls ion shou ld be added to the cur rent PN f orm ulat ion to enhance 

l ipogenes is .  

V iew Answer2.  The answer isC [see] .3. T ota l nutr ient  admixture (TNA)  
(A)  is  m ore complicated to adm inis ter  for  home parenteral nut r it ion (PN)  pat ients .  

(B) should  be f i lte red with a 1 .2 -µ f i lte r .  

(C) cons is ts  of  glucose,  am ino acids , e lect ro lytes , and trace m inera ls  mixed in one 

conta iner .  

(D) is  the method recommended by the  U.S . Food and Drug Adm inist ra t ion (FDA)  to 

administer  lip id  sys tem  PN.  

(E) can be visua l ized for  part iculate  matter .  

V iew Answer3.  The answer is  B[see III .A .6.b. (2) (b) .(i i i) ] .4. The ca lor ie  
requirem ents of  a  moderate ly hypermetabolic  hospita lized pa t ient a re best 
est imated by using the  

(A)  nom ogram method.  

(B) nit rogen balance m ethod.  

(C) est imated energy expend it ure  (EEE)  method.  

(D) prognost ic  nut r i t iona l inde x (PNI).  

(E) subj ec t ive  globa l assessment method.  

V iew Answer4.  The answer is  C[see] .5. L ipid  system  parentera l nutr it ion 
(PN)  

(A)  can be adm inis tered by per iphera l ve in i f  the g lucose concent rat ion is less  than 

15%.  

(B) requires  daily serum tr ig lycer ide monitor ing .  

(C) is  cont raind ica ted in pat ients w ith e levated carbon d ioxide leve ls.  

(D) requires  da ily l ip id adm in is t rat ion to  provide a por t ion o f  the pat ient 's  nonprot ein 

ca lor ie requ irem ents.  

(E) can be adm inis tered with a m axim um lip id  dosage of 4.5 g/kg/day.  

V iew Answer5.  The answer is  D[see] .6. C ommercia l parentera l nutr it ion 
(PN) f orm ulat ions for hypermeta bol ic cr it ica lly  ill  pat ients  

(A)  are  enr ic hed in branched-chain amino ac ids and contain low concent rat ions  of  

aromat ic  amino ac ids .  

(B) contain pr im ar i ly essent ia l am ino ac ids.  



(C) have not  demonstrated a posit ive c l in ica l outcom e benef it  in th is  pat ient  

popu lat ion.  

(D) are  the preferred PN  form ula t ion used i n this  c l in ica l se t t ing.  

(E) are  enr ic hed with arg in ine to enhance imm une f unct ion.  

V iew Answer6.  The answer is  C[see] .7. W hich of  the f o llow ing methods of  
parentera l nutr it iona l support  would be most appropr iate in a  severely  protein 
calor ie  malnourished pat ient  with acute  renal  fa ilure?  

(A)  2% am ino acid/47% dext rose.  

(B) 4. 25% am ino acid/25% dext rose.  

(C) 4% essent ia l am ino acid/47% dext rose.  

(D) 4.25% am ino acid/25% dext rose with d ia lys is  on a  regular  bas is .  

(E) 2% am ino acid/47% dext rose/20% lip id  em uls ion.  

V iew Answer7.  The answer is  D[see] .P.1290 

 

 
8.  W hich of  the f ol low ing statements regarding the monitor ing of  nutr it iona l 
support  is true? 

(A)  Prealbumin is not  the  opt im al m arker  to fol low  for shor t -te rm nut r it iona l 

progress.  

(B) Transfer r in is  false ly depressed in pat ients w ith iron def ic iency.  

(C) Album in is fa lsely e levated in rena l fa i lure.  

(D) A pos it ive  nit rogen ba lance of 3 -6 g of nit rogen daily is opt im al.  

(E) A we ight  ga in of  1.5-2 lb /day ind ica tes opt im al lean body weig ht  ga in.  

V iew Answer8.  The answer is  D[see] .9. Pat ients w ith end-stage liver  
disea se 

(A)  generally ha ve increased leve ls o f  branched-cha in am ino acids  and decreased 

leve ls o f  a romat ic  am ino ac ids.  

(B) should  be p laced on a  low-branched cha in,  high aromat ic  amino ac ids  parentera l 

nut r it io n (PN)  solut io n.  

(C) can tolera te 20-40 g prote in/day with a 2% standard am ino acid PN so lut io n.  

(D) require g lutam ine-enr iched amino ac id  solut io ns .  

(E) can tolera te standard glucose sys tem form ulations 4 .25% am ino ac id /25% 

dext rose with regular  dia lys is .  

V iew Answer9.  The answer is  C[see] .For quest ions 10-12:  A 67-year-o ld 

white female presented to  the at tend ing phys ic ian with a 3 -month history of 

progress ive d if f icu lt y swal low ing and a 10-k g weight  loss .  She is current ly 160 cm 

tal l  and weig hs 50 kg.  She has j ust  undergone a dis ta l esophagectomy and proxim al 

gastrect om y for dis ta l esophagea l cancer.  At the  t ime o f surgery,  she had a feed ing 

jej unostom y tube inser ted.  

10. The diet ic ia ns w ho are adept at  using the Harr is-Benedict  equa t ion ha ve 
gone hom e for the day,  and the surgeon ca lls you for your  best  guess at what  
the hour ly goa l rate f or  this pat ient  should be using isotonic  entera l  form ula , 
which provides 0. 85 nonprotein ca lor ies (NPCs) /mL.  Your  a nsw er should be  
(A)  65 mL/ hr.  

(B) 75 mL/ hr.  



(C) 85 mL/hr.  

(D) 95 mL/hr.  

(E) 50 mL/ hr.  

V iew Answer10.  The answer is B[see] .11.  T he entera l f orm ulat ion the 

surgeon has selected is enriched w ith f ish o ils .  He is hoping this addit ive w ill  
(A)  prevent  diar rhea.  

(B) prevent  dermat it is .  

(C) prevent  hyperglycemia.  

(D) im prove imm une funct ion.  

(E) im prove neurolog ical funct ion.  

V iew Answer11.  The answer is D[see V.A.5] .12. On the 5th postoperat ive 
day, the feeding jejunostomy tube becomes c logged and unusa ble .  The pat ient  
wi ll be NPO  an addit iona l 5 days to ensure the integr ity of  her surgical  
ana stom osis.  T he m ost  appropriate course a t this t ime is 

(A)  start t he  pat ient  on a l ip id-based per ipheral parentera l nut r it io n program.  

(B) k eep the pat ient  NPO and w ithout  parenteral nut r it io na l suppor t .  

(C) have a  cent ral veno us catheter inser ted, and in it iate  a l ip id-based parenteral 

nut r it io n program.  

(D) st art the  pat ient  on a g lucose-based per ipheral parentera l nut r i t iona l program. 

(E) have a  cent ral venous cathet er inser ted,  and s tart  the  pat ient  on a hig h 

branched-cha in am ino ac id  parentera l p rogram.  

V iew Answer12.  The answer is A[see] .For quest ions 13-14:  RJ is a 28-

year -o ld pregnant  woman.  She is in the 9 th week of  her  pregnancy and is  diag nosed 

wit h hyperem esis gravidarum . Her  pregravid weight  was 57 k g,  and her he ight  is 5  

f t. ,  5 in.  She has los t 7 kg (12.3%) dur ing  her  pregnanc y.  She was p laced on a 

cent ra l g lucose PN program.  

13. Which one of  the fol low ing represents the best  est imate of  her dai ly calor ic 
requirem ents? 

(A)  1675 kca l 

(B) 1790 kca l 

(C) 2261 kca l 

(D) 2062 kca l 

(E) 1925 kca l 

V iew Answer13.  The answer is A[see] .14.  MV I-12 is used as the 
parentera l vitamin preparat ion in the PN f ormulat ion.  Which of  the fo llowing 
vitamin(s) need to be supplemented in the da ily  PN formulat ion to meet the 
dai ly requirem ents dur ing pregnancy? 
(A)  vitamin K  

(B) thiam ine (B 1 )  

(C) fol ic  ac id  

(D) A and C 

(E) pyr idoxine (B 6 )  

V iew Answer14.  The answer is A[see] .P. 1291 

 

 



For quest ions 15-17:  A 55-year  o ld male  with m ult ip le  t raum at ic inj ur ies and type II 

diabetes  was adm it ted to the surgical ICU. He was placed on m echan ica l ve nt i lat ion 

and in it iated on glucose system PN. Af ter 3 days  of  PN therapy his  blood g lucose 

leve ls have ranged f rom 250 to 285 mg/dL over the  past 24 hr  with 80 U of  insul in/ L 

in h is  PN form ulat ion.  He is  on no o ther insu lin supplem entat ion a t  this  t im e.  
15. The nutr it ional  support  service recommends a n insulin dr ip with the goal of  
achieving a  blood glucose level of  

(A)  180-225 mg/dL.  

(B) 200-215 mg/dL.  

(C) 80-110 mg/dL.  

(D) 65-100 mg/dL.  

(E) 70-105 mg/dL.  

V iew Answer15.  The answer is C[see] .16.  W hat parentera l trace minera l 
thera py may be an ef fect ive adjunct  if  the insul in dr ip  fa ils to achieve the 
glucose level goa l? 
(A)  20-40 mg zinc /day 

(B) 150-200 µg  chrom ium/ day 

(C) 0.5 -1. 5mg copper /day 

(D) 150-400mcg manganese/day 

(E) 40-60 µg selen ium/day 

V iew Answer16.  The answer is B[see] .17.  Appropr iate insulin control in 
this pa t ient  sett ing ha s been show n to provide w hich of  the fo llow ing c linica l 
outcom es? 

(A)  decreased length o f  t im e on the vent i lator  

(B) s ign if icant  reduct ion in m ortal i ty  

(C) decreased dura t ion o f PN therapy 

(D) a decrease in m ult ip le  organ fa ilure w ith a proven sept ic  focus 

(E) B and D 

V iew Answer17.  The answer is E [see] .For questions 18-19:  A 35 year o ld 

female w ith severe morb id obes ity (BMI = 51 k g/m2)  of  more than 12 years ' durat ion 

and ref rac tory t o convent iona l obes ity t reatment  was entered into  a bar iat r ic surgery 

program.  The pat ient  underwent  a Roux-en Y-procedure without  any major post -

operat ive com plica t ions .  

18. The pat ient  wa s re-adm itted to the hospita l three months af ter discha rge 
with intolerance to solid  and l iquid f oods and persistent  hyperemesis.  She a lso 
presented w ith genera lized parathesia , a taxis and mental conf usion.  Which of  
the f ollow ing nutrients is m ost  like ly  def icient  in this pat ient?  
(A)  Se lenium  

(B) V itam in D  

(C) Calcium  

(D) Th iamine  

(E) V itam in E  

V iew Answer18.  The answer is D[see] .19.  T his pat ient  should be p la ced 
on which of  the follow ing nutrient  supplementat ions to prevent  potent ia l 
cardiomyopathy.  



(A)  Fo la te (1 mg/day)  

(B) V itam in B12 (350-1000 mcg/day)  

(C) Se len ium  (40-80 mcg)  

(D) V itam in A (10,000 IU/day)  

(E) V itam in K (300 mcg/day)  

V iew Answer19.  The answer is C[see] .P. 1292 

 

 

ANSWERS AND EXPLANATIONS 
1.  T he answ er is A  [see  I .B.3 ] .  

A hyperm etabolic sta te (e.g ., traum a,  infec t ion)  com bined with prote in depr iva t ion 

can rapidly deve lop into a severe k washiork or malnut r i t io n charac ter ized by 

hypoalbuminem ia,  edema, and im paired cellu lar  imm une funct ion.  
2.  T he answ er is C [see  V.D.1 ] .  

Even in the  presence of appropr ia te  amounts of NPCs administered as 

carbohydra te , the  norm al carbon dioxide load generated by g lyco lys is m ay be 

excess ive  for  t he  pat ient  w ith under ly ing  pulm onary dysfunct ion.  PN l ip id system  

form ulat ions,  in which the  l ip id  com ponent  const itutes  40%-50% of the t ota l NPCs,  

may be benef ic ia l in reducing the  vent i la tory demands in resp ira tory fa i lure pat ients  

because l ipo lys is  generates less  carbon dio xide than g lycolys is .  

3.  T he answ er is B  [see  I I I .A.6.b.(2)(b) .( i i i) ] .  

A par t ic le  f i l ter  ( i .e. ,  1.2  µ) should  be used with TNA adm in is t rat ion.  
4.  T he answ er is C  [see  I I .B.1 ] .  

Energy requirements  are det erm ined as nonpro tein ca lor ies  by ind irec t  calor im etry,  

es t im ated energy expend it ure,  and the s im ple  nomogram method. The nom ogram 

method is  the  leas t accurate method of  es t im at ing calor ic requirem ents.  

5.  T he answ er is D  [see  I I I .A.6.b.(1) ] .  

The l ip id  sys tem PN is  a  formula t io n in wh ic h l ip id  is adm in is tered da ily to  provide a 

substant ia l por t ion of  the  NPCs.  

6.  T he answ er is C  [see  V.G.1 ] .  

PN form ula t ions  enr iched in branched-cha in am ino ac ids have been made availab le  

wit h the  rat iona le tha t , be ing t he  prefer red fue l source in th is  pat ient  populat ion,  it  

wou ld  enhance protein synthes is ,  decrease protein ca tabolism,  and improve the 

pat ient 's  c l in ica l outcom e.  However,  t hese more expens ive  branched -chain amino 

ac id form ulat ions  have not  been shown to favorably inf lue nce cl inica l outcom es in 

cr it ica l ly i l l pat ients.  

7.  T he answ er is D  [see  V.B.3 ] .  

Standard glucose system formula t ions  (4. 25% am ino acid/25% dext rose)  can 

generally be used in renal fai lure  pat ients who are  be ing d ia lyzed on a regular  

basis .  This fo rm ulat ion is  part icular ly useful in severe ly malnour ished pat ients  

because it  can provide adequate protein t o a ttain pos it ive  n it rogen balance,  which is  

not  poss ib le  with rena l fa i lure PN.  

8.  T he answ er is D  [see  I I .B.2.a .(4) ] .  

A pos it ive nit rogen ba lance o f 3-6 g  is  the goa l.  



9.  T he answ er is C  [see  V.C.2 ] .  

Adequat e NPCs with a 20-40 g/day prote in load (e.g. , 2% am ino acid/25% dext rose) 

is an alternat ive  approach to t he  use of  hepat ic  fai lure  amino ac id  formula t ions .  

10. The a nsw er is B  [see  I I .B.1.c] .  

Use the nom ogram of 30 kcal/kg  to determine the NPCs/day, and d iv ide  that  by the  

NPCs/mL o f the entera l fo rm ula  to  determine the  vo lum e of  form ula per day, whic h 

is div ided by 24 hr  to yie ld the hour ly goa l rat e.  

11. The a nsw er is D  [see V.A.5 ].  

Omega-3 po lyunsatura ted fat ty ac ids are der ived f rom f ish o i ls  and are cur rent ly 

found in som e ent era l fo rmula t ions .  These fat ty ac ids have been shown 

exper im entally to enhance immune response.  

12. The a nsw er is A  [see  I I I .A.3 .b ] .  

W it h the use of  new catheter t echno logy and new techn iques fo r inf us ion,  it  is now 

feasible  to  adm inist er  per iphera l PN in se lec ted pat ients for  shor t- te rm therapy (7-

10 days)  with a  low inc idence of per iphera l ve in throm bophleb it is .  This  m et hod of  

PN adm in is t rat ion avo ids  the pot ent ia l of  more ser ious  com pl icat ions associated 

wit h cent ra l venous route  adm inist ra t ion.  
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13. The a nsw er is A  [see  V.H ] .  

The est imated basal energy expend iture is ca lcula ted using the  pregravid  we ight  in 

the  Harr is-Bened ic t  equat ion.  An addit iona l 300 kcal/ day is added to the  basal 

energy expe nd iture to provide the required calor ies  per day dur ing pregnancy.  
14. The a nsw er is A  [see  V.H.3 ] .  

An add it iona l 65  µg  of vitam in K needs to be added to the  da ily PN form ula t io n when 

MV I-12 is  used as the  parenteral vitam in preparat ion to  meet the dai ly requirements  

dur ing  pregnancy.  

15. The a nsw er is C  [see  V.G.3 ] .  

Recent  data invo lv ing c r it ica l ly i l l ,  m echanica lly vent i lated pat ients  in the  surg ica l 

intens ive  care unit  ind ica te intens ive  ins u lin therapy to maintain b lood glucose 

leve ls bet ween 80 and 110 mg/dL.  

16. The a nsw er is B  [see  I I .B.5.g] .  

Suggest ed IV requirements o f chrom ium for  def iciency and severe  glucose 

into lerance are 150-200 µg/ day.  

17. The a nsw er is E  [see  V .G.3 ] .  

The greatest reduct ion in m orta li ty in pat ients maintained on t ight  ins ulin cont ro l 

was assoc ia ted deat hs  owing to  m ult ip le organ f ailure  with a  proven sept ic focus.  

18. The a nsw er is D  [see  V.K.4 ] .  

Thiam ine def ic iency is not  common after  bar ia t r ic  surgery but is seen in pat ie nts  

wit h post-operat ive hyperem es is  syndrom es.  

19. The a nsw er is C  [see  V.K.6 ] .  

Selen ium def ic iency and a l ife  threat ening card iom yopat hy have been reported in 

pat ients  af ter  malabsorp t ive surgery. Supplem enta t ion o f  selenium at  40 -80 mcg/day 

is recommended in pat ients  undergoing malabsorp t ive surgery.  



 



60 
Immunosuppressive Agents in Organ 
Transplantation 
David I.  Min 

I. ORGAN TRANSPLANTATION 
A. Def init ion:  Replacement  of a  d iseased vita l o rgan w ith a v iab le organ f rom a 

l iv ing or  cadaver  donor . Solid organ transpla nta t ion has become the therapy of 

cho ice  for  many pat ients with end-organ f ailure  ( i.e . , heart , l iver ,  lung,  and k idney 

disease) . However,  it  generally requires  imm unosuppression to overcome the 

immunolog ica l bar r ier  between donor  and rec ip ie nt , except  in syngen ic  ( i.e . , tw ins)  

or  auto logous t ransplantat ion.  

B. Cla ssif icat ion 

1.  Solid  orga n tra nspla nta t ion  

a.  L if e-saving t ransplantat ion (e .g. , hear t , hear t - lung,  lung,  and l iver  

t ransp lanta t ion) .  There is  no alternat ive  l i fe-sus taining  method ava ilab le 

b.  Non- lif e-sa ving t ra nspla ntat ion  ( i.e .,  k idney,  pancreas,  and cornea 

t ransp lanta t ion) .  There are alternat ive  l i fe-sus taining  m ethods availab le ,  such as 

dia lys is or  externa l ins ulin inj ec t ion.  In these cases,  transp lanta t io n wil l  im prove the 

pat ient 's  qua lit y o f l i fe or long - term surviva l s ignif ica nt ly.  
2.  Hematopoiet ic  stem cell (bone marrow) transplantat ion  is  used m ain ly for 

hemato log ica l m alignancy or  ap last ic anem ia.  

II. GRAFT REJECTION 
A. Tra nspla nt  imm unology  (see Chapter  8)  

1.  Graf t reject ion.  The body's immune sys tem recognizes  the  al lograf t  ( transplanted 

organ)  as a fore ign ant igen,  and it  init ia tes  the imm une response to  remove or  

destroy the  transplanted graft . This react ion is  ca lled “ reject ion. ”  The degree of  the 

react ion depends on the  genet ic s im ilar it ies  or dif ferences between the organ of  t he  

donor  and the imm une system of  the recip ient .  

2.  Histocompat ib ility .  The ant igen determ ining the compat ibi l it y between the donor  

and the rec ip ient  is  called  a histocom pat ibility  ant igen,  the  gene being located on 

chrom osome 6. In m any transp la nts  (e .g.,  bone marrow or  k idney t ransplant ) , this  

his tocom pat ib i l it y m atching is an im por tant  fact or  fo r determ ining the  long - term 

surviva l o f  the graf t .  However , more se lect ive ,  po tent  immunosuppress ion m ay 

allev ia te the im por tance o f t issue m atching between donor  and rec ip ient  (except ion:  

in hematopoiet ic s tem ce ll t ransp la nta t ion,  the  t issue m atching is  st i l l im portant ).  

3.  Other  factors.  Another  group o f substances that  also  plays an im portant  ro le  is  

the  ABO blood group system  of red blood cells.  The donor  and recip ie nt  must be 

ABO-compat ib le ;  otherwise,  immediat e graf t  destruc t io n occurs . S ome pat ients  m ay 

have pre formed ant ibody fo r unspecif ied donors  because of  m ult ip le b lood 

t ransfus ions or  o ther reason. In this  case, pat ient s may destroy the  transplanted 

organ immedia tely.  To det ect  the preformed ant ibody,  the recip ient 's  serum wi l l be 

tested immedia te ly before  the t ransp lanta t ion (c ross -match) .  

B. Types of  graf t reject ion 



1.  Types of  graf t reject ion according to the t ime course  

a.  Hyperacute reject ion.  Immediate dest ruct ion (wit h in minutes  or hours) o f the 

t ransp lant  o rgan by a preformed ant ibody or  complem ent  sys tem. Today,  this is 

ext remely rare.  It  occurs only in an ABO-m ism at ched organ or a c ross-match 

posit ive (preformed ant ibody)  organ. There  is  no adequate treatment  availab le .  
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b.  Acute reject ion occurs with in a few days to several mont hs  af ter  t ransp lanta t ion.  

It  is  media ted mainly by T- lym phocyte (acute ce llu la r  rej ect ion) ,  but  occas iona lly,  it  

is mediated by ant ibody (ant ibody m ediated rejection)  and t his  rejec t ion can be 

revers ib le by st ero ids  or ant ibody therapy such as m uromonab/CD3 or ant ithymocyte 

globu lin (acute ce llu lar  reject ion)  or int ravenous imm unoglobu lin ( IV IG) (ant ibody 

mediated reject ion) .  

c.  Chronic reject ion  occurs severa l m onths to several years  af ter t ransp lanta t io n.  

The exact  mechanism of this  react ion is  unk nown,  but  it  is thought  to be media ted 

by B- lym phocyte (ant ibody) ,  and there is  no  adequate  treatment  availab le.  

2.  Graf t versus host ,  host  versus graf t.  In m ost solid organ t ransp la nts , rejec t ion 

occurs as the host imm une sys tem rej ects  or at tacks the t ransp la nt  o rgan (host 

versus graft ).  However , in hem atopo ie t ic  s tem cell (bone m arrow) t ransp lant ,  t he  

host  is generally immune def icie nt  and the t ransp lanted graf t is  imm une competent, 

which at tracts host t issues (graft versus host) .  

III. PROPHYLAXIS AND TREATMENT OF GRAFT 
REJECTION (Table 60-1)  
A. Ca lcineur in inhib itors  

1.  Cyclosporine (Neora l® ,  Sa ndimm une® ,  Gengraf ® ,  others)  

a.  Mechanism  of  act ion.  Cyclospor ine b inds  an int racel lu lar  receptor , cyclophi l ine.  

This complex inh ib its  ca lc ineur in,  an int racel lular  phosphatase, whic h invo lves 

ac t ivat ion of  the  promoter region for  the  gene -encoding cytok ine,  such as  

inter le uk in-2.  This results  in inhib it ing  T-ce ll act iva t ion in t he  ear ly st age o f imm une 

response to a fo reign ant igen such as a gra ft.  

b.  Dosing a nd monitor ing.  Cyclospor ine pharm acok inet ics  is  unpred ic tab le,  and 

many fact ors such as age, t im e af te r transplant ,  dif ferent  ora l form ulat ion (Neoral ®  

or  Sand imm une ® ),  or d rugs af fect  it .  Ora l b ioava i lab il i t y is about  30%. Genera lly,  8  

mg/k g/day of  ora l cyclospor ine as t wo d iv ided doses is  used in solid organ 

t ransp lanta t ion and adj ust ed according to the  b lood leve ls.  Serum creat in ine  sho uld  

be monito red with the b lood leve ls of cyclospor ine.  The blood leve ls are usefu l in 

the  cl in ica l m onitor ing.  

c.  S ide ef fects. Nephrotoxici ty  is  the major side  eff ec t.  Neuro toxic ity and 

hepatotoxic ity are also  common.  H irsut ism and g ing iva l hyperp las ia  are a lso 

cumbersome s ide e ffects.  Numerous drug interact ions  have been repor ted (Table 

60-2) .  
2.  Tacrolim us (Prograf ® )  

a.  Mechanism  of  act ion.  I t  is very s im ilar  to  cyc lospor ine  ( III .A.1.a).  



b.  Dosing a nd monitor ing.  Tacro limus pharmacok inet ics is a lso var iab le ,  and ora l 

bioava i lab il ity is  about  25%. B lood leve ls are usefu l in c l in ica l monitor ing .  
c.  S ide ef fects. Nephrotoxici ty  is  the major side  eff ec t.  Neuro toxic ity and 

postt ransp lant  d iabetes are  more common than w it h cyclospor ine .  

B. Ant imetabolites 

1.  Aza thiopr ine ( Im ura n® )  

a.  Mechanism  of  act ion.  I t  is conver ted to 6-mercaptopur ine  in the  body and is  a  

nonspec if ic  pur ine synthes is  inhib ito r .  I t  inter feres  with DNA and RNA synthes is  so  

tha t  it  may reduce bot h cel l-media ted and hum oral imm une responses.  

b.  Dosa ge and monitor ing.  An init ia l dose of  3-5 mg/kg/day is administe red 

preoperat ive ly.  Immediate ly af te r t ransplantat ion,  the dose is  usua lly tapered to  a 

maintenance dose of  1 -3 mg/k g/day or  t it rated to the pat ient 's  white blood cell  

(WBC) count .  The WBC count  is generally m aintained greater  than 3000/mm 3.  

c.  S ide ef fects. Bone marrow suppression ( leukopenia,  t hrombocytopenia)  is  the 

major side  ef fect . In add it io n,  xa nth ine o xidase inhib ito r  a l lopur ino l inh ib its 

azath iopr ine metabo lism . W hen these drugs are used concurrent ly,  the  azathiopr ine  

dose shou ld  be reduced by 80%. Otherwise,  the  pat ient  m ay develop severe 

leukopenia due to  azathiopr ine  overdose.  
2.  Mycophenolic  acid (CellCept® ,  Myfort ic ®)  

a.  Mechanism  of  act ion.  Two forms are availab le .  Mycophenola te mofet i l 

(Cellcept ® )  is a prodrug, which is  conver ted to  mycopheno l ic ac id  in the  body,  whic h 

is the  ac t ive  form. Myfort ic ®  is an enter ic f orm ulation of  mycopheno lic  acid.  In the 

body,  m ycopheno lic ac id inh ib its  de novo pur ine  synthes is pathway by inhib it ing  

inos ine dehydrogenase.  As a result ,  it  inhib its DNA and RNA synthes is  in the 

immune cel ls  such as lym phocytes.  
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Table 60-1. Current Immunosuppressive Agents Used in Organ Transplantation 

Classification Drug Usual Initial 
Dose 

Major Side 
Effects 

Monitoring 

Calcineur
in 
inhibitors 

8 
mg/kg/day 

Nephrotoxi
city 

 

Cyclosporine(
Neoral®, 
Sandimmune®

) 

 
Neurotoxic
ity 

 
Tacrolimus 
(Prograft®) 

0.1-0.3 
mg/kg/day 

 

Blood 
concentr
ations 
and 
serum 
creatinin
e 
concentr
ations 



Antimeta
bolites 

Azathioprine 
(Imuran®) 

1.5-3 
mg/kg/day 

Bone 
marrow 
suppressio
n 

WBC 
count 

 

Mycophenolat
e mofetil 
(Cellcept®) 

1 g twice 
daily 

Same as 
above 

Same as 
above 

 

Mycophenolic 
acid sodium 
(Myfortic®) 

720 mg 
twice daily   

 

Methotrexate 
(Rheumatrex®

) 

15 mg/m2 
on day 1, 
10 
mg/m2/day 
on days 3, 
6, and 11 

Same as 
above 

Same as 
above 

mTOR 
inhibitor 

Sirolimus 
(Rapamune®) 

6-15 mg 
loading 
dose and 
2-5 mg 
once daily 

Hyperlipid
emia, 
leukopenia 
and 
thrombocyt
openia 

Blood 
concentr
ations 
and 
WBC, 
platelet, 
and lipid 
profile 

Alkylatin
g agent 

Cyclophospha
mide 
(Cytoxan®) 

3-4 
mg/kg/day 
for 4 days, 
followed 
by 
reduction 
to 1 
mg/kg/day 
for 
treatment 
of 
rejection 

Hemorrhag
ic cystitis 

WBC 
count 



Antibody 
products 

Muromonab/C
D3 
(Orthoclone 
OKT3®) 

5 mg daily 
for 7-14 
days 

Cytokine 
release 
syndromes 
(flu-like 
syndrome) 

Signs 
and 
symptom
s, CD3 + 
cell 
count 

 

Antithymocyt
e globulin 
(Atgam®, 
Thymoglobuli
n®) 

15-20 
mg/kg/day 
for 7-14 
days 
(Atgam) 
or 1.5 
mg/kg/day 
for 7-14 
days 
(Thymogl
obulin) 

Leukopeni
a and 
thrombocyt
openia 

T-cell 
count 

 

Daclizumab 
(Zenapax®) 

1 mg/kg 
(max. 100 
mg), on 
day 0, and 
every 2 
weeks for 
a total of 5 
doses 

No 
significant 
side effects 
reported 

No 
special 
monitori
ng 
required 

 

Basiliximab 
(Simulect®) 

For adults, 
2 doses of 
20 mg 
each (day 
0 and day 
4) 

No 
significant 
side effects 
reported 

No 
special 
monitori
ng 
required 

Corticoste
roids 

Prednisone 
(Deltasone®) 
or 
methylprednis
olone 
(Solumedrol®) 

500 mg IV 
on the day 
of surgery 
and 
rapidly 
tapering to 
10 mg 
daily at 1 

Fluid 
retention, 
psychosis, 
cataracts, 
osteonecro
sis 

Signs 
and 
symptom
s 



month 
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Table 60-2. Major Drug Interactions of Cyclosporine and Tacrolimus with Other 
Drugs and Their Management 

Drugs Mechanism Effects Management 

Antiepileptic drugs 

 Phenytoin 

 Phenobarbital 

 

Carbamazepine 

Increased 
metabolism 
by inducing 
cytochrome 
P450 
enzyme 

Cyclosporine 
or tacrolimus 
trough levels 
drop within 48 
hr after 
initiation of 
these drugs 

Increase 
cyclosporine 
dose or 
tacrolimus 
with frequent 
monitoring of 
blood levels. 
Valproic acid 
does not 
interfere 
cyclosporin 
or tacrolimus 
levels 

Rifampin or rifabutin Same as 
above 

Same as above 

Nevirapine, 
efavirenz   

Increase 
cyclosporine 
dose or 
tacrolimus 
with frequent 
monitoring of 
blood levels. 



St. John's Wort Same as 
above 

Same as above Avoid St. 
John's wort 

Azole antifungal agents 

 Ketoconazole 

 Fluconazole 

 Itraconazole 

 Voriconazole 

Inhibition 
of liver 
cytochrome 
P450 
enzyme by 
these drugs 

Significant 
increase of 
cyclosporine or 
tacrolimus 
levels 

Reduce 
cyclosporine 
or tacrolimus 
dose with 
frequent 
monitoring of 
levels 

Macrolide antibiotics Same as 
above. 

 Erythromycin  

 Clarithromycin 

Inhibition 
of liver and 
GI 
cytochrome 
P450 
enzyme 

Increase AUC 
(×2) and 
cyclosporine or 
tacrolimus 
trough levels 
(×2-3) 

 

Calcium-channel 
blockers 

Same as 
above 

Same as above 

 Verapamil   

 Diltiazem   

Reduce 
cyclosporine 
or tacrolimus 
dose, or use 
nifedipine or 
isradipine 

 Nicardipine    

Antiviral agents Same as 
above 

Same as above 

 Indinavir   

Reduce 
cyclosporine 
or tacrolimus 
dose 

 Ritonavir    



 Saquinavir    

Grapefruit juice Inhibition 
of GI 
cytochrome 
P450 
enzyme 

Increase AUC 
and peak 
concentrations 
of cyclosporine 
and possibly 
tacrolimus, and 
increase 
variability of 
blood levels 

Avoid 
grapefruit 
juice 

 

b.  Dosing a nd monitor ing.  A dose of 2 g/day (Cellcept ® ) o r 1440 mg/ day 

(Myfort ic ® )  is administered as two d iv ided doses.  The W BC and GI symptoms should 

be monito red.  

c.  S ide ef fects. Bone marrow suppression ( leukopenia,  t hrombocytopenia)  is  the 

major side  ef fect , as in azath iopr ine.  In add it ion,  GI s ide effects are more common 

than w ith azath iopr ine.  

3.  Methotrexa te.  Th is  agent  is  used main ly in autoimm une disease and prevent ing 

graf t versus host  disease in hem atopo ie t ic  stem cell t ranspla nt  pat ients .  
a.  Mechanism  of  act ion.  I t  p revents dihydro fol ic  ac id  f rom conver t ing  to  

tetrahydro fo lic  ac id  by inh ib it ing the enzym e d ihydrofo la te reductase.  As  a result ,  

DNA and pro te in synthes is  are inh ib ited .  
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b.  Dosing a nd monitor ing.  Dosage reg imens in BMT pat ients  usua lly cons ist  of  15 

mg/m2/ day on day 1 af ter  t ransp lant  and 10 mg/m2/day on days 3,  6, and 11 with 

other  agents such as  cyc lospor ine .  

c.  S ide ef fects. Bone marrow suppression ( leukopenia,  t hrombocytopenia)  is  the 

major side  ef fect  as in azath iopr ine.  In add it ion,  diar rhea and m ucos it is  a re 

common.  

C. mTOR (mammarian Ta rget of  Rapamycin)  inhibitor  is the alk ylat ing  agent  

main ly used for BMT pat ients .  Rarely is i t  used as a  subst itut e agent  for 

azath iopr ine in so lid  organ t ransplantat ion.  

1.  S irolim us (Ra pamune ®)  

a.  Mechanism  of  act ion.  S iro l imus binds int race llu la r  receptor,  FKBP-12 (FK 

bind ing protein-12) .  This comple x inh ib its  the  m TOR , which is  a  key regulatory 

k inase.  Th is  results  in inh ib it ing T-ce ll  ac t ivat ion in a later s tage o f imm une 

response to foreign ant igen suc h as  a graf t.  

b.  Dosing a nd monitor ing.  A dose of 2-10 mg/ day is adminis tered as  a once-da ily 

dose. Usua lly,  a load ing dose of  6 -15 mg with a maintenance dose of 2-5 mg once 



da ily is  used.  B lood levels are  useful in c l in ica l monito r ing .  The serum l ip id prof i le ,  

WBC count ,  and GI symptoms should be monitored.  
c.  S ide ef fects. Hyper lipidem ia  is  the  major s ide effect .  In addit ion,  leukopenia ,  

thrombocytopenia ,  and GI s ide e ffects are  common.  

D. Alkylat ing agent . Cyclophospha mide is  the  alky la t ing agent  main ly used for 

hematopo iet ic stem ce ll t ransp lant  pa t ients .  Rarely,  i t  is  used as a subst itute agent  

for azathiopr ine in sol id organ t ransplant at ion.  

1.  Mechanism  of  act ion.  I t  is conver ted to the act ive m etabol ite  phosphoram ide 

mustard  in the  l iver ,  which inh ib its t he  cross- link ing o f  DNA, lead ing to  cell  death.  

2.  Dosing a nd m onitor ing.  Doses of  cyclop hospham ide up to  3-4 mg/kg/day for 4 

days  fo llowed by a  reduct ion to 1 mg/kg/day to t rea t  graft  reject ion.  The dosage 

shou ld  be t it rated to  mainta in a W BC count  greater  than 4000/mm 3.  

3.  S ide ef fects. Hemorrha gic cyst it is and bone marrow suppression ( leukopenia,  

thrombocytopenia) .  In addit ion,  nausea,  vom it ing ,  and diar rhea are common.  

E.  Ant ibody products  

1.  Muromona b CD3 (Orthoclone OKT 3® )  is  the f irst  therapeut ic  mouse monoclona l 

ant ibody produced for use in humans.  

a.  Mechanism  of  act ion.  OKT3 is  a  mouse IgG2α imm unoglobu lin that  b inds  to  the  

CD3 st ructure on T- lym phocytes . Once OKT3 is bound to  the CD3 region of  T cells,  

they lose the  ant igen recognit ion f unct ion and cannot  init iat e the rej ect ion process.  

b.  Dosing a nd monitor ing.  The dosage is  5 mg/day int ravenous ly for  7 -14 days for 

prevent ion or  t reatment  of  reject ion.  The CD3 + lymphocyte  counts  are  monito red,  

and it  is  desirab le  tha t  CD + cell  be  mainta ined at less  than 30/mm 3.  Genera lly,  

premedicat ions  such as  acet am inophen,  dip henhydramine and cor t icos teroid  are 

required t o reduce the inf us ion related s ide ef fects ( i .e. ,  fever , chil ls) .  

c.  S ide ef fects.  W ith the  f irst few doses,  t he  pat ient  w il l deve lop severe  f lu- l ike  

symptoms such as fever , chi l ls ,  nausea,  vom it ing,  and headache. The OK T3 

st imula tes  T ce lls ,  and these symptoms are caused by abrupt  release of cytok ines 

such as  inter leuk in-1 ,  tum or-necros is  factor-a , and inter le uk in-6 from opsonized T 

ce lls  (cytok ine release syndrom e).  It  requires  premedicat ions  such as 

acetam inophen,  d iphe nhydram ine,  and cort icos tero ids to reduce these side ef fec ts 

before OKT3 inj ect ion.  

2.  Ant ithym ocyte globul in (T hymoglobul in® ,  Atgam ®)  

a.  Mechanism  of  act ion.  I t  is a  pur if ied  po lyc lona l imm unoglobul in f rom rabb its  

(Thym oglobu lin® )  or  horses (At gam ®), which binds  to the hum an T cells.  However, i t  

may have cross- react ivit y aga inst  the  red blood ce lls ,  p late le ts ,  and granulocytes .  

b.  Dosing a nd monitor ing.  The dosage is  1.5 mg/kg (Thymoglobulin® )  or  15-20 

mg/k g (Atgam ®) infus ion da ily through a  cent ral l ine fo r 7-14 days for  prevent ion or  

t rea tment of  rej ect ion.  The T- lym phocyte  counts  are  monito red and mainta ined less  

than 100/mm 3 .  Genera lly,  p remedicat ions  such as  acetam inophen,  dip henhydramine 

and cort icos tero id  are required to reduce t he inf us io n re lat ed side  eff ects  ( i.e ., 

fever , chil ls) .  For  the  infus io n o f  these drugs, the cent ra l venous l ine is a  prefer red 

route rather  than per ipheral ve in.  
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c.  S ide ef fects.  Ant ithymocyte  g lobul in may cause fever ,  chil ls,  erythem a,  

leukopenia,  thrombocytopenia ,  and anaphy lact ic react ion or  serum s ickness.  

3.  Dacl izumab (Zenapax ®)  

a.  Mechanism  of  act ion.  I t  is a  molecular ly eng ineered humanized imm unoglobul in 

ac t ive aga inst  int er le uk in-2 receptor  (CD25,  or Tac)  that  binds to  b lock  the  

inter le uk in-2 recept or  on t he  surface of  act ivat ed T- lym phocytes , thus  prevent ing T-

ce ll act ivat ion and prol ife ra t ion.  

b.  Dosing a nd monitor ing.  I t  is ind icated only f or  the prevent ion of  acute  rej ect ion.  

The usua l recommended dosage is  1  mg/k g (max.  100 mg) within 24 hours 

postt ransp lanta t ion and every 2  weeks up to 8 weeks (a to ta l of  5 doses) .  

c.  S ide ef fects.  Based on results  of  c linica l t r ia ls ,  no specif ic  safety monito r ing  is  

required w ith dacl izum ab.  

4.  Ba si liximab (S imulect ® )  

a.  Mechanism  of  act ion.  I t  is a  chim er ic  (m ur ine /human) monoc lona l ant ibody 

( IgG1),  produced by recombinant  DN A techno logy,  that b inds  to  block  t he  

inter le uk in-2 recept or  on t he  surface of  act ivat ed T lym phocytes , and as  a  result ,  i t  

prevents  T-lym phocyte  ac t iva t io n,  thus  prevent ing  acute rej ec t ions .  

b.  Dosing a nd monitor ing.  I t  is ind icated only f or  the prevent ion of  acute  rej ect ion.  

The usua l recommended dosage for the adult  pat ient  is  2  doses of  20 mg each a t 

day 0  and day 4  a fter  k idney t ransplant at io n.  No spec ia l m onito r ing is requ ired.  

c.  S ide ef fects.  Based on results  of  c linica l t r ia ls ,  no cytok ine re lease syndrom es 

have been not iced.  
5.  Other  a nt ibody a gents 

Alemt uzum ab (Campath-1H® ) or  retuxim ab (R ituxan® )  are ind icated f or hem atolog ic  

maliganancy and not  approved for the organ transp la nta t ion,  but  are  occas io na lly 

used in the  organ transp lanta t ion fo r prevent ion o f  acute reject ion or  int rac tab le  

ant ibody m edia ted reject ion.  

F.  Cort icosteroids.  Predniso ne  (Deltasone ® ) and methylprednisolone  

(Solum edrol® )  are the  maj or  cort icos tero id  products used for t ransp lant  pat ients .  

1.  Mechanism s of  a ct ion.  Cor t icosteroids  have m ult ip le  pharm aco logica l ef fects  in 

var ious  ce lls .  Cort icosteroids  bind w ith int race llu lar  glucocort ico id  receptors, whic h 

results in a lte r ing DNA and RNA trans la t ion.  As a  result ,  cor t icostero ids ca use a 

rap id and profound drop in c irculat ing T lym phocytes.  They have potent ant i -

inf lammat ory ef fects by inhib it ing  arachidon ic  acid  re lease and macrophage 

phagocytos is .  

2.  Dosing a nd m onitor ing.  They are used in both prevent ing  and t reat ing  gra ft  

reject ion and acut e graft  versus host disease. In genera l,  p rophy lac t ic  doses in 

so lid  organ transplantat ion are in the range o f 1-2 mg/kg/day and tapered over  

mont hs  to 0.1-0.3 mg/kg/day.  In the  case of  treatment , the dosage is 500 mg of  

methylpredn iso lo ne IV for 3 -5 days or 1-2 mg/kg/day o f o ral p rednisone,  wh ich 

shou ld  be tapered rap idly.  
3.  S ide ef fects.  In the long- term, cort icosteroids  cause more t roub ling s ide e ffects.  

They inc lude psycho log ica l dis turbances ( i. e.,  euphor ia ,  depression) ,  adrena l axis  



suppression,  hyper tens io n,  sodium and wat er re tent io n,  myopathy,  impaired wound 

hea ling ,  increased appet ite,  os teoporos is ,  hyperg lycem ia ,  and cataract s.  

IV. COMPLICATIONS OF IMMUNOSUPPRESSION 
A. Infect ions  

1.  Risk.  Transplant  pat ients have a h igh r isk  of  acqu ir i ng  an infec t io n due to pat ient  

factors  such as  diabetes  mell it us,  hepat it is ,  or  urem ia .  In addit ion,  

immunosuppress ive  agents can cause var ious effect s, such as  leukopenia,  

lym phopenia,  o r  T-ce ll dys funct ion,  which inhib it  adequat e imm une response to  the  

infec t ion.  
2.  T ime course.  The r isk  of  infec t ion is greatest dur ing  the f irst 3 months after  

t ransp lanta t ion,  whe n h ig her  doses of immunosuppress ion are  used, and again a f ter  

a rej ec t ion ep isode is treat ed.  Th is  r isk cor rela tes w ith the  overall  le ve l o f  

immunosuppress ion.  
3.  Types of  inf ect ions inc lude bact er ia l,  f unga l,  v ira l,  and pro tozoan.  
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4.  Prevent ion 

a.  Tr imethoprim-sulfamethoxa zole (B actr im ®  and others). One s ing le-  o r  doub le -

st rength tab le t da ily fo r  6 months  s ign if ica nt ly reduces Pneumocyst is  carini i  

pneumonia and bacter ia l ur inary t ract  infec t ion.  A f ter 6 months,  three t im es a  week 

is ef fect ive.  
b.  Herpes a nd Cytomega lovirus (CMV) inf ect ion.  Ora l acyc lov ir  (200 mg bid  for 

normal rena l rena l func t ion,  with doses adj usted accor idn to  rena l func t io n)  f or  

herpes prophyla xis.  For CMV prophyla xis,  var ious  prophyxis  can be used. H igh 

doses of  acyc lovir  (800 mg qid for  normal renal func t ion,  with doses adj usted 

according to renal funct ion) ,  ora l ganc ic lov ir  (1  g t id  for  normal rena l funct ion,  with 

doses adj usted accord ing t o rena l func t io n) ,  va lganc ic lov ir  (Va lcyte ® )  900 mg da ily,  

or  high- t it er  CMV imm unoglobul in are  eff ect ive in reduc ing the inc idence of CMV 

infec t ion and invas ive  CMV d isease.  

c.  Nystat in solut io n,  c lotr imazole troche or  f luconazole  reduces oral cand id ias is  

( thrush) .  

B. Increa sed r isk of  mal igna ncy  

1.  Ca use.  Cont inuous imm unosuppress ion inter feres w ith normal immune 

surve il lance and funct ion fo r malignancy.  In add it ion,  some of  the 

immunosuppress ive  drugs may be d irect ly carc inogenic  or act iva te oncogen ic  v irus ,  

such as  Epstein-Barr  virus (EBV).  

2.  Character ist ics.  Cancers tha t occur  most frequent ly in the genera l popula t io n 

(e.g .,  lung,  breast ,  co lon)  are not  increased among transplant  pat ients.  However , 

var ious  cancers uncommon in the  general popula t ion are  often more prevalent  in 

t ransp lant  pat ients : lym phom as, squam ous cel l carc inom as of  the l ip  and sk in,  

Kapos i's sarcoma,  other sarcoma.  

3.  Posttra nspla nt  lymphoprolif erat ive diseases (PTLDs).  The inc idence of  

lym phom a appears  to cor relate  with the intens ity of  imm unosuppression.  It  is 



especial ly we ll docum ented that T-cell  spec if ic agents, inc lud ing OKT3, 

cyclospor ine,  and tacro limus,  increase t he inc idence o f lym phoprol ife rat ive  

diseases.  

4.  Treatment .  In case of  nonv ita l o rgan t ransp lant , imm unosuppress ion should be 

reduced or stopped. If  EBV-re la ted lym phom a occurs ,  acyclov ir  o r  gancic lovir  

therapy appears  to be ef f ec t ive;  the  B-cell-spec if ic monoc lona l ant ibody,  r ituximab 

(R ituxa n® ) ,  is  a lso used.  

C. Hypertension.  Many imm unosuppressive  agents cause hyper tens ion.  

Cyc lospor ine  and tacrol im us c lear ly increase the ar ter ia l b lood pressure and 

steroids  may exacerbate  hyper tens ion a f ter  transp la nta t ion f rom f lu id  and sodium 

retent ion.  Treatment  usua lly requires  the use o f m ult ip le  agent s,  inc lud ing diure t ics 

and calc ium -channe l b lock ers.  

D. Posttransplant  diabetes mel litus.  Many imm unosuppressive  agents  increase 

blood glucose leve ls .  Cort icos tero ids,  cyclospor ine and tacro l im us increase b lood 

glucose.  Some pat ients  develop a new onset  diabetes af ter transp lanta t ion,  whic h 

increases morb id ity,  m or ta li ty and reduces graf t and pat ient  surviva ls .  Careful 

monitor ing  of  blood glucose and pat ient  counsel l ing are essent ia l.  
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STUDY QUESTIONS 
Direct ions:  E ach o f the numbered items or  incomple te  sta tements in t his  sect ion is 

fol lowed by answers or  by complet ion of  t he  st atement . Se lect t he  one  let te red 

answer  or  comple t io n tha t  is  best  in each case.  

1.  S .M. , a  38-year-old,  received her  living re lated k idney t ransplant  2 months 
ago. At her  c linic visi t  toda y,  she com plained of  t iredness,  shortness of  breath 
and peda l edema. Her serum  creat inine and BUN show ed the fo llow ing:  serum 
creat ine 2 .2 mg/dL ,  BUN 43 mg/dL  (1 .2 mg/dL  and 24 mg/dL  4 weeks ago) a nd 
tacrolim us levels 3  ng/mL  (thera peut ic  range 5-15 ng/mL ). She wa s diagnosed 
as acute graft  reject ion.  S he was adm it ted to the hospita l and was treated by 
thymoglobuli n.  W hich of  the f ollow ing regarding thymoglobulin is (a re) true? 
I.  It is a  horse serum against  human B cells.  
II .  It  is a n IL -2 receptor antagonist  against  huma n T -cells.  
II I .  It  is a  rabbit imm unoglobulin against  hum an T -cells.  

(A)  I only 

(B) III  only 

(C) I and II  

(D) II and III  

(E) I,  I I  and I II  

V iew Answer1.  The answer is  B[ III E 2] .2. After  7 -day course of  
thymoglobuli n therapy, S.T' s renal  f unct ion improved by thymoglobulin 
t reatment . H er thym oglobulin was completed and her  blood tacrolim us leve l 
wa s 8 ng/mL .  She wa s discha rged to her home. Several days later, she 
developed diabet ic coma a nd seizures.  Her seizures w ere controlled by IV  



dia zepam and the local  physicia n wa nted to  start phenytoin 200 mg daily  a s a  
maintena nce therapy.  Which is (are)  appropr iate  advice(s)  upon this 
prescr ipt ion? 

(A)  Phenyt o in wil l reduce tacro l im us metabolism,  so  please reduce the tacro limus 

dose by 100% and check cyclospor ine leve l t w ice a  week.  

(B) Phenyt o in wil l increase tacro l im us metabolism,  so  please switch t acrol im us to 

cyclospor ine.  

(C) Phenyto in wil l increase tacrol im us metabolism,  so  please switch pheytoin to  

va lpro ic  acid .  

(D) Phenyto in wil l no t  a ffect  tacrolim us metabo lism, so cont inue same dose of  

tacrol im us.  

(E) Phenyt o in wil l reduce tacro l im us metabolism,  so  please monito r  tacro limus leve l 

more frequent ly.  

V iew Answer2.  The answer is  C[] .3. S ix  month later, her  rena l f unct ion 
wa s good with creat inine 1 .6 mg/dL  and BUN 28 mg/dL .  Today her BP  was 
160/105. W hich of  the follow ing medica t ion (s) contr ibute(s)  to her 
hypertension? 
I.  Ta crolim us 
II.  Prednisone 
III.  Mycophenolate  mofet il  

(A)  I only 

(B) III  only 

(C) I and II  

(D) II and III  

(E) I,  I I  and I II  

V iew Answer3.  The answer is  C[] .4. The physic ian asked you w hether an 
imm unosuppressant ,  daclizuma b (Zena pax® ) is  usef ul in t rea t ing this pat ient's 
acute re ject ion.  W hich of  the f ol low ing is a n appropr iate response?  

(A)  It  is a  hum anized IgG product agains t  IL -2 receptor  and it  is usefu l only in 

prevent ing  acut e reject ion.  

(B) It  is a  useful agent  to  treat  reject ion,  but  chest  x-ray and monitor ing  of  pat ient 's  

f luid s tatus  are required before this therapy.  

(C) It is usefu l,  but  pat ient 's  we ight  gain sho uld be less  than 3% f rom the dry we ight  

be fore therapy 

(D) It is a  chim eral IgG with spec if ic ity aga inst  IL-2  receptor  and it  is  useful on ly fo r 

prevent ion of  reject ion.  

(E) It  is a  hum anized horse serum  aga ins t  T-ce lls  and it  is a  new agent  useful f or  

prevent ion and t rea tment of  reject ion.  

V iew Answer4.  The answer is  D[] .5. All of  the fol low ing a re correct 
rega rding inf ect ion prophylaxis in a n orga n transplant  pa t ient EXCEPT  
(A)  Tr imethopr ime-sulfam ethoxazo le fo r Pneumocyt is car ini i  pneum onia prophy la xis 

(B) Nystat in fo r  funga l infec t ion 

(C) Oral acyclov ir  fo r herpes simple x 

(D) C lo t r im azo le troche for  ora l thrush 

(E) Levof loxac in for  ur inary t ract  infec t io n 



View Answer5.  The answer is  E[] .P.1302 

 

 

6.  A 16-year-old girl w ho ha d received her tra nspla nt  2  years ago com pla ined of  

hair growth on her face a nd did not  want to take her  medicat ions a ny more.  
Which of  the fo llow ing is (a re) like ly cause of  her  problem? 

(A)  cyc lospor ine  

(B) tacro l im us 

(C) prednisone 

(D) azat hiopr ine  

(E) m ycopheno lic ac id 

V iew Answer6.  The answer is  A[] .P. 1303 

 

 

ANSWERS AND EXPLANATIONS 
1.  T he answ er is B  [ I I I  E  2] .  

Thym oglobu lin is  an ant ibody f rom rabbit  agains t  the hum an thymocytes.  Th is  drug 

can be used as a rejec t ion prevent io n agent  or  a  treatment  agent  fo r on-go ing 

reject ion.  The dose for rej ect ion t reatment  is  1.5 mg/kg da ily fo r  7 -10 days.  Atgam 

is a horse ant ibody aga inst  t he  hum an thymocytes . Dac lizum ab (Zenopax)  or  

basil ixim ab (S imulect )  is an monoc lo na l ant ibody agains t  an IL -2 receptor.  

2.  T he answ er is C  [Table 58-2 ] .  

Phenyto in is a potent  cytochrome P450 enzym e inducer,  which increases tacrol im us 

metabo lism . W hen tacrol imus is  used concurrent ly wit h phenyto in,  it  is necessary to  

increase tacrolimus dose by 500% in order to maint ain the therapeut ic leve ls ,  which 

is very cost ly.  Valpro ic  ac id  is  another ant iepilep t ic  agent ,  which do es not  interact  

wit h tacrol im us. S o it  is  a good alt ernat ive  for phenyto in in this case.  

3.  T he answ er is C  [ I I I .A.1,  F ] .  

Tacro lim us and prednisone increase the blood pressure.  Tacro lim us (Prograf ® )  

promotes the  vasoconst r ict ion and causes rena l dys funct ion,  whic h cont r ibutes  to 

hyper tension.  Prednisone (D eltasone® )  increases f luid and sodium  retent ion,  which 

cont r ibutes  to  hyper tens ion.  Mycopheno lat e m ofeti l (Ce llcept ® )  is  an ant imetabo lite  

inh ib it ing DNA synthes is  and cel l p rol i ferat ion.  Its side  effec ts inc lude le uk openia  

and thrombocytopenia  and does not cause hyper tens ion.  

4.  T he answ er is D  [ I I I .E .4.c ] .  

Dac lizumab (Zenapax® )  is  a humanized monoc lonal ant ibody tha t  directs  to the  

inter le uk in-2 ( IL -2)  receptor  on the  T ce lls .  The bind ing s ite  of t his  ant ibody (10%) is  

or ig inated f rom mouse, but  the  o ther par t is  hum anized IgG (90%). Inter leuk in-2  is  

T-cell  growth fac tor,  which in it iates T-ce ll  pro l ife rat ion.  The basi l ixim ab opsonizes  

this IL -2 receptor,  which prevents T-ce ll  growth and prol ife rat ion,  which is  essent ia l 

for the gra ft  reject ion process. Unlike  OKT3 or ant ithym ocyte  globulin,  it  does not  

show any ser ious side ef fect s, so it  does not require premedicat ions  such as  

acetom inophen,  d iphe nhydram ine,  and cort icos tero ids before its  adm inis t rat ion.  

5.  T he answ er is E  [ IV .A ] .  



All except  for  levof loxac in are  correct .  Levof lo xac in is a broad spect rum oral 

qu ino lone ant ib io t ic ,  which is  not  appropr ia te for a  long term prophylac t ic  reg im en.  
6.  T he answ er is A  [ I I I .A.1 ] .  

Fac ia l ha ir  growth (hirsut ism)  is  one o f the cumbersome s ide e ffects  of 

cyclospor ine,  which may discourage the pat ient 's com pliance.  
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I. GENERAL CONCEPTS 
A. Outcomes research (OR)  is the  study o f hea lthcare intervent ions  

( treatment  modal it ies  such as drug therapies ,  surgery,  and pa ll iat ive  

therapy) , care delivery processes,  and healthcare  qual ity tha t  a re eva luated 

to measure  the extent  to  which opt im al and desirab le  outcom es can be 

reached. Normally,  t he  purpose of  OR is to assess the  value of  a program 

or  therapy in quest ion.  

1.  The Econom ic, Clinical ,  Huma nist ic Outcome (ECHO) model  provides 

a framework  for comprehens ive eva luat ion of  outcom es. Three areas of 

outcom es ident if ied  by Kozma and Reeder (1998)  are econom ic  outcomes, 

cl inica l outcom es,  and hum anist ic out comes.  

2.  Outcomes research methodologies inc lude ret rospect ive  char t  review,  

prospect ive c l inica l t r ia ls ,  observat iona l st ud ies ,  and computer modeling  

studies .  
3.  Examples of  outcomes m ea sures  

a.  Econom ic  outcomes inc lude acquis it ion costs assoc ia ted with care,  labor 

costs  associa ted with care, costs to  treat  adverse drug react ions,  costs  of 

t rea tment fa ilure,  costs  o f hospit al readm ission,  and costs o f emergency 

room and c l in ic  v is its .  

b.  C linica l outcomes inc lude le ngth of  hosp ital s tay,  adverse drug react ions ,  

hosp ita l readmiss ion,  and death.  

c.  Humanis t ic  outcomes inc lude pat ient  sa t is fact ion,  funct iona l st atus as  

measured by a  va lidat ed inst rument , and qual ity-of - l ife assessment .  

B. Pharmacoeconom ics (PE) ,  a divis ion of  hea lth econom ics ,  is des igned 

to provide dec is io n m akers with inform at ion about  the  value of  the dif ferent  

pharm acotherap ies.  According t o B ootman,  Townsend,  McGhan (2006),  PE 

research ident if ies ,  measures, and compares the  cos ts ( resources 

consum ed) and consequences (cl in ica l,  econom ic ,  and hum anis t ic )  of  

pharm aceut ica l p roducts and services.  

II. COST 
A. Def init ions  

1.  Tota l cost .  Al l expe nses that are  direc t ly and ind irect ly necessary to 

provide a product or service 

2.  Average cost .  The average cost  per un it  o f output  (tota l cost  d iv ided by 

quant ity)  

3.  F ixed cost .  Costs that  do not vary with the  quant it y of  output  for  a short -

run product ion (e. g. , rent , f ixtures , f ixed salary,  deprec ia t ion,  adm inis t ra t ive 

costs )  



4.  Var ia ble cost .  Costs tha t vary wit h the leve l of  output  (e.g.,  wages, 

supp lies)  
5.  Marginal cost .  The ext ra cost  of p roduc ing one ext ra  unit  of out put  

6.  Incrementa l cost.  Addit iona l cos ts when compar ing one a lte rnat ive  to 

another  
7.  Direct cost.  Costs direct ly rela ted to  produc ing/provid ing  a  spec if ic 

quant ity of  services  or output  (e.g. , salary,  d rug cos t and supp ly cos t  for  

the  provis ion of  pharmacy services)  
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8.  Indirect cost.  Costs that  are  al located to  the  area(s) tha t  

produce/provide a spec if ic quant ity of  services or output  (e.g. , overhead 

cost)  

9.  Al lowable  cost .  A cost  that is e l ig ib le  to c la im  for purposes of  

reim bursement  as  necessary and re levant  to the de livery o f  a un it  o f output  

10. Opportunity cost .  The cost  of  the  benef it  of pursu ing an a lte rnat ive 

course o f act ion 
11. Operat ing cost .  Any cost tha t  supports the  operat ions  to  provide the 

output  

B. Cost a nd charge  

1.  The meaning of  the  term cost  depends on the  perspect ive  for  the  

ana lys is .  The fo llow ing exam ples  show d if fer ing perspect ives .  

2.  Providers  may inc lude hosp ita ls,  phys ic ian o f f ices , or  ambulatory surgery 

centers,  and the term cost  means the total cost s fo r  p rovid ing  the spec if ic  

service(s).  

3.  Payors may inc lude ins urance companies ,  Medicare,  o r Medicaid ,  and the 

term cost  means t he pr ice  that they have to pay to  obtain t he  service  ( i. e.,  

charges by providers) .  

4.  Charges do not  equa l the payment  to providers .  Depend ing on the 

cont ract ua l te rms,  many providers  rece ive only a  percentage o f the charges 

for payment . These are called  d iscounted charges.  Many providers  today 

receive  a lum p sum  amount  o f do lla rs  for each ep isode o f care,  e .g.,  

diagnos is - related groups (DR Gs) or  case ra te payment .  Th is  m ay also  apply 

to both inpat ie nt  and outpat ient  t reatments.  

5.  Cont ractua l te rms are  rare ly rev iewed and vary with dif fe rent  insurance 

carr ie rs . This c reates add it iona l confus ion as  to the cos ts  assoc ia ted for  

var ious  services  or t herap ies .  

6.  A recognizab le way to resolve  these hurd les is to  use the  cost  to charge 

(RCC) rat io  for t he  cost  es t im at ion.  Mult ip ly the RCC by the pat ient 's  

charge to yie ld the  es t im ated cost.  RCC can be obtained f rom the ind ividua l 

hosp ita l's  Centers for Medicare and Medicaid S erv ices  (CMS) year ly cos t 

repor t.  
C. Ba sic  steps in assessing cost  

1.  Def ine the  un its  o f service or  output  



2.  Determine the number of  service or output  unit s  provided 

3.  Determine cost dr ivers  of  these units  o f service  or output  

4.  Ca lculate  total cost s, d irect  or ind irec t ,  re la ted to the provis io n o f  this  

output  or service  

5.  Ca lculate  the average cost  and increm enta l cos t  

III. ELEMENTS OF A GOOD STUDY 
A. Sound object ive(s) .  The s tudy has wel l-de f ined object ive(s)  and 

answerab le  quest ion(s) .  

B. Perspect ive(s) .  There is a def ined perspect ive  for ana lys is (e.g. , 

pa t ient ,  payor, provider ,  soc ie ty) .  In many cases,  s tudy perspect ive  

determ ines the cost -effect ive ness o f an intervent ion.  Most  of the pub lished 

PE guide l ines  suggest  tha t soc iet al perspect ive be cons idered as an 

addit iona l perspect ive  for ana lys is.  
C. Pat ient  populat ion chosen must be within the scope of  ana lys is.  Pat ient  

se lec t ion cr iter ia that are  too st r ingent  pose a threat to externa l va lid it y.  

Pat ient  selec t ion c r ite r ia  tha t  are too l ibera l are a threat  to int erna l va lid ity.  

Considerat ion is  a lso  give n to  comorbid ity and m ult ip le t reatment  

modalit ies .  

D. Possible  com parators and their  ef fect iveness.  Al l re levant  a lte rnat ives  

for compar ison are ident if ied.  Chosen comparator(s) should  be reasonable 

and is the cur rent preferred standard treatment . In som e ins tances no 

t rea tment (placebo)  is  cons idered as an alternat ive .  
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E.  Metr ics for costs a nd consequences.  Measures  chosen for cos ts  and 

consequences can a ffec t the results of  the analys is .  B iases can be 

int roduced into the analys is  if  units o f  measures are  not c lear ly def ined.  

This may pose a problem with a  m ult icount ry s tudy in t he  aggregat ion o f the 

f ina l costs  and consequences because currency exc ha nge rates may 

f luctuate  f rom t im e to t im e.  
F.  Inclusio n of  releva nt  costs and conseq uences in the a na lysis  are  

based on t he  perspect ive  chosen.  The com putat io n o f  costs and 

consequences should be transparent  to readers. The key is  reproducib i l ity.  

Readers should  be ab le  to use the published computa t ion methods with the 

loca l da ta to va lidate  the f ind ings.  

G. A valid  data source.  Depend ing on the design of the  study,  data  can 

come f rom cl in ica l t r ia ls,  observat iona l s tud ies,  healthcare  claim databases, 

char t  reviews,  and epidem iolog ica l data.  Each of  the sources of  these data 

were designed for  some o ther purpose than econom ic  ana lys is .  L im itat ions  

are l is ted in VII I.  
H. Discount i ng f or  costs and consequences.  Much d iscuss ion has been 

devoted to the  appropr iat eness of  d iscount ing costs and consequences as  

well as  the d iscount  rate.  The consensus at  this  t ime is  to discount  both 



costs  and consequences.  The d iscount  ra te normally is the opportun ity cos t  

of  using resources. Many researchers have used the government  bond rate.  

Regard less , the researcher  m ust  of fe r the j us t if ica t ion fo r the chosen 

discount  rate(s).  

I .  Increm ental analysis p rov ides an ins ight  on the compar ison for cost 

generated f rom one alternat ive  to another  alte rnative ,  and t he addit io na l 

benef it  y ie lded from the increased cost .  

J.  Sensit ivity analysis  should  inc lude a l l the  plaus ib le  va lues and the ir  

j ust if ica t io n f or the key parameters .  

K. T ime hor izon of  the analysis covers  the ful l  durat ion o f  treatment  for  

the  disease process. For exam ple,  t he  t im e hor izon for the  cho les terol-

lower ing agent 's  treatment  should be the  life  span from the star t day of 

t rea tment to the  end of  l ife .  

L.  Appropr iateness and comprehensive ness of  presentat ion a nd 
discussion of  the study resul ts.  S im ila r  to  the  cl in ica l stud ies ,  the 

presentat ion o f  s tudy results should  not  be b iased.  Intervent iona l 

alte rnat ives and study l im ita t io ns  m ust be addressed. Generalizab i l i t y and 

applicab il ity are  a lso d iscussed.  

IV. PHARMACOECONOMIC METHODOLOGIES 
A. Cost of  il lness (COI)  is the  eva luat io n and assessment of the  resources 

used in t rea t ing an i l lness .  Th is  technique is  used t o obta in the baseline  

cost inf orm at ion before the int roduct ion o f  a  new intervent ion.  Costs  are 

measured in terms of  do lla rs.  Like  any PE ana lys is, the  evaluator  needs to 

def ine the ana lys is perspect ive.  A d if fe rent  perspect ive  wil l c hange the cost  

st ruct ure . For  example ,  f rom a pat ient 's  perspect ive,  the cost  of i l lness  wil l  

inc lude the transpor tat ion to  and from the treatment  s ite . Time durat ion o f  

the  disease can be cr it ica l in determ in ing the cost and may be a source of  

bias.  No compar ison is  m ade in th is  type of analys is .  

B. Cost-benef it a nalysis (CBA)  is  a too l used to determ ine pr io r ity for  the  

resource al locat io n.  The technique can be app lied to the compar ison of  

hea lthcare  programs and with non-hea lthcare programs,  such as  soc ia l 

welfare  programs.  For  exam ple,  one can compare the costs and benef its  o f 

a coronary r isk  fac tor  reduct ion program and the chi ldhood imm unizat ion 

program and the domest ic  vio lence prevent ion program. This techn ique 

cons is ts  of ident ifying  a l l o f  the  benef its t ha t  accrue f rom t he program and 

conver t ing  them into  do lla rs in t he  year  tha t they occur . The s t ream of  cost s 

and benef its are  then discounted t o present  value  at the  se lected discount  

rate . Net  benef it  is  computed for each program and can then be compared 

wit h other  programs.  

C. Cost-m inim izat ion ana lysis (CMA).  The under ly ing assumpt ion for this  

type of  ana lys is assum es that consequences are equ iva lent .  There fore , only 

cost is compared. The cheapest   
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intervent ion w i l l be chosen for  im plementa t ion.  E qu iva le nt  outcomes may 

not  necessar i ly be equal.  One needs to determ ine the  key outcome of  each 

comparator . For exam ple ,  two drugs may have the equiva lent  therapeut ic  

va lue but  d if ferent  s ide e ffect prof iles.  In such cases, consequences m ay 

not  be equiva le nt ,  and this  technique is not  appropr ia te . CEA shou ld  be 

used instead.  

D. Cost-ef fect ivene ss analysis (CE A)  is  a technique to assist the  decision 

maker in ident if ying a prefer red cho ice among poss ib le a lte rnat ives  within 

sim i lar  consequences (e .g. ,  same therapeut ic  category) in terms of healt h 

im provement  c reated (e.g., l ife  year  ga ined,  cl in ica l cures) . I t  is not  to be 

used to compare d if ferent consequences for each a lte rnat ive,  such as  b lood 

pressure  reduct ion to degree o f cho lesterol lower ing.  Consequences can be 

interm edia te out comes or sur rogate  outcomes such as  the reperfusion t im e 

of  the vessel af ter  thrombolyt ic therapy.  Genera lly,  the increm enta l cost  o f 

a program or  an intervent ion f rom a specif ied perspect ive is compared t o 

the  incremental hea lth e f fects. An e xam ple is  the cost per un it  o f  b lood 

pressure  reduct ion wit h each ant ihyper tens ive agent  compared.  The result s 

of  the analys is  normally are sta ted in te rms of  cos t per unit  o f 

ef fect iveness.  

E.  Cost-ut ility analysis (CUA).  Unl ik e CE A,  CUA measures the 

consequences in te rms of  the quality-adj us ted l i fe year  (QALY)  ga ined.  The 

results o f the ana lys is are normally e xpressed as a  cos t per  QALY.  The 

metr ic  of  QALY incorporates both the  im provem ent  in quant ity of  l ife ,  

qua lity of  l ife,  and the  preference (ut i l it y va lue)  of t he  health s tate.  There 

are three sources o f obta ining  ut i l it y va lues fo r hea lth sta tes in CU A:  

j udgment to est im ate  the ut i l i t y va lues,  values f rom the l i terature, or  values 

el ic ited  f rom a sample of  subj ect s.  Common techniques for  el ic it ing ut i l i t y 

va lues are rat ing  sca le  (visua l ana log scale) , standard gamble,  and t ime 

t radeof f.  F ive c ircumstances have been summar ized that  deta il  whe n CUA 

may be the appropr ia te techn ique to app ly.  

1.  W hen quality of  l ife  is  the  only outcom e 

2.  W hen quality and quant ity of  l ife  are health out com es  

3.  W hen the intervent ion af fect s bot h mortal ity and morbid ity and a 

combined unit  of  outcome is  des ired 

4.  W hen the intervent ion be ing compared has a wide range o f potent ial 

outcom es and a common unit  of  outcome is needed  

5.  W hen the object ive  is  to  compare a gold standa rd int ervent io n that  

already has t he  cost  per  QALY.  QALY is ca lcula ted by m ult ip ly ing the  ut i l it y 

va lues obtained for the spec if ic  hea lth state  with the quant ity of  l ife  years  

spent  in that  spec if ic  hea lth sta te. Compar ison can then be made for the  

program and intervent ion.  

F.  Mult iat tr ibute  ut ili ty theory (MAUT ) or  a na lysis (MAUA)  is  another  

techn ique f requent ly used in assessing ut i l it ies .  In th is  situa t io n,  several 

at tr ibutes  can be inc luded,  such as cl inica l e f fect  and f inanc ia l ef f ec t as 



well as  qua lit y o f  li fe.  I t  is  poss ib le  to preferent ia l ly weigh the  decision 

based on what  the pr io r it ies are for t he  decision mak er and then apply the  

weights to  ident if y the most pre ferab le t herapy,  service ,  and so on.  As 

ev idenced f rom the fo llow ing three examples ,  t he ind iv idua l 's  perspect ive  

wil l  ha ve a major ef fect  on the f ina l dec is ion m ade,  based on the leve ls o f  

pr io r ity chosen for  eva luat ion.  

1.  A phys ic ia n m ay view c l in ica l outcom e to represent  70% of the  decision,  

fol lowed by pat ient 's qua lity o f  l i fe (20%),  and las t  the cos ts  (10%).  
2.  A hosp ita l adm in is t rat or  may view the f inanc ia l outcomes (70%) as  a 

major pr ior it y,  f ol lowed by the  c l in ica l outcom e (20%), and las t  the  qua lity 

of  l ife  (10%).  

3.  A pat ient  w ith hea lth insurance might  v iew the c l in ica l out com e (45%) 

and qua lity o f  li fe (45%) as the  top  pr ior it ies and have m inim al concern for 

the  f inanc ia l outcomes (10%) of  such a  decision.  

G. Wi llingne ss to pay (WTP)  techn ique is  used to  assess t he  perce ived 

va lue or benef it  of  a  product and service .  The W TP values can be obta ined 

through two approaches:  

1.  Indirec t  measurement , whic h e xam ines in ac tual paym ents previous rea l-

wor ld  dec is ions  tha t  invo lve  t rade-of fs between money and expected 

outcom es 
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2.  D irect  measurement , whic h uses survey m ethods to e l ic it  sta ted dollar  on 

the  perce ived benef its.  In this  second approach,  researchers are seek ing to  

provide suf f ic ient  back ground inform at ion to  create within the respondent 's  

mind a hypothet ical m ark et in which the  person prov ides a j udgment  of  the 

va lue o f the proposed service.  

3.  The cha lle nge o f using cont ingent  valuat ion is  to  present  with in the  

quest ionna ire  suf f icient ,  c lear ly organized informat ion to a llow th is  

j udgment to occur . Basic facts need to be give n a t  the appropr ia te t ime. 

Unlike  CBA,  W TP takes into cons idera t ion the psycho log ica l aspects of  t he  

i l lness  as  we ll as the  phys ica l deter io ra t ion.  The use o f WTP as an outcome 

measure is theoret ical ly cons is tent  with we lfa re econom ics.  It  a lso provides 

a means to ass ign dol lar  va lues to healt h outcomes.  

V. DECISION ANALYSIS 
is a sys temat ic approach to  dec is ion m ak ing under cond it ions o f 

uncer tainty.  It  is a tool for he lp ing the dec is ion makers ident ify op t io ns  tha t 

are avai lab le ,  predict  the  consequences and va lue of  each opt ion based on 

the  probabil it ies  ass igned to  each opt ion,  and choose the opt ion that  has  

the  best  payoff . D ec is ion ana lys is can be incorpora ted into the  

pharm acoeconom ics  eva luat io n.  Steps in per form ing a dec is ion ana lys is are 

as  fol lows:  



A. Ident ify a nd bound the decision.  Al l  the ground rules  such as  analys is  

perspect ive,  com parators se lect ion,  t ime span,  and dec is ion ru les  are 

ide nt if ied and c lar if ied.  

B. Develop a decision t ree (F igure  61-1) . The dec is io n m aker wil l s t ruc ture 

the  decision in the  form of  a  t ree w ith branches f rom lef t  t o r ight .  Each 

branch is a  segment of  a path that  leads to an outcom e. The process o f 

se tt ing up the  t ree  helps  the  dec is ion mak er  put thoughts on paper  and 

provides an evaluat ion fo r  each opt ion tha t  occurs .  
C. Assess and a ssign probabilit ies.  Probab il i t y rela ted to each branch is  

assessed and ass igned.  Probab il it ies  can be obtained f rom the published 

l ite rature,  an exper t  panel,  or cl inica l t r ia ls .  

 

Figure 61-1. Decision tree with probabilities 
included. 
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Figure 61-2. Completed decision tree after 
averaging out and folding back. 

D. Va lue outcomes.  For each of  the  outcome possib i l it ies,  assign a va lue.  

This can be in the  form of monetary or ut i l it y va lues.  



E.  Ca lculate the expected va lue.  Us ing the averaging-out  and fo ld ing-back 

method,  start  f rom the r ight  and work  backward to t he  le f t, and ca lculate  the 

expected va lue by mult ip ly ing the  outcome va lue to  each ass igned 

probabil ity (Figure 61-2).  

F.  Choose the preferred course of  act ion.  Depend ing on the ground ru les 

se t in the beg inning o f  e ither  opt im izat io n or  m inim izat ion,  choose the best 

course o f act ion.  

G. Perform a sensit ivity  analysis.  Ass ig n d if fe rent  values to  a l l p la us ib le 

outcom es and resolve  the dec is io n t ree to ident ify the  robustness of  the 

data and/or results.  

VI. PATIENT-REPORTED OUTCOMES (PRO). 
PRO refers to any outcomes based on data  provided by pat ient  o r pat ient  

proxy.  It  inc ludes hea lth- related quality of  l ife data.  PRO data can be 

co llected dur ing the c l inica l t r ia l.  E xam ples  of PRO data  inc lude pat ient  

sa t is fact ion w ith t reatment  and providers,  func t io na l s tatus,  psychosoc ia l 

well-be ing,  treatment  compl iance/adherence,  and d isease sym ptoms.  There 

is a growing am ount  of  interest  in adding PRO data  into t he  drug- review and 

eva luat ion process.  

A. Health-rela ted quality of  l if e (HRQOL).  A lthough qua l it y of  l ife  focuses 

on al l  aspects of  l ife ,  HRQOL focuses only on a pat ient 's  nonc linica l 

inform at ion such as  funct iona l st atus,  well-be ing,  percept ion of  hea lth,  

return to  work f rom an i l lness ,  and o ther hea lth outcom es that  are direct ly 

af fect  by hea lth status.  S tandardized quest io nna ires  are used to c apture  

HRQOL data in a  var ie ty of research set t ings.  Data  are obta ined either  by 

telephone int erview,  self -adminis t ra t ion,  persona l face -to- face interview,  

observat ion,  or  mail- in survey.  S uch s tandard ized  quest ionna ires  can also  

be div ided into general healt h s tat us  inst rum ents—for example , , Shor t -Form 

36 (SF-36),  Short-Form 12, S F-10 for  Child ren,  SF-8 Health S urveys,  

sick ness im pact prof i les (S IP)—or  d isease-spec if ic ins t rum ent (e.g.,  McGil l  

Pain Inventory,  Beck Depression Scale ,  Funct ional  
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Liv ing Index—Cancer).  The genera l hea lth s tatus  inst ruments measure the 

globa l hea lth st atus,  whereas the  disease-spec if ic ins t rum ents ta rget the 

disease-specif ic  issues.  
B. Short  form surveys a re the most frequent ly used genera l hea lth status 

ins t ruments. There  are  a var iet y of  d im ensions availab le ,  depend ing on t he  

chosen shor t  form ins t rum ent . The or ig ina l SF-36 inc ludes phys ica l 

funct ions,  social funct ions ,  em ot iona l ro le,  phys ic al role,  bod ily pa in,  

ment al healt h,  genera l hea lth,  and vital i t y.  Other survey ins t rum ents may 

conta in on ly some of these dimens io ns.  Interested readers can exp lore  the  

the  fol low ing W eb site:  www.qua litym et r ic .com for  more inform at ion.  

C. Psychometr ic propert ies.  B efore us ing any inst rument , the researcher  

must unders tand the psychom et r ic  proper t ies of the chosen inst rument . The 



psychom etric propert ies cons is t  of  the  rel iab il i ty and va l id ity inf ormat ion o f  

the  inst rum ent.  In addit ion,  the  sens it ivity and spec if ic it y o f the  ins t rum ent  

are also  im portant .  

1.  Relia bili ty  is  a measure of  cons is tency.  Can we reproduce the same 

score  under  the same condit io ns  with the sam e individ ua l?  Sta t is t ical 

methods of measur ing  rel iab il i t y a re Cronbach's  α,  Pearson's  r  coeff ic ie nt ,  

and the κ sta t is t ic .  

2.  Valid ity is a measure of  accuracy. Is  the ins t rument  measur ing  what  i t  is  

supposed to measure? Types of  va lid ity are content  val id it y,  construct  

va lid ity,  c r ite r ion va lid it y,  and convergent /divergent  va lid it y.  

3.  Use of  the instrument.  The psychometr ic  proper t ies  preclude “m ixing  

and m atching”  sect ions o f  establ ished quest ionna ires or selec t io n o f a 

sect ion of  an established quest ionna ire for adm inis t ra t ion witho ut  

recalibra t ing the ins t rum ent 's psychom etr ic  proper t ies.  

VII. MODELING STUDIES. 
Mathem at ical m odeling is  w ide ly used today in the  economic evaluat ion o f  

medica t ions  and healt hcare  techno log ies .  

A.  The goa l f or  modeling is t o assemble  evidence of  cos ts and outcomes in 

a fo rm that can project long- term consequences.  Model-based evaluat ions  

are great too ls  for healthcare  decision m ak ers.  

B.  Mathemat ical m odels provide the  cost -consequence est im ates that  

cannot  be revea led by randomized contro l t r ials or  ep idem io log ica l s tud ies 

because of the durat ion required for long- term stud ies (10-20 years) .  

C.  Results  der ived f rom modeling  ass is t  decision mak ers in m ak ing 

inform ed dec is ions .  However , the  qual ity of  the  decis ion is  based 

comple tely on the  truthfu lness  of  t he  projected result s,  which in turn 

depends on the  input  informat ion and assum pt ions  imposed for each model.  

D.  The Internat iona l Soc iety o f Pharmacoeconomics  and Outcomes 

Research ( ISPOR) recommends the fo l low ing cr ite r ia  for  assessing the  

qua lity of  models : model struc ture , data used as inputs  fo r the model,  and 

model val idat ion. 1  

VIII. 1997 FDA MODERNIZATION ACT, SECTION 

114, HEALTH CARE ECONOMIC INFORMATION 
A.  “Healt h care  econom ic inf orm at ion prov ided to a  fo rmulary comm ittee,  or 

other  s im ilar  ent ity,  in the  course of  the  comm ittee  or  ent ity carrying  out  i ts 

respons ib i l i t ies  for  the selec t io n o f  d rugs f or managed care  or other simi la r 

organizat io ns ,  sha ll no t  be  considered to  be false  or  misleading under  this 

paragraph if  the  hea lth care econom ic  informat ion d irect ly rela tes to an 

ind icat ion approved … for  such drug and is  based on competent and 

rel iab le sc ient if ic  evidence. ”  (From the FDA's  Moderniza t ion Act  o f 1997, 

ht tp ://www.fda.gov/cder/guidance/s830enr .txt )  
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B.  Healt h econom ic  inform at ion m eans any ana lys is that  ident if ies,  

measures , or  compares the econom ic  consequences inc lud ing the cos ts of  

the  represented hea lth outcom es,  or the use of  a drug to the use of another  

drug,  o r to  another healt hcare  intervent ion,  or  to no intervent ion.  

C. Key concepts of  the act  

1.  A venue for the pharmaceut ica l indust ry to prov ide OR  and/or PE 

research stud ies to dec is ion m akers 

2.  Econom ic  inform at ion can be provided in the  form of  CMA,  CBA, CUA,  

COI, and cos tqual it y of  l ife .  

3.  Competent  and rel iable  scient if ic  informat ion pertain ing to an approved 

ind icat ion 

4.  S tandard of competent  and re l iab le sc ient if ic informat ion has not  been 

addressed.  

IX. PRACTICAL ISSUES IN INTERPRETING OUTCOMES 
RESEARCH AND PHARMACOECONOMIC STUDIES 
A. Comparisons between economic study a nd random ized clinical t r ia ls (RCTs)  

1.  Econom ic  studies  are car r ied  out  in an observat iona l env ironm ent , whereas RCTs 

depend on r igorous exper im enta l des ign w ith st r ict  inc lus ion/exc lus io n cr it er ia .  

2.  RC Ts rely on hig hly cont ro l led and ar t if ic ia l c l in ica l se t t ings  to demonst rate 

cl inica l e f f icacy.  C lin ica l and econom ic  end po ints o f the study m ay not  be  the  

same. In add it io n,  RCTs tend  to have addit io na l p rotoco l costs (e.g.,  ext ra tes ts ) 

and inf la ted benef its (e.g.,  medicat ion complia nce,  appropr ia teness of  ut i l izat ion) .  

3.  Econom ic  studies  have large sample  sizes,  whereas RCTs are l im ited to a  

rela t ive ly sm all sam ple size .  
4.  Econom ic  studies  are genera lizab le  to the  broader pat ient  populat ion,  whereas 

RCTs are l im ited  to those inc luded wit hin the st r ingent  ent ry cr iter ia, which might  

no t  represent  the typ ical pa t ient  receiv ing t he  tes ted therapy.  

B. Mult iple  countr ies'  OR and PE studies  

1.  There are signif icant  d if fe rences in phys ic ian p ract ice pat terns and care-de livery 

syst ems among dif ferent  count r ies.  

2.  D if ferent methods of  f und ing healt hcare  and a llocat ing  hea lth e xpend itures  m ake 

it  a lm ost  im poss ible to  calcu lat e cos ts .  

3.  Pat ients'  concerns  and belie fs are dif ferent .  

C. Budgetary constra ints.  Dec is ion mak ing shou ld not  be  sole ly based on the 

inform at ion f rom the PE analys is  because most pub l is hed PE stud ies do not  im pose 

budgetary const raint  as par t of  the ana lys is.  C ost-ef fective does not equal 

af fordable.  In add it io n,  one shou ld a lso cons ider  the im plementa t ion cos ts  of the  

program.  In many ins tances, im plem entat ion costs  may exceed the benef its or  

ef fect iveness o f the program.  

D. Reproducibili ty  

1.  Oft en,  owing to j ournal space l im ita t ion,  lengthy cost  computat ions are el im inated 

f rom the published ar t icle.  S uch pract ice  c reates  an im poss ible aud it ing  mechanism 



for the der ivat ion and computa t ion of costs. Cr it ic al assessment o f th is  sect ion o f  

the  publ is hed ar t ic le  is  necessary to ensure  the val id it y and re l iabi l it y o f  the results .  
2.  Mode ling is an appropr iate  method when the d isease and t rea tment in quest ion 

has a  lengthy t ime span and ethica l d i lemma of withdrawing t reatment . However,  

assum pt ions and input  values to  these models  are not  t ransparent  to readers.  
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3.  Both issues make it  a lmost  im poss ib le  to reproduce the study results  using the  

loca l da ta.  

E.  Limitat ions of  c la im data  studies.  C la im data are  designed for bil l ing purposes.  

There is  no dif ferent iat ion between comorb id  cond it ions and com plicat ions in coding 

data.  This can pose a prob lem in qua lity benchm ark  s tudies .  In addit ion,  cod ing 

pract ice  may be d if ferent  f rom one ins t it ut io n t o another ,  a threat to reliab il i t y.  
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STUDY QUESTIONS 
Direct ions:  E ach o f the quest ions ,  statements , or incom ple te s tatements in th is  

sect ion can be correct ly answered or comple ted by one  of  the  suggested answers or 

phrases.  Choose the best  answer .  

1.  T he under ly ing assum ption of  cost-m inimizat ion analysis (CMA) is 
(A)  calculat ion of  cost  minimizat io n ra t io .  

(B) consequences are equiva lent .  

(C) costs are equiva lent .  

(D) no more than two comparators in any ana lys is .  

V iew Answer1.  The answer is  B[see] .2. W hich one of  these statements is 
not  t rue for  the dif ferences between econom ic studie s a nd random ized clinical 
t ria ls (RCTs)? 

(A)  Genera lizab il it y and applicab i l ity o f  the  results  dif fer  be tween econom ic  studies 

and RCTs.  

(B) C linica l end po int  and econom ic  end po int  are ident ica l.  

(C) RCTs tend to have inf la ted benef its and add it iona l p rotocol-dr iven cos ts.  

(D) Sample  s ize o f  the econom ic  st udy is normally la rger  than in the RCT.  

V iew Answer2.  The answer is  B[see] .3. In choosing a n instrument to 
measure the health-related quality of  lif e (HRQOL), at tent ion should be paid  to  

(A)  rel iab il it y and va lid ity of  the  inst rum ent.  

(B) sensit iv ity and spec if ic it y o f the ins t rum ent .  

(C) length o f  the ins t rument .  

(D) All  of  the  above 

V iew Answer3.  The answer is  D[seeand] .4.  In choosing a study 
perspect ive,  the current pha rmacoeconom ic (PE)  guidelines ha ve suggested 
which one of  the f ol low ing perspect ives to be incl uded?  

(A)  soc ie ty 



(B) payors  

(C) pat ients  

(D) providers 

V iew Answer4.  The answer is  A[see] .5. W hen interpret ing a  m ult inat ion 

economic c linica l tr ia l ,  w hat issue needs specia l a ttent ion? 
(A)  cos t computat ions  

(B) healthcare fund ing and cost-al locat ing m echan isms? 

(C) pat ients ' var ia t ions  and bel ief s 

(D) All  of  the  above 

V iew Answer5.  The answer is  D[seeand] .6.  Which one of  these 
pha rmacoeconom ic (PE) techniq ue s does not  address both cost  and 
consequences? 
(A)  cos t-benef it  analys is  

(B) cos t-ef fec t iveness ana lys is  

(C) cost-ut i l it y ana lys is 

(D) cost of  il lness  

V iew Answer6.  The answer is  D[see] .7. W hich of  the f o llow ing is a n 
exam ple of  a c linical  outcome indica tor?  
(A)  do llars  spent  treat ing  acute m yocardia l infarct ion 

(B) resources used in d iagnos ing the presence of medica l e rrors  

(C) durat ion of  hosp ita l iza t ion and m orta l ity versus d ischarge rate for  vent r icu lar  

f ibr i l la t io n pat ients  treated with am iodarone 

(D) func t iona l capac ity of  pat ients  treated with ram ipr il  in the  presence of 

cardiovascu lar  r isk factors  

V iew Answer7.  The answer is  C[see] .P.1314 

 

 

ANSWERS AND EXPLANATIONS 
1.  T he answ er is B  [see  IV .C ] .  

CMA assum es a ll  conseque nces compared are equiva lent .  For t his  reason,  only the 

cost of  each alt ernat ive  is  com pared. The leas t  expensive  alternat ive  w il l be 

chosen.  

2.  T he answ er is B  [see  IX.A ] .  

C lin ica l and econom ic  end points  are genera lly not  equa l.  In the sequence of t he  

study events ,  eff icacy should  com e before  effect iveness.  
3.  T he answ er is D  [see  V I.C.1,  2  and  3 ] .  

Al l of  the character is t ics  l is ted require  attent ion.  

4.  T he answ er is A  [see  I I I .B ] .  

The soc ie tal perspect ive  m ust be inc luded.  It  is  crit ica l in t he  hea lthcare  

environment  to ident ify the  perspect ive  f rom which a dec is io n is being m ade 

because t hat  perspect ive  direc t ly a f fects  the f ina l dec is ion.  The decis ion to add a 

hig h-cost,  moderat ely e ffect ive  therapy for  the  t reatment  of hospital ized sept ic 

pat ients  m ight  be d if ferent  i f  viewed from a hospit al f orm ulary comm it tee ( in -ho use 



budgetary concerns)  than f rom the local comm unity (saving l ives at whatever 

expense) .  
5.  T he answ er is D  [see  IX.B. 1, 2  and  3 ] .  

Al l of  the issues stated need spec ia l a ttent ion and p lay a  maj or ro le in deve lop ing 

mult ina t io n econom ic  evaluat ions  to  avoid carrying out  a s tudy,  whic h when 

comple ted cannot  be genera lized to  the broad pat ient  populat ion.  

6.  T he answ er is D  [see  IV .A] .  

The cost  of i l lness  m ethodo logy is  carr ied out  as  an assessment  of  the  necessary 

resources,  which wil l be used to treat  a des ignated i l lness.  Resources are measured 

in t erms of dolla rs,  and there are no comparator groups in the  evaluat ion.  

7.  T he answ er is C  [see  I .A.3. ] .  

C lin ica l outcomes inc lude the fol low ing:  le ngth of  hosp ita l s tay,  adverse drug 

react ions,  hosp ita l readmiss ion,  and death.  These are def inab le measures  of a 

pat ient 's  response to a give n t reatment , such as am iodarone used for the  t reatment 

of  vent r icu lar  f ibr i l la t ion.  

 



Appendix A 
Prescription Dispensing Information and 
Metrology 
Prescriptions 

PARTS OF THE PRESCRIPTION 
A prescr ipt io n is  an order f or medica t ion fo r use by a  pat ient  t ha t  is  issued by a  

phys ic ia n,  dent is t ,  vet er inar ian,  or other l icensed pract it ioner  who is  author ized to 

prescr ibe medica t ion or  by their  agent  via a col laborat ive  pract ice  agreement . A 

prescr ip t ion is usua l ly wr it ten on a s ing le sheet  of paper tha t is  commonly im pr inted 

wit h the  prescr iber 's  name, address , and telephone num ber.  A medica t ion order is  

sim i lar  t o a prescr ipt ion,  but  it  is  wr it ten on the  pat ient  char t and intended for use 

by a pat ient  in an ins t itut iona l set t ing .  

All prescr ip t ions  shou ld  contain accura te and appropr ia te inform at ion about  the 

pat ient  and the medicat ion that  is be ing prescr ibed.  In add it ion,  a prescr ipt ion order 
for a control led substance  m ust contain the fol lowing inform at ion:  

  Date of  issue 

  Ful l nam e and address of the  pat ient  

  Drug nam e,  strength,  dosage form, and quant ity prescr ibed 

  Direc t ions for  use  

  Name,  address, and Drug E nforcement Agency (DEA)  number of  the 

prescr iber  

  Signature  of  the  prescr iber  

A wr it ten prescr ip t ion order is  required fo r substances l is ted  in Schedule  II.  
Prescr ipt ions  for  cont ro l led substances lis ted in Schedule I I  are never  ref i l lab le.  

Any o ther  prescr ipt io n tha t  has  no ind ica t io n o f  ref i l ls is not  ref il lab le .  

Prescr ipt ions  for  medica t ions  that  a re l is ted  in Schedu les I I I ,  IV,  and V  may be 

iss ued either  in wr it ing  or  oral ly to t he  pharmacist .  If  author ized by t he  prescr iber , 

these prescr ipt ions m ay be ref i l led up to f ive  t im es within 6  months o f the dat e o f 

iss ue.  If  the  prescr iber  wishes the  pat ient  to cont inue to take the medicat ion a f ter 6 

mont hs  or  f ive re f il ls,  a new prescr ip t io n order  is  required.  

THE PRESCRIPTION LABEL 
In add it ion to t he  name of the pat ient ,  the pharmacy,  and the prescr iber , the 

prescr ip t ion labe l shou ld accurate ly ident ify the medica t io n and provide d irec t ions  

for i ts use.  

The labe l fo r a prescr ip t io n order  for  a cont ro lled substance m ust  conta in the 

fol low ing inform at ion:  

  Name and address of the  pharmacy 

  Ser ia l number assigned to the  prescr ipt io n by the  pharm acy 

  Date of  the  in it ia l f i l l ing  



  Name of  t he  pat ient  

  Name of  t he  prescr iber  

  Direc t ions for  use  

  Caut ionary s ta tements  as required by law *  

AUXILIARY LABELS 
Auxil iary,  o r  caut ionary,  labe ls  provide add it iona l im portant informat ion about  the  

proper  use of  the medica t ion.  Exam ples  inc lude “S hake Well”  for suspensions or  

em uls ions;  “For External Use Only”  for  
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top ical lot ions,  so lut ions ,  or creams;  and “May Cause Drows iness”  f or  medica t ions  

tha t  depress the  cent ra l nervous sys tem. The informat ion conta ined on auxil iary 

labe ls shou ld be brought  t o the attent ion of  the  pat ient  when the m edicat ion is  

dispensed.  The pharmacist  shou ld  place only appropr ia te auxi l ia ry labe ls  on the  

prescr ip t ion conta iner  because too many labe ls  may confuse t he  pat ient .  

BEFORE DISPENSING THE PRESCRIPTION 
Double-check the a ccuracy of  the prescr ipt ion.  Provide undivided at tent ion 
when f ill ing the prescr ipt ion.  

  Check the pat ient  informat ion (e.g ., nam e,  address , dat e o f bir th,  telephone 

number) .  

  Check the pat ient  p rof i le (e .g. , a l le rgies ,  medical cond it io ns ,  other  drugs, 

inc lud ing over - the-counter  medica t ions) .  

  Check the drug (e .g.,  correct d rug name, correct  spe l l ing ,  appropr iate  drug 

for the pat ient 's condit io n) ,  and ver ify t ha t there  are  no k nown drug 
interac t ions.  Always ver ify the name of  the drug.  B eware of  drug names 
that look a like  (see tab le ) .  

  Check the dosage, inc lud ing the drug strength,  the dosage form (e.g. , 

capsule,  l iqu id ,  m odif ied  release), the ind ividua l dose, the tota l daily dose,  

the  durat ion of  treatment , and the units (e.g ., mg,  mL, t sp,  tbsp).  

  Check the label.  Compare the drug dispensed with the prescr ipt ion.  Ver ify 

the  Nat iona l Drug Code (NDC)  number.  Ensure tha t  the  informat ion is 

accurate , that  the  pat ient  direc t ions  are  accurate and eas ily unders tood,  and 

that  the auxil iary labe ls  are appropr iate .  

  Provide pa t ient  counseling.  Be sure that the pat ient  f ully understands 
the drug treatment  as well as any precautions.  

Examples of Drugs with Similar Names 



Brand name Celebrex Cerebyx Celexa 

Generic 
name 

Celecoxib 
capsules 

Fosphenytoin 
sodium injection 

Citalopram 
HCl 

Manufacturer Searle Parke-Davis Forest 

Indication Osteoarthritis and 
rheumatoid 
arthritis 

Prevention and 
treatment of 
seizures 

Major 
depression 

 

Dangerous or Confusing Abbreviations 
Num erous common abbrevia t io ns  and sym bols  have been associated w ith errors.  

Deta iled l is ts of these can be found a t the webs ites  of t he  Ins t it ute  fo r Saf e 

Medica t io n P rac t ices ( IS MP ) and Jo int  Comm iss ion fo r the Accred ita t ion o f  

Hea lthcare Organ izat ions  (JCAHO) at :  

ht tp ://www. ism p.org/Too ls /abbreviat ions l is t .pd f.  

ht tp ://www.jcaho.org/accredited  + organizat ions /pat ient  + safety/06_dnu_ lis t .pdf.  

The JCAHO has created a “Do Not Use”  list  o f abbrevia t ions  that  i ts accredited  

organizat io ns  should not  al low t o be used.  

[black r ight -po int ing ar rowhead]“U” or “ IU” for uni ts:  the “U ” has been 

misinterpreted as various  numbers such as zero , four ;  ser ious  harm has occur red 

wit h insu lin and hepar in as  a result  of  confusion.  For example ,  a  pat ient  received 66 

un its  of ins ul in ins tead of  6 units.  The order was wr it ten for  “6u” o f regular  insul in 

but  was m is interpreted. The word “un its ”  should be wr it ten out in fu l l .  

[black r ight -po int ing ar rowhead]“QD, Q.D,  qd,  q.d.” :  common abbreviat ions  fo r  da ily 

have been m is interpreted as “QID” or  “qid”  and overdoses have occur red.  “Daily”  

shou ld  be wr it ten out in ful l.  

[black r ight -po int ing ar rowhead]“Q.O.D, QOD, qod” :  common abbreviat io ns  fo r 

every ot her day have been m is interpreted as  QID ( four t im es daily) .  Th is  shou ld  be 

wr it ten out  complete ly as  “every other  day. ”  
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[black r ight -po int ing ar rowhead]Trail ing zero :  when a  dose is  ordered and fol lowed 

wit h a dec im al point  and a zero, such as  2 .0 mg or  25.0 mg,  errors  can occur.  The 

decim al point  m ay be missed and an overdose can occur . For exam ple,  Warfar in 2 .0  

mg may be m isinterpre ted as  20 mg. Tra il ing  zeros shou ld be avoided and the dose 

wr it ten witho ut  the  add it io na l zero ,  for  example  War far in 2 m g rather than 2 .0  mg.  

[black r ight -po int ing ar rowhead]Lack of  leading zero :  a drug 's  dose may be less 

than 1  mg,  such as D igo xin.  Of ten the dose may be wr it ten without  a  leading zero , 



such as  D igo xin .25 mg,  rather  than as  D igoxin 0 .25 mg.  Er rors have occurred 

because t he decim al point  is  missed.  For example,  War far in .5  mg may be 

interpreted as Warfar in 5  m g.  Lead ing zeroes should be inc luded,  so the  dose is 

wr it ten as “D igoxin 0.25 mg or  Warfar in 0 .5  mg.”  

▶MS, MSO4, MgSO 4:  Abbreviat ions f or morphine sulfa te (MS, MSO 4) have been 

conf used w ith Ma gnesium  sulfa te (MgSO4 ).  It  is recommend to wr ite out  ea ch 
nam e in full rather than using abbreviat ions:  morphine sul fate or magnesium 
sul fate.  
In a ddi t ion to the above abbreviat ions,  there are  numerous other hazardous 
symbols and a bbreviat ions w hich sho uld be review ed w ith ca ut ion w hen used 
on prescr ipt ions.  E xamples include:  

▶“cc” :  Of ten used ins tead o f “mL.”  Th is  has been m is int erpreted as  a “0”  (zero). 

Use “mL.” 

[black r ight -po int ing ar rowhead]“µg” :  Used for “micrograms,” for exam ple ,  

Levothyroxine 250 µg .  daily.  The sym bol has  been m is taken for “mg. ” and overdoses 

have occur red.  B est to  use “mcg.”  Or  wr ite out  “micrograms.”  

[black r ight -po int ing ar rowhead]“<” or “ >” :  Symbols  for “ less  than”  (<) or  “greater 

than”  (>)  have been m istaken for each other or  m is interpre ted as  numbers . Best  to 

wr ite  out  as “ less than”  or “greater than. ”  

[black r ight -po int ing ar rowhead]“HCT”:  An abbreviat ion for  “hydrocort isone”  has 

been m isinterpreted as “hydroch lorothia zide. ”  Best  to wr ite name out  comple tely.  

[black r ight -po int ing ar rowhead]“HCl”:  An abbrevia t ion f or “hydrochlor ic ac id”  has 

been m isinterpreted as “KCl”  (potassium  chlor ide) .  Best to  wr ite out name 

comple tely.  
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Common Abbreviations 
Considerab le var ia t ion occurs  in the use o f cap ita l izat ion,  ita l ic izat ion,  and 

punctuat ion in abbrevia t io ns .  The fol low ing l ist  shows the abbrevia t io ns  that  are 

most oft en encountered by pharmac is ts.  

Common Abbreviations 
A, aa.,  or aa  

of  each 

a.c.  
before meals  

ad 

to, up to 
a.d.  

r ight  ear  

ad lib.  
at  p leasure ,  f reely 

a.m.  



morning  

amp.  
am pule  

ante  

before  
aq.  

water  

a.s.  
lef t  ear  

asa 

aspir in 

a.u.  
each ear, both ears  

b. i.d.  

twice a  day 
BP 

Br it ish Pharmacopoeia  

BSA 
body sur face area 

c.  or c 

wit h 

cap. or caps.  

capsule 

cp 
chest  pain 

D.A.W.  

dispense as  wr it ten 
cc or  cc.  

cub ic  cent im eter  

com p.  
compound,  compounded 

dil.  

dilute  

D.C.,  dc, or  disc.  
discont inue 

disp.  

dispense 

div.  

div ide,  t o be d iv ided  

dl or dL 
decil ite r  

d.t.d.  

give of  such doses  
DW 

dis t i l led  water  



D5W 

dext rose 5% in water  
elix .  

elixi r  

e.m.p.  
as directed  

et  

and 
ex aq.  

in water  

f l or f ld  

f luid 

f l oz  

f luid ounce 

f t.  
make 

g or Gm 

gram 
gal.  

ga llo n 

GI 

gastro intes t ina l  

gr or  gr.  

gra in 
gtt or gt t.  

drop,  drops 

H 
hypoderm ic 

h.  or hr .  

hour  

h.s.  

at  bedt im e 

IM 

int ram uscular  
inj .  

inj ect ion 

IV  
int ravenous 

IVP 

int ravenous push 
IVPB 

int ravenous p iggyback  

K 
potassium  

l  or  L  



l ite r  

lb.  
pound 

µ  

Greek m u 
M 

mix 

m2  or M2  
square meter  

mcg,  mcg.,  or  µg  

microgram  

mEq 
mill iequ iva lent  

mg or mg.  

mill igram 
ml or  mL 

mill i l ite r  

µl or µL  
micro lit er  

minim  

N&V 

nausea and vomit ing 

Na 

sodium  
N.F.  

Nat iona l Form ulary 

No.  
number  

noct .  

nig ht ,  in the  night  

non rep.  

do not repeat  

NPO 

nothing by m outh 
N.S., NS, or N/S  

normal sal ine 

1/2 NS 
ha lf -s trength normal saline  

O 

pint  
o.d.  

r ight  eye,  every day 

o. l. or o.s.  
lef t  eye 

OTC 



over  the counter  

o.u.  
each eye,  bo th eyes  

oz.  

ounce 
p.c.  

af ter meals  

PDR 
Physici ans' Desk Reference  

p.m.  

af ternoon,  evening  

p.o.  
by m outh 

Ppt  

precip ita ted 
pr 

for the rec tum  

prn or p.r .n.  
as needed 

pt .  

pint  

pulv.  

powder  

pv 
for vag ina l use 

q.  

every 
q.d.  

every day 

q.h.  
every hour  

q.  4  hr .  

every four  hours 

q. i.d.  
four  t imes a  day 

q.o. d.  

every ot her day 

q.s.  

a suff ic ient  quant ity 

q.s.  ad 
a suff ic ient  quant ity t o make  

R 

rectal 
R.L. or  R/L 

Ringer's lac ta te 



prescr ip t ion 

s.  or s 
wit hout  

Sig.  

wr ite  on labe l 
sol .  

so lut ion 

S.O.B.  
shor tness  of breath 

s.o.s.  

if  there  is  need (once only)  

ss.  or ss 
one-ha lf  

sta t.  

immediate ly 
subc,  subq,  or s. c.  

subcutaneous ly 

sup.  or supp 
suppos ito ry 

susp.  

suspens ion 

syr.  

syrup 

tab.  
tab let  

ta l.  

such,  such a one 
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ta l. dos.  

such doses 

tbsp.  or  T  

tab lespoonfu l 
t . i .d.  

three t im es a day 

t r.  or  t inct .  
t incture 

tsp.  or  t.  

teaspoonful 
TT 

tab let  t r iturates  

U or u.  
un it  

u.d.  or  ut  dict.  



as directed  

ung.  
ointm ent  

U.S.P.  or USP 

United States Pharmacopoeia 
w/ v 

weight /vo lum e 

Metrology 

THE METRIC, APOTHECARY, AND AVOIRDUPOIS 

SYSTEMS 
Metric system 
1.  Ba sic units  

Mass = g or gram 

Length = m or meter 

Volume = L or liter 

  
1 cc (cubic centimeter) of water is approximately equal to 1 
mL and weighs 1 g. 

 

2.  Pref ixes  

kilo- 103, or 1000 times the basic unit 

hekto- 102, or 100 times the basic unit 

deka- 101, or 10 times the basic unit 

deci- 10-1, or 0.1 times the basic unit 

centi- 10-2, or 0.01 times the basic unit 



milli- 10-3, or 0.001 times the basic unit 

micro- 10-6, or one-millionth of the basic unit 

nano- 10-9, or one-billionth of the basic unit 

pico- 10-12, or one-trillionth of the basic unit 
 

Examples  of  these pref ixes inc lude m il l igram (mg),  which equa ls  one- t housandth o f  

a gram, and dec il i ter  (dL),  which equa ls  100 mL,  or  0.1 L.  

Apothecary system 
1.  Volume (f luids or  liquid)  

60 minims () = 1 fluidrachm or fluidram (f ) or ( ) 

8 fluidrachms (480 minims) = 
1 fluidounce (f or ) 

16 fluidounces = 1 pint (pt or 0) 

2 pints (32 fluidounces) = 1 quart (qt) 

4 quarts (8 pints) = 1 gallon (gal or C) 
 

2.  Ma ss (weight)  



20 grains (gr) = 1 scruple ( ) 

3 scruples (60 grains) = 1 drachm or dram ( ) 

8 drachms (480 grains) = 
1 ounce ( ) 

12 ounces (5760 grains) = 1 pound (lb) 
 

Avoirdupois system 
1.  Volume  

1 fluidrachm = 60 min. 

1 fluid ounce = 8 fl. dr. 

 = 480 min. 

1 pint = 16 fl. oz. 

 = 7680 min. 

1 quart = 2 pt. 

 = 32 fl. oz. 

1 gallon = 4 qt. 

 = 128 fl. oz. 
 

P.1320 

 

 

2.  Ma ss (weight)  

The grain is  common to both the  apothecary and the avo irdupo is  sys tems.  



437.5 gra ins (gr)  = 1 ounce (oz)  

16 ounces (7000 grains)  = 1 pound ( lb )  

CONVERSION 
Exact equivalents 
Exact  equiva le nts  are used f or the convers io n o f  specif ic  quant it ies  in 

pharm aceut ica l fo rm ulas  and prescr ipt ion com pound ing.  

1.  Length 

1 meter (m) = 39.37 in. 

1 inch (in) = 2.54 cm. 
 

2.  Volume  

1 ml = 16.23 minims () 

1  = 0.06 mL 

1 f  = 3.69 mL 

1 f  
= 29.57 mL 

1 pt = 473 mL 

1 gal (U.S.) = 3785 mL 
 

3.  Ma ss  



1 g = 15.432 gr 

1 kg = 2.20 lb (avoir.) 

1 gr = 0.065 g or 65 mg 

1 oz (avoir.) = 28.35 g 

1 (apoth.) 
= 31.1 g 

1 lb (avoir.) = 454 g 

1 lb (apoth.) = 373.2 g 
 

4.  Other  equiva lent s 

1 oz (avoir.) = 437.5 gr 

1 (apoth.) 
= 480 gr 

1 gal (U.S.) = 
128 fl  

1 fl (water) 
= 455 gr 

1 gr (apoth.) = 1 gr (avoir.) 
 

Approximate equivalents 
Phys ic ians may use approximate equiva lents  to prescr ibe the dose quant it ies  us ing 

the  metr ic and apothecary systems of  weights and measures,  respect ive ly .  

Househo ld  un its  are of ten used t o inform the pat ient  of t he  size  of  the  dose. In v iew 

of  the alm ost  un iversal pract ice  of us ing an ord inary househo ld teaspoon to 

administer  medicat ion,  a teaspoon may be considered 5 mL. However,  when 

accurate  measurement  of  a l iqu id  dose is  require d,  the USP recommends the use of  

a calibra ted oral syr inge or  dropper.  



1 fluid dram = 1 teaspoonful 

 = 5 mL 

4 fluidounces = 120 mL 

8 fluidounces = 1 cup 

 = 240 mL 

1 grain = 65 mg 

1 kg = 2.2 pounds (lb) 
 

 



Appendix B 
Common Prescription Drugs and Over-the-
Counter Products 
The FDA Approved Drug Products With Therapeutic 
Equivalence Evaluation: The Orange Book 
The United S tates Food and Drug Adm inis t ra t ion (FDA)  pub lis hes the  book, 
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let t er “A” designates drug products that  the FDA cons iders  therapeut ica lly 

equiva lent  to a pharm aceut ica lly equiva le nt  d rug product.  These products can be 

safely subst ituted.  The f irs t le t ter  “B”  des ignates  drug product s tha t , fo r var ious  

reasons,  the FDA does not consider  bioequiva le nt  t o the pharmaceut ica lly 

equiva lent  d rug product .  

Therapeutic Equivalence Evaluation Codes 
A Codes 
Drug products t ha t the FDA considers t herapeut ical ly equiva lent  to other 
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AA Products in conventional dosage forms that do not present 
bioequivalence problems 

AB Products that meet necessary bioequivalence requirements 

AN Solutions and powders for aerosolization 

AO Injectable oil solutions 

AO Injectable aqueous solutions, and in certain instances, intravenous 
nonaqueous solutions 
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B* Drug products that require further FDA investigation and review to 
determine therapeutic equivalence 

BC Extended-release dosage forms (capsules, injectables, and tablets) 

BD Active ingredients and dosage forms that have documented problems 
with bioequivalence 

BE Delayed-release oral dosage forms 

BN Products in aerosol-nebulizer drug-delivery systems 

BP Active ingredients and dosage forms that have potential problems with 
bioequivalence 



BR Suppositories or enemas that deliver drugs for systemic absorption 

BS Drug products that have drug standard deficiencies 

BT Topical products that have bioequivalence issues 

BX Drug products for which the data are sufficient to determine therapeutic 
equivalence 

 

P.1323 

 

 

P.1324 

 

 

P.1325 

 

 

Top 200 Prescription Drugs by Trade Name and Generic Namea 

Rank Trade Name Generic Name 

1 Lortab Hydrocodone/acetaminophen 

2 Synthroid Levothyroxine 

3 Xanax Alprazolam 

4 Potassium Chloride Potassium Chloride 

5 Glucophage Metformin 

6 Zestril/Prinivil Lisinopril 

7 Ultram Tramadol 



8 Lasix Furosemide 

9 Lipitor Atorvastatin 

10 Percocet Oxycodone/acetaminophen 

11 Tenormin Atenolol 

12 Toprol-XL Metoprolol succinate 

13 Lopressor Metoprolol tartrate 

14 Hydrochlorothiazide Hydrochlorothiazide 

15 Coumadin Warfarin 

16 Norvasc Amlodipine 

17 Amoxil Amoxicillin 

18 OxyContin Oxycodone ER 

19 Zithromax and Zmax Azithromycin 

20 Darvocet Propoxyphene/acetaminophen 

21 Zoloft Sertraline 

22 Zantac Ranitidine 

23 Zocor Simvastatin 

24 Lexapro Escitalopram 



25 Nexium Esomeprazole 

26 Seroquel Quetiapine 

27 Proventil Albuterol 

28 Singulair Montelukast 

29 Plavix Clopidogrel 

30 Deltasone Prednisone 

31 Effexor XR Venlafaxine 

32 Elavil Amitriptyline 

33 Ativan Lorazepam 

34 Neurontin Gabapentin 

35 Glucotrol and 
Glucotrol XR 

Glipizide 

36 Naprosyn and EC-
Naprosyn 

Naproxen 

37 Wellbutrin (SR, XL) Bupropion 

38 Desyrel Trazodone 

39 Prilosec Omeprazole 

40 Dyazide Triamterene/hydrochlorothiazide 



41 Flexeril Cyclobenzaprine 

42 Duragesic Fentanyl transdermal system 

43 Prozac Fluoxetine 

44 Fosamax Alendronate 

45 Vasotec Enalapril 

46 Prevacid Lansoprazole 

47 Lantus Insulin glargine 

48 Premarin Conjugated estrogens 

49 Lanoxin Digoxin 

50 Valium Diazepam 

51 Keflex Cephalexin 

52 Paxil CR Paroxetine 

53 Reglan Metoclopramide 

54 Cardizem CD Diltiazem 

55 Ambien Zolpidem 

56 Celexa Citalopram 

57 Advair Fluticasone/salmeterol 



58 Zestoretic Lisinopril/hydrochlorothiazide 

59 Vytorin Simvastatin/ezetimibe 

60 Zyrtec Cetirizine 

61 Fioricet Butalbital/acetaminophen/caffeine 

62 Diflucan Fluconazole 

63 Ortho Tri-Cyclen Ethinyl estradiol/norgestimate 

64 Depakote ER Divalproex 

65 Adderall XR Dextroamphetamine/amphetamine 

66 Celebrex Celecoxib 

67 Diovan Valsartan 

68 Lotrel Amlodipine/benazepril 

69 Allegra Fexofenadine 

70 Klonopin Clonazepam 

71 Augmentin XR Amoxicillin/clavulanate 

72 Cymbalta Duloxetine 

73 Risperdal Risperidone 

74 Levaquin Levofloxacin 



75 Aldactone Spironolactone 

76 Lyrica Pregabalin 

77 Zyloprim Allopurinol 

78 Protonix Pantoprazole 

79 Actos Pioglitazone 

80 Dilantin Phenytoin 

81 Kenalog Triamcinolone 

82 Motrin Ibuprofen 

83 Altace Ramipril 

84 Coreg Carvedilol 

85 Isoptin and Isoptin SR Verapamil 

86 Estrace Estradiol 

87 Catapres Clonidine 

88 Soma Carisoprodol 

89 Zetia Ezetimibe 

90 Amaryl Glimepiride 

91 Flomax Tamsulosin 



92 Diovan-HCT Valsartan/hydrochlorothiazide 

93 Humalog Insulin lispro 

94 Flonase Fluticasone propionate 

95 Tylenol with Codeine Acetaminophen/codeine 

96 Aricept Donepezil 

97 Mevacor Lovastatin 

98 Accupril Quinapril 

99 Miralax Polyethylene glycol 3350 

100 MS Contin Morphine sulfate 

101 Cozaar Losartan 

102 Ditropan Oxybutynin 

103 Detrol Tolterodine 

104 TriCor Fenofibrate 

105 Combivent Ipratropium/albuterol 

106 Zyprexa Olanzapine 

107 Crestor Rosuvastatin 

108 Remeron Mirtazapine 



109 Procardia and 
Procardia XL 

Nifedipine 

110 Imdur Isosorbide mononitrate 

111 Topamax Topiramate 

112 Actonel Risedronate 

113 Atrovent Ipratropium 

114 Medrol Methylprednisolone 

115 Tessalon Benzonatate 

116 Ultracet Tramadol/acetaminophen 

117 Sinequan Doxepin 

118 Ritalin SR and LA Methylphenidate 

119 Avandia Rosiglitazone 

120 Cipro XR Ciprofloxacin 

121 Bactrim or Septra Sulfamethoxazole/trimethoprim 

122 Folic Acid Folic acid 

123 Phenergan Promethazine 

124 Macrodantin and 
Macrobid 

Nitrofurantoin 



125 Pyridium Phenazopyridine 

126 Hyzaar Losartan/hydrochlorothiazide 

127 Dilacor XR Diltiazem 

128 Vibramycin/Vibra-
Tabs 

Doxycycline hyclate 

129 Capoten Captopril 

130 Tegretol Carbamazepine 

131 Concerta Methylphenidate 

132 Trileptal Oxcarbazepine 

133 Evista Raloxifene 

134 Glucovance Glyburide/metformin 

135 Namenda Memantine 

136 Cardura Doxazosin 

137 NovoLog Insulin aspart 

138 Flagyl Metronidazole 

139 Nasonex Mometasone furoate 

140 Restoril Temazepam 

141 Micronase Glyburide 



142 Xopenex Levalbuterol 

143 Xalatan Latanoprost 

144 Mycostatin Nystatin 

145 Benicar Olmesartan 

146 Alesse Ethinyl estradiol/levonorgestrel 

147 Abilify Aripiprazole 

148 DuoNeb Ipratropium/albuterol 

149 Armour Thyroid Thyroid, dessicated 

150 Ziac Bisoprolol/hydrochlorothiazide 

151 Lotensin Benazepril 

152 Phenobarbital Phenobarbital 

153 Cleocin Clindamycin 

154 Theophylline Theophylline 

155 Pravachol Pravastatin 

156 Lamictal Lamotrigine 

157 Voltaren Diclofenac 

158 Spiriva Tiotropium 



159 Cogentin Benztropine mesylate 

160 Mobic Meloxicam 

161 Strattera Atomoxetine 

162 Yasmin Ethinyl estradiol/drospirenone 

163 Ortho-Novum 7/7/7 Ethinyl estradiol/norethindrone 

164 Hytrin Terazosin 

165 Avapro Irbesartan 

166 Veetids Penicillin V 

167 Lopid Gemfibrozil 

168 Skelaxin Metaxalone 

169 Inderal Propanolol 

170 Zovirax Acyclovir 

171 Benicar-HCT Olmesartan/hydrochlorothiazide 

172 Adipex-P Phentermine 

173 Bactroban Mupirocin 

174 AcipHex Rabeprazole 

175 Pepcid Famotidine 



176 Imuran Azathioprine 

177 Bentyl Dicyclomine 

178 Clozaril Clozapine 

179 Biaxin XL Clarithromycin 

180 Methadone Methadone 

181 Provera Medroxyprogesterone 

182 Requip Ropinirole 

183 Prempro Conjugated 
estrogens/medroxyprogesterone 

184 Lithonate & Lithotabs Lithium carbonate 

185 Buspar Buspirone 

186 Omnicef Cefdinir 

187 Lunesta Eszopiclone 

188 Relafen Nabumetone 

189 Allegra-D Fexofenadine/pseudoephedrine 

190 Niaspan Niacin 

191 Bumex Bumetanide 

192 Demadex Torsemide 



193 Lotrisone Clotrimazole/betamethasone 

194 Lomotil Diphenoxylate/atropine 

195 Lactulose Lactulose 

196 Monopril Fosinopril 

197 Guaifenex PSE Guaifenesin/pseudoephedrine 

198 Flovent Fluticasone propionate 

199 Imitrex Sumatriptan 

200 Antivert Meclizine 

aThis table contains the top 200 prescription drugs dispensed through 
independent, chain, food store, mass merchandiser, and deep discount 
pharmacies. All forms of the same generic equivalent drug are grouped 
together and listed under the brand name when appropriate. Rankings are 
based on total number of prescriptions for August 2004 to August 2005, as 
measured by SFI's Prescription Drug Audit. Insulin products are included in 
the tally. Adapted with permission from Prescription Drug Cards, 23rd ed. 
SFI Medical Publishing, 2007. 
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Top Over-the-Counter (OTC) Drugsa 



Trade Name Drug Use 

Abreva® Cold sore medication 

Actifed® Allergy and cold relief 

Advil® Analgesic 

Afrin® Nasal decongestant 

Aleve® Analgesic 

ALternaGEL® Antacid 

Anbesol® Oral cavity analgesic 

Anusol® Hemorrhoidal agent 

Azo Standard® UTI analgesic 

Bayer® Aspirin Analgesic 

Benadryl® Oral Allergy and cold relief 

BEN-GAY® Topical analgesic 

Betadine® Antiseptic 

Bonine® Motion sickness medication 

Bufferin® Analgesic 

Caladryl® Topical antipruritic 

Carmex® Cold sore medication 



Cepastat® Oral cavity analgesic 

Chlor-Trimeton® Allergy and cold relief 

Chloraseptic® Oral cavity analgesic 

Citrucel® Laxative 

Claritin® Allergy and cold relief 

Claritin-D® Allergy and cold relief 

Colace® Stool softener 

COLD-EEZE® Cold relief 

Compound W® Keratolytic 

Cortaid® Topical antipruritic 

Debrox® Ear wax removal aid 

Delsym® Cough suppressant 

Dramamine® Motion sickness medication 

Dulcolax® Laxative 

Duofilm® Keratolytic 

Emetrol® Antiemetic 

Estroven® Menopause support 



Excedrin® Analgesic 

FiberCon® Laxative 

Fungi-Nail® Topical antifungal 

Gas-X® Antiflatulent 

Gyne-Lotrimin® Vaginal antifungal 

Herpecin-L® Cold sore medication 

Imodium A-D® Antidiarrheal 

Ivy Dry® Topical antipruritic 

Lactaid® Digestive aid 

Lactinex® Antidiarrheal 

Lamisil® AT Antifungal 

Listerine® Oral cavity antiseptic 

Lotrimin AF® Topical antifungal 

Maalox® & Maalox® Plus Antacid 

Metamucil® Laxative 

Midol® & Midol® PMS Analgesic 

Monistat® Vaginal Vaginal antifungal 



Motrin® IB Analgesic 

Mucinex® (Adult) Expectorant 

Mylanta® Antacid 

Mylicon® Drops Antiflatulence 

Myoflex® Topical analgesic 

Naphcon® A Ophthalmic anti-allergy 

NasalCrom® Allergy and cold relief 

Neo-Synephrine® Nasal decongestant 

Neosporin® Topical anti-infective 

NicoDerm® CQ Smoking cessation aid 

Nicorette® Smoking cessation aid 

Nix® Pediculicide 

Nizoral® Shampoo Topical antifungal 

NoDoz® Analeptic 

NyQuil® Cough and cold relief 

Ocean® Nasal decongestant 

Opcon-A® Ophthalmic anti-allergy 



Orabase® Oral cavity analgesic 

OralBalance® Oral moisturizer 

Os-Cal® Essential mineral 

Pamprin® Analgesic 

PediaCare® Cough and cold relief 

Pepcid® Complete Acid reducer 

Pepcid-AC® Acid reducer 

Pepto Bismol® Antidiarrheal 

Peri-Colace® Stool softener plus laxative 

Phillips' MOM® Laxative/antacid 

Pin-X® Anthelmintic 

Preparation H® Hemorrhoidal agent 

Prilosec® OTC Acid reducer 

RID® Pediculicide 

Robitussin® (Adult) Cough relief 

Rogaine® Hair growth stimulant 

Salivart® Saliva substitute 



Senokot® Laxative 

Similasan Earache Relief® Earache relief 

Slow-Mag® Essential mineral 

Sominex® Sleeping aid 

Sudafed® Allergy and cold relief 

Tagamet HB 200® Acid reducer 

Tavist® Allergy and cold relief 

Tears Naturale® Artificial tears 

Triaminic® Oral Cough and cold relief 

Tums® Antacid 

Tylenol® Analgesic 

Tylenol® Allergy & Sinus Allergy and cold relief 

Tylenol® Cold & Flu (Adult) Allergy and cold relief 

Tylenol® PM Analgesic 

Unisom® Sleeping aid 

Zantac® OTC Acid reducer 

Zicam® Cold Remedy Cold relief 



Zilactin® and Zilactin-B® Cold sore medication 

Zostrix® Topical analgesic 

aThis table contains the top OTC drugs by pharmacist recommendation in 
specific therapeutic classes. 

Adapted with permission from Nonprescription Drug Cards, 6th ed. SFI 
Medical Publishing, 2006. 

 

 



Appendix B 
Common Prescription Drugs and Over-the-
Counter Products 
The FDA Approved Drug Products With Therapeutic 
Equivalence Evaluation: The Orange Book 
The United S tates Food and Drug Adm inis t ra t ion (FDA)  pub lis hes the  book, 

Approved Drug Products Wi th Therapeutic Equi valence Eva luation ,  of t en known as 

the  Orange Book.  An e lec t ronic vers io n o f  the Orange Book  is  ava ilab le  on the 

Internet  at  ht tp: // www.fda.gov/cder/ob/.  This book is  also  reproduced by the  United  

States Pharmacope ial Convent io n,  Inc . , in the pub lica t ion,  USP DI, Volum e III,  

Approved Drug Products and Legal  Requi rements.  

The text s,  which are  publ ished annua lly,  ident if y the prescr ip t ion and 

nonprescr ipt ion product s tha t  are fo rmally approved by t he  FDA on the bas is  of 

sa fety and ef fect iveness.  They a lso provide the FDA's t herapeut ic  equiva le nce 

eva luat ions  for  approved m ult ip le -source prescr ip t ion drug products.  

The Orange B ook  is a drug product  se lect ion gu id e fo r pharmac is ts to use when 

dispens ing a gener ic drug product  as  a subst itute  for the  brand-name equiva lent .  A 

few drug products  tha t were on the  market  before 1938 rece ived a  “grandfat hered”  

FDA approva l.  These products are assum ed to be safe and ef fect ive because of 

the ir  lo ng usage (e.g. , d igoxin tab le ts ,  phenobarb ita l tablets) . These older  products 

do not have therapeut ic  equiva lence ra t ings  at  this t im e.  

The Orange B ook  uses var ious  codes to  ind icat e therapeut ic  equiva lence.  The f irs t  

let t er “A” designates drug products that  the FDA cons iders  therapeut ica lly 

equiva lent  to a pharm aceut ica lly equiva le nt  d rug product.  These products can be 

safely subst ituted.  The f irs t le t ter  “B”  des ignates  drug product s tha t , fo r var ious  

reasons,  the FDA does not consider  bioequiva le nt  t o the pharmaceut ica lly 

equiva lent  d rug product .  

Therapeutic Equivalence Evaluation Codes 
A Codes 
Drug products t ha t the FDA considers t herapeut ical ly equiva lent  to other 

pharm aceut ica lly equiva le nt  p roducts  



AA Products in conventional dosage forms that do not present 
bioequivalence problems 

AB Products that meet necessary bioequivalence requirements 

AN Solutions and powders for aerosolization 

AO Injectable oil solutions 

AO Injectable aqueous solutions, and in certain instances, intravenous 
nonaqueous solutions 

AT Topical products 
 

B Codes 
Drug products t ha t the FDA does not  cons ider  t herapeut ical ly equiva lent  to other  

pharm aceut ica lly equiva le nt  p roducts  at this t im e 
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B* Drug products that require further FDA investigation and review to 
determine therapeutic equivalence 

BC Extended-release dosage forms (capsules, injectables, and tablets) 

BD Active ingredients and dosage forms that have documented problems 
with bioequivalence 

BE Delayed-release oral dosage forms 

BN Products in aerosol-nebulizer drug-delivery systems 

BP Active ingredients and dosage forms that have potential problems with 
bioequivalence 



BR Suppositories or enemas that deliver drugs for systemic absorption 

BS Drug products that have drug standard deficiencies 

BT Topical products that have bioequivalence issues 

BX Drug products for which the data are sufficient to determine therapeutic 
equivalence 
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Top 200 Prescription Drugs by Trade Name and Generic Namea 

Rank Trade Name Generic Name 

1 Lortab Hydrocodone/acetaminophen 

2 Synthroid Levothyroxine 

3 Xanax Alprazolam 

4 Potassium Chloride Potassium Chloride 

5 Glucophage Metformin 

6 Zestril/Prinivil Lisinopril 

7 Ultram Tramadol 



8 Lasix Furosemide 

9 Lipitor Atorvastatin 

10 Percocet Oxycodone/acetaminophen 

11 Tenormin Atenolol 

12 Toprol-XL Metoprolol succinate 

13 Lopressor Metoprolol tartrate 

14 Hydrochlorothiazide Hydrochlorothiazide 

15 Coumadin Warfarin 

16 Norvasc Amlodipine 

17 Amoxil Amoxicillin 

18 OxyContin Oxycodone ER 

19 Zithromax and Zmax Azithromycin 

20 Darvocet Propoxyphene/acetaminophen 

21 Zoloft Sertraline 

22 Zantac Ranitidine 

23 Zocor Simvastatin 

24 Lexapro Escitalopram 



25 Nexium Esomeprazole 

26 Seroquel Quetiapine 

27 Proventil Albuterol 

28 Singulair Montelukast 

29 Plavix Clopidogrel 

30 Deltasone Prednisone 

31 Effexor XR Venlafaxine 

32 Elavil Amitriptyline 

33 Ativan Lorazepam 

34 Neurontin Gabapentin 

35 Glucotrol and 
Glucotrol XR 

Glipizide 

36 Naprosyn and EC-
Naprosyn 

Naproxen 

37 Wellbutrin (SR, XL) Bupropion 

38 Desyrel Trazodone 

39 Prilosec Omeprazole 

40 Dyazide Triamterene/hydrochlorothiazide 



41 Flexeril Cyclobenzaprine 

42 Duragesic Fentanyl transdermal system 

43 Prozac Fluoxetine 

44 Fosamax Alendronate 

45 Vasotec Enalapril 

46 Prevacid Lansoprazole 

47 Lantus Insulin glargine 

48 Premarin Conjugated estrogens 

49 Lanoxin Digoxin 

50 Valium Diazepam 

51 Keflex Cephalexin 

52 Paxil CR Paroxetine 

53 Reglan Metoclopramide 

54 Cardizem CD Diltiazem 

55 Ambien Zolpidem 

56 Celexa Citalopram 

57 Advair Fluticasone/salmeterol 



58 Zestoretic Lisinopril/hydrochlorothiazide 

59 Vytorin Simvastatin/ezetimibe 

60 Zyrtec Cetirizine 

61 Fioricet Butalbital/acetaminophen/caffeine 

62 Diflucan Fluconazole 

63 Ortho Tri-Cyclen Ethinyl estradiol/norgestimate 

64 Depakote ER Divalproex 

65 Adderall XR Dextroamphetamine/amphetamine 

66 Celebrex Celecoxib 

67 Diovan Valsartan 

68 Lotrel Amlodipine/benazepril 

69 Allegra Fexofenadine 

70 Klonopin Clonazepam 

71 Augmentin XR Amoxicillin/clavulanate 

72 Cymbalta Duloxetine 

73 Risperdal Risperidone 

74 Levaquin Levofloxacin 



75 Aldactone Spironolactone 

76 Lyrica Pregabalin 

77 Zyloprim Allopurinol 

78 Protonix Pantoprazole 

79 Actos Pioglitazone 

80 Dilantin Phenytoin 

81 Kenalog Triamcinolone 

82 Motrin Ibuprofen 

83 Altace Ramipril 

84 Coreg Carvedilol 

85 Isoptin and Isoptin SR Verapamil 

86 Estrace Estradiol 

87 Catapres Clonidine 

88 Soma Carisoprodol 

89 Zetia Ezetimibe 

90 Amaryl Glimepiride 

91 Flomax Tamsulosin 



92 Diovan-HCT Valsartan/hydrochlorothiazide 

93 Humalog Insulin lispro 

94 Flonase Fluticasone propionate 

95 Tylenol with Codeine Acetaminophen/codeine 

96 Aricept Donepezil 

97 Mevacor Lovastatin 

98 Accupril Quinapril 

99 Miralax Polyethylene glycol 3350 

100 MS Contin Morphine sulfate 

101 Cozaar Losartan 

102 Ditropan Oxybutynin 

103 Detrol Tolterodine 

104 TriCor Fenofibrate 

105 Combivent Ipratropium/albuterol 

106 Zyprexa Olanzapine 

107 Crestor Rosuvastatin 

108 Remeron Mirtazapine 



109 Procardia and 
Procardia XL 

Nifedipine 

110 Imdur Isosorbide mononitrate 

111 Topamax Topiramate 

112 Actonel Risedronate 

113 Atrovent Ipratropium 

114 Medrol Methylprednisolone 

115 Tessalon Benzonatate 

116 Ultracet Tramadol/acetaminophen 

117 Sinequan Doxepin 

118 Ritalin SR and LA Methylphenidate 

119 Avandia Rosiglitazone 

120 Cipro XR Ciprofloxacin 

121 Bactrim or Septra Sulfamethoxazole/trimethoprim 

122 Folic Acid Folic acid 

123 Phenergan Promethazine 

124 Macrodantin and 
Macrobid 

Nitrofurantoin 



125 Pyridium Phenazopyridine 

126 Hyzaar Losartan/hydrochlorothiazide 

127 Dilacor XR Diltiazem 

128 Vibramycin/Vibra-
Tabs 

Doxycycline hyclate 

129 Capoten Captopril 

130 Tegretol Carbamazepine 

131 Concerta Methylphenidate 

132 Trileptal Oxcarbazepine 

133 Evista Raloxifene 

134 Glucovance Glyburide/metformin 

135 Namenda Memantine 

136 Cardura Doxazosin 

137 NovoLog Insulin aspart 

138 Flagyl Metronidazole 

139 Nasonex Mometasone furoate 

140 Restoril Temazepam 

141 Micronase Glyburide 



142 Xopenex Levalbuterol 

143 Xalatan Latanoprost 

144 Mycostatin Nystatin 

145 Benicar Olmesartan 

146 Alesse Ethinyl estradiol/levonorgestrel 

147 Abilify Aripiprazole 

148 DuoNeb Ipratropium/albuterol 

149 Armour Thyroid Thyroid, dessicated 

150 Ziac Bisoprolol/hydrochlorothiazide 

151 Lotensin Benazepril 

152 Phenobarbital Phenobarbital 

153 Cleocin Clindamycin 

154 Theophylline Theophylline 

155 Pravachol Pravastatin 

156 Lamictal Lamotrigine 

157 Voltaren Diclofenac 

158 Spiriva Tiotropium 



159 Cogentin Benztropine mesylate 

160 Mobic Meloxicam 

161 Strattera Atomoxetine 

162 Yasmin Ethinyl estradiol/drospirenone 

163 Ortho-Novum 7/7/7 Ethinyl estradiol/norethindrone 

164 Hytrin Terazosin 

165 Avapro Irbesartan 

166 Veetids Penicillin V 

167 Lopid Gemfibrozil 

168 Skelaxin Metaxalone 

169 Inderal Propanolol 

170 Zovirax Acyclovir 

171 Benicar-HCT Olmesartan/hydrochlorothiazide 

172 Adipex-P Phentermine 

173 Bactroban Mupirocin 

174 AcipHex Rabeprazole 

175 Pepcid Famotidine 



176 Imuran Azathioprine 

177 Bentyl Dicyclomine 

178 Clozaril Clozapine 

179 Biaxin XL Clarithromycin 

180 Methadone Methadone 

181 Provera Medroxyprogesterone 

182 Requip Ropinirole 

183 Prempro Conjugated 
estrogens/medroxyprogesterone 

184 Lithonate & Lithotabs Lithium carbonate 

185 Buspar Buspirone 

186 Omnicef Cefdinir 

187 Lunesta Eszopiclone 

188 Relafen Nabumetone 

189 Allegra-D Fexofenadine/pseudoephedrine 

190 Niaspan Niacin 

191 Bumex Bumetanide 

192 Demadex Torsemide 



193 Lotrisone Clotrimazole/betamethasone 

194 Lomotil Diphenoxylate/atropine 

195 Lactulose Lactulose 

196 Monopril Fosinopril 

197 Guaifenex PSE Guaifenesin/pseudoephedrine 

198 Flovent Fluticasone propionate 

199 Imitrex Sumatriptan 

200 Antivert Meclizine 

aThis table contains the top 200 prescription drugs dispensed through 
independent, chain, food store, mass merchandiser, and deep discount 
pharmacies. All forms of the same generic equivalent drug are grouped 
together and listed under the brand name when appropriate. Rankings are 
based on total number of prescriptions for August 2004 to August 2005, as 
measured by SFI's Prescription Drug Audit. Insulin products are included in 
the tally. Adapted with permission from Prescription Drug Cards, 23rd ed. 
SFI Medical Publishing, 2007. 
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Top Over-the-Counter (OTC) Drugsa 



Trade Name Drug Use 

Abreva® Cold sore medication 

Actifed® Allergy and cold relief 

Advil® Analgesic 

Afrin® Nasal decongestant 

Aleve® Analgesic 

ALternaGEL® Antacid 

Anbesol® Oral cavity analgesic 

Anusol® Hemorrhoidal agent 

Azo Standard® UTI analgesic 

Bayer® Aspirin Analgesic 

Benadryl® Oral Allergy and cold relief 

BEN-GAY® Topical analgesic 

Betadine® Antiseptic 

Bonine® Motion sickness medication 

Bufferin® Analgesic 

Caladryl® Topical antipruritic 

Carmex® Cold sore medication 



Cepastat® Oral cavity analgesic 

Chlor-Trimeton® Allergy and cold relief 

Chloraseptic® Oral cavity analgesic 

Citrucel® Laxative 

Claritin® Allergy and cold relief 

Claritin-D® Allergy and cold relief 

Colace® Stool softener 

COLD-EEZE® Cold relief 

Compound W® Keratolytic 

Cortaid® Topical antipruritic 

Debrox® Ear wax removal aid 

Delsym® Cough suppressant 

Dramamine® Motion sickness medication 

Dulcolax® Laxative 

Duofilm® Keratolytic 

Emetrol® Antiemetic 

Estroven® Menopause support 



Excedrin® Analgesic 

FiberCon® Laxative 

Fungi-Nail® Topical antifungal 

Gas-X® Antiflatulent 

Gyne-Lotrimin® Vaginal antifungal 

Herpecin-L® Cold sore medication 

Imodium A-D® Antidiarrheal 

Ivy Dry® Topical antipruritic 

Lactaid® Digestive aid 

Lactinex® Antidiarrheal 

Lamisil® AT Antifungal 

Listerine® Oral cavity antiseptic 

Lotrimin AF® Topical antifungal 

Maalox® & Maalox® Plus Antacid 

Metamucil® Laxative 

Midol® & Midol® PMS Analgesic 

Monistat® Vaginal Vaginal antifungal 



Motrin® IB Analgesic 

Mucinex® (Adult) Expectorant 

Mylanta® Antacid 

Mylicon® Drops Antiflatulence 

Myoflex® Topical analgesic 

Naphcon® A Ophthalmic anti-allergy 

NasalCrom® Allergy and cold relief 

Neo-Synephrine® Nasal decongestant 

Neosporin® Topical anti-infective 

NicoDerm® CQ Smoking cessation aid 

Nicorette® Smoking cessation aid 

Nix® Pediculicide 

Nizoral® Shampoo Topical antifungal 

NoDoz® Analeptic 

NyQuil® Cough and cold relief 

Ocean® Nasal decongestant 

Opcon-A® Ophthalmic anti-allergy 



Orabase® Oral cavity analgesic 

OralBalance® Oral moisturizer 

Os-Cal® Essential mineral 

Pamprin® Analgesic 

PediaCare® Cough and cold relief 

Pepcid® Complete Acid reducer 

Pepcid-AC® Acid reducer 

Pepto Bismol® Antidiarrheal 

Peri-Colace® Stool softener plus laxative 

Phillips' MOM® Laxative/antacid 

Pin-X® Anthelmintic 

Preparation H® Hemorrhoidal agent 

Prilosec® OTC Acid reducer 

RID® Pediculicide 

Robitussin® (Adult) Cough relief 

Rogaine® Hair growth stimulant 

Salivart® Saliva substitute 



Senokot® Laxative 

Similasan Earache Relief® Earache relief 

Slow-Mag® Essential mineral 

Sominex® Sleeping aid 

Sudafed® Allergy and cold relief 

Tagamet HB 200® Acid reducer 

Tavist® Allergy and cold relief 

Tears Naturale® Artificial tears 

Triaminic® Oral Cough and cold relief 

Tums® Antacid 

Tylenol® Analgesic 

Tylenol® Allergy & Sinus Allergy and cold relief 

Tylenol® Cold & Flu (Adult) Allergy and cold relief 

Tylenol® PM Analgesic 

Unisom® Sleeping aid 

Zantac® OTC Acid reducer 

Zicam® Cold Remedy Cold relief 



Zilactin® and Zilactin-B® Cold sore medication 

Zostrix® Topical analgesic 

aThis table contains the top OTC drugs by pharmacist recommendation in 
specific therapeutic classes. 

Adapted with permission from Nonprescription Drug Cards, 6th ed. SFI 
Medical Publishing, 2006. 

 

 



Appendix D 
National And State Boards of Pharmacy 
Contact Information 
This append ix co nta ins t he  most  recent contact  in format ion fo r the nat iona l and 

state boards of  pharmacy.  A cur rent  lis t ing o f contact  informat ion for state boards of  

pharm acy is  mainta ined at  t he  Nat iona l Associat ion of  Boards  o f Pharmacy webs ite ,  

ht tp ://www.nabp.com. In add it io n,  contact inform at ion fo r  al l the pharm acy schoo ls  

in t he  United  Sta tes  can be found at the  Amer ican Assoc ia t io n o f  Co lleges of 

Pharmacy Web s ite , www.aacp.org.  

Nat iona l Associa t ion of  Boards of  PharmacyCarmen A.  Cat izoneE xecut ive  

D irec tor1600 Feehanv il le  Dr iveMount  Prospect ,  IL 60056Phone:  847/391-4406Fax:  

847/391-4502Web sit e: www.nabp.net  
State  Boards of  P ha rmacy Ala bama State Board of  P harmacy Louise Foster  
JonesE xecut ive  Secre tary10 Inverness Center , Su ite  110Birm ing ham, AL 

35242Phone:  205/981-2280Fax:  205/981-2330W eb site:  www.a lbop.comE-mail:  

lj ones@albop.com 

Alaska Board of  Pharmacy S her ZinnL icens ing E xam inerPO Box 110806Juneau,  

AK 99811-0806Phone:  907/465-2589Fax:  907/465-2974Web s it e: 

www.commerce.state.ak .us/occ/ppha. htmE-mail:  

sher_zinn@commerce.st ate .ak .us(through the D iv is ion of  Occupat iona l L icens ing)  

Arizona  State Board of  Pharmacy Har la n WandExecut ive D irec tor4425 W est  O live  

Avenue,  Suite 140Glenda le,  AZ 85302-3844Phone:  623/463-2727Fax:  623/934-

0583Web s ite :  www.pharmacy.s tate.az.usE-mail:  hwand@azsbp.com 

Arka nsas State  Board of  Pharmacy Charles S.  CampbellExecut ive D irec tor101 

East Capitol,  Suite  218L it t le Rock,  AR 72201P hone:  501/682-0190Fax:  501/682-

0195Web s ite :  www.ark ansas.gov/ asbpE-mai l:  char l ie.cam pbell@ark ansas.gov 

Calif ornia  Sta te Board of  P harmacy Patricia  F. Harr isExecut ive  Of f icer1625 Nort h 

Mark et  Bou levard,  N219Sacramento,  CA 95834Phone:  916/574 -7900Fax:  916/574-

8618Web s ite :  www.pharmacy.ca.gov/E -mail:  pa tric ia_harr is@dca.ca. gov 

Colorado State Board of  P harmacy Susan L.  WarrenProgram Director1560 

Broadway, Suite  1310Denver , CO 80202-5143Phone:  303/ 894-7800Fax:  303/ 894-

7764Web s ite :  www.dora.state.co .us/pharmacyE-mail:  

susan.warren@dora.state.co.us  

Connect icut  Commissio n of  Pharmacy Michelle  SylvestreDrug Cont ro l Agent  and 

Board Adm in is t rat orState Off ice  Bui ld ing ,  165 Cap ito l Avenue Room 147Har tford,  CT 

06106Phone:  860/713-6070Fax:  860/713-7242W eb site:  

www.c t.gov/dcp/ site/default .aspE-mai l:  m iche lle.sylvest re@ct.gov 
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Delaware State Board of  P harmacy David W. DrydenE xecut ive  SecretaryDiv is io n 

of  Profess iona l Regu la t io nCannon Buld ing861 S ilver  Lake Boulevard ,  Suite  

203Dover , DE 19904Phone:  302/744-4526Fax:  302/ 739-2711W eb s ite :  

www.dpr.delaware.govE-mail:  debop@state.de.us 



Distr ict of  Columbia Board of  Pharmacy Bonnie  RampersaudExecut ive 

D irec tor717 Four teent h St reet NW , Suite  600W ashington,  D C 20005P hone:  202/724-

4900Fax:  202/727-8471Web s ite :  www.dchealth. dc .govE -mail:  

graphelia. ramseur@dc.gov 

Flor ida Board of  Pharmacy Rebecca PostonExecut ive D irec tor4052 Ba ld Cypress 

Way,  B in #C04Tal lahassee,  FL 32399-3254Phone:  850/245-4292Fax:  850/413-

6982Web s ite :  www.doh.s tate. f l.us/mgaE-mail:  rebecca_poston@doh.state. f l.us 

Georgia  State  Board of  Pharmacy S ylvia  L. “Sandy” BondExecut ive 

D irec torProfessiona l Lice ns ing Boards237 Colise um Dr iveMacon,  GA 31217 -

3858Phone:  478/207-1640Fax:  478/207-1660Web s ite :  

www.sos.state .ga.us/p lb /pharmacyE-mail:  sibond @sos.s tate.ga.us 

Guam Board of  Examiners f or  P harmacy Ja ne M.  DiegoSecretary for the  BoardPO 

Box 2816Hagatna, GU 96932Phone:  671/735-7406 ext  11Fax:  671/735-7413E-mail:  

jmdiego@dphss.govguam. net  

Hawaii Sta te Board of  Pharmacy Lee Ann Teshi maExecut ive Of f icerPO Box 

3469Honolulu,  HI 96801Phone:  808/586-2694Fax:  808/586-2874W eb site:  

www.hawaii.gov/dcca/ areas/pvl/ boards/pharmacyE-mai l:  pharmacy@dcca.hawaii.gov 

Ida ho B oard of  P harmacy Richa rd MarkusonE xecut ive  D irector3380 Amer icana 

Ter race,  S uit e 320Boise,  ID  83706Phone:  208/334 -2356Fax:  208/ 334-3536W eb site:  

www.access idaho.org/bop/Email:  rmarkuson@bop.st ate . id .us  

I l l inois Department  of  F ina ncia l and Professio na l Regula t ion, Division of  
Prof essional Regulat ion-State Boa rd of  Pha rmacyKim  ScottP harmacy Board 

Lia ison320 W est Washington,  3 rd FloorS pr ingf ie ld,  IL 62786Phone:  217/782-

8556Fax:  217/782-7645Web s ite :  www. id fpr.comE-mail:  

PRFGROUP10@idfpr.com(through Department of  Professiona l Regulat io n)  

Indiana Board of  Pharmacy Marty Alla in,  DirectorDirector402 West  Washington 

St reet,  Room W072Ind ianapo lis ,  IN  46204-2739Phone:  317/234-2067Fax:  317/233-

4236Web s ite :  http: //www. in.gov/p la/ bandc/ isbp/E -mail:  pla4@pla . IN.gov 

Iowa  Boa rd of  Pha rmacy Examiners Lloyd K.  JessenE xecut ive 

D irec tor/Secretary400 Southwest E ighth Street , Suite EDes Moines,  IA 50309-

4688Phone:  515/281-5944Fax:  515/281-4609Web s ite :  www.sta te . ia .us / ibpeE-mai l:  

Llo yd.j essen@ibpe. state. ia. us  

Kansa s State Boa rd of Pha rmacy Debra L.  Bi llingsleyExec ut ive  

Secret ary/D irect orLandon State Off ice  Build ing ,  900 Jackson,  Room 560Topeka, KS 

66612-1231Phone:  785/296-4056 Fax:  785/ 296-8420W eb s ite : 

ht tp ://www.kansas.gov/pharmacyE-mail:  pharmacy@pharm acy.state .ks.us  

Kentucky Board of  Pharmacy Micha el A.  Bur lesonExecut ive D irec torSpind let op 

Adm in is t ra t ion Build ing,  S uite 302,2624 Research Park Dr ive ,Lexington,  K Y 

40511Phone:  859/246-2820Fax:  859/246-2823W eb site: ht tp :/ /pharmacy.ky.gov/E-

mail:  m ike .bur leson@k y.gov 
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Louisiana  Board of  Pharmacy Ma lcolm  J.  BroussardE xecut ive  D irector5615 

Corpora te Bou levard,  Suite 8EBaton Rouge,  LA 70808-2537Phone:  225/925-

6496Fax:  225/925-6499Web s ite :  www. labp.comE-mai l:  m broussard@labp.com 

Ma ine Board of  Pharmacy Geraldine BettsB oard Adm in is t ratorDepartment  of  

Professiona l/F inanc ia l R egula t io n35 State  House Stat ionAugust a, ME 04333Phone:  

207/624-8689Fax:  207/624-8637Hear ing Impaired:  207/624-8563PFR/OLR W eb site:  

www.mainepro fess iona lreg.orgE-mail:  for a l l L icens ing and Board Meet ing  

Inform at ion/ Inquires  and for  App licat ion packets:  

ke lly. l.m c laughl in@m aine. govEnforcement  inqu ir ies:  

gregory.w.cameron@maine. govAdm in is t rat ion and a ll other  Inquir ies :  

gerald ine. l.be tts@maine.gov 

Ma ryla nd Board of  Pharmacy La V erne George Na eseaExecut ive  D irect or4201 

Pat terson AvenueBalt im ore, MD 21215-2299Phone:  410/764-4755Fax:  410/ 358-

6207Web s ite :  http: //www.dhmh.s tate.md. us /pharmacyboard/E -mail:  

Inaesea@dhm h.state .md.us  
Ma ssachusetts B oard of  R egistrat ion in Pharma cyCha rles R.  YoungE xecut ive 

D irec tor239 Causeway St reet, 2nd FloorB oston,  MA 02114Phone:  617/973-0800Fax:  

617/973-0983Web sit e: www.mass.gov/ dp l/boards/ph/ inde x. htmE-mail:  

char les .young@state.ma.us  

Michigan Board of  Pharmacy Rae Ram sdellDirect or , L icensing D iv is ion611 West  

Ot tawa, 1st  FloorPO Box 30670Lans ing,  MI 48909-8170P hone:  517/ 335-0918Fax:  

517/373-2179Web sit e: ht tp:/ /www.michigan.gov/healthl ice nseEmail:  

rhramsd@m ichigan.gov 

Minne sota B oard of  P ha rmacy Cody C.  WibergExecut ive D irec tor2829 University 

Avenue SE, S uite 530Minneapo lis,  MN 55414-3251Phone:  612/617-2201Fax:  

612/617-2212Web sit e: ht tp:/ /www.phcybrd .s tate.m n.usE-mail:  

Cody.W iberg@state.m n.us 
Mississippi Sta te Board of  P harmacy Leland McDivit tExecut ive  D irector204 Key 

Dr ive,  S uit e CMadison,  MS 39110P hone:  601/605-5388 Fax:  601/605-9546W eb s ite : 

www.mbp.s tate.ms.usE-mail:  lm cd iv it t@mbp.state.ms.us  

Missouri Board of  P ha rmacy Kevin E.  KinkadeExecut ive D irec torP O Box 

625Jef ferson C ity,  MO 65102Phone: 573/751-0091Fax:  573/526-3464Web sit e: 

ht tp ://www.pr .mo.gov/pharm acists .aspE-mai l:  k evin.k inkade@pr.mo.gov 

Monta na Board of  Pha rmacyExecut ive D irectorPO Box 200513301 Sout h P ark  

Avenue,  4th FloorHelena,  MT 59620-0513P hone:  406/841-2355Fax:  406/841-

2305Web s ite :  

ht tp ://mt.gov/d l i/bsd/ license/bsd_boards/ pha_board /board_page.aspE-mail:  

dl ibsdpha@state.mt.us  

Nebra ska Board of  Pharmacy Becky W isellExecut ive  SecretaryPO B ox 

94986L inco ln,  NE 68509-4986Phone:  402/471-2118Fax:  402/471-3577Web s ite : 

www.hhs.s tate .ne.usE-mail:  beck y.wisel l@hhss.ne.gov 

Nevada State Boa rd of Pha rmacy Larry L. P insonExecut ive Secret ary555 Double  

Eag le  C ircuit ,  Suite  1100Reno,  NV 89521Phone:  775/850 -1440Fax:  775/850-

1444Web s ite :  http: //state.nv.us/ pharm acyE-mail:  pharm acy@govmail.sta te.nv.us 
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New Hampshire  Board of  Pharmacy Pa ul G.  Boissea uExecut ive S ecretary57 

Reg iona l Dr iveC oncord, NH 03301-8518Phone:  603/271-2350Fax:  603/271-2856Web 

sit e:  www.nh.gov/pharm acyE-mail:  pharm acy.board@nh. gov 
New Jersey Boa rd of  Pharmacy Joa nne BoyerExecut ive  D irect or124 Halsey 

St reetNewark , NJ 07101Phone: 973/504-6450Fax:  973/648-3355Web sit e:  

www.s tate.nj .us/ lps /ca/boards.htmE-mail:  boyerj @dca. lps.state.nj .us 
New Mexico Board of  P ha rmacy Wi lliam HarveyExecut ive  D irector /Chie f  Durg 

Inspect or5200 Oak land NE, Suite  AAlbuquerque,  NM 87113Phone:  505/222-

9830Fax:  505/222-9845Web s ite :  www.st ate.nm .us/pharmacyE-mail:  

W il l iam .Harvey@state .nm.us 

New York Board of  Pharmacy Lawrence H. MokhiberE xecut ive  Secretary89 

Washington Avenue,  2nd F loor  W Albany,  NY 12234 -1000Phone:  518/474-3817 ext . 

130Fax:  518/ 473-6995W eb site:  www.op.nysed.govE-mail:  pharmbd@mail. nysed.gov 
North Carol ina  Board of  Pha rmacy Jack W. Campbell IVExecut ive  D irectorPO Box 

4560Chapel H i l l,  NC 27515-4560P hone:  919/ 942-4454Fax:  919/967-5757W eb s ite :  

www.ncbop.orgE-mail:  j campbell@ncbop.org 
North Dakota State Board of  Pharmacy Howard C. Anderson Jr Execut ive  

D irec torPO Box 1354Bismarck , ND 58502-1354Phone:  701/328-9535Fax:  701/328-

9536Web s ite :  www.nodakpharmacy.comE-mail:  ndboph@bt inet .net  

Ohio State Board of  Pharmacy Will iam T.  Winsl eyExecut ive  D irector77 South H igh 

St reet Room 1702Colum bus,  OH 43215-6126Phone:  614/466-4143Fax:  614/752-

4836Web s ite :  www.pharmacy.ohio .govE-mai l:  exec@bop.sta te .oh.us  
Okla homa State Board of  Pharmacy Brya n H.  PotterExecut ive D irec tor4545 

Linco ln Boulevard ,  Suite  112Ok lahom a City,  OK 73105 -3488Phone:  405/521-

3815Fax:  405/521-3758Web s ite :  www.pharmacy.ok.govE-mail:  

pharm acy@pharmacy. ok .gov 

Oregon State Boa rd of Pha rmacy Gary A. Schna belExecut ive  D irec tor800 

Nor theast  Oregon St reet , Suite  150Port land,  OR 97232Phone:  971/673-0001Fax:  

971/673-0002Web sit e: www.pharmacy.sta te.or.usE-mail:  

pharm acy.board@state.or.us 

Pennsylvania  S tate Boa rd of  Pharmacy Melanie ZimmermanExecut ive  

Secret aryPO Box 2649Harr isburg ,  PA 17105-2649P hone:  717/783-7156Fax:  

717/787-7769Web sit e: www.dos.sta te .pa.us /pharmE-mail:  s t-pharmacy@state.pa.us  

Puerto Rico B oard of  P ha rmacy Madga  BouetExecut ive D irec tor , Depar tment of  

Hea lth,  Board of  PharmacyCall Box 10200,  Santurce, PR 00908Phone:  787/724-

7282Fax:  787-725-7903E-mail:  m bouet@salud.gov.pr  

Rhode Isla nd Boa rd of Pha rmacy Cather ine A. CordyExecut ive  D irector3 Cap ito l 

H il l ,  Room 205P rovidence,  RI 02908-5097Phone:  401/222-2837Fax:  401/222-

2158Web s ite :  www.health. r i .gov/ hsr /pro fess ions/pharm acy.phpE-mai l:  

ca thyc@doh.state. r i.us 
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South Ca rolina Department  of  Labor , Licensi ng,  and Regulat ion-Board of  
PharmacyLeeAnn Bundrick Adm inis t ra torK ingst ree Build ing110 Centerview Dr ive ,  

Suite 306Colum bia,  SC 29210Phone:  803/896-4700Fax:  803/896-4596Web sit e: 

www. l lron line.com/POL/pharmacyE-mail:  bundr ic i@ llr .sc.gov 

South Da kota State Boa rd of  Pha rmacy Dennis M.  JonesExecut ive Secretary4305 

South Louise  Avenue,  Suite  104Sioux Fa l ls ,  SD 57106Phone:  605/362 -2737Fax:  

605/362-2738Web sit e: www.s tate.sd.us/ doh/pharmacyE -mail:  

denn is . j ones@state. sd.us  
Tennessee Board of  Pharmacy T erry Webb Grinder Inter im Execut ive  

D irec torTennessee Depar tment of  Commerce and Ins urance,Board of PharmacyDavy 

Crockett  Tower, 2nd Floor500 James Robertson Pk wyNashvi l le ,  TN 37243-

1149Phone:  615/741-2718Fax:  615/741-2722Web s ite :  

www.s tate.tn.us /commerce/boards/pharmacyE-mail:  terry.gr inder@state. tn. us  

Texas State Boa rd of  Pha rmacy Gay DodsonE xecut ive  D irector333 Guadalupe,  

Tower  3 , Suite  600Aust in,  TX 78701-3942P hone:  512/ 305-8000Fax:  512/305-

8082Web s ite :  www.tsbp.state .tx.usE-mail:  gay.dodson@tsbp.state. tx.us  

Utah Boa rd of  Pha rmacy Dia na L.  BakerBureau ManagerPO Box 146741Salt  Lake 

C ity,  UT 84114-6741Phone:  801/530-6179Fax:  801/ 530-6511W eb s ite :  

ht tp ://www.dopl.utah. gov/E-mail:  dbak er@utah.gov(t hrough D ivis ion of  Occupat iona l 

and Profess iona l L icens ing)  

Vermont  Board of  Pharmacy Peggy AtkinsBoard Adm in is t ratorOff ice  of 

Professiona l R egula t io n26 Ter race St reetMontpe lie r , VT 05609-1106Phone:  

802/828-2373Fax:  802/828-2465W eb site: www.vtprofess iona ls .orgE-mai l:  

pa tk ins@sec.stat e.vt.us 
Virgin Islands Boa rd of  Pha rmacy Lydia  T .  ScottExecut ive Ass is tantDepartment  

of  HealthS chne ider  Regiona l Center48 Sugar EstateSt . Thom as, V I  00802Phone.  

340/774-0117Fax:  340/777-4001E-mai l: lyd ia. scot t@usv i-doh.org  
Virginia  Boa rd of  P ha rmacy Eliza beth Scott RussellE xecut ive  D irector6603 W est  

Broad S treet,  5th FloorR ichm ond,  VA 23230-1712Phone:  804/662-9911Fax:  

804/662-9313Web sit e: www.dhp. sta te.va .us /pharmacy/ deafault .ht m(or  through 

Department  of Health Professions a t www. dhp.s tate.va.us)E-mail:  

scott i. russel l@dhp.virg inia.gov 

Wa shington S tate Boa rd of  Pharmacy Steven M.  SaxeExecut ive  D irect orPO Box 

47863Olym pia,  W A 98504-7863Phone:  360/236-4825Fax:  360/586-4359W eb site:  

ht tps: // for t ress. wa.gov/doh/hpqa1/ hps4/pharmacy/default .htmE -mail:  

Steven.Saxe@doh.wa.gov 

West V irginia Board of  Pharmacy Wil liam T.  Douglass JrExecut ive  D irector and 

Genera l Counse l232 Capito l S t reetChar leston,  WV 25301P hone:  304/558-0558Fax:  

304/558-0572Web sit e: ht tp:/ /www.wvbop.com/E-mail:  wdoug lass@wvbop.com 
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Wisconsin P harmacy Examining Board Tom Rya nBureau D irector1400 East 

WashingtonP O Box 8935Madison,  W I 53708-8935Phone:  608/266-2112Fax:  608/267-

0644Web s ite :  http: //www.dr l.sta te.w i.us/E -mail:  thom as.ryan@dr l.state.wi.us  



Wyom ing State Board of  P harmacy James T.  CarderExecut ive  D irec tor632 South 

David  St reetCasper , WY 82601P hone:  307/234-0294Fax:  307/234-7226W eb s ite : 

ht tp ://pharmacyboard. state.wy.us /E -mail:  wybop@state.wy.us 
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Appendix E 
Budgeting for Drug Information Resources 

Basic Library 

References Costa 

 
American Hospital Formulary Service 
(AHFS) Drug Information 

$ 239.00 

 Drug Facts and Comparisons $ 226.95 

 Handbook on Injectable Drugs $ 234.00 

 
Handbook of Non-Prescription Drugs: An 
Interactive Approach to Self-Care 

$ 149.95 

 Martindale: The Complete Drug Reference $ 550.00 

 Nonprescription Product Therapeutics $ 94.95 

 Physicians' Desk Reference $ 94.95 

 Remington's Pharmaceutical Sciences $ 137.00 

 USP DI (three-volume set) $ 412.00 

Additional Resources 

References Costa 

Drug-drug interaction  

 Drug Interactions Analysis and Management $ 210.00 



 Drug Interaction Facts $ 235.00 

 Evaluations of Drug Interactions $ 240.00 

Herbal  

 PDR for Herbal Medicines $ 59.95 

 The Review of Natural Products $ 169.00 

 Natural Medicine Comprehensive Database $ 92.00 

 
Natural Standard Herb and Supplement 
Reference 

$ 133.00 

Internal medicine  

 Cecil Medicine $ 219.00 

 Harrison's Principles of Internal Medicine $ 137.75 

Pediatrics  

 Pediatric Dosage Handbook $ 49.95 

 The Harriet Lane Handbook $ 54.95 

Pharmacokinetics  

 
Applied Biopharmaceutics and 
Pharmacokinetics 

$ 62.95 

 Clinical Pharmacokinetics $ 46.00 



 Concepts in Clinical Pharmacokinetics $ 66.00 

 

Applied Pharmacokinetics and 
Pharmacodynamics: Principles of 
Therapeutic Drug Monitoring 

$ 79.95 

Pharmacology  

 
Goodman and Gilman's The Pharmacological 
Basis of Therapeutics 

$ 140.00 

Pregnancy/breast-feeding  

 Drugs in Pregnancy and Lactation $ 99.00 

Therapeutics  

 
Applied Therapeutics: The Clinical Use of 
Drugs 

$ 213.00 

 
Pharmacotherapy: A Pathophysiologic 
Approach 

$ 206.00 

 
Textbook of Therapeutics: Drug and Disease 
Management 

$ 213.00 

CD ROM computer systems/programs  

 Clinical Pharmacology $ 5,800.00 

 Lexi-Comp Online $ 3,000.00 

 DataKinetics $ 1,225.00 

 Facts and Comparisons 4.0 (online) $ 2,000.00 



 Iowa Drug Information System $ 9,000+ 

 IPA $ 3,000+ 

 Medline $ 20,000+ 

 MedTeach Patient Education Program $ 611.00 

 UPTODATE (stand alone) $ 1,611.93 

Micromedex  

 
Diseasedex Must contact 

representative for price 

 
Drugdex Must contact 

representative for price 

 
Poisindex Must contact 

representative for price 

Other Micromedex databases  

 
CareNotes Must contact 

representative for price 

 
Drug-Reax Must contact 

representative for price 

 
Kinetidex Must contact 

representative for price 

 
Martindale: The Complete Drug Reference Must contact 

representative for price 



 
PDR Must contact 

representative for price 

 
P&T Quik Must contact 

representative for price 

 
Reprorisk Must contact 

representative for price 

Major Online Vendors 

 American Chemical Society  

 Dialog  

 EBSCO  

 Elsevier  

 Gale Group  

 National Library of Medicine  

 Ovid  

 OCLC First Search  

 ProQuest  

 ScienceDirect  

 Thomson  

 Wolters Kluwer  



a Costs are approximate and are based on 2007 figures. Costs vary depending 
upon selection of format site versus individual license fees, concurrent users, 
number of beds in facility, or number of students enrolled. Institutional 
subscriptions are more expensive than individual subscriptions. It is important to 
have the appropriate site license. 

 

 



  



45 
Seizure Disorders 
Azita Razzaghi  

I. INTRODUCTION 

A. Defini t ions  

1.  Seizures  are character ized by an excessive,  hypersynchronous discharge of  

cor t ical  neuron act iv i ty,  which can be measured by the elect roencephalogram 

(EEG).  In addi t ion,  there may be dis turbances in consciousness,  sensory motor  

systems,  subject ive wel l -being,  and object ive behavior ;  seizures are usual ly br ief ,  

wi th a beginning and an end,  and may produce postseizure impairment .  

2.  Epi lepsy  is  def ined as a chronic seizure d isorder ,  or  group of  d isorders,  

character ized by seizures that  usual ly recur  unpredictably in the absence of  a 

consistent  provoking factor .  The term epi lepsy  is  der ived f rom the Greek word 

meaning “ to seize upon” or  “ tak ing hold of . ”  I t  was f i rst  descr ibed by Hughl ings 

Jackson in the 19th century as an intermi t tent  derangement  of  the nervous system 

due to a sudden,  excess ive,  d isorder ly d ischarge of  cerebral  neurons.  

3.  Convulsions  are v io lent ,  involuntary contract ions of  the voluntary muscles.  A 

pat ient  may have epi lepsy or  a seizure d isorder  wi thout  convuls ions.  

B. Classif icat ion.  An al ternat ive seizure c lass i f icat ion is  being developed that  is 

purely symptom based.  This consists  of  four  categor ies:  sensor ia l  (auras) ,  

consciousness,  autonomic,  and motor .  Also,  the internat ional  league against  

epi lepsy is  establ ishing a four- level  descr ipt ive seizure c lass i f icat ion based on 

symptoms,  apathophysio logical  seizure,  an epi lept ic  syndrome,  and funct ional  

d isabi l i t y.  At  present ,  there are two systems of  c lass i f icat ion of  seizure disorder :  

one is  based on the seizure type and character is t ics (Table 45-1) ,  and the other  is  

based on the  
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character is t ics of  the epi lepsy ( inc luding age at  onset ,  et io logical  factors,  and 

f requency)  and character is t ics of  the seizure (Table 45-2) .  

Table 45-1. International Classification of Epileptic Seizures 



I. Partial seizures (seizures beginning locally) 

 A. Simple partial seizures (consciousness not impaired) 

  1. With motor symptoms 

  2. With somatosensory or special sensory symptoms 

  3. With autonomic symptoms 

  4. With behavioral symptoms 

 

B. Complex partial seizures (with impairment of 

consciousness) 

  

1. Beginning as simple partial seizures and 

progressing to impairment of consciousness 

   a. Without automatisms 

   b. With automatisms 

  2. With impairment of consciousness at onset 

   a. With no other features 

   b. With features of simple partial seizures 

   c. With automatisms 

 

C. Partial seizures (simple or complex), secondarily 

generalized 

II. Generalized seizures (bilaterally symmetric, without localized 

onset) 



 A. Absence seizures 

  1. True absence seizures (petit mal) 

  2. Atypical absence seizures 

 B. Myoclonic seizures 

 C. Clonic seizures 

 D. Tonic seizures 

 E. Tonic-clonic seizures (grand mal) 

 F. Atonic seizures 

III. Unclassified seizures 

Reprinted from Commission on Classification and Terminology of the 

International League against Epilepsy. Proposal for classification of 

epilepsies and epileptic syndromes. Epilepsia 1985;26:268-278. 

 

1.  Part ial  seizures  are the most common seizure type,  occurr ing in approximately 

80% of  pat ients wi th epi lepsy.  

Table 45-2. Classification of Epilepsies and Epileptic Syndromes 

I. Localized-related (focal, local, partial) epilepsies and syndromes 

 A. Idiopathic (with age-related onset) 

  

1. Benign childhood epilepsy with centrotemporal 

spikes (rolandic epilepsy) 

  2. Childhood epilepsy with occipital paroxysms 



 B. Symptomatic 

  

1. Chronic progressive epilepsia partialis continua of 

childhood 

  

2. Syndromes characterized by specific modes of 

precipitation 

  3. Temporal lobe epilepsies 

  4. Frontal lobe epilepsies 

  5. Parietal lobe epilepsies 

  6. Occipital lobe epilepsies 

 C. Cryptogenic 

II. Generalized epilepsies and syndromes 

 A. Idiopathic (with age-related onset) 

  1. Benign neonatal familial convulsions 

  2. Benign neonatal convulsions 

  3. Benign myoclonic epilepsy in infancy 

  4. Childhood absence epilepsy (pyknolepsy) 

  5. Juvenile absence epilepsy 

  6. Juvenile myoclonic epilepsy 



  

7. Epilepsy with generalized tonic-clonic seizures on 

awakening 

  

8. Other generalized idiopathic epilepsies not defined 

above 

  

9. Epilepsies with seizures precipitated by specific 

modes of activation 

 B. Cryptogenic or symptomatic (in order of age) 

  1. West syndrome (infantile spasms) 

  2. Lennox-Gastaut syndrome 

  3. Epilepsy with myoclonic-astatic seizures 

  4. Epilepsy with myoclonic absences 

 C. Symptomatic 

  1. Nonspecific etiology 

   a. Early myoclonic encephalopathy 

   

b. Early infantile epileptic encephalopathy 

with suppression burst 

   

c. Other symptomatic generalized epilepsies 

not defined above 

  

2. Specific syndromes and generalized seizures 

complicating other disease states 

III. Epilepsies and syndromes undetermined whether focal or 

generalized 



 A. With both focal and generalized seizures 

  1. Neonatal seizures 

  2. Severe myoclonic epilepsy in infancy 

  

3. Epilepsy with continuous spike waves during slow-

wave sleep 

  

4. Acquired epileptic aphasia (Landau-Kleffner 

syndrome)
a
 

  5. Other undetermined epilepsies not defined above 

 B. Without unequivocal generalized or focal features 

IV. Special situations 

 A. Febrile convulsions 

 B. Isolated seizures or isolated status epilepticus 

 

C. Seizures occurring only when there is an acute metabolic or 

toxic event due to such factors as alcohol, drugs, eclampsia, 

and nonketotic hyperglycemia 

a 
Believed to be a localized-related epilepsy. 

Reprinted with permission from Bleck TP. Convulsive disorders: the use of 

anticonvulsant drugs. Clin Neuropharmacol 1990;1:198-209. 
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a.  Clinical  and EEG changes  indicate in i t ia l  act ivat ion of  a system of  neurons 

l imi ted to par t  of  one cerebral  hemisphere that  may spread to other  or a l l  bra in 

areas.  Mani festat ions of  the seizures depend on the s i te of  the epi leptogenic focus 

in the brain.  



b.  Par t ia l  seizures are subclassi f ied as simple  (usual ly uni lateral  involvement)  or  

complex  (usual ly b i lateral  involvement) .  Impairment  of  consciousness is  a feature 

of  complex seizures.  Consciousness is  def ined as the degree of  awareness and 

responsiveness of  the pat ient  to external ly appl ied st imul i .  

(1)  Simple part ial  seizures  genera l ly do not  cause loss of  consciousness.  Signs 

and symptoms  of  s imple par t ia l  seizures may be pr imar i ly motor ,  sensory,  

somatosensory,  autonomic,  or  behavioral .  These s igns and symptoms may help 

p inpoint  the s i te of  the abnormal  bra in d ischarge,  for  example,  local ized numbness 

or  t ingl ing ref lects a dysfunct ion in the sensory cor tex,  located in the par ieta l  lobe.  

(a)  Motor signs  inc lude convuls ive jerk ing,  chewing mot ions,  and l ip  smacking.  

(b)  Sensory and somatosensory manifestat ions  inc lude paresthesias and auras.  

(c)  Autonomic signs  inc lude sweat ing,  f lushing,  and pupi l  d i la t ion.  

(d)  Behavioral  manifestat ions,  which are somet imes accompanied by impaired 

consciousness,  inc lude déjà vu exper iences,  s t ructured hal luc inat ions,  and 

dysphasia.  

(2)  Complex part ial  seizures  are accompanied by impaired consciousness;  

however,  in  some cases,  the impairment  precedes or  fo l lows the seizure.  These 

seizures have var iable mani festat ions.  

(a)  Purposeless behavior  is  common.  

(b)  The af fected person may have a g lassy stare,  may wander about  a imlessly,  and 

may speak uninte l l ig ib ly.  

(c)  Psychomotor  ( temporal  lobe)  epi lepsy may lead to aggressive behavior  (e.g. ,  

outbursts of  rage or  v io lence) .  

(d)  Post icta l  confus ion usual ly pers is ts  for  1-2 min af ter  the seizure ends.  

(e)  Automat ism (e.g. ,  p ick ing at  c lothes)  is  common and may fo l low v isual ,  audi tory,  

or  o l factory hal luc inat ions.  

2.  General ized seizures  are d i f fuse,  af fect ing both cerebral  hemispheres.  

a.  Clinical  and EEG changes  indicate in i t ia l  involvement  of  both hemispheres.  

(1)  Consciousness may be impaired,  and th is  impairment  may be the in i t ia l  

mani festat ion.  

(2)  Motor mani festat ions are b i lateral .  

(3)  The icta l  EEG pat terns in i t ia l ly are b i lateral  and presumably ref lect  neuronal  

d ischarge,  which is  widespread in both hemispheres.  

b.  There are three types  of  general ized seizures.  

(1)  Idiopathic epi lepsies  have an age-re lated onset ,  typ ical  c l in ical  and EEG 

character is t ics,  and a presumed genet ic  or ig in.  

(2)  Symptomatic epilepsies  are considered the consequence of  a known or  

suspected under ly ing disorder  of  the centra l  nervous system (CNS).  

(3)  Cryptogenic epi lepsy  refers to a d isorder  for  which the cause is  h idden or  

occul t ;  i t  is  presumed to be symptomat ic ,  but  the causal  factors are unknown.  I t  is  

age re lated,  but  of ten does not  have wel l -def ined c l in ical  and EEG character is t ics.  

c.  Signs and symptoms  of  general ized seizures may be minor  or  major .  

(1)  Absence (pet it  mal)  seizures  present  as a l terat ions of  consciousness 

(absences)  last ing 10-30 sec.  



(a)  Star ing (wi th occasional  eye bl ink ing)  and loss or  reduct ion in postural  tone are 

typical .  I f  the seizure takes place dur ing conversat ion,  the indiv idual  may break of f  

in  midsentence.  

(b)  Enuresis  and other  autonomic components may occur  dur ing absence seizures.  

(c)  Some pat ients exper ience 100 or  more absences dai ly.  

(d)  Onset of  th is  seizure type occurs  f rom age 3 to 16 years;  in most pat ients,  

absence seizures disappear by age 40.  

(2)  Myoclonic (bi lateral  massive epileptic myoclonus) seizures  present  as 

involuntary jerk ing of  the fac ia l ,  l imb,  or  t runk muscles,  possib ly in a rhythmic 

manner.  

(3)  Clonic seizures  are character ized by sustained muscle contract ions al ternat ing 

wi th re laxat ion.  
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(4)  Tonic seizures  involve sustained tonic  muscle extension (s t i f fening) .  

(5)  General ized (grand mal)  tonic-clonic seizures  cause sudden loss of  

consciousness.  

(a)  The indiv idual  becomes r ig id and fa l ls  to the ground.  Respirat ions are 

interrupted.  The legs extend,  and the back arches;  contract ion of  the diaphragm 

may induce grunt ing.  This tonic  phase lasts for  about  1 min.  

(b)  A c lonic  phase fo l lows,  marked by rapid b i la teral  muscle jerk ing,  muscle 

f lacc id i ty,  and hypervent i la t ion.  Incont inence,  tongue bi t ing,  tachycardia,  and heavy 

sal ivat ion somet imes occur .  

(c)  Dur ing the post ic ta l  phase,  the indiv idual  may exper ience headache,  confus ion,  

d isor ientat ion,  nausea,  drowsiness,  and muscle soreness.  This phase may last  for  

hours.  

(d)  Some pat ients wi th epi lepsy have ser ia l  grand mal  seizures,  regain ing 

consciousness br ief ly between at tacks.  In some cases,  grand mal  seizures occur  

repeatedly wi th no recovery of  consciousness between at tacks (status epi lept icus ) ;  

th is  d isorder  is  d iscussed in I I I .A.  

(6)  Atonic seizures (drop attacks)  are character ized by a sudden loss of  postural  

tone so that  the indiv idual  fa l ls  to the ground.  They occur  pr imar i ly in ch i ldren.  

C. Epidemiology  

1.  Most common neurological  disorder  

2.  Epi lepsy has a prevalence of  approximately 1% ( i .e . ,  500,000 cases per  50 

mi l l ion persons wor ldwide) .  

3.  In the Uni ted States,  the prevalence of  epi lepsy is  6.42 cases per  1000 people.  

4.  The onset  of  seizures is  greatest  dur ing the 1st  year  of  l i fe ;  th is  probabi l i ty 

decreases each decade af ter  the 1st  year  unt i l  age 60.  Approximately 1 of  50 

chi ldren and 1 of  100 adul ts  are af fected.  

5.  Approximately 70% of  people wi th epi lepsy have only one seizure type;  the 

remainder have two or  more seizure types.  

D. Cause.  Some seizures ar ise secondary to other  condi t ions.  However,  in  most 

cases,  the cause of  the seizure is  unknown.  



1.  Primary ( idiopathic)  seizures  have no ident i f iable cause.  

a.  This type of  seizure af fects about  75% of  people wi th epi lepsy.  

b.  The onset  of  pr imary seizures typ ical ly occurs  before age 20.  

c.  B i r th t rauma,  heredi tary factors,  and unexpla ined metabol ic  d is turbances have 

been proposed as possib le causes.  

2.  Secondary seizures (symptomatic or acquired seizures)  occur  secondary to an 

ident i f iable cause.  

a.  Disorders that  may lead to secondary seizures inc lude 

(1)  Int racrania l  neoplasms 

(2)  Infect ious diseases,  such as meningi t is ,  in f luenza,  toxoplasmosis,  mumps,  

measles,  and syphi l is  

(3)  High fever  ( in chi ldren)  

(4)  Head t rauma 

(5)  Congeni ta l  d iseases 

(6)  Metabol ic  d isorders,  such as hypoglycemia and hypocalcemia 

(7)  A lcohol  or  drug wi thdrawal  

(8)  L ip id s torage disorders 

(9)  Developmental  abnormal i t ies 

b.  Age at  seizure onset  is  associated wi th speci f ic  causes (Table 45-3) .  

E. Pathophysiology.  Seizures ref lect  a sudden,  abnormal ,  excessive neuronal  

d ischarge in  the cerebral  cor tex.  Any abnormal  neuronal  d ischarge could prec ip i tate 

a seizure (Figure 45-1) .  

1.  Normal f ir ing of  neurons,  which usual ly or ig inate f rom the gray mat ter  of  one or  

more cor t ical  or  subcor t ical  areas,  requires the fo l lowing elements:  

a.  Voltage-dependent ion channels  are involved in act ion-potent ia l  propagat ion or  

burst  generat ion.  
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Table 45-3. Probable Causes of Recurrent Seizures by Age Group 

Age at Seizure 

Onset 

Probable Cause of Seizure 

Birth-1 

month 

Birth injury or anoxia, congenital hereditary diseases, and 

metabolic disorders 

1-6 months As above, plus infantile spasms 

6 months-2 

years 

Infantile spasms, febrile convulsions, birth injury or 

anoxia, meningitis, and head trauma 



3-10 years Birth injury or anoxia, meningitis, cerebral vessel 

thrombosis, and idiopathic epilepsy 

10-18 years Idiopathic epilepsy and head trauma 

18-25 years Idiopathic epilepsy, trauma, neoplasm, and withdrawal 

from alcohol or drugs 

35-60 years Trauma, neoplasm, vascular disease, and withdrawal from 

alcohol or drugs 

> 60 years Vascular disease, neoplasm, degenerative disease, and 

trauma 

 

b. Neurotransmitters  contro l  neuronal  f i r ing,  inc luding exci tatory neurot ransmit ters,  

acetylchol ine,  norepinephr ine,  h is tamine,  cor t icot ropin-re leasing factors (CRFs),  

inhib i tory neurot ransmit ters,  γ-aminobutyr ic  ac id (GABA),  and dopamine;  therefore,  

normal  neuronal  act iv i ty requires adequate ions (e.g. ,  sodium, potassium, calc ium);  

exc i tatory and inhib i tory neurot ransmit ters;  and glucose,  oxygen,  amino acids,  and 

adequate systemic pH.  

c.  People wi th epi lepsy may be genetical ly  predisposed to a lower seizure 

threshold.  

d. A diencephalic nerve group  that  normal ly suppresses excessive brain d ischarge 

may be deaf ferentated,  hypersensi t ive,  and vulnerable to act ivat ion by var ious 

st imul i  in  indiv iduals wi th epi lepsy.  

 

Figure 45-1. Gross anatomy of the brain. Clinical 

manifestation of seizures depends on the area of 

the cortex that is affected and its function, the 

degree of irritability, and the identity of the 

impulse. 
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e.  Dur ing seizures,  there is  an increased use of  energy,  oxygen,  and,  consequent ly,  

an increased product ion of  carbon dioxide.  Because of  the l imi ted capaci ty to 

increase the blood f low to the brain,  the blood supply may be oxygen deficient.  The 

rat io of  supply to demand decreases when the seizure episode is  prolonged,  leading 

to increased ischemia and neuronal  dest ruct ion.  Thus i t  is  cruc ia l  to d iagnose 

seizures and t reat  them as soon as possib le.  

2.  Abnormal electr ical  brain act ivi ty  occurr ing dur ing a seizure usual ly produces 

characterist ic changes on the EEG.  Each par t  of  the cort ical  area has i ts own 

funct ion,  and the c l in ical  presentat ion of  a seizure depends on the s i te,  the degree 

of  i r r i tabi l i ty  of  the area,  and the intensi ty of  the impulse.  

3.  Seizure act iv i ty may inc lude three major  phases.  

a.  A prodrome  may precede the seizure by hours or  days.  

(1)  Changes in behavior  or  mood typical ly occur  dur ing the prodrome.  

(2)  This  phase may inc lude an aura—a subject ive sensat ion,  such as an unusual  

smel l  or  f lashing l ight .  

b.  The ictal  phase  is  the seizure i tsel f .  In some cases,  i ts  onset  is  heralded by a 

scream or  cry.  

c.  The postictal  phase  takes place immediate ly af ter  the seizure.  

(1)  Extensor  p lantar  ref lexes may appear.  

(2)  The pat ient  typical ly exhib i ts  lethargy,  confus ion,  and behavioral  changes.  

F. Cl inical  evaluat ion  

1.  History  inc ludes an evaluat ion of  the seizure,  inc luding interv iews of  the 

pat ient 's  fami ly and eyewitness accounts to establ ish 

a.  The f requency and durat ion of  the episodes 

b.  Precip i tat ing factors 

c.  The t imes at  which ep isodes occur  

d.  The presence or  absence of  an aura 

e.  Icta l  act iv i ty 

f .  Post ic ta l  s tate 

2.  Physical  and neurological  examinations  are the tools  wi th which to ident i fy an 

under ly ing cause to ru le out  d iseases that  mani fest  as seizures (Table 45-4) .  

3.  Laboratory tests  may also ident i fy an under ly ing cause.  

a.  L iver  and k idney funct ion tests,  complete b lood count  (CBC),  ur inalys is ,  and 

serum drug levels (e.g. ,  ant idepressants and amphetamines may precip i tate 

seizures)  are necessary.  

b.  Lumbar puncture may be required for  ev idence of  cerebrospinal  f lu id (CSF) 

infect ion for  pat ients wi th a fever  who have seizures.  

Table 45-4. Disorders That Mimic Epilepsy 



Gastroesophageal reflux Movement disorders 

Breath-holding spells  Shuddering attacks 

Migraine 

 

Paroxysmal 

choreoathetosis 

 Confusional  Nonepileptic myoclonus 

 Basilar  Tics and habit spasms 

 

With recurrent abdominal pain 

and cyclic vomiting 

Psychological disorders 

 

Sleep disorders (especially 

parasomnias)  

Panic disorder 

Cardiovascular events  Hyperventilation attacks 

 Pallid infantile syncope  Pseudoseizures 

 Vasovagal attacks  Rage attacks 

 Vasomotor syncope   

 Arrhythmias   

Reprinted with permission from Scheurer ML, Pedley TA: The evaluation 

and treatment of seizures. N Engl J Med 1990;323:1469. Copyright © 1990 

Massachusetts Medical Society. All rights reserved. 
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4.  Neurological  imaging studies,  inc luding MRI and/or  CT, complement  

e lect rophysio logical  s tudies and can ident i fy s t ructural  bra in d isorders (anatomical  

abnormal i t ies) .  



a.  An MRI can detect  cerebral  les ions re lated to epi lepsy and should be used in a l l  

cases,  especia l ly in pat ients wi th par t ia l  seizure,  to exc lude brain abnormal i t ies.  

b.  Posi t ron-emiss ion tomography (PET),  s ingle-photon emiss ion CT (SPECT),  and 

stable xenon-enhanced x-ray CT of fer  funct ional  v iews of  the brain to detect  

hypometabol ism or  re lat ive hypoperfus ion.  PET and SPECT scans are not  avai lable 

in a l l  inst i tut ions.  

c.  EEG studies measure the elect r ical  act iv i ty of  the brain.  These studies help 

ident i fy funct ional  cerebral  changes under ly ing s t ructural  abnormal i t ies and are 

useful  wi th MRI for  pat ients considered for  epi lepsy surgery.  

(1)  An EEG is  useful  for  c lass i fying the seizure or  as an addi t ional  d iagnost ic  tool ,  

but  the EEG by i tsel f  cannot  ru le seizures in or  out ,  because some pat ients wi th 

normal  inter ic ta l  EEGs have seizure d isorders.  

(2)  The best  t ime to obtain an EEG is  dur ing  a seizure episode.  EEG recordings 

done whi le the pat ient  is  as leep can of ten record the abnormal  act iv i ty;  therefore,  

EEGs performed dur ing a s leep- induced state under normal  condi t ions or  in a 

s leepdepr ived state can be more sensi t ive for  making a d iagnosis.  

G. Treatment object ives  

1.  To prevent  or  suppress seizures or  reduce thei r  f requency through drug therapy 

2.  To control  or  e l iminate the factors that  cause or  prec ip i tate seizures 

3.  To prevent  ser ious consequences of  seizures,  such as anoxia,  a i rway occlus ion,  

or  in jury,  by protect ing the tongue and plac ing a p i l low under the v ict im's head 

4.  To encourage a normal  l i festyle and prevent  the pat ient  f rom feel ing l ike or  being 

t reated as an inval id 

5.  Shor t -  and long- term s ide ef fects 

6.  Drug interact ions 

II. THERAPY 

A. Principles of drug therapy  

1.  Seizure control .  Approximately 50% of  pat ients wi th epi lepsy achieve complete 

seizure contro l  through drug therapy.  In another  25%, drugs reduce the f requency of  

seizures.  People wi th epi lepsy general ly require cont inuous drug therapy for  at  least  

2 seizure- f ree years before the drug discont inuat ion can be considered.  

2.  Ini t ial  treatment  

a.  Before ant iconvuls ive drug t reatment  is  inst i tuted,  t reatable under ly ing causes of  

the seizure act iv i ty should be excluded.  

b.  A s ingle pr imary drug that  is most  appropr iate for  the seizure type must  be 

selected.  I f  there is  more than one appropr iate pr imary drug,  then age, sex,  and 

compl iance of  the pat ient  must be considered.  

c.  For pat ients wi th newly d iagnosed epi lepsy,  adminis ter  low doses for  a few days.  

Pat ients may respond to a dosage that  is  lower than that  t radi t ional ly prescr ibed 

in i t ia l ly by thei r  physic ians,  and th is  may have important  impl icat ions in  terms of  

l imi t ing adverse ef fects.  The inc idence of  adverse ef fects increases wi th increasing 

drug levels,  even when the plasma concentrat ions are maintained wi th in the so-

cal led therapeut ic  or  opt imal  range.  



d.  Between one four th and one th i rd of  the maintenance dose of  a s ingle medicat ion 

is  used to begin therapy;  i t  is  then increased over  3-4 weeks.  The except ions are 

phenytoin and phenobarbi ta l ,  which can be star ted wi th the loading or  maintenance 

dose.  The dose should be t i t rated unt i l  seizure contro l  or  into lerable s ide ef fects 

occur .  

e.  With the in i t ia t ion of  therapy,  b lood concentrat ions of  medicat ions should be 

measured:  

(1)  To establ ish therapeut ic  ranges and dosage regimens based on symptomat ic  

toxic i ty or  seizure f requency 

(2)  To assess the pat ient 's  compl iance wi th therapy 

(3)  To contro l  the corre lat ion among the dose,  b lood levels,  and c l in ical  therapeut ic  

levels  or  toxic i ty 

(a)  Phenytoin fo l lows nonl inear  k inet ics,  as drug levels increase dramat ical ly (more 

than onefold)  wi th only a  smal l  increase in the dose.  However,  before th is  twofold  
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increase in drug level  wi th a smal l  increase in dose,  there is a predictable l inear  

increase wi th dose increases;  for  th is  reason,  i t  is  recommended to increase the 

dose in smal l  increments to be able to predict  when the drug fo l lows the nonl inear  

k inet ic .  When th is  happens,  that  means the maximum rate of  hepat ic  enzyme 

c learance is  reached and the body can no longer c lear  the drug as i t  is  int roduced 

into the body.  

(b)  I f  physical  examinat ion reveals a new onset  of  nystagmus (except  wi th 

phenytoin,  in  which nystagmus develops before c l in ical  in toxicat ion) ,  ataxia,  and 

unsteady wide gai t ,  the next  dose increase should be minimal .  

(c)  There is no just i f icat ion for  increasing drug dosage when a pat ient 's seizures are 

fu l ly contro l led,  even i f  the p lasma concentrat ion is  below the lower l imi t  of  the 

therapeut ic  range.  I f  the pat ient  cont inues to have seizures wi thout  any ev idence of  

adverse ef fects at  a p lasma concentrat ion near  the toxic  range,  there are two 

approaches:  

( i )  Some c l in ic ians increase the dosage according to c l in ical  response up to the 

highest  to lerated l imi t .  

( i i )  Some c l in ic ians do not  increase the dosage because of  the l ike l ihood of  

producing adverse ef fects.  

(d)  Carbamazepine has an autoinduct ion metabol ism property,  which means that  i f  

the dose is  increased twofold,  b lood levels increase less than twofold because of  

increased metabol ism.  

(4)  To determine the f ree drug level ,  which is  helpfu l  in  pat ients who are in the 

therapeut ic  range but  have s ide ef fects or no response.  The plasma prote in b inding 

may be al tered in these pat ients by some other  d isease state or  medicat ion.  

Because of  th is  a l terat ion,  there is  more f ree drug avai lable  in the system than the 

tota l  level  shows,  espec ia l ly wi th phenytoin,  valproic  ac id,  and carbamazepine.  

3.  Paradoxical  intoxicat ion  occurs when a h igh concentrat ion of  a s ingle drug 

causes an increased f requency of  seizures wi thout  c lass ical  adverse events.  This is  

common wi th hydantoins and carbamazepine.  The proposed reason is  that  thei r  



ef fect  on the cerebel lum is  b locked at  h igh concentrat ions.  Management  usual ly 

requires no more than wi thhold ing enough doses of  the drug to a l low the 

concentrat ion to dr i f t  down.  

4.  When seizures cannot  be contro l led,  there are two opt ions.  

a.  The in i t ia l  drug can be subst i tuted wi th another  agent .  This  is  accompl ished by 

gradual ly d iscont inuing the in i t ia l  drug whi le s imul taneously increasing the dosage 

of  the second agent .  Then the dosage of  the second agent  is  t i t rated up to the 

maintenance level  as the in i t ia l  agent  is  gradual ly d iscont inued.  There are three 

main advantages of  gradual  subst i tut ion:  

(1)  I t  a l lows evaluat ion of  the ef fects of  indiv idual  drugs 

(2)  I t  reduces the r isk of  toxic i ty 

(3)  I t  reduces the r isk of  adverse drug interact ions 

b.  A second drug can be added.  Combinat ion therapy is  reserved for  pat ients wi th 

severe epi lepsy to rapid ly contro l  the seizures.  Rapid contro l  can be important  for  

psychosocia l  reasons as wel l  as for  the possib i l i t y of  a more favorable prognosis.  

5.  Long-term drug treatment.  Most  physic ians rev iew the pat ient 's  condi t ion when 

the pat ient  has been seizure f ree for  2 years.  This  has important  impl icat ions in 

chi ldren because ear ly terminat ion of  t reatment  has bet ter  remiss ion rates compared 

wi th adul ts .  I t  is  recommended to gradual ly decrease the dose,  over  at  least  6 

months.  The age of  onset  of  epi lepsy,  the presence of  an under lying neurological  

condi t ion,  and any abnormal  EEGs should be considered.  

6.  Diseases and condit ions that  alter ant iepilept ic drug-protein bindings  

a.  L iver  d isease 

b.  Hypoalbuminemia 

c.  Burns 

d.  Pregnancy 

e.  High prote in-bind ing drugs or  ant iepi lept ic  agents .  (Most important  interact ions 

are d iscussed under indiv idual  agents. )  

7.  Medicat ions.  Some medicat ions decrease levels of  phenytoin,  carbamazepine,  

phenobarbi ta l ,  and pr imidone by enhancing thei r  metabol ism.  These drugs also 

cause fa lse decreases in thyro id funct ion tests.  
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a.  Oral  contracept ives 

b.  Oral  hypoglycemics 

c.  Glucocor t icoids 

d.  Tr icyc l ic  ant idepressants 

e.  Azathiopr ine 

f .  Cyclospor ine 

g.  Quin id ine 

h.  Theophyl l ine 

i .  Warfar in 

j .  Doxycycl ine 

k.  Levodopa 



8.  Overview of drug therapy in seizure disorder  

a.  Monotherapy.  Star t  the drug therapy as s ingle agent .  

b. Dosage treatment.  Use a low dose for  a few days.  Pat ients wi th newly d iagnosed 

epi lepsy may respond to dosages that  are lower  than those prescr ibed in i t ia l ly by 

thei r  physic ians,  and th is  may have important  impl icat ions in  terms of  adverse 

ef fects.  The inc idence of  adverse ef fects increases wi th increasing drug dosage,  

even when the plasma concentrat ion is  mainta ined wi th in the so-cal led therapeut ic  

or  opt imal  range.  

c.  Drug monitoring.  There is  no just i f icat ion for  increasing drug dosage when a 

pat ient  is  fu l ly contro l led,  even i f  the p lasma concentrat ion is  below the lower l imi t  

of  the therapeut ic  range.  I f  the pat ient  cont inues to have seizures wi thout  any 

ev idence of  adverse ef fects at  a p lasma concentrat ion near  the toxic  range,  there 

are two approaches:  

(1)  Some c l in ic ians increase the dosage according to c l in ical  response up to the 

highest  to lerated l imi t .  

(2)  Some c l in ic ians do not  increase the dosage because of  the l ike l ihood of  

producing adverse events.  

9.  Adverse effects of  ant iconvulsive drugs  

a.  Alternat ion in cognit ion and mentat ion  

(1)  Sedation and depression  are the most  common symptoms of  overdose of  

ant iconvuls ive drugs,  but  they are d i f f icu l t  to assess.  For  example,  barbi turates 

commonly cause depression,  wi th pr imidone being the worst  of fender;  d iazepam and 

c lorazepate are less l ike ly to cause depression.  Barbi turates,  c lonazepam, and 

t r imethadione commonly cause cogni t ive impairment ,  ranging f rom sensat ion to 

confusion.  

(2)  Excitat ion  can be a paradoxical  ef fect  of  barbi turates wi th younger chi ldren and 

the elder ly.  For  example,  fe lbamate can cause rest lessness and hyperact iv i ty.  

b. Deteriorat ion of  motor performance and primary coordinat ion  inc ludes 

t rembl ing hands,  s tagger ing when rounding corners,  and mi ld l imb ataxia.  Drugs 

associated wi th these ef fects inc lude hydantoins,  methsuximide,  carbamazepine,  

and pr imidone.  These ef fects are less common wi th barbi turates and lamotr ig ine and 

are rarely seen wi th gabapent in.  

c.  Gastrointest inal  symptoms  inc lude nausea and vomit ing.  Two purposed 

mechanisms inc lude 

(1)  A local  ef fect  on the stomach,  as in the case of  valproic  ac id;  d ivalproex ac id,  

however,  has less inc idence compared wi th valproic  ac id.  These symptoms decrease 

in inc idence i f  the drug is  g iven wi th  meals.  

(2)  A brainstem ef fect ,  as in the cases of  fe lbamate and carbamazepine.  Nausea 

and vomit ing caused by these drugs are associated wi th brainstem involvement ;  

therefore,  drug levels p lay a ro le in these symptoms.  Adminis t rat ion in smal ler ,  

more f requent  doses decreases the inc idence of  these symptoms by lower ing the 

t ransient  peak concentrat ion.  

d. Appeti te and body weight.  Few ant iconvulsants af fect  appet i te separate f rom 

nausea and vomit ing,  inc luding anorexia or  increased appet i te.  



(1)  Drugs that  cause anorexia  are fe lbamate,  and to a lesser  extent ,  

carbamazepine,  ethosuximide,  and valproic  ac id.  

(2)  Drugs that  cause increased appeti te  are valproic  ac id,  and to a lesser  extent ,  

carbamazepine.  

e.  Headache and dizziness  

(1)  Dif fuse headaches  may be caused by ethosuximide and,  to a lesser  extent ,  by 

methsuximide and fe lbamate.  
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(2)  Dizziness  seen in associat ion wi th ant iconvulsants is  caused by a combinat ion 

of  ataxia and loss of  eye movement  coordinat ion,  which is  par t  of  motor  coordinat ion 

symptoms.  

B. Specif ic ant iseizure agents.  Table 45-5 l is ts  the uses of  ant iepi lept ic  

medicat ions based on seizure type.  Table 45-6 l is ts  c lass i f icat ions of  ant iconvuls ive 

drugs.  Table 45-7 l is ts  dosage character is t ics of  ant iepi lept ic  medicat ions.  

1.  Carbamazepine (Tegretol)  

a.  Mechanisms of  act ion.  Carbamazepine is  chemical ly re lated to t r icyc l ic  

ant idepressants.  I ts mechanism of  act ion is  unknown in the t reatment of  seizure 

d isorders,  but  i t  is  thought  to act  by reducing polysynapt ic  responses and block ing 

the post tetanic  potent iat ion.  

b. Administrat ion and dosage  (Table 45-7)  

(1)  Adults and children > 12 years of  age  receive an in i t ia l  ora l  dose of  200 mg 

twice dai ly.  This may be increased gradual ly to 800-2000 mg dai ly (usual ly g iven in 

d iv ided doses) .  

(2)  Chi ldren < 12  usual ly rece ive 10-20 mg/kg dai ly in two or  three div ided doses.  

c.  Precautions and monitoring effects  

(1)  Carbamazepine should be used wi th caut ion in pat ients wi th bone marrow 

depression.  A CBC should be obtained and plate lets  measured to determine 

basel ine levels  before therapy,  and levels should be moni tored dur ing therapy.  

Aplast ic  anemia and agranulocytos is  have been repor ted.  

(2)  Tr icyc l ic  ant idepressants should be avoided i f  there is a h is tory of  

hypersensi t iv i ty to t r icyc l ics.  Monoamine oxidase (MAO) inhib i tors should be 

discont inued 2 weeks before carbamazepine therapy.  

(3)  Carbamazepine should be used caut iously in pat ients wi th g laucoma because of  

i ts  mi ld ant ichol inergic  ef fects.  

(4)  Carbamazepine is  an enzyme inducer ;  therefore,  the hal f - l i fe  ( t1 / 2 )  decreases 

over  3-4 weeks ( t1 / 2  18-54 hr ;  t1 / 2  10-25 hr) ;  for  maximal  enzyme induct ion,  levels  

should be rechecked to avoid breakthrough seizures.  

(5)  Carbamazepine is  metabol ized in the l iver  to 10-11 epoxide,  which also has 

ant iconvulsant  act iv i ty;  carbamazepine may induce i ts  own metabol ism.  

(6)  Potent ia l  for  drug interact ion in e lder ly pat ients .  

(7)  Adverse effects.  The physic ian should be not i f ied i f  any of  the fo l lowing 

adverse ef fects occur:  jaundice,  abdominal  pain,  pale stool ,  darkened ur ine,  unusual  

bruis ing and bleeding,  fever ,  sore throat ,  or  an ulcer  in the mouth.  The most  



common s ide ef fects are d izz iness,  drowsiness,  unsteadiness,  nausea,  and 

vomit ing.  

Table 45-5. Uses of Antiepileptic Medications Based on Seizure Type 

  Drug Therapy 

Seizure Type Choice 1 Choice 2 Choice 3 Choice 4 

Simple 

partial 

Carbamaze

pine (alone 

or 

combinatio

n) 

Phenytoin Primidone 

Lamotrigin

e 

Oxcarbaze

pine 

Gabapenti

n, 

levetiracet

am 

Zonisamid

e 

Complex 

partial 

Carbamaze

pine 

Lamotrigin

e 

Phenytoin Phenobarbi

tal 

Zonisamid

e 

Oxcarbaze

pine 

Valproic 

acid 

Primidone 

Topiramat

e 

Tiagabine 

Primary 

generalize

d 

Tonic-

clonic 

Valproic 

acid 

Lamotrigin

e 

Carbamaze

pine 

Phenytoin 

Valproic 

acid 

Phenobarb

ital 

Topiramat

e 

Tiagabine 

Absence Lamotrigin

e,
a
 

ethosuximi

de 

Zonisamide

, valproic 

acid 
  

Myocloni

c atonic 

Valproic 

acid 

Valproic 

acid 

Clonazepa

m 

Clonazepa

m 

Zonisamid

e
a
 

Felbamate
a
 (alone or 

in 

combinati

on) 

Status 

epilepticu

s 

Diazepam Phenytoin Phenobarbi

tal  



Psychom

otor 

Phenytoin 

   

a 
Also indicated for treatment of Lennox-Gastaut syndrome in children. 

 

P.993 

 

 

Table 45-6. Anticonvulsive Drug Classification 

Barbiturat

es 

Hydantoi

ns 

Succinimi

des 

Sulfonami

des 

Oxazolidin

ediones 

Benzodiaze

pine 

Miscellane

ous 

Pheno

barbit

al 

Phen

ytoin 

Ethos

uximi

de 

Zonis

amide 

Param

ethadi

one 

Clonaz

epam 

Lamot

rigine 

Primi

done 

Meph

enyto

in 

Meths

uximi

de 

Trime

thadio

ne 

Diazep

am 

Felba

mate 

Gabap

entin 

Meph

obarbi

tal 

Ethot

oin 

Phens

uximi

de 

 

Loraze

pam 

Cloraz

epate 

dipota

ssium 

Prega

balin 

 

Fosph

enyto

in    

Carba

mazep

ine 

Oxcar

bazepi

ne 

     

Valpro

ic acid 
 



     

Topira

mate 
 

     

Tiagab

ine 
 

     

Leveti

raceta

m  
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Table 45-7. Dosages Characteristic of Antiepileptic Medications 

Drug 

Enzy

me 

Induc

er 

Enzym

e 

Inhibit

or 

Loadi

ng 

Dose 

Usual 

Adult 

Dose 

(mg/da

y) 

Half-

life (hr) 

Therapeut

ic Range 

of Total 

Plasma 

Concentra

tion 

(µg/mL) 

Major 

Mode of 

Eliminat

ion 

Protei

n-

Bindin

g 

Level 

(%) 

Carbama

zepine 

+/

- 

- N

o 

80

0-

20

00 

11
a

-22 

4-12 Hep

atic 

7

5-

8

0 

Phenytoi

n 

+/

- 

- Y

es 

30

0-

70

0 

22-

72 

1-2 

(fr

ee) 

5-20 Hep

atic 

9

0 

Phenobar

bital 

+/

- 

- Y

es 

90-

30

0 

10

0 

15-40 Hep

atic 

> 

rena

l 

4

0-

6

0 



Primidon

e 

+/

- 

- N

o 

75

0-

30

00 

15
a

,
b
 

5-12 Hep

atic 

2

0-

2

5 

Valproic 

acid 

+/

- 

+ Y

es 

10

00-

30

00 

15-

20 

50-

150 

Hep

atic 

7

5-

9

0 

Ethosuxi

mide 

+/

- 

- N

o 

75

0-

10

00 

30-

60
c
 

40-

100 

Hep

atic 

> 

rena

l 

0 

Felbamat

e 

+/

- 

+ N

o 

24

00 

20-

23 

30-

100 

Hep

atic 

> 

rena

l 

2

2-

2

5 

Gabapen

tin 

- - Y

es 

90

0-

10

00 

5-7 5-7 Ren

al 

<

3 

Lamotrig

ine 

+/

- 

- N

o 

20

0-

40

0 

25 

12.

6
d
 

70
e
 

2-6 Hep

atic 

> 

rena

l 

5

5 

Topiram

ate 

+/

- 

- N

o 

20

0-

40

0 

15-

23 

n/a Ren

al > 

hepa

tic 

9-

1

5 

Tiagabin

e 

- - N

o 

32-

56 

6-8 n/a Hep

atic 

9

6 



Levetirac

etam 

- - Y

es 

50

0-

30

00 

7 n/a Ren

al 

<

1

0 

Zonisami

de 

- - N

o 

10

0-

60

0 

24-

50 

n/a Hep

atic 

4

0-

6

0 

Oxcarba

zepine 

+/

- 

+ N

o 

90

0-

18

00 

4-9 n/a Hep

atic 

4

0-

6

0 

a 
The half-life decreases autometabolism after chronic use. 

 
b 
Metabolized in part to phenobarbital. 

 
c 
Lower range in children and higher range in adults. 

 
d 
Receiving other enzyme-inducing drugs. 

 
e 
Valproic acid slows the metabolism. 
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(a)  CNS effects.  These inc lude dizz iness,  ataxia,  and dip lopia.  I f  d ip lopia and 

ataxia are common and occur  af ter  a dose,  the schedule could be adjusted to 

inc lude more f requent  adminis t rat ion or  a larger  propor t ion of  the dose at  n ight .  

CNS s ide ef fects may decrease wi th chronic adminis t rat ion.  

(b)  Gastrointest inal  (GI)  effects.  These most  commonly inc lude nausea,  vomit ing,  

and anorexia.  

(c)  Metabolic effects.  Hyponatremia occurs af ter  several  weeks to months of  

therapy,  and the inc idence increases wi th age.  The ant id iuret ic  hormone (ADH) level  

may be low.  Levels of  125-135 mEq/L wi thout  symptoms should be moni tored.  F lu id 

rest r ic t ion should be ins t i tuted when levels decrease to < 125 mEq/L wi th or  wi thout  

symptoms.  Another  agent  should be used i f  f lu id dose reduct ion does not  help or  the 

seizures recur .  

(d)  Hematopoiet ic effects.  Aplast ic  anemia is  rare.  Thrombocytopenia and anemia 

have a 5% inc idence,  and they respond to a cessat ion of  drug therapy.  Leukopenia 

is  the most  common hematopoiet ic  s ide ef fect :  10% of  cases are t ransient ,  and 



about  2% of  pat ients have pers is tent  leukopenia but  do not  seem to have increased 

infect ions even wi th whi te b lood cel l  (WBC) counts of  3000/mL.  

(e)  Dermatological  effects.  Prur i t ic  and erythematous rashes,  the Stevens-Johnson 

syndrome,  and lupus erythematosus have been repor ted.  

d. Signif icant interact ions  

(1)  Antiepi lept ic drugs,  such as phenytoin,  primidone,  and phenobarbital ,  

decrease the level  of  carbamazepine ( increase metabol ism).  

(2)  Valproic acid  increases the level  of  carbamazepine (decreases metabol ism).  

(3)  Other  medicat ions such as erythromycin,  isoniazid,  cimetidine,  

propoxyphene,  di l t iazem,  and verapamil  increase the level  of  carbamazepine 

(decrease metabol ism).  

(4)  Carbamazepine decreases levels of  calcium channel blockers,  increasing i ts  

own level .  

(5)  Carbamazepine decreases the ef fect  of  warfar in.  

(6)  Ant ib iot ics increase the level  of  carbamazepine.  

(7)  Carbamazepine decreases t r icyc l ic  ant idepressant  levels .  

2.  Phenytoin (Di lant in)  

a.  Mechanism of action  

(1)  Phenytoin inhib i ts  the spread of  seizures at  the motor  cor tex and blocks 

post tetanic  potent iat ion by inf luencing synapt ic  t ransmiss ion.  There is an al ternat ion 

of  ion f luxes in depolar izat ion,  repolar izat ion,  and membrane stabi l i ty phase and 

al ternat ing calc ium uptake in presynapt ic  terminals .  

(2)  Phenytoin is  ef fect ive for  the t reatment  of  general ized tonic-c lonic  (grand mal)  

seizures and for  par t ia l  seizures,  both s imple and complex.  I t  is  not  ef fect ive for  

absence seizures.  

b. Administrat ion and dosage  (Table 45-7)  

(1)  The usual  dai ly dose for  adults  is  300-700 mg,  wi th adjustments made as 

needed.  

(a)  Regular  dai ly doses above 500 mg are poor ly to lerated.  

(b)  A loading dose of  900 mg to 1.5 g may be given int ravenously ( IV) .  The infus ion 

rate should not  exceed 50 mg/min.  (Al ternat ively,  an oral  loading dose may be 

given.)  

(2)  The usual  dai ly dose for  chi ldren  is  4-7 mg/kg div ided every 12 hr .  An IV 

loading dose of  15 mg/kg may be given.  

(3)  Phenytoin sodium is  avai lable as capsules and parenteral  solut ion.  Phenytoin is  

avai lable as tablets and oral  suspension.  

c.  Precautions and monitoring effects  

(1)  IV phenytoin should not  be used in pat ients wi th s inus bradycardia,  s inoatr ia l  

b lock,  second- and th i rd-degree at r ioventr icular  (AV) b lock,  or  Adams-Stokes 

syndrome.  

(2)  Phenytoin should be used caut iously in pat ients wi th myocardia l  insuf f ic iency 

and hypotension.  

(3)  E l iminat ion of  phenytoin conver ts  f rom f i rst -order  e l iminat ion (propor t ional  to i ts  

concentrat ion)  to zero-order  e l iminat ion (a f ixed amount  per  uni t  t ime),  usual ly at  

h igh therapeut ic  levels .  The dai ly dose of  phenytoin can be increased 100 mg dai ly 



unt i l  therapeut ic  b lood levels are at ta ined,  af ter  which increases of  30-50 mg wi l l  

avoid twofold to threefold increases in b lood levels.  
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(4)  I t  is  necessary to measure f ree drug levels or  correct  the tota l  level  when 

aluminum levels are abnormal  or  the pat ient  has renal  fa i lure.  

(5)  Potent ia l  for  drug interact ion in e lder ly pat ients .  

(6)  Adverse effects.  The physic ian should be not i f ied i f  any of  the fo l lowing 

adverse ef fects occur:  swol len or  tender gums,  sk in rash,  nausea and vomit ing,  

swol len glands,  b leeding,  jaundice,  fever ,  or  sore throat  ( i .e. ,  s igns of  infect ion or  

b leeding) .  

(a)  CNS effects  inc lude ataxia ( l imi t ing s ide ef fect ) ,  dysar thr ia,  and insomnia.  

Transient  hyperk inesia may fo l low IV phenytoin  infus ion.  Alcohol ic  beverages should 

be avoided whi le on th is  medicat ion.  

(b)  GI  effects  most  commonly inc lude nausea and vomit ing.  Phenyto in should be 

taken wi th food to enhance absorpt ion and decrease GI  upset .  

(c)  Dermatological  effects  inc lude maculopapular  rashes somet imes wi th fever,  

Stevens-Johnson syndrome,  and lupus erythematosus.  Gingival  hyperp las ia may be 

reduced by f requent  brushing and appropr iate oral  care.  

(d)  Connective t issue disorders  include a coarsening of  the fac ia l  features.  

(e)  Hematopoiet ic effects  inc lude thrombocytopenia,  leukopenia,  and 

granulocytopenia.  

( f )  Miscel laneous effects  inc lude hyperg lycemia and increased body hair .  

d. Signif icant interact ions  

(1)  Antiepi lept ic drugs,  such as carbamazepine,  valproic acid,  clonazepam,  and 

phenobarbital ,  decrease the level  of  phenytoin ( increase metabol ism).  

(2)  Phenytoin increases the conversion of  primidone to phenobarbital  ( increases 

metabol ism).  

(3)  Other  medicat ions such as disulf i ram, isoniazid,  chloramphenicol,  and 

propoxyphene  increase the level  of  phenytoin (decrease metabol ism).  

(4)  Drugs whose ef f icacy is  impaired by phenytoin inc lude cort icosteroids,  

digi toxin,  doxycycl ine,  estrogens, furosemide,  oral  contraceptives,  quinidine, 

r i fampin, theophyl l ine,  vi tamin D,  and enteral  nutri t ional  therapy.  

(5)  Coumarin  and warfarin  ant icoagulants increase the serum phenytoin  levels  and 

prolong the serum hal f - l i fe  of  phenytoin by inh ib i t ing i ts  metabol ism.  

(6)  Phenytoin decreases tr icycl ic ant idepressant  levels .  

(7)  Phenytoin interacts wi th diabetes and arthri t is medicat ions.  

3.  Fosphenytoin (Cerebyx)  

a.  Mechanism of action  

(1)  Water-soluble prodrug of  phenyto in.  I t  is  conver ted to phenytoin by the 

bloodstream phosphatases,  wi th a hal f - l i fe  of  about  8 min in both adul ts  and 

chi ldren.  

(2)  I t  is  indicated for  pat ients who cannot  take oral  drugs,  and in the acute 

t reatment  for  s tatus epi lept icus.  



(3)  Adminis tered v ia IV or  int ramuscular  ( IM) in ject ion 

(4)  A dose convers ion table should be used to conver t  the phenytoin dose to 

fosphenytoin.  

(5)  Character is t ics s imi lar  to phenytoin 

(6)  Advantages  

(a)  Fosphenytoin is  an aqueous solut ion,  unl ike phenytoin,  which is  an alkal ine 

solut ion;  therefore,  there is  no need to add propylene glycol  and ethanol  to the 

solut ion.  

(b)  Fosphenytoin causes less sof t - t issue in jury at  the s i te of  in ject ion.  When 

adminis tered by IM in ject ion,  i t  is  complete ly absorbed and has more predictable 

serum concentrat ion than IM- in jected phenytoin.  

4.  Valproic acid (Depakote)  

a.  Mechanism of action  

(1)  Increases levels of  GABA 

(2)  Potent iates a postsynapt ic  GABA response by inhib i t ing the enzymat ic  response 

for  the catabol ism of  GABA 

(3)  Af fects the potassium channel ,  creat ing a d i rect  membrane-stabi l iz ing ef fect  

b. Administrat ion and dosage  (Table 45-7)  

(1)  For adults,  valproic  ac id is  adminis tered oral ly in a usual  dose of  1000-3000 mg 

dai ly in d iv ided doses.  
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(2)  For children,  valproic  ac id is  adminis tered oral ly in a dose of  15-60 mg/kg dai ly,  

d iv ided into two or  three doses.  

(3)  Medicat ion should be taken wi th food to reduce GI upset .  

(4)  Tablets or  capsules should be swal lowed,  not  chewed,  to avoid i r r i tat ion of  the 

mouth and throat .  

c.  Precautions and monitoring effects.  There are some repor ts  of  hepatotoxic i ty 

and increased l iver  funct ion tests,  which are most ly revers ib le.  The sever i ty and 

inc idence of  hepatotoxic i ty increase when the pat ient  is  younger than 2 years of  

age.  

d. Adverse effects.  Contact  the physic ian i f  abdominal  pain,  nausea,  vomit ing,  or  

anoxia occurs;  these could be symptoms of  pancreat i t is .  

(1)  CNS effects  inc lude t remor,  ataxia,  d ip lopia ,  le thargy,  drowsiness,  behavioral  

changes,  and depression.  

(2)  GI  effects  inc lude nausea and increased appet i te.  Enter ic-coated divalproex 

sodium may reduce these s ide ef fects.  

(3)  Dermatological  effects  inc lude alopecia and petechiae.  

(4)  Hematopoiet ic effects  inc lude thrombocytopenia,  bruis ing,  hematoma,  and 

bleeding.  

(5)  Hepatic effects  inc lude minor  e levat ions of  aspar tate aminotransferase (AST),  

a lanine aminotransferase (ALT),  and lactate dehydrogenase (LDH).  

(6)  Endocrine effects  inc lude decreased levels of  prolact in,  resul t ing in i r regular  

menses,  and secondary amenorrhea.  



(7)  Pancreat ic effects  inc lude acute pancreat i t is .  

(8)  Metabolic effects  inc lude hyperammonemia owing to renal  or ig in.  

Discont inuat ion may be considered i f  le thargy develops.  

e.  Signif icant interact ions  

(1)  Antiepi lept ic drugs  

(a)  Primidone  decreases valproic  ac id c learance ( increases metabol ism).  

(b)  Phenobarbital  and phenytoin  d isplace prote in b inding,  resul t ing in an 

increased tota l  phenytoin level  and an increase or  no change of  f ree phenytoin.  

(c)  Clonazepam  increases CNS toxic i ty in pat ients on valproic  ac id.  

(2)  Other medicat ions  

(a)  Aspir in  increases the level  of  valproic  ac id.  

(b)  Warfarin  inhib i ts  the secondary phase of  p late let  aggregat ion.  

(c)  Antacids  increase the level  of  valproic  ac id.  

(3)  Laboratory tests  

(a)  False-posi t ive ur ine ketone tests may resul t  in  pat ients tak ing valproic  ac id;  thus 

pat ients wi th d iabetes must  use caut ion when using ur ine tests.  

(b)  Thyroid funct ion tests may be al tered by ant iepi lept ic  drugs.  

5.  Phenobarbital  (Luminal)  

a.  Mechanism of action.  Phenobarbi ta l  increases the seizure threshold by 

decreasing postsynapt ic  exc i tat ion by st imulat ing postsynapt ic  GABA-A receptor  

inhib i tor  responses as a CNS depressant .  

b. Administrat ion and dosage  (Table 45-7)  

(1)  For adults,  phenobarbi ta l  is  adminis tered oral ly at  90-300 mg dai ly ( in three 

div ided doses or  as a s ingle dose at  bedt ime).  

(2)  Chi ldren  typical ly receive 3-6 mg/kg dai ly in  two div ided doses.  Adjustment  is 

made as needed.  

c.  Precautions and monitoring effects  

(1)  Phenobarbi ta l  produces respiratory depression,  especia l ly wi th parenteral  

adminis t rat ion.  

(2)  Phenobarbi ta l  should be used wi th caut ion in pat ients wi th hepat ic  d isease who 

may need dose adjustments.  

(3)  Phenobarbi ta l  has sedat ive ef fects in adul ts  and produces hyperact iv i ty in 

chi ldren.  

(4)  Abrupt  discont inuat ion of  phenobarbi ta l  produces wi thdrawal  convuls ions.  I f  the 

drug must  be discont inued,  another  GABA-A agonist  (e.g. ,  benzodiazepine,  

paraldehyde) should be subst i tuted.  

(5)  Potent ia l  for  drug interact ion in e lder ly pat ients .  

(6)  Adverse effects.  The physic ian should be not i f ied i f  any of  the fo l lowing 

adverse ef fects occur:  sore throat ,  mouth sores,  easy bruis ing or  b leeding,  and any 

s igns of  infect ion.  
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(a)  CNS effects  inc lude agi tat ion,  confus ion,  lethargy,  and drowsiness.  Pat ients 

should avoid a lcohol  and other  CNS depressants.  



(b)  Respiratory effects  inc lude hypovent i la t ion and apnea.  

(c)  Cardiovascular effects  inc lude bradycardia  and hypotension.  

(d)  GI  effects  inc lude nausea,  d iarrhea,  and const ipat ion.  I f  GI  upset is 

exper ienced,  phenobarb i ta l  should be taken wi th food.  

(e)  Hematological  effects  inc lude megaloblast ic  anemia af ter  chronic use (a rare 

s ide ef fect ) .  

( f )  Miscel laneous effects  inc lude osteomalacia  and Stevens-Johnson syndrome,  

both of  which are rare.  

d. Signif icant interact ions  

(1)  Antiepi lept ic drugs,  such as valproic acid  and phenytoin,  increase the level  

of  phenobarbi ta l  (decrease metabol ism).  

(2)  Other  drugs such as acetazolamide, chloramphenicol,  cimetidine,  and 

furosemide  increase the level  of  phenobarbi ta l  (decrease metabol ism).  

(3)  Rifampin, pyridoxine,  and ethanol  decrease the level  of  phenobarbi ta l  

( increase metabol ism).  

6.  Primidone (Mysol ine)  

a.  Mechanism of action.  Pr imidone is  a metabol i te of  phenobarbi ta l  and 

phenylethylmalonamide (PEMA),  which has some ant iconvuls ive ef fects.  I t  has drug 

character is t ics s imi lar  to phenobarbi ta l ,  wi th some di f ferences in dose and hal f - l i fe .  

b. Administrat ion and dosage  (Table 45-7)  

(1)  Pr imidone has a short  hal f - l i fe  of  7 hr ,  which may require  three- t imes dai ly 

dosing.  

(2)  Pr imidone is  to lerated bet ter  i f  star ted at  50 mg at  n ight  for  3 days unt i l  the 

target  dai ly dose is  reached.  

7.  Ethosuximide (Zarontin)  

a.  Mechanism of action  

(1)  Ethosuximide may inhib i t  the sodium-potassium adenosine t r iphosphatase 

(Na
+
/K

+
 ATPase) system and the reduced form of  n icot inamide adenine dinucleot ide 

phosphate (NADPH) l inked aldehyde reductase (which is  necessary for  the format ion 

of  γ-hydroxybutyrate,  which is  associated wi th the induct ion of  absence seizures) .  

(2)  Ethosuximide reduces or  e l iminates the EEG abnormal i ty;  however,  absence 

seizures are the only seizures in which the normal  EEG has c l in ical  value ( i .e. ,  

when the EEG abnormal i ty is  corrected,  the seizures are a lso contro l led) .  

(3)  Ethosuximide is  a re lat ively benign ant iconvulsant  wi th minimum protein b inding.  

b. Administrat ion and dosage  (Table 45-7) .  Ethosuximide is  usual ly g iven oral ly in  

an in i t ia l  dose of  500 mg dai ly in adults and older children  and 250 mg dai ly in 

chi ldren ages 3-6 years.  The dose may be ra ised by 250 mg every week to a 

maximum of  1.5 g dai ly in adul ts .  

c.  Precautions and monitoring effects  

(1)  B lood dyscrasias have been repor ted,  making per iodic  b lood counts necessary.  

(2)  There have been repor ts  of  hepat ic  and renal  toxic i ty;  thus per iodic  renal  and 

l iver  funct ion moni tor ing is  necessary.  

(3)  Cases of  systemic lupus erythematosus have been repor ted.  

d. Adverse effects  



(1)  GI  effects  inc lude nausea and vomit ing.  Smal l  doses may lessen these ef fects.  

Ethosuximide should be taken wi th food i f  GI  upset  occurs.  

(2)  Hematopoiet ic effects  inc lude eosinophi l ia ,  granulocytopenia,  leukopenia,  and 

lupus.  

(3)  CNS effects  inc lude drowsiness,  b lurred v is ion,  fat igue,  lethargy,  h iccups,  and 

headaches.  Alcohol ic  beverages should be avoided wi th th is  medicat ion.  

(4)  Psychiatr ic-psychological  ef fects inc lude confusion and emot ional  instabi l i t y.  

(5)  Dermatological  effects include  prur i tus,  photosensi t iv i ty,  ur t icar ia,  and 

Stevens-Johnson syndrome.  

(6)  Genitourinary effects include  increased f requency of  ur inat ion,  vaginal  

b leeding,  renal  damage,  and hematur ia.  

(7)  Miscellaneous effects include  per iorb i ta l  edema and muscle weakness.  

Pat ients should a lso be advised of  the r isks of  exposure to sunl ight  and ul t rav io let  

l ight .  
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e.  Signif icant interact ions.  

(1)  Antiepi lept ic drugs,  such as carbamazepine,  decrease the level  of  

ethosuximide ( increases metabol ism).  

(2)  Valproic acid  increases the level  of  ethosuximide (decreases metabol ism).  

8.  Clonazepam (Klonopin)  

a.  Mechanism of action.  Clonazepam is  a potent  GABA-A agonist ,  but  i ts  ef f icacy 

decreases over  several  months of  t reatment .  

b. Administrat ion and dosage  

(1)  For adults,  c lonazepam is  an oral  agent  that  may be given in an in i t ia l  dose of  

1.5 mg dai ly d iv ided two or  three t imes.  The dose may be increased to a maximum 

of  20 mg dai ly.  

(2)  Chi ldren  should receive 0.01-0.03 mg dai ly in two or  three doses.  The dosage 

may be increased to a maximum of  0.2 mg/kg dai ly.  

c.  Precautions and monitoring effects  

(1)  Pat ients wi th psychoses,  acute narrow-angle g laucoma, and s igni f icant  l iver  

d isease should use th is  medic ine caut iously.  

(2)  Adverse effects  

(a)  CNS effects  inc lude drowsiness,  ataxia,  and behavior  d is turbances in chi ldren;  

these may be corrected by dose reduct ion.  

(b)  Respiratory effects  inc lude hypersal ivat ion and bronchia l  hypersecret ion.  

(c)  Miscellaneous effects  inc lude anemia,  leukopenia,  thrombocytopenia,  

respiratory depression,  anorexia,  and weight  loss.  

d. Signif icant interact ions  

(1)  Antiepi lept ic drugs,  such as phenytoin,  increase the level  of  c lonazepam 

(decrease metabol ism).  

(2)  Other drugs.  Clonazepam decreases the ef f icacy of  levodopa  and increases the 

serum level  of  digoxin.  

9.  Felbamate (Felbatol)  



a.  Mechanism of action.  A proposed mechanism of  act ion is  that  the drug interacts 

wi th g lyc ine modulatory s i te on N-methyl-D-aspartate (NMDA) receptors.  Blockade 

of  NMDA may contr ibute to neuroprotect ive ef fects of  fe lbamate.  Felbamate is  used 

as monotherapy or  adjunct ive therapy or  wi thout  secondary general izat ion in adul ts  

and general ized seizures associated wi th Lennox-Gastaut  syndrome in  chi ldren.  The 

U.S.  Food and Drug Adminis t rat ion (FDA) recommended that  use of  fe lbamate be 

rest r ic ted to only those pat ients who are ref ractory to other  medicat ions and in 

whom the r isk-benef i t  re lat ionship warrants i ts  use,  because of  severe 

hepatotox ic i ty.  

b. Administrat ion and dosage  (Table 45-7)  

(1)  Adults and children  > 14 years of  age 

(2)  Monotherapy,  in i t ia l ly 1.2 g in three to four doses dai ly.  The dosage may be 

increased in  600-mg increments every 2 weeks to 2.4 g dai ly based on c l in ical  

response and,  thereaf ter ,  3.6 g dai ly i f  necessary.  

(3)  Adjunct ive therapy,  1.2 g in three to four doses dai ly,  wi th reduct ion of  the 

dosage of  other  ant iepi lept ic  drugs by 20%-33%. The dosage of  fe lbamate may be 

increased in  increments of  1.2 g at  weekly intervals  to a maximum of  3.6 g dai ly.  

(4)  Convers ion to monotherapy in i t ia l ly 1.2 g dai ly in  three to four  doses,  wi th 

reduct ion of  the dosage of  other  ant iepi lept ic  drugs by 33% at  week 3.  The 

fe lbamate dosage may be increased to 3.6 g dai ly,  and other  ant iepi lept ic  drugs 

discont inued or  dosage fur ther reduced in s tepwise fashion.  

(5)  Chi ldren 2-14 years of  age wi th Lennox-Gastaut  syndrome,  as adjunct ive 

therapy,  in i t ia l ly 15 mg/kg dai ly in three to four  doses.  The dosage of  other  

ant iepi lept ic  drugs is  reduced by 20%. The amount  of  fe lbamate may be increased in 

increments of  15 mg/kg at  weekly in tervals  to 45 mg/kg dai ly.  Fur ther  reduct ion in 

the dosage of  other  ant iepi lept ic  drugs may be necessary.  

c.  Precaution and monitoring effects.  There are two very ser ious toxic  ef fects,  

aplast ic  anemia and l iver  fa i lure,  which lead to death for  some pat ients.  

(1)  For aplast ic  anemia,  the onset  range f rom 5 to 30 weeks of  in i t ia t ion of  therapy.  

Weekly or  b iweek ly CBCs are recommended in i t ia l ly.  

(2)  For l iver,  toxic i ty t ime between in i t ia t ion of  t reatment  and diagnosis of  these 

cases ranges f rom 14 to 257 days.  I t  is  recommended that  l iver  funct ion tests be 

per formed before in i t ia t ion of  therapy to ident i fy pat ients who have evidence of  

preexis t ing  
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l iver  damage.  L iver  funct ion tests should a lso be per formed week ly or  b iweek ly.  The 

FDA recommends that  th is  drug be used only in  pat ients who are ref ractory to other  

medicat ions and in whom the r isk-benef i t  re lat ionship warrants i ts use.  

(3)  Photoal lergy or  phototoxic i ty may occur ;  pat ients should take protect ive 

measures against  exposure to u l t rav io let  l ight  or  sunl ight .  

(4)  Inst ruct  pat ients to store medicat ion in i ts  own t ight ly c losed container  at  room 

temperature away f rom excessive heat ,  d i rect  sunl ight ,  and moisture.  

(5)  Adverse effects.  Contact  the physic ian i f  s igns of  infect ion (e.g. ,  b leeding or  

bruis ing)  occur .  



(a)  This  drug has the potent ia l  to cause aplast ic  anemia (bone marrow).  

(b)  The pat ient  should be moni tored for  these toxic i t ies by CBCs and l iver  funct ion 

tests weekly or  b iweekly unt i l  d iscont inuat ion of  any s ign of  these toxic i t ies occurs.  

(c)  CNS effects  are insomnia,  headache,  anxiety,  hyperact iv i ty,  and fat igue.  

(d)  Cardiovascular effects  are per ipheral  edema, vasodi lat ion,  hypotension,  and 

hypertension.  

(e)  Ocular  ef fects are d ip lopia and blurred v is ion.  

( f )  GI  effects  are anorexia,  weight  decrease,  and nausea.  

(g)  Hematological  effects  may inc lude lymphadenopathy,  leukopenia,  and 

thrombocytopenia.  

(h)  Metabolic/nutr i t ion effects  may inc lude hypokalemia and hyponatremia.  

d. Signif icant interact ions  

(1)  Felbamate and phenytoin.  Felbamate causes an increase in phenyto in p lasma 

concentrat ion.  Phenytoin doubles fe lbamate c learance,  resul t ing in 45% decrease in 

fe lbamate levels.  

(2)  Felbamate and carbamazepine.  Felbamate causes a decrease in 

carbamazepine levels and an increase in carbamazepine metabol i tes.  In addi t ion,  

carbamazepine causes a 50% increase in fe lbamate c learance,  resul t ing in a 40% 

decrease in s teady-state t rough levels.  

(3)  Felbamate and valproic acid.  Felbamate causes an increase in valproic  ac id 

levels ,  but  valproic  ac id does not  af fect  fe lbamate levels.  

(4)  Adverse effects.  S igns and symptoms associated wi th  increased plasma level  

and toxic i ty are anorexia,  nausea,  vomit ing,  insomnia,  and headache.  

10.  Gabapentin (Neurontin)  

a.  Mechanism of action.  I t  is  an analog of  GABA. I t  increases GABA turnover ,  but  i t  

does not  b ind to GABA or  any other  establ ished neurot ransmit ter  receptor .  I ts 

mechanism of  act ion is  current ly unknown,  a l though i t  b inds to a speci f ic  receptor  in 

the brain and inhib i ts  vol tage-dependent  sodium currents.  I t  has been shown to be 

ef fect ive as an add-on drug in pat ients wi th par t ia l  seizure wi th or  wi thout  

secondary general izat ion.  

b. Administrat ion and dosage  (Table 45-7)  

(1)  Pat ients > 12 years  receive 900 mg to 1.8 g dai ly,  admin is tered as adjunct ive 

therapy in three div ided doses.  T i t rat ing to an ef fect ive dose normal ly can be 

achieved wi th in 3 days by in i t ia t ing therapy wi th 300 mg and then increasing the 

dose in 300-mg increments over  the next  2 days to establ ish a dosage of  900 mg 

dai ly in three doses.  I f  necessary,  the dosage may be increased to 1.8 g dai ly.  To 

minimize potent ia l  s ide ef fects,  especia l ly somnolence,  d izz iness,  or  fat igue,  the 

f i rs t  dose on day 1 may be adminis tered at  bedt ime.  

(2)  Pat ients 3-12 years of  age should receive 10-15 mg/kg/day in 3 d iv ided doses up 

to 25-50 mg/kg/day.  

(3)  The drug is  pr imar i ly excreted renal ly;  therefore,  the dosage should be adjusted 

for  pat ients who have compromised renal  funct ion.  

(4)  The drug does not  b ind to p lasma prote in.  There are no s igni f icant  

pharmacokinet ic  interact ions wi th other  commonly used ant iepi lept ic  drugs.  



(5)  I f  gabapent in is  d iscont inued or  an al ternate ant iconvulsant  medicat ion is  added,  

i t  should be done gradual ly over  a minimum of  1 week.  

c.  Precautions and monitoring effects  

(1)  The value of  moni tor ing blood concentrat ion has not  been establ ished and would 

not  a l ter  b lood concentrat ion of  other  ant iepi lept ic  drugs when used together .  

(2)  I t  has a low leve l  of  toxic  s ide ef fects,  which inc lude somnolence,  d izz iness,  

ataxia,  and minimal  interact ion wi th other  drugs.  
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(3)  Gabapent in is  useful  in  pat ients who are tak ing other  medicat ions for  epi lepsy or  

other  chronic d iseases.  I t  may be especia l ly useful  for  e lder ly pat ients.  

(4)  Gabapent in is  wel l  absorbed ora l ly;  i t  can be taken wi th or  wi thout  food.  

However,  pat ients who have GI problems might  have problems wi th absorpt ion.  

(5)  Adverse effects.  Common s ide ef fects are somnolence,  d izz iness,  ataxia,  

fat igue,  weight  gain and nystagmus.  

(a)  CNS effects  are somnolence,  d izz iness,  ataxia,  and fat igue.  

(b)  GI  effects  inc lude dyspepsia,  dryness of  mouth,  const ipat ion,  and increased 

appet i te.  

(c)  Ocular effects  are d ip lopia,  b lurred v is ion,  and nystagmus.  

d. Signif icant interact ions  

(1)  Antacids and gabapentin.  Antac ids reduce the bioavai labi l i t y of  gabapent in by 

20%; gabapent in could be taken 2 hr  af ter  antacid use.  

(2)  Cimetidine and gabapentin.  Cimet id ine decreases the renal  excret ion of  

gabapent in by 14% and consequent ly increases gabapent in p lasma leve ls (however,  

th is  amount  is  not  c l in ical ly s ign i f icant) .  

(3)  Oral  contraceptives and gabapentin.  Oral  contracept ives increase the level  of  

noreth indrone by 13%; th is  amount  may not  be c l in ical ly s igni f icant .  

11.  Lamotrigine (Lamictal )  

a.  Mechanism of action.  I ts  ant iepi lept ic  ef fect  is  s imi lar  to that  of  phenytoin.  I ts  

ef fect  may be the resul t  of  inhib i t ion of  vol tage-dependent  sodium currents and 

reduct ion of  sustained repet i t ive neuronal  act iv i ty.  I t  is  indicated for  the t reatment  of  

par t ia l  seizures and secondary general ized tonic-c lonic  seizures that  are not  

contro l led wi th other  drugs.  I t  is  a lso used to t reat  Lennox-Gastaut  syndrome.  

Lamotr ig ine is  broad spectrum, as wel l  to lerated as monotherapy,  and probably the 

least  teratogenic of  the f i rs t - l ine agents.  I t  may aggravate severe myoclonic 

epi lepsy.  

b. Administrat ion and dosage  (Table 45-7)  

(1)  Adults  (>  16 years) ,  in i t ia l ly 50 mg/day in two div ided doses (pat ients tak ing 

valproic  ac id should be given 25 mg every other  day) ,  up to 100 mg/day (up to 25 

mg dai ly wi th valproic  ac id t reatment) .  

(2)  Chi ldren  2-12 years 0.6 mg/kg/day in two div ided dosed (0.15 mg/kg/day on 

valproic  ac id t reatment) ,  up to 1.2 mg/kg/day (up to 0.3 mg/kg/day wi th valproic  ac id 

t reatment) .  



(3)  The smal lest  avai lab le chewable d ispers ib le tablet  is  5 mg.  Then, af ter  2 weeks,  

increase by 0.3 mg/kg/day in one to two div ided doses,  up to 200 mg/day.  

(4)  Swal low chewable d ispers ib le tablet  whole,  chewed,  or  in d ispers ing water  or  

d i luted f ru i t  ju ice.  I f  chewed,  consume a smal l  amount  of  water  or  d i lute f ru i t  ju ice to 

a id in swal lowing.  To disperse,  add the chewable d ispers ib le tablet  to a smal l  

amount  of  l iquid (1 teaspoon or  enough to cover the medicat ion) .  Approximately 1 

min later ,  when the tablet  is  complete ly d ispersed,  swir l  the solut ion and consume 

the ent i re quant i ty immediate ly.  

(5)  For pat ients tak ing valproic  ac id,  the in i t ia l  dose is  50 mg dai ly for  2 weeks,  

fo l lowed by maintenance doses of  100-200 mg dai ly in two d iv ided doses.  

(6)  Reduced c learance in the elder ly necessi tates dosage reduct ion.  

(7)  Pat ients wi th hepat ic  impairment  may require  dosage reduct ion because of  

reduct ion in metabol ism.  

c.  Precautions and monitoring effects  

(1)  The value of  moni tor ing plasma concentrat ion has not  been establ ished.  

(2)  Caut ion should be used for  pat ients tak ing th is  drug.  I t  may adversely af fect  the 

pat ient 's  metabol ism or  compl icate the el iminat ion of  the drug because of  renal ,  

hepat ic ,  or  cardiac impai rment .  

(3)  Lamotr ig ine binds to melanin and can accumulate in  melanin-r ich t issue over  

t ime.  Per iodic  ophthalmological  moni tor ing is  recommended.  

(4)  Photosensi t izat ion (photoal lergy and phototoxic i ty)  pat ients should take 

protect ive measures against  exposure to u l t rav iolet  l ight  or  sunl ight .  

(5)  Ser ious rashes requir ing hospi ta l izat ion have been repor ted.  The inc idence of  

rashes,  inc luding Stevens-Johnson syndrome,  is  approximal ly 1% in pat ients < 16 

years o ld and 0.3% in adul ts .  Rare cases of  toxic  epidermal  necrolys is  or  rash-

re lated death have occurred.  Most  rashes occur  wi th in 2-8 weeks of  in i t ia l  

t reatment .  
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(6)  Adverse effects.  The most  common s ide ef fects are d izz iness,  d ip lopia,  ataxia,  

b lurred v is ion,  nausea,  dose-re lated rash and vomit ing.  

(a)  CNS effects  are headache,  d izz iness,  and ataxia t ics ( in chi ldren) .  

(b)  GI  effects  are nausea,  vomit ing,  d iarrhea,  and dyspepsia.  

(c)  Ocular effects  are d ip lopia,  b lurred v is ion,  and v is ion abnormal i ty.  

(d)  Dermatological  effects  are prur i tus,  and a rash may form s imi lar  to that  found 

when using phenytoin and carbamazepine.  In many cases,  the rash disappears 

dur ing cont inued therapy,  but  1%-2% of  pat ients wi th the rash represent  a more 

ser ious al lerg ic  react ion.  Occasional ly,  pat ients have developed the Stevens-

Johnson syndrome.  Concomitant  use wi th valproic  ac id may increase the l ike l ihood 

of  ser ious rash.  The occurrences of  l i fe- threatening rash that  were repor ted 

developed wi th in 2-8 weeks fo l lowing therapy;  other  cases of  rash have been 

repor ted developing up to 6 months af ter  therapy.  The inc idence of  rash is  h igher  in 

chi ldren than in adul ts .  

(e)  Monotherapy dur ing pregnancy found no teratogenic ef fect .  



d. Signif icant interact ions  

(1)  Carbamazepine decreases lamotr ig ine concentrat ion by 70% and increases 

carbamazepine levels.  

(2)  Phenobarbi ta l  or  pr imidone decreases lamotr ig ine concentrat ion by 40%. 

(3)  Valproic  ac id decreases the metabol ism of  lamotr ig ine and extends i ts  hal f - l i fe 

to 60 hr ,  which necessi tates a dose reduct ion.  

12.  Topiramate (Topamax)  

a.  Mechanism of action.  Topiramate is  a der ivat ive of  f ructose.  I t  decreases rapid 

h ippocampal  neuronal  f i r ing,  possib ly because of  sodium- or calc ium-channel  

inhib i t ion.  I t  is  a lso a weak carbonic anhydrase inhib i tor  and a sodium-channel  

b lock ing agent .  Topiramate potent iates the act iv i ty of  GABA. I t  has been shown to  

be ef fect ive adjunct ive therapy for  par t ia l  seizure t reatment in adul ts ,  tonic-c lonic  

seizure,  infant i le  spasms,  and Lennox-Gastaut  syndrome.  

b. Administrat ion and dosage  (Table 45-7)  

(1)  Adults  17 years and older ,  25-50 mg/day,  up to 400 mg/day in two div ided 

doses.  Children  2-16 years,  1-3 mg/kg/day,  up to 5-9 mg/kg/day in two div ided 

doses.  

(2)  Topiramate is  80% bioavai lable,  and food does not  af fect  i ts  b ioavai labi l i t y.  

(3)  Dose adjustment  is necessary for  pat ients wi th renal  or  hepat ic  impairments.  

(4)  Enzyme- inducing ant iconvuls ive drugs can decrease topi ramate levels,  but  

topi ramate has a s igni f icant  ef fect  on metabol ism of  other  ant iconvuls ive drugs.  

(5)  In i t ia l  t reatment  is  50 mg dai ly,  fo l lowed by t i t rat ion to an ef fect ive dosage.  More 

than 400 mg dai ly has not  been shown to improve response.  

c.  Precaution and monitoring effects  

(1)  Increased inc idence of  k idney stones ( renal  calculus)  in o lder  pat ients who 

received th is  drug.  Pat ients should be advised to increase intake of  f lu ids whi le 

tak ing topi ramate.  

(2)  Paresthesia is  a common s ide ef fect  of  anhydrase inhib i tors.  

(3)  Adverse effects  

(a)  The physic ian should be not i f ied i f  any of  the fo l lowing adverse ef fects occur:  

( i )  Breast  pain in females 

( i i )  Nausea or  t remor,  which are dose-re lated s ide ef fects.  

( i i i )  Back pain,  chest  pain,  dyspepsia,  or  leg pain 

(b)  CNS effects  most ly seen in 600 mg/day dose inc lude psychomotor  s lowing,  

d i f f icu l ty wi th concentrat ion and speech,  somnolence,  fat igue,  asthenia,  weight  loss,  

cogni t ive d is turbances and di f f icu l t ies,  t remors,  d izz iness,  ataxia,  and headache.  

(c)  GI  effects  inc lude upset ,  such as nausea,  vomit ing,  and gastroenter i t is .  

(d)  Genitourinary effects  inc lude renal  calcul i  nephro.  

(e)  Cardiovascular effects  inc lude chest  pain,  palp i tat ion,  and vasodi lat ion.  

( f )  Ocular effects  inc lude abnormal  v is ion,  eye pain,  d ip lopia,  and open angle 

g laucoma. 

(g)  Hematological  effects  inc lude anemia,  epis taxis ,  leukopenia,  and aplast ic  

anemia.  

(h)  Other:  metabol icac idosis ,  hypohidrosis  ( in chi ldren)  
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d. Signif icant interact ions  

(1)  Phenytoin and carbamazepine wi l l  increase c learance.  

(2)  Topiramate increases the c learance of  other drugs that  are c leared by 

cytochrome P450.  

13.  Tiagabine (Gabitr i l )  

a.  Mechanism of action.  T iagabine is  designed to act  on the inhib i tory act ion of  

GABA by block ing i ts  uptake,  thereby prolonging i ts  act ion af ter  synapt ic  re lease.  I t  

is  indicated as adjunct ive therapy for  par t ia l  seizures and secondary general ized 

tonic-c lonic  seizures.  

b. Administrat ion and dosage  (Table 45-7)  

(1)  Start ing dose of  4 mg dai ly for  2 weeks may be increased 4-8 mg weekly 

thereaf ter ,  to a maintenance dose of  32-56 mg dai ly.  

(2)  Maximum recommended dosage for  chi ldren  is  32 mg dai ly;  maximum 

recommended dosage for  adults  is  56 mg dai ly.  

(3)  A h igh- fat  meal  decreases the rate of  t iagabine absorpt ion but  does not  af fect  

the extension of  absorpt ion.  T iagabine should be taken wi th food.  

c.  Precautions and monitoring effects  

(1)  Moderately severe to severe general ized weakness  has been repor ted.  I t  

resolves in a l l  cases af ter  reduct ion in dose or  d iscont inuat ion of  therapy.  

(2)  Ophthalmic effects,  as indicated by animal  s tudies,  inc lude the possib i l i t y for  

res idual  b inding to ret ina and melanin b inding;  th is  f inding,  however,  has not  been 

conf i rmed in human studies.  Per iodic  ophthalmological  moni tor ing is  necessary.  

(3)  Dermatological  effects  inc lude the possib i l i t y of  severe rash to Stevens-

Johnson syndrome,  as repor ted in c l in ical  s tudies.  

(4)  Adverse effects  

(a)  CNS effects  are confusion,  d izz iness,  and fat igue.  

(b)  GI  effects  are upset s tomach, nausea,  mouth u lcerat ion,  and anorexia.  

d. Signif icant interact ions.  Phenobarbi ta l ,  phenytoin,  and carbamazepine wi l l  

increase t iagabine c learance.  

14.  Zonisamide (Zonegran)  

a.  Mechanism of action.  I t  is  not  wel l  known.  I t  may block the sensi t ive sodium 

channels and T-type calc ium channels.  I t  is  an ef fect ive agent  for  ref ractory par t ia l  

seizure,  general ized seizure indicated for  adjunct  therapy for  par t ia l  seizure for  

adul ts ,  in fant i le  spasm, mixed seizure types of  Lennox-Gastaut  syndrome,  

myoclon ic,  and general ized tonic-c lonic  seizure.  

b. Administrat ion and dosage  (Table 45-7)  

(1)  Adults and children  > 16 years of  age,  100 mg dai ly;  wi th in 2 weeks,  increase 

to 200 mg/dai ly in 2-week bases,  up to 600 mg dai ly.  

(2)  Can be taken wi th or  wi thout  food.  

c.  Precautions and monitoring effects  

(1)  May increase mean concentrat ion of  serum creat in ine and blood,  urea,  n i t rogen;  

renal  funct ion should be moni tored per iodical ly.  

(2)  May increase serum alkal ine phosphatase.  



(3)  May produce drowsiness.  

(4)  Side effects.  The physic ian should be contacted i f  sudden pain or  abdominal  

pain occurs or  i f  b lood in ur ine is  detected;  these symptoms could indicate a kidney 

stone.  Increase f lu id intake to decrease the r isk of  s tone format ion.  Also,  contact  

the physic ian i f  fever ,  sore throat ,  ora l  u lcer ,  or  easy bruis ing is  seen;  these 

symptoms could be the resul t  of  a hematological  complicat ion.  

(5)  Most  commonly repor ted adverse events are somnolence,  anorexia,  dizziness,  

headache,  nausea,  al lergic react ions, agitat ion,  and weight loss.  

(a)  CNS effects  are ataxia,  confus ion,  t remor,  and abnormal  th ink ing.  

(b)  Cardiovascular effects  are palp i tat ion,  tachycardia,  and vascular  insuf f ic iency.  

(c)  Dermatologic effects  are maculopapular  rash,  acne alopecia,  and 

photosensi t iv i ty.  

(d)  Other effects  are b ladder calculus,  leukopenia,  and hypohidrosis  (chi ldren) .  

d. Signif icant interact ions  

(1)  Zonisamide induces l iver enzymes  by increasing metabol ism and through 

c learance of  zonisamide and decreases hal f - l i fe .  

(2)  Food  wi l l  delay absorpt ion but  wi l l  not  af fect  the bioavai labi l i t y of  the drug.  
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15.  Levetiracetam (Keppra)  

a.  Mechanism of action.  I t  is  a pyr ro l idone der ivat ive and is  chemical ly unrelated 

to other  ant iepi lept ic  drugs.  I t  d isplays inhib i tory proper t ies in the k indl ing model  in 

rats .  I t  is  used as adjunct ive therapy in the t reatment  of  part ia l  seizure in adul t  

pat ients.  

b. Administrat ion and dosage  (Table 45-7) .  Star t ing dose of  1000 mg/day given in 

two div ided doses may be increased every 2 weeks,  to a maximum of  3000 mg/day.  

c.  Precautions and monitoring effects  

(1)  Hematological  effects  are minor ,  but  there is  a stat is t ical ly s ign i f icant  decrease 

compared to p lacebo in tota l  mean RBC count ,  mean hemoglobul in,  and mean 

hematocr i t .  

(2)  Decrease in WBC count  and neurophi l  count  

(3)  I t  a lso causes drowsiness.  

(4)  Side effects.  Most  commonly repor ted adverse events are somnolence,  

weakness (asthenia),  infect ion,  and dizziness.  

(a)  CNS effects  are somnolence,  d izz iness,  depression,  and nervousness.  

(b)  Cardiovascular effects  are palp i tat ion,  tachycardia,  and vascular  insuf f ic iency.  

(c)  Respiratory effects  are pharyngi t is ,  rh in i t is ,  and increased cough.  

(d)  Miscel laneous effects  are weakness,  headache,  and infect ion.  

e.  Signif icant interact ions.  Levet i racetam does not  inf luence the plasma 

concentrat ion  of  exis t ing ant iepi lept ic  drugs,  and other  antiepi lept ic drugs  do not  

inf luence the pharmacokinet ic  ef fects of  levet i racetam. 

16.  Oxcarbazepine (Tri leptal )  

a.  Mechanism of action.  This  drug produces blockade of  vol tage-sensi t ive sodium 

channels,  resul t ing in s tabi l izat ion of  hyperexci ted neural  membranes,  inhib i t ion of  



repet i t ive neuronal  f i r ing,  and diminut ion of  propagat ion of  synapt ic  impulses.  These 

act ions are thought  to be important  in the prevent ion of  seizure spread in the intact  

brain.  In addi t ion,  increased potassium conductance and modulat ion of  h igh-vol tage 

act ivated calc ium channels may contr ibute to the ant iconvulsant  ef fects of  the drug.  

b. Administrat ion and dosage  (Table 45-7)  

(1)  Chi ldren  4-16 years,  8-10 mg/kg/day to 600 mg/day as adjunct ive therapy and 8-

10mg/kgday as monotherapy.  

(2)  Adults,  600mg/day as adjunct ive therapy and 1200mg/day as monotherapy.  A 

dosage adjustment  is needed for  pat ients wi th renal  fa i lure;  no dosage adjustment  is 

needed for  pat ients wi th mi ld to moderate hepat ic  impairment .  

(3)  Can be taken wi th or  wi thout  food.  

c.  Precaution and monitoring effects  

(1)  Cl in ical ly s igni f icant  hyponatremia  (sodium < 125 mmol/L)  can develop dur ing 

therapy.  

(2)  Side effects  

(a)  Use of  th is  product  have been associated wi th CNS effects  such as cogni t ive 

symptoms (psychomotor  s lowing,  d i f f icu l t  concentrat ing) .  

(b)  May reduce the ef f icacy of  oral  contracept ive.  

(3)  Adverse effects  

(a)  CNS effects  are d izz iness,  somnolence,  headache,  ataxia,  fat igue,  and ver t igo.  

(b)  GI  effects  are vomit ing,  nausea,  and abdominal  pain.  

(c)  Neuromuscular and skeletal  effects are  abnormal  gai t  and t remor.  

(d)  Ocular effects  are Dip lopia,  nystagmus,  and abnormal  v is ion.  

(e)  Endocrine and metabolic effects  common in e lder ly inc lude hyponatremia ( low 

level  of  sodium in the blood) .  

( f )  Dermatologic:  rash.  

d. Signif icant interact ions  

(1)  Oxcarbazepine inhib i ts  cytochrome P450 2C19  and induces cytochrome P450 

3A4/5  wi th potent ia l ly important  ef fects on plasma concentrat ions of  other  drugs.  

(2)  Serum concentrat ions of  phenytoin  and phenobarbital  are increased.  

(3)  I t  decreases oral  contraceptive  ef fects,  benzodiazepine,  and calc ium channel  

b lockers.  

(4)  Cross-sensi t iv i ty wi th  carbamazepine  (25%-30%).  

17.  Less common drugs  are l is ted in Table 45-8.  
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Table 45-8. Less Common Drugs Used in Practice 



Drug 

Labeled 

Indication 

Half-Life 

(hr) 

Total 

Plasma 

Concentr

ation 

(mg/L) 

Therape

utic 

Range of 

Adult 

Dose 

(mg/day

) 

Usual 

Mode of 

Eliminat

ion 

Major 

Protei

n 

Bindin

g 

Level 

Mephoba

rbital 

• Grand 

mal 

• Petit 

mal 

• Gets 

conve

rted to 

pheno

barbit

al 

• Indica

ted 

when 

pheno

barbit

al 

must 

be 

decrea

sed 

becau

se of 

excess

ive 

drows

iness 

• Hyper

excita

bility 

• Mood 

distur

bance

s 

11-67 n/a 400

-

600 

Liv

er 

4

0-

6

0 

Mepheny

toin 

• Tonic-

clonic 

• Psych

95 

(activ

e 

n/a 200

-

600 

Liv

er > 

rena

9

0 



omoto

r 

• Status 

epilep

ticus 

• Used 

with 

pheny

toin; 

togeth

er 

more 

sedati

ve 

compa

red to 

pheny

toin 

alone 

metab

olite) 

l 

Ethotoin • Tonic-

clonic 

• Psych

omoto

r 

• Used 

as 

secon

d-line 

therap

y; less 

toxic 

and 

less 

effecti

ve 

than 

pheny

toin 

(alone 

or 

combi

ned) 

3-9
a
 15-50 200

0-

300

0 

Liv

er 

N

/

A 



Methsuxi

mide 

• Absen

ce 

• Does 

not 

precip

itate 

tonic-

clonic 

(comp

ared 

to 

other 

succin

imides

) 

2-40
b
 n/a 120

0 

Liv

er 

n/

a 

Phensuxi

mide 

• Absen

ce 

• Less 

toxic 

and 

less 

effecti

ve 

compa

red to 

other 

succin

imides 

8
b
 n/a 100

0-

300

0 

Uri

ne, 

bile 

n/

a 

Parameth

adione
c
 

• Absen

ce 

• Useful 

when 

other 

seizur

es 

exist 

with 

absen

ce 

seizur

e 

n/a n/a 900

-

240

0 

Liv

er > 

rena

l 

n/

a 



• Note: 

Do 

not 

use 

with 

mephe

nytoin 

Trimetha

dione
c
 

• Absen

ce 

• Useful 

when 

other 

seizur

es 

exist 

with 

absen

ce 

seizur

e 

• Note: 

Do 

not 

use 

with 

mephe

nytoin 

6-13 

days 

≥ 700 900

-

240

0 

Liv

er 

0 

Pregabali

n 

• Simpl

e 

partial 

seizur

e 

6 n/a 150

-

600 

Ren

al 

0 

a 
At high doses, nonlinear kinetic like phenytoin. 

 
b 
Active metabolite. 

 
c 
Possible fetal malformation if used during pregnancy. 
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18.  Vagus nerve st imulat ion (VNS)  

a.  I t  is  used as adjunct ive therapy for  adul ts  and chi ldren >r  12 years of  age whose 

par t ia l  seizures are refractory to ant iepi lept ic  medicat ions.  

b.  A programmable s ignal  generator  that  is  implanted in the pat ient 's  lef t  upper 

chest  has a b ipolar  VNS lead that  connects the generator  to the lef t  vagus nerve in 

the neck,  a programming wand that  uses radio- f requency s ignals to communicate 

noninvasively wi th the generator ,  and handheld magnets used by the pat ient  or  

caregiver  to manual ly turn the st imulator  on or  of f .  

c.  The implantat ion procedure usual ly lasts 1 hr  under general  anesthesia.  Once 

programmed,  the generator  wi l l  del iver  intermi t tent  s t imulat ion at  the desired set t ing 

unt i l  any addi t ional  programming is  entered.  

C. Surgery.  I f  seizures do not  respond to drug therapy,  surgery may be per formed 

to remove the epi leptogenic brain region.  The most  common is  cor t ical  exc is ion 

( lobectomy).  Between 70% and 80% of  pat ients who have anter ior  temporal  

lobectomy have fewer seizures.  Between 30% and 40% pat ients who have f rontal  

lobectomy have fewer seizures.  

1.  Indicat ions  for  surgery are int ractable or  d isabl ing seizures recurr ing for  6-12 

months.  Should be considered for  pat ients wi th medical ly re f ractory seizures.  

2.  In stereotaxic surgery,  the surgeon uses three-dimensional  coordinates to guide 

a needle through a hole dr i l led in the skul l ,  then destroys abnormal  pathways v ia 

smal l  in t racerebral  inc is ions.  

3.  Other surgical  approaches  inc lude temporal  lobe resect ion,  removal  of  the 

temporal  lobe t ip,  and cerebral  hemispherectomy.  

III. Complications 

A. Convulsive status epilepticus.  This d isorder  is  character ized by rapid repet i t ion 

of  general ized tonic-c lonic  seizures wi th no recovery of  consciousness between 

seizures.  This l i fe- threatening condi t ion may pers is t  for  hours or  even days;  i f  i t  

lasts  longer than 1 hr ,  severe permanent  brain damage may resul t .  

1.  Causes  of  status epi lept icus inc lude poor  therapeut ic  compl iance,  int racrania l  

in fect ion or  neoplasm, a lcohol  wi thdrawal ,  drug overdose,  and metabol ic  imbalance.  

2.  Management  

a.  A patent  a i rway must  be mainta ined.  

b.  I f  the cause of  the condi t ion is  unknown,  dext rose 50% in water  (25-30 mL) is  

g iven v ia IV in case hypoglycemia is  the cause.  

c.  I f  the seizures pers is t ,  diazepam  (10 mg) is adminis tered v ia IV at  a rate not  

exceeding 2 mg/min unt i l  the seizures stop or 20 mg has been given.  

d. Phenytoin or fosphenytoin  is  then adminis tered v ia IV no faster  than 50 mg/min 

to a maximum dose of  11-18 mg/kg.  Blood pressure is  moni tored to detect  

hypotension.  

e.  I f  these measures do not  s top the seizures,  one of  the fo l lowing drugs is  g iven.  

(1)  Diazepam  is  g iven as an IV dr ip of  50-100 mg di luted in 500 mL dext rose 5% in 

water ,  in fused at  40 mL/hr  unt i l  the seizures stop.  



(2)  Phenobarbital  is  g iven as an IV infus ion of  8-20 mg/kg no faster than 100 

mg/min.  

f .  I f  seizures cont inue despi te these measures,  one of  the fo l lowing steps is  then 

taken.  

(1)  Paraldehyde  is  g iven v ia IV in a dosage of  0.10-0.15 mL/kg di luted to a 4% 

solut ion in normal  sal ine solut ion.  

(2)  Lidocaine  is  g iven in an IV loading dose of  50-100 mg,  fo l lowed by an infus ion 

of  1-2 mg/min.  

(3)  General  anesthesia  is  induced wi th vent i la tory assis tance and neuromuscular  

junct ion blockade.  

B. Nonconvulsive status epilepticus.  This condi t ion presents as repeated absence 

seizures or  complex par t ia l  seizures.  The pat ient 's  mental  state f luctuates;  

confus ion,  impaired responses,  and automat isms are prominent .  In i t ial  

management  typical ly involves int ravenous diazepam. Complex par t ia l  s tatus 

epi lept icus may also necessi tate adminis t rat ion of  such drugs as phenytoin or  

phenobarbi ta l .  
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IV. Seizure Disorder and Pregnancy 

A. Epidemiology.  About  0.5% of  a l l  pregnancies occur  in women wi th epi lepsy.  

B. Preconception counsel ing.  The r isks for  mother  and fetus should be discussed,  

inc luding the r isks of  feta l  mal format ion associated wi th ant iepi lept ic  drugs and 

other  genet ic  factors.  

C. Drug therapy  

1.  I f  the pat ient  is  seizure f ree for  at  least  2 years,  wi thdrawal  of  the drug should be 

considered.  I f  ant iepi lept ic  drug therapy is  necessary,  a swi tch to monotherapy 

should be made i f  possib le.  

2.  F ive ant iepi lept ic  medicat ions have been used or  studied in pregnant  pat ients:  

carbamazepine,  phenobarbi ta l ,  phenytoin,  pr imidone,  and valproic  ac id.  

Monotherapy of  lamotr ig ine dur ing pregnancy found no teratogenic ef fect .  

Congeni ta l  mal format ions associated wi th these drugs inc lude craniofac ia l  

abnormal i t ies,  cardiac defects,  and neuronal  tube defects.  Most  of  the studies d id 

not  consider  paternal  genet ic  factors,  envi ronmental  factors,  drug dosing,  or  

combinat ion therapy.  

3.  Ant iepi lept ic  drugs inter fere wi th fo late metabol ism.  Adminis t rat ion of  fo l ic  ac id,  4 

mg dai ly,  and mul t iv i tamins decreases the r isk of  mal format ion,  especia l ly of  the 

neuronal  tube.  

4.  V i tamin K,  10 mg per day for  the last  1-2 months of  gestat ion,  wi l l  help prevent  

neonatal  hemorrhage,  especia l ly in cases of  phenyto in or  phenobarbi ta l  use.  

5.  Seizure disorder  and oral  contracept ives.  Gabapent in,  lamotr ig ine,  levet i racetam, 

ethosuximide,  valproate,  zonisamide and t iagabine do not  af fect  the ef f icacy of  oral  

contracept ives.  



6.  Seizure disorder  and the elder ly populat ion.  The new generat ion of  ant iepi lept ic  

drugs such as levet i racetam and gabapent in may be more useful  owing to low levels  

of  prote in b inding and safer  s ide ef fects.  Also,  the newer agents have less potent ia l  

for  drug interact ions than agents e l iminated f rom the l iver.  

D. Monitoring  

1.  Free serum ant iepi lept ic  drug levels should be moni tored monthly,  immediate ly 

before the next  dose;  and the dose should be adjusted to the lowest  dose provid ing 

adequate contro l .  

2.  Serum α- fetoprote in levels  should be checked,  and ul t rasonography should be 

per formed at  16 weeks of  gestat ion to evaluate for  feta l  neuronal  tube defects.  An 

al ternat ive to these tests is  amniocentesis ,  especia l ly i f  the mother  is tak ing 

valproate or  carbamazepine.  

3.  Comprehensive ul t rasonography should be per formed at  18 and 22 weeks of  

gestat ion for  pat ients tak ing ant iepi lept ic  drugs that  cause cardiac anomal ies.  

4.  Int rapar tum plans should inc lude IV adminis t rat ion of  a shor t -act ing 

benzodiazepine.  I f  there is  concern about  feta l  or  maternal  respiratory depression,  

adminis ter ing int ravenous phenytoin or  int ramuscular  phenobarbi ta l  should be 

considered.  Clot t ing studies should be per formed,  and 1 mg v i tamin K should be 

given to the infant .  Nurses and phys ic ians should be aler ted for  possib le 

hemorrhage of  the infant  and appr ised that  the infant  may exper ience ant iepi lept ic  

drug wi thdrawal .  
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STUDY QUESTIONS 

Direct ions:  Each of  the quest ions,  statements,  or  incomplete s tatements in th is  

sect ion can be correct ly answered or  completed by one  of  the suggested answers or  

phrases.  Choose the best  answer.  

1.  Phenytoin is effect ive for the treatment of al l  of the fol lowing types of 

seizures except  

(A)  general ized tonic-c lonic .  

(B)  s imple par t ia l .  

(C)  complex par t ia l .  

(D)  absence.  

(E)  grand mal .  

View Answer1.  The answer is D[see] .2.  Which of  the fol lowing 

anticonvulsants is contraindicated in pat ients with a history of  hypersensit ivi ty 

to tricycl ic ant idepressants? 

(A)  phenytoin 

(B)  ethosuximide 

(C) acetazolamide 

(D) carbamazepine 

(E)  phenobarbi ta l  



View Answer2.  The answer is D[see] .3.  Which anticonvulsive drug 

requires therapeutic monitoring of phenobarbital  serum levels as wel l  as i ts 

own serum level? 

(A)  phenytoin 

(B)  pr imidone 

(C) c lonazepam 

(D) ethotoin 

(E)  carbamazepine 

View Answer3.  The answer is B[seeand] .4.  Which anticonvulsive drug 

treatment has a higher incidence of  kidney stones? 

(A)  phenytoin 

(B)  carbamazepine 

(C) topi ramate 

(D) t iagabine 

View Answer4.  The answer is C[see5.  What are the most common adverse 

effects of  ant iconvulsive drugs? 

(A)  headache and dizz iness 

(B)  gast ro intest inal  symptoms 

(C) a l ternat ion of  cogni t ion and mentat ion 

(D) adverse ef fects on appet i te and body weight  

(E)  a l l  of  the above 

View Answer5.  The answer is E[see-9]6. Which antiepi lept ic drug has the 

least  effect  on the eff icacy of  oral  contraceptives? 

(A)  phenytoin 

(B)  t iagabine 

(C) gabapent in 

(D)  lamotr ig ine 

(E)  C and D 

View Answer6.  The answer is E[see7.  Which of  the fol lowing drugs could 

cause hyponatremia? 

(A)  carbamazepine 

(B)  phenytoin 

(C)  oxcarbazepine 

(D) fe lbamate 

(E)  topi ramate 

(F)  A,  C,  and D 

View Answer7.  The answer is F[see] .P.1009 

 

 

ANSWERS AND EXPLANATIONS 

1.  The answer is D  [see  I .B.2.c. (1) ] .  

Phenytoin (d iphenylhydantoin)  is  the most  commonly prescr ibed hydantoin for  

seizure d isorders.  I t  is  one of  the preferred drugs for  general ized tonic-c lonic  (grand 



mal)  seizures and for  par t ia l  seizures,  both s imple and complex.  However,  phenytoin  

is  not  ef fect ive for  absence (pet i t  mal)  seizures.  

2.  The answer is D  [see  I I .B.1.c. (2) ] .  

Carbamazepine is  s t ructural ly re lated to the t r icyc l ic  ant idepressants (e.g. ,  

amit r iptyl ine,  desipramine,  imipramine,  nor t r iptyl ine,  prot r ipty l ine)  and should not  be 

adminis tered to pat ients wi th hypersensi t iv i ty to any of  the t r icyc l ic  ant idepressants.  

3.  The answer is B  [see  I I .B.5 and  6 ] .  

Pr imidone's ant iseizure act iv i ty may be par t ly at t r ibutable to phenobarbi ta l .  In 

pat ients receiv ing pr imidone,  serum levels of  both pr imidone and phenobarbi ta l  

should be measured.  

4.  The answer is C  [see  I I .B.12]  

There is  a higher  inc idence of  k idney stones ( renal  calculus)  wi th topi ramate 

adminis t rat ion.  

5.  The answer is E  [see  I .B.1,  2 -9]  

A l ternat ion in cogni t ion and mentat ion,  gast ro intest inal  symptoms,  appet i te and 

body weight ,  and headache and dizz iness are a l l  common adverse ef fects of  

ant iconvuls ive drugs.  

6.  The answer is E  [see  IV.C.5]  

Gabapent in and lamotr ig ine do not  increase the metabol ism of  oral  contracept ives to 

a c l in ical ly s igni f icant  level ;  therefore,  they could be used wi th oral  contracept ives.  

7.  The answer is F  [see  I I .B.1;  I I .B.9;  I I .B.16 ] .  

Carbamazepine,  oxcarbazepine,  and fe lbamate al l  cause hyponatremia.  

 



46 
Parkinson Disease 
Azita Razzaghi  

I. DISEASE STATE AND PATHOLOGY 

A. Defini t ion.  Park inson disease is  a s lowly progressive degenerat ive neurolog ical  

d isease character ized by t remor,  r ig id i ty,  bradyk inesia (s luggish neuromuscular  

responsiveness) ,  and postural  instabi l i t y.  Park inson disease was f i rs t  descr ibed by 

Dr.  James Park inson in 1817 as “shaking palsy. ”  

B. Incidence  

1.  I t  has a prevalence of  1-2 per  1000 of  the general  populat ion and 2 per  100 

among people >65 years.  

2.  Onset general ly occurs between age 50 and 65;  i t  usual ly occurs in the 60s.  

C. Pathogenesis.  Park inson disease is  a neurodegenerat ive d isease associated 

wi th depigmentat ion of the substantia nigra  and the loss of  dopaminergic input 

to the basal ganglia  (ext rapyramidal  system);  i t  is  character ized by d is t inct ive 

motor disabil i ty.  The basal  gangl ia  are responsib le for  in i t ia t ing,  sequencing,  and 

modulat ing motor  act iv i ty.  

1.  In heal thy indiv iduals,  dopamine is  produced by neurons that  pro ject  f rom the 

substant ia n igra to the neostr iatum (which inc lude caudate and putamen) and globus 

pal l idus.  In these areas,  dopamine acts as an inhib i tory neurot ransmit ter .  

2.  Lewy bodies are widespread but  occur  especia l ly in  the basal  gangl ia ,  bra instem, 

spinal  cord,  and sympathet ic  gangl ia.  

3.  In Park inson disease,  the loss of  dopamine-producing neurons in the substant ia 

n igra resul ts  in an imbalance between dopamine,  an inhib i tory neurot ransmit ter ,  and 

the exci tatory neurot ransmit ter  acetylchol ine.  Al terat ions in the concentrat ions of  

other  neurot ransmit ters,  such as norepinephr ine,  serotonin,  and γ-aminobutyr ic  ac id 

(GABA),  are a lso involved in the pathophysio logy of  Park inson disease (F igure 46-

1) .  

D. Cause.  Several  forms of  Park inson disease have been recognized.  

1.  Primary ( idiopathic)  Parkinson disease  

a.  This is  a lso cal led c lass ic  Park inson disease or  paralysis agitans.  

b.  The cause is  unknown;  and whi le  t reatment may be pal l ia t ive,  the disease is  

incurable.  

c.  Most  pat ients suf fer  f rom th is  type of  park insonism. 

d. Hypotheses of  neuronal loss  in  id iopathic  Park inson disease are as fo l lows:  

(1)  Absorption of  highly potent neurotoxins (environmental) ,  such as carbon 

monoxide,  manganese,  solvents,  and N -methyl -4-phenyl-1,2,3,6- tet rahydropyr id ine 

(MPTP),  which is  a product  of  improper synthesis  of  a synthet ic  heroin- l ike 

compound.  Exposure to  these agents,  a lone or  in combinat ion wi th the neuronal  loss 

of  age,  may be the cause of  Park inson disease.  

(2)  Exposure to the free radicals.  Normal ly,  dopamine is  catabol ized by 

monoamine oxidase (MAO).  Hydrogen peroxide and product ion of  f ree radicals—

both toxic  to cel ls—are products of  catabol ism.  Protect ive mechanisms,  enzymes,  

and f ree radical  scavengers,  such as v i tamins E and C,  protect  cel ls  f rom damage.  



I t  is  proposed that  e i ther a decrease in these protect ive mechanisms or  an increase 

in the product ion of  dopamine causes a dest ruct ion of  the neurons by f ree radicals .  

e.  Genet ics factors:  Genes that  l ink to Park inson disease such as a lpha-synucle in 

and Park in are fur ther  being studied in t reatment  and diagnosis of  Park inson 

disease.  

2.  Secondary parkinsonism—from a known cause  

a.  Only a smal l  percentage of  cases are secondary,  and many of  these are curable.  

b.  Secondary park insonism may be caused by drugs,  inc luding dopamine 

antagonists ,  such as the fo l lowing:  
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Figure 46-1. Extrapyramidal system involved in 

Parkinson disease. (Reprinted with permission 

from Netter F. Ciba Collection of Medical 

Illustrations. West Caldwell, NJ: Ciba Geigy 

Pharmaceuticals, 1983:69.) 
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(1)  Phenothiaz ines (e.g. ,  chlorpromazine,  perphenazine)  

(2)  Butyrophenones (e.g. ,  haloper idol )  

(3)  Reserpine 

c.  Poisoning by chemicals or  toxins may be the cause;  these inc lude 

(1)  Carbon monoxide poisoning 

(2)  Heavy-metal  poisoning,  such as that  by manganese or  mercury 

(3)  MPTP, a commercia l  compound used in organic synthesis  and found (as a s ide 

product)  in  an i l legal  meper id ine analog 

d.  Infect ious causes inc lude 

(1)  Encephal i t is  (v i ra l )  

(2)  Syphi l is  

e.  Other  causes inc lude 

(1)  Arter iosc leros is  



(2)  Degenerat ive d iseases of  the centra l  nervous system (CNS),  such as 

progressive supranuclear  palsy 

(3)  Metabol ic  d isorders,  such as Wi lson disease 

E. Signs and symptoms  

1.  Tremor  

a.  Tremor may be the in i t ia l  complaint  in  some pat ients.  I t  is  most ev ident  at  rest  

(rest ing tremor )  and wi th low-f requency movement .  When the thumb and foref inger  

are involved,  i t  is  known as the pil l -rol l ing tremor.  Before pi l ls  were made by 

machine,  pharmacists  made tablets (p i l ls )  by hand,  hence the name (F igure 46-2) .  

b.  Some pat ients exper ience action tremor  (most  ev ident  dur ing act iv i ty) ,  which 

can exis t  wi th or  before the rest ing t remor develops.  

2.  Limb rigidi ty  is  present  in a lmost  a l l  pat ients.  I t  is  detected c l in ical ly  when the 

arm responds wi th a ratchet- l ike ( i .e. ,  cogwheel ing)  movement  when the l imb is  

moved passively.  This is owing to a t remor that  is  super imposed on the r ig id i ty.  

3.  Akinesia or bradykinesia.  Ak inesia is  character ized by d i f f icu l ty in in i t ia t ing 

movements,  and bradykinesia is  a s lowness in per forming common voluntary 

movements,  inc luding  
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s tanding,  walk ing,  eat ing,  wr i t ing,  and ta lk ing.  The l ines of  the pat ient 's  face are 

smooth,  and the expression is  f ixed (masked face )  wi th l i t t le  ev idence of  

spontaneous emot ional  responses (F igure 46-3) .  

 

Figure 46-2. Resting (or static) tremors. 

(Adapted from Bates B. A Guide to Physical 

Examination and History Taking. 5th ed. 

Philadelphia: Lippincott, 1991:197.) 



 

Figure 46-3. Masked face of Parkinson disease. 

(Adapted from Bates B. A Guide to Physical 

Examination and History Taking. 5th ed. 

Philadelphia: Lippincott, 1991:197.) 

4.  Gait  and postural  di ff icult ies.  Character is t ical ly,  pat ients walk wi th a stooped,  

f lexed posture;  a short ,  shuf f l ing st r ide;  and a d iminished arm swing in rhythm wi th 

the legs.  There may be a tendency to accelerate or  fest inate (F igure 46-4) .  

5.  Changes in mental  status.  Mental  s tatus changes,  inc luding depression (50%),  

dement ia (25%),  and psychosis,  are associated wi th the disease and may be 

precip i tated or  worsened by drugs.  

6.  Unif ied Parkinson disease rat ing scale (UPDRS)  

a.  To evaluate the cl inical  eff icacy  of  ant ipark inson drugs and to monitor disease 

progression,  most  invest igators have used the UPDRS. 

(1)  The disadvantages associated wi th the use of  scales for  rat ing the funct ional  

and motor  d isabi l i t ies of  pat ients wi th Park inson d isease inc lude the potent ia l  of  

in terrater  var iabi l i t y and imprecis ion because of  the semiquant i tat ive scor ing.  

(2)  The resul t  of  test ing depends highly on the stage of  the disease,  whether  the 

pat ient  is  being evaluated dur ing an on or  of f  per iod,  and the re lat ive d is tr ibut ion of  

the improvement  across al l  the i tems evaluated.  

b. Part  I  of  the UPDRS is  an evaluat ion of mentat ion, behavior,  and mood.  

c.  Part  I I  is  a self -reported evaluat ion of the act ivi t ies of  dai ly l iving (ADLs)  and 

inc ludes speech,  swal lowing,  handwr i t ing,  abi l i ty to cut  food,  dressing,  hygiene,  

fa l l ing,  sal ivat ing,  turn ing in bed,  and walk ing.  

d. Part  I I I  is  a cl inician-scored motor evaluat ion.  

(1)  Pat ients are evaluated for  speech,  rest - t remor fac ia l  expression and mobi l i ty,  

act ion or  postural  t remor of  hands,  r ig id i ty,  f inger  taps,  hand movements,  rapid 

a l ternat ive pronat ion-supinat ion movement  of  hands,  leg agi l i t y,  ease of  ar is ing f rom 

a chair ,  posture,  postural  s tabi l i ty,  gai t ,  and bradykinesia.  
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Figure 46-4. Characteristic walk of patients with 

Parkinson disease. (Adapted from Bates B. A 

Guide to Physical Examination and History 

Taking. 5th ed. Philadelphia: Lippincott, 

1991:553.) 

(2)  Each i tem is  evaluated on a scale of  0-4.  

(a)  A rat ing of 0  on the motor  per formance evaluat ion scale indicates normal 

performance.  

(b)  A rat ing of 4  on the motor  per formance evaluat ion scale indicates severely 

impaired performance.  

e.  Part  IV  is  the Hoehn and Yahr  staging of  sever i ty of  Parkinson disease (Table 

46-1) .  

f .  Part V  is  the Schwan and England ADL scale.  

Table 46-1. Stages of Parkinson Disease 



Stage Characteristics 

0 No clinical signs evident 

I Unilateral involvement, including the major features of tremor, 

rigidity, or bradykinesia; minimal functional impairment 

II Bilateral involvement but no postural abnormalities 

III Mild to moderate bilateral disease, mild postural imbalance, but still 

ability to function independently 

IV Bilateral involvement with postural instability; patient requires 

substantial assistance 

V Severe disease; patient restricted to bed or wheelchair unless aided 

Reprinted with permission from Hoehn MM, Yahr MD. Parkinsonism: 

Onset, progression, and mortality. Neurology 1967;17:427. 
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F. Diagnosis  

1.  Diagnosis depends on c l in ical  f indings.  

2.  Tests ( inc luding imaging)  are most  of ten used to ru le out  an or ig in of  secondary 

Park inson disease.  

3.  New technologies—for  example,  posi t ron-emiss ion tomography (PET) scan—are 

used to v isual ize dopamine uptake in the substant ia  n igra and basal  gangl ia.  The 

PET scan measures the extent  of  neuronal  loss in these areas.  

4.  A speci f ic  form of  s ingle-photon emiss ion computed tomography (SPECT) can be 

helpfu l  for  d iagnosis of  park insonian syndromes and nonpark insonism syndromes,  

par t icular ly essent ia l  t remor.  

5.  Other  d iseases that  are s imi lar  to Park inson disease are mul t ip le system atrophy 

(s t r iatonigral  degenerat ion,  o l ivopontocerebel lar  at rophy,  shy-dragger syndrome),  

cor t icobasal  gangl ionic  degenerat ion,  and progressive supranuclear  palsy.  

6.  Other  invest igat ional  d iagnost ic  tools :  ( i )  Transcrania l  u l t rasound,  ( i i )  exaime 

def ic i ts  in o l fact ion,  and ( i i i )  detect ion of  o l igometr ic  a lp la-synucel in in b lood of  

pat ients wi th Park inson disease.  

G. Treatment  (F igure 46-5)  

1.  Nondrug treatment  



a.  Exercise  is  an important  adjunct ive therapy and is  most benef ic ia l .  A l though 

exerc ise does not  help wi th the symptoms of  Park inson disease,  regular  focused 

exerc ise,  s t retching,  and st rengthening act iv i t ies can have a posi t ive ef fect  on 

mobi l i ty and mood.  

b. Nutrit ion.  Pat ients wi th Park inson disease are at  increased r isk of  poor  nut r i t ion,  

weight  loss,  and reduced muscle mass.  Examples of  the benef ic ia l  ef fects of  proper  

nut r i t ion in th is  group of  pat ients include the fo l lowing:  

(1)  Suf f ic ient  f iber and f lu id intake help prevent  const ipat ion associated wi th 

Park inson disease and the medicat ions used to t reat  the disease.  

(2)  Calc ium supplementat ion helps mainta in the exis t ing bone st ructure.  

(3)  Excessive dietary prote in in the late stages of  the disease causes errat ic  

responses to levodopa therapy.  

(4)  A large body of  l i terature supports  the pathophys io log ical  ro le of  ant ioxidants in 

the neuroprotect ive ro le and decrease in progression in Park inson disease.  

Products such as α- tocopherol  or  v i tamin,  creat ine,  coenzyme Q10 act  as 

scavengers of  f ree radical  which are harmful  to cel ls .  

2.  Drug therapy for symptomatic rel ief .  Treatment  is  d iv ided into two general ized 

categor ies:  symptomat ic  therapies and prevent ive or  protect ive measures.  

Neuroprotect ive strategies are used to s low the development  and progression of  the 

disorder .  

H. Drug treatment:  Neuroprotect ive treatment  

1.  MAO-B, such as selegi l ine and tocopherol  (v i tamin E) ,  acts as a scavenger of  

f ree radicals .  

2.  Dopamine agonists  serve as scavengers of  f ree radicals  and decrease dopamine 

turnover ,  which reduces oxidat ive st ress.  Dur ing ear ly development  of  the disease,  

there are increases in oxidat ive st ress.  Four  c lasses of  drugs are avai lable:  

a.  Ant ichol inergics ( for  rest ing t remor)  

b.  Precursor of  dopamine (e.g. ,  carbidopa/ levodopa) 

c.  Di rect -act ing dopamine agonists  (e.g. ,  bromocr ipt ine)  

d.  Indi rect -act ing dopamine agonists  

(1)  Decrease reuptake (e.g. ,  amantadine)  

(2)  Decrease metabol ism (e.g. ,  selegi l ine)  

3.  Drug therapy for treat ing associated symptoms  

a.  Tricycl ic ant idepressants  are used to t reat  depression.  They exhib i t  some 

dopaminerg ic  and ant ichol inergic  ef fects.  

b. β-Blockers,  especia l ly propranolol  wi th i ts  h igh l ipophi l ic i ty,  benzodiazepines,  

and primidone,  are medicat ions used for  action tremor.  Usual ly,  pat ients show a 

c l in ical  response in low doses.  
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Figure 46-5. Management of Parkinson disease. 
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c.  Antihistamines.  Diphenhydramine hydrochlor ide has some mi ld ant ichol inerg ic  

ef fects and is  used for symptomat ic  re lease of  mi ld t remor;  because of  i ts  adverse 

react ion in the CNS, i t  should be used wi th caut ion in the elder ly.  

4.  General  principles of  drug therapy  

a.  I f  a pat ient  does not  respond to an agent  in one c lass,  another  c lass should be 

t r ied.  Studies show that  some pat ients respond to one agent  when they fa i l  to 

respond to the other .  

b.  Therapy should be star ted wi th a low dose and t i t rated up.  Response usual ly is  

seen wi th in a few days af ter  star t ing therapy.  

c.  I f  a second agent  is  added to the drug therapy,  the dose of  the f i rs t  medicat ion 

should be decreased to minimize s ide ef fects.  

d.  Drug therapy should never  be discont inued suddenly because wi thdrawal  may 

exacerbate the symptoms.  

5.  Defini t ions concerning drug therapy  

a.  Dyskinesias/dystonia  are typica l ly oral - fac ia l  movements,  gr imacing,  or  jerky 

and wr i th ing movements of  the t runk and ext remit ies.  They are a lways revers ib le 

wi th ant ipark insonian medicat ions,  and they decrease or  d iminish wi th dose 

reduct ion.  Symptoms of  Park inson disease may reappear by reducing the dose,  and 

i t  is  the c l in ical  judgment  of  the phys ic ian or  the preference of  the pat ient  whether  

to cont inue wi th the drug regimen or  to lerate the s ide ef fects.  There are three types 

of  dyskinesias/dystonia:  peak dose dyskinesia,  b iphasic dyskinesias,  and of f -per iod 

dystonia.  Al l  could benef i t  f rom sustained-re lease preparat ions.  

(1)  Peak-dose dyskinesia 

(a)  Could be corrected wi th sustained-re lease preparat ions.  

(b)  Decrease L-dopa dose,  or  add catechol-O -methyl t ransferase (COMT) inhib i tor .  

(c)  Add amantadine.  

(d)  Per form surgery.  



(2)  B iphasic dyskinesias 

(a)  Could be corrected wi th sustained-re lease preparat ions.  

(b)  Decrease L-dopa dose and increase dopaminergic  dose.  I f  symptoms are st i l l  

present ,  a COMT inhib i tor  should be added.  

(c)  Amantadine may be helpfu l .  

(3)  Of f -per iod dystonia 

(a)  Decrease L-dopa dose.  

(b)  Increase dopaminerg ic  dose.  

b. On-off  effect  descr ibes osci l la t ions in response (at  the receptor  s i te)  and sudden 

changes in mobi l i ty f rom no symptoms to fu l l  park insonian symptoms in a matter  of  

minutes.  No di rect  re lat ionship between the on-of f  ef fect  and drug levels has been 

found.  Usual ly,  a second drug is  added to the therapy reg imen to correct  the ef fect .  

Reducing the dose of  one drug and adding a second drug may also be useful .  Could 

be managed by adding entacapone,  dopamine agonist ,  amantadine,  or  selegi l ine.  

c.  End-dose effect ,  known a lso as the wearing-off  effect,  occurs at  a lat ter  par t  of  

the dosing interval ;  i t  happens af ter  a few years of  L-dopa therapy.  Reduce the 

s ingle L-dopa dose and spread the tota l  L-dopa dose over  a larger  number of  s ingle 

doses.  Change to a dopamine agonist  and use a susta ined-re lease formulat ion of  L-

dopa.  Could be managed by adding entacapone,  dopamine agonist ,  amantadine,  or  

selegi l ine.  

d. Drug holiday.  Long-term levodopa use resul ts  in downregulat ion of  dopamine 

receptors.  A drug hol iday al lows st r iata l  n igra dopamine receptors to be 

resensi t ized,  a l though controversy exis ts  regarding the consequences and the 

outcome of  th is  hol iday.  

6.  Physical  rehabi l i tat ion  restores pat ients '  physical  funct ion and independence 

through physical  and occupat ional  therapy.  Such therapy helps pat ients wi th 

managing big and smal l  muscle groups by focusing on mainta in ing coord inat ion,  

dexter i ty,  f lexib i l i t y,  and range of  mot ions.  

7.  Psychological  rehabi l i tat ion  prov ides support  for  pat ients and thei r  fami l ies.  

Keep in mind that  pat ients wi th Park inson disease have a h igh inc idence of  

depression and that ,  in  later  s tages of  the disease,  they develop dement ia (Table 

46-2) .  

8.  Secondary effects of  Parkinson disease include  

a.  Cardiovascular effects,  inc luding or thostat ic hypotension and arrhythmia 

b. Gastrointest inal  effects,  inc luding const ipat ion and hypersal ivat ion 

c.  Genitourinary effects,  inc luding increased ur inary f requency and impotence 
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Table 46-2. Overview of Parkinson Disease Management 



  Treatment Considerations 

Stage Characteristics Physical Psychosocial 

Early Fully functional 

May have 

unilateral tremor, 

rigidity 

Preventive 

exercise program 

Education 

Information 

Early 

middle 

Symptoms 

bilateral, 

bradykinesia, 

rigidity 

Mild speech 

impairment 

Axial rigidity, 

stooped posture, 

stiffness 

Gait impairment 

begins 

Corrective 

exercise program 

Counseling 

Support group 

Monitor for 

depression 

Late 

middle 

All symptoms 

worse but 

independent in 

ADLs 

May need minor 

assistance 

Balance problems 

Compensatory 

and corrective 

exercise 

Speech therapy 

Occupational 

therapy 

Caregiver issues 

(medications, 

mobility) 

Monitor for 

dementia 

Late Severely disabled, 

impaired 

Dependent with 

ADLs 

Compensatory 

exercise 

Dietary concerns 

Skin care 

Hygiene 

Pulmonary 

function 

Dementia 

Depression 

ADLs, activities of daily living. 

Reprinted with permission from Custin TM. Overview of Parkinson's disease 

management. Phys Ther 1995;75: 363-373. This material is copyrighted, and 

any further reproduction or distribution is prohibited. 

 



d. Central  nervous system effects,  inc luding hal luc inat ions,  depression,  and 

psychosis.  Could be t reated wi th reducing or  e l iminat ing amantadine,  selegi l ine,  

ant ichol inergics,  or  dopamine agonists .  

9.  Late disabil i t ies of  Parkinson disease  can be div ided into two groups.  

a.  Levodopa-related disabi l i t ies,  which inc lude motor  f luctuat ion,  dyskinesia,  

neuropsychiat r ic  toxic i ty,  and reduced response 

b. Non-levodopa-related disabi l i t ies,  which inc lude cogni t ive impairment ,  

instabi l i t y resul t ing in more f requent  fa l ls ,  gai t  dis turbance,  incont inence,  

dysphagia,  and speech dis turbance 

c.  Late d isabi l i t ies management  therapies inc lude the fo l lowing:  

(1)  Motor f luctuation.  A l ter ing the levodopa dosage and t iming,  us ing al ternat ive 

means of  levodopa adminis t rat ion,  del ivery,  and absorpt ion;  us ing di rect -act ing 

dopamine agonists  or  exper imental  agonists ;  a l ter ing metabol ism of  dopamine and 

levodopa parental  agonists ;  us ing glutamate antagonists ;  and per forming funct ional  

neurosurgery 

(2)  Miscellaneous  la te d isabi l i t ies and management  therapies inc lude 

(a)  Urinary urgency:  oxybutynin 

(b)  Urinary retention:  apomorphine 

(c)  Constipat ion:  f iber ,  polyethylene glycols  

(d)  Tenesmus:  c lonazepam, apomorphine 

(e)  Hypersal ivat ion:  ant ih is tamine,  ant ichol inergic  

( f )  Dysphagia:  l iquid levodopa 

(g)  Sweating crises:  β-b lockers,  ant ichol inergic  agents 

(h)  Daytime sleepiness:  selegi l ine 

( i )  Nightmares:  amit r ipty l ine,  c lonazepam 

( j )  Panic attacks and depression:  l iquid levodopa,  amit r iptyl ine 

(k)  Orthostat ic hypotension:  domper idone,  desmopressin 

( l )  Dysphonia:  reduce levodopa dosage,  speech therapy 

(m) Pain:  amit r iptyl ine,  f luvoxamine 
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II. INDIVIDUAL DRUGS 

A. Anticholinergic agents  are used for  mi ld symptoms,  predominant ly t remors.  

1.  Mechanism of action.  This  c lass of  drugs blocks the exci tatory neurot ransmit ter  

chol inergic  inf luence in the basal  gangl ia.  These drugs are more ef fect ive for  t remor 

and r ig id i ty than for  bradykinesia and less ef fect ive for  postural  imbalance.  

2.  Administrat ion and dosage  (Table 46-3)  

3.  Precautions and monitoring effects  

a.  Ant ichol inergics should be used wi th caut ion in pat ients wi th obst ructed 

gastro intest inal  (GI)  or  geni tour inary (GU) t racts,  narrow-angle g laucoma, or  severe 

cardiac d isease.  Physic ians should be not i f ied i f  a  rapid hear tbeat  or  eye pain are 

exper ienced.  (Frequent  ophthalmological  v is i ts  are recommended.)  

b.  The sedat ive s ide ef fects of  ant ih is tamines may be benef ic ia l  in  some pat ients.  



c.  A lcohol  and other  CNS depressants should be used wi th caut ion.  

d. Adverse effects  of  ant ichol inergic  therapy inc lude the fo l lowing:  

(1)  Peripheral  anticholinergic effects  inc lude dry mouth (hard candies may be 

helpfu l ) ;  decreased sweat ing,  resul t ing in decreased to lerance to heat ;  ur inary 

retent ion;  const ipat ion (s tool  sof teners may be helpfu l ) ;  increased int raocular  

tension;  and nausea.  Because of  pat ients '  decreased to lerance to heat ,  these 

agents should be used wi th caut ion in hot  weather .  They should a lso be taken wi th 

food to minimize GI upset .  

Table 46-3. Dosage Range and Characteristics of Drug Treatment 

Drug 

Time to Peak 

Concentration 

(hr) Half-Life (hr) 

Daily Dosage 

Range (mg/day) 

Anticholinergic agents    

Benztropine n/a n/a 1-6 

Biperiden 1-1.5 18.4-24.3 2-8 

Procyclidine 1.1-2 11.5-12.6 6-20 

Trihexyphenidyl 1-1.3 5.6-10.2 2-15 

Ethopropazine n/a n/a 50-400 

Dopamine agents    

Carbidopa/levodopa 1 1-1.75 10/100-

200/2000 

Carbidopa/levodopa, 

sustained-release 

2 >standard 

treatment 

10/400-

25/1000, in 

2-3 divided 

doses 

Amantadine 4-8 9.7-14.5 100-400 

Bromocriptine 1-3 3-8 2.5-40 



Selegiline 0.5-2 2-20.5 5-10 

Selegiline Oral 

Disintegrating table
*
 

1 1-3 hrs 0.5-1 mg 

Rasagiline 1 1.3-3hrs 0.5-1mg 

Non-ergot dopamine 

agents 
   

Pramipexole 1-2 (3-4
a
) 8-12

b
 1.5-4.5, in 3 

divided 

doses 

Ropinirole 1-2 (3-4
a
) 6 3-24, in 3 

divided 

doses 

COMT inhibitor 0.5-4 70 0.5-6 

Tolcapone 2 2-3 300-600 

Entacapone 1 2-3 200-1600 

Rotigotine 15-27 5-7 hrs 2-6mg 

Apomorphine 

hydrochloride injection 

(SC) 

1 40 min 2-6mg 

a 
With food. 

 
b 
Over 65 years of age. 

COMT, catechol-O-methyltransferase; n/a, not available. 

 
* 
avoids first pass effect 



SC: subcutaneous injection 
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(2)  CNS effects  inc lude dizz iness,  del i r ium, d isor ientat ion,  anxiety,  agi tat ion,  

hal luc inat ions,  and impaired memory.  The inc idence of  CNS ef fects increases in 

e lder ly indiv iduals.  

(3)  Cardiovascular effects  inc lude hypotension and or thostat ic  hypotension.  

4.  Signif icant interact ions  

a.  S ide ef fects may be potent iated by other  drugs wi th ant ichol inergic  act iv i ty such 

as antihistamines,  ant idepressants,  and phenothiazines.  

b.  Ant ichol inergic  agents increase digoxin  levels .  

c.  When ant ichol inergic  agents are taken wi th haloperidol ,  the fo l lowing occurs:  

(1)  Schizophrenic symptoms may increase.  

(2)  Haloper idol  levels  may decrease.  

(3)  The sever i ty of  (not  the r isk of )  tard ive dyskinesia may increase.  

d.  When phenothiazines  are taken wi th ant ichol inergic  drugs,  the ef fects of  the 

phenothiaz ines decrease and the ant ichol inergic  symptoms increase.  

e.  Pat ients on high doses of  ant ichol inergics combined wi th levodopa  should be 

watched for  decreased levodopa act iv i ty because of  a delayed gastr ic  emptying 

t ime.  

B. Dopamine precursor.  Levodopa/carbidopa  is  the most  ef fect ive drug for  

managing Park inson disease;  however,  prolonged use decreases i ts  therapeut ic  

ef fects ( there is  a decl ine in ef f icacy af ter  3-5 years)  and increases adverse drug 

react ions.  Dopamine does not  cross the blood-brain barr ier ;  therefore,  a precursor  

is  used.  Per ipheral  convers ion of  levodopa to dopamine causes adverse react ions 

l ike nausea,  vomit ing,  cardiac arrhythmias,  and postural  hypotension.  To decrease 

the per ipheral  convers ion and per ipheral  adverse ef fects,  a per ipheral  dopa 

decarboxylase inhib i tor  (carbidopa) is  added to levodopa.  

1.  Mechanism of action  

a.  Levodopa is converted  to dopamine by the enzyme dopa decarboxylase,  which 

elevates CNS levels of  dopamine.  



b.  The sustained-re lease formulat ion is  designed to re lease the drug over  4-6 hr ,  

thereby inhib i t ing var iat ion in p lasma concentrat ion and decreasing motor  

f luctuat ion “of f ”  t ime or improving overal l  dose response in pat ients wi th advanced 

disease.  

2.  Administrat ion and dosage  (Table 46-3)  

a.  I t  is  necessary to g ive at  least  100 mg dai ly o f  carbidopa to decrease the 

inc idence of  the per ipheral  convers ion of  levodopa and GI  s ide ef fects (e.g. ,  

nausea) and increase the bioavai lab i l i t y of  levodopa for  the CNS. 

b.  I f  carbidopa is  g iven in a separate dosage form,  the dose of  levodopa can be 

decreased by 75%. 

c.  I f  pat ients s t i l l  complain of  GI  s ide ef fects af ter  combinat ion levodopa/carbidopa,  

p la in carbidopa can be given.  

d.  Sustained-re lease preparat ions are approximately 30% less b ioavai lable as 

compared wi th levodopa/carbidopa.  Because of  th is  lower b ioavai lab i l i t y ,  the dai ly 

dosage should be higher .  I f  a pat ient  is  receiv ing a standard preparat ion and needs 

to be converted to the sustained-re lease dose,  approximate ly 10% more levodopa 

should in i t ia l ly be added to the dai ly dosage and at  least  3 days should pass 

between increased dosages;  then gradual ly increase the levodopa dose up to 30% 

of  s tandard preparat ion.  

e.  With the sustained-re lease preparat ion,  the peak p lasma concentrat ion is  lower 

and the t rough plasma concentrat ion is  h igher .  

f .  The sustained-re lease preparat ion could be div ided in hal f  at  the scored point  

only.  The tablet  should not  be chewed or  crushed.  

g.  When carbidopa is  g iven to pat ients being t reated wi th levodopa,  g ive the two 

drugs at  the same t ime,  s tar t ing wi th  no more than 20% to 25% of  the previous dai ly  

dosage of  levodopa and in i t ia t ing therapy wi th carb idopa and levodopa.  

h.  Long-term t reatment could lead to motor  f luctuat ion and dyskinesias,  especia l ly 

at  h igh doses.  

3.  Precautions and monitoring effects  

a.  Levodopa must be used wi th caut ion in pat ients wi th narrow-angle g laucoma. 

b.  Levodopa may act ivate a mal ignant  melanoma in pat ients wi th suspic ious 

undiagnosed sk in les ions or  a h is tory of  melanoma. 
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c.  The ef f icacy of  levodopa decl ines wi th long- term therapy by desensi t iz ing the 

receptors or because of  the decreased number of  receptors,  resul t ing f rom the 

progression of  the disease.  

d. Adverse drug react ions  

(1)  GI  effects  inc lude anorexia,  nausea and vomit ing,  and abdominal  d is t ress.  

Levodopa should be taken wi th food to minimize stomach upset .  

(2)  Cardiovascular effects  inc lude postural  hypotension and tachycardia.  

(3)  Musculoskeletal  effects  inc lude dystonia or  chorei form muscle movement .  

(4)  CNS effects  inc lude confusion,  memory changes,  depression,  hal luc inat ions,  

and psychosis.  Physic ians should be not i f ied i f  any of  these symptoms occur .  



(5)  Hematological  effects  inc lude hemolyt ic  anemia,  leukopenia,  and 

agranulocytos is  ( rare) .  

4.  Signif icant interact ions  

a.  Antacids  cause rapid and complete intest inal  levodopa absorpt ion (by decreasing 

gastr ic  emptying t ime).  

b. Hydantoin  decreases the ef fect iveness of  levodopa.  

c.  Methionine  increases the c l in ical  s igns of  Park inson disease.  

d. Metoclopramide  increases the bioavai lab i l i t y  of  levodopa,  which decreases the 

ef fects of  metoclopramide on gastr ic  emptying and on lower esophageal  pressure.  

As a dopamine blocker ,  i t  may also precip i tate park insonian symptoms.  

e.  False-posi t ive resul ts  are seen wi th the Coombs test .  

f .  The ur ic  ac id test  increases wi th the calor imetr ic  method but  not  wi th the ur icase 

method.  

g.  Hypertensive react ions may occur  i f  levodopa is  adminis tered to pat ients 

receiv ing MAO inhibitors  and furazolidone.  MAO inhib i tors must be discont inued 2 

weeks before star t ing levodopa.  

h.  Adminis ter ing papaverine  may decrease the ef fect  of  levodopa.  

i .  Tricycl ic ant idepressants  decrease the rate and extent  o f  absorpt ion of  

levodopa;  hyper tensive episodes have been repor ted when levodopa is  combined 

wi th t r icyc l ic  ant idepressants.  

j .  Food  decreases the rate and extent  of  absorpt ion and t ransport  to the CNS 

across the blood-brain barr ier .  A protein-restr icted diet  may also help minimize the 

“ f luctuat ions”  ( i .e. ,  the decreased response to levodopa) at  the end of  each day or  

at  var ious t imes of  the day.  

C. Direct-act ing dopamine agonists  are c lass i f ied as ergot  der ivat ives (such as 

bromocr ipt ine)  and nonergol ines (such as pramipexole and ropin i ro le) .  

1.  These agents mimic dopamine agonist  and reduce motor  f luctuat ions.  

2.  Drugs in th is  c lass have a range of  hal f - l ives,  and the hal f - l i fe  of  any par t icular  

drug can vary among pat ients.  

3.  These drugs are not  metabol ized by the oxidat ive pathway and do not  produce 

f ree-radical  metabol i tes.  

4.  Dopamine agonists  may have a d i rect  ant iox idat ive ef fect .  

5.  They take longer than L-dopa to reach ef fect ive doses and require supplementary 

L-dopa for  re l ief  of  symptoms af ter  a varying per iod of  t ime. 

6.  Common s ide ef fects are nausea and psychiat r ic  s ide ef fects s imi lar  to L-dopa 

such as hal luc inat ions and delus ions;  dyskinesias are less common.  

7.  Other  adverse ef fects are headache,  nasal  congest ion,  erythromelalg ia,  p leural  

and ret roper i toneal  f ibros is ,  pulmonary inf i l t rates,  and vasospasm (except  wi th the 

new, non-ergot  der ivat ives such as ropin i ro le) .  

8.  Annual  chest  radiographs have been recommended for  pat ients on high-dose 

therapy wi th  bromocr ipt ine to detect  p leuropulmonary changes.  

9.  New dopaminergic  agonists  (non-ergot  der ivat ives)  cause postural  hypotension,  

s leep dis turbances,  per ipheral  edema, const ipat ion,  nausea,  dyskinesias,  and 

confusion.  

10.  Bromocriptine (Parlodel)  
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a.  Mechanism of action.  Bromocr ipt ine is  responsib le for  d i rect ly s t imulat ing 

postsynapt ic  dopamine receptors;  i t  is  most  commonly used as an adjunct  to 

levodopa therapy in pat ients:  

(1)  With a deter iorat ing response to levodopa 

(2)  With a l imi ted c l in ical  response to levodopa secondary to an inabi l i t y to to lerate 

h igher  doses 

(3)  Who are exper iencing f luctuat ions in response to levodopa 

b. Administrat ion and dosage  (Table 46-3)  

(1)  In i t ia l ly,  pat ients are g iven one hal f  of  a tablet  twice dai ly,  which is  then 

increased to one tablet  twice da i ly every 2-3 days.  

(2)  Pat ients '  responses are ext remely var iable.  Many pat ients show a dopamine 

antagonist  response at  both low and high doses,  wi th the desirable agonist  

response in the midrange.  

(3)  Because postural  hypotension may resul t  f rom the f i rs t  few doses of  

bromocr ipt ine,  the f i rs t  dose should be adminis tered wi th the pat ient  ly ing down,  

and sudden changes in posture should be avoided.  

c.  Precautions and monitoring effects  

(1)  Bromocr ipt ine may cause a f i rs t -dose phenomenon that  can t r igger  sudden 

cardiovascular  col lapse.  I t  should be used wi th caut ion in pat ients wi th a h is tory of  

myocardia l  in farct ion or  arrhythmias.  

(2)  Ear ly in therapy,  d izz iness,  drowsiness,  and fa int ing may occur ,  so pat ients 

should be caut ious about  dr iv ing or operat ing machinery.  A physic ian should be 

not i f ied i f  these symptoms appear.  

(3)  Cardiac dysrhythmias.  Pat ients on bromocr ipt ine were found to have 

s igni f icant ly more episodes of  at r ia l  premature contract ions and s inus tachycardia.  

(4)  Other adverse effects  

(a)  GI  effects,  inc luding anorexia,  nausea,  vomit ing,  and abdominal  d is t ress,  may 

be decreased by tak ing bromocr ipt ine wi th food.  

(b)  Cardiovascular effects  inc lude postural  hypotension ( to which to lerance 

develops)  and tachycardia.  Blood pressure must  be moni tored,  par t icular ly for  

pat ients tak ing ant ihyper tensive medicat ion.  

(c)  Pulmonary effects,  inc luding revers ib le inf i l t rat ions,  p leural  ef fus ions,  and 

pleural  th ickening,  may develop af ter  long- term treatment ,  so pulmonary funct ion 

should be moni tored in pat ients t reated longer than 6 months.  

(d)  CNS effects,  inc luding confusion,  memory changes,  depression,  and 

hal luc inat ions,  as wel l  as psychosis may be exacerbated by bromocr ipt ine;  thus 

pat ients wi th psychiat r ic  i l lnesses must  be moni tored.  

d. Signif icant interact ions  

(1)  A combinat ion of  antihypertensive drugs  and bromocr ipt ine could decrease 

blood pressure.  

(2)  Dopamine antagonists  increase the ef fect  of  bromocr ipt ine.  

D. Indirect-act ing dopamine agonists  



1.  Selegi l ine (Eldepryl)  

a.  Mechanism of action  

(1)  MAO catabol izes var ious catecholamines (e.g. ,  dopamine,  norepinephr ine,  

epinephr ine) ,  serotonin,  and var ious exogenous amines (e.g. ,  tyramines)  found in 

foods (e.g. ,  aged cheese,  beer ,  wine,  smoked meat)  and drugs.  Lack of  MAO in the 

intest inal  t ract  causes absorpt ion of  these amines,  creat ing a hypertensive cr is is .  

MAO type A is  predominant ly found in the intest inal  t ract ,  and MAO type B in the 

brain.  They di f fer  in thei r  substrate speci f ic i ty and t issue dis t r ibut ion.  This 

speci f ic i ty decreases wi th selegi l ine as the dose increases.  Most  pat ients 

exper ience s ide ef fects at  doses of  selegi l ine h igher  than 30-40 mg/day.  

(2)  Selegi l ine is  a select ive inhib i tor  of  MAO-B, which prevents the breakdown of  

dopamine select ively in  the brain at  recommended doses.  

(3)  Selegi l ine is  most commonly used as an adjunct  wi th levodopa/carbidopa when 

pat ients exper ience a “wear ing-of f ”  phenomenon;  i t  decreases the amount  of  of f  

t ime and decreases the dose needed of  levodopa/carb idopa by 10% to 30%. 

(4)  Resul ts  of  some studies show that  selegi l ine delays the t ime before t reatment 

wi th a more potent  dopaminergic  drug l ike levodopa is  needed;  the proposed 

mechanism  
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of  act ion is  that  an oxidat ion mechanism contr ibutes to the emergence and 

progression of  Park inson disease.  

b. Administrat ion and dosage  (Table 46-3) .  Exceeding the recommended dose of  

10 mg/day increases the r isk of  los ing MAO select iv i ty.  

(1)  Oral  capsule/ tablet:  5mg (maximum of  10 mg/day)  

(2)  Oral  disintegrat ing tablet:  1.25 mg dai ly may be increased up to 2.5 mg dai ly.  

Dis integrat ing tablets maximum of  2.5 mg dai ly.  

(3)  Transdermal:  6 mg/24 h apply upper torsa,  h igh on the outer  sur face of  the 

upper arm,  avoid exposure of  appl icat ion s i te to external  heat  resources.  Excessive 

heat  wi l l  increase absorpt ion 

c.  Precautions and monitoring effects  

(1)  Hypertensive crisis  (see I I .D.1.a.1) .  

(2)  Levodopa-associated s ide ef fects may be increased because the increased 

amounts of  dopamine react  wi th supersensi t ive postsynapt ic  receptors.  Reducing 

the dose of  levodopa/carbidopa by 10% to 30% may decrease levodopa s ide ef fects.  

(3)  Pat ients should be educated about  foods and drugs contain ing tyramine and the 

s igns and symptoms of  hyper tensive react ions.  

(4)  CNS effects  inc lude dizz iness,  confus ion,  headache,  hal luc inat ions,  v iv id 

dreams,  dyskinesias,  behavioral  and mood changes,  and depression.  Pat ients who 

exper ience insomnia should avoid tak ing the drug la te in the day.  

(5)  Cardiovascular effects  inc lude or thostat ic hypotension,  hyper tension,  

arrhythmia,  palp i tat ions,  s inus bradycardia,  and syncope.  

(6)  GI  effects  inc lude nausea and abdominal  pa in and lead to  GI  bleeding,  weight  

loss,  poor  appet i te,  and dysphagia.  

(7)  GU effects  inc lude s low ur inat ion,  t ransient  noctur ia,  and prostat ic  hyper t rophy.  



(8)  Dermatological  effects  inc lude increased sweat ing,  d iaphoresis ,  and 

photosensi t iv i ty.  

(9)  Hepatic effects  inc lude mi ld and t ransient  e levat ions in l iver  funct ion tests.  

d. CYP2B6 inhibitors may increase level  of  selegel ine.  Also selegi l ine have 

act ive metabol i te (n-desmethylselegel ineand amphetamine) example of such 

signif icant interact ions are:  

(1)  MAO inhib i tors are contra indicated wi th meperidine  and other  opio ids.  

Adminis t rat ion wi th opio ids should be avoided.  (serotonin syndrome) .  Death has 

occurred after ini t iat ion of  selegil ine shortly after discontinuation of  

f luoxetine.  At  least  5 weeks should e lapse between discont inuat ion of  f luoxet ine 

and in i t ia t ion of  selegi l ine.  (serotonin syndrome) 

(2)  Rasagi l ine:  s imi lar  to selegi l ine.  The di f ferent  is  5-  to 10- fo ld greater  potency,  

h igher  oral  absorpt ion.  Unl ike seleg i l ine i t  is  not  metabol i tes to amphetamine 

der ivat ives (see Table 46-3)  

2.  Amantadine (Symmetrel )  

a.  Mechanism of action.  Amantadine is  an ant iv i ra l  agent  (used to prevent  

inf luenza) .  

(1)  Amantadine increases dopamine levels at  postsynapt ic  receptor  s i tes by 

decreasing presynapt ic  reuptake and enhancing dopamine synthesis  and re lease.  

(2)  I t  may also have some ant ichol inergic  ef fects.  I t  decreases t remor,  r ig id i ty,  and 

bradykinesia.  

(3)  I t  can be given in combinat ion wi th levodopa as Park inson disease progresses.  

(4)  Cl in ical  ef fects of  amantadine can be seen wi th in the f i rs t  few weeks of  therapy,  

unl ike the other  ant ipark insonian medicat ions (e.g. ,  carbidopa/ levodopa),  which 

need weeks to months to show their  fu l l  c l in ical  e f fects.  

b. Administrat ion and dosage  (Table 46-3)  

(1)  Amantadine should be star ted at  100 mg/day.  This may be increased to 200-300 

mg/day as a maintenance dose.  

(2)  Pat ients exper iencing a decl ine in response may benef i t  f rom the fo l lowing:  

(a)  Discont inuing the drug for  a few weeks,  then restar t ing i t  

(b)  Using the drug episodical ly,  only  when the pat ient 's  condi t ion most  needs a 

therapeut ic  boost  

(3)  Amantadine is  a lso avai lable in l iquid form for  pat ients wi th dysphagia.  

c.  Precautions and monitoring effects  

(1)  Amantadine should be used wi th caut ion in pat ients  wi th renal  d isease,  

congest ive hear t  fa i lure (CHF),  per ipheral  edema, h is tory of  seizures,  and mental  

s tatus changes.  I t  may be necessary to modi fy dosages in pat ients wi th renal  

fa i lure.  
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(2)  Tolerance usual ly develops wi th in 6-12 months.  I f  to lerance occurs,  another  drug 

f rom a di f ferent  c lass can be added,  or  the dose may be increased.  

(3)  Pat ients should be in formed about  the s ide-ef fect  prof i le .  

(a)  Peripheral  anticholinergic effects  inc lude those ment ioned in I I .A.3.d. (1) .  



(b)  CNS effects  inc lude seizures as wel l  as those ment ioned in I I .A.3.d.(2) .  

(c)  Cardiovascular effects.  Pat ients may develop CHF. Per iodic  b lood pressure 

moni tor ing and elect rocardiograms (ECGs) are necessary in pat ients wi th 

myocardia l  in farct ion or  arrhythmias.  

(d)  Dermatological  effects  inc lude l ivedo ret icularis,  a d i f fuse rose-color  mot t l ing 

of  the sk in,  which is  revers ib le on discont inuat ion of  the drug.  

(e)  Hematological  effects.  Per iodic  complete b lood counts (CBCs) should be done 

for  pat ients wi th long- term therapy.  

(4)  Renal function impairment.  Dose adjustment  is necessary in pat ients wi th renal  

funct ion impairment .  

d. Signif icant interact ions  

(1)  Amantadine increases the ant ichol inergic  ef fects of  anticholinergic drugs,  

requir ing a decrease in the dosage of  the ant ichol inergic  drug.  

(2)  Hydrochlorothiazide  p lus tr iamterene  decreases the ur inary excret ion of  

amantadine and increases i ts  p lasma concentrat ion.  

E. Nonergot dopamine agonists  

1.  Pramipexole and ropin i ro le are indicated for  both ear ly and advanced stages of  

Park inson disease.  

2.  Both select ively b ind to dopamine receptors and act ivate the D2 - receptor  but  

have l i t t le  or  no af f in i ty to the D1 - receptor .  They have greater  af f in i ty for  the D3 -

receptor  than for  the D2 - receptor .  The inc idence of  adverse events (such as 

p leuropulmonary f ibros is  and ret roper i toneal  f ibros is ,  coronary vasoconstr ic t ion,  

erythromelalg ia,  and Raynaud phenomenon),  is  low compared to nonselect ive 

dopamine agonists .  

3.  Non-ergot dopamine agonists  have a low potent ia l  for  the development  of  motor 

f luctuat ions and dyskinesia.  

a.  Pramipexole (Mirapex)  

(1)  Mechanism of action  

(a)  D2  subfami ly of  dopamine receptors.  Pramipexole fu l ly s t imulates the dopamine 

receptors to which i t  b inds.  I ts act ion may be re lated to i ts capaci ty to funct ion as 

an ant ioxidant  and oxygen f ree-radical  scavenger.  

(b)  Pramipexole a lso has ant idepressant  act iv i ty in moderate depression,  which may 

be re lated to i ts  preferent ia l  b inding to the dopamine D1 - receptor  subtype.  

(c)  Long-act ing dopamine agonists  appear to have a lower r isk of  inducing abnormal  

movements.  Their  use as in i t ia l  t reatment  in ear ly Park inson disease seems 

warranted,  par t icular ly for  those wi th d isease onset  at  a younger age.  

(2)  Administrat ion and dosage  

(a)  In i t ia l  t reatment :  star t ing dose of  0.375 mg dai ly g iven in three div ided doses.  

(b)  Do not  increase more f requent ly than every 5-7 days.  

(c)  Maintenance t reatment :  1.5-4.5 mg dai ly in three d iv ided doses wi th or  wi thout  

levodopa.  

(d)  When given in combinat ion wi th levodopa,  consider  reduct ion of  levodopa dose 

by an average of  27% f rom basel ine.  

(e)  T i t rate s lowly to balance benef i ts  and s ide ef fects,  such as dyskinesia,  

hal luc inat ions,  somnolence,  and dry mouth.  



( f )  May be taken wi th food to reduce the occurrence of  nausea.  Food decreases the 

rate of  absorpt ion but  not  the extent  of  absorpt ion.  

(g)  Dosage adjustment  is  necessary in pat ients wi th renal  funct ion impairment .  

(h)  Weak prote in bound 15% 

( i )  Not  extensively metabol ized;  >90% of  the dose is  excreted unchanged in ur ine.  

( j )  Dose needs to be decreased by 25% in the elder ly.  

(3)  Precautions and monitoring effects  

(a)  Dose reduct ion necessary in pat ients >65 years,  and in pat ients wi th renal  

funct ion impairment  or  fa i lure 
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(b)  Symptomat ic  hypotension 

( i )  Dopaminergic  agents appear to impair  the systemic regulat ion of  b lood pressure,  

which resul ts  in or thostat ic  hypotension.  

( i i )  Moni tor ing and educat ion of  the pat ient  is  necessary,  especia l ly dur ing 

doseescalat ion per iods.  

(c)  Hal luc inatory ef fects are increased in pat ients >65 years of  age wi th ear ly or  

advanced stages of  Park inson disease.  

(d)  Other ef fects inc lude nausea,  insomnia,  const ipat ion,  d izz iness,  somnolence,  GI  

s ide ef fects,  and v isual  hal luc inat ions.  Sleep at tack by fa l l ing s leep dur ing act iv i ty 

dai ly l iv ing.  

(4)  Signif icant interactions  

(a)  Cimet id ine reduces renal  c learance of  pramipexole.  

(b)  No interact ion wi th selegi l ine,  probenecid,  or  domper idone.  

(c)  When combined wi th  levodopa,  the dosage of  levodopa must  be decreased by 

27%. 

b. Ropinirole (Requip)  

(1)  Mechanism of action  is  s imi lar  to pramipexole.  

(2)  Administrat ion and dosage  

(a)  In i t ia l  t reatment :  0.25 mg three t imes dai ly 

(b)  T i t rate weekly increments.  

(c)  Af ter  week 4,  i f  necessary,  dai ly dosage may be increased by 1.5 mg/day on a 

week ly basis  up to 9 mg/day,  to a tota l  of  24 mg/day.  

(d)  Discont inue gradual ly over  a 7-day per iod.  Decrease the f requency of  

adminis t rat ion f rom three t imes to two t imes dai ly for  4 days,  and then once dai ly for  

the remainder of  the week.  

(e)  When given in combinat ion wi th levodopa,  consider  reduct ion of  levodopa dose.  

( f )  May be taken wi th food to reduce the occurrence of  nausea.  Food decreases the 

rate of  absorpt ion,  but  not  the extent  of  absorpt ion.  

(g)  Metabol ized by the l iver  (cytochrome P450 1A2),  and f i rst -pass ef fect .  

(h)  Smoking induces the l iver  metabol ism.  

( i )  Between 30% and 40% protein bound 

(3)  Precautions and monitoring effects  



(a)  Syncope.  Bradycardia is  observed in pat ients t reated wi th  ropin i ro le.  Most  cases 

occur  wi th in  the f i rs t  4 weeks of  therapy and are usual ly associated wi th a recent 

increase of  dose.  

(b)  B inds to melanin-contain ing t issues l ike the eyes and sk in.  

(c)  Symptomat ic  hypotension 

( i )  Dopaminergic  agents appear to impair  the systemic regulat ion of  b lood pressure,  

which resul ts  in or thostat ic  hypotension.  

( i i )  Moni tor ing and educat ion of  the pat ient  is  necessary,  especia l ly dur ing 

doseescalat ion per iods.  

(d)  Hal luc inatory ef fects are increased in pat ients >65 years of  age wi th ear ly or  

advanced stages of  Park inson disease.  

(e)  Other  s ide ef fects inc lude nausea,  d izz iness,  somnolence,  headache,  fat igue,  

and abnormal  v is ion.  Sleep at tack,  by fa l l ing as leep dur ing act iv i ty dai ly l iv ing.  

(4)  Signif icant interactions  

(a)  Smoking induces the l iver  metabol ism,  but  the af fect  of  smoking on c learance of  

ropin i ro le has not  been studied.  

(b)  There is  no interact ion between levodopa,  theophyl l ine,  d igoxin,  or  

domper idone.  

(c)  Estrogens decrease the c learance of  ropin i ro le by approximately 36%. 

(d)  Ciprof loxacin increases ropin i ro le area under the curve (AUC) by 84% and 

maximum plasma concentrat ion by 60%. 

c.  Rotigotine (Neupro)  

(1)  Mechanism of action:  Nonergol ine D3 /D2 /D1  dopamine agonist ,  i t  s t imulates 

dopamine D 2  receptors wi th in the caudate-putamen in the brain.  

(2)  Administrat ion and dosage:  

(a)  Start  at  2 mg/24 hours,  may be increased weekly by 2 mg/24 hours i f  to lerated 

and i f  addi t ional  therapeut ic  ef fect  is  needed.  
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(b)  The lowest  ef fect ive dose is  4 mg/24 hours.  

(c)  The highest  recommended dose is  6 mg/24 hours.  

(3)  Precautions and monitoring:  

(a)  Similar Ropinirole  

(b)  Weight gain and f luid retention:  due to development  of  per ipheral  edema ( f lu id 

retent ion)  

(c)  Appl icat ion-si te react ions:  local ized erythema,  edema, or  prur i tus l imi ted to 

the patch area 

(d)  Sulf i te sensit ivi ty:  contains a sul f i te that  may cause al lerg ic- type react ions,  

inc luding anaphylact ic  symptoms and l i fe threatening or  less severe asthmat ic  

episodes in cer ta in suscept ib le persons.  

(4)  Drug interact ions.  Dopamine agonists  (eg,  ant ipsychot ics,  metoclopramide)  

may decrease ef f icacy of  rot igot ine.  

d. Apomorphine Hydrochloride Inject ion SC (Apokyn)  

(1)  Mechanism of action:  



(a)  s t imulat ing of  post  synapt ic  dopamine D2-type receptors wi th in Caudate and 

putamen in brain 

(b)  Subcutaneous in ject ion is  indicated for  acute intermi t tent  t reatment i f  

hypomobi l i ty “of f ”  episodes (end of  dose wear ing,  unpredictable on/of f  episodes)  

(2)  Administrat ion and dosage:  

(a)  Doses more than 6 mg is  not  recommended 

(b)  Dose should be star ted at  2 mg increase to maximum of  6mg.  

(c)  I t  should be adminis t rated at  “of f ”  s tate should begin test  dose at  2 mg where 

blood pressure can be moni tored.  Blood pressure should be moni tored predose at  

20,  40,  and 60 minutes post  dose standing up.  

(d)  I f  pat ient  developed or thostat ic  hypotension should not  received Apomorphine 

(e)  Pat ients who have a s igni f icant  interrupt ion in therapy (more than a week)  

should be restar ted on a 0.2 mL (2 mg) dose and gradual ly t i t rated to ef fect .  

(3)  Precautions and monitoring:  

(a)  Profound hypotension and loss of  consciousness when given wi th 5HT3 

antagonist  c lass ( inc luding ondanset ron,  graniset ron)  

(b)  QT prolongat ion and potent ia l  pro-arrhythmia ef fect .  Pat ient  should be moni tored 

for  palp i tat ion syncopy and s igns for  episode of  torsades de points.  

(c)  S leep at tack,  fa l l ing as leep dur ing dai ly act iv i t ies.  

(d)  Hal luc inat ion 

(e)  Sulf i te sensit ivi ty:  contains a sul f i te that  may cause al lerg ic- type react ions,  

inc luding anaphylact ic  symptoms and l i fe- threatening or  less severe asthmat ic  

episodes in cer ta in suscept ib le people 

(4)  Drug interact ions:  

(a)  5HT3 antagonist  such as ondansetron,  graniset ron,  dolasetron,  palonosetron)  

resul ts  in hypotension 

(b)  Ant ihyper tensive medicat ions and vasodi lators which may resul ts  in hypotension.  

(c)  Contra indicated when used wi th other  drugs that  have potent ia l  to prolong QT,  

QTC interval .  I t  increases r isk of  l i fe- threatening arrhythmias.  

4.  COMT inhibitors  

a.  Tolcapone (Tasmar)  

(1)  Mechanism of action  

(a)  Tolcapone is  a select ive and revers ib le inhib i tor  of  COMT and is used as an 

adjunct  to levodopa/carb idopa therapy.  

(b)  Tolcapone inhib i ts  COMT both per ipheral  and centra l ly.  

(c)  COMT is the main enzyme responsib le for  per ipheral  and centra l  metabol ism of  

catecholamines,  inc luding levodopa.  Addi t ion of  a COMT inhib i tor  resul ts  in the 

doubl ing of  the el iminat ion hal f - l i fe  of  levodopa and in increased oral  b ioavai lab i l i t y  

of  levodopa by 40%-50%. 

(d)  Tolcapone is  indicated as an adjunct  therapy to carbidopa/ levodopa therapy.  

(2)  Administrat ion and dosage  

(a)  Start ing dose of  100-200 mg,  three t imes dai ly 

(b)  Usual  dai ly dose of  200 mg,  three t imes dai ly 



(c)  I f  pat ient  fa i ls  to show expected benef i t  af ter  3 weeks of  t reatment ,  discont inue 

drug because of  associated r isk of  l iver  fa i lure.  Rapid wi thdrawal  or  abrupt  

reduct ion  
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dose could lead to hyperpyrexia and confusion symptoms such as h igh fever  and 

severe r ig id i ty s imi lar  to those in neurolept ic  mal ignant  syndrome.  

(3)  Precautions and monitoring  

(a)  Liver toxici ty.  High r isk of  fata l  l iver  fa i lure has been repor ted wi th to lcapone.  

Discont inue use i f  substant ia l  benef i t  is  not  seen wi th in 3 weeks of  commencement  

of  therapy.  

(b)  Do not  use in pat ients wi th l iver  d isease or  in pat ients who have two alanine 

aminotransferase (ALT) or  aspar tate aminotransferase (AST) values greater  than 

the upper l imi t  of  normal .  

(c)  Advise pat ient  regarding sel f -moni tor ing for  l iver  d isease ( i .e. ,  c lay-colored 

stool ,  jaundice,  fat igue,  appet i te loss,  or  lethargy) .  

(d)  Moni tor  AST and ALT every 2 weeks for  the f i rst  year ,  then every 4 weeks for  

the next  6 months and every 8 weeks thereaf ter .  

(e)  MAO and COMT are two major  enzyme systems involved in the metabol ism of  

catecholamines;  combinat ion of  to lcapone wi th a nonselect ive MAO inhib i tor  wi l l  

resul t  in  inhib i t ion of  the pathway responsib le for  normal  catecholamine metabol ism.  

( f )  Tolcapone can be taken concomitant ly wi th a select ive MAO-B inhib i tor ,  such as 

selegi l ine in  recommended dose of  less or  equal  to 10 mg/day.  

(g)  F ibrol ic  compl icat ions,  such as ret roper i toneal  f ibros is ,  pulmonary inf i l t rates or 

ef fus ion or  p leural  th ickening.  

(4)  Other side effects  

(a)  Orthostat ic  hypotension.  Tolcapone enhances levodopa bioavai labi l i ty and,  

therefore,  may increase the occurrence of  or thostat ic  hypotension.  

(b)  Diarrhea usual ly mani fests wi th in 6-12 weeks af ter  adminis t rat ion of  to lcapone,  

but  can develop as ear ly as 2 weeks af ter  adminis t rat ion.  Diarrhea normal ly 

resolves af ter  d iscont inuat ion of  the drug.  

(c)  Hal luc inat ions are somet imes accompanied by confus ion,  insomnia,  and 

excessive dreaming.  Hal luc inatory ef fects usual ly occur  af ter  in i t ia t ion of  to lcapone 

and are usual ly resolved by decreasing the dose of  levodopa.  

(d)  Tolcapone may potent iate the dopaminergic  s ide ef fect  of  levodopa and may 

cause or  exacerbate preexis t ing dyskinesia.  Decreased doses of  levodopa may or  

may not  a l lev iate the symptoms.  

(e)  Severe cases of  rhabdomyolys is  have been repor ted,  which present  as fever,  

a l ternat ion of  consciousness,  and muscular  r ig id i ty.  

( f )  Others.  Dyspepsia,  abdominal  cramping,  mi ld paresthesia of  the legs,  and 

temporary d iscolorat ion of  ur ine have also been noted but  are not  considered 

c l in ical ly important .  

(g)  Drug interact ions.  A l though no drug interact ion studies have been conducted,  

concurrent  use of  to lcapone and drugs that  are metabol ized by the COMT system 

( i .e. ,  methyldopa,  dobutamine,  apomorphine)  should be moni tored.  Tolcapone also 



has af f in i ty for  the cytochrome P450 2C9 isoenzyme,  s imi lar  to warfar in.  

Coagulat ion parameters should be moni tored when to lcapone is  adminis tered wi th 

warfar in.  

b. Entacapone (Comtan)  

(1)  Mechanism of action  

(a)  Entacapone is  a select ive and revers ib le inhib i tor  of  COMT and permits  

addi t ional  levodopa to reach the brain.  I t  does not  have any ant i -Park inson ef fect  of  

i ts  own.  

(b)  I t  acts only per ipheral ly by inhib i t ing COMT. 

(c)  I t  improves the durat ion of  on t ime and decreases the durat ion of  of f  t ime.  

(d)  I t  is  indicated as an adjunct  to those on levodopa/carbidopa therapy who 

exper ience the s igns and symptoms of  end-of -dose wear ing-of f .  

(2)  Administrat ion and dosage  

(a)  Dosage:  200 mg wi th  each dose of  L-dopa up to 8 t imes dai ly wi th a maximum 

dose of  1600 mg dai ly.  

(b)  Rapid wi thdrawal  could lead to emergency s igns and symptoms of  Park inson 

disease such as hyperpyrexia and confusion (symptoms resembl ing neurolept ic  

mal ignant  syndrome).  

(c)  Levodopa + carbidopa and Entacapone:  Avai lable in 4 s t rengths,  each in a 1:  4 

rat io of  carbidopa to levodopa and combined wi th entacapone 200 mg in a standard-

re lease formulat ion,  50,  100,  150,  and 200 mg of  Levodopa.  
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(3)  Precautions and monitoring effects  

(a)  MAO.  COMT and MAO are two major  enzymes in the metabol ism of  

catecholamines.  Do not  use together .  

(b)  Drugs metabolized by COMT.  Drugs that  are metabol ized by th is  pathway,  such 

as isoproterenol ,  epinephr ine,  norepinephr ine,  dopamine,  and dobutamine,  as wel l  

as methyldopa,  may interact  and may resul t  in  increased heart  rate,  arrhythmias,  

and an excessive increase in b lood pressure.  

(c)  Hepatic function impairment.  The major i ty of  the drug is  metabol ized by the 

l iver ;  therefore,  use caut ion in pat ients who have l iver  funct ion abnormal i t ies.  

(d)  Fibrot ic complicat ion.  Cases of  retroper i toneal  f ibros is ,  pulmonary inf i l t rates,  

p leural  ef fus ion,  and pleural  th ickening have been repor ted.  These compl icat ions 

may resolve when the drug is  d iscont inued,  but  complete resolut ion may not  a lways 

occur .  

(e)  Bi l iary excret ion.  Entacapone is  excreted by b i le;  therefore,  use caut ion wi th 

drugs known to interfere wi th b i l iary excret ion,  such as probenecid,  erythromycin,  

and ampic i l l in .  

(4)  Other side effects.  Dyskinesia/hyperk inesia,  nausea,  ur ine discolorat ion 

(brownish orange),  d iarrhea,  and abdominal  pain 

(5)  Drug interact ions.  May interact  wi th drugs that  are metabol ized by the l iver  

cytochrome P450.  



III. SURGICAL TREATMENT. 

Al l  surger ies require needle inser t ion into the bra in,  which in turn increases the r isk 

of  hemorrhage.  

A. Globus pal l idus internus (Gpi)  pal l idotomy  

1.  Defini t ion.  A pal l idotomy entai ls  the surgical  resect ion of  par ts  of  the globus 

pal l idus.  

2.  Advantages.  Improves contra lateral  dyskinesia 

3.  Disadvantages.  Increased r isk of  damage to other  par ts of  the brain,  inc luding 

opt ic  nerve and internal  capsule,  and r isk of  emot ional ,  behavioral ,  and cogni t ive 

def ic i ts  

B. Deep-brain st imulat ion  

1.  Defini t ion.  High- f requency st imulat ion that  induces funct ional  inhib i t ion of  target  

regions of  the brain by implant ing an elect rode into a target  s i te and connect ing the 

lead to a subcutaneously p laced pacemaker.  

2.  Advantages.  No destruct ive les ion is  formed.  St imulat ion parameters can be 

readjusted at  any t ime to improve ef f icacy or  decrease adverse events.  

3.  Disadvantages.  S ide ef fects associated wi th equipment  (such as lead breaks,  

infect ion,  skin eros ion,  mechanical  mal funct ion,  and need for  bat tery replacement) .  

Other  s ide ef fects inc lude paresthesia l imb dystonia,  ataxia,  in t racerebral  

hemorrhage,  seizure,  and confusion.  

C. Fetal  nigral  transplantat ion  

1.  Defini t ion.  Implantat ion of  embryonic dopaminergic  cel ls  into the denervated 

st r iatum to replace degenerated neuronal  cel ls .  

2.  Advantages.  Implanted cel ls  a l l  surv ive,  and innervat ion of  the st r iatum is  

accompl ished in an organotypic  manner.  Does not  necessi tate making a dest ruct ive 

les ion.  

3.  Disadvantages.  Opt imal  t ransplant  var iables and target  s i te not  def ined.  Also 

c l in ical  s tudies showed development  atypical  dyskinesias dur ing of f  per iod.  

D.  Use of  genet ical ly engineered v i ruses (Adeno-associated v i rus,  AAV) to carry 

levodopa-dopamine conver t ing enzyme aromat ic L-amino decarboxylase (AADC) to 

increase ef fect iveness of  levodopa,  as resul t  decrease doses of  levodopa and 

subsequent ly decrease dyskinesias and other  s ide ef fects associated wi th levodopa.  

E.  Neuronal  regenerat ion:  del iver ing ei ther  growth factors or s tem cel ls  to produced 

dopamine producing neurons.  
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STUDY QUESTIONS 

Direct ions:  Each of  the quest ions,  statements,  or  incomplete s tatements in th is  

sect ion can be correct ly answered or  completed by one  of  the suggested answers or  

phrases.  Choose the best  answer.  

1.  Which of the fol lowing drugs is a catechol-O -methyltransferase (COMT) 

inhibitor and has reports of fatal  l iver toxici ty with i t? 

(A)  Tolcapone 



(B)  Entacapone 

(C) Rasagi l ine 

(D) Selegi l ine 

View Answer1.  The answer is A[see] .2.  Levodopa is associated with 

which of the fol lowing problems? 

(A)  Gastro intest inal  s ide ef fects 

(B)  Involuntary movements 

(C)  Decl ine in ef f icacy af ter  3-5 years 

(D)  Al l  of  the above 

View Answer2.  The answer is D[seeand] .3.  Amantadine has which of  the 

fol lowing advantages over levodopa? 

(A)  More rapid re l ief  over  symptoms 

(B)  Higher  success rate 

(C)  Better  long- term ef fects 

View Answer3.  The answer is A[seeand] .4.  Which drug is a non-ergot 

dopamine agonist and has a side-effect  prof i le dif ferent from the rest  of the 

dopaminergic agents? 

(A)  Entacapone 

(B)  Levodopa/carbidopa 

(C) Ropini ro le 

(D)  Selegi l ine 

View Answer4.  The answer is C[seeand] .5.  Which of the fol lowing 

medicat ions is indicated as an adjunct to carbidopa/ levodopa therapy? 

(A)  Pramipexole 

(B)  Bromocr ipt ine 

(C) Amantadine 

(D) Tolcapone 

View Answer5.  The answer is D[see] .P.1030 

 

 

ANSWERS AND EXPLANATIONS 

1.  The answer is A [see  I I .E.4.a. (3) . (a) ] .  

Severe cases of  hepatocel lu lar  in jury—including fu lminant  l iver  fa i lure,  which 

causes death—have been repor ted.  Pat ients should be moni tored and ins t ructed to 

look for  s igns of  l iver d isease such as c lay-colored stool ,  jaundice,  fat igue,  loss of  

appet i te,  and lethargy.  

2.  The answer is D  [see  I I .B.3.c and  d ] .  

Levodopa can cause GI s ide ef fects such as nausea and vomit ing,  par t icular ly when 

star t ing t reatment .  Bowel  i r regular i ty and gastro intest inal  b leeding can also occur .  

With long- term levodopa therapy,  involuntary chorei form movements can develop,  

and the ef f icacy of  the drug decl ines.  Other  unwanted ef fects of  levodopa inc lude 

tachycardia and cardiac arrhythmias,  postural  hypotension,  and psychiat r ic  

d is turbances such as confusion or  depression.  

3.  The answer is A [see  I I .D.2.a. (4) ,  I I .D.2.c and  d ] .  



Amantadine is  most ef f icac ious wi th in the f i rst  few weeks,  whereas benef i ts f rom 

levodopa may not  be seen for  weeks to months.  Amantadine is  more benef ic ia l  than 

the ant ichol inergics but  is  less ef fect ive than levodopa.  Unfor tunately,  the ef f icacy 

of  amantadine decl ines af ter  6-12 months of  therapy.  The ef f icacy of  levodopa 

decl ines af ter  3-5 years of  therapy.  

4.  The answer is C  [see  I I .E.3.a and  b ] .  

Non-ergot  dopamine agonists ,  such as ropin i ro le,  are indicated for  both ear ly and 

advanced stages of  Park inson disease.  These drugs select ively b ind to dopamine 

receptors and act ivate the D2 - receptor ,  but  have l i t t le  or  no af f in i ty for  the D1 -

receptor .  They have a greater  af f in i ty for  the D3 - receptor  than for  the D2 - receptor .  

The inc idence of  adverse events (e.g. ,  p leuropulmonary f ibros is  and retroper i toneal  

f ibros is ,  coronary vasoconstr ic t ion,  erythromelalg ia,  and Raynaud phenomenon) is  

low compared to nonselect ive dopamine agonis ts .  Non-ergot  dopamine agonists  

have a low potent ia l  for  the devolvement  of  motor  f luctuat ions and dysk inesis .  

5.  The answer is D  [see  I I .E.4.a. (1) . (d) ] .  

Tolcapone is  an inhib i tor  of  COMT enzyme used to metabol ize catecholamines,  

inc luding levodopa.  I t  is  indicated as an adjunct  therapy to carbidopa/ levodopa 

therapy.  

 



47 
Schizophrenia 
Rebekah R. Arthur Grube 

I. INTRODUCTION 

A. Schizophrenia  is  a major  psychological  d isorder  af fect ing approximately 1% of  

the populat ion.  

B.  I t  is  a d isease that  can markedly af fect  socia l  and occupat ional  funct ioning,  

interpersonal  re lat ionships,  morbid i ty,  and morta l i ty.  

1.  As many as 45% of  the homeless populat ion in the Uni ted States suf fer  f rom 

schizophrenia.  

2.  Morta l i ty rates of  pat ients wi th schizophrenia are two to four  t imes higher  than 

the general  populat ion.  

3.  Suic ide at tempt rates for  pat ients suf fer ing f rom schizophrenia range f rom 20% to 

42%, wi th a success rate of  10%. 

C.  The cost  of  schizophrenia on the U.S.  economy is  est imated to be $62.7 b i l l ion 

per  year .  One hal f  of  th is  cost  is  the resul t  of  indi rect  losses,  such as lost  work.  

II. PATHOPHYSIOLOGY. 

The actual  cause of  schizophrenia is  uncer ta in,  however mul t ip le theor ies exis t ,  

each of  which provides par t ia l  explanat ions.  These inc lude genet ic  theor ies,  the 

dopamine theory,  the neurodevelopmental  theory,  and psychosocia l  theor ies.  

A. Genetic theories.  A st rong genet ic  l ink exis ts  for  the development  of  

schizophrenia.  

1.  Schizophrenia occurs in 1% of  the general  populat ion;  however,  th is increases to 

10% i f  a f i rst -degree re lat ive has a h is tory of  schizophrenia.  

2.  The r isk of  developing schizophrenia fur ther  increases to 40% when both parents 

have a h is tory of  schizophrenia.  

3.  Monozygot ic  twins have demonstrated a 48% r isk of  both twins developing 

schizophrenia i f  one twin has the disease.  

4.  Studies are ongoing to locate speci f ic  genes l inked to the development  of  

schizophrenia.  

B. Dopamine theory.  This  theory postulates that  dopamine hyperact iv i ty in the 

brain is  responsib le for  psychot ic  symptoms present  in schizophrenia.  

1.  Whi le dopamine hyperact iv i ty is  present  in the mesol imbic pathway,  other  areas 

of  the brain,  such as the pref rontal ,  f rontal ,  and temporal  cor t ices,  have decreased 

dopamine act iv i ty dur ing acute psychosis.  

a.  Typical  ant ipsychot ics b lock dopamine act iv i ty in the bra in.  Blockade of  dopamine 

wi th these agents has not  resul ted in a response for  a l l  pat ients.  

b.  The dopamine theory has not  been found to be a complete explanat ion for  

schizophrenia.  

2.  Other  neurot ransmit ters thought  to be involved in schizophrenia inc lude 5-

hydroxytryptamine (serotonin;  5-HT)  and glutamate.  

a.  The ro le of  5-HT is  largely ev idenced by the blockade of  5-HT wi th the newer 

atypical  ant ipsychot ics.  



b.  The ro le of  g lutamate is  a lso being evaluated because one of  i ts  major  funct ions 

is  to regulate dopamine act iv i ty.  Glutamate def ic iency has been found to cause 

s imi lar  ef fects to that  of  dopamine hyperact iv i ty.  

C. Neurodevelopmental  theory.  This  theory suggests that  schizophrenia occurs as 

a resul t  of  an in utero d is turbance dur ing pregnancy.  Potent ia l  causes of  th is  

d is turbance inc lude upper-respiratory infect ions,  obstet r ic compl icat ions,  and 

neonatal  hypoxia.  Studies exis t  that  l ink  
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these prenatal  condi t ions wi th an increased r isk of  development  of  schizophrenia;  

however,  th is  theory cont inues to be evaluated.  

D. Psychosocial  theories.  These theor ies propose that  s i tuat ions such as stress,  

poor  interpersonal  sk i l ls ,  conf l ic t ing fami ly communicat ion,  and var ious 

socioeconomic inf luences are l inked to the development  of  schizophrenia.  Whi le 

these theor ies have been unproved,  such s i tuat ions can serve as t r iggers for  the 

development  of  the disease in people wi th a predisposi t ion.  

III. DIAGNOSIS AND CLINICAL FEATURES 

A.  Schizophrenia is  diagnosed  based on Diagnost ic  and Stat is t ical  Manual  of  

Mental  Disorders,  4th ed.  (DSM-IV-TR) cr i ter ia.  

1.  A pat ient  must  have at  least  two of  the fo l lowing symptoms:  delus ions,  

hal luc inat ions,  d isorganized speech,  d isorganized or  catatonic behavior ,  and 

negat ive symptoms.  

2.  The symptoms should be present  for  at  least  1 month,  wi th at  least  6 months of  

cont inuous prodromal  or  res idual  symptoms.  

3.  At  least  one area of  the pat ient 's  socia l  or  occupat ional  funct ioning should be 

s igni f icant ly af fected.  

4.  Other  condi t ions causing s imi lar  symptoms such as schizoaf fect ive d isorder ,  

mood disorders,  substance abuse,  and general  medical  condi t ions should be ru led 

out .  

B.  F ive types  of  schizophrenia exis t  (Table 47-1) .  

C.  The c l in ical  features of  schizophrenia are categor ized as posit ive,  negative,  or  

disorganized  symptoms (Table 47-2) .  The most common symptoms are 

hal lucinat ions  and delusions.  

1.  An hal lucination  is  a percept ion d is turbance in sensory exper iences of  the 

environment .  Hal luc inat ions can be audi tory,  v isual ,  o l factory,  or  tact i le .  Audi tory 

hal luc inat ions are most common.  

Table 47-1. Types of Schizophrenia 



Type Presentation 

Catatonic Motor symptoms are most notable. The patient may 

either demonstrate rigid immobility or excessive 

purposeless movement. The patient may be silent and 

withdrawn or may become loud and shout. Bizarre 

voluntary movements such as posturing may also 

occur. The patient may fluctuate between the two 

extremes. 

Disorganized The patient tends to have disorganized speech and 

behavior with a flat affect. Hallucinations and 

delusions are not well formed and fragmented. The 

patient may also have bizarre mannerisms and 

grimacing. 

Paranoid The most common type of schizophrenia. Patients are 

usually preoccupied with paranoid delusions or 

auditory hallucinations. Cognitive function is usually 

preserved; if thought disorder is present, it does not 

prevent description of delusions or hallucinations. 

Residual The patient does not have acute psychosis, but some 

symptoms of schizophrenia remain. Largely negative 

symptoms are seen, such as flat affect, social 

withdrawal, and loose associations. Prominent 

delusions or hallucinations are not present. 

Undifferentiated The patient meets the criteria for a diagnosis of 

schizophrenia but does not meet the criteria for a 

specific type, or the patient may meet the criteria for 

multiple types of schizophrenia. No one type appears to 

be dominant. 
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Table 47-2. Symptoms of Schizophrenia 



Positive Symptoms Negative Symptoms Disorganized Symptoms 

Delusions Affective flattening Disorganized speech 

Hallucinations Alogia Thought disorder 

Combativeness Anhedonia Disorganized behavior 

Insomnia Amotivation Poor attention 

 Apathy  

 Asocial behavior  

 

2.  A delusion  is  an incorrect  or  fa lse bel ief .  Delus ions can be re l ig ious,  

paranoid/persecutory,  grandiose,  somat ic ,  inf luent ia l ,  or  sexual .  Persecutory or  

paranoid de lus ions are the most  common.  

IV. RISK FACTORS. 

Risk factors for  the development  of  schizophrenia inc lude a fami ly h is tory of  

schizophrenia,  any potent ia l  cause of  feta l  hypoxic  brain damage,  h is tory of  b i r th 

compl icat ions,  advanced age of  mother  dur ing pregnancy,  b i r th dur ing winter  

months,  substance abuse,  s ingle mar i ta l  s tatus,  lower socioeconomic c lass,  urban 

environment ,  and environmental  s t ress.  

V. TREATMENT GOALS AND OBJECTIVES. 

There is  current ly no known cure for  schizophrenia.  Treatment  opt ions inc lude 

psychotherapy  as wel l  as pharmacotherapy.  The goals and object ives of  t reatment  

are as fo l lows:  

A.  Min imize symptoms of  schizophrenia 

B.  Improve qual i ty of  l i fe  and socia l /occupat ional  funct ioning 

C.  Prevent re lapse and hospi ta l izat ion 

D.  Minimize adverse ef fects of  medicat ions 

E.  Prevent suic ide at tempts or  sel f -harm 

VI. PHARMACOTHERAPY: ANTIPSYCHOTIC 

MEDICATIONS 

A.  Two generat ions of  ant ipsychot ic  medicat ions are avai lable for  t reatment :  f i rst-

generat ion or typical  ant ipsychotics  and second-generat ion or atypical  

ant ipsychotics.  

1.  The choice of  an appropr iate ant ipsychot ic  agent  depends on the pat ient 's  

prev ious exper iences wi th ant ipsychot ic  medicat ions,  adverse ef fects,  the pat ient 's 



concomitant  medical  condi t ions,  medicat ion interact ions,  and the pat ient 's 

preference.  

2.  Current  Amer ican Psychiat r ic  Associat ion (APA) guidel ines recommend using an 

atypical  ant ipsychot ic  f i rs t ,  owing to less r isk for  ext rapyramidal  symptoms (EPS).  

Pat ients who prefer  or  have a h is tory of  response to typical  ant ipsychot ics may f i rs t  

use typ ical  ant ipsychot ics.  

3.  Response to medicat ions is  not  immediate,  and maximal  t reatment  response may 

take 6 months or  longer to be seen. 

4.  Af ter  a t reatment  response is  seen,  pat ients should be mainta ined on the current  

therapy for  a minimum of  6 months.  Most pat ients wi l l  require chronic therapy,  

because 80% of  f i rs t -episode pat ients who do not  receive ant ipsychot ic  t reatment 

wi l l  re lapse wi th in 5 years.  
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Table 47-3. Properties of Typical Antipsychotics 

Agent 

CPZ
a
 

Equivale

nt 

Dose 

Range
a
 

(mg/day

) 

Sedatio

n EPS 

Anticholiner

gic Side 

Effects 

Orthostati

c 

Hypotensio

n 

Chlorpromaz

ine 

(Thorazine) 

100 300

-

100

0 

++

+ 

++ ++ +++ 

Trifluoperazi

ne 

(Stelazine) 

5 5-

15 

+ ++

+ 

+ + 

Thioridazine 

(Mellaril) 

100 300

-

800 

++

+ 

+ +++ +++ 

Perphenazine 

(Trilafon) 

10 16-

64 

++ ++ + + 

Fluphenazine 

(Prolixin) 

2 5-

20 

+ ++

+ 

+ + 



Thiothixene 

(Navane) 

5 15-

50 

+ ++

+ 

+ ++ 

Haloperidol 

(Haldol) 

2 5-

20 

+ ++

+ 

+ + 

Molindone 

(Moban) 

10 30-

100 

++ ++ + + 

Loxapine 

(Loxitane) 

10 30-

100 

+ ++ + + 

a 
Data from Lehman AF, Lieberman JA, Dixon LB, et al. Practice guideline 

for treatment of patients with schizophrenia, 2nd ed. Am J Psych 

2004;161:1-56. 

CPZ, chlorpromazine; EPS, extrapyramidal symptoms; +++, high; ++, 

moderate; +, low. 

 

B. Typical  ant ipsychotic medications  (Table 47-3)  

1.  Mechanism of action.  The ant ipsychot ic  ef fect  of  these medicat ions is  pr imar i ly 

mediated through the blockade of  dopamine receptors.  These agents a lso have 

act iv i ty at  h is tamine,  muscar in ic ,  and α-receptors,  a l though these receptors are not  

responsib le for  desi red therapeut ic  act iv i ty.  

2.  Potency.  Typical  ant ipsychot ic  agents are c lass i f ied by thei r  potency for  the 

dopamine receptor  into h igh- ,  moderate- ,  and low-potency ant ipsychot ics.  High-

potency agents have a higher  af f in i ty for  the dopamine receptor  and are associated 

wi th h igher  r isk for  the development  of  EPS. Low-potency agents have less af f in i ty 

for  dopamine receptors;  and al though they have less r isk for  causing EPS, they are 

associated wi th more adverse ef fects f rom their  act iv i ty at  h is tamine,  muscar in ic ,  

and α-receptors.  

3.  Eff icacy.  When dosed in equivalent  doses,  the var ious typical  ant ipsychot ics 

have s imi lar  ef f icacy.  Equivalent  doses are descr ibed using chlorpromazine (CPZ) 

equivalents  (Table 47-3) .  Typical  ant ipsychot ics are thought  to be as ef fect ive as 

atypical  ant ipsychot ics for  posi t ive symptoms but  are less ef fect ive for  negat ive 

symptoms.  

4.  Adverse effects.  Typ ical  ant ipsychot ics are associated wi th several  adverse 

ef fects (Tables 47-3 and 47-4) .  

a.  The act iv i ty of  the var ious typical  ant ipsychot ics at  the dopamine,  α- ,  muscar in ic ,  

and his tamine receptors are responsib le for  many of  the adverse ef fects of  these 

medicat ions (Table 47-5) .  



b. Extrapyramidal  side effects  can occur  wi th a l l  the typical  ant ipsychot ics,  

especia l ly wi th h igh-potency typica l  ant ipsychot ics .  Four  types of  ext rapyramidal  

s ide ef fects have been descr ibed:  acute dystonia,  akathis ia,  pseudopark insonism, 

and tardive dyskinesia.  

(1)  Acute dystonia  descr ibes sudden muscle spasms that  pr imar i ly occur  in the 

eye,  neck,  face,  and throat  muscles.  

(a)  Types of  acute dystonia inc lude tor t icol l is  (a muscle spasm of  the neck causing 

the head to be twisted to the s ide) ,  ret rocol l is  (a muscle spasm of  the neck causing 

the head to be pul led back) ,  t r ismus (a muscle spasm of  the mouth causing the jaw 

to be c lenched),  and oculogyr ic  cr is is  (a spasm of  the eye muscles causing one or  

both eyes to become f ixed in an upward gaze) .  
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Table 47-4. General Adverse Effects of Antipsychotics 

Typical Antipsychotics Atypical Antipsychotics 

Sedation Sedation 

Anticholinergic effects Anticholinergic effects (clozapine, 

olanzapine) 

 Blurred vision Orthostatic hypotension 

 Constipation Moderate to severe weight gain 

 Dry mouth Diabetes mellitus 

 Urinary retention Hypercholesterolemia 

Extrapyramidal symptoms Hyperprolactinemia (risperidone) 

Lowered seizure threshold Lowered seizure threshold 

Orthostatic hypotension QT prolongation 

Hyperprolactinemia Neuroleptic malignant syndrome 



Moderate weight gain Extrapyramidal symptoms 

QT prolongation Sexual dysfunction 

Photosensitivity  

Temperature dysregulation  

Neuroleptic malignant 

syndrome 
 

Sexual dysfunction  

Elevated liver enzymes  

 

(b)  Acute dystonias can occur  wi th in  hours of  in i t ia t ing the medicat ion or  increasing 

the dose.  This is  most common in young men and in pat ients us ing high doses of  

h igh-potency typical  ant ipsychot ics.  

(c)  Management  inc ludes the use of  ant ichol inergic  agents l ike benztropine and 

diphenhydramine;  i f  inef fect ive,  benzodiazepines can also be used.  Prevent ion of  

future react ions may be achieved by decreasing the dose of  ant ipsychot ic ,  us ing 

oral  ant ichol inergics,  or  changing therapy to an atypical  ant ipsychot ic .  

(2)  Akathisia  is  descr ibed as motor rest lessness associated wi th internal  agi tat ion 

and feel ings of  having to move.  

(a)  Pat ients wi th akathis ia may pace or  be unable to s i t  st i l l .  This  may occur  wi th in 

days to a few months af ter  the in i t iat ion of  therapy or  increase in dose.  

(b)  Treatment  of  akathis ia inc ludes dose reduct ion of  the ant ipsychot ic ,  l ipophi l ic  β-

blockers,  benzodiazepines,  or  ant ichol inergics.  Therapy may also be changed to an 

atypical  ant ipsychot ic .  

(3)  Pseudoparkinsonism  c l in ical ly appears s imi lar  to id iopathic  Park inson disease,  

and inc ludes symptoms l ike shuf f l ing gai t ,  mask- l ike face,  cogwheel  r ig id i ty,  and 

rest ing or  p i l l - ro l l ing t remor.  

(a)  This  can occur  wi th in 1-3 months af ter  star t ing therapy or  increasing the dose of  

the ant ipsychot ic  agent .  

(b)  This  is t reated by changing to an atypical  ant ipsychot ic ,  decreasing the dose,  

and/or  adding an ant ichol inergic  agent .  

Table 47-5. Adverse Effects by Receptor Affinities 



Receptor Antagonized Adverse Effects 

Histamine Sedation 

 Weight gain 

Dopamine Extrapyramidal symptoms 

 Hyperprolactinemia 

Muscarinic Anticholinergic adverse effects 

 Cognitive impairment 

 Tachycardia 

Alpha Orthostatic hypotension 

 Reflex tachycardia 

Serotonin Weight gain 
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(4)  Tardive dyskinesia (TD)  usual ly does not  occur  unt i l  the pat ient  has been 

tak ing ant ipsychot ics for  a year  or  more.  I t  is  a movement  d isorder  that  can occur in 

var ious locat ions of  the body,  inc lud ing the face,  tongue,  h ips,  and ext remit ies.  

(a)  Movements can be dystonic ( f ixed)  or  choreoathetoid ( rhythmic) .  Common 

movement  d isorders inc lude tongue chewing,  l ip  smacking,  and rhythmic movements 

of  the t runk.  

(b)  TD may be i r revers ib le,  so pat ients tak ing ant ipsychot ics should be moni tored 

c losely for  the appearance of  any movement  d isorders.  

(c)  Tools such as the Abnormal  Involuntary Movement  Scale (AIMS) or Dyskinesia 

Ident i f icat ion System Condensed User Scale (DISCUS) are avai lable to assis t  in  

moni tor ing pat ients.  

(d)  Treatment  should inc lude stopping the ant ipsychot ic .  Mul t ip le agents have been 

used to at tempt  to t reat  TD,  a l though none has been def in i t ive ly proven to be 

ef fect ive.  These inc lude v i tamin E,  benzodiazepines,  baclofen,  and reserpine.  



c.  Neuroleptic mal ignant syndrome (NMS)  is  an uncommon but  potent ia l ly fata l  

adverse ef fect  of  ant ipsychot ics.  Signs and symptoms inc lude fever ,  severe r ig id i ty,  

a l tered mental  s tatus,  unstable b lood pressure,  tachycardia,  incont inence,  e levated 

creat ine k inase,  and increased whi te b lood count .  

(1)  NMS has a sudden onset ,  and should prompt  immediate d iscont inuat ion of  a l l  

ant ipsychot ics.  

(2)  Treatment  inc ludes support ive care and the use of  bromocr ipt ine and/or  

dantro lene.  

C. Atypical  ant ipsychotic medications  (Table 47-6)  

1.  Seven atypical  ant ipsychot ics are current ly on the U.S. market :  c lozapine 

(Clozar i l ) ,  r isper idone (Risperdal) ,  o lanzapine (Zyprexa) ,  quet iapine (Seroquel) ,  

z ipras idone (Geodon),  ar ip iprazole (Abi l i f y) ,  and pal iper idone ( Invega).  

2.  The mechanism of act ion  for  atypical  ant ipsychot ics is  d i f ferent  f rom that  of  the 

typical  ant ipsychot ics.  With the except ion of  ar ip iprazole,  the atypical  ant ipsychot ics 

are dopamine antagonists  but  a lso b lock 5-HT 2 A - receptors.  They block 5-HT to a 

greater  extent  than dopamine.  Ar ip iprazole is  a par t ia l  dopamine and 5-HT1 A -agonist  

and a 5-HT2 A -antagonist .  

3.  Receptor aff ini ty  d i f fers for  the var ious atypical  ant ipsychot ics.  Al l  atypical  

ant ipsychot ics have act iv i ty at  the 5-HT 2 A - receptor  and dopamine receptor .  Di f ferent  

agents have di f ferent  act iv i ty for  h is tamine,  α-,  and muscar in ic  receptors (Table 47-

6) .  

4.  Atypical  ant ipsychot ics have increased ef f icacy for  negat ive symptoms compared 

to typical  ant ipsychot ics.  With the except ion of  c lozapine,  a l l  ant ipsychot ics are 

thought  to have s imi lar  ef f icacy for  posi t ive symptoms.  Clozapine has demonstrated 

ef f icacy for  t reatment- ref ractory schizophrenia.  

5.  Adverse effects.  Atypical  ant ipsychot ics d i f fer  f rom typical  ant ipsychot ics in thei r  

adverse ef fect  prof i le  (Table 47-4) .  Owing to thei r  h igher  af f in i ty for  5-HT-receptors 

compared to dopamine receptors,  they are associated wi th less EPS and 

hyperprolact inemia than typical  ant ipsychot ics.  However,  they have problemat ic  

adverse ef fects,  which l imi t  thei r  use (Table 47-6) .  

a.  Atypical  ant ipsychot ics have been l inked wi th weight  gain,  hyper l ip idemia,  and 

hyperglycemia.  The r isk for  the development  of  these metabol ic  adverse ef fects 

d i f fers among agents.  

b.  A recent meta-analys is  of  the atypical  ant ipsychot ics demonstrated an increased 

r isk of  death in pat ients wi th dement ia.  Atypical  ant ipsychot ics now carry a black 

box warning  caut ioning providers against the use of atypical  ant ipsychotics in 

the treatment of dementia-related psychosis.  For more informat ion,  refer  to 

Schneider  LS,  Dagerman KS,  Insel  P.  Risk of  death wi th atypical  ant ipsychot ic  drug 

t reatment  for  dement ia.  JAMA 2005;294:1934-1943.  

6.  Clozapine was the f i rs t  atypical  ant ipsychot ic  to be marketed in the Uni ted 

States,  is  the only ant ipsychot ic  wi th no r isk of  EPS or  TD and is  the only 

ant ipsychot ic  wi th proven ef f icacy for  t reatment-ref ractory schizophrenia.  However,  

c lozapine is  indicated only in pat ients who have fa i led two to three ant ipsychot ics 

( inc luding typical  and atypical  ant ipsychot ics)  because of  i ts  r isk of  agranulocytos is .  

Complete b lood count  (CBC) must be moni tored at  basel ine,  every week for  the f i rs t  



6 months of  therapy,  every other  week for  the next  6 months,  and then every month 

thereaf ter .  Clozapine may also lower seizure threshold in pat ients,  especia l ly wi th 

h igher  doses.  Clozapine should be used wi th caut ion in pat ients at  r isk for  seizures 

or  wi th a h is tory of  a seizure d isorder .  
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Table 47-6. Properties of Atypical Antipsychotics 

Medication 

Dose 

Range
a
 

(mg/da

y) 

Recept

or 

Affinity
a
 

Sedatio

n EPS 

Anticholine

rgic Effects 

Orthostat

ic 

Hypotensi

on 

Weight 

Gain 

Clozapin

e 

15

0-

60

0 

D, 

5-

HT

, 

M, 

H1, 

α 

++

+ 

0 +++ +++ +++ 

Risperid

one 

2-

8 

D, 

5-

HT

, 

H1, 

α 

+ + 

to 

+

+ 

0 + ++ 

Olanzapi

ne 

10

-

30 

D, 

5-

HT

, 

M, 

H1,

α 

++ + ++ + ++++ 

Quetiapi

ne 

30

0-

80

0 

D, 

5-

HT

, 

H1, 

α 

++ + 0 ++ ++ 



Ziprasido

ne 

12

0-

20

0 

D, 

5-

HT

, 

H1, 

α 

0 + 0 0 0 

Aripipraz

ole 

10

-

30 

D, 

5-

HT

, 

H1, 

α 

+ + 0 0 0 

Paliperid

one
b
 

3-

12 

D, 

5-

HT

, 

H1

, α 

+ + 

to 

+

+ 

0 + unkno

wn 

a 
Data from Lehman AF, Lieberman JA, Dixon LB, et al. Practice guideline 

for treatment of patients with schizophrenia, 2nd ed. Am J Psych 

2004;161:1-56. 5-HT, 5-hydroxytryptamine (serotonin); α, alpha; D, 

dopamine; EPS, extrapyramidal symptoms; H1, histamine; M, muscarinic; 

+++, high; ++, moderate; +, low. 

 
b 
Data from Invega package insert, 2007. Titusville, NJ, Janssen, L.P. 
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7.  Unique formulat ions of  atypical  ant ipsychot ics are avai lable for  pat ients.  

a.  Oral ly disintegrating tablets.  Risper idone and olanzapine both are avai lable as 

oral ly d is integrat ing tablets,  and are manufactured as Risperdal  M tablets and 

Zyprexa Zydis tablets.  

b. Parenteral  formulations.  Z ipras idone and olanzapine are avai lable in parenteral  

formulat ions for  use in acutely agi tated pat ients wi th schizophrenia.  

(1)  Z ipras idone may be given as 10 or  20 mg intramuscular ly.  The 10-mg dose may 

be repeated in 2 hr ,  and the 20 mg dose may be repeated in 4 hr .  The maximum 

dai ly dose is  40 mg.  

(2)  Olanzapine may be g iven as 10 mg int ramuscular ly.  The 10-mg dose may be 

repeated every 2 hr ,  up to a maximum of  30 mg dai ly.  



D. Rapid tranqui l ization  is  used for  acutely psychot ic  pat ients wi th aggression or  

who are severely agi tated.  Parenteral  typica l  or  atypical  agents may be used in 

these pat ients.  Typical  agents avai lable in a parenteral  form inc lude chlorpromazine 

(Thorazine) ,  f luphenazine (Prol ix in) ,  and haloper idol  (Haldol) .  As descr ibed ear l ier ,  

avai lable atypical  agents inc lude z ipras idone and o lanzapine.  

E. Noncompliant patients.  Those pat ients wi th a h is tory of  noncompl iance or  who 

have f requent  hospi ta l izat ions secondary to noncompl iance may be candidates for  a 

long-act ing int ramuscular  formulat ion of  ant ipsychot ic .  Current ly three opt ions exis t :  

haloper idol  decanoate,  f luphenazine decanoate,  and long-act ing r isper idone 

(Risperdal  Consta) .  

1.  Haloperidol  decanoate  is  g iven int ramuscular ly every 3-4 weeks.  The star t ing 

dose should be 10-15 t imes the total  dai ly dose of  oral  haloper idol .  This equat ion is  

only a rough convers ion,  and the lowest  ef fect ive dose should be given.  The f i rst  

dose should not  exceed 100 mg,  and subsequent  doses should not  exceed 450 mg.  

2.  Fluphenazine decanoate  is  adminis tered int ramuscular ly every 2-3 weeks.  The 

star t ing dose is  1.2-1.6 t imes the tota l  dai ly dose of  oral  f luphenazine.  The 

maximum dose of  f luphenazine decanoate is  100 mg at  any one t ime.  The lowest  

ef fect ive dose of  th is  formulat ion should be used.  

3.  Long-acting r isperidone  is  adminis tered int ramuscular ly every 2 weeks.  An 

ef fect ive dose of  oral  r isper idone should f i rs t  be ident i f ied before changing to the 

long-act ing formulat ion.  Pat ients should be star ted at  25 mg every 2 weeks and 

covered wi th oral  medicat ions for  3 weeks af ter  in i t ia t ion.  Doses may be increased 

to a maximum of  50 mg every 2 weeks.  

F. Antipsychotic agents  may be swi tched for  several  reasons,  such as lack of  

ef f icacy and adverse ef fects.  When swi tching ant ipsychot ic  agents,  the or ig inal  

agent  should be t i t rated down whi le the new agent  is  t i t rated up.  I f  changing f rom a 

typical  ant ipsychot ic  to an atypical  ant ipsychot ic  secondary to EPS, ant ichol inergic  

agents may be cont inued unt i l  the typical  agent  is  completely d iscont inued unless 

the new agent  is  c lozapine.  Clozapine has high ant ichol inergic  ef fects,  thus 

addi t ional  ant ichol inergic  agents would not  be indicated.  

G. Adjunctive therapy.  In pat ients wi th par t ia l  or  no response to therapy af ter  an 

adequate t r ia l  of  an ant ipsychot ic ,  a second ant ipsychot ic  should be t r ied.  Af ter  the 

fa i lure of  two to three ant ipsychot ics,  the pat ient  meets the cr i ter ia for  c lozapine,  

and i ts  use should be considered.  Augmentat ion is  an opt ion for  those pat ients 

unable to take c lozapine or  wi th par t ia l /no response.  Clozapine has been studied in 

combinat ion wi th typical  and atypica l  ant ipsychot ics.  Other  opt ions for  augmentat ion 

inc lude mood stabi l izers,  such as l i th ium, valproic  ac id,  and carbamazepine.  

Ant idepressants have also been used in pat ients suf fer ing f rom depressive 

symptoms.  Elect roconvuls ive therapy (ECT) has also been used as an adjunct ive 

therapy in pat ients wi th par t ia l  or  no response to ant ipsychot ics.  

P.1039 

 

 

STUDY QUESTIONS 



Direct ions:  Each of  the quest ions,  statements,  or  incomplete s tatements in th is  

sect ion can be correct ly answered or  completed by one  of  the suggested answers or  

phrases.  Choose the best  answer.  

For questions 1-5:  DG is  a 23-year-o ld female commit ted to the inpat ient  

psychiat r ic  ward by her  parents.  They state that  she has recent ly been under a large 

amount  of  st ress f rom col lege,  and they have not iced over  the past  year  that  she 

has become more wi thdrawn f rom her  f r iends and socia l  act iv i t ies.  They also state 

that  she angers more easi ly than she used to as a chi ld,  and th is  morning they 

found her  wi th a kni fe t ry ing to s l i t  her  wr is ts .  DG states that  the voices keep te l l ing 

her  she is  bad and that  she should k i l l  hersel f .  She does not  admit  to any v isual  

hal luc inat ions but  descr ibes mul t ip le voices (male and female)  ta lk ing to her  

cont inuously te l l ing her  that  she should harm hersel f  or  that  people are out  to get  

her .  She keeps te l l ing you that  her  parents are t rying to get  r id of  her ,  and she 

wants to leave.  She appears to be a heal thy young woman al though not iceably 

agi tated.  Her medical  h is tory is  s ign i f icant  only for  smoking one pack/day s ince age 

16.  DG is d iagnosed wi th schizophrenia.  

1.  Which type of  schizophrenia is DG l ikely experiencing based upon her 

presenting signs and symptoms? 

(A)  catatonic 

(B)  d isorganized 

(C) paranoid 

(D)  res idual  

View Answer1.  The answer is C[see] .2.  Which of  the fol lowing of DG's 

symptoms is best described as a negative symptom of schizophrenia? 

(A)  socia l  wi thdrawal  

(B)  audi tory hal luc inat ions 

(C) delus ions 

(D) agi tat ion 

View Answer2.  The answer is A[see] .3.  The medical  team decides to 

ini t iate treatment for DG. Which of the fol lowing antipsychotic medicat ions is 

the best init ial  treatment for this pat ient? 

(A)  haloper idol  

(B)  r isper idone 

(C) th ior idazine 

(D) c lozapine 

View Answer3.  The answer is B[see] .4.  Which of  the fol lowing is not  a 

potential  adverse effect  of the medicat ion selected for DG in question 3? 

(A)  weight  gain 

(B)  pseudopark insonism 

(C) sedat ion 

(D) ur inary retent ion 

View Answer4.  The answer is D[see] .5.  DG is stabi l ized on the medicat ion 

prescribed and is discharged home. DG is readmitted into the psychiatr ic ward 

1 year later for auditory and  visual  hal lucinations secondary to noncompliance 



on her current treatment regimen. Which of  the fol lowing treatment options is 

most appropriate for DG at  this t ime? 

(A)  haloper idol  decanoate 

(B)  long-act ing r isper idone 

(C) c lozapine monotherapy 

(D) adjunct ive c lozapine wi th haloper idol  

View Answer5.  The answer is B[seeandand] .For questions 6-8:  TW is a 

52-year-o ld female wi th a h is tory of  schizophrenia and diabetes mel l i tus type 2.  She 

has been t reated for  many years wi th haloper idol  wi th good response;  however,  she 

has recent ly developed l ip  smacking and tongue chewing.  

6.  What type of adverse effect  is TW experiencing? 

(A)  akathis ia 

(B)  acute dystonia 

(C)  pseudopark insonism 

(D) tardive dyskinesia 

View Answer6.  The answer is D[seeand] .7.  Which of the fol lowing 

medicat ions has been used to treat  the adverse effect  described in question 6? 

(A)  v i tamin E 

(B)  propranolo l  

(C)  d iphenhydramine 

(D) amantadine 

View Answer7.  The answer is A[see] .P.1040 

 

 

8.  Now that TW is experiencing this react ion,  her healthcare providers want to 

change her therapy to a dif ferent ant ipsychotic.  Which of  the fol lowing 

antipsychotics is the best treatment option for her? 

(A)  o lanzapine 

(B)  r isper idone 

(C) quet iapine 

(D) f luphenazine 

View Answer8.  The answer is C[see] .9.  Which of  the fol lowing atypical  

ant ipsychotics would be the least  l ikely to cause weight gain? 

(A)  r isper idone 

(B)  o lanzapine 

(C) quet iapine 

(D) ar ip iprazole 

View Answer9.  The answer is D[see] .10. Which of  the fol lowing 

statements does not describe a way in which atypical  antipsychotics di f fer 

from typical  ant ipsychotics? 

(A)  Atyp ical  ant ipsychot ics have a h igher  af f in i ty for  serotonin receptors than 

dopamine receptors.  

(B)  Atyp ical  ant ipsychot ics are more ef f icac ious for  posi t ive symptoms than typical  

ant ipsychot ics.  



(C)  Atypical  ant ipsychot ics are more l ike ly to cause weight  gain and hyper l ip idemia 

than typ ical  ant ipsychot ics.  

(D)  Atypical  ant ipsychot ics are less l ike ly to cause ext rapyramidal  symptoms (EPS) 

than typ ical  ant ipsychot ics.  

View Answer10.  The answer is B[seeand] .P.1041 

 

 

ANSWERS AND EXPLANATIONS 

1.  The answer is C  [see  Table 47-1 ] .  

DG's prominent  symptoms inc lude wel l - formed hal luc inat ions and delus ions.  These 

hal luc inat ions and delus ions are character is t ic  of  paranoid schizophrenia.  DG also 

does not  meet  the cr i ter ia for  any other  type of  schizophrenia.  

2.  The answer is A [see  Table 47-2 ] .  

Socia l  wi thdrawal  or  asocia l  behavior  is  a negat ive symptom of  schizophrenia.  

Hal luc inat ions,  delus ions,  and agi tat ion are a l l  posi t ive symptoms of  schizophrenia.  

3.  The answer is B  [see  VI .A.2;  VI .C.1;  VI .C.6 ] .  

The Amer ican Psychiat r ic  Associat ion current ly recommends using atyp ical  

ant ipsychot ics f i rs t  over  typical  ant ipsychot ics,  unless the pat ient  has a preference.  

Haloper idol  and th ior idazine are typ ical  ant ipsychot ics.  Clozapine should be used 

only for  t reatment  ref ractory pat ients because of  i ts  adverse ef fect  prof i le .  

4.  The answer is D  [see  Table 47-4;  Table 47-6 ] .  

Risper idone has been associated wi th moderate weight  gain,  low to moderate r isk of  

EPS, and low r isk of  sedat ion.  I t  has not  been associated wi th ant ichol inergics 

ef fects such as ur inary retent ion.  

5.  The answer is B  [see  VI .A.1 and  2,  VI .E.1,  2 and  3 ] .  

DG has a h is tory of  response wi th r isper idone;  however,  she is  exper iencing a 

re lapse of  symptoms owing to noncompl iance.  A long-act ing formulat ion is  indicated 

to assis t  wi th medicat ion compl iance.  As she has not  fa i led mul t ip le ant ipsychot ics,  

DG is  not  a candidate for  c lozapine or  adjunct ive c lozapine.  Long-act ing r isper idone 

is  preferred in th is  pat ient  over  haloper idol  decanoate owing to the pat ient 's  

response his tory and i ts  preferable adverse ef fect  prof i le .  

6.  The answer is D  [see  VI .B.4.b.(1) ,  (2) ,  (3)  and  (4) ] .  

TW is  exper iencing l ip  smacking and tongue chewing of  a late onset ,  which is  best  

descr ibed as tardive dyskinesia.  

7.  The answer is A [see  VI .B.4.b.(4) . (d) ] .  

V i tamin E,  benzodiazepines,  baclofen,  and reserpine have al l  been used in the 

t reatment  of  tard ive dyskinesia,  a l though none has been def in i t ive ly proven to be 

ef fect ive.  

8.  The answer is C  [see  Table 47-3;  Table 47-6 ] .  

Because TW is  exper iencing tardive dyskinesia,  her  therapy should be changed to 

an atypical  ant ipsychot ic .  Her  medical  h is tory is  s igni f icant  for  type 2 d iabetes 

mel l i tus.  Olanzapine is  associated wi th a h igh r isk  of  causing weight  gain,  and other  

metabol ic  symptoms and should not  be used in th is  pat ient .  Risper idone has a low 



to moderate r isk of  EPS. Other  atypical  ant ipsychot ics,  such as quet iapine,  that  

carry a lower r isk of  EPS would be preferable.  

9.  The answer is D  [see  Table 47-6 ] .  

Olanzapine has a h igh r isk of  causing weight  gain.  Risper idone and quet iapine have 

a moderate r isk of  causing weight  gain.  Ar ip iprazole is  associated wi th a low r isk of  

weight  gain.  

10.  The answer is B  [see  VI .C.2,  3,  4 and  5.a;  Table 47-4 ] .  

Atyp ical  ant ipsychot ics have a h igher  af f in i ty for  serotonin receptors than dopamine 

receptors,  whereas typical  ant ipsychot ics have no act iv i ty at  serotonin receptors.  

Atyp ical  and typical  ant ipsychot ics have s imi lar  ef f icacy for  posi t ive symptoms of  

schizophrenia;  however,  atypical  ant ipsychot ics have increased ef f icacy against  

negat ive symptoms. Atypical  ant ipsychot ics are more l ike ly to cause s igni f icant  

weight  gain and hyper l ip idemia and less l ike ly to cause EPS than typ ical  

ant ipsychot ics.  

 



48 
Mood Disorders 
Rebekah R. Arthur Grube 

I. DEFINITION. 

Mood disorders  are descr ibed as an elevat ion or  depression in mood that  pers is ts 

over  a per iod of  t ime and af fects the abi l i t y of  the person to funct ion.  These 

disorders are associated wi th s igni f icant  morbid i ty,  morta l i ty,  and f inancia l  cost .  

Mood disorders can cause a 10-  to 20- fo ld increase in suic ide rates and impair  

socia l  and occupat ional  funct ioning.  Two common types of  mood disorders are 

major depression  and bipolar disorder.  

II. MAJOR DEPRESSION 

A. Major depressive disorder  is  def ined as a mood disorder  in which the pat ient  

has one or  more episodes of  major  depression but  has no his tory of  mania,  mixed,  

or  hypomania episodes.  Major  depressive episodes are descr ibed in I I .D.  

B. Epidemiology  

1.  Depression occurs in 16.2% of  the Uni ted States populat ion.  Resul ts  f rom recent 

s tudies indicate that  6.6% of  the populat ion has exper ienced an episode in the pr ior  

12 months.  

2.  Depression occurs more f requent ly in women than men,  wi th women having a 

l i fe t ime r isk of  1.7-2.7 t imes higher  than men.  

3.  The highest  r isk of  depression occurs in adul ts  between the ages of  25 to 44 

years,  a l though depress ion may occur  at  any age.  

C. Pathophysiology.  The pathophysio logy of  depression is  not  complete ly known,  

however several  theor ies exis t :  genet ic  theor ies,  the biogenic amine theory,  and the 

dysregulat ion theory.  

1.  As wi th many psychiat r ic  d isorders,  a genetic l ink  exis ts  for  depression.  People 

who have a parent  or  s ib l ing wi th a h is tory of  depression have a 1.5-3 t imes greater 

r isk for  developing depression than the general  populat ion.  Between 8% and 18% of  

pat ients wi th major  depression have a parent  or  s ib l ing wi th a h is tory of  depression.  

2.  The biogenic amine theory  was or ig inal ly descr ibed in the 1950s and is  the 

basis  for  past  and current  pharmacological  t reatment  opt ions.  This theory suggests 

that  depression is  associated wi th decreased levels of norepinephrine (NE),  5-

hydroxytryptamine (serotonin;  5-HT),  and dopamine (DA) in the brain.  

3.  The dysregulation theory  was developed af ter  the biogenic amine theory and 

suggests that  impaired homeostasis of  NE, 5-HT,  and DA in the brain  is  

associated wi th depression rather  than absolute levels  of  these neurot ransmit ters.  

This theory in par t  at tempts to expla in the changes in neurot ransmit ter  receptor  

sensi t iv i t ies wi tnessed in the f i rst  few weeks of  pharmacotherapy.  

D. Diagnosis and cl inical  features  

1.  Major  depressive episodes are d iagnosed using the Diagnost ic  and Stat is t ical  

Manual  of  Mental  Disorders,  4th ed.  (DSM-IV-TR) cr i ter ia.  To meet  the cr i ter ia for  a 

major  depressive episode,  pat ients should exper ience at  least  f ive or  more 

pers is tent  symptoms for at  least  2 weeks.  These symptoms inc lude depressed mood,  



loss of  interest  or  p leasure in act iv i t ies,  change in appet i te,  unintent ional  weight  

gain or  loss,  insomnia or  excess sedat ion,  psychomotor  agi tat ion or  retardat ion,  

decreased energy or  fat igue,  feel ings of  worth lessness or  inappropr iate gui l t ,  

decreased abi l i t y to concentrate,  and recurrent  thoughts of  suic ide,  death,  or  

suic ide at tempt .
1
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2.  Symptoms should impair  socia l  or  occupat ional  funct ioning and should not  be 

re lated to a general  medical  condi t ion or  substance abuse.  

3.  Pat ients present ing wi th excessive sedat ion (hypersomnia) ,  increased appet i te,  

weight  gain,  and agi tat ion are c lass i f ied as exper iencing atyp ical  depression.  

E. Treatment options.  Three t reatment  opt ions exis t  for  the t reatment  of  

depression:  pharmacotherapy,  psychotherapy,  and electroconvulsive therapy 

(ECT).  The choice of  which t reatment  opt ion or  combinat ion of  t reatment  opt ions to 

use should be pat ient  speci f ic  and inf luenced by the sever i ty of  symptoms and 

pat ient  preference.  

1.  Pharmacotherapy options (antidepressants) .  Pharmacotherapy can be used for  

mi ld to severe major  depression and produces a response in 40%-70% of  pat ients.  

Ant idepressants have s imi lar  ef f icacy;  however,  they di f fer  in adverse ef fects,  

mechanism of  act ion,  medicat ion interact ions,  and cost .  Therefore,  select ion of  

pharmacologic agents for  pat ients should be based on the speci f ic  symptoms the 

pat ient  is  exper iencing,  adverse ef fects of  the medicat ions,  medicat ion interact ions,  

pat ient  preference,  and abi l i t y of  pat ient  to af ford the medicat ion.  Pat ients wi th a 

h is tory of  response to a par t icular  agent  may restar t  that  agent  i f  desi red.  

a.  Monoamine oxidase inhibitors (MAOIs)  (Table 48-1)  

(1)  Indicat ions.  MOAIs have numerous adverse ef fects and medicat ion interact ions 

and are indicated only in pat ients ref ractory to other  ant idepressants.  These agents 

a lso have a ro le in pat ients present ing wi th atyp ical  depression.  

(2)  Mechanism of action.  MOAIs inhib i t  monoamine oxidase,  which is  responsib le 

for  the breakdown of  neurot ransmit ters such as DA,  5-HT,  and NE.  By b lock ing th is  

enzyme,  levels  of  these amines increase in the brain.  

(3)  Adverse effects.  MAOIs have numerous adverse ef fects that  l imi t  thei r  use.  

These inc lude hypertensive cr ises,  serotonin syndrome,  or thostat ic  hypotension,  

per ipheral  edema, weight  gain,  and sexual  dysfunct ion.  

(a)  Hypertensive crises  can occur  when increased levels of  sympathet ic  amines,  

such as NE, bui ld up in the body,  which can be the resul t  of  ingest ion of  tyramine-

contain ing foods l ike wine and cheese or  the adminis t rat ion of  sympathomimet ic  

agents (e.g. ,  decongestants) .  Pat ients should be counseled regarding the r isk for  

drug and food interact ions when tak ing MAOIs.  

(b)  Serotonin syndrome  can occur  when levels of  5-HT become too high,  usual ly as 

the resul t  of  the use of  mul t ip le serotonergic  agents.  MAOIs in combinat ion wi th 

select ive serotonin-reuptake inhib i tors,  t r icyc l ic  amines,  serotonin and 

norepinephr ine reuptake inhib i tors,  and any other  agent  wi th serotonergic  act iv i ty 



can lead to serotonin syndrome.  The c l in ical  mani festat ions of  serotonin syndrome 

are g iven in Table 48-2.  

b.  Many tr icycl ic amines (TCAs)  are commercia l ly avai lable in the Uni ted States 

and can be c lass i f ied as ter t iary and secondary (Table 48-3) .  

(1)  Indicat ions.  Owing to thei r  numerous adverse ef fects,  TCAs are not  usual ly 

indicated f i rs t - l ine for  the t reatment of  depression.  

(a)  TCAs may be considered for  pat ients wi th a  h is tory of  response to TCAs, 

pat ients ref ractory to other  medicat ions,  or  pat ients wi th co-morbid i t ies that  might  

benef i t  f rom TCAs,  such as neuropathic  pain and migraines.  

(b)  TCAs should not  be used in pat ients wi th suic idal  ideat ions and should probably 

be avoided in pat ients wi th cardiovascular  condi t ions,  c losed angle g laucoma, 

ur inary retent ion,  or  severe prostate hyper t rophy.  

Table 48-1. Monoamine Oxidase Inhibitors 

Agent 

Starting 

Dose 

(mg/day

) 

Dose 

Range
a
(mg/day

) 

Anticholinergi

c Effects 

Sedatio

n 

Weight 

Gain 

Phenelzine 

(Nardil) 10 15-90 ++ ++ 

++

+ 

Isocarboxazid 

(Marplan) 20 20-40 ++ ++ ++ 

Tranylcypromin

e (Parnate) 10 10-40 ++ + ++ 

Selegiline 

(Emsam) patch 6 6-12 ++ 0 + 

a 
For normal adults. Doses may need to be adjusted for elderly patients or 

those with impaired renal or hepatic function. 

+++, high; ++, moderate; +, slight. 
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Table 48-2. Signs and Symptoms of Serotonin Syndrome 



Cognitive-Behavioral 

Dysfunction 

Autonomic Nervous System 

Dysfunction 

Neuromuscular 

Dysfunction 

Confusion Diarrhea Myoclonus 

Hypomania Shivering Hyperreflexia 

Agitation Fever Tremor 

 Diaphoresis Seizure 

 Change in blood pressure Death 

 Nausea and vomiting  

 

(2)  Mechanism of action.  TCAs produce thei r  ant idepressant  ef fect  by inhib i t ing the 

reuptake of  5-HT and NE.  TCAs also have ef fect  at  α-adrenergic ,  h is tamine,  and 

chol inergic  receptors.  Indiv idual  TCAs have di f ferent  af f in i t ies for  these receptors.  

(3)  Adverse effects.  Several  adverse ef fects exis t  for  TCAs and may di f fer  between 

agents,  depending on thei r  af f in i ty for  α-adrenergic ,  chol inergic ,  and his tamine 

receptors (Table 48-3) .  

(a)  Tert iary TCAs have been associated wi th a h igher  r isk of  causing ant ichol inergic  

adverse ef fects (b lurred v is ion,  const ipat ion,  ur inary retent ion,  dry mouth) ,  

sedat ion,  weight  gain,  and or thostat ic  hypotension than secondary TCAs.  

(b)  Addi t ional  adverse ef fects inc lude tachycardia,  QT prolongat ion,  cardiac 

conduct ion abnormal i t ies,  decreased seizure threshold,  and sexual  dysfunct ion.  

TCAs may be lethal  when taken as an overdose.  

(c)  Owing to thei r  act iv i ty on serotonin,  TCAs have the potent ia l  for  causing 

serotonin syndrome when used in combinat ion wi th other  serotonergic  agents.  

(4)  Medicat ion interact ions.  TCAs are substrates of  var ious cytochrome P450 

enzymes and levels can be af fected by enzyme inhib i tors and inducers.  

c.  Select ive serotonin reuptake inhibitors (SSRIs) .  F ive SSRIs are current ly 

avai lable in the Uni ted States for  the t reatment of  depression (Table 48-4) :  

f luoxet ine (Prozac) ,  paroxet ine (Paxi l ) ,  ser t ra l ine (Zolof t ) ,  c i ta lopram (Celexa) ,  and 

esci ta lopram (Lexapro) .  These medicat ions are considered to be f i rs t  l ine for  the 

t reatment  of  depression,  and many are a lso  
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indicated for  anxiety,  panic d isorder ,  post - t raumat ic  s tress disorder ,  and obsessive-

compuls ive d isorder .  

Table 48-3. Tricyclic Amines 



Agent 

Dose 

Range
a
 

(mg/day

) 

Anticholinerg

ic Effects Sedation 

Orthostatic 

Hypotensio

n 

Cardiac 

Effects 

Weight 

Gain 

Tertiary 

amine 
      

Amitriptyli

ne (Elavil) 

50-

300 

++++ +++

+ 

++++ ++

+ 

+++

+ 

Doxepin 

(Sinequan) 

50-

300 

+++ +++

+ 

++ ++ +++

+ 

Imipramine 

(Tofranil) 

50-

300 

+++ +++ ++++ ++

+ 

+++

+ 

Trimiprami

ne 

(Surmontil) 

50-

300 

++++ +++

+ 

+++ ++

+ 

+++

+ 

Secondary 

amine 
      

Nortriptylin

e (Pamelor) 

25-

150 

++ ++ + ++ + 

Desipramin

e 

(Norpramin

) 

50-

300 

+ ++ ++ ++ + 

Protriptylin

e (Vivactil) 

10-

60 

++ + ++ ++

+ 

+ 

a 
For normal adults. Doses may need to be adjusted for elderly patients or 

those with impaired renal or hepatic function. 

++++, very high; +++, high; ++, moderate; +, slight. 

 

Table 48-4. Selective Serotonin Reuptake Inhibitors and Serotonin and 



Norepinephrine Reuptake Inhibitors 

Agent 

Starting 

Dose 

(mg/day) 

Dose Range 

(mg/day) Half-Life 

CYP450 Isoenzyme 

Inhibition 

Fluoxetine 

(Prozac) 

10-20 20-80; 90 

mg 

weekly
a
 

7-9 

days
b
 

2D6, 2C9/19 

(potent); 3A4 

(mild) 

Paroxetine 

(Paxil) 

10-20 20-60 21 hr 2D6 (potent) 

Sertraline 

(Zoloft) 

25-50 50-200 24 hr 2D6 (mild) 

Citalopram 

(Celexa) 

10-20 20-60 35 hr 2D6 (mild) 

Escitalopram 

(Lexapro) 

5-10 10-20 27-32 

hr 

2D6 (mild) 

Venlafaxine 

(Effexor) 

75 150-375 11 hr 2D6 (mild) 

Duloxetine 

(Cymbalta) 

40 40-60 9-19 

hr 

2D6 (moderate) 

a 
Fluoxetine can be given in a once-weekly formulation in patients stabilized 

on fluoxetine 20 mg daily; should be started 1 week after the last dose of 

fluoxetine. 

 
b 
Norfluoxetine is an active metabolite of fluoxetine and has a half-life of 7-9 

days. The half-life of fluoxetine alone is 2-3 days. 

CYP450, cytochrome P450. 

 

(1)  Mechanism of action.  SSRIs exer t  thei r  ant idepressant  ef fect  by b lock ing the 

reuptake of  serotonin.  

(2)  Adverse effects  

(a)  SSRIs have been associated wi th nausea,  vomit ing,  insomnia,  sedat ion,  sexual  

dysfunct ion,  headache,  agi tat ion,  and t remor.  



(b)  Paroxet ine has also been associated wi th ant ichol inergic  adverse ef fects,  such 

as b lurred v is ion,  dry mouth,  const ipat ion,  and ur inary retent ion.  

(c)  These agents have been associated wi th serotonin syndrome when used in 

combinat ion wi th other  serotonergic  agents.  

(3)  Many SSRIs are substrates and inhib i tors of  the cytochrome P450 system and 

may interact  wi th other  medicat ions.  

(4)  Abrupt  discont inuat ion of  SSRIs has been associated wi th withdrawal  

symptoms,  such as n ightmares,  v iv id dreams,  t remor,  anxiety,  nausea,  and poor  

concentrat ion.  F luoxet ine has l i t t le  r isk of  causing syndrome upon discont inuat ion,  

l ike ly because of  i ts  long hal f - l i fe .  With the except ion of  f luoxet ine,  SSRIs should be 

s lowly tapered when discont inued to prevent  th is syndrome.  

d. Serotonin and norepinephrine reuptake inhibitors (SNRIs)  (Table 48-4) .  Two 

SNRIs are current ly avai lable for  the t reatment of  depression:  venlafaxine (Ef fexor)  

and duloxet ine (Cymbal ta) .  Data have shown these medicat ions to have ef f icacy for  

the t reatment  not  only o f  depression but  a lso of  painfu l  per ipheral  neuropathies.  

Duloxet ine carr ies a U.S.  Food and Drug Adminis t rat ion (FDA) indicat ion for  the 

t reatment  of  pain in d iabet ic  neuropathy.  

(1)  Mechanism of action.  SNRIs inhib i t  the reuptake of  5-HT and NE, thereby 

increasing thei r  levels .  These medicat ions di f fer  f rom TCAs in that  they have l i t t le  

act iv i ty for  α-adrenergic ,  chol inergic ,  or  h is tamine receptors.  

(2)  Adverse effects.  SNRIs have an adverse ef fect  prof i le  s imi lar  to that  of  the 

SSRIs.  Common adverse ef fects include nausea,  headache,  somnolence,  dry mouth,  

d izz iness,  sexual  dysfunct ion,  and insomnia.  Venlafaxine and duloxet ine have also 

been associated wi th e levat ions of  d iasto l ic  b lood pressure,  par t icular ly wi th h igher  

doses.  

(3)  Medicat ion interact ions.  Venlafaxine and duloxet ine are both substrates for  the 

cytochrome P450 isoenzyme system and are mi ld to moderate inhib i tors of  the 

isoenzyme 2D6 (Table 48-4) .  SNRIs should not  be used wi th MAOIs or  other  

serotonergic  agents owing to r isk of  serotonin syndrome.  

e.  Bupropion (Wellbutr in)  (Table 48-5) .  

(1)  The mechanism of act ion  for  bupropion is  not  complete ly understood.  

Bupropion is  known to inhib i t  the reuptake of  dopamine and to a smal ler  extent  the 

reuptake of  serotonin and norepinephr ine.  
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Table 48-5. Miscellaneous Antidepressants 



Agent 

Starting Dose 

(mg/day) 

Dose Range 

(mg/day) 

Cytochrome P450 

Isoenzyme Inhibition 

Bupropion 

(Wellbutrin) 75-150 200-450 2D6 

Mirtazapine 

(Remeron) 15 30-45 Does not inhibit 

Trazodone 

(Desyrel) 50-100 150-600 Does not inhibit 

 

(2)  In addi t ion to i ts indicat ion for  depression,  bupropion is  a lso indicated for  

smoking cessat ion.  

(3)  Common adverse ef fects  associated wi th the use of  bupropion inc lude nausea,  

vomit ing,  and insomnia.  

(a)  Bupropion has been associated wi th less sexual  dysfunct ion than many other  

ant idepressant  medicat ions,  such as SSRIs.  

(b)  Bupropion has been associated wi th an increased r isk for  seizures and is  

contra indicated in pat ients at  r isk for  seizures.  This inc ludes pat ients wi th the 

fo l lowing medical  d isorders:  seizure d isorder ,  h is tory of  anorexia or  bul imia,  or  

us ing or  wi thdrawing f rom medicat ions such as a lcohol  or  benzodiazepines.  Doses > 

450 mg should not  be used,  and dose increases should be gradual .  

f .  Mirtazapine (Remeron)  (Table 48-5) .  

(1)  Mir tazapine antagonizes α-adrenergic  and 5HT 2 , 3 - receptors,  causing an increase 

in levels  of  NE and 5-HT. In addi t ion,  mir tazapine has act iv i ty at  h is tamine(H) 

receptors.  

(2)  Adverse effects  for  mir tazapine inc lude sedat ion,  weight  gain,  const ipat ion,  dry 

mouth,  and increased appet i te.  Sedat ion,  increased appet i te,  and weight  gain can 

be problemat ic ,  par t icular ly at  lower doses.  Mir tazapine has a lower r isk for  causing 

sexual  dysfunct ion as compared to SSRIs.  

g. Trazodone (Desyrel )  (Table 48-5) .  

(1)  The mechanism of act ion  for  t razodone is  not  complete ly understood,  but  is  

thought  to be owing an increase in 5-HT.  

(2)  Trazodone is  indicated for  the t reatment  of  depression,  a l though i t  is  not  

f requent ly used because of  sedat ion.  I t  is  more f requent ly used in low doses as 

adjunct ive t reatment  for  insomnia in depressed pat ients.  

(3)  The most  common adverse effects  of  t razodone inc lude sedat ion,  nausea,  and 

or thostat ic  hypotension.  Trazodone has rarely been associated wi th pr iapism and 

QT prolongat ion.  

h. Nefazodone (Serzone).  Nefazodone is  a medicat ion st ructural ly s imi lar  to  

t razodone.  I t  was considered to be f i rs t  l ine for  t reatment  of  depression;  however,  



recent  repor ts  of  hepatotoxic i ty have l imi ted i ts  use and led to a black box warning  

for  possib le l iver  fa i lure leading to death.  

(1)  Nefazodone inhib i ts  5-HT2-receptors and blocks the reuptake of  NE and 5-HT.  

(2)  Adverse effects.  Common adverse ef fects for  nefazodone inc lude dry mouth,  

nausea,  const ipat ion,  or thostat ic  hypotension,  and sedat ion.  The most  severe 

adverse ef fect  associated wi th nefazodone is  hepat ic  fa i lure.  

(a)  Reported rates by the FDA est imate 1 case of  l iver fa i lure resul t ing in death or  

t ransplant  per  250,000-350,000 pat ient -years.  

(b)  No known predicators for  the development  of  l iver  fa i lure are avai lable.  I f  

nefazodone is  used,  l iver  funct ion enzymes should be moni tored rout inely.  

(c)  The gener ic  product  is  st i l l  avai lable,  a l though brand name nefazodone was 

wi thdrawn f rom the U.S. market  in 2004.  

(3)  Nefazodone is  h ighly prote in bound and is  an inhib i tor  of  cytochrome P450 

isoenzyme 3A4,  leading to the potent ia l  for  mul t ip le drug-drug interact ions.  

2.  Durat ion of  treatment.  Treatment is  d iv ided into three phases:  acute phase,  

cont inuat ion phase,  and maintenance phase.  

a.  The acute phase  begins wi th the in i t ia t ion of  therapy unt i l  remiss ion is  reached,  

typical ly las t ing between 6 and 12 weeks.  

b.  The continuation phase  begins af ter  remiss ion is  reached and typica l ly lasts 

between 6 and 9 months.  Medicat ion f rom the acute phase is  cont inued dur ing th is  

phase to prevent  re lapse of  depression.  
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c.  A maintenance phase  is  used in pat ients wi th a h igh r isk of  recurrence of  

depression,  such as those wi th a h is tory of  mul t ip le episodes of  depression,  h is tory 

of  suic idal  thoughts,  and severe depression.  These pat ients should receive 

maintenance t reatment for  2-3 years,  and many may receive l i fe- long therapy.  

3.  Administrat ion and dosage  

(a)  Ant idepressants are usual ly s tar ted at  low doses and s lowly t i t rated up to reach 

target  doses over  a per iod of  a few weeks to prevent  adverse react ions.  Cl in ical  

response determines i f  the dose should be fur ther  t i t rated.  Whi le fu l l  ef fects may not  

be seen for  4-6 weeks,  of ten some s igns and symptoms of  depression such as 

insomnia may resolve more rapid ly.  Pat ients must  receive maximum tolerated doses 

for  4-6 weeks wi thout  response to be c lass i f ied as inef fect ive.  

(b)  I f  pat ients receive only a par t ia l  or  no response,  other  ant idepressants may be 

considered.  When changing to another  ant idepressant  agent ,  caut ion should be 

used to prevent  serotonin syndrome.  These guidel ines should be fo l lowed i f  

changing to or  f rom a MAOI:  

(1)  A 2-week washout  per iod should be observed when changing to a MAOI f rom an 

ant idepressant  wi thout  a long hal f - l i fe  and when changing f rom a MAOI to another  

ant idepressant .  

(2)  A 5-week washout  per iod should be observed when changing to a MAOI f rom an 

ant idepressant  wi th a long hal f - l i fe ,  such as f luoxet ine.  



4.  Augmentat ion of  therapy.  When pat ients fa i l  to fu l ly or  par t ia l ly respond to two 

or  more medicat ions,  augmentat ion of  ant idepressant  therapy wi th another  agent  

may be considered.  

(a)  L i th ium and thyroid hormone have been used for  augmentat ion of  ant idepressant  

medicat ions.  L i th ium augmentat ion is  current ly preferred over  thyroid augmentat ion.  

(b)  Dual  ant idepressant  augmentat ion has also been used.  Agents that  have been 

used inc lude bupropion,  TCAs, and mir tazapine.  

5.  Suicide risk.  Risk of  suic ide is  a lways a concern in pat ients suf fer ing f rom a 

major  depressive episode.  In adolescents and chi ldren,  recent  s tudies have shown a 

l ink between ant idepressant  use and r isk of  increased suic idal  thoughts and act ions.  

Because of  th is  increased r isk,  the FDA has now issued a black box warning  for  a l l  

ant idepressants that  an increase in suic idal  thoughts and act ions may occur  wi th 

therapy and that  adolescents and chi ldren receiv ing th is  therapy should be c losely 

moni tored.  

III. BIPOLAR DISORDER 

A. Defini t ion.  B ipolar  d isorder  or  manic depression is  a syndrome in which pat ients 

suf fer  f rom episodes of  mania and depression.  Mania is  an unusual ly e levated mood 

and is  descr ibed in greater  detai l  in  I I I .D.1.  

B. Epidemiology  

1.  B ipolar  I  and I I  d isorders af fect  3.7%-3.9% of  the U.S. populat ion.  In pat ients 

present ing wi th depression,  21%-49% of  pat ients have bipolar  d isorder .  

2.  B ipolar  I  d isorder  occurs equal ly in men and women al though bipo lar  I I  d isorder  

tends to occur  more commonly in women.  

3.  A l though pat ients may present  wi th b ipolar  d isorder  at  any age,  most  pat ients 

have an average age of  onset  of  21 years,  wi th peak onset  occurr ing between the 

ages of  15 and 24 years.  

4.  Suic ide occurs in 10%-15% of  pat ients wi th b ipolar  I  d isorder .  

C. Pathophysiology.  As wi th many psychiat r ic  d isorders,  the pathophysio logy for  

b ipolar  d isorder  is  not  complete ly understood,  a l though many theor ies exis t .  

1.  A posi t ive fami ly h is tory is  present  in 80%-90% of  pat ients wi th b ipolar  d isorder .  

Therefore,  genetics  is  bel ieved to p lay a ro le in i ts  pathophysio logy,  a l though a 

d i rect  genet ic  l ink has not  been discovered.  
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2.  L ike major  depression,  b ipolar  d isorder  is  bel ieved to be caused by an imbalance 

of  neurotransmitters.  However,  in  b ipolar  d isorder ,  the neurot ransmit ter  levels  

f luctuate and may be s imi lar  or  reversed,  depending on the pat ient 's current  c l in ical  

presentat ion.  

a.  A manic episode is  bel ieved to resul t  f rom elevat ions in NE.  

b.  Depression has been associated wi th a decrease in NE.  

3.  A dysregulat ion of  γ-aminobutyric acid (GABA)  may play a ro le in b ipolar  

d isorder .  A def ic iency in GABA, an inhib i tory neurot ransmit ter ,  may lead to mania 

caused by unopposed exci tatory neurot ransmit ters,  such as DA and NE. 



4.  Increased and decreased levels of  calcium  in the cerebrospinal  f lu id (CSF) have 

been detected in depressed and manic indiv iduals,  respect ively.  Changes in the 

ext racel lu lar  and int racel lu lar  calc ium levels,  which can af fect  the exci tabi l i t y of  

neurons,  may be a factor  in emot ional  var iat ions and swi tches f rom depression to 

mania.  

5.  Recent  research has focused on G proteins  and thei r  ef fects on mood 

stabi l izat ion.  G prote ins are involved in s ignal  t ransduct ion and act ivat ion of  second 

messenger systems for var ious neurot ransmit ters,  l ike NE,  5-  HT,  and DA.  

a.  The current  theory proposes that  hyperact ive G prote ins cause mood instabi l i t y;  

and by normal iz ing G prote ins,  mood stabi l i ty wi l l  occur .  

b.  G prote ins and glutamate may also p lay a ro le in the long- term potent iat ion and 

cyc l ing of  mood disorders.  

(1)  Glutamate binding to G prote ins l inked to N -methyl -D-aspartate (NMDA) 

receptors may be involved in long- term potent iat ion.  

(2)  Serotonin and NE are involved in b ipolar  i l lness,  but  the cyc l ing and long- term 

potent iat ion may be mediated by g lutamate and the medicat ions that  af fect  the 

glutamate system. 

6.  Psychosocial  and physical  stressors  have been proposed to t r igger ear ly 

episodes of  b ipolar  d isorder ,  a l though these stressors may or  may not  t r igger  later  

episodes.  These later  episodes and cyc l ic  episodes are thought  to be caused by 

increased sensi t iv i ty or  e lect rophysio logic  k indl ing of  the brain.  

D. Diagnosis.  B ipolar  d isorder  is  d iagnosed using DSM-IV-TR cr i ter ia.  The 

symptoms should impair  socia l  or  occupat ional  funct ioning and should not  be re lated 

to a general  medical  condi t ion or  use of  a substance.  

1.  Mania  is  descr ibed as at  least  a 1-week per iod of  a cont inuously e levated or  

i r r i table mood,  a l though shor ter  durat ions of  symptoms are acceptable i f  the pat ient  

is  hospi ta l ized.  In addi t ion to e levated mood,  the pat ient  should exper ience at  least  

three of  the fo l lowing symptoms: e levated sel f -esteem or  grandiose ideat ions,  

reduced need for  s leep,  pressured speech,  rac ing thoughts or  f l ight  of  ideas,  easi ly 

d is t racted,  psychomotor  agi tat ion,  and excessive involvement  in h igh r isk act iv i t ies.
2
 

2.  Hypomania  has s imi lar  symptoms to that  of  mania;  however,  symptoms are not  

as severe.  Hypomania is  d iagnosed by an elevated mood present  for  at  least  4 days,  

wi th at  least  three of  the same symptoms as descr ibed for  mania.  These symptoms 

should not  inter fere wi th socia l  or  occupat ional  funct ioning and should not  cause 

hospi ta l izat ion.  

2.  A mixed disorder  is  d iagnosed when the cr i ter ia for  both mania and a major  

depressive episode are met  every day for  near ly 1 week,  af fects socia l  and 

occupat ional  funct ioning,  and is  not  caused by a general  medical  condi t ion or  

substance.  

3.  B ipolar  d isorder  may be c lass i f ied into b ipolar  I  d isorder ,  b ipolar  I I  d isorder ,  

cyc lothymia,  and rapid cyc l ing.  

a.  Bipolar I  disorder.  Pat ients are c lass i f ied wi th b ipolar  I  d isorder  wi th a h is tory of  

at  least  one mixed or  manic episode and at  least  one major  depressive episode.  



b. Bipolar I I  disorder.  Pat ients are c lass i f ied wi th b ipolar  I I  d isorder  wi th a h is tory 

of  at  least  one episode of  hypomania and one major  depressive episode but  have 

never  exper ienced mania or  a mixed episode.  
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c.  Cyclothymic disorder.  Pat ients are c lass i f ied wi th cyc lothymic d isorder  wi th at  

least  a 2-year  h is tory of  mul t ip le episodes of  hypomania and depressive symptoms.  

These pat ients have never  met fu l l  cr i ter ia for  a major  depressive or  manic episode.  

d. Rapid cycl ing.  Pat ients that  exper ience at  least  four depressive,  manic,  

hypomanic,  or  mixed episodes wi th in  a 12-month per iod of  t ime are descr ibed as 

rapid cyc l ing.  

E. Clinical  course.  The course of  b ipolar  d isorder  is  var iable and pat ient  speci f ic .  

1.  Pat ients f requent ly present  wi th episodes of  depression.  Pat ients present ing wi th  

depression should a lways be quest ioned for  a h is tory of  s igns and symptoms of  

mania.  

2.  Episodes vary in length and sever i ty;  however,  they may last  f rom days to months 

i f  unt reated.  

3.  The durat ion of  t ime between episodes var ies.  Commonly,  4 years or  more may 

separate the f i rs t  and second episode but  subsequent  episodes are more f requent .  

Untreated pat ients may exper ience 10 or  more episodes dur ing thei r  l i fe .  

4.  The management  of  th is  d isorder  can be compl icated by mixed episodes,  rapid 

cyc l ing,  and substance abuse.  

F. Treatment options  

1.  Pharmacotherapeutic options.  Mood stabi l izers have his tor ical ly been the 

mainstays of  therapy for  b ipolar  d isorder .  Agents inc lude l i th ium (Eskal i th,  

L i thonate,  L i thobid) ,  valproic  ac id (Depakene,  Depakote) ,  and carbamazepine 

(Tegretol ,  Carbatro l ,  Equetro) .  Recent  l i terature has supported the use of  atypical  

ant ipsychot ics as monotherapy or  adjunct ive t reatments in bipolar  mania.  Agents for  

the t reatment  of  depressive episodes in pat ients wi th b ipolar  remains more l imi ted,  

wi th recent  data emerging for  lamotr ig ine (Lamicta l ) ,  quet iapine (Seroquel) ,  and 

olanzapine- f luoxet ine (Symbyax) .  The 2005 Texas Implementat ion of  Medicat ion 

Algor i thms update for  the t reatment  of  b ipolar  I  d isorder  is  summarized in Table 48-

6.  

a.  Li thium  is  a f i rs t - l ine agent  for  the acute and maintenance t reatment of  mania 

and hypomania.  I t  is  a lso f i rs t - l ine for  the maintenance t reatment  of  mixed episodes 

and is  useful  as adjunct ive t reatment  in depressive episodes.  

(1)  L i th ium is  avai lable as l i th ium carbonate and l i th ium c i t rate.  L i th ium carbonate is  

avai lable as regular  (Eskal i th) ,  contro l led-re lease (Eskal i th CR),  or  extended 

re lease (L i thobid)  table ts and l i th ium c i t rate (L i thonate)  is  avai lable as syrup.  

(2)  Pharmacokinetics  

(a)  Between 60% and 100% of  l i th ium is  absorbed f rom the gastro intest inal  t ract .  

The extent  of  absorpt ion is  not  af fected by food.  The rate of  absorpt ion var ies,  

depending on the formulat ion.  

( i )  L i th ium ci t rate syrup reaches peak concentrat ions in 15-60 min.  



( i i )  Immediate-re lease tablets and capsules peak in 1-3 hr .  

( i i i )  Extended-release tablets have peak concentrat ions in 4-12 hr .  

(b)  L i th ium is  d is t r ibuted into tota l  body water  and penetrates many body t issues,  

such as the thyroid,  bone,  and brain.  L i th ium is not  h ighly prote in bound.  

Table 48-6. Algorithms for Treatment of Bipolar I Disorder 

Type of Episode 

Monotherapy Options First-

Line 

Monotherapy Options 

Second-Line 

Acute mania Lithium, VPA, aripiprazole, 

quetiapine, risperidone, 

ziprasidone 

Olanzapine, CBZ 

Acute mixed VPA, aripiprazole, 

quetiapine, risperidone, 

ziprasidone 

Olanzapine, CBZ 

Acute depressive Lamotrigine or lamotrigine 

plus anti-manic 

Quetiapine, 

olanzapine-

fluoxetine 

Maintenance 

mania or mixed 

Lithium, VPA, or 

lamotrigine 

Olanzapine 

Depression Lamotrigine plus anti-manic 

or lamotrigine  

CBZ, carbamazepine; VPA, valproic acid. 

Adapted from Suppes T, Dennehy EB, Hirschfeld RM, et al. The Texas 

implementation of medication algorithms: Update to the algorithm for 

treatment of bipolar I disorder. J Clin Psychiatry 2005;66:870-886. 
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(c)  L i th ium is  e l iminated pr imar i ly through the k idneys.  I t  is  f i l tered by the glomerul i  

in  the k idneys and is  a lso c leared by renal  tubular  reabsorpt ion.  Changes in renal  

funct ion can s igni f icant ly af fect  the c learance of  l i th ium. 

(3)  The mechanism of act ion  for  l i th ium is  current ly unknown,  a l though several  

theor ies exis t .  

(a)  L i th ium is  thought  to help correct  desynchronized bio log ical  rhythms in pat ients 

wi th b ipo lar  d isorder .  



(b)  L i th ium may af fect  membrane stabi l izat ion.  

(c)  L i th ium may augment  homeostasis  by enhancing the funct ion of  secondary 

messenger systems,  especia l ly cyc l ic  adenosine monophosphate (cAMP),  cyc l ic  

guanosine monophosphate (cGMP),  and phosphat idyl inos i to l .  

(d)  L i th ium can inhib i t  NE re lease and accelerate i ts  metabol ism.  

(e)  L i th ium may decrease receptor  sensi t iv i ty and increase presynapt ic  reuptake of  

NE and 5-HT.  

(4)  L i th ium has a narrow therapeutic index,  wi th a therapeut ic  range of  0.5-1.2 

mEq/L.  Toxic i ty is  associated wi th levels  > 1.5 mEq/L.  Pat ients present ing wi th 

acute mania general ly require levels  in the higher  end of  the therapeut ic  range than 

those on maintenance therapy.  

(a)  Pat ients are general ly s tar ted on 300 mg two to three t imes dai ly of  l i th ium and 

t i t rated up by 300 mg increments as needed to achieve therapeut ic  ef fects and 

minimize toxic i ty.  

(b)  Pat ient -speci f ic  factors should be considered when decid ing the appropr iate 

in i t ia l  dose of  l i th ium, such as age,  weight ,  and renal  funct ion.  

(c)  Serum concentrat ions may be moni tored 3 days af ter  in i t ia t ion therapy or  

changing doses.  Levels should be obtained 12 hr  af ter  the dose,  usual ly in the 

morning before the f i rst  dose of  the day.  

(5)  Cl inical  response.  Cl in ical  response may be seen wi th in 2 weeks af ter  l i th ium 

in i t ia t ion for  the t reatment  of  acute mania.  When used in depression,  responses may 

not  occur  for  4-6 weeks.  

(6)  Precautions and adverse effects  

(a)  L i th ium has an absolute contra indicat ion in pat ients exper iencing acute renal  

fa i lure or  women in thei r  f i rst  t r imester  of  pregnancy.  

(b)  L i th ium has the fo l lowing re lat ive contra indicat ions:  renal  impairment ,  

cardiovascular  d isease,  dehydrat ion,  pregnancy,  seizure d isorder ,  and thyroid 

d isease.  

(c)  L i th ium has numerous adverse effects  (Table 48-7) .  Cer ta in adverse ef fects 

indicate toxic i ty.  I f  toxic i ty occurs,  l i th ium should be immediate ly d iscont inued,  the 

pat ient  should be proper ly hydrated,  s tomach contents should be empt ied wi th 

gast r ic  lavage,  and i f  severe toxic i ty occurs ( level  ≥ 3 mEq/L) ,  hemodialys is  may be 

indicated.  

(7)  Many medicat ions and disease states may af fect  l i th ium levels in the body 

(Table 48-8) .  

(a)  Use of  l i th ium wi th ant ipsychot ics or  benzodiazepines may increase the r isk for  

CNS toxic i ty,  especia l ly i f  used together  long term.  

(b)  Use of  l i th ium wi th medicat ions that  can increase 5-  HT may cause serotonin 

syndrome.  

Table 48-7. Adverse Effects of Lithium 



Early Onset Long-Term Use Toxicity 

Gastrointestinal upset Weight gain Severe drowsiness 

Nausea Altered taste Coarse hand tremor 

Polydipsia Decreased libido Muscle twitching 

Nocturia Hypothyroidism Seizures 

Dry mouth Rash Choreoathetosis 

Hand tremor Acne Vomiting 

Leukocytosis Psoriasis Confusion 

Polyuria Alopecia Vertigo 
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Table 48-8. Factors That Change Lithium Concentrationsa 

Increase Lithium Levels Decrease Lithium Levels 

Angiotensin-converting enzyme 

inhibitors 

Angiotensin II receptor blockers 

Nonsteroidal anti-inflammatory 

drugs 

Thiazides 

Dehydration 

Renal dysfunction 

Sodium loss 

Fluoxetine 

Acetazolamide 

Methylxanthines (e.g., theophylline, 

caffeine) 

Osmotic diuretics 

Pregnancy (third trimester) 

Sodium supplements 

Urine alkalinizers (ex. sodium 

bicarbonate) 

a
Not an all-inclusive list. 

 

b. Valproic acid (VPA)  is  indicated in the acute and chronic t reatment  of  mania,  

hypomania,  mixed disorders,  and rapid cyc l ing.  I t  is  a lso used as adjunct ive 

t reatment  in depressive episodes (Table 48-6) .  



(1)  Mechanism of action.  The mechanism of  act ion for  VPA is  not  ent i rely known.  

Ef f icacy for  VPA is  thought  to be re lated to i ts abi l i t y to increase levels of  GABA. 

(2)  Many formulat ions exist  for VPA.  VPA is  formulated as valproic  ac id 

(Depakene) in capsules and syrup,  as d ivalproex in delayed-re lease tablets 

(Depakote)  and extended-release tablets (Depakote ER),  and as valproate in 

int ravenous solut ion (Depacon).  

(3)  VPA is  general ly in i t ia ted at  doses of  20 mg/kg/day given in d iv ided doses for  

inpat ients and 250 mg three t imes dai ly for  outpat ients.  The current  therapeut ic  

range (50-125 µg/mL) was or ig inal ly  descr ibed for  the t reatment  of  seizure d isorders 

and has not  been establ ished for  ef f icacy in b ipo lar  d isorder .  However,  th is  range 

can st i l l  be useful  to minimize toxic i t ies and assess compl iance.  

(a)  Levels may be f i rs t  obtained af ter  4-5 days of  therapy.  These values should be 

representat ive of  t rough values and are f requent ly obtained in the mornings before 

the f i rst  dose of  medicat ion.  

(b)  Pat ients that  are t reated for  4-6 weeks wi th VPA concentrat ions of  80-120 µg/mL 

wi thout  c l in ical  response may be c lass i f ied as fa i lures of  VPA therapy.  

(4)  Adverse effects.  Common adverse ef fects of  VPA inc lude nausea,  vomit ing,  

dyspepsia,  sedat ion,  e levated l iver  enzymes,  hai r  loss,  and t remor.  Less f requent  

adverse ef fects inc lude thrombocytopenia,  leukopenia,  pancreat i t is ,  weight  gain,  

and l iver  fa i lure.  VPA has also been associated wi th polycyst ic  ovar ian syndrome in 

women of  chi ld-bear ing age.  

(a)  Gastro intest inal  adverse ef fects may be minimized by lower ing the dose or  by 

us ing divalproex formulat ions instead of  valproic  ac id or  sodium valproate.  

(b)  L iver funct ion tests and complete b lood counts should be moni tored at  basel ine,  

every month for  the f i rs t  2 months of  therapy,  and then every 6-12 months 

thereaf ter .  

(5)  Medicat ion interact ions.  VPA has the potent ia l  for  mul t ip le drug interact ions.  

VPA is  h ighly prote in bound in the body,  thus levels can increase in the presence of  

another  medicat ion that  is  h ighly prote in bound.  VPA is  a lso a substrate and 

inhib i tor  of  the cytochrome P450 isoenzyme 2C9 and can potent ia l ly e levate levels  

of  other  medicat ions that  are metabol ized v ia th is  isoenzyme.  

c.  Carbamazepine (CBZ)  is  indicated in the t reatment  of  b ipolar  d isorder  and is  

considered to be a second- l ine agent  owing to i ts  numerous adverse ef fects and 

medicat ion interact ions (Table 48-6) .  

(1)  The mechanism of act ion  for  CBZ is not  complete ly known;  however,  i ts  

ef f icacy in b ipolar  d isorder  is  thought  to be the resul t  of  i ts  ef fects on GABA and G 

prote in l inked second messenger systems, such as cAMP. 

(2)  CBZ should be in i t ia ted at  doses of  200-600 mg/day given in d iv ided doses and 

increased by 200 mg/day to usual  doses of  800-1000 mg/day.  
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(a)  A therapeut ic  range of  4-12 µg/mL has been descr ibed for  seizure d isorders.  

Whi le corre lat ion between th is  range and ef f icacy have not  been fu l ly establ ished 

for  b ipolar  d isorder ,  i t  is  used to minimize adverse ef fects.  



(b)  Levels may be obtained 5-7 days af ter  in i t ia t ing therapy.  Levels should 

cont inued to be obtained in the fo l lowing few weeks because CBZ concentrat ions 

wi l l  decrease in the body once autoinduct ion occurs.  

(c)  Pat ients who are t reated for  4-6 weeks wi th CBZ concentrat ions of  6-12 µg/mL 

wi thout  c l in ical  response may be c lass i f ied as fa i lures of  CBZ therapy.  

(3)  Adverse effects.  CBZ is associated wi th numerous adverse ef fects,  many of  

which are dose re lated.  

(a)  Frequent adverse ef fects inc lude dizz iness,  drowsiness,  ataxia,  fat igue,  b lurred 

v is ion,  d ip lopia,  nystagmus,  confusion,  headache,  nausea,  vomit ing,  d iarrhea,  and 

dyspepsia.  The gastro intest inal  adverse ef fects of  CBZ are of ten dose re lated.  

(b)  Addi t ional  adverse ef fects inc lude rash,  leukopenia,  thrombocytopenia,  

hyponatremia,  e levat ion in l iver  enzymes,  and weight  gain.  

(c)  Severe id iosyncrat ic  react ions may also occur ,  inc luding agranulocytos is ,  

aplast ic  anemia,  severe thrombocytopenia,  l iver  fa i lure,  Stevens-Johnson syndrome,  

and pancreat i t is .  

(d)  Complete b lood counts,  l iver funct ion tests,  thyro id tests,  and elect ro lytes 

should be moni tored at  basel ine and every 3-6 months.  

(4)  Medicat ion interact ions.  CBZ is an inducer  of  many hepat ic  enzymes 

responsib le for  metabol ism of  medicat ions and,  therefore,  has numerous medicat ion 

interact ions.  Oral  contracept ive levels  in the body can be decreased in pat ients 

tak ing CBZ. Al ternat ive forms of  contracept ion should be used in pat ients tak ing 

CBZ. CBZ can also induce i ts  own metabol ism (autoinduct ion) .  Decreases in CBZ 

levels in the body may be seen af ter  3-30 days of  therapy.  CBZ levels should be 

moni tored and adjusted accordingly.  

d. Lamotrigine  is  indicated in the t reatment  of  b ipolar  d isorder ,  pr imar i ly in pat ients 

present ing wi th depression (Table 48-6) .  

(1)  The mechanism of act ion  for  lamotr ig ine is  not  complete ly understood.  I t  is  

current ly thought  to be re lated to i ts  abi l i t y to decrease re lease of  g lutamate and 

aspartate by b lock ing sodium channels.  

(2)  Owing to the r isk of  rash,  lamotr ig ine should be in i t ia ted at  low doses (25 

mg/day)  and s lowly increased by 25 mg every 1-2 weeks.  Lamotr ig ine should be 

adminis tered twice dai ly  in doses > 50 mg.  Pat ients  who are tak ing lamotr ig ine wi th  

VPA should decrease the dose by hal f  owing to a s igni f icant  medicat ion interact ion.  

(3)  Common adverse ef fects  inc lude dizz iness,  d ip lopia,  nausea,  vomit ing,  rash,  

photosensi t iv i ty,  ataxia,  headache,  and blurred v is ion.  Rashes may be severe and 

l i fe- threatening such as Stevens-Johnson rash,  and pat ients should immediate ly 

d iscont inue the medicat ion i f  a rash appears.  

e.  Atypical  ant ipsychotics  have recent ly been the subject  of  mul t ip le studies in the 

t reatment  of  b ipolar  d isorder .  These medicat ions are indicated in the t reatment  of  

b ipolar  d isorder  (Table 48-6) .  For informat ion regarding dosing,  adverse ef fects,  

and mechanism of  act ion see Chapter  47.  Olanzapine is  avai lable in a formulat ion 

wi th f luoxet ine (Symbyax)  and is  approved for  depressive episodes in b ipolar  

d isorder .  

f .  Addit ional  ant iconvulsants  



(1)  Gabapentin  has been evaluated in two t r ia ls  for  i ts  use in acute mania and has 

not  been shown at  th is  t ime to improve symptoms.  I t  is  not  indicated for  

monotherapy in b ipolar  d isorder  but  may be used as adjunct ive therapy to assis t  

wi th symptoms such as anxiety.  

(2)  Oxcarbazepine  is  a medicat ion st ructural ly s imi lar  to carbamazepine but  wi th 

fewer adverse ef fects.  I t  is  postulated to have simi lar  therapeut ic  ef fects in b ipolar  

d isorder  to carbamazepine;  however,  studies demonst rat ing i ts  ef f icacy are l imi ted.  

I t  current ly is  recommended only in combinat ion wi th other  mood stabi l izers.  

g. Antidepressants  should be used caut iously in pat ients wi th b ipolar  d isorder  

because of  the r isk of  inducing mania.  When possib le,  pat ients should be receiv ing 

mood stabi l izers at  goal  doses before in i t ia t ing ant idepressants and should be 

caut iously moni tored.  Bupropion and paroxet ine have been associated wi th less r isk 

of  inducing mania than other  ant idepressants and may be preferable.  

2.  Treatment durat ion/phases.  The t reatment  of  b ipolar  d isorder  is  st ructured 

s imi lar ly to that  of  depression wi th acute,  cont inuat ion,  and maintenance phases.  

Maintenance t reatment is   
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s t rongly recommended for  a l l  pat ients wi th b ipolar  d isorder ,  especia l ly those wi th a 

fami ly h is tory.  

3.  Treatment augmentat ion  

a.  Pat ients wi th no or  par t ia l  response to monotherapy may receive combinat ion 

therapy wi th  two agents.  Agents that  can be combined inc lude l i th ium; VPA; and the 

atypical  ant ipsychot ics o lanzapine,  quet iapine,  r isper idone,  and z ipras idone.  

Atyp ical  ant ipsychot ics,  i f  used,  should be combined wi th e i ther  VPA or l i th ium and 

not  combined wi th another  atyp ical  ant ipsychot ic .  

b.  For depressive episodes,  lamotr ig ine may be combined wi th another  mood 

stabi l izer  as f i rst - l ine therapy and the olanzapine- f luoxet ine combinat ion product  is  

a second- l ine opt ion.  

4.  Treatment options in pregnancy  

a.  Mul t ip le agents used in the t reatment  of  b ipolar  d isorder  have been associated 

wi th b i r th defects.  

(1)  L i th ium, VPA, and CBZ are pregnancy category D medicat ions.  

(2)  L i th ium has been associated wi th b i r th defects,  pr imar i ly in the f i rs t  t r imester .  

(3)  VPA and CBZ should be used dur ing pregnancy only i f  the benef i ts  outweigh the 

r isks.  I f  the decis ion is  made to use these medicat ions dur ing pregnancy,  fo l ic  ac id 

should be given to minimize the r isk of  defects.  

(4)  Lamotr ig ine and oxcarbazepine are pregnancy category C medicat ions.  
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STUDY QUESTIONS 



Direct ions:  Each of  the quest ions,  statements,  or  incomplete s tatements in th is  

sect ion can be correct ly answered or  completed by one  of  the suggested answers or  

phrases.  Choose the best  answer.  

1.  Which of the fol lowing statements about depression is true? 

(A)  The inc idence of  depression is  greater  in men than in women.  

(B)  Depression occurs most  f requent ly in adul ts  between the ages of  60 and 85 

years.  

(C)  Depression has no genet ic  l ink.  

(D)  Depression is  d iagnosed using the DSM-IV-TR cr i ter ia.  

View Answer1.  The answer is D[seeand] .2.  A pat ient  w ith major 

depression should receive antidepressant therapy for at  least  

(A)  2 weeks.  

(B)  6 weeks.  

(C)  2 months.  

(D)  6 months.  

View Answer2.  The answer is D[see] .For questions 3-4:  A 36-year-o ld  

woman presents wi th a 2-month h is tory of  depressed mood,  anhedonia,  increased 

appet i te,  weight  gain,  hypersomnolence,  and suic idal  ideat ion.  This is  the pat ient 's  

f i rs t  episode of  major depression.  

3.  Which of the fol lowing antidepressants would be most appropriate in the 

treatment of  this pat ient? 

(A)  amitr ipty l ine 

(B)  sert ra l ine 

(C) phenelz ine 

(D) mir tazapine 

View Answer3.  The answer is B[seeand] .4.  Which of the fol lowing is not  a 

potential  adverse effect  of the medicat ion selected for the pat ient  in question 

3? 

(A)  sexual  dysfunct ion 

(B)  nausea 

(C) ur inary retent ion 

(D) insomnia 

View Answer4.  The answer is C[see] .5.  Which of  the fol lowing 

medicat ions would most l ikely exacerbate a preexist ing seizure disorder? 

(A)  venlafaxine 

(B)  t razodone 

(C) bupropion 

(D) paroxet ine 

View Answer5.  The answer is C[see] .6.  A pat ient  who has received 

ci talopram 40 mg/day for 2 weeks for the treatment of  major depression 

complains that  the medicat ion is not working and would l ike to be switched to 

another agent.  What is the appropriate recommendation? 

(A)  Provide the pat ient  wi th some informat ion on monoamine oxidase inhib i tors 

(MAOIs)  and cal l  the physic ian to recommend swi tching the pat ient  to phenelz ine.  



(B)  Encourage the pat ient  to cont inue wi th the current  regimen,  and inform him or 

her  that  i t  may take 4-6 weeks before the fu l l  response is  ev ident .  

(C)  Recommend adding l i th ium to augment  the current  regimen.  

(D)  Recommend swi tching to mir tazapine because of  therapeut ic  fa i lure wi th 

c i ta lopram. 

View Answer6.  The answer is B[see I I .E.3.a-b] .7.  A pat ient  diagnosed 

with depression was unsuccessful ly treated with f luoxetine.  Fluoxetine was 

discontinued, and 14 days later,  the patient started therapy with phenelzine.  

Then,  3 days after phenelzine was started, the pat ient  presented with 

hyperref lexia,  fever,  elevated blood pressure,  confusion, and diarrhea.  What is 

the most l ikely cause of  this cl inical  presentat ion? 

(A)  serotonin syndrome 

(B)  serotonin wi thdrawal  syndrome 

(C) hyper tensive cr is is  

(D)  neurolept ic  mal ignant  syndrome 

View Answer7.  The answer is A[see I I .E.3.b;] .P.1055 

 

 

8.  A pat ient presents with pressured speech, inabi l i ty to sleep for 72 hr,  bizarre 

dress,  inappropriate makeup,  and grandiose delusions that  interfere with social  

functioning.  Which of the fol lowing is the most l ikely diagnosis? 

(A)  depression 

(B)  euthymia 

(C) hypomania 

(D) mania 

View Answer8.  The answer is D[see] .9.  Which of  the fol lowing 

medicat ions would be considered f i rst- l ine monotherapy for an acute episode 

of  mania? 

(A)  gabapent in 

(B)  l i th ium 

(C) lamotr ig ine 

(D) haloper idol  

View Answer9.  The answer is B[see] .10. Which of  the fol lowing is the 

appropriate therapeutic range for l i thium in the treatment of mania? 

(A)  0.4-0.6 mEq/L 

(B)  0.6-1.5 mEq/L 

(C) 1.0-2.0 mEq/L 

(D) 0.5-1.2 mEq/L 

View Answer10.  The answer is D[see] .11. Which of  the fol lowing mood 

stabi l izers would be most appropriate in a pat ient with l iver disease? 

(A)  l i th ium 

(B)  valproic  ac id 

(C)  carbamazepine 

(D) none of  the above 



View Answer11.  The answer is A[seeand] .12. A 32-year-old,  70-kg man 

diagnosed with bipolar I  disorder is being treated with valproic acid (VPA).  

Which of the fol lowing is a reasonable loading dose for VPA in this pat ient? 

(A)  250 mg twice a day 

(B)  500 mg twice a day 

(C) 250 mg three t imes a day 

(D) 500 mg three t imes a day 

View Answer12.  The answer is D[see] .13. Which of  the fol lowing factors 

may increase l i thium concentration? 

(A)  caf fe ine 

(B)  osmot ic d iuret ics 

(C)  increased f lu id intake 

(D) nonsteroidal  ant i - in f lammatory drugs 

View Answer13.  The answer is D[see] .P.1056 

 

 

ANSWERS AND EXPLANATIONS 

1.  The answer is D  [see  I I .B,  C and  D ] .  

The DSM-IV-TR cr i ter ia prov ide the diagnost ic  guidel ines for  psychiat r ic  d isorders.  

Depression occurs more of ten in women than in men and in adul ts  between the ages 

of  25 and 44.  A higher  inc idence of  depression occurs among pat ients wi th a 

posi t ive fami ly h is tory,  support ing a genet ic  l ink.  

2.  The answer is D  [see  I I .E.2 ] .  

Pat ients should receive ant idepressant  therapy through the cont inuat ion phase,  

which is  general ly 6-9 months.  

3.  The answer is B  [see  I I .E.1.a,  b and  c ;  I I .E.1. f ;  Table 48-1;  Table 48-3 ] .  

Ser t ra l ine,  an SSRI,  is  a good f i rs t - l ine agent ,  par t icular ly in  pat ients who would 

benef i t  f rom the st imulatory s ide ef fects.  Amit r ipty l ine and mir tazapine would not  be 

good al ternat ives because of  th is pat ient 's  hypersomnolence and weight  gain.  In 

addi t ion,  a TCA (amit r iptyl ine)  is  not  recommended in pat ients at  r isk for  suic ide.  

Al though some aspects of  th is  pat ient 's  depression may be considered atypical ,  an 

MAOI would not  be selected as f i rs t - l ine therapy,  g iven that  i t  is  the pat ient 's  f i rs t  

episode of  depression.  

4.  The answer is C  [see  I I .E.1.c. (2) ] .  

Ser t ra l ine has been associated wi th  nausea,  sexual  dysfunct ion,  and insomnia.  

Ser t ra l ine does not  express ant ichol inergic  act iv i ty and would,  therefore,  not  cause 

ur inary retent ion.  Of  the SSRIs,  only paroxet ine has been associated wi th causing 

ant ichol inergic  adverse ef fects.  

5.  The answer is C  [see I I .E.1.e. (3)(b) ] .  

A l though al l  ant idepressants can lower the seizure threshold,  bupropion is  

contra indicated in pat ients wi th seizure d isorder .  Bupropion is  speci f ical ly 

contra indicated in pat ients wi th a seizure d isorder .  Paroxet ine was associated wi th 

a 0.1% inc idence of  seizures dur ing c l in ical  t r ia ls .  Seizure associated wi th 

venlafaxine occurs inf requent ly (1/100 to 1/1000 pat ients) .  The overdosage of  



t razodone may be assoc iated wi th seizures;  but  at  normal  doses,  t razodone is  not  

thought  to al ter  the seizure threshold.  

6.  The answer is B  [see I I .E.3.a-b] .  

An ant idepressant  must be given at  the maximum tolerated dose for  4-6 weeks 

before i t  is  considered a therapeut ic  fa i lure;  therefore,  the best  recommendat ion is  

to cont inue wi th the current  regimen for  at  least  2 more weeks.  MAOIs are reserved 

for  refractory depressed pat ients and are not  indicated in th is  pat ient  scenar io.  

L i th ium is  an appropr iate augmentat ive agent  but  is  not  indicated unt i l  the pat ient  

has fa i led two or  three di f ferent  ant idepressant  t r ia ls .  

7.  The answer is A [see I I .E.3.b;  Table 48-2 ] .  

Serotonin syndrome may resul t  when star t ing an MAOI immediate ly af ter  another  

agent  that  increases serotonin levels .  General ly,  a 2-week washout  per iod is  

recommended;  however,  f luoxet ine requires a 5-week washout  per iod because of  

nor f luoxet ine (act ive metabol i te) .  

8.  The answer is D  [see  I I I .D.1 ] .  

The c l in ical  presentat ion descr ibed is  consistent  wi th mania.  Hypomania general ly 

does not  impair  funct ioning.  Euthymia impl ies normal  mood,  whereas depression 

typical ly involves more neurovegetat ive symptoms.  

9.  The answer is B  [see  Table 48-6 ] .  

L i th ium is  considered to  be f i rst - l ine monotherapy for  euphor ic  mania.  Gabapent in 

has demonstrated ut i l i ty  as a mood stabi l izer  but  is considered only an adjunct ive 

therapy.  Lamotr ig ine is  an ant iconvulsant  that  current ly has data support ing i ts use 

in depressive episodes of  b ipolar  d isorder ,  but  not  as f i rs t - l ine monotherapy for  

mania.  Haloper idol  is  a t radi t ional  ant ipsychot ic  that  may be used parenteral ly to 

manage acute agi tat ion but  is  not  appropr iate as f i rst - l ine monotherapy.  

10.  The answer is D  [see  I I I .F .1.a. (4) ] .  

The therapeut ic  range of  l i th ium is 0.5-1.2 mEq/L.  When using l i th ium in the 

t reatment  of  acute mania,  the upper end of  the therapeut ic  range is  typical ly used.  

11.  The answer is A [see  I I I .F .1.a. (6)  and  (7) ;  I I I .F.1.b. (4);  I I I .F .1.c. (3). (b) ;  Table 

48-7 ] .  

L i th ium is  not  known to cause hepat ic  dysfunct ion,  nor  is  i t  metabol ized v ia the 

l iver .  However,  both valproic  ac id and carbamazepine can impair  l iver  funct ion.  
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12.  The answer is D  [see  I I I .F .1.b. (3) ] .  

The appropr iate loading dose for  VPA in acute mania is  20 mg/kg/day;  therefore,  in 

th is  pat ient ,  the appropr iate loading dose is  1400 mg/day.  This equat ion 

approximates the need for  the pat ient ,  and i t  is  appropr iate to round up to avai lable 

dosage forms.  

13.  The answer is D  [see  Table 48-8 ] .  Caf fe ine,  osmot ic  d iuret ics,  and increased 

f lu id intake al l  decrease l i th ium concentrat ions.  Nonsteroida l  ant i - in f lammatory 

drugs decrease renal  b lood f low and decrease l i th ium c learance,  resul t ing in 

increased l i th ium concentrat ions.  

 



49 
Asthma and Chronic Obstructive Pulmonary 
Disease 
Roy A.  Pleasants 

I. ASTHMA 

A. Defini t ion.  Asthma is a chronic inf lammatory d isorder  of  the a i rways.  I t  involves 

complex interact ions between many cel ls  (e.g.  eosinophi ls ,  mast cel ls)  and 

inf lammatory mediators (e.g.  inter leukins,  leukotr ienes)  that  resul t  in  inf lammat ion,  

obst ruct ion (par t ia l ly or  complete ly revers ib le af ter  t reatment or  resolves 

spontaneously) ,  increased ai rway responsiveness ( i .e. ,  hyperresponsiveness) ,  and 

episodic asthma symptoms (see I .G.1) .  Neutrophi ls  may play an important  ro le in 

some asthma exacerbat ions.  

B. Classif icat ion.  Asthma sever i ty c lass i f icat ions according to the 2007 expert  

panel  repor t  of  the Nat ional  Heart ,  Lung,  and Blood Inst i tute inc lude mild 

intermittent asthma  in  addi t ion to mild,  moderate,  and severe persistent asthma  

(Table 49-1) .  The asthma guidel ines highl ight  that  d isease sever i ty is  used to 

in i t ia te therapy and asthma contro l  should be used to moni tor  therapy.  The 2007 

Guidel ines have also been modi f ied to incorporate domains of  both d isease r isk and 

impairment  to determine disease sever i ty.  The guidel ines def ine impairment  as the 

f requency and intensi ty of  symptoms and funct ional  l imi tat ions the pat ient  is  

current ly is  exper iencing or  has recent ly exper ienced.  Risk is  def ined as the 

l ike l ihood of  astma exacerbat ions,  progressive decl ine in lung funct ion (or  for  

chi ldren lung growth) ,  or  adverse ef fects f rom medicat ions.  A pat ient 's sever i ty 

c lass i f icat ion plays an important  ro le in determining the most  appropr iate 

pharmacotherapeut ic  approach and is  determined by:  

1.  Symptoms (shor t -act ing B-agonis t  use,  nocturnal  symptoms) 

2.  Interference wi th normal  dai ly ac t iv i ty 

3.  Lung funct ion (spi rometry to determine FEV1 and FVC) 

4.  Frequency of  exacerbat ions 

C. Incidence.  In 2002,  according to CDC data,  approximate ly 31 mi l l ion Amer icans 

had ever  been to ld they had asthma dur ing thei r  l i fe t ime.  In 2002,  20 mi l l ion people 

in the U.S.  had asthma (~7% of  populat ion) .  

1.  I t  has been est imated that  8.3% mi l l ion chi ldren age 18 years and younger have 

asthma.  

2.  Asthma improves in many chi ldren as they age;  50% appear to have “outgrown” 

asthma by thei r  mid- teens.  However ,  i t  is  incorrect  to consider  that  these indiv iduals 

no longer have asthma, because many eventual ly have a re turn of  symptoms.  

3.  S ixty percent  of  asthmat ics have at  least  one asthma f lare each year  

4.  A l though death f rom asthma remains uncommon,  death rates had been increasing 

in recent  years but  appear to have reached a p lateau.  In 1999,  there were 4657 

deaths at t r ibuted to asthma.  The most  common cause of  death is  bel ieved to be 

inadequate assessment  of  the sever i ty of  a i rway obstruct ion by e i ther  pract i t ioner  or 

pat ient ,  leading to subopt imal  therapy.  



5.  The cost  to society of  asthma is substant ia l .  In 2000 alone,  i t  is  est imated that  

d i rect  costs re lated to asthma exceeded $8.1 b i l l ion.  These costs inc lude $2.4 

b i l l ion for  medicat ions and $3.5 b i l l ion for  hospi ta l izat ions.  Indi rect  costs of  asthma 

are est imated at  $4.6 b i l l ion.  Acute care v is i ts  (e.g. ,  hospi ta l izat ions)  account  for  

the major i ty of  heal thcare costs for  asthma.  

D. Cause.  Precip i tat ing factors of  an acute asthma exacerbat ion may inc lude the 

fo l lowing:  

1.  A l lergens (e.g. ,  pol len,  house dust  mite,  animal  dander,  mold,  cockroaches,  food)  

a.  Concurrent  predisposi t ion to a l lergy is  h ighly prevalent  in pat ients wi th asthma,  

especia l ly chi ldren.  
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Table 49-1. Classification of Asthma Severity 

b.  For example,  a l lerg ic  rh in i t is  is  repor ted in 45% of  pat ients wi th asthma 

compared to 20% of  the general  populat ion.  

2.  Occupat ional  exposures (e.g. ,  chemical  i r r i tants,  f lour ,  wood,  text i le  dusts)  

3.  V i ra l  respiratory t ract  infect ions 

4.  Exerc ise 

5.  Emot ions (e.g. ,  anxie ty,  s t ress,  hard laughter  or  crying)  

6.  Exposure to i r r i tants (e.g. ,  s t rong odors,  chemicals,  fumes) 

7.  Environmental  exposures (e.g. ,  weather  changes,  cold a i r ,  sul fur  d ioxide,  

c igaret te smoke) 

8.  Drugs 

a.  React ions to drugs may occur  as a resul t  of  hypersensi t iv i ty or  as an extension of  

the pharmacological  ef fect .  

b.  Problemat ic  drugs include 

(1)  Aspir in and other  nonsteroidal  ant i - in f lammatory drugs such as ibuprofen (note:  

cyc looxygenase 2 inhib i tors are not  recommended for  use in aspir in-sens i t ive 

asthma pat ients)  

(2)  Ant iadrenergic  and chol inerg ic  drugs (e.g. ,  β-adrenergic  b lockers,  bethanechol)  



(3)  Medicat ions (or  foods)  that  contain tar t raz ine,  sul f i tes,  benzalkonium chlor ide,  

and other  preservat ives 

(4)  Excipients in inhaled drugs that  are derivat ives of  legumes (soybeans) in 

peanut al lergic pat ients.  E.g.  oleic acid  
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E. Pathology.  On postmortem examinat ion of  pat ients wi th asthma,  the fo l lowing 

character is t ics have been ident i f ied:  

1.  Hypert rophy of  smooth muscle 

2.  A i rways contain ing plugs consist ing of  inf lammatory cel ls  and thei r  debr is ,  

prote ins,  and mucus 

3.  Inf lammatory cel lu lar  inf i l t rate wi th  vasodi lat ion,  denuded ai rway epi thel ium, and 

microvascular  leakage 

4.  Vasodi lat ion of  the vasculature 

5.  Denuded ai rway epi thel ium 

6.  Microvascular  leakage 

7.  Col lagen deposi t ion in basement  membranes 

F. Pathophysiology  (F igure 49-1)  

1.  Major contributing processes  

a.  Inf lammatory cel ls  ( i .e . ,  mast cel ls ,  eosinophi ls ,  act ivated T cel ls,  macrophages,  

and epi thel ia l  cel ls)  secrete mediators and inf luence the ai rways di rect ly or  v ia 

neural  mechanisms.  

b. Airway obstruct ion  is  responsib le for  many of  the c l in ical  mani festat ions of  

asthma.  

(1)  Sever i ty of  obst ruct ion is  var iable and bel ieved to be a resul t  of  

bronchoconstr ic t ion,  a i rway wal l  edema,  mucus plug format ion,  a i rway remodel ing,  

smooth muscle hyper t rophy,  and hyperplas ia.  

(2)  A i rway obstruct ion reduces vent i la t ion to some lung regions,  which causes a 

vent i la t ion/per fus ion (V/Q) imbalance that  leads to hypoxemia.  This is  ref lected by a  
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reduct ion in the par t ia l  pressure of  ar ter ia l  oxygen (PaO2 )  observed in moderate to 

severe exacerbat ions.  



 

Figure 49-1. The pathophysiology of asthma. 

c.  Hyperresponsiveness,  an exaggerated response to cer ta in s t imul i ,  is  an 

important  feature of  asthma and appears to corre late wi th c l in ical  sever i ty and 

medicat ion requirements .  Increased levels of  in f lammatory mediators and inf i l t rat ion 

by inf lammatory cel ls  are thought  to be the pr imary mechanisms responsib le for  

a i rway hyperresponsiveness.  

d. Airway inf lammation  is  cruc ia l  to development  of  asthma and contr ibutes to 

a i rway hyperresponsiveness,  a i r f low obstruct ion,  respiratory symptoms,  and disease 

chronic i ty.  Inf lammatory cel ls  and thei r  mediators are responsib le for  a l tered 

mucoci l iary funct ion,  epi thel ia l  d isrupt ion ranging f rom minor  c i l iary loss to severely 

denuded epi thel ium, increased ai rway permeabi l i ty ( to inhaled al lergens,  i r r i tants,  

and inf lammatory mediators) ,  and reduced c learance of  inf lammatory mediators.  

(1)  Acute inf lammat ion is  associated wi th ear ly recrui tment  of  cel ls  to the ai rway.  

(2)  Subacute inf lammat ion is  associated wi th recrui ted and res ident  cel l  act ivat ion,  

resul t ing in more pers is tent  inf lammat ion.  

(3)  Chronic inf lammat ion is  associated wi th pers is tent  cel l  damage and ongoing 

repair ,  resul t ing in a i rway abnormal i t ies that  may become permanent .  

e.  A l terat ion in autonomic neural  control  a lso contr ibutes to obst ruct ion.  

(1)  E levated parasympathet ic  tone and ref lex bronchoconstr ic t ion may occur  as a 

resul t  of  increased chol inergic  sensi t iv i ty or  a change in muscar in ic  receptor  

funct ion.  

(2)  Increased smooth muscle responsiveness may be the resul t  of  smooth muscle 

hyper t rophy.  Exposure of  the nerve endings,  caused by inf lammat ion,  may also 

contr ibute.  

f .  Airway remodeling  can resul t  f rom pers is tent  inf lammat ion f rom chronic asthma.  

The resul t ing damage can yie ld permanent  a i rway abnormal i t ies because of  

subbasement  membrane col lagen deposi t ion and f ibros is .  Hypert rophy of  the ai rway 

smooth muscle is  another  form of  t issue remodel ing in asthma.  These events may 

occur  even in the face of  mi ld d isease but  a i rway remodel ing does not  necessar i ly 

occur  in a l l  asthma pat ients.  

2.  Sequencing of events in asthma  



a.  Triggering. In an al lergic asthma patient,  af ter  exposure to an al lerg ic  t r igger ,  

the ant igen binds to immunoglobul in E ( IgE),  which is  at tached to act ivated mast  

cel ls .  Nonal lerg ic  factors (e.g. ,  aspir in,  v i ra l  in fect ions)  may a lso funct ion as 

t r iggers.  Vi ra l  in fect ions serve as an important  cause of  worsened asthma.  

b.  Ear ly and late responses 

(1)  The early asthmatic response  begins wi th in  30 min of  t r igger  exposure (usual ly 

only several  minutes af ter  exposure)  and resolves wi th in 2 hr .  This resul ts  in 

constr ic t ion of  the ai rway smooth muscles,  bronchospasm, and subsequent ly asthma 

symptoms.  This response can be blocked by the adminis t rat ion of  shor t-act ing β-

agonists  (a lbuterol  [Ventol in,  Provent i l ] ,  b i to l tero l  [Maxair ]  or  levalbuterol  

[Xopenex]) .  

(2)  The late asthmatic response  involves a second decl ine in lung funct ion 

typical ly 4-8 hr  af ter  the in i t ia l  t r igger  exposure.  The ear ly asthma response does 

not  necessar i ly progress into the late asthmat ic  response.  The late asthmat ic  

response,  pr inc ipal ly an inf lammatory response,  is  character ized by pers is tent  

a i r f low obstruct ion,  a i rway inf lammat ion,  and bronchia l  hyperresponsiveness.  The 

response may last  several  days,  and bronchia l  hyperreact iv i ty may pers is t  for  

several  weeks.  This response can be blocked by the adminis t rat ion of  

cor t icosteroids—inhaled steroids such as budesonide (Pulmicor t )  and leukotr iene 

modi f iers such as montelukast  (Singula i r )  or  cromones ( i .e. ,  cromolyn sodium ( Inta l )  

or  nedocromi l  (T i lade) .  

G. Cl inical  evaluat ion  

1.  Physical  f indings  

a.  In asymptomat ic  pat ients,  physica l  f indings of  asthma are of ten not  present .  

b.  Physica l  f indings depend on the sever i ty of  the under ly ing disease and the 

sever i ty of  the exacerbat ion.  Regardless of  the under ly ing disease sever i ty,  pat ients 

can have mi ld,  moderate,  or  severe exacerbat ions (Table 49-2) .  

c.  Pat ients wi th chronic,  poorly control led, severe asthma  may have evidence of  

chronic hyper inf lat ion,  inc luding bar re l  chest  and decreased diaphragmat ic  

excurs ion,  s imi lar  to chronic obst ruct ive pulmonary d isease 

d. Acute exacerbations  may have a sudden or  gradual  onset .  Symptoms are 

f requent ly nocturnal  or  occur  in the ear ly morning hours.  
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Table 49-2. Stages of Severity of an Acute Asthmatic Attack 



Stage Symptoms 

FEV1 or 

FVC 

Arterial 

pH Pao2 Paco2 

I Mild Breathlessne

ss while 

walking, 

speaks in 

sentences, 

moderate 

wheezing 

> 

70% 

of 

norma

l 

Norma

l or ↑ 

Norma

l or ↓ 

Norma

l or ↓ 

II 

Moderate 

Dyspnea 

while at rest, 

talks in 

phrases, loud 

wheezing 

throughout 

expiration 

40%-

69% 

of 

norma

l 

↑ > 60 

mmHg 

< 42 

mmHg 

III Severe Breathlessne

ss while at 

rest, speaks 

in words, 

loud 

wheezing, 

coughing 

difficulty 

speaking, 

accessory 

chest muscle 

use, and 

chest 

hyperinflatio

n 

< 

40% 

of 

norma

l 

Norma

l or ↓ 

< 60 

mmHg 

> 42 

mmHg 



IV 

Respirator

y failure 

Severe 

respiratory 

distress, 

confusion, 

lethargy, 

cyanosis, 

disappearanc

e of breath 

sounds, and 

pulsus 

paradoxus 

>12 mm Hg 

< 

25% 

of 

norma

l 

↓↓ ↓ ↑↑ 

FEV1, forced expiratory volume in 1 sec; FVC, forced vital capacity; Pao2; 

partial pressure of arterial oxygen; Paco2; partial pressure of arterial carbon 

dioxide; ↑, increased; ↓, decreased; ↑↑, markedly increased; ↓↓, markedly 

decreased. 

 

(1)  Common f indings in an acute exacerbat ion inc lude 

(a)  Shor tness of  breath 

(b)  Wheezing (usual ly occurs at  the end of  exhalat ion but  may be heard throughout  

inspirat ion and exhalat ion in more severe asthma) 

(c)  Chest  t ightness 

(d)  Cough 

(e)  Tachypnea and tachycardia (moderate to severe exacerbat ions)  

( f )  Pulsus paradoxus (severe exacerbat ions)  

(2)  Between acute asthma exacerbat ions,  the pat ient  may be asymptomat ic .  

2.  Diagnostic test  results  

a.  Pulmonary function tests  determine the degree of  a i rway obstruct ion and may 

be normal  between exacerbat ions.  The 2007 NHLBI Asthma Guidel ines recommend 

spirometry in a l l  asthma pat ients >5 y.o.  to determine that  ai rway obstruct ion is  at  

least  par t ia l ly revers ib le.  Breathing tests inc lude spi rometry and peak f low meter  

test ing.  

(1)  Forced expiratory volume in 1 second (FEV1 )  and forced v i ta l  capaci ty (FVC) 

both decrease dur ing an acute exacerbat ion.  The spi rometer  is  used to generate the 

FEV1  and FVC. 

(2)  Residual  volume (RV) and tota l  lung capaci ty (TLC) may increase in asthma 

because of  air  trapping  and subsequent  lung hyperinf lat ion.  

(3)  Peak expiratory f low rate (PEFR),  obta ined through the pat ient  forceful ly 

breathing out  into a peak f low meter,  corre lates wel l  wi th FEV1 .  However,  PEFR 

measurement  is  not  used in making the diagnosis of  asthma. PEFR measurement  

can be used to moni tor  contro l  of  asthma.  

(a)  Uses of  PEFR moni tor ing at  home inc lude assessment  of  therapy,  t r igger  

ident i f icat ion,  and assessment  of  the need for  referra l  to emergency care.  



(b)  PEFR moni tor ing at  home is  recommended for  pat ients who have had severe 

exacerbat ions,  who are poor  perceivers of  asthma symptoms,  and who have 

moderate to severe disease.  

(c)  PEFR is  best  measured in ear ly morning,  before medicat ion adminis t rat ion.  More 

f requent  moni tor ing over  a few weeks may also be indicated to ident i fy speci f ic  

pat terns and to ident i fy a pat ient 's personal  best  PEFR measurement .  In th is  case,   
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measurements are taken before medicat ions are taken in the morning ( i .e. ,  on 

awakening) .  

(4)  Provocation test ing  wi th histamine or methachol ine chal lenge  may be 

per formed to assess hyperresponsiveness and to ru le out  asthma in a pat ient  who 

has had normal  pulmonary funct ion test  resul ts  but  in whom asthma is st i l l  

suspected.  

b. Blood analysis,  al though not typical ly undertaken in asthma,  typ ical ly shows 

a s l ight ly increased whi te b lood cel l  (WBC) count  dur ing an acute exacerbat ion;  

eosinophi l ia  a lso may be present .  Leukocytos is  may be present  because of  WBC 

demarginat ion that  occurs when pat ients receive systemic cor t icosteroids.  

c.  Pulse oximetry  is  a noninvasive means of  assessing the degree of  hypoxemia 

dur ing an acute exacerbat ion.  The oximeter  measures oxygen saturat ion in ar ter ia l  

b lood (SaO2 )  and pulse.  

d. Arterial  blood gas measurements  may be required to help gauge the sever i ty of  

the asthma exacerbat ion (Table 49-2) .  

(1)  In the ear ly s tages of  an asthma exacerbat ion,  hyperventi lat ion  resul ts  in a 

decrease in the par t ia l  pressure of  ar ter ia l  carbon dioxide (PaCO2 ) .  I f  the 

exacerbat ion progresses and the ai rways remain narrowed,  respiratory muscles may 

fat igue and the PaCO2  level  increases.  

(2)  Respiratory acidosis  is  a poor  prognost ic  s ign.  I t  develops i f  hypoxemia 

worsens and the pat ient 's respiratory rate is  not  mainta ined owing to respiratory 

fat igue.  This resul ts  in a r is ing PaCO2  level .  

e.  An electrocardiogram (ECG)  may show s inus tachycardia.  An ECG may be 

par t icular ly useful  in  an older  pat ient .  

f .  A chest radiograph  may be normal  or  could detect  accompanying pneumothorax,  

ate lectas is ,  or  pneumonia.  Evidence of  hyper inf la t ion may be present  in acute 

asthma and in chronic,  poor ly contro l led asthma.  A chest  radiograph may also be 

needed to exclude other  causes of  the pat ient 's  symptoms.  

3.  Signs of respiratory distress  inc lude 

a.  Use of  accessory muscles 

b.  Inabi l i t y to speak in sentences or  ambulate owing to dyspnea 

c.  Decl in ing mental  s tatus 

d.  PEFR <50% of  predicted (or  personal  best )  

e.  Cyanosis  

f .  Suprasternal  ret ract ions 

g.  Absence of  respiratory sounds 

h.  Increasing PaCO2  



i .  Unable to s leep for  extended t ime because of  shor tness of  breath 

4.  Pat ients wi th potential ly fatal  asthma  should be quick ly ident i f ied and 

aggressively managed.  These pat ients have the fo l lowing character is t ics:  

a.  His tory of  severe exacerbat ions,  par t icular ly exacerbat ions that  develop suddenly 

b.  Poor  sel f -percept ion of  asthma symptoms and sever i ty 

c.  His tory of  intubat ion or  intensive care uni t  ( ICU) admiss ion for  asthma 

d.  Two or  more hospi ta l izat ions or  three or  more v is i ts  to the emergency department  

for  asthma wi th in 1 year  

e.  Hospi ta l izat ion or  t reatment  in the emergency department  for  asthma wi th in the 

last  month 

f .  Frequent  β-agonist  use ( i .e. ,  more than two canisters per  month) ,  current  

systemic steroid t reatment ,  or  recent systemic steroid wi thdrawal  

g.  Concurrent  condi t ions (e.g. ,  cardiovascular  or  psychiat r ic  d isease,  substance 

abuse,  low socioeconomic status [par t icular ly in urban areas])  

H. Therapy  

1.  Treatment objectives  

a.  The goal  of  therapy is  to prov ide symptomat ic  contro l  wi th normal izat ion of  

l i festyle and to return pulmonary funct ion as c lose to normal as possib le.  

b.  The t reatment  goals l is ted in the 2007 NHLBI 's  exper t  panel  update repor t  inc lude 

the fo l lowing:  

(Reduce Impairment)  

(1)  Prevent  chronic and t roublesome symptoms day or  n ight  

(2)  Mainta in normal  pulmonary funct ion 

(3)  Mainta in normal  act iv i ty levels  inc luding exerc ise and at tendance at  work or  

school  
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(4)  Minimal  use of  shor t-act ing inhaled β2 -agonist  (<2 t imes per  week)  for  quick 

re l ief  of  symptoms (not  inc luding use pr ior  to exerc ise)  

(5)  Meet patient and family expectat ions  

(Reduce Risk)  

(1)  Prevent  recurrent  exacerbat ions and minimize need for  ED v is i ts of  

hospi ta l izat ions 

(2)  Prevent  loss of  lung funct ion 

(3)  Provide opt imal  pharmacotherapy and wi th minimal  or  no adverse ef fects f rom 

medicat ions 

2.  Management of  acute asthma exacerbations  

a.  Home-based  t reatment  of  an acute asthma exacerbat ion (F igure 49-2)  

b.  Treatment  of  an acute asthma exacerbat ion in the hospital  or emergency 

department  (F igure 49-3)  



 

Figure 49-2. The NIH treatment algorithm for the 

home-based management of asthma 

exacerbations. (NIH highlights of the expert panel 

report 3; Guidelines for the diagnosis and 

management of asthma. NIH Publication No 80-

4051 August 2007, Figure 5-4.) 
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Figure 49-3. NIH treatment algorithm for 

management of asthma exacerbations in the 

emergency department and hospital. FEV1, 

forced expiratory volume in 1 sec; PEF, peak 

expiratory flow; PCO2, partial pressure of carbon 

dioxide. (From NIH highlights of the expert panel 

report 3: Guidelines for the diagnosis and 

management of asthma [NIH Publication No. 08-

4051]. August 2007, Figure 5-6.) 
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3.  Management of  persistent asthma  

a.  A stepwise approach to pharmacological  therapy is  recommended to gain and 

mainta in contro l  of  asthma in both the impairment  and r isk domains (Table 49-3) .  

The type,  amount ,  and schedul ing of  medicat ion is  d ic tated by asthma sever i ty for  

in i t ia t ing therapy and the level  of  asthma contro l  for  adjust ing therapy.  



b.  At  each step,  pat ients should contro l  thei r  envi ronment  to avoid or  contro l  

factors,  when possib le,  that  make thei r  asthma worse (e.g. ,  a l lergens,  i r r i tants) .  

This requires speci f ic  d iagnosis and educat ion.  

c.  Inhaled steroids are considered to  be f i rst - l ine ant i - in f lammatory agents in 

asthma.  

d.  Combinat ion products for  asthma are formoterol /budesonide (Symbicor t )  and 

f lut icasone/salmeterol  (Advair ) .  These products are indicated for  moderate or  

severe pers is tent  asthma.  The 2007 NHLBI Asthma Guidel ines give equal  weight  to 

increasing the dose of  the inhaled steroid compared to adding a long-act ing B2-

agonist  to the inhaled steroid in uncontro l led chronic asthma.  In the U.S. ,  Advair  is  

avai lable as an MDI and DPI  (Diskus) ,  Symbicor t  is  avai lable  as an MDI.  

e.  Inhaled β-agonists  such as a lbuterol  and levalbuterol  are used as needed for  

acute symptoms for a l l  levels  of  sever i ty.  

(1)  Dai ly or  increasing use of  a shor t -act ing inhaled β2 -agonist  suggests the need 

for  addi t ional  long- term contro l ler  ( i .e. ,  ant i - in f lammatory)  therapy.  

(2)  Pret reatment  wi th e i ther  an inhaled β-agonis t ,  montelukast ,  cromolyn sodium, or  

nedocromi l  may be used before exerc ise or  a l lergen exposure.  

f .  A rescue course of  systemic cort icosteroid (e.g. ,  prednisone) may be needed at  

any t ime and at  any step.  

4.  Prevention and treatment of  exercise- induced bronchospasm (EIB)  

a.  Steps to prevent  EIB should be implemented in a l l  pat ients wi th asthma.  

b.  Pat ients should be advised that  a warmup per iod might  be helpfu l  in  prevent ing 

EIB.  

c.  EIB can usual ly be prevented wi th one of  the fo l lowing opt ions.  

(1)  Shor t -act ing β-agonists  (e.g. ,  a lbuterol )  should be adminis tered 15 min before 

exerc ise.  These are considered the drug of  choice for  EIB.  

(2)  Long-act ing β-agonis ts—salmeterol  (Serevent)  and formoterol  (Foradi l )—should 

be adminis tered 30-60 min before exerc ise.  When salmeterol  is  used chronical ly for  

EIB,  some pat ients may lose protect ion toward the end of  the 12-hr  dosing interval .  

Because of  i ts  rapid onset ,  formoterol  may be dosed 15 min before exerc ise.  

General ly,  shor t -act ing agents are preferred over  long-act ing β-agonists .  

(3)  Cromolyn sodium and nedocromi l  may be used to prevent  EIB and exacerbat ions 

re lated to exposure to other  asthma t r iggers.  Cromolyn and nedocromi l  should be 

adminis tered no more than 1 hr  before exerc ise or  exposure.  

(4)  Leukotr iene modi f iers g iven dai ly help wi th EIB but  should not  be used on a as-

needed basis just  before exerc ise.  

d.  Regardless of  the prophylact ic  approach,  a l l  pat ients who exper ience EIB should 

have a shor t-act ing β-agonist  avai lable for  t reatment  of  breakthrough symptoms.  

5.  Concurrent diseases  

a.  Al lergic rhini t is,  sinusit is,  gastroesophageal  ref lux disease  f requent ly coexis t  

wi th asthma.  Other  notable comorbid i t ies in asthma inc lude vocal  cord dysfunct ion 

(VCD) and obstruct ive s leep apnea.  

b.  GERD is f requent  in persons wi th obst ruct ive lung disease.  Management  of  GERD 

wi th proton pump inhib i tors (PPIs) ,  such as pantoprazole (Protonix)  can improve 



asthma symptoms and in some pat ients '  breathing tests.  H2 -antagonists ,  such as 

rani t id ine (Zantac)  are less ef fect ive than PPIs in th is  s i tuat ion.  

c.  Asthma contro l  has been shown to improve i f  these condi t ions are adequately 

contro l led.  

I .  Therapeutic agents  

1.  β-Agonists—albutero l ,  formoterol ,  ar formoterol ,  levalbuterol ,  metaproterenol  

(Metaprel ) ,  p i rbuterol ,  salmeterol  

a.  Shor t -act ing β-agonists  (a lbuterol ,  levalbuterol ,  p i rbuterol ,  metaproterenol)  are 

best  reserved for  worsening symptoms,  t reatment  of  acute exacerbat ions,  and 

prophylaxis  for  EIB.  Assessing the f requency of  shor t -act ing β-agonist  use for  

rescue therapy can help determine the pat ient 's  level  of  asthma contro l .  Those 

requir ing regular  use (e.g. ,  every day) ,  of  shor t-act ing β-agonists  have uncontro l led 

d isease and should receive more aggressive contro l ler  therapy.  
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Table 49-3. Medications Recommended for Long-term Control of Asthma 

Step Age 0-4 Years
a
 Age 5-11 Years

a
 Age ≥ 12 Years

b
 

1 

(intermittent 

asthma) 

Short-acting 

inhaled β2-

agonist taken 

as needed to 

treat 

symptoms 

Short-acting 

inhaled β2-

agonist taken as 

needed to treat 

symptoms 

Short-acting 

inhaled β2-

agonist taken as 

needed to treat 

symptoms; 

short-acting 

inhaled β2 

agonist, 

cromolyn, or 

nedocromil 

taken shortly 

before exercise 

in patients 

known to have 

exercise-induced 

bronchospasm 

2 (persistent 

asthma) 

Inhaled 

corticosteroid 

(low dose) 

daily; 

cromolyn or 

montelukast is 

an alternative 

(but not 

Inhaled 

corticosteroid 

(low dose) daily; 

cromolyn, 

leukotriene-

receptor 

antagonist, 

nedocromil, or 

Inhaled 

corticosteroid 

(low dose) daily; 

cromolyn, 

leukotriene-

receptor 

antagonist, 

nedocromil, or 



preferred) theophylline is 

an alternative 

sustained-release 

theophylline is 

an alternative 

(but not 

preferred) 

3 (persistent 

asthma) 

Inhaled 

corticosteroid 

(medium 

dosage) 

Inhaled 

corticosteroid 

(low dosage) 

plus long-acting 

β2-agonist, 

leukotriene-

receptor 

antagonist, or 

theophylline; or 

inhaled 

corticosteroid 

(medium 

dosage) 

Inhaled 

corticosteroid 

(low dosage) and 

long-acting β2-

agonist; or 

inhaled 

corticosteroid 

(medium 

dosage); inhaled 

corticosteroid 

(low dosage) 

plus either 

leukotriene-

receptor 

antagonist, 

theophylline, or 

zileuton is an 

alternative (but 

not preferred) 

4 (persistent 

asthma) 

Inhaled 

corticosteroid 

(medium 

dosage) plus 

either long-

acting β2-

agonist or 

montelukast 

Inhaled 

corticosteroid 

(medium 

dosage) and 

long-acting β2-

agonist; inhaled 

corticosteroid 

(medium 

dosage) plus 

either 

leukotriene-

receptor 

antagonist or 

theophylline is 

an alternative 

(but not 

preferred) 

Inhaled 

corticosteroid 

(medium 

dosage) and 

long-acting β2-

agonist; inhaled 

corticosteroid 

(medium 

dosage) plus 

leukotriene-

receptor 

antagonist, 

theophylline, or 

zileuton is an 

alternative (but 

not preferred) 



5 (persistent 

asthma) 

Inhaled 

corticosteroid 

(high dosage) 

plus either 

long-acting β2-

agonist or 

montelukast 

Inhaled 

corticosteroid 

(high dosage) 

and long-acting 

β2-agonist; 

inhaled 

corticosteroid 

(high dosage) 

plus either 

leukotriene-

receptor 

antagonist or 

theophylline is 

an alternative 

(but not 

preferred) 

Inhaled 

corticosteroid 

(high dosage) 

and long-acting 

β2-agonist; 

omalizumab may 

be considered for 

patients with 

sensitivity to 

relevant 

perennial 

allergens 

6 (persistent 

asthma) 

Inhaled 

corticosteroid 

(high dosage) 

and oral 

systemic 

corticosteroid 

plus either 

long-acting β2-

agonist or 

montelukast 

Inhaled 

corticosteroid 

(high dosage), 

oral systemic 

corticosteroid, 

and long-acting 

β2-agonist; 

inhaled 

corticosteroid 

(high dosage) 

and oral 

systemic 

corticosteroid 

plus either 

leukotriene-

receptor 

antagonist or 

theophylline is 

an alternative 

(but not 

preferred) 

Inhaled 

corticosteroid 

(high dosage), 

oral systemic 

corticosteroid, 

and long-acting 

β2-agonist; 

omalizumab may 

be considered for 

patients with 

sensitivity to 

relevant 

perennial 

allergens 

a 
For all six steps, a short-acting β2-agonist should be used as needed to 

relieve symptoms of asthma. 

 
b 
For all six steps, a short-acting β2-agonist—up to three treatments at 20-

minute intervals—should be used as needed to relieve symptoms of asthma. 

Short-course therapy with an oral systemic corticosteroid may be needed. 



 

Adapted from: Expert Panel report 3: Guidelines for the diagnosis and 

management of asthma. Available online at 

www.nblbi.nih.gov/guidelines/asthma/epr3/index.htm; last accessed April 

10, 2008. 
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b. Indicat ions for long-act ing β-agonists  

(1)  Maintenance t reatment  of  moderate and severe pers is tent  asthma in combinat ion 

wi th inhaled cor t icosteroids,  par t icular ly for  pat ients wi th f requent  nocturnal  

symptoms.  

(a)  Long-act ing β2 -agonists  (salmeterol ,  formoterol ,  ar formterol )  should not  be used 

as sole therapy for  an acute asthma exacerbat ion in l ieu of  shor t -act ing agents.  

(b)  Research indicates that  rather  than increasing the dose of  the inhaled 

cor t icosteroid in uncontro l led chronic asthma, adding a long-act ing β-agonist  resul ts 

in a greater  improvement  in symptoms and breathing tests.  

(c)  Recent  warn ings have been placed in the package inser ts  for  long-act ing β2 -

agonists  regarding an increased r isk of  asthma death.  This has led to the 2007 NIH 

Asthma Guidel ines giv ing higher  pr ior i ty to increas ing the dose of  inhaled steroids 

as compared to adding a long-act ing B2-agonis t  to current  inhaled stero id dose to 

manage uncontro l led chronic asthma.  

(2)  Prophylaxis  of  EIB 

(3)  Pat ients wi th asthma and concurrent  chronic obst ruct ive pulmonary d isease 

(COPD) 

c.  Therapeutic effects.  These sympathomimet ic  agents re l ieve bronchoconstr ic t ion 

dur ing acute asthma exacerbat ions as wel l  as dur ing chronic therapy and prevent  

exacerbat ions f rom occurr ing dur ing exerc ise.  

d. Mechanism of action  

(1)  β2 -Agonists  s t imulate β2 - receptors,  act ivat ing adenyl  cyc lase,  which increases 

int racel lu lar  product ion of  cyc l ic  adenosine monophosphate (cAMP).  

(a)  Increased int racel lu lar  cAMP and act ivat ion of  cAMP resul t  in  bronchodi lat ion,  

improved mucoci l iary c learance,  and reduced in f lammatory cel l  mediator  re lease.  

(b)  St imulat ion of  β2 - receptors in skeleta l  muscle accounts for  t remor.  

(2)  β-Agonists  d i f fer  in thei r  af f in i ty for  the β1 -  and β2 - receptors.  Agents wi th greater  

β1 - receptor  af f in i ty are more l ike ly to cause cardiac ef fects.  



e.  Administrat ion and dosage  

(1)  Whenever possib le,  agents should be adminis tered v ia inhalation  to minimize 

systemic exposure and adverse react ions.  Systemic  adminis t rat ion should be 

reserved for pat ients who cannot  use inhalat ion therapy.  

(2)  Regimens wi th long-act ing β2 -agonists  should a lso inc lude a concurrent  inhaled 

cor t icosteroid,  unless i t  is  being used only to prevent  EIB.  Al l  regimens contain ing 

long-act ing agents should a lso inc lude a shor t -act ing agent  for  t reatment of  acute 

symptoms.  

(3)  Dosage informat ion is  prov ided in Table 49-4.  
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Table 49-4. β-Adrenergic Agonists Used in the Treatment of Asthma or COPD 

 Severe Acute Chronic   

Agent Pediatric Adult Pediatric Adult Site of 

Action 

Duratio

n of 

Action 
Commen

ts 

Albu

terol 
       

NEB

: 

0.5% 

(5 

µg/m

l) 

ET: 

0.15 

mg/kg

(mini

mum 

2.5 

mg) q 

20 

min × 

3 

doses, 

then 

0.15-

0.30 

mg/kg 

up to 

10 mg 

q 1-4 

ET: 

2.5-

5.0 

mg q 

20 

min 

× 3 

dose

s, 

then 

2.5-

10.0 

mg q 

1-4 

hr 

prn 

or 

10-

Not 

curre

ntly 

reco

mme

nded 

Not 

curre

ntly 

reco

mme

nded 

β1-

rec

ept

ors 

+ 

β2-

rec

ept

ors 

+ + 

+ 

3-8 

hr 

inh

alat

ion. 

4-8 

hr 

oral 

May 

mix 

with 

crom

olyn 

or 

iprat

ropiu

m 

NEB

. 

May 

doub

le 

dose 

for 

mild 

exac



hr prn 

or 0.5 

mg/kg

/hr 

contin

uousl

y 

QR: 

0.05 

mg/kg 

(mini

mum 

1.25 

mg; 

maxi

mum 

2.5 

mg) in 

2-3 

mL 

saline 

q 4-6 

hr 

15 

mg/h

r 

conti

nuou

sly 

QR: 

1.25-

5.00 

mg 

in 2-

3 mL 

salin

e q 

4-8 

hr 

erbat

ions 

MDI

: 

0.09 

mg/p

uff 

ET: 4-

8 

puffs 

q 20 

min × 

3 

doses, 

then q 

1-4 hr 

with 

spacer 

QR: 2 

puffs 

t.i.d. 

q.i.d. 

prn 

PT: 1-

2 

puffs 

5 min 

before 

exerci

ET: 

4-8 

puffs 

q 20 

min 

up to 

4 hr, 

then 

q 1-4 

hr 

prn 

QR: 

2 

puffs 

t.i.d. 

q.i.d. 

prn. 

PT: 2 

puffs 

5 

min 

befor

Not 

curre

ntly 

reco

mme

nded 

Not 

curre

ntly 

reco

mme

nded 

   



se e 

exerc

ise 

Oral: 

4-mg 

susta

ined 

relea

se 

Not 

curren

tly 

recom

mend

ed 

Not 

curre

ntly 

reco

mme

nded 

0.3-

0.6 

mg/k

g/da

y 

(max

imu

m 8 

mg/d

ay) 

4 mg 

q 12 

hr 

   

Biolt

erol 
       

NEB

: 

0.2% 

(2 

mg/

mL) 

ET: 

0.15 

mg/kg 

(mini

mum 

2.5 

mg) q 

20 

min × 

3 

doses, 

then 

0.15-

0.30 

mg/kg 

up to 

10 mg 

q 1-4 

hr prn 

or 0.5 

mg/kg

/hr 

contin

uousl

y 

ET: 

2.5-

5.0 

mg q 

20 

min 

× 3 

dose

s, 

then 

2.5-

10.0 

mg q 

1-4 

hr 

prn 

or 

10-

15 

mg/h

r 

conti

nuou

sly 

QR: 

0.5-

Not 

curre

ntly 

reco

mme

nded 

Not 

curre

ntly 

reco

mme

nded 

β1-

rec

ept

ors

+ 

β2-

rec

ept

ors

+ + 

+ 

6-8 

hr 

Dilut

e 

NEB 

with 

2-3 

ML 

norm

al 

salin

e. 

Do 

not 

mix 

NEB 

with 

other 

NEB 

solut

ions 

Thou

ght 

to be 

abou

t half 

as 

pote



3.5 

mg 

in 2-

3 mL 

salin

e q 

4-8 

hr 

nt as 

albut

erol 

on a 

milli

gram 

basis 

MDI

: 

0.37 

mg/p

uff 

ET: 4-

8 

puffs 

q 20 

min×3 

doses, 

then q 

1-4 hr 

with 

spacer 

QR: 2 

puffs 

t.i.d. 

q.i.d. 

prn 

PT: 1-

2 

puffs 

5 min 

before 

exerci

se 

ET: 

4-8 

puffs 

q 20 

min 

up to 

4 hr, 

then 

q 1-4 

hr 

prn 

QR: 

2 

puffs 

t.i.d-

q.i.d. 

prn 

PT: 2 

puffs 

5 

min 

befor

e 

exerc

ise 

Not 

curre

ntly 

reco

mme

nded 

Not 

curre

ntly 

reco

mme

nded 

   

Epin

ephr

ine 

       

SC: 

1:10

00 (1 

µg/m

L) 

ET: 

0.01 

mg/kg

/dose 

up to 

ET: 

0.3-

0.5 

mg/d

ose q 

Not 

curre

ntly 

reco

mme

Not 

curre

ntly 

reco

mme

α-

rec

ept

ors

+ + 

1-4 

hr 

SC; 

1-3 

hr 

 



0.3-

0.5 

mg q 

20 

min × 

3 

doses 

20 

min 

× 3 

dose

s 

nded nded + 

β1-

rec

ept

ors

+ + 

+ 

β2-

rec

ept

ors

+ + 

+ 

inh

alat

ion 

For

mote

rol 

       

DPI: 

12 

mg/c

aps 

for 

inhal

ation 

Not 

curren

tly 

recom

mend

ed 

Not 

curre

ntly 

reco

mme

nded 

≥5 

years

: 1 

caps

ule q 

12 h 

1 

caps

ule q 

12 h 

β1-

rec

ept

ors

+ 

β2-

rec

ept

ors

+ + 

+ + 

10-

12 

hr 

Appr

oved 

for 

chro

nic 

treat

ment 

in 

child

ren > 

5 

years 

old 

and 

for 

prev

entio

n of 

EIB 

in 

child

ren > 

12 

years 

old 

Use 

at 



least 

15 

min 

befor

e 

exer

cise 

for 

EIB 

prop

hyla

xis 

Leva

lbute

rol 

       

NEB

: 

0.63 

mg 

1.25 

mg 

6-11 

years: 

QR: 

0.31 

mg 

t.i.d. 

prn 

>11 

years: 

0.63-

1.25 

mg 

t.i.d. 

prn 

QR: 

0.63 

mg 

t.i.d. 

(q 6-

8 hr) 

up to 

1.25 

mg 

t.i.d. 

6-8 

hr) 

Not 

curre

ntly 

reco

mme

nded 

Not 

curre

ntly 

reco

mme

nded 

β1-

rec

ept

ors

+ 

β2-

rec

ept

ors

+ + 

+ + 

6-8 

hr 

 

MDI

: see 

albut

rol 

dosin

g 

       

Pirb

uter

ol 

       



MDI

: 0.2 

mg/p

uff 

ET: 4-

8 

puffs 

q 20 

min × 

3 

doses, 

then q 

1-4 hr 

with 

spacer 

QR: 2 

puffs 

t.i.d. 

q.i.d. 

prn 

PT: 1-

2 

puffs 

5 min 

before 

exerci

se 

ET: 

4-8 

puffs 

q 20 

min 

up to 

4 hr, 

then 

q 1-4 

hr 

prn 

QR: 

2 

puffs 

t.i.d. 

q.i.d. 

prn 

PT: 2 

puffs 

5 

min 

befor

e 

exerc

ise 

Not 

curre

ntly 

reco

mme

nded 

Not 

curre

ntly 

reco

mme

nded 

β1-

rec

ept

ors 

+ 

β2-

rec

ept

ors

+ + 

+ + 

5 hr Thou

ght 

to be 

abou

t half 

as 

pote

nt as 

albut

erol 

on a 

milli

gram 

basis 

Salm

etero

l 

       

MDI

: 

0.02

5 

mg/p

uff 

Not 

curren

tly 

recom

mend

ed 

Not 

curre

ntly 

reco

mme

nded 

>4 

years

: 1-2 

puffs 

q 12 

hr 

2 

puffs 

q 12 

hr 

β1-

rec

ept

ors

+ 

10-

12 

hr 

Not 

indic

ated 

for 

acute 

exac

erbat

ions 

DPI: 

0.05 

mg/i

nhala

tion 

Not 

curren

tly 

recom

mend

Not 

curre

ntly 

reco

mme

>4 

years

: 1 

inhal

ation 

1 

inhal

ation 

q12 

hr 

β2-

rec

ept

ors

+ +  

Take 

30-

60 

min 

befor



ed nded q 12 

hr 

+ + e 

exer

cise 

for 

EIB 

prop

hyla

xis 

Terb

utali

ne 

       

MDI

: 0.2 

mg/p

uff 

QR: 2 

puffs 

t.i.d. 

q.i.d. 

prn 

PT: 1-

2 

puffs 

5 min 

before 

exerci

se 

QR: 

2 

puffs 

t.i.d. 

q.i.d. 

prn 

PT: 2 

puffs 

5 

min 

befor

e 

exerc

ise 

Not 

curre

ntly 

reco

mme

nded 

Not 

curre

ntly 

reco

mme

nded 

β1-

rec

ept

ors

+ 

β2-

rec

ept

ors

+ + 

+ + 

3-6 

hr 

inh

alat

ion 

1.5-

4 hr 

par

ente

ral 

Pare

ntera

l 

solut

ion 

not 

FDA

-

appr

oved 

for 

nebu

lizati

on 

SC: 

0.1% 

(1 

µg/m

L) 

ET: 

0.01 

mg/kg 

q 20 

min × 

3 

doses, 

then q 

2-6 hr 

prn 

ET: 

0.25 

mg q 

20 

min 

× 3 

dose

s 

Not 

curre

ntly 

reco

mme

nded 

Not 

curre

ntly 

reco

mme

nded 

 

4-8 

hr 

oral 

 

DPI, dry-power inhaler; ET, emergency treatment; FDA, U.S. Food and 

Drug Administration; MDI, metered dose inhaler; NEB, solution for 

nebulizer; QR, quick response; P T, prophylactic treatment; SC, 

subcutaneous. 



Adapted from National Institutes of Health, National Heart, Lung, and Blood 

Institute. National Asthma Education and Prevention Program expert panel 

report 2: Guidelines for the diagnosis and management of asthma [NIH 

Publication 97-4051] July 1997:91, Figure 3-5d (NIH ERR-2, Fig. 35d) 
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f .  Precautions and monitoring effects  

(1)  Common adverse ef fects of  β-agonists  inc lude t remor,  palp i tat ion,  tachycardia,  

nervousness,  and headache.  Leg cramps may occur  wi th h igh doses owing to 

hypokalemia.  

(2)  Nonselect ive β-agonists  (e.g. ,  isoproterenol  ( Isuprel )  may induce myocardia l  

ischemia,  myocardia l  necrosis ,  and arrhythmias because of  excessive cardiac 

st imulat ion.  Use of  β2 -select ive agents (e.g. ,  a lbuterol ,  b i to l tero l )  is  preferred.  

(3)  Tachyphylaxis  ( form of  to lerance)  can occur wi th regular  use of  inhaled or  oral  

β-agonists .  Suggested mechanisms inc lude 

(a)  A decrease in the number of  act ive β-receptors owing to  movement  of  receptors 

f rom the cel l  sur face into the cel l  (downregulation )  

(b)  A decreased sensi t iv i ty in the β-receptors to s t imul i ,  making them unable to 

act ivate adenyl  cyc lase 

( i )  The c l in ical  s igni f icance of  th is ef fect  is  unclear  wi th normal  doses of  β-agonists.  

( i i )  This ef fect  may be lessened by adding cor t icostero ids to the regimen.  

(4)  Hypokalemia  may occur  in some pat ients,  par t icular ly those receiv ing 

concurrent  medicat ions that  cause hypokalemia (e.g. ,  d iuret ics,  amphoter ic in)  and 

high doses,  inc luding inhaled agents.  

(5)  Paradoxical  bronchoconstrict ion  found wi th β-agonists  may be the resul t  of  a 

“cold-Freon ef fect ”  or  the use of  addi t ives such as benzalkonium chlor ide in the 

formulat ion.  

(6)  Unl ike a lbuterol ,  which is  a racemic mixture of  a lbuterol 's  R-and S- isomers,  

levalbuterol  HCl (Xopenex)  is  composed of  the act ive R-enant iomer.  

(7)  Systemic adverse react ions when the recommended star t ing dose of  levalbuterol  

is  used appear to be s imi lar  to or sl ight ly  less f requent  than the ef fects of  a lbuterol .  

When the dose of  levalbuterol  is  increased to 1.25 mg,  however,  the incidence of  

adverse react ions is  s imi lar  to the corresponding dose of  a lbuterol .  

(8)  I t  is  important  to be aware of  signif icant drug-drug interact ions.  



(a)  Concomitant  use of  systemic β-agonists  wi th  monoamine oxidase inhibitors,  

tr icycl ic ant idepressants,  or  methyldopa  may inf requent ly lead to severe 

hypertension.  The r isk wi th aerosol ized agents may be smal ler .  

(b)  β-Adrenergic blockers  (especia l ly nonselect ive agents as propranolo l )  

prec ip i tate bronchospasm and increase the dose of  β-agonist  necessary to achieve 

bronchodi lat ion.  The r isk of  bronchospasm should be weighed against  the potent ia l  

benef i ts  of  β-blockers.  β1 -Select ive agents such as metoprolo l  (Toprol  XL)  may be 

used carefu l ly (e.g. ,  in  the hospi ta l ) ,  in  asthma pat ients when the r isk-benef i t  rat io 

indicates such,  as in an acute myocardia l  in farct ion.  

(c)  β-Agonists  should not  be combined wi th other  sympathomimet ic  agents because 

of  addi t ive cardiovascular  ef fects.  Vasoconstr ic tor  and vasopressor  ef fects of  

epinephr ine are antagonized by β-adrenergic blocking agents  (e.g. ,  

phentolamine) .  

(9)  The ef fects of  β-agonists  should be c losely moni tored in the elder ly and in 

pat ients wi th a h is tory of  hyper thyro id ism, d iabetes,  seizures,  arrhythmias,  and 

coronary ar tery d isease.  

2.  Corticosteroids  

a.  Therapeutic effects.  Cor t icosteroids suppress the inf lammatory response and 

decrease ai rway hyperresponsiveness.  

b. Mechanism of action.  Cor t icosteroids b ind to g lucocor t icoid receptors on the 

cytoplasm of  cel ls .  The act ivated receptor  regulates transcription  of  target  genes.  

(1)  Cor t icosteroids reduce inf lammat ion v ia:  

(a)  Inhib i t ion of  t ranscr ipt ion and re lease of  inf lammatory genes 

(b)  Increased t ranscr ipt ion of  ant i - in f lammatory genes that  produce prote ins that  

par t ic ipate in or  suppress the inf lammatory process 

(2)  Cl in ical  ef fects inc lude 

(a)  Reduced product ion of  inf lammatory mediators 

(b)  Enhanced β-adrenergic  receptor  expression ( thus making the β2 -agonist  work 

bet ter)  

(c)  Decreased mucus product ion 

(d)  Prevent ion of  endothel ia l  and vascular  leakage 

(e)  Par t ia l  reversal  of  t issue-remodel ing 
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c.  Administrat ion and dosage  

(1)  There is no s igni f icant  d i f ference in the c l in ical  ef f icacy of  the cort icosteroid 

agents current ly avai lable.  The route of administrat ion  is  determined by the 

condi t ion of  the pat ient .  

(2)  Systemic cort icosteroids  are used for  rapid response dur ing an exacerbat ion.  

Improvement  in pulmonary funct ion may begin wi th in 1-3 hr ;  however,  the maximum 

ef fect  is  not  achieved unt i l  6-9 hr ,  or  longer,  af ter  adminis t rat ion.  Supplemental  

doses should be adminis tered to pat ients who are a l ready tak ing systemic 

cor t icosteroids when they exper ience an exacerbat ion,  even i f  the exacerbat ion is  

mi ld.  



(3)  Intravenous cort icosteroids  (e.g. ,  methylprednisolone (Solu-Medrol )  are 

adminis tered to pat ients who are unable to take ora l  medicat ions in severe 

exacerbat ions.  Large doses (e.g.  methylprednisolone 60 mg or  125 mg int ravenously 

[ IV] )  can be quick ly adminis tered;  however,  pat ients can usual ly be swi tched to oral  

therapy as soon as they show c l in ica l  improvement  and can to lerate oral  medicat ion.  

(4)  Oral  cort icosteroids  are acceptable as emergency t reatment  i f  the pat ient  can 

to lerate the oral  route and is  not  bel ieved to be in imminent  danger of  respiratory 

arrest .  Prednisone  and prednisolone (Prelone)  are the most  f requent ly used oral  

cor t icosteroids.  

(a)  Prednisone and prednisolone are f requent ly adminis tered in shor t  “bursts”  over  

3-10 days [see I . I .2.c. (2). (b) ]  to t reat  acute exacerbat ions in the outpat ient  set t ing 

and in the emergency department .  This type of  regimen may also be used to rapid ly 

achieve asthma contro l .  

(b)  Dur ing burst  therapy,  these agents may be adminis tered for  3-10 days in one or  

two dai ly doses and then discont inued.  When used in th is  fashion,  taper ing is  not  

usual ly necessary,  but  is  of ten done by physic ians.  However ,  i f  a pat ient 's  condi t ion 

appears to worsen af ter  the last  dose has been adminis tered,  i t  is  reasonable to 

re inst i tute the cor t icosteroid and then begin a taper ing regimen.  

(5)  Because inhaled cort icosteroids  are least  l ike ly to produce adverse react ions,  

the inhaled route should be used whenever possib le for  chronic t reatment .  

(a)  Inhaled cor t icosteroids should not  be used alone to t reat  ser ious acute 

exacerbat ions.  

(b)  Inhaled steroids are the preferred anti - inflammtory therapy for chronic 

asthma.  

(c)  In mi lder  outpat ient  f lares,  doses of  the inhaled steroids may be increased 

temporar i ly (a l though th is  is  controvers ia l ) .  

(d)  The number of  cort icosteroids avai lable for  inhalat ion therapy is  increasing.  The 

most  recent addi t ion is  mometasone (Asmanex) .  

(e)  Dosages of  inhaled cor t icosteroids are prov ided in Table 49-5.  When asthma 

contro l  is  achieved,  at tempts should be made to use the lowest  ef fect ive dose to 

mainta in contro l  (s tep-down therapy) .  Side ef fects of  inhaled steroids (and systemic 

steroids)  are dose dependent .  

( f )  Inhaled cor t icosteroids are considered f i rs t - l ine ant i - in f lammatory therapy for  

mi ld to severe pers is tent  asthma in both adul ts  and chi ldren.  

(2)  Treatment of asthma exacerbat ion in adults  

(a)  For t reatment  of  a severe exacerbat ion,  prednisone may be given at  a dose of  2 

mg/kg (maximum of  60 mg/day) .  For  int ravenous t reatment ,  methylprednisolone is  

g iven at  a dosage of  120-180 mg/day in three or  four  d iv ided doses for  48 hr  or  unt i l  

the pat ient  can to lerate oral  medicat ions.  The dosage is  then reduced to 60-80 

mg/day unt i l  PEFR reaches 70% predicted (or  personal  best ) .  

(b)  For  outpat ient  burst  therapy,  the dosage of  prednisone is  1-2 mg/kg/day 

(maximum of  60 mg/day)  in one or  two div ided doses for  3-10 days.  

(3)  Treatment of asthma exacerbat ion in children  

(a)  For inpat ient  t reatment  of  a severe exacerbat ion,  prednisone,  

methylprednisolone,  or  prednisolone is  g iven at  a dosage of  1 mg/kg every 6 hr  for  



48 hr .  The dosage is  then reduced to 1-2 mg/kg/day (maximum of  60 mg/day)  in two 

div ided doses unt i l  PEFR is  70% predicted (or  personal  best ) .  

(b)  For  outpat ient  burst  therapy,  the dosage of  prednisone is  1-2 mg/kg/day 

(maximum of  60 mg/day)  in one or  two div ided doses for  3-10 days.  

d. Precautions and monitoring effects  

(1)  Systemic cort icosteroids  

(a)  Careful  moni tor ing is  necessary in pat ients wi th d iabetes (steroids commonly 

increase blood sugar) ,  hyper tension,  adrenal  suppression,  congest ive hear t  fa i lure  
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( f lu id retent ion owing to mineralocor t icoid ef fects) ,  pept ic  u lcer  d isease,  

candid ias is ,  immunosuppression,  osteoporosis ,  chronic infect ions,  cataracts,  

g laucoma, myasthenia grav is ,  and psychiat r ic  d iseases (e.g. ,  depression,  

psychosis) .  Some of  these s ide-ef fects begin shor t ly af ter  beginning systemic 

steroids (e.g. ,  hyperg lycemia) ,  whereas others (e.g. ,  osteoporosis)  only occur  wi th  

long- term use.  

Table 49-5. Estimated Comparative Daily Dosages for Inhaled Corticosteroidsa 

 Low Daily Dose 

Medium Daily 

Dose High Daily Dose 

Drug Adult Child Adult Child Adult Child 

Beclomethaso

ne 
      

CFC: 42 or 84 

µg/puff 

168-

504 

µg 

84-

336 

µg 

504-

840 

µg 

336-

672 

µg 

>840 

µg 

>672 

µg 

HFA: 40 or 80 

µg/puff 

80-

240 

µg 

80-

160 

µg 

240-

480 

µg 

160-

320 

µg 

>480 

µg 

>320 

µg 

Budesonide       

DPI: 200 

µg/inhalation 

200-

600 

µg 

200

-

400 

µg 

600-

1200 

µg 

400-

800 

µg 

>120

0 µg 

>800 

µg 



Inhalation 

suspension for 

nebulization 

(child dose)  

0.5 

mg 

 

1.0 

mg 

 

2.0 

mg 

Flunisolide       

250 µg/puff 500-

100

0 µg 

500

-

750 

µg 

1000

-

2000 

µg 

1000

-

1250 

µg 

>200

0 µg 

>125

0 µg 

Fluticasone       

MDI:
b
 44, 110, 

or 220 µg/puff 

88-

264 

µg 

88-

176 

µg 

264-

660 

µg 

176-

440 

µg 

>660 

µg 

>440 

µg 

DPI: 50, 100, 

or 250 

µg/inhalation 

100-

300 

µg 

100

-

200 

µg 

300-

600 

µg 

200-

400 

µg 

>760

0 µg 

>400 

µg 

Mometasone       

DPI: 200 

ug/inhalation 

(not approved 

for persons < 

12 yo) 

200 

µg 

NA 400 

µg 

NA >400 

µg 

NA 

Triamcinolone       

100 µg/puff 400-

100

0 µg 

400

-

800 

µg 

1000

-

2000 

µg 

800-

1200 

µg 

>200

0 µg 

>120

0 µg 

a
In all cases, the lowest dose to maintain control should be used. Some doses 



are outside package labeling. 

 
b 
MDI doses are actuator doses (i.e., amount leaving actuator). 

 

CFC, chlorofluorocarbons; DPI, dry-powder inhaler; HFA, 

hydrofluoroalkanes; MDI, metered dose inhaler. 

Modified from National Asthma Education and Prevention Program expert 

panel report guidelines for the diagnosis and management of asthma—

NHLBI Asthma Guidelines 2007. August 2007. 

 

(b)  I f  a prolonged course of  systemic therapy is  necessary to mainta in asthma 

contro l ,  in ter ference wi th the hypothalamic-pi tu i tary-adrenal  axis  is  lessened by a 

s ingle morning dose ( i .e. ,  6-8 AM) or  a l ternate-day therapy.  For  a l ternate-day 

therapy,  the dose is  twice that  of  the s ingle morning dose.  

(c)  Pat ients on regular  systemic therapy should be c losely moni tored and should 

receive regular  ophthalmological  eva luat ions and osteoporosis  screening,  and 

preventat ive therapy (e.g. ,  calc ium, v i tamin D,  bisphosphonates)  i f  indicated.  

(2)  Inhaled cort icosteroids  

(a)  Local  ef fects associated wi th inhaled cor t icostero ids inc lude hoarseness 

(dysphonia) ,  and fungal  infect ion (candid ias is)  of  the mouth and throat .  Local  s ide 

ef fects can be lessened through mouth r ins ing,  use of  a spacer ,  and use of  certa in 

inhaled steroid products.  

(b)  The U.S. Food and Drug Adminis t rat ion (FDA) recent ly rev ised the warning 

labels on inhaled cor t icosteroid products to inc lude dose-re lated s lowing of  growth 

veloc i ty in chi ldren (approximately one th i rd in.  per  year) .  Short ly af ter   
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the label ing was rev ised,  two major  publ icat ions demonstrated shor t - term growth 

suppression of  approximately 1 cm in the f i rst  year  of  budesonide t reatment ,  but  

wi thout  long- term ef fects on f inal  adul t  height .  However,  chi ldren should be t reated 

wi th the lowest  ef fect ive dose and should be reminded that  poor ly contro l led asthma 

also s lows growth.  

(c)  Large doses of  inhaled cor t icosteroids may resul t  in  systemic ef fects,  such as 

reduced bone densi ty,  changes in adrenal  funct ion,  sk in changes,  adrenal  

suppression,  and cataract  format ion.  Fur ther  study is  needed to fu l ly understand 

these ef fects and to determine thei r  c l in ical  s igni f icance.  However,  pat ients 

receiv ing high doses of  inhaled cor t icosteroids should be c losely moni tored and 

should receive regular  ophthalmological  evaluat ions and osteoporosis  screening and 

t reatment  (e.g. ,  calc ium, v i tamin D) i f  indicated.  

(d)  Spacers (e.g.  AeroChamber)  are general ly prescr ibed for  pat ients who receive 

moderate to h igh doses of  inhaled cor t icosteroids v ia metered dose inhalers (MDIs) .  



Pat ients should a lso gargle,  r inse thei r  mouth and throat ,  and expectorate af ter  

adminis t rat ion.  Both of  these intervent ions minimize oropharyngeal  drug deposi t ion,  

local  adverse react ions,  and gastro in test inal  absorpt ion.  

( i )  Steroids in dry-powder inhalers (Pulmicor t  F lexhaler)  general ly have a lower 

inc idence of  local  s ide ef fects.  

( i i )  A new form of  beclomethasone (Qvar)  MDI also has a low inc idence of  local  s ide 

ef fects.  

(3)  Signif icant interactions  

(a)  Concurrent  use of  hepatic microsomal enzyme inducers  (e.g. ,  r i fampin,  

barbi turates,  hydantoins)  causes enhanced cor t icosteroid metabol ism,  reducing 

therapeut ic  ef f icacy.  

(b)  Concurrent  use of  estrogens, oral  contraceptives,  i t raconazole (Sporanox),  

or  macrol ide antibiotics  (e.g. ,  erythromycin,  c lar i thromycin [Biaxin] )  may decrease 

cor t icosteroid c learance.  

(c)  Cyclosporine  may increase the plasma concentrat ion of  cor t icosteroids.  

(d)  Adminis trat ion of  potassium-deplet ing diuret ics  (e.g. ,  th iaz ides,  furosemide)  

or  other  potassium-deplet ing drugs (e.g. ,  amphoter ic in)  wi th cor t icosteroids causes 

enhanced hypokalemia.  Serum potassium should be c losely moni tored,  especia l ly in  

pat ients on digital is glycosides.  

3.  Leukotriene modifiers  are the newest  agents wi th ant i - in f lammatory proper t ies 

to be approved for  use in asthma.  Leukotr ienes are important  par t ic ipants in asthma 

pathophysio logy.  Cel lu lar  ef fects of  leukotr ienes inc lude enhanced migrat ion of  

eosinophi ls  and neutrophi ls ,  increased adhesion of  leukocytes,  and increased 

monocyte and neutrophi l  aggregat ion.  Leukotr ienes a lso increase capi l lary 

permeabi l i ty  and cause smooth muscle contract ion.  

a.  Leukotriene modifiers  current ly avai lable in the Uni ted States inc lude 

montelukast ,  zaf i r lukast  (Accolate) ,  z i leuton (Zyf lo) .  

(1)  Therapeutic effects  

(a)  Leukotr iene modi f iers have ant i - in f lammatory and bronchodi lator  act iv i ty.  They 

may al low reduct ion in cor t icosteroid doses in some pat ients.  

(b)  Because they may be less ef fect ive ant i - in f lammatory agents than inhaled 

cor t icosteroids,  they are considered second- l ine agents.  

(c)  In chi ldren,  for  whom adminis t rat ion of  inhaled drugs is  chal lenging,  oral  

leukotr iene receptor  antagonists  may be par t icular ly useful .  

(d)  They may be useful  in  pat ients wi th concurrent  a l lerg ic  rh in i t is  and asthma.  

(2)  Mechanism of action.  The leukotr iene receptor  antagonists  are select ive 

cyste inyl  leukotr iene 1 (cys-LT-1) receptor  antagonists ;  therefore,  they prevent  

leukotr ienes f rom interact ing wi th thei r  receptors.  Z i leuton,  a leukotr iene modi f ier ,  

b locks the ef fects of  5- l ipo-oxygenase and ul t imately b locks leukotr iene product ion.  

(3)  Administrat ion and dosage  

(a)  The dosage of  zaf ir lukast  in  chi ldren >12 years and adul ts  is 20 mg twice da i ly.  

Food reduces bioavai lab i l i t y,  so zaf i r lukast  should be taken at  least  1 hr  before or  2 

hr  af ter  meals.  Chi ldren 5-11 years of  age should receive 10 mg twice dai ly.  



(b)  The dosage of  montelukast  in  adolescents 15 years of  age or  o lder  and adul ts  

is  one 10-mg tablet  once every evening.  The dosage for  chi ldren 6-14 years of  age 

is  one 5-mg chewable tablet  once every evening.  Chi ldren ages 2-5 should  
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receive one 4-mg chewable tablet  once every evening.  Food does not  appear to 

change bioavai labi l i t y.  

(4)  Precautions and monitoring effects  

(a)  Adverse react ions to montelukast  are uncommon and inc lude headache,  

d izz iness,  and dyspepsia.  

(b)  Adverse react ions associated wi th zaf i r lukast  inc lude headache,  d izz iness,  

nausea,  and diarrhea.  

(c)  Churg-Strauss syndrome,  a form of  eosinophi l ic  vascul i t is ,  has rarely been 

associated wi th zaf i r lukast ,  montelukast ,  and pranlukast  (avai lable in Japan).  I t  has 

usual ly,  but  not  a lways,  occurred in pat ients whose chronic s teroid regimens were 

tapered and discont inued.  At- r isk pat ients should be moni tored for  vascul i t ic  rash,  

eosinophi l ia ,  and increasing pulmonary,  cardiac,  and neuropathic  symptoms.  

(d)  Signif icant drug-drug interact ions may occur.  

( i )  Aspir in  increases zaf i r lukast  levels .  

( i i )  Erythromycin,  theophyl l ine,  and terfenadine  decrease zaf i r lukast  

concentrat ions.  

( i i i )  Zaf i r lukast  may increase the ant icoagulant  ef fect  of  warfarin  and levels of  

dofet i l ide.  

( iv)  Drug interact ions appear to be less s igni f icant  wi th montelukast .  Pat ients who 

are receiv ing montelukast  wi th hepatic enzyme inducers  (e.g. ,  r i fampin,  

phenobarbi ta l )  should be moni tored c losely.  

(v)  The chewable forms of  montelukast  (4-  and 5-mg tablets)  contain aspar tame and 

should be avoided in pat ients wi th phenylketonuria.  

b.  The only l ipoxygenase inhibitor  approved by the FDA is  zi leuton (Zyf lo) .  

Z i leuton may al low reduct ion in cor t icosteroid doses in some pat ients.  

(1)  Therapeutic effects.  L ipoxygenase inhib i tors have ant i - in f lammatory and 

bronchodi lator  act iv i ty.  

(2)  Mechanism of action.  L ipoxygenase inhib i tors prevent  the format ion of  

leukotr ienes.  Z i leuton blocks 5- l ipoxygenase,  the enzyme responsib le for  

leukotr iene format ion.  

(3)  Administrat ion and dosage.  In adul ts  and chi ldren 12 years of  age and older ,  

the dosage of  z i leuton is  600 mg four  t imes dai ly.  I t  may be taken wi thout  regard to 

meals.  A new formulat ion,  Z i leuton CR, may be dosed twice dai ly.  

(4)  Precautions and monitoring effects  

(a)  Z i leuton is  contra indicated in pat ients wi th hepat ic  funct ion impairment  and 

should be moni tored c losely in pat ients who dr ink large quant i t ies of  a lcohol .  

(b)  Adverse ef fects inc lude headache,  abdominal  pain,  asthenia,  nausea,  dyspepsia,  

and myalgia .  Drug therapy was discont inued in a lmost  10% of  pat ients owing to s ide 

ef fects,  a l though th is  was s imi lar  to p lacebo.  

(c)  Signif icant drug-drug interact ions  may occur .  



( i )  Z i leuton increases concentrat ions of  propranolol ,  terfenadine,  and 

theophyl l ine.  

( i i )  The ant icoagulant  ef fect  of  warfarin  is  increased by z i leuton.  

(d)  Hepat ic enzymes (e.g. ,  a lanine aminotransferase [ALT])  may become elevated 

dur ing therapy,  wi th most  occurrences dur ing the f i rs t  several  months of  therapy.  

Symptomat ic  hepat i t is  has been repor ted.  Therefore,  the manufacturer  recommends 

that  serum ALT be checked before in i t ia t ion of  t reatment ,  monthly for  3 months,  and 

every 2-3 months for  the rest  of  the f i rst  year .  ALT should be checked per iodical ly 

thereaf ter .  

( i )  Pat ients should be moni tored c losely for  s igns or  symptoms of  l iver  dysfunct ion 

(e.g. ,  r ight  upper quadrant  abdominal  pain,  f lu- l ike symptoms,  fat igue,  nausea,  

lethargy,  i tching,  jaundice) .  

( i i )  I f  ALT increases to more than f ive t imes the upper l imi t  of  normal ,  therapy 

should be discont inued and the pat ient  should be moni tored unt i l  enzymes 

normal ize.  

4.  Cromolyn sodium and nedocromil  sodium  

a.  Therapeutic effects.  Cromolyn sodium and nedocromi l  sodium are nonstero idal  

drugs wi th ant i - in f lammatory proper t ies.  These medicat ions are less ef fect ive in 

thei r  ant i - in f lammatory proper t ies than the inhaled cor t icosteroids;  however,  

because of  thei r  excel lent  safety prof i le ,  they are somet imes used in chi ldren.  
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(1)  When used prophylact ical ly,  cromolyn sodium and nedocromi l  sodium prevent  

the ear ly and late response of  asthma.  

(2)  When used as maintenance therapy for  asthma,  these medicat ions suppress 

nonspeci f ic  a i rway react iv i ty.  

b. Mechanism of action.  Cromolyn sodium and nedocromi l  sodium are bel ieved to 

act  local ly by stabi l iz ing mast cel ls  and thereby inhib i t ing mast  cel l  degranulat ion.  

c.  Administrat ion and dosage  

(1)  Cromolyn sodium  is  avai lable as an MDI (800 mg per  inhalat ion) ,  and a 

nebul izer  so lut ion (20 mg/2 mL).  The required dosage is  two puf fs  of  the MDI or 20 

mg of  nebul izer  solut ion.  Because of  the dosage needed to achieve asthma contro l ,  

the nebul izer  is  preferred.  

(2)  Nedocromil  sodium  is  avai lable as an MDI (1.75 mg per  inhalat ion) .  The 

required dosage is  two inhalat ions four  t imes a day.  

(3)  When used for  prophylaxis  of  EIB,  cromolyn sodium and nedocromi l  sodium 

should be adminis tered 1 hr  before exerc ise.  

(4)  Af ter  adminis t rat ion,  in i t ia l  improvement  is  seen wi th in 1-2 weeks;  however,  the 

maximum ef fect  may take longer.  

d. Precautions and monitoring effects  

(1)  Cromolyn sodium and nedocromi l  sodium are not effective during an acute 

asthma exacerbation.  They should be used only for  maintenance therapy of  

pers is tent  asthma or  for  prevent ion of  EIB.  



(2)  Both drugs are wel l - to lerated,  a l though paradoxical  bronchospasm, wheezing,  

coughing,  nasal  congest ion,  and i r r i tat ion or  dryness of  the throat  may occur .  

5.  Theophyl l ine compounds (methylxanthines)  

a.  Indicat ions  

(1)  Theophyl l ine compounds may be considered i f  β-agonists  and cort icosteroids fa i l  

to contro l  an acute asthma exacerbat ion.  

(2)  Theophyl l ine is  an al ternat ive to long-act ing β-agonists  in the t reatment  of  

pers is tent  asthma.  

(3)  Theophyl l ine is  most benef ic ia l  as an adjuvant  to inhaled cor t icosteroids in 

pat ients wi th nocturnal  or  ear ly morning symptoms.  

b. Therapeutic effects  

(1)  Theophyl l ine compounds produce bronchodi lat ion to a lesser  extent  than β-

agonists .  

(2)  Nonbronchodi lator  ef fects inc lude reduced mucus secret ion,  enhanced 

mucoci l iary t ransport ,  improved diaphragmat ic  contract i l i ty,  and possib ly reduced 

fat igabi l i t y.  

(3)  There may also be notable degree of  ant i - in f lammatory act iv i ty 

c.  Mechanism of action.  Theophyl l ine- induced phosphodiesterase inhib i t ion resul ts  

in increased levels of  cAMP. 

d. Administrat ion and dosage  

(1)  Oral  therapy  (e.g. ,  susta ined-re lease theophyl l ines)  a l lows for  a longer dosing 

interval  and improves compl iance.  Compl iance to ora l  theophyl l ine a lso may be 

bet ter  than that  of  inhaled bronchodi lators and cor t icosteroids.  

(a)  Because theophyl l ine does not  d is t r ibute wel l  in to fat ty t issue,  dosages should 

be calculated us ing lean body weight .  

(b)  The in i t ia l  dose of  theophyl l ine for  adul ts  and chi ldren > age 1 is  10 mg/kg/day 

(maximum of  300 mg/day)  g iven in d iv ided doses.  Usual  dosage should be adjusted 

to achieve serum theophyl l ine concentrat ion of  5-15 µg/mL (5-10 µg/mL acceptable) .  

(c)  The dosage can be t i t rated s lowly upward and the serum level  moni tored unt i l  a  

therapeut ic  level  is  obtained.  

(d)  The usual  maximal  dai ly dose in adul ts  is  800 mg/day.  

(e)  The maximum recommended dosage in chi ldren < age 1 is  0.2 × (age in weeks)  

+ 5 = mg/kg/day and in chi ldren ≥1 year  is  16 mg/kg/day,  g iven in d iv ided doses.  

( f )  Ultra-sustained release theophyl l ine formulat ions (Theo-24 and Uniphyl)  

may be dosed once daily.  

(g)  In addi t ion to theophyl l ine,  other  methylxanthine compounds are avai lable (e.g. ,  

oxt r iphyl l ine,  dyphyl l ine)  but  inf requent ly used.  Dosing of  these compounds is  based 

on theophyl l ine content  (Table 49-6) .  
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Table 49-6. Theophylline Content of Theophylline-Containing Products 



Preparation 

Theophylline Content 

(%) 

Equivalent Dose 

(mg) 

Theophylline anhydrous (most 

oral solids) 

100 100 

Theophylline monohydrate (oral 

solutions) 

91 110 

Aminophylline anhydrous 86 116 

Aminophylline hydrous 79 127 

Oxtriphylline 64 156 

 

(2)  Intravenous therapy.  A l though f requent ly used in the past ,  IV adminis t rat ion is  

now uncommon.  IV adminis t rat ion is  general ly used only in  hospi ta l ized pat ients for  

whom oral  therapy is  not  possib le (e.g. ,  vomit ing,  nothing by mouth) .  

(a)  The usual  loading dose  for  adults  and chi ldren not  prev iously receiv ing a 

methylxanth ine is  5 mg/kg of  theophyl l ine admin is tered over  20-30 min at  a rate not  

exceeding 25 mg/min.  

(b)  The usual  maintenance infusion  rate of  theophyl l ine in heal thy nonsmoking 

adul ts  on no interact ing drugs is  0.4 mg/kg/hr .  This  rate should be adjusted for  

factors that  af fect  theophyl l ine metabol ism and serum levels (see Table 49-7) .  

d. Precautions and monitoring effects  

(1)  Theophyl l ines are contra indicated in pat ients wi th hypersensi t iv i ty to xanthine 

compounds and should be used caut iously in pat ients  wi th a  h is tory of  pept ic  u lcer  

or  unt reated seizure d isorder .  

(2)  Adverse ef fects inc lude nausea,  vomit ing,  d iarrhea,  anorexia,  palp i tat ions,  

d izz iness,  rest lessness,  nervousness,  insomnia,  seizures,  reduced lower  

esophageal  sphincter  tone,  and reduced contro l  of  gastroesophageal  ref lux d isease.  

Pat ients who exper ience adverse gastro intest inal  ef fects should be evaluated to ru le 

out  theophyl l ine toxic i ty versus local  gast ro intest inal  ef fect .  

(3)  Theophyl l ine c learance can be al tered by several  factors and drug interact ions 

(Table 49-7) .  Close drug- level  moni tor ing is  required for  pat ients wi th factors that  

a l ter  theophyl l ine c learance.  

(4)  Careful  moni tor ing is  required in pat ients wi th hepat ic  d isease,  hypoxemia,  

hyper tension,  congest ive hear t  fa i lure,  a lcohol ism,  and in the elder ly.  Because of  

developmental  changes in the neonate and chi ld,  dos ing must  be carefu l ly 

establ ished and moni tored in these populat ions as wel l .  



(5)  Therapeutic drug monitoring  of  serum levels,  adverse react ions,  and 

concomitant  drug use is  essent ia l  for  long- term therapy owing to theophyl l ine 's  age-  

and condi t ion-speci f ic  c learance.  

(a)  Therapeut ic  ef fect  is  achieved and toxic i ty minimized by keeping drug 

concentrat ions at  5-15 µg/mL.  

(b)  Drug levels should be assessed at  s teady state ( typical  hal f - l i fe  8 hr,  up to 24 hr 

in severe hear t  and l iver fa i lure) ,  

(c)  Dur ing oral  therapy,  t rough drug levels should be obtained at  steady state.  

(d)  Dyphyl l ine serum levels should be moni tored dur ing therapy because serum 

theophyl l ine levels  wi l l  not  measure dyphyl l ine.  The minimal  ef fect ive therapeut ic  

concentrat ion of  dyphyl l ine is  12 µg/mL.  

6.  Anticholinergics.  Bronchodi lat ion occurs when these drugs block postgangl ion ic  

muscar in ic  receptors in the ai rway.  Response to ant ichol inergics is  most 

pronounced in pat ients wi th f ixed ai rway obstruct ion (e.g. ,  COPD).  

a.  Ipratropium bromide  (Atrovent)  is  a quaternary ammonium compound.  

(1)  Indicat ions  

(a)  Ipratropium bromide is  recommended for  use in combinat ion wi th β-agonists  for  

the t reatment  of  an acute asthma exacerbat ion in the emergency depar tment  or 

hospi ta l  set t ings.  However,  benef i ts  in the chronic  management  of  asthma have not  

been establ ished.  

(b)  Iprat ropium bromide may be par t icular ly useful  in  o lder  pat ients and pat ients 

wi th coexist ing COPD. 
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Table 49-7. Factors That Alter Theophylline Clearance 

Factors that increase theophylline clearance (decrease levels) 

 Age 1-9 years 

 Drugs 

  Carbamazepine 

  Phenobarbital 

  Phenytoin 

  Rifampin 



 Fever 

 

Food (may delay or reduce absorption of some sustained-release 

products) 

 High-protein diet 

 Smoking (marijuana and tobacco) 

Factors that decrease theophylline clearance (increase levels) 

 Age 

  Elderly 

  Premature neonates 

  Term infants <6 months 

 Cor pulmonale 

 Congestive heart failure, decompensated 

 Drugs 

  Allopurinol 

  β-Blockers (nonselective) 

  Calcium channel blockers 

  Cimetidine 

  Fluoroquinolones (ciprofloxacin) 



  Influenza virus vaccine 

  Macrolides (clarithromycin, erythromycin) 

  Oral contraceptives 

  Ticlopidine 

  Zafirlukast 

 Fever/viral illness 

 Fatty foods (may increase rate of absorption of some products) 

 High-carbohydrate diet 

 Liver dysfunction (e.g., cirrhosis) 

 

(c)  Ipratropium should not  be used alone to t reat  an asthma exacerbat ion.  

(d)  Iprat ropium bromide is  an al ternat ive bronchodi lator  in some pat ients who 

cannot  to lerate β-agonists  and in pat ients who present  wi th bronchospasm induced 

by a β-blocker .  

(2)  Administrat ion and dosage  

(a)  Closed-mouth MDI technique or  the use of  a spacer  is  recommended for  pat ients 

receiv ing ant ichol inergic  therapy v ia MDI.  

(b)  The start ing dose of  the MDI is  two inhalat ions four  t imes a day.  When 

adminis tered v ia nebul izer ,  the dose is  500 µg (2.5 mL) four  t imes a day.  

(3)  Precautions and monitoring effects  

(a)  I f  the ant ichol inergic  spray contacts the eye,  int raocular  pressure may increase.  

(b)  The onset  of  act ion (approximately 15 min)  and peak ef fect  (1-2 hr)  are more 

delayed than for  β-agonists .  

b.  Aerosol ized atropine  is  used rarely now that  iprat ropium bromide nebul izat ion 

solut ion is  avai lable owing to at ropine's  h igh inc idence of  systemic adverse ef fects.  

7.  Antihistamines  are useful  for  pat ients wi th coexist ing a l lerg ic  rh in i t is ;  however,  

thei r  ro le in the t reatment  of  asthma remains unclear .  Ant ih is tamines compete wi th 

h is tamine for  H1 - receptor  s i tes on ef fector  cel ls  and thus help prevent  the 

his tamine-mediated responses that  inf luence asthma.  

8.  Antibiot ics  are general ly not  used for  the t reatment  of  asthma,  unless other  

s igns of  infect ion are present .  



P.1080 

 

 

9.  Magnesium sulfate,  adminis tered int ravenously,  may be useful  in  some pat ients 

because of  i ts  modest abi l i t y to cause bronchodi lat ion.  When adminis tered 

int ravenously,  i t  a lso improves respiratory muscle st rength in hypomagnesemic 

pat ients.  Research has suggested that  magnesium may reduce admiss ion rate and 

improve FEV1  in  severe,  acute asthma exacerbat ions and in s table,  chronic asthma.  

10.  Immunotherapy  (a l lergy shots)  improves asthma contro l  in  some pat ients and is  

inef fect ive in others.  A recent  meta-analys is  demonstrated that  immunotherapy may 

improve lung funct ion,  reduce symptoms, and decrease medicat ion requirements in 

a s igni f icant  number of  pat ients.  

11.  Mucus  may contr ibute to a i rway obstruct ion in asthma. However,  because some 

inhaled mucolyt ics such as acetylcyste ine may precip i tate bronchospasm, they 

should not  be used for  the t reatment  of  pat ients wi th asthma.  

12.  Omalizumab (Xolair)  is  an ant i - IgE compound used for  severe asthma and 

concurrent  a l lerg ies.  I t  is  usual ly adminis tered twice monthly as an in ject ion in a 

specia l ty physic ian 's  of f ice.  L i fe- threatening anaphylaxis  has rarely been repor ted 

wi th th is  medicat ion.  

J.  Drug del ivery options  

1.  MDIs  

a.  When adminis tered wi th good technique and a spacer ,  the ef f icacy of  MDIs is  

s imi lar  to that  of  nebul izers,  despi te the lower doses adminis tered wi th an MDI and 

spacer .  The only MDI that  comes wi th a bui l t - in  spacer  is  the Azmacort  

( t r iamcinolone)  inhaler .  

b.  For smal l  chi ldren to be able to use an MDI,  a spacer  wi th a face mask must be 

used.  

c.  MDIs can be di f f icu l t  to use.  Steps for  proper ly us ing an MDI are out l ined in 

Table 49-8.  

d.  MDIs can be adminis tered to pat ients on mechanical  vent i la t ion wi th the use of  

an at tachment  device designed for  the mechanical  vent i la tor  c i rcui t .  Higher  doses of  

the β2 -agonist  are of ten used in th is  set t ing.  

e.  Breath-actuated MDIs (e.g. ,  Maxair  Autohaler)  require the pat ient  to use a 

c losed-mouth technique.  When inhalat ion is  begun,  the medicat ion is  re leased 

automat ical ly.  This  type of  inhaler  is  useful  for  a pat ient  who is  having problems 

coordinat ing actuat ion and inhalat ion.  

2.  Spacers and holding chambers  (e.g. ,  AeroChamber,  AeroVent ,  El l ipse,  

InspirEase,  Opt i -Chamber)  

a.  Spacers and hold ing chambers reduce the amount  of  drug deposi ted in the oral  

cavi ty.  

b.  The use of  spacers and hold ing chambers may minimize local  and systemic 

adverse react ions.  

c.  Addi t ion of  a spacer  in a pat ient  wi th poor  MDI technique may improve pulmonary 

del ivery of  the agent .  



d.  Spacers should be considered in  a l l  pat ients who are receiv ing medium to h igh 

doses of  inhaled cor t icosteroids.  

Table 49-8. Procedure for the Proper Use of Metered Dose Inhalers (MDIs) 

Assemble MDI, if necessary. 

Remove cap and inspect mouthpiece for foreign objects. 

Attach MDI to spacer (if applicable). 

Shake MDI (with spacer). 

Tilt head back slightly and exhale fully. 

Position inhaler: 

 Wrap lips around spacer mouthpiece. 

 Position inhaler 1-2 in. from open mouth. 

 Wrap lips around inhaler mouthpiece. 

Just as you begin to inhale, depress canister once to release medication. 

Continue inhaling slowly (over 3-5 sec) until lungs are full. 

Hold breath for 5-10 sec. 

Wait 1 min before repeating steps to deliver additional puffs. 

Rinse mouth out after use of inhaled steroids. 
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e.  They are especia l ly benef ic ia l  for  pat ients wi th poor  hand- lung coordinat ion,  such 

as very young and old.  



f .  Devices vary in construct ion and ef f icacy.  The presence of  a one-way mouthpiece 

valve,  inhalat ion rate whist le,  s ize,  and durabi l i ty are a l l  factors that  should be 

considered when select ing a par t icular  spacer  for  a pat ient .  Some new spacers have 

ant i -s tat ic  inter iors to minimize adherence of  aerosol  par t ic les to the inter ior  of  the 

spacer .  

3.  Nebul izers  

a.  Compared to MDI and spacer  adminis t rat ion,  nebul izers require less pat ient  

coordinat ion dur ing adminis t rat ion of  mul t ip le inhalat ions.  

b.  Disadvantages of  nebul izers inc lude cost ,  preparat ion and adminis t rat ion t ime, 

s ize of  the device,  and drug del ivery inconsistencies among devices.  

c.  Despi te the disadvantages,  nebul izat ion is  recommended for  del ivery of  h igh-

dose β-agonists  and ant ichol inergics  in severe exacerbat ions and for  del ivery of  

cromolyn sodium to chi ldren.  

4.  Dry-powder inhalers  

a.  Dry-powder inhalers (DPIs)  are coming to the market  as a resul t  of  the 

internat ional  move to avoid the use of  chlorof luorocarbon (CFC) propel lants.  They 

are a lso being used more f requent ly because many pat ients f ind them easier  to use 

than an MDI.  

b.  Dry-powder inhalers require the user  to:  

(1)  F i rst  load the dose into the del ivery chamber  

(2)  Exhale fu l ly 

(3)  Inhale rapid ly or  s lowly,  depending on the device (versus only s low inhalat ion 

required for  MDI adminis t rat ion)  

(4)  Use the c losed-mouth technique 

(5)  Avoid exhal ing into the mouthpiece before inhalat ion.  

c.  Spacers are not  used wi th dry-powder inhalers.  

d.  Pat ients should be advised to keep these devices away f rom moisture.  

K. Nonpharmacological  treatment  

1.  Humidif ied oxygen  is  adminis tered to a l l  pat ients wi th severe,  acute asthma to 

reverse hypoxemia.  Al though the f ract ion of  inspired oxygen (FIO2 )  adminis tered is  

based on the pat ient 's  ar ter ia l  b lood gas status,  1-3 L/min is  general ly g iven v ia 

face mask or  nasal  cannula.  The goal  is  to keep the SaO2  >90% (>95% i f  the pat ient  

is  pregnant  or  has hear t  d isease) .  

2.  Hel iox  is  a mixture of  hel ium and oxygen that  has a lower densi ty than ai r .  

Because of  i ts  decreased ai r f low res is tance,  hel iox may increase vent i la t ion dur ing 

acute asthma exacerbat ions.  Because conf l ic t ing informat ion has been publ ished in 

s tudies us ing hel iox,  i ts  ro le in asthma is  unclear .  

3.  Intravenous f luids  and elect ro lytes may be required i f  the pat ient  is  volume 

depleted.  

4.  Environmental  control  and al lergen avoidance are important  in the management  

of  a pat ient  wi th asthma.  

a.  Avai lable data suggest  that  avoidance of  known al lergens can improve asthma 

contro l .  



b.  Some measures inc lude use of  a l lergen-res is tant  mat tress and pi l low 

encasements,  use of  h igh- f i l t rat ion vacuum cleaners,  removal  of  carpets and 

draper ies,  and avoidance of  furry pets.  

5.  Vaccines  (e.g. ,  in f luenza v i rus,  polyvalent  pneumococcals)  are recommended to 

prevent  infect ion,  which may precip i tate an exacerbat ion.  

II. CHRONIC OBSTRUCTIVE PULMONARY DISEASE 

A. Defini t ions.  The 2001 Nat ional  Heart ,  Lung,  and Blood Inst i tute/World Heal th 

Organizat ion (NHLBI/WHO) Global  In i t ia t ive for  Chronic Obstruct ive Lung Disease 

(GOLD) def in i t ion of  COPD is  “a d isease state character ized by a i r f low l imi tat ion 

that  is  not  fu l ly revers ib le.  The ai r f low l imi tat ion is  usual ly both progressive and 

associated wi th an abnormal  inf lammatory response of  the lungs to noxious par t ic les 

or  gases.”  The Amer ican Thoracic  Society def in i t ion is  s imi lar :  a d isease state 

character ized by the presence of  a i r f low l imi tat ion owing to chronic bronchi t is  or  

emphysema;  the ai r f low obstruct ion is  general ly progressive,  may be accompanied 

by a i rway hyperreact iv i ty,  and may be par t ia l ly revers ib le.  The two major  forms of  

COPD—chronic   
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bronchit is  and emphysema—frequent ly coexis t .  COPD also coexists  wi th asthma. 

These guidel ines have been updated annual ly.  

1.  Chronic bronchit is  is  character ized by excessive mucus product ion by the 

t racheobronchia l  t ree,  which resul ts  in a i rway obst ruct ion as a resul t  of  edema and 

bronchia l  in f lammat ion.  Bronchi t is  is considered chronic when the pat ient  has a 

cough producing more than 30 mL of  sputum in 24 hr  for  at  least  3 months of  the 

year  for  2 consecut ive years and other  causes of  chronic cough have been 

excluded.  

2.  Emphysema  is  marked by permanent  a lveolar  enlargement  d is ta l  to the terminal  

bronchio les and destruct ive changes of  the alveolar  wal ls .  There is  a lack of  

uni formi ty in  a i rspace enlargement ,  resul t ing in loss of  a lveolar  sur face area.  The 

col lapse of  these smal l  a i rways resul ts  in a i r f low l imi tat ion that  is  independent  of  

exer t ion.  

B. Incidence.  Approximately 17 mi l l ion Amer icans have COPD. COPD is  the four th 

leading cause of  death in the Uni ted States and the leading cause of  hospi ta l izat ion 

in the older  populat ion.  I t  is  most commonly d iagnosed in o lder  men;  however,  the 

inc idence is  increasing in women owing to an increasing populat ion of  women 

smokers.  Women may be more l ike ly to have more rapid ly progressive COPD than 

men.  

C. Cause.  Var ious factors have been impl icated in the development  of  COPD, 

inc luding the fo l lowing:  

1.  Cigarette smoking  is  the pr imary causal  factor  for  the development  of  COPD, 

present  in >90% of  pat ients.  

a.  One mechanism suggests that  pulmonary hyperreact iv i ty secondary to smoking 

resul ts  in pers is tent  a i rway obstruct ion.  



b.  There is a lso an increased r isk of  COPD in people who have α1-ant i t rypsin (AAT) 

def ic iency.  One in three people wi th genet ic  AAT def ic iency develop emphysema, 

usual ly as young adul ts .  

(1)  AAT is  a ser ine protease inhib i tor ,  and i t  is  a lso an acute-phase react ive prote in.  

The major  physio logical  funct ion of  AAT is inhib i t ion of  neutrophi l  e lastase.  

(2)  AAT def ic iency should be suspected when emphysema develops ear ly in the 

absence of  a s igni f icant  smoking his tory.  

2.  Exposure to i r r i tants such as sul fur  d ioxide (as in pol luted ai r ) ,  noxious gases,  

and organic or  inorganic  dusts 

3.  A h istory of  respiratory infect ions or  bronchia l  hyperreact iv i ty 

4.  Socia l ,  economic,  and heredi tary factors 

D. Pathophysiology  

1.  Chronic bronchit is  

a.  Respiratory t issue inf lammation  resul ts in vasodi lat ion,  congest ion,  mucosal  

edema, and goblet  cel l  hyper t rophy.  These events t r igger  goblet  cel ls  to produce 

excessive amounts of  mucus.  

b. Changes in t issue  inc lude increased smooth muscle,  cart i lage at rophy,  

inf i l t rat ion of  neutrophi ls  and other  cel ls ,  and impairment  of  c i l ia .  

c.  A i rways become blocked by th ick,  tenacious mucous secret ions,  which t r igger  a 

product ive cough.  

d.  Normal ly s ter i le  a i rways can become colonized wi th Streptococcus pneumoniae,  

Haemophi lus inf luenzae,  Moraxel la catarrhal is ,  Staphylococcus aureus,  and 

Pseudomonas aeruginosa  species.  Recurrent  lung infect ions (v i ra l  and bacter ia l )  

reduce c i l iary and phagocyt ic  act iv i ty,  increase mucus accumulat ion,  weaken the 

body's  defenses,  and fur ther  dest roy smal l  bronchio les.  

e.  As the airways degenerate,  overal l  gas exchange is  impaired,  causing 

exert ional dyspnea.  

f .  Hypoxemia resul ts  f rom a V/Q imbalance and is  ref lected in an increasing ar ter ia l  

carbon dioxide tension ( i .e. ,  increasing PaCO 2 ) .  

g.  Sustained hypercapnia ( increased PaCO 2 )  desensi t izes the brain 's  respiratory 

contro l  center  and centra l  chemoreceptors.  As a resul t ,  compensatory act ion to 

correct  hypoxemia and hypercapnia ( i .e. ,  a respiratory rate or depth increase)  does 

not  occur .  Instead,  hypoxemia  
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serves as the st imulus for  breathing.  Use of  narcot ics or benzodiazepines,  

especia l ly in  combinat ion,  should be done caut iously in these pat ients to avoid 

respiratory fa i lure.  

2.  Emphysema  

a.  Anatomical  changes  are the resul t  of  loss of  t issue elast ic i ty.  

(1)  Inf lammation  and excessive mucus secret ion  (as f rom long-standing chronic 

bronchi t is)  cause ai r  t rapping in the alveol i .  This contr ibutes to breakdown of  the 

bronchio les,  a lveolar  wal ls ,  and connect ive t issue.  

(2)  As c lusters of  a lveol i  merge,  the number of  a lveol i  d iminishes,  leading to 

increased space avai lable for  a i r  t rapping.  



(3)  Destruct ion of  a lveolar  wal ls  causes col lapse of  smal l  a i rways on exhalat ion and 

disrupt ion of  the pulmonary capi l lary beds.  

(4)  These changes resul t  in  V/Q abnormal i t ies;  b lood is  shunted away f rom 

destroyed areas to mainta in a constant  V/Q rat io,  unl ike the case in chronic 

bronchi t is .  

(5)  Hypercapnia and respiratory ac idosis  are uncommon in emphysema because V/Q 

imbalance is  compensated for  by an increased respiratory rate.  

b.  There are specif ic regions of the lung  in  which character is t ic  anatomical  

changes of  emphysema occur .  

(1)  In centri lobular  (centr iac inar)  emphysema associated wi th c igaret te smoking,  

dest ruct ion is  centra l ,  select ively involv ing respi ratory bronchio les.  Typical ly,  

bronchio les and alveolar  ducts become di lated and merge.  

(2)  In panlobular  (panacinar)  emphysema, a l l  lung segments are involved.  The 

alveol i  enlarge and at rophy,  and the pulmonary vascular  bed is  dest royed.  This form 

of  emphysema is  associated wi th AAT def ic iency.  

(3)  In paraseptal  emphysema, the lung per iphery adjacent  to f ibrot ic  regions is  the 

s i te of  a lveolar  d is tent ion and alveolar  wal l  dest ruct ion.  This is  associated wi th 

spontaneous pneumothorax.  

E. Clinical  evaluat ion  

1.  Physical  f indings  

a.  Predominant chronic bronchit is  typical ly has an ins id ious onset  af ter  age 45.  

(1)  A chronic productive cough  is  the hal lmark of  chronic bronchi t is .  I t  occurs f i rst  

in  winter ,  then progresses to year-round.  I t  is  usual ly worse in the morning.  

Smoking cessat ion can help lessen the product ive cough.  

(2)  Exert ional  dyspnea,  the most  common present ing symptom, is  progressive.  

However,  the sever i ty of  th is  symptom may not  ref lect  the sever i ty of  the disease.  

(3)  Other  common f indings inc lude obesi ty,  rhonchi  and wheezes on auscul tat ion,  

prolonged expirat ion,  and a normal  respiratory rate.  As the disease progresses,  

r ight  ventr icular  fa i lure is  common, which presents as jugular  venous dis tent ion,  

per ipheral  edema, hepatomegaly,  and cardiomegaly.  Because pat ients tend to 

develop cyanosis,  the term blue bloater  is  somet imes used to descr ibe pat ients wi th 

chronic bronchi t is .  

b. Predominant emphysema  has an ins id ious onset ,  and symptoms occur  af ter  age 

55.  

(1)  The cough  is  chronic but  less product ive than in chronic bronchi t is .  

(2)  Exert ional  dyspnea  is  progressive,  constant ,  severe,  more character is t ic  of  

emphysema than chronic bronchi t is .  

(3)  Other  common f indings inc lude weight  loss,  tachypnea,  pursed- l ip breathing,  

prolonged expirat ion,  accessory chest  muscle use,  hyperresonance on percussion,  

d iaphragmat ic  excurs ion,  and diminished breath sounds.  Because pat ients are able 

to mainta in reasonably good oxygenat ion because of  thei r  tachypnea,  the term pink 

puf fer  is  somet imes used to descr ibe pat ients wi th emphysema. Note however,  that  

the pink puf fer  and blue bloater  presentat ions are not  speci f ic  for  the respect ive 

d iseases.  



c.  Pat ients may have elements and physica l  f indings f rom each of  these diseases 

s imul taneously.  Comorbid i tes such as CHF, CAD, st roke,  DM, and depression are 

common in COPD pat ients.  

2.  Diagnostic test  results  

a.  COPD  pat ients wi th character is t ic symptoms of  cough,  dyspnea,  sputum 

product ion,  and/or  exposure to known r isk factors (e.g. ,  smoking)  should be 

evaluated for  a COPD diagnosis.  I f  the pat ient  has FEV1 /FVC <70% and a 

postbronchodi lator  FEV1  <80% predicted,  he or she has ai r f low l imi tat ion that  is not  

fu l ly revers ib le.  Pat ients wi th a smoking his tory (e.g.  >20 pack year  h is tory and >45 

years o ld)  should be considered for  the diagnosis.  Spirometry can be used to help 

make the diagnosis.  
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b. Chronic bronchit is  

(1)  B lood analys is  may reveal  polycythemia as a resul t  of  to erythropoies is  

secondary to hypoxemia.  With bacter ia l  in fect ion,  the WBC count  may be increased.  

(2)  Sputum inspect ion reveals th ick purulent  or  mucopurulent  sputum t inged yel low,  

whi te,  green,  or  gray;  an acute change in color  and/or  quant i ty suggests infect ion.  

(3)  Arter ia l  b lood gas studies may show a markedly decreased PaO2  level  (45-60 

mm Hg),  ref lect ing hypoxemia,  and a PaCO2  level  that  is  normal  or  e levated (50-60 

mm Hg),  ref lect ing hypercapnia.  

(4)  Pulmonary funct ion tests may be normal  in the ear ly d isease stages.  Later ,  they 

show a reduced FEV1 /FVC rat io,  increased res idual  lung volume,  a decreased v i ta l  

capaci ty,  and a decreased FEV1 .  Unl ike emphysema, chronic bronchi t is  pat ients 

tend to have normal  d i f fus ing capac i ty,  normal  s tat ic  lung compl iance,  and normal  

tota l  lung capaci ty.  

(5)  Chest  radiograph typ ical ly ident i f ies lung hyper inf lat ion,  a barre l  chest ,  and 

increased bronchovascular  mark ings.  

(6)  An ECG may reveal  r ight  ventr icular  hyper t rophy and changes consistent  wi th 

cor  pulmonale.  

c.  Emphysema  

(1)  Sputum inspect ion reveals scanty sputum that  is  c lear  or mucoid.  Infect ions are 

less f requent  than in chronic bronchi t is .  

(2)  Arter ia l  b lood gas studies typica l ly indicate a reduced or  normal  PaO2  level  (65-

75 mm Hg) and,  in late d isease stages,  an increased PaCO2  level  (50-60 mm Hg).  

(3)  Pulmonary funct ion tests show a reduced FEV1 /FVC rat io,  normal  or  increased 

stat ic  lung compl iance,  reduced FEV1  and di f fus ing capaci ty,  and increased TLC and 

RV.  

(4)  Chest  radiograph usual ly reveals bul lae,  b lebs,  a f la t tened diaphragm, lung 

hyper inf lat ion,  ver t ical  hear t ,  enlarged anteroposter ior  chest  d iameter ,  decreased 

vascular  mark ings in the lung per iphery,  and a large ret rosternal  a i r  space.  

F. Treatment object ives  endorsed by GOLD inc lude the fo l lowing 

1.  Prevent  disease progression (smoking cessat ion)  



2.  Rel ieve symptoms and improve exerc ise to lerance (enable the pat ient  to per form 

normal  dai ly  act iv i t ies)  

3.  Improve heal th s tatus 

4.  Prevent  and t reat  exacerbat ions 

5.  Prevent  and t reat  compl icat ions 

6.  Reduce morta l i ty 

G. Therapy  

1.  Pharmacological  treatment.  Therapy is  based on disease staging,  which is  

determined by spi rometry (Table 49-9) .  

a.  Shor t -act ing ant ichol inergics and β-agonists ,  a lone or  in combinat ion,  are the 

most  commonly used in i t ia l  agents.  Long-act ing bronchodi lators,  such as salmeterol ,  

formoterol ,  t io t ropium (Spir iva) ,  and theophyl l ine are added to the shor t -act ing 

agents.  Methylxanthines are usual ly added when the response to other  agents is  

inadequate.  In addi t ion to bronchodi lat ion,  these agents can decrease dyspnea,  

improve exerc ise capaci ty,  improve qual i ty of  l i fe ,  and decrease the f requency and 

sever i ty of  exacerbat ions,  especia l ly t io t ropium. 

b.  Bronchodi lators are the most  important  therapy for  symptoms in COPD. F igure 

49-4 indicates a strategy of  use.  

c.  Inhaled cor t icosteroids,  such as f lut icasone and budesonide,  have shown smal l  

benef i ts  in FEV1 ;  the major i ty of  thei r  benef i t  occurs in reducing the sever i ty of  

exacerbat ions,  not  the number of  exacerbat ions.  

d. Antichol inergics  (e.g. ,  ipratropium bromide,  t io t ropium bromide,  at ropine)  

(1)  Indicat ions.  Ant ichol inergics may be used as f i rst - l ine bronchodi lators or  in 

conjunct ion wi th β-agonists  in the t reatment  of  COPD because these agents are the 

most  potent  bronchodi lators for  the condi t ion.  
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Table 49-9. Therapy at Each Stage of COPD 

Old 0: At Risk I: Mild 

II: Moderate 

IIA IIB III: Severe 

New 0: At Risk I: Mild II: Moderate II: Severe 

IV: Very 

Severe 

Charact

eristics 

Chro

nic 

symp

toms 

FEV1/F

VC<70

% 

FEV1/F

VC<70

% 

FEV1/F

VC<70

% 

FEV1/F

VC<70

% 

 

Expo

sure 

to 

risk 

FEV1≥ 

80% 

50% 

≤FEV1<

50% 

30% ≤ 

FEV1<5

0% 

FEV1< 

30% or 

FEV1<5

0% 



factor

s 

 

Norm

al 

spiro

metry 

With or 

without 

symptom

s 

With or 

without 

symptom

s 

With or 

without 

symptom

s 

predicted 

plus 

chronic 

respirato

ry failure 

 Avoidance of risk factor(s); influenza vaccination 

  Add short-acting bronchodilator when needed 

   

Add regular treatment with one or 

more long-acting bronchodilators 

   Add rehabilitation 

    

Add inhaled 

glucocorticosteroids if 

repeated exacerbations 

     

Add 

long-

term 

oxygen 

if 

chronic 

respirato

ry failure 

     

Consider 

surgical 

treatmen

ts 

FEV1, forced expiratory volume in 1 sec; FEV, forced vital capacity. 

Reprinted with permission from Global Initiative for Chronic Obstructive 

Lung Disease (GOLD). Global Strategy for the Diagnosis, Management, and 



Prevention of Chronic Obstructive Pulmonary Disease. Updated 2006. 

www.goldcopd.org. 
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Figure 49-4. Stepped care approach to 

bronchodilators in COPD. AC, anticholinergic; 

LA, long acting; PDE, phosphodiesterase; SA, 

short acting. 

(2)  Mechanism of action.  Iprat ropium bromide,  t io t ropium bromide,  and at ropine 

produce bronchodi lat ion by compet i t ive ly inh ib i t ing chol inerg ic  responses.  

Iprat ropium bromide and t iot ropium bromide also reduce sputum volume wi thout  

a l ter ing v iscosi ty.  Some studies have shown an increased response to these agents 

in COPD when they are combined wi th β-agonists .  T iot ropium has greater  af f in i ty for  

chol inergic  receptors than iprat ropium. 

(3)  Administrat ion and dosage  

(a)  Ipratropium bromide is  three to f ive t imes more potent  and has s igni f icant ly 

fewer s ide ef fects than at ropine,  which is  rarely used today s ince the development  

of  nebul ized iprat ropium. 

(b)  In i t ia l  MDI dosing of  iprat ropium bromide is  two inhalat ions (40 µg)  four  t imes 

dai ly,  but  dosing can be increased to s ix inhalat ions four  t imes dai ly wi thout  

s igni f icant  r isk.  These higher  doses are of ten required to achieve therapeut ic  



benef i t .  Adminis t rat ion should be v ia MDI wi th spacer  or  MDI a lone using a c losed-

mouth technique.  

(c)  Dosing of  iprat ropium bromide solut ion is  500 µg/2.5 mL (1 uni t  dose v ia l )  or  

more v ia nebul izer  four  t imes dai ly.  

(d)  T iot ropium bromide capsules contain 22.5 µg t iot ropium bromide monohydrate,  

equivalent  to 18 µg t iot ropium. 

( i )  T iot ropium is  an inhalat ion powder contained in a hard capsule.  I t  should be 

adminis tered once dai ly only v ia a HandiHaler  device,  which del ivers 10 µg 

t iot ropium. 

( i i )  Pat ients should general ly not  be placed on both iprat ropium and t iot ropium 

because of  the increased r isk of  ant ichol inergic  s ide ef fects,  and no addi t ional  

bronchodi lat ion is  l ike ly achieved by adding iprat ropium. For example,  i f  a COPD 

pat ient  is  current ly on iprat ropium/albuterol  (Combivent ,  DuoNeb),  and t iot ropium is  

s tar ted,  the albuterol  should be cont inued as the shor t -act ing bronchodi lator  and 

iprat ropium discont inued.  

e.  β-Agonists  (see I . I .1;  Table 49-4)  

(1)  Indicat ions.  β2 -Agonists  may be used as f i rs t - l ine bronchodi lators  or  in 

conjunct ion wi th ant ichol inergic  agents in the maintenance t reatment  of  COPD. 

Short -act ing agents are used regular ly or  on an as-needed basis for  symptoms.  

Some pat ients may respond c l in ical ly to the prolonged t reatment  wi th β2 -agonists  

even af ter  demonstrat ing  
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lack of  acute revers ib i l i ty (spi rometry test ing showing <12% or  <200-mL increase in 

FEV1 )  to shor t -act ing agents.  

(2)  Mechanism of action.  β2 -Agonists  re l ieve dyspnea caused by ai rway 

obstruct ion,  a l though the response is  usual ly not  as s igni f icant  as in pat ients wi th 

asthma.  These agents may also increase mucoci l iary c learance by st imulat ing c i l iary 

act iv i ty (helps pat ients expectorate sputum).  

(3)  Administrat ion and dosage  

(a)  β2 -Agonists  are adminis tered v ia inhalat ion (e .g. ,  dry-powder inhaler ,  nebul izer ,  

MDI wi th or  wi thout  a spacer) ,  unless the pat ient  cannot  use the drug proper ly;  then 

an oral  agent  is  used caut iously.  

(b)  β2 -Agonists  of  the same durat ion should not  be used in combinat ion because an 

adequate dose of  a s ingle agent  prov ides peak bronchodi lat ion.  However,  i t  is  

reasonable to adminis ter  a long-act ing product  (e.g. ,  salmeterol ,  formoterol )  on a 

regular  basis  wi th a shor t -act ing agent  reserved for  as-needed or  rescue therapy.  

(c)  Salmeterol  and formoterol  ( long-act ing β-agonists)  are adminis tered twice dai ly.  

They may also be used in combinat ion wi th iprat ropium bromide or  t io t ropium. 

Nei ther  agent  is  used on an as-needed basis for  rescue therapy,  a l though formoterol  

does have a rapid onset  of  act ion.  

(d)  Inhaler  devices that  require a rapid inspiratory rate may resul t  in  subopt imal  

lung deposi t ion in the COPD pat ient  wi th l imi ted inspiratory capaci ty.  An MDI or  

nebul izer  may be more opt imal  in th is  type of  pat ient .  

f .  Theophyl l ine  (see I . I .5)  



(1)  Indicat ions.  Theophyl l ine compounds typical ly are added to the drug regimen 

af ter  an unsuccessful  t r ia l  of  iprat ropium bromide and β-adrenergics.  Theophyl l ine 

appears to have a greater  c l in ical  ro le in COPD than in asthma.  Other  s imi lar  agents 

(phosphodiesterase inhib i tors)  are in development .  

(2)  Mechanism of action.  In COPD, theophyl l ine compounds are used because they 

increase mucoci l iary c learance,  s t imulate the respi ratory dr ive,  enhance 

diaphragmat ic  contract i l i ty,  improve the ventr icular  e ject ion f ract ion,  and st imulate 

renal  d iures is .  Their  bronchodi lator  proper t ies are modest ,  at  best .  Theophyl l ine 

may be used in l ieu of  other  long-act ing bronchodi lators or  in combinat ion.  

(3)  Administrat ion and dosage.  A t r ia l  of  1-2 months wi th the serum drug level  

mainta ined at  5-12 µg/mL and maximized 

(a)  Because of  the nonbronchodi lator  ef fects of  methylxanth ines,  they may be 

cont inued in  the face of  a c l in ical  response,  even in the absence of  improved FEV1 .  

(b)  I f  no change occurs in the pat ient 's c l in ical  condi t ion and/or  FEV1 ,  theophyl l ine 

therapy should be discont inued owing to the potent ia l  for  s ide ef fects.  

(4)  Precautions and monitoring effects.  Serum drug levels should be c losely 

moni tored in a l l  pat ients,  especia l ly those wi th s igns of  toxic i ty ( tachycardia,  

nausea,  vomit ing)  as wel l  as wi th l iver  impairment ,  congest ive hear t  fa i lure and/or  

cor  pulmonale as a resul t  of  reduced theophyl l ine metabol ism.  Potent ia l  drug 

interact ions (e.g.  wi th c iprof loxacin)  may warrant  b lood test ing.  

g. Cort icosteroids  (see I . I .2;  Table 49-5)  

(1)  Indicat ions  

(a)  Systemic cort icosteroids  (preferably oral )  are indicated in the t reatment  of  

acute COPD exacerbat ions and chronical ly in some severe pat ients.  

(b)  Inhaled cort icosteroids  p lay a less prominent  ro le in COPD than in asthma.  

(c)  Candidates for  prolonged use of  inhaled cor t icosteroid therapy should 

( i )  Be symptomat ic  and have a documented spi rometr ic  response ( i .e. ,  an increase 

in FEV1  of  at  least  15% and 200 mL af ter  6 weeks to 3 months of  use)  

( i i )  Have an FEV1  <50% predicted,  wi th a h is tory of  repeated exacerbat ions 

requir ing systemic cort icosteroids or  ant ib iot ics 

(d)  Long-term use of  systemic steroids should be avoided i f  possib le.  Osteoporosis  

of  the spine and r ibs is  especia l ly common in COPD pat ients receiv ing f requent  or  

maintenance systemic steroids.  I t  has been recent ly recognized that  inhaled 

steroids increase the r isk of  bacter ia l  pneumonia in COPD pat ients.  

(2)  Administrat ion and dosage  

(a)  For oral  use in outpat ient  management  of  acute exacerbat ions,  prednisone or  

prednisolone is  adminis tered at  a dosage of  40 mg/day for  10 days.  

(b)  The dose of  oral  (e.g. ,  prednisolone)  or  int ravenous cor t icosteroids (e.g. ,  

methylprednisolone)  for  hospi ta l  management  of  acute COPD exacerbat ions is  not  

establ ished.   
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However,  doses and durat ion of  therapy should be l imi ted (e.g. ,  30-40 mg/day of  

prednisolone for  10-14 days)  to avoid s igni f icant  adverse ef fects.  

(c)  In COPD, inhaled steroids are not  as ef f icac ious as in asthma pat ients.  



(d)  In appropr iate pat ients,  cor t icosteroids may be adminis tered v ia dry-powder 

inhaler  or  MDI wi th spacer .  

(e)  Response to oral  cort icosteroids does not  predict  response to inhaled 

cor t icosteroids.  

( f )  Medium doses of  inhaled cor t icosteroids are recommended for  COPD (e.g. ,  

F lovent  110 µg 2 puf fs  twice a day or  the combinat ion of  Advair  250 µg 1 puf f  twice 

a day) .  

(g)  Inhaler  devices that  require a rapid inspiratory rate (e.g. ,  Pulmicor t  F lexhaler)  

are general ly not  desi rable in COPD pat ients.  

h. Antibiotics  

(1)  Indicat ions  

(a)  Ant ib iot ics are used to t reat  exacerbat ions wi th suspected infect ion as 

ev idenced by an increase in volume or  change in  color  or  v iscosi ty of  the sputum, 

a long wi th dyspnea.  

(b)  Prevent ion of  infect ion wi th chronic ant ib iot ic  therapy is  controvers ia l  and 

should be considered only in pat ients wi th mul t ip le exacerbat ions annual ly ( i .e. ,  

more than two per  year) .  

(2)  Antibiotic therapy  

(a)  Ambulatory ant ib iot ic  t reatment  of  exacerbat ions in pat ients wi th COPD is  

recommended when there is  ev idence of  worsening dyspnea and cough wi th purulent  

sputum and increased sputum volume.  

( i )  Hospi ta l  or  laboratory ant ib iograms should be rev iewed when select ing an 

appropr iate agent  for  S. pneumoniae,  M.  catarrhal is ,  and H. inf luenzae.  

( i i )  Agents may inc lude ei ther  a second-generat ion cephalospor in (e.g. ,  cefuroxime,  

cefac lor) ,  t r imethopr im-sul famethoxazole,  a β- lactam wi th or  wi thout  a β- lactamase 

inhib i tor  (e.g. ,  amoxic i l l in ,  amoxic i l l in-c lavulanate) ,  macrol ides (az i thromycin 

[Z i thromax]) ,  or  an oral  f luoroquinolone (c iprof loxacin [Cipro] ,  levof loxacin 

[Levaquin] ) .  

( i i i )  I f  in fect ion wi th M. pneumoniae  or  Legionel la pneumophi la  is  a concern,  

a l though uncommon in COPD f lares,  a macrol ide or  f luoroquinolone may be added.  

(b)  Ant ib iot ic  t reatment  of  pneumonia in hospi ta l ized pat ients wi th COPD inc ludes 

ei ther  a second- or  th i rd-generat ion cephalospor in (e.g. ,  cefuroxime,  cef t r iaxone,  

cefotaxime) or  a β- lactam wi th or  wi thout  a β- lactamase inhib i tor  (e.g. ,  amoxic i l l in-

c lavulanate -  [Augment in] ,  p iperaci l l in- tazobactam [Zosyn]) ,  a macrol ide,  or  

f luoroquino lone.  

(c)  COPD exacerbat ions are t reated for  3-10 days,  depending on the agent  used 

(e.g. ,  moxi f loxacin 400 mg × 5 days)  and the pat ient .  

i .  Mucolyt ics  (e.g. ,  iodinated glycerol )  may improve sputum c learance and disrupt  

mucus plugs.  

j .  Expectorants  (e.g. ,  guai fenesin)  may be used.  Potassium iodide should be 

avoided because of  s ide ef fects associated wi th  iodine therapy.  

k.  Antioxidants  (e.g. ,  N -acetylcyste ine)  may reduce exacerbat ion f requency.  

However,  rout ine use cannot  be recommended based on current ly avai lable data.  

l .  Inf luenza vi rus vaccine  is  recommended because of  i ts  abi l i t y to reduce death 

and ser ious i l lness by a lmost  50%. 



2.  Nonpharmacological  Therapy  

a.  Vaccinations  

(1)  Inf luenza vaccinat ion adminis tered each Fal l /Winter.  Polyvalent pneumococcal  

vaccine is  recommended by the Amer ican Thoracic  Society 

b. Oxygen Therapy  

(1)  Recommended for  hypoxemia chronical ly or  dur ing exacerbat ions.  Current ly 

recommended to adminis ter  oxygen at  least  15 hours/day.  

(2)  Reverses hypoxemia (par t icular ly at  n ight  and dur ing exerc ise) .  

(3)  Indicat ions for  home oxygen t reatment  inc lude 

(a)  PaO2  <  55 mm Hg or  SaO2  <  88% 

(b)  PaO2  of  55-60 mm Hg or  SaO2  <  89% wi th ev idence of  cor  pulmonale,  pulmonary 

hypertension,  or  polycythemia (hematocr i t  >  55%).  
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(4)  Pat ients hospi ta l ized for  COPD exacerbat ions should receive contro l led oxygen 

to keep PaO2  >  60 mm Hg or  SaO2  >  90%. Ar ter ial  b lood gas (ABG) tests may be 

per formed 30 min af ter  p lac ing the pat ient  on oxygen to ident i fy and minimize CO2  

retent ion.  

c.  Chest physiotherapy  loosens secret ions,  helps reexpand the lungs,  and 

increases the ef f icacy of  respiratory muscle use.  Techniques inc lude postural  

dra inage,  chest  percussion and v ibrat ion,  coughing,  and deep breathing.  These 

ef for ts may help pat ients wi th lobar  ate lectas is  or  who produce large quant i t ies ( i .e. ,  

>  25 mL/day)  of  sputum. 

d. Physical  rehabi l i tat ion  improves the pat ient 's  exerc ise to lerance and qual i ty of  

l i fe .  A pulmonary rehabi l i ta t ion program usual ly inc ludes physical  condi t ioning and 

socia l ,  psychologica l ,  and nutr i t ional  intervent ions.  This can be an ef fect ive 

intervent ion.  

e.  Smoking cessation  and avoidance of  other  i r r i tants has been shown to s low the 

rate of  decl ine in FEV1  in  COPD pat ients.  I t  is  obviously one of  the most  important  

intervent ions.  Nicot ine gum, patches,  inhalers,  lozenges,  bupropion,  varenic l ine 

(Chant ix) ,  and c lonid ine may be useful  in  smoking cessat ion.  Behavior  intervent ion 

s igni f icant ly enhances the ef fect iveness of  pharmacological  therapy in smoking 

cessat ion.  

f .  Surgery.  There is  a growing body of  ev idence that  lung volume reduct ion surgery 

may be benef ic ia l  to pat ients wi th severe emphysema. Cl in ical  t r ia ls  have now 

del ineated proper  pat ient  select ion for  th is  type of  surgery.  Lung t ransplantat ion is  

a lso per formed in selected pat ients.  

H. Complicat ions of  COPD  

1.  Pulmonary hypertension.  Wi th decreased pulmonary vascular  bed space (owing 

to lung congest ion) ,  pulmonary ar ter ia l  pressure increases.  In some cases,  pressure 

increases enough to cause cor pulmonale  ( r ight  ventr icular  hyper t rophy)  wi th 

consequent  hear t  fa i lure.  

2.  Acute respiratory fai lure.  In advanced stages of  COPD, the brain 's  respiratory 

center  may become ser iously compromised,  leading to poor  cerebral  oxygenat ion 



and an increased PaCO2  level .  Hypoxia and respiratory ac idosis  may ensue.  I f  the 

condi t ion progresses,  respiratory fa i lure occurs.  

3.  Infect ion.  In chronic bronchi t is ,  t rapping of  excessive mucus,  a i r ,  and bacter ia in 

the t racheobronchia l  t ree sets the stage for  infect ion.  In addi t ion,  impairment  of  

coughing and deep breathing,  which normal ly c leanses the lungs,  leads to 

dest ruct ion of  respiratory c i l ia .  Once an infect ion sets in,  re infect ion can easi ly 

occur .  

4.  Polycythemia.  An increase in red blood cel ls  inf requent ly can lead to 

hypercoagulable states,  embol ism, and st roke.  This happens uncommonly today due 

to the widespread use of  supplemental  oxygen in COPD pat ients.  
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STUDY QUESTIONS 

Direct ions for questions 1-7:  Each of  the quest ions,  s tatements,  or  incomplete 

statements in th is  sect ion can be correct ly answered or  completed by one  of  the 

suggested answers or  phrases.  Choose the best  answer.  

1.  The symptoms of al lergen-mediated asthma result  from which of the 

fol lowing? 

(A)  Increased re lease of  mediators f rom mast cel ls  

(B)  Increased adrenergic  responsiveness of  the ai rways 

(C) Increased vascular  permeabi l i ty of  bronchia l  t issue 

(D) Decreased calc ium inf lux into the mast  cel ls  

(E)  Decreased prostaglandin product ion 

View Answer1.  The answer is A[see I .D.4. (a);] .2.  Acute exacerbations of 

asthma can be tr iggered by al l  of  the fol lowing except  

(A)  Bacter ia l  or  v i ra l  pneumonia.  

(B)  Hypersensi t iv i ty react ion to penic i l l in .  

(C)  Discont inuat ion of  asthma medicat ion.  

(D)  Hot ,  dry weather .  

(E)  St ressful  emot ional  events.  

View Answer2.  The answer is D[see] .3.  A 45-year-old male with a history 

of  asthma has a peak expiratory f low rate (PEFR) of  65%, nocturnal  wheezing 

once a month, and daytime wheezing usual ly less than twice a week.  According 

to the National  Insti tutes of  Health (NIH) guidel ines for the treatment of 

asthma, he has which type? 

(A)  Mi ld intermi t tent  

(B)  Mi ld pers is tent  

(C)  Moderate pers is tent  

(D)  Severe pers is tent  

View Answer3.  The answer is C[see] .4.  The pat ient in question 3 should 

be treated with which two  agents? 

(A)  Inhaled steroid and iprat ropium 

(B)  Inhaled steroid and albuterol  MDI (as needed) 



(C)  Inhaled steroid and aspir in 

View Answer4.  The answer is B[see] .5.  A 15-year-old female is brought to 

the emergency department.  She is breathing 30 t imes per minute,  is unable to 

speak in ful l  sentences,  and has a peak expiratory f low rate (PEFR) < 50% 

predicted.  The preferred f i rst- l ine therapy for her asthma exacerbation is 

(A)  Theophyl l ine 

(B)  β-agonist  

(C)  Cort icosteroid 

(D)  Cromolyn sodium 

(E)  A and B 

(F)  B and C 

View Answer5.  The answer is F[see] .6.  The primary goals of asthma 

therapy in an adult  pat ient include al l  of the fol lowing except  

(A)  Mainta in normal  act iv i ty levels .  

(B)  Mainta in contro l  of  symptoms.  

(C)  Avoid adverse ef fects of  asthma medicat ions.  

(D)  Prevent acute exacerbat ions and chronic symptoms.  

(E)  Prevent dest ruct ion of  lung t issue.  

View Answer6.  The answer is E[see] .7.  Which of  the fol lowing tests is 

used at home to assess therapy and determine i f  a patient  w ith asthma should 

seek emergency care? 

(A)  Forced expiratory volume in one second (FEV1 )  

(B)  Forced vi ta l  capaci ty (FVC) 

(C) Total  lung capaci ty (TLC) 

(D) Peak expiratory f low rate (PEFR) 

(E)  Residual  volume (RV) 

View Answer7.  The answer is D[see] .P.1091 

 

 

Direct ions for question 8:  The incomplete statement  in th is sect ion can be 

correct ly answered or  completed by one or more  of  the suggested answers.  Choose 

the answer,  A-E.  

8.  The disease process of chronic bronchit is is characterized by 

I .  the destruct ion of central  and peripheral  portions of  the acinus. 

I I .  an increased number of  mucous glands and goblet  cel ls.  

I I I .  edema and inf lammation of  the bronchioles.  

A  i f  I  only  is  correct  

B  i f  I I I  only  is  correct  

C  i f  I  and I I  are correct  

D  i f  I I  and I I I  are correct  

E  i f  I ,  I I ,  and I I I  are correct  

View Answer8.  The answer is D[seeand] .Direct ions for questions 9-11:  

Each descr ipt ion in th is  sect ion is  most  c losely associated wi th one  of  the fo l lowing 

agents.  The agents may be used more than once or  not  at  al l .  Choose the best  

answer,  A-E.  



9.  Decreases theophyl l ine clearance 

A  c imet id ine 

B  a lbuterol  

C  iprat ropium bromide 

D  epinephr ine 

E  at ropine 

View Answer9.  The answer is A[see] .10. Has antichol inergic act ivi ty with 

few side effects 

A  c imet id ine 

B  a lbuterol  

C  iprat ropium bromide 

D  epinephr ine 

E  at ropine 

View Answer10.  The answer is C[see] .11. Has high β2 -adrenergic 

select ivi ty 

A  c imet id ine 

B  a lbuterol  

C  iprat ropium bromide 

D  epinephr ine 

E  at ropine 

View Answer11.  The answer is B[see] .P.1092 

 

 

ANSWERS AND EXPLANATIONS 

1.  The answer is A [see I .D.4. (a) ;  F igure 49-1 ] .  

In asthma, ai rborne ant igen binds to the mast  cel l ,  act ivat ing the IgE-mediated 

process.  Mediators (e.g. ,  h is tamine,  leukotr ienes,  prostaglandins)  are then 

re leased,  causing bronchoconstr ic t ion and t issue edema. 

2.  The answer is D  [see  I .D;  F igure 49-1 ] .  

Exacerbat ions of  asthma can be t r iggered by a l lergens,  respiratory infect ions,  

occupat ional  s t imul i  (e.g. ,  fumes f rom gasol ine or  paint ) ,  emot ions,  and 

environmental  factors.  Studies have shown that  cold a i r  can cause re lease of  mast  

cel l  mediators by an undetermined mechanism. Hot ,  dry a i r  does not  cause th is  

re lease.  

3.  The answer is C  [see  Table 49-3 ] .  

The pat ient  has moderate pers is tent  asthma.  Al l  three parameters are consistent  

wi th mi ld pers is tent  asthma.  I f  any one of  the three parameters indicated moderate 

pers is tent  asthma,  then the pat ient  would be c lass i f ied as moderate asthma (PEFR 

= 65%).  

4.  The answer is B  [see  F igure 49-3 ] .  

Inhaled steroids are the ant i - in f lammatory drug of  choice owing to proven ef f icacy.  

Al l  pat ients should be prescr ibed a shor t -act ing β2 -agonist  to use as rescue therapy 

for  worsening symptoms.  I f  chronic symptoms worsen,  a long-act ing β2 -agonist  can 



be added (e.g. ,  Adavir ) .  Remember that  increasing the dose of  the inhaled steroid 

may not  improve symptoms,  a long-act ing bronchodi la tor  is  more l ike ly to do so.  

5.  The answer is F  [see  F igure 49-3 ] .  

Pat ient  is  obviously in respiratory d is t ress.  Aggressive t reatment  wi th oxygen,  

systemic steroids,  and shor t -act ing bronchodi lators  is  indicated.  Iprat ropium could 

a lso be added to the albuterol  in  the acute set t ing.  

6.  The answer is E  [see  I .F ,  I .H.1;  I I .D ] .  

Asthma is character ized by revers ib le a i rway obstruct ion in response to speci f ic  

s t imul i .  Mast  cel ls  re lease mediators,  which t r igger  bronchoconstr ic t ion.  Af ter  an 

acute at tack,  in most  cases symptoms are minimal ,  and pathologica l  changes are 

not  permanent .  Unl ike asthma,  chronic obst ruct ive pulmonary d isease does cause 

progressive ai rway destruct ion,  chronic bronchi t is  by excessive mucus product ion 

and other  changes,  and emphysema by destruct ion of  the ac inus.  

7.  The answer is D  [see  I .G.2.a. (3) ] .  

For  home moni tor ing,  PEFR is the best  test  for  assessment  of  therapy,  t r igger  

ident i f icat ion,  and the need for  referra l  to emergency care.  I t  is  recommended for  

pat ients who have had severe exacerbat ions of  asthma, who are poor  perceivers of  

asthma symptoms,  and those wi th moderate to severe disease.  

8.  The answer is D  ( I I ,  I I I )  [see  I I .D.1 and  2 ] .  

Chronic bronchi t is  is  character ized by an increase in the number of  mucous and 

goblet  cel ls  owing to bronchia l  i r r i tat ion.  This resul ts  in increased mucus 

product ion.  Other  changes inc lude edema and in f lammat ion of  the bronchio les and 

changes in smooth muscle and car t i lage.  Emphysema is  a permanent  dest ruct ion of  

the centra l  and per ipheral  por t ions of  the ac inus d is ta l  to the bronchio les.  In th is 

d isease,  adequate oxygen reaches the alveolar  duct ,  owing to increased rate of  

breathing,  but  per fus ion is  abnormal .  

9.  The answer is A [see  Table 49-8 ] .  

10.  The answer is C  [see  I I .G.1.a ] .  

11.  The answer is B  [see  Table 49-4 ] .  

Cimet id ine,  an H2 - receptor  antagonist ,  decreases theophyl l ine c learance by 

inhib i t ing hepat ic  microsomal mixed- funct ion oxidase metabol ism,  thus increasing 

serum theophyl l ine concentrat ions.  Theophyl l ine c learance can be decreased by 

40% dur ing the f i rst  24 hr  of  concurrent  therapy.  Ant ichol inergic  agents such as 

at ropine and iprat ropium bromide produce bronchodi lat ion by compet i t ive ly 

inhib i t ing chol inergic  receptors.  The disadvantages of  atropine inc lude dry mouth,  

tachycardia,  and ur inary retent ion.  Iprat ropium bromide is  three to f ive t imes more 

potent  than at ropine and does not  have these s ide ef fects.  Albuterol  is  one of  the 

most  β2 -select ive adrenergic  agents avai lable.  Other  such agents inc lude 

terbutal ine,  b i to l tero l ,  and pi rbuterol .  Agents wi th β2 -select iv i ty d i late bronchio les 

wi thout  causing s ide ef fects re lated to β1 -s t imulat ion (e.g. ,  increased heart  rate).  

 



50 
Osteoarthritis and Rheumatoid Arthritis 
Tina Harrison Thornhi l l  

I. DEFINITION AND CAUSE 

A. Osteoarthri t is (OA)  is  a common chronic condi t ion of  cart i lage 

degenerat ion.  Secondary changes can occur  in the bone,  leading to pain,  

decreased funct ioning,  and even disabi l i t y.  OA af fects near ly 21 mi l l ion 

middle-aged and elder ly Amer icans.  I t  is  the most  common form of  ar thr i t is .  

Al though not  a lways symptomat ic ,  most  people over  the age of  55 years 

have radio logical  ev idence of  the disease.  Unt i l  age 55 years,  OA af fects 

men more f requent ly than women,  but  af ter  age 55,  women are more l ike ly 

to have the disease.  

B. Rheumatoid arthri t is (RA)  is  a chronic,  sys temic autoimmune disease 

that  involves inf lammat ion in the membrane l in ing of  the jo ints  and of ten 

af fects internal  organs.  Most  pat ients exhib i t  a chronic f luctuat ing course of  

d isease that  can resul t  in  progressive jo int  dest ruct ion,  deformity,  and 

disabi l i t y.  RA af fects 1% of  the U.S.  populat ion.  I t  occurs two to three t imes 

more of ten in women,  and the peak onset  occurs between the 4th and 6th 

decades of  l i fe .  

II. NORMAL JOINT ANATOMY AND PHYSIOLOGY 

A.  The synovial  joint  consis ts  of  two bone ends covered by ar t icular  

car t i lage.  The ro les of  ar t icular  cart i lage inc lude 

1.  Enabl ing f r ic t ionless movement  of  the jo int  

2.  Dis t r ibut ing the load across the jo int  (shock absorber) ,  to prevent  

damage 

3.  Promot ing stabi l i ty dur ing use 

B. Cart i lage  is  avascular  and aneural .  I t  is  metabol ical ly ac t ive and 

undergoes cont inual  internal  remodel ing.  I t  is  composed pr imar i ly of  water  

but  is  a lso made f rom chondrocytes and ext racel lu lar  matr ix .  

C. Chondrocytes  contro l  the synthesis  and degradat ion of  the matr ix.  They 

produce proteoglycans and col lagen in the ext racel lu lar  matr ix to mainta in 

the integr i ty of  the matr ix in heal thy car t i lage.  

D.  The joint capsule  is  a f ibrous outer  layer  that  encapsulates the jo int .  

The jo int  capsule is  l ined by synovium,  a membrane that  produces a 

v iscous f lu id that  lubr icates the jo int .  

E.  The synovial  f luid  is  composed,  in par t ,  of  hyaluronic ac id.  Glucosamine 

is  a component  of  hyaluronic ac id.  The ro le of  hyaluronic ac id is  to mainta in 

funct ional  and st ructural  character ist ics of  the ext racel lu lar  matr ix.  

F. Bursae  are smal l  sacs that  are l ined wi th synovia l  membrane and f i l led 

wi th f lu id to prov ide cushioning and lubr icat ion for  the movement  of  the 

jo int .  

III. OSTEOARTHRITIS 



A. Pathophysiology.  The disease is  not  a normal  par t  of  the aging process;  

however,  there are many age-re lated changes that  contr ibute to the 

development  of  OA.  

1.  The st rength of  tendons,  l igaments,  and muscles decl ines wi th advancing 

age and may contr ibute to the development  of  the disease.  
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2.  The number of  chondrocytes decl ines owing to apoptosis  (cel l  death) ,  

decreased prol i ferat ion,  or  both.  

3.  The synthesis  of  normal  proteoglycans is  reduced.  

4.  Chondrocytes lose the abi l i t y to promote heal ing and car t i lage 

remodel ing,  resul t ing in car t i lage matr ix degradat ion.  Proteoglycans are 

depleted.  

5.  Matr ix metal loprote inases (MMPs) and proinf lammatory cytok ines 

promote cart i lage degradat ion.  

6.  Inter leukin 1 ( IL-1) has several  ro les in the development  of  OA:  

a.  Responsib le for  the induct ion of  chondrocytes and synov ia l  cel ls  to 

synthesize MMPs 

b.  Inhib i ts  the synthesis  of  type I I  col lagen and proteoglycans,  prevent ing 

col lagen f rom repair ing i tsel f  

c.  Enhances ni t r ic  oxide product ion and induces chondrocyte apoptosis  

7.  Pain occurs as a resul t  of  

a.  Osteophytes (spurs of  cart i lage and bone at  the jo int )  

b.  Synovi t is  

c.  Burs i t is  

d.  Tendoni t is  

B. Risk factors  for  OA inc lude advanced age,  female gender ,  muscle 

weakness,  obesi ty,  jo int  t rauma,  heredi ty,  congeni ta l  or  developmental  

anatomical  defects,  and repet i t ive st ress.  

C. Clinical  presentat ion.  OA is  character ized by a deep,  local ized ache in 

a jo int .  Pain and st i f fness usual ly occurs wi th rest  or  immobi l i ty and lasts < 

30 minutes.  Inf lammat ion,  i f  present ,  is  mi ld.  Pat ients wi l l  o f ten complain of  

crepi tus,  a popping or  cracking noise,  heard in the jo int  upon moving.  OA 

most  commonly af fects the hips,  knees,  neck,  and hands.  

D. DIAGNOSIS  

1.  Physical  examination.  Joint  tenderness,  d iminished range of  mot ion,  

crepi tus,  abnormal i t ies in jo int  shape.  

2.  Laboratory tests.  No speci f ic  lab tests are d iagnost ic  for  OA; however,  

i f  ar throcentesis  is  per formed,  synov ia l  f lu id wi l l  reveal  mi ld leukocytos is  

wi th predominance of  mononuclear  lymphocytes.  

3.  Radiography.  Narrowing of  jo int  space (owing to loss of  car t i lage) ,  

subchondral  sc leros is ,  and osteophytes are seen.  

4.  The American Col lege of  Rheumatology (ACR) has def ined cri teria for 

OA of  the hip,  knee, and hand:  



a.  OA of  the hip is  character ized by h ip pain and at  least  two of  the 

fo l lowing:  

(1)  Erythrocyte sedimentat ion rate (ESR) < 20 mm/hr  

(2)  Radiographic ev idence of  femoral  or  acetabular  osteophytes 

(3)  Radiographic ev idence of  jo int  space narrowing 

b.  OA of  the knee is  character ized by knee pain,  radiographic ev idence of  

osteophytes,  and at  least  one of  the fo l lowing:  

(1)  Age > 50 years 

(2)  Morning st i f fness that  lasts < 30 minutes 

(3)  Art icular  crepi tus on mot ion 

c.  OA of  the hand is  character ized by hand pain,  aching,  or  st i f fness and at  

least  three of  the fo l lowing:  

(1)  Hard t issue enlargement  of  ≥ 2 d is ta l  in terphalangeal  (DIP)  jo ints  

(2)  Hard- t issue enlargement  of  ≥ 2 selected jo ints  (2nd and 3rd DIP and/or  

proximal  interphalangeal  [PIP] ,  and the 1st  carpometacarpal  jo ints  of  both 

hands)  

(3)  Fewer than three swol len metacarpophalangeal  (MCP) joints  

(4)  Deformity of  at  least  one of  ten selected jo ints  
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E. Treatment  

1.  Goals  

a.  Contro l  pain and other  symptoms 

b.  Mainta in or  improve jo int  mobi l i ty  

c.  Correct  or  minimize funct ional  l imi tat ions and disabi l i t y 

2.  Nonpharmacological  treatments  

a.  Pat ient  educat ion may inc lude t ips on jo int  protect ion,  communi ty 

exerc ise programs,  and support  groups.  

b. Weight loss  ( i f  overweight)  has been shown to decrease pain and 

symptoms of  OA.  

c.  Aerobic exercise programs;  bedrest  and immobi l i ty are not  necessary 

wi th OA. 

d. Physical  therapy  for  range-of -mot ion exerc ises and st rengthening.  

e.  Assist ive devices  (e.g. ,  canes,  walkers,  crutches)  may help decrease 

the load on a jo int ;  however,  pat ients should be inst ructed on thei r  proper  

use for  safety.  

f .  Acupuncture  leads to improvements in pain and funct ion af ter  26 weeks,  

compared to p lacebo or  ar thr i t is  educat ion in pat ients wi th mi ld knee OA. 

g. Wedge insoles  can help reduce mechanical  s t ress in persons wi th 

medial  knee OA. 

h. Thermal therapy  (e.g. ,  hot  shower or  tub,  ice pack)  may be of  benef i t  for  

some pat ients wi th OA. 

3.  Pharmacological  treatment  



a.  Acetaminophen  (APAP) is  considered f i rs t - l ine therapy by the ACR for 

OA of  the hip or  knee.  I t  has excel lent  analgesic  and ant ipyret ic  act iv i ty,  

but  no ant i - in f lammatory ef fects.  

(1)  A dose of  ≤ 4 g/day is  recommended to avoid toxic i ty.  Concomitant  use 

of  other  medicat ions wi th acetaminophen should be evaluated c losely to 

avoid overdose.  

(2)  Hepatotoxic i ty can occur  in pat ients tak ing > 4 g acetaminophen a day.  

Symptoms can inc lude nausea,  vomit ing,  abdominal  pain,  malaise,  and 

diaphoresis .  In pat ients wi th chronic  s table l iver  d isease,  doses of  up to 4 

g/day did not  cause any ev idence of  hepatotox ic i ty.  

(3)  Because there is  l i t t le ,  i f  any,  inf lammat ion in the OA jo int ,  APAP has 

been shown to be equal ly ef f icac ious as ibuprofen and naproxen in pat ients 

wi th mi ld to moderate OA pain.  

(4)  Studies have shown ei ther  APAP immediate-re lease or  extended-release 

is  ef fect ive in t reat ing mi ld to moderately-severe OA pain.  

b. Nonsteroidal anti - inflammatory drugs (NSAIDs)  and cyclooxygenase 

2 (COX-2) specif ic inhibitors  are indicated in OA t reatment  when the 

response to APAP is  inadequate (Table 50-1) .  

(1)  Mechanism of action.  NSAIDs are nonselect ive inhib i tors of  COX-1 and 

-2 as wel l  as thromboxane synthetase.  

(2)  Analgesia  is  seen wi th a shor t  t reatment  durat ion and at  lower doses 

(e.g. ,  ibuprofen ≤ 1200 mg/day) .  

(3)  Anti - inflammatory  response is  seen wi th h igher  doses and usual ly 

requires several  days of  therapy to achieve ant i - in f lammatory af fect .  

Table 50-1. Selected Anti-Inflammatory Drugs 

Generic (Brand) Initial Daily Dose 

Maximum Daily 

Dose 

Nonacetylated salicylates 

Salsalate (Disalcid) 1000 mg twice a day 3000 mg 

Nonsteroidal anti-inflammatory drugs 

Aspirin (various) 650 mg every 4 hr 6000 mg 

Diclofenac (Voltaren) 75 mg twice a day 200 mg 

Ibuprofen (Motrin, Advil) 400 mg three times a 

day 

3200 mg 



Naproxen (Naprosyn, 

Aleve) 

500 mg twice a day 1500 mg 

Nabumetone (Relafen) 1000 mg once a day 2000 mg 

Sulindac (Clinoril) 150 mg twice a day 400 mg 

Tolmetin (Tolectin) 400 mg three times a 

day 

1800 mg 

Cyclooxygenase 2 inhibitor 

Celecoxib (Celebrex) 100 mg twice a day 400 mg 
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(4)  Adverse effects.  The FDA mandates that  a publ ished NSAID Medicat ion 

Guide be issued wi th a l l  NSAID prescr ipt ions informing pat ients about  the 

potent ia l  adverse ef fects.  

(a)  Gastrointest inal  (GI)  toxic i ty is  caused by d i rect  mucosal  in jury and 

inhib i t ion of  prostaglandins.  Symptoms inc lude dyspepsia,  u lcerat ion,  and 

bleeding.  

( i )  COX-2 inhib i tors may be an opt ion for  pat ients wi th a h is tory of  pept ic  

u lcer  d isease;  however,  the GI safety of  these agents has not  been 

demonstrated long term. 

( i i )  People at  r isk for  GI  toxic i ty inc lude the elder ly and those wi th a h is tory 

of  pept ic  u lcer  d isease,  chronic a lcohol  use,  h igh-dose or  mul t ip le NSAID 

use,  concomitant  cort icosteroid use,  and NSAID t reatment of  < 3 months.  

(b)  Renal  toxic i ty resul ts  f rom the inhib i t ion of  prostaglandins.  Whi le the 

r isks are low (~ 5%),  i t  does not  appear to be dose dependent  and is  

usual ly revers ib le.  

( i )  Ef fects can inc lude hyperkalemia,  hyponatremia,  increased serum 

creat in ine,  sodium and water  retent ion,  and acute renal  fa i lure.  

( i i )  People at  r isk for  renal  toxic i ty inc lude the elder ly and those wi th 

preexis t ing renal  d isease,  hyper tension,  d iabetes mel l i tus,  congest ive hear t  

fa i lure,  c i r rhosis ,  and volume deplet ion (e.g. ,  hemorrhage,  sepsis,  d iuret ics,  

d iarrhea) .  

(c)  Hematological  ef fects are the resul t  of  decreased plate le t  aggregat ion.  



(d)  Hepatic  toxic i ty,  a l though not  common,  can inc lude elevated l iver  

enzymes.  Pat ients at  r isk inc lude those wi th a h is tory of  hepat i t is ,  

a lcohol ism,  and hear t  fa i lure.  

(e)  CNS  ef fects can include sedat ion,  confus ion,  and mental  s tatus changes 

and are pr imar i ly seen in the elder ly.  

( f )  Al lergic react ions,  such as asthma,  ur t icar ia,  and photosensi t iv i ty,  may 

be seen.  Cross-sensi t iv i ty has been seen in pat ients a l lerg ic  to aspir in.  

(g)  Cardiovascular (CV)  ef fects (e.g. ,  myocardia l  in farct ion,  st roke,  

hyper tension,  and hear t  fa i lure)  have been repor ted.  Rofecoxib and 

valdecoxib were voluntar i ly wi thdrawn f rom the market  in 2005 owing to 

thei r  associat ion wi th CV disease and morta l i ty.  Studies of  celecoxib have 

shown a dose-re lated increase in CV events in pat ients wi th a h is tory of  

colorecta l  neoplas ia who were at  r isk of  recurrent  adenomatous polyps.  The 

U.S.  Food and Drug Adminis t rat ion (FDA) recommends using celecoxib at  

the lowest  possib le dose for  least  t ime possib le .  

c.  Other oral  analgesics  

(1)  Tramadol (Ultram).  Considered a good choice when the pat ient 's pain 

is  unrel ieved by NSAIDs,  when the pat ient  cannot  take NSAIDs, or  when the 

pat ient  exper iences breakthrough pain whi le tak ing NSAIDs. 

(a)  Mechanism of action.  Centra l ly act ing analgesic  that  inhib i ts  the 

reuptake of  norepinephr ine and serotonin and mi ld ly b inds to the µ-

receptor .  

(b)  Dose.  50-100 mg every 4-6 hr ,  not  to exceed 400 mg/day;  and 300 

mg/day in the elder ly.  In pat ients wi th impaired renal  funct ion (creat in ine 

c learance [CrCl ]  < 30 mL/min) ,  the dosage interval  should be every 12 hr ,  

wi th a maximum dose of  200 mg. The extended re lease formulat ion is  dosed 

100 mg dai ly wi th a maximum dose of  300 mg/day.  

(c)  Adverse effects.  A l though i t  is  not  an opio id analgesic ,  i ts  s ide ef fects 

are s imi lar :  nausea,  const ipat ion,  rash,  d izz iness,  somnolence,  and 

or thostat ic  hypotension.  

(d)  Drug interact ions.  Carbamazepine can decrease the ef fects of  

t ramadol .  Increased toxic i ty can occur  wi th the concomitant  use of  

quin id ine,  c imet id ine,  and select ive serotonin reuptake inhib i tors (SSRIs;  

e.g. ,  paroxet ine,  ser t ra l ine,  f luoxet ine) .  

(2)  Opiate analgesics  (e.g. ,  codeine,  oxycodone) are usual ly reserved for  

pat ients who fa i l  s ingle-  or  mul t ip le-analgesic  therapy.  They may also be 

useful  for  acute exacerbat ions of  pain.  Side ef fects can inc lude 

const ipat ion,  sedat ion,  nausea,  respiratory depress ion,  and confusion.  

(3)  Propoxyphene.  The use of  propoxyphene is  controvers ia l ,  as i t  has 

demonstrated ef f icacy s imi lar  to acetaminophen.  The c l in ic ian must  a lso 

consider  the acetaminophen content  (650 mg) of  

propoxyphene/acetaminophen (e.g. ,  Darvocet-N 100 mg) and the potent ia l  

for  overdose.  Propoxyphene should be avoided in the elder ly.  

(4)  Topical  analgesics  (e.g. ,  capsaic in)  are ef fect ive in re l iev ing OA pain 

in some pat ients.  Topical  therapy can be used in conjunct ion wi th oral  



therapy or  as monotherapy.  Capsaic in is  der ived f rom hot chi l i  peppers and 

wi th chronic  use (> 2 weeks)  works  
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by deplet ing stores of  substance P.  Pat ients should be counseled to wash 

hands thoroughly af ter  appl icat ion to avoid contact  wi th other  sk in to avoid 

burning and st inging.  

(5)  Intra-art icular inject ions  

(a)  Corticosteroids  may be useful  in  knee OA when inf lammat ion is  present  

but  are not  rout inely recommended in h ip OA owing to adminis t rat ion 

d i f f icu l t ies.  Durat ion of  act ion is  up to 4 weeks.  Because of  adverse ef fects 

on the bone,  in ject ions should be l imi ted to three or  four  per  year .  Long-

term benef i ts  and safety have not  been establ ished def in i t ive ly.  

(b)  Hyaluronic acid derivat ives.  Indicated for  the t reatment  of  knee OA 

when t reatment  fa i lure to other  therapies occurs.  Intended to improve 

elast ic i ty and v iscosi ty o f  synovia l  f lu id.  Sodium hyaluronate (Hyalgan;  2 

mL weekly for  5 weeks)  and hylan polymers (Synvisc;  2 mL weekly for  3 

weeks)  are the two agents current ly avai lable.  Most  benef i ts  are seen af ter  

the last  dose;  ef fects are super ior  to p lacebo and comparable to 

cor t icosteroid in ject ions.  These agents should be used wi th caut ion in 

pat ients wi th a l lerg ies to av ian prote ins,  feathers,  and egg products.  

Pat ients should be counseled to avoid st renuous or  prolonged (> 1 hr)  

weight-bear ing act iv i t ies wi th in 48 hr  af ter  t reatment .  

(6)  Adjunctive treatments.  These agents are widely used by pat ients;  

however,  ef f icacy has not  been consistent ly demonstrated in contro l led 

t r ia ls .  

(a)  Glucosamine  acts as a substrate for  and promotes the synthesis  of  the 

glycosaminoglycans.  

( i )  The dose is  500 mg three t imes a day.  

( i i )  Side effects  may inc lude GI  d iscomfor t ,  fat igue,  and sk in rash.  

(b)  Chondroit in  helps protect  against  the breakdown of  co l lagen and 

proteoglycans.  I t  is  usual ly found in  combinat ion wi th g lucosamine,  but  the 

added benef i ts  are not  c lear .  

( i )  The dose is  1200 mg/day.  

( i i )  Side effects  can inc lude prolonged bleeding t ime and nausea.  

(c)  The mechanism of  S-adenosylmethionine (SAMe)  is  unclear ;  however,  

i t  does play a ro le in mainta in ing car t i lage.  The dose is  600 mg/day for  2 

weeks,  then 400 mg/day.  

(7)  Surgical  interventions  (e.g. ,  ar throscopy,  jo int  replacement)  are 

considered when pain is  severe and not  responding to medical  t reatment  or  

when disabi l i ty inter feres wi th dai ly act iv i t ies.  

IV. RHEUMATOID ARTHRITIS 

A. Et iology and pathogenesis.  The cause of  RA is  not  fu l ly understood but  

appears to be mul t i factor ia l .  I t  is  considered an autoimmune disease,  in 



which the body loses i ts  abi l i t y to d is t inguish between synovia l  and foreign 

t issue.  Other  factors involved in RA are as fo l lows:  

1.  Environmental  influences,  such as bacter ia l  and v i ra l  in fect ions,  are 

thought  to play a ro le in  the development  of  RA. 

2.  Genetic markers,  such as human leukocyte ant igen DR4 (HLA-DR4),  

have been associated wi th t r igger ing the inf lammatory process in RA. 

However,  such markers are not  considered diagnost ic  because as up to 

30% of  people wi th HLA-DR4 never  develop RA.  

3.  Tumor necrosis factor α  (TNF-α) ,  IL-1,  IL-6,  and growth factors  

propagate the inf lammatory process,  and agents found to a l ter  these 

cytok ines show promise in reducing pain and deformi ty.  

4.  Inf lamed synovium  is  a hal lmark of  the pathophys io logy of  RA.  

Synovium prol i ferates abnormal ly,  growing into the jo int  space and into the 

bone,  forming a pannus.  The pannus migrates to the ar t icular  car t i lage and 

into the subchondral  bone.  Through st imulat ion by the cytok ines,  the cel ls  

of  the pannus produce proteolyt ic  enzymes,  which degrade car t i lage.  These 

same cytok ines act ivate osteoclasts,  which causes the demineral izat ion of  

bone.  

B. Clinical  manifestat ions  

1.  The onset  of  RA is ins id ious.  In ear ly d isease,  symptoms inc lude malaise 

and anorexia,  accompanied by symmetr ical ly tender and swol len jo ints .  

Pain in the jo ints  is  common and aggravated by movement .  
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2.  Most  commonly,  the jo ints  f i rst  af fected by RA inc lude the MCP and PIP 

jo ints  of  the hands,  the metatarsophalangeal  (MTP) jo ints,  and the wr is ts .  

Other  areas af fected by RA inc lude the spine,  shoulder ,  ankle,  and hip.  

C. Clinical  course.  The sever i ty of  the disease is  var iable.  

1.  With in 4 months of  d iagnosis,  i r revers ib le jo in t  damage is  detectable on 

radiographic images.  The rate at  which jo int  damage occurs is  greatest  

dur ing the 1st  year .  

2.  Prognosis is  poorest  wi th an ear ly onset  of  the disease,  s igni f icant  

funct ional  d isabi l i t y dur ing the 1st  year ,  involvement  of  20 or  more jo ints ,  

the presence of  rheumatoid nodules,  or  ext ra-art icu lar  involvement .  

3.  Ext ra-ar t icular  mani festat ions can inc lude rheumatoid nodules,  anemia,  

per ipheral  neuropathy,  k idney d isease,  CV ef fects,  and pulmonary d isease.  

4.  Osteoporosis  may occur  secondary to RA in pat ients receiv ing t reatment  

wi th cor t icosteroids.  

D. Diagnosis and cl inical  evaluat ion.  The ACR c lass i f ies RA by having at  

least  four  of  the fo l lowing seven cr i ter ia,  and the f i rs t  four cr i ter ia must 

have been present  for  at  least  6 weeks:  

1.  Morning st i f fness for  1 hr  

2.  Arthr i t is  of  three or more jo int  areas of  the hand,  wr is t ,  e lbow,  knee,  

ankle,  or  foot  



3.  Arthr i t is  of  hand jo ints—swel l ing in at  least  one area in a wr is t ,  MCP, or  

PIP jo int  

4.  Symmetr ical  ar thr i t is—simul taneous involvement  of  the same jo int  areas 

on both s ides of  the body 

5.  Rheumatoid nodules—observable subcutaneous nodules ,  over  bony 

prominences or  extensor  sur faces 

6.  Serum rheumatoid factor  and ant i -cyc l ic  c i t ru l l inated pept ide ant ibody 

(see VI I I .E.3)  

7.  Radio logical  changes (see VII I .F) 

E. Laboratory assessment  

1.  Rheumatoid factor (RF)  is  found in > 60% of  pat ients wi th RA;  however,  

as many as 5% of  heal thy indiv iduals wi l l  have elevated t i ters of  RF.  I f  

in i t ia l ly negat ive,  the test  can be repeated in 6-12 months.  The most 

commonly found rheumatoid factors are IgM and IgG. IgA is  a lso a good 

indicator  because i t  corre lates wel l  wi th the erythrocyte sedimentat ion rate 

(ESR).  RF is  not  an accurate measure of  d isease progression.  

2.  ESR and C-reactive protein (CRP)  are markers of  inf lammat ion and are 

usual ly e levated in pat ients wi th RA.  They can also help indicate the 

act iv i ty of  the disease,  but  they do not  indicate d isease sever i ty.  

3.  Ant i -cyc l ic  c i t ru l l inated pept ide ant ibodies (ant i -CCP) are found in most  

pat ients wi th RA and are useful  in  predict ing erosive disease.  

4.  Because anemia is  a common feature of  RA,  a complete blood count 

(CBC)  should be regular ly obtained.  Anemia associated wi th  RA tends to be 

hypochromic in 50%-100% of  RA cases,  and mi ld leukocytos is  is  ev ident  in 

25% of  cases.  

5.  The antinuclear antibody (ANA)  test  is  posi t ive in 15% of  pat ients wi th 

RA.  

F. Radiographic examination.  Basel ine evaluat ions of  the feet  and hands 

are important  to ascer ta in s t ructural  damage.  As the disease progresses,  

ev idence of  per iar t icular  osteopenia becomes apparent .  The radiograph is  a 

good indicator  of  the extent  of  bone erosion and car t i lage loss.  An MRI 

study detects the prol i ferat ive pannus.  
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G. Treatment object ives.  The goals in the management  of  RA are 

1.  To prevent  or  contro l  jo int  damage 

2.  To prevent  loss of  funct ion 

3.  To decrease pain 

4.  To mainta in the pat ient 's  qual i ty of  l i fe  

5.  To avoid or  minimize adverse ef fects of  t reatment  

H. Prognosis.  Poor  prognost ic  factors inc lude act ive d isease wi th mul t ip le 

tender and swol len jo ints ,  ev idence of  eros ions seen on radiographs,  

e levated RF and/or  Ant i -CCP ant ibody,  and elevated ESR and/or  CRP. 

Addi t ional ly,  worse outcomes,  inc luding disabi l i ty and morbid i ty,  are 



associated wi th female gender,  advancing age,  c igaret te smoking,  and 

genotype.  

I .  Therapy.  The Amer ican Col lege of  Rheumatology (ACR) publ ished 

updated t reatment  recommendat ions in 2008 on non-bio log ical  and 

bio logical  d isease modi fy ing drugs.  Nonpharmacological  therapy and 

t reatment  wi th ant i - in f lammatory drugs was not  inc luded in the 2008 repor t .  

1.  Nonpharmacological .  Opt imal  therapy invo lves both drug-  and nondrug 

therapy;  however,  non-drug therapy is  considered adjuvant .  Pat ients should 

be inst ructed on jo int  protect ion and range-of -mot ion exerc ises.  Regular ly 

scheduled rest  per iods are important  to reduce phys ical  s t ress on the 

jo ints .  Physical  therapy and occupat ional  therapy may help pat ients 

mainta in thei r  act iv i t ies of  dai ly l iv ing.  Arthr i t is  support  groups may help 

wi th psychological  wel l -being.  

2.  Pharmacological .  Drug therapy for  RA involves the t reatment  of  

symptoms for  pain management  and the use of  d isease modi fying agents.  

Drugs wi th ant i - in f lammatory act iv i ty are the agents of  choice for  the 

symptomat ic  re l ief  of  RA,  but  these should not  be used as monotherapy.  

These drugs are commonly used as “br idge therapy”  as most  d isease 

modi fying agents have a delayed onset  of  act ion.  Factors such as cost ,  

toxic i ty,  compl iance,  and onset  of  act ion inf luence the select ion of  the 

disease-modi fying drugs.  

a.  Anti - inflammatory drugs  (e.g. ,  sal icylates,  NSAIDs, and COX-2 

inhib i tors)  reduce jo int  pain and swel l ing,  but  they do not  a l ter  the course of  

the disease or  prevent  jo int  dest ruct ion (Table 50-1) .  

b. Cort icosteroids.  Low-dose systemic cor t icosteroids (e.g. ,  prednisone,  

methylprednisolone)  can work wel l  e i ther  oral ly or  parenteral ly.  They have 

excel lent  ant i - in f lammatory act iv i ty and are immunosuppressant .  The lowest  

ef fect ive dose should be used because of  adverse ef fects (e.g. ,  

hyperglycemia,  GI  toxic i ty,  osteoporosis) .  These agents have shown to s low 

jo int  damage;  however,  they are of ten used to “br idge”  therapy as pat ients 

s tar t  on disease-modi fying ant i rheumat ic  drugs or  dur ing an acute at tack.  

c.  Non-biological  disease-modifying antirheumatic drugs (DMARDs)  

(Table 50-2)  are used to reduce or  prevent  jo int  damage and preserve jo int  

funct ion and should be considered wi th in 6 months of  d iagnosis.  NOTE—the 

2008 recommendat ions only assessed the use of  methotrexate (MTX),  

lef lunomide,  sul fasalaz ine,  hydroxychloroquine (HCQ),  and minocycl ine.  

Other  non-bio logical  DMARDs were not  ment ioned due to lack of  c l in ical  

ef f icacy,  s ide ef fects,  or  both.  

(1)  Methotrexate (MTX; Rheumatrex)  works by inhib i t ing d ihydrofo late 

reductase and is  considered standard therapy for  RA.  I t  is  approved as 

monotherapy for  RA,  and is  of ten used concurrent ly wi th other  DMARDs or  

b io logicals  i f  response is  poor  to monotherapy or  d isease burden is  h igh.  

Toxic i ty is  of ten dose-related (e.g. ,  GI ,  l iver ,  pulmonary,  hematologic)  and 

can occur  at  anyt ime dur ing therapy.  



(2)  Leflunomide (Arava)  inhib i ts  pyr imidine synthesis  and is  indicated as 

monotherapy for  RA or  can be used in combinat ion wi th MTX. 

( i )  L iver toxic i ty can develop wi th in 6 months of  use.  L iver  funct ion tests 

should be per formed as recommended by the manufacturer .  

( i i )  In the event  of  ser ious adverse drug react ions or  i f  the pat ient  wishes to 

become pregnant ,  the use of  cholestyramine is  recommended to a id in the 

el iminat ion of  lef lunomide because el iminat ion can take up to 2 years 

wi thout  a b inding agent .  

(3)  Sulfasalazine,  Hydroxychloroquine (HCQ),  and minocycl ine  can be 

used as monotherapy or  in conjunct ion wi th MTX. Sul fasalaz ine is  

recommended in pat ients wi thout  poor  prognost ic  ind icators regardless of  

d isease durat ion or  d isease burden.  Hydroxychloroquine and minocycl ine 

may be used i f  the durat ion of  d isease act iv i ty is  ≤24 months or  <6 months 

respect ively,  and i f  the d isease burden is  low.  
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Table 50-2. Disease-Modifying Antirheumatic Drugs (DMARDs) 

Agent (Brand) 

Time 

to 

Effect 

(month

s) 

Starting 

Dose 

Adverse 

Effects 

Monitorin

g 

Parameter

s 

Some Drug 

Interactions 

Traditional DMARDs 

Methotrexat

e 

(Rheumatre

x) 

0.5

-6 

7.5-15 

mg 

PO 

weekl

y 

Nausea, 

diarrhea, 

mouth 

ulcers, 

hepatotoxi

city, 

pulmonary 

toxicity, 

myelosupp

ression 

LFTs, 

SrCr, 

CBC, 

chest 

x-ray 

Hepati

tis B 

and C 

serolo

gy 

Penicillin, 

cyclospori

ne, 

NSAIDs 

Sulfasalazin

e 

(Azulfidine) 

1-

3 

500 

mg 

PO 

Nausea, 

diarrhea, 

rash, 

CBC, 

LFTs, 

SrCr 

Iron, 

digoxin, 

warfarin 



BID; 

gradu

ally 

increa

se to 

2-3 

g/day 

in 2-4 

divide

d 

doses 

photosensi

tivity 

Hydroxychl

oroquine 

(Plaquenil) 

2-

6 

200-

300 

mg 

PO 

BID 

Ocular 

toxicity, 

rash, 

nausea, 

myopathy 

Eye 

exam, 

SrCr, 

CBC, 

LFTs 

Cimetidine 

Minocycline 

(Dynacin) 

n/d 100 

mg 

PO 

BID 

GI, rash CBC, 

LFTs 

Calcium, 

magnesium

, 

aluminum, 

iron 

Biologicals 

Leflunomid

e (Arava) 

1-

4 

100 

mg/da

y PO 

× 3 

days 

(load)

, then 

10-20 

mg/da

y 

Diarrhea, 

nausea, 

infection, 

rash, 

HTN, 

alopecia, 

liver 

toxicity 

LFTs, 

CBC, 

SrCr, 

PPD, 

Hepati

tis B 

and C 

serolo

gy 

MTX, 

rifampin, 

warfarin 

Etanercept 

(Enbrel) 

0.2

5-

3 

50 mg 

SC 

weekl

y 

Abdomina

l pain, 

HA, 

injection 

site 

reactions, 

PPD, 

CBC, 

LFTs, 

SrCr 

cyclophosp

hamide 



infections 

Infliximab 

(Remicade) 

0.5 3 

mg/kg 

IV 

over 2 

hr at 

weeks 

0, 2, 

and 6; 

then 

every 

8 

weeks 

Nausea, 

HA, 

abdominal 

pain, 

dizziness, 

hepatic, 

hematolog

ic, 

infections 

PPD, 

CBC, 

LFTs, 

SrCr 

None 

known 

Adalimuma

b (Humira) 

0.2

5-

1 

40 mg 

SC 

every 

2 

weeks 

Injection 

site 

reactions, 

infection, 

rash, HA 

PPD, 

CBC, 

LFTs, 

SrCr 

None 

known 

Anakinra 

(Kineret) 

0.2

5-

1 

100 

mg/da

y SQ 

HA, 

injection 

site 

reactions, 

infection 

CBC 

with 

neutro

phil 

counts, 

LFTs, 

SrCr 

Entanercep

t, 

thalidomid

e 

Abatacept 

(Orencia) 

n/d 10 

mg/kg 

IV at 

day 0; 

then 2 

weeks

, 4 

weeks

, and 

contin

uing 

every 

4 

weeks 

Injection 

site 

reactions, 

infections, 

HA, 

nausea, 

HTN, 

nasophary

ngitis 

PPD, 

CBC, 

LFTs, 

SrCr 

Anakinra, 

TNF-

antagonists 



Rituximab 

(Rituxan) 

n/d 1000 

mg IV 

at 

days 0 

and 

14 

Injection 

site 

reactions, 

HTN, 

infections, 

nausea, 

arthralgia 

Hepati

tis B 

serolo

gy, 

CBC, 

LFTs, 

SrCr 

Cisplatin 

Less Frequently Used DMARDs 

Gold Salts 

(Aurolate) 

3-

6 

25-50 

mg 

IM 

every 

2-4 

weeks 

Itching, 

rash, 

stomatitis, 

proteinuria

, 

conjunctiv

itis 

CBC 

with 

differe

ntial, 

SrCr, 

urinaly

sis 

Penicillami

ne 

D-

penicillamin

e 

(Cuprimine) 

3-

6 

125-

250 

mg 

PO 

daily; 

increa

se 

gradu

ally to 

250 

mg 

TID 

Nausea, 

rash, 

photosensi

tivity, 

myelosupp

ression 

CBC, 

SrCr 

Gold, iron, 

zinc, 

antacids, 

digoxin, 

antimalaria

ls 

Azathioprin

e (Imuran) 

2-

3 

50-

150 

mg/da

y 

Chills, 

fever, 

N/V, 

diarrhea, 

leucopenia 

CBC, 

LFTs 

Allopurino

l 

Cyclosporin

e (Neoral) 

2-

4 

3-10 

mg/kg

/day 

HTN, HA, 

nausea, 

paresthesi

a, 

leukopenia 

BP, 

SrCr, 

LTFs, 

serum 

drug 

levels 

CYP-450 

3A/4 

inhibitors, 

MTX, 

digoxin, 

allopurinol



, 

glucocortic

oids 

BP, blood pressure; CBC, complete blood count; HA, headache; HTN, 

hypertension; IM, intramuscularly; IV, intravenously; LFTs, liver function 

tests; MTX, methotrexate; n/d, no data available; N/V, nausea and vomiting, 

NSAIDs, nonsteroidal anti-inflammatory drugs; PO, by mouth; PPD, 

tuberculosis skin test; SC, subcutaneously; SrCr, serum creatinine; including 

2008 recommendations by the ACR. 
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d.  The newest  c lass of  agents used as RA disease modi f iers are the 

Biological  DMARDs  (Table 50-2) .  These agents should be used only af ter  

fa i lure of  nonbio logical  DMARDs.  They can also reduce or  prevent  jo int  

damage and preserve jo int  funct ion.  NOTE: the only b io logicals  inc luded in 

the 2008 guidel ines are abatacept ,  adal imumab,  etanercept ,  in f l ix imab,  and 

r i tuximab.  The remaining bio logic  DMARDs were not  inc luded because of  

very inf requent  use,  the high inc idence of  s ide ef fects,  or  both.  

(1)  TNF-alpha blockers  (e.g. ,  etanercept  (Enbrel ) ,  Inf l ix imab (Remicade),  

and adal imumab (Humira))  inhib i t  the inf lammatory response mediated in 

immune cel ls .  Etanercept  and adal imumab can be used as monotherapy or  

in conjunct ion wi th MTX. Inf l ix imab is  only F.D.A.  approved for  use wi th 

MTX in RA.  These drugs are recommended i f  h igh disease act iv i ty is  

present  ear ly in the course of  the i l lness (<3 months)  wi th features poor  

prognosis.  These drugs are usual ly considered when pat ients do not  

achieve an acceptable response to MTX o other non-bio log ical  DMARDs.  

(2)  Abatacept (Orencia)  is  the f i rst  select ive modulator  of  a co-st imulatory 

s ignal  required for  fu l l  T  cel l  act ivat ion.  I t  is  used as monotherapy or  

concomitant ly wi th non-bio logic  DMARDs;  however,  concurrent  

adminis t rat ion wi th TNF antagonists  or  anakinra is  not  recommended.  

Pat ients wi th chronic obst ruct ive pulmonary d isease should be moni tored 

c losely for  worsening respiratory s tatus.  The 2008 recommendat ions state 

abatacept  should be used in pat ients wi th at  least  moderate d isease act iv i ty 

and poor  prognost ic  indicators who fa i l  MTX and other  DMARDs.  

(3)  Rituximab (Rituxan)  is  an ant i -CD20 monoclonal  ant ibody.  Deplet ion of  

the CD20+ B cel ls  appears to af fect  the autoimmune response and helps 

wi th the chronic synovi t is  associated wi th RA.  I t  is  used when the pat ient  

fa i ls  MTX and/or  mul t ip le DMARDs and has high disease burden and poor  



prognosis.  Severe,  even fata l ,  in fus ion react ions have been repor ted.  A 

dose is  g iven at  weeks 0 and 14;  t ime to re-t reat  is  undetermined.  

(4)  Anakinra (Kineret )  is  an IL-1 receptor  antagonist .  I t  is  used as 

monotherapy or  in conjunct ion wi th any DMARD except  a TNF blocker .  The 

manufacturer  recommends that  a basel ine neutrophi l  count  be obtained and 

then re-evaluated monthly for  3 months;  and quar ter ly thereaf ter  for  the 

f i rs t  year .  

e.  Combination therapy.  Concurrent  use of  several  non-bio logical  DMARD 

agents has been studied.  The 2008 guidel ines suppor t  the fo l lowing 

combinat ions:  MTX + HCQ, MTX + sul fasalaz ine,  MTX + lef lunomide,  and 

sul fasalaz ine + HCQ + MTX. Some pat ients current ly receiv ing DMARD 

therapy wi th  new or  worsening symptoms have benef i ted f rom combinat ion 

therapy.  Combinat ion therapy wi th mul t ip le b io logical  DMARDs were not  

recommended in the 2008 guidel ines due to increased s ide ef fects and/or  

lack of  ef f icacy.  

f .  Treatment recommendations  are publ ished by the Amer ican Col lege of  

Rheumatology and are avai lable at  www.rheumatology.org.  

3.  Surgical  treatment  (e.g. ,  carpal  tunnel  re lease,  tota l  jo int  ar throplasty,  

jo int  fus ion)  may be considered when pain is  severe,  range of  mot ion is 

lost ,  or  jo int  funct ion is  poor  owing to jo int  damage.  Pat ients wi th good 

preoperat ive funct ional  s tatus general ly have a re lat ively fast  rate of  

recovery.  
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STUDY QUESTIONS 

Direct ions for questions 1-3:  The quest ions in th is  sect ion can be 

correct ly answered or  completed by one or more  of  the suggested answers.  

Choose the answer,  A-E.  

1.  Which of the fol lowing statements best characterizes osteoarthrit is 

(OA)? 

( I )  OA is a systemic disease that  is character ized by profound,  dif fuse 

inflammation, result ing in joint destruct ion, deformity,  and disabil i ty.  

( I I )  OA is a common disorder characterized by cart i lage degenerat ion 

that  can cause joint  pain,  decreased functioning, and disabi l i ty.  

( I I I )  OA, the most common form of arthrit is,  can result  from age-related 

changes in the joint,  loss of  function of the chondrocytes,  and 

proteoglycan depletion.  

A  i f  I  only  is  correct  

B  i f  I I I  only  is  correct  

C  i f  I  and I I  are correct  

D  i f  I I  and I I I  are correct  

E  i f  I ,  I I ,  and I I I  are correct  



View Answer1.  The answer is D(I ,  I I )  [see IA;and] .For questions 

2-3:  Bet ty is  65 years o ld;  is  obese;  and has Type 2 d iabetes mel l i tus,  

d iabet ic  nephropathy,  renal  insuf f ic iency,  and hypertension.  She works as a 

seamstress.  She was act ive as a younger woman,  p layed several  spor ts  and 

sk ied.  She in jured her  r ight  knee in a sk i ing accident .  She complains of  

hand pain and st i f fness and r ight  knee pain and st i f fness.  Morning st i f fness 

lasts < 30 min.  No crepi tus is  heard on jo int  manipulat ion.  

2.  Al l  of  the fol lowing nonpharmacological  treatments should be 

recommended for Betty except  

( I )  lose weight 

( I I )  engage in aerobic exercise programs 

( I I I )  l imit  act ivi ty to ≤ 30 min at  one t ime and rest  the joint  as often as 

possible 

A  i f  I  only  is  correct  

B  i f  I I I  only  is  correct  

C  i f  I  and I I  are correct  

D  i f  I I  and I I I  are correct  

E  i f  I ,  I I ,  and I I I  are correct  

View Answer2.  The answer is B(I I I )  [see] .3.  Which of the 

fol lowing pharmacological  agents is relat ively contraindicated for the 

treatment of  Betty's osteoarthri t is (OA)? 

( I )  oxycodone 

( I I )  acetaminophen 

( I I I )  diclofenac 

A  i f  I  only  is  correct  

B  i f  I I I  only  is  correct  

C  i f  I  and I I  are correct  

D  i f  I I  and I I I  are correct  

E  i f  I ,  I I ,  and I I I  are correct  

View Answer3.  The answer is B(I I I )  [see I I I .E.4.b. ( i i )] .Direct ions 

for questions 4-8:  Each of  the quest ions,  statements,  or  incomplete 

statements in th is  sect ion can be correct ly answered or  completed by one  

of  the suggested answers or  phrases.  Choose the best  answer.  

4.  Which set  of factors is associated with a poor prognosis of 

rheumatoid arthri t is (RA)? 

(A)  absence of  rheumatoid factor  (RF),  minimal  inf lammat ion,  l imi ted 

jo int  involvement  at  the onset  

(B)  fami ly h is tory of  the disease,  h igh serum concentrat ions of  

erythrocyte sedimentat ion rate (ESR) and c-react ive prote in (CRP) 

(C) poor  response to aspir in or  other  nonsteroidal  ant i - in f lammatory 

drugs (NSAIDs),  and female gender  

(D)  good response to methotrexate (MTX),  presence of  rheumatoid 

factor ,  low ESR and/or  CRP 

(E)  h igh RF and ant i -cyc l ic  c i t ru l l inated pept ide (ant i -CCP) ant ibody 

t i ters,  radiographic ev idence of  mul t ip le jo int  eros ions 



View Answer4.  The answer is E[see] .5.  Al l  of  the fol lowing statements 

are true about the use of hyaluronic acid derivat ives except  which one? 

(A)  In ject ions must be given in weekly intervals ,  and opt imal  ef fects are seen af ter  

the last  dose.  

(B)  These are v iable opt ions for  pat ients wi th osteoar thr i t is  (OA) of  the hip.  

(C)  Pat ients should avoid st renuous act iv i t ies for  2 days af ter  t reatment .  

(D)  Use caut ion when prescr ib ing these products to pat ients wi th a l lergy to eggs or 

feathers.  

(E)  These are considered second- l ine therapy when other  t reatments have fa i led.  

View Answer5.  The answer is B[see] .P.1104 

 

 

6.  Which of the fol lowing agents necessitates an ophthalmic examination to 

monitor for toxici ty? 

(A)  penic i l lamine 

(B)  methotrexate 

(C) hydroxychloroquine 

(D) cyc lospor ine 

(E)  auranof in 

View Answer6.  The answer is C[see] .7.  Which of  the fol lowing biological  

disease-modifying antirheumatic drugs (DMARDs) can be given oral ly? 

(A)  Lef lunomide 

(B)  Etanercept  

(C)  Abatacept  

(D)  Anakinra 

(E)  Inf l ix imab 

View Answer7.  The answer is A[see] .8.  Osteoporosis is associated with 

the use of which of the fol lowing drugs used in rheumatoid arthri t is (RA)? 

(A)  lef lunomide 

(B)  prednisone 

(C) methotrexate 

(D) penic i l lamine 

(E)  hydroxychloroquine 

View Answer8.  The answer is B[see] .P.1105 

 

 

ANSWERS AND EXPLANATIONS 

1.  The answer is D  ( I ,  I I )  [see IA;  I I I .A.1,  2,  3,  4,  5,  6 and  7 ] .  

Osteoar thr i t is  is  not  considered a d isease of  inf lammat ion.  Al though there are t imes 

of  minor  inf lammat ion (e.g. ,  OA f lare) ,  i t  is  local ized to the af fected jo int(s) .  

2.  The answer is B  ( I I I )  [see  I I I .E.2 ] .  

Nonpharmacological  t reatment  should inc lude aerobic  exerc ise,  physica l  therapy,  

jo int  protect ion,  thermal  therapy,  and weight  loss ( i f  the pat ient  is  overweight) .  

3.  The answer is B  ( I I I )  [see I I I .E.4.b. ( i i ) ] .  



Pat ients at  h igher  r isk of  renal  toxic i ty inc lude the elder ly;  pat ients wi th 

hyper tension,  d iabetes,  hear t  fa i lure,  or  c i r rhosis ;  pat ients who are volume 

depleted;  and pat ients who have preexis t ing renal  d isease.  

4.  The answer is E  [see  IV.H ] .  

Factors associated wi th  a poor  prognosis for  RA inc lude act ive d isease wi th mul t ip le 

tender and swol len jo ints ,  ev idence of  eros ions seen on radiographs,  e levated RF 

and/or  Ant i -CCP ant ibody,  and elevated ESR and/or  CRP. Addi t ional ly,  worse 

outcomes,  inc luding disabi l i t y and morbid i ty,  are associated wi th female gender,  

advancing age,  c igaret te smoking,  and genotype.  

5.  The answer is B  [see  I I I .E.3.c;5.b. ] .  

Hyaluronic ac id der ivat ives are indicated only for  OA of  the knee.  

6.  The answer is C  [see  Table 50-2 ] .  

An ophthalmic exam is  recommended when pat ients are receiv ing 

hydroxychloroquine.  

7.  The answer is A [see  Table 50-2 ] .  

The only b io logical  DMARD that  can be given oral ly is  lef lunomide.  

8.  The answer is B  [see  IV. I .2.b. ] .  

Steroid (e.g. ,  prednisone) use can lead to osteoporosis ;  therefore,  pat ients tak ing 

prednisone should cons ider  therapy wi th calc ium and a b isphosphonate.  
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Hyperuricemia and Gout 
Larry N.  Swanson 

I. INTRODUCTION 

A. Defini t ions  

1.  Hyperuricemia  refers to a serum ur ic  ac id level  that  is  e levated more than two 

standard deviat ions above the populat ion mean.  In most laborator ies,  the upper l imi t  

of  normal  is  7 mg/dL (ur icase method).  However ,  the level  var ies wi th the laboratory 

method used;  the upper l imi t  of  normal  is  about  1 mg/dL lower for  women than for  

men.  

2.  Gout  is  a d isease that  is character ized by recurrent  acute at tacks of  urate 

crysta l - induced ar thr i t is .  I t  may inc lude tophi—deposi ts  of  monosodium urate—in 

and around the jo ints  and car t i lage and in the k idneys,  as wel l  as ur ic  ac id 

nephrol i th ias is .  

B. General  information  

1.  The prevalence of  gout  is  bel ieved to be 8.4 per  1000 indiv iduals in the Uni ted 

States but  th is  est imate is  based on pat ient  sel f - repor t ing;  thus th is  f igure may 

overest imate the t rue prevalence.  

2.  Most  gout v ic t ims are men (approximately 95% of  cases);  most  women wi th the 

disease are postmenopausal .  

3.  The mean age at  d isease onset  is 47 years.  

4.  The r isk of  developing gout  increases as the serum ur ic  ac id level  r ises.  Vi r tual ly 

a l l  gout  pat ients have a serum ur ic  ac id level  > 7 mg/dL.  

5.  Research shows that  among pat ients wi th a serum ur ic  acid level  above 9 mg/dL,  

the cumulat ive inc idence of  gout  reached 22% af ter  5 years.  

6.  Gout has a fami l ia l  tendency;  10%-60% of  cases occur  in fami ly members of  

pat ients wi th the disease.  

7.  Obesi ty,  hyper tension,  hyper l ip idemia,  atheroscleros is ,  and alcohol  abuse are 

of ten associated wi th hyperur icemia and gout .  Cer ta in nutr i t ional  s t rategies ( i .e. ,  

achiev ing ideal  body we ight  or  l imi tat ion of  a lcohol  intake)  can t reat  both the 

hyperur icemia and the associated condi t ions.  

C. Uric acid production and excret ion  

1.  Ur ic  ac id,  an end product  of  purine metabol ism,  is  produced f rom both d ietary 

and endogenous sources.  I ts format ion resul ts  f rom the convers ion of  adenine and 

guanine moiet ies of  nucleoproteins and nucleot ides (F igure 51-1) .  

2.  Xanthine oxidase  cata lyzes the react ion that  occurs as the f inal  s tep in the 

degradat ion of  pur ines to ur ic  ac id.  

3.  The body ul t imately excretes ur ic  ac id v ia the k idneys (300-600 mg/day;  two 

th i rds of  tota l  ur ic  ac id)  and v ia the gast ro intest inal  (GI)  t ract  (100-300 mg/day;  one 

th i rd of  the tota l  ur ic  ac id) .  

4.  Ur ic  ac id has no known bio logical  funct ion.  

5.  The body has a tota l  ur ic  ac id content  of  1.0-1.2 g;  the dai ly turnover  rate is 600-

800 mg.  



6.  At  a pH of  4.0-5.0 ( i .e. ,  in ur ine) ,  ur ic  ac id exis ts  as a poor ly soluble f ree ac id;  at  

physio logica l  pH,  i t  exis ts  pr imar i ly as monosodium urate salt .  

7.  Ur ic  ac id f i l t rat ion,  reabsorpt ion,  and secret ion s i tes are shown in F igure 51-2.  
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Figure 51-1. Uric acid formation. HGPRT, 

hypoxanthine-guanine phosphoribosyltransferase; 

PRPP, phosphoribosyl-1-pyrophosphate. 

[Adapted with permission from DiPiro J, Talbert 

R, Yee G, et al. Pharmacotherapy—A 

Pathophysiologic Approach, 5th ed. The 

McGraw-Hill companies, 2002:1660.] 

D. Cause.  Hyperur icemia and gout  may be pr imary or  secondary.  

1.  Primary hyperuricemia  and gout  apparent ly resu l t  f rom an innate defect  in 

purine metabolism  or  uric acid excret ion.  The exact  cause of  the defect  usual ly is  

unknown.  

a.  Hyperur icemia may resul t  f rom uric acid overproduction, impaired renal  

clearance of  uric acid,  or  a combination  of  these.  

b.  Some pat ients wi th pr imary hyperur icemia and gout  have a known enzymat ic  

defect ,  such as hypoxanthine-guanine phosphor ibosyl t ransferase (HGPRT) 

def ic iency or  phosphor ibosyl -1-pyrophosphate (PRPP) synthetase excess (F igure 

51-1) .  

c.  Pr inc ipal ly for  therapeut ic  purposes,  pat ients wi th pr imary hyperur icemia and 

gout  can be c lass i f ied as overproducers  or  underexcretors  of  ur ic ac id.  

(1)  Overproducers  (about  10% of  pat ients)  synthesize abnormal ly large amounts of  

ur ic  ac id and excrete excessive amounts:  > 800-1000 mg dai ly on an unrest r ic ted 

diet   
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or  > 600 mg dai ly on a pur ine-rest r ic ted diet .  These indiv iduals general ly have a 

markedly increased misc ib le urate pool  (> 2.5 g).  



 

Figure 51-2. Uric acid filtration, reabsorption, 

and secretion sites. At the glomerulus, uric acid is 

filtered and enters the proximal tubule. There, 

approximately 99% of uric acid is reabsorbed into 

the bloodstream. At the distal tubule, uric acid is 

secreted; subsequently, about 75% of the amount 

secreted is reabsorbed. Therefore, almost all 

urinary uric acid is excreted at the distal tubule. 

(2)  Underexcretors  (about  90% of  pat ients)  general ly produce normal  or  near ly 

normal  amounts of  ur ic ac id but  excrete < 600 mg dai ly on a pur ine-rest r ic ted diet .  

They genera l ly have only a s l ight ly increased misc ib le urate pool .  Some 

underexcretors are a lso overproducers.  

2.  Secondary hyperuricemia  and gout  develop dur ing the course of  another  

d isease or  as a resul t  of  drug therapy.  

a.  Hematological  causes  of  hyperur icemia and gout  (associated wi th increased 

nucle ic  ac id  turnover  and breakdown to ur ic  ac id)  

(1)  Lymphoprol i ferat ive d isorders 

(2)  Myeloprol i ferat ive d isorders 

(3)  Cer ta in hemolyt ic  anemias and hemoglobinopathies 

b. Chronic renal  fai lure.  In th is  condi t ion,  reduced renal  c learance of  ur ic  ac id can 

lead to hyperur icemia.  

c.  Drug-induced disease  

(1)  Aspir in  and other sal icylates  inhib i t  tubular  secret ion of  ur ic  ac id when given 

in low doses (e.g. ,  <  2 g/day of  aspir in) .  At  h igh doses,  these agents f requent ly 

cause ur icosur ia.  

(2)  Cytotoxic drugs  increase ur ic  ac id concentrat ions by enhancing nuc le ic  ac id 

turnover  and excret ion.  

(3)  Diuret ics  (except  spi ronolactone)  may cause hyperur icemia;  most l ike ly,  th is  

occurs e i ther  v ia volume deplet ion,  which,  in turn,  increases proximal  tubular  

reabsorpt ion,  or  v ia impaired tubular  secret ion of  ur ic  ac id.  

(4)  Ethambutol  and nicotinic acid  increase ur ic  ac id concentrat ions by compet ing 

wi th urate for  tubular  secret ion s i tes,  thereby decreasing ur ic  ac id excret ion.  
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(5)  Cyclosporine  decreases renal  urate c learance,  as do pyrazinamide  and 

levodopa.  

(6)  Ethanol  a l ters ur ic  ac id metabol ism both by increasing uric acid production  

through an increase in adenine nucleot ide catabol ism and by suppressing renal  



uric acid excret ion  as a resul t  of  lactate inhib i t ion of  renal  tubular  ur ic  ac id 

secret ion.  

d. Miscel laneous disorders.  Diabet ic  ketoacidosis ,  psor ias is ,  and chronic lead 

poisoning are examples of  condi t ions that  may cause hyperur icemia.  

E. Pathophysiology  

1.  Gouty ar thr i t is  develops when monosodium urate crystals  are deposi ted in the 

synovium of  involved jo ints .  

2.  An inf lammatory response  to monosodium urate crysta ls  leads to an at tack of  

acute gouty ar thr i t is ;  painfu l  jo int  swel l ing is  character ized by redness,  warmth,  and 

tenderness.  A systemic react ion may accompany jo int  symptoms.  

3.  I f  gout  progresses untreated,  tophi,  or  tophaceous deposits  (deposi ts  of  

monosodium urate crysta ls)  eventual ly lead to jo int  deformity and disabi l i ty;  k idney 

involvement  may lead to renal  impairment .  However,  these developments are 

uncommon in the general  gout  populat ion and represent  late compl icat ions of  

hyperur icemia.  

4.  Renal complications  of  hyperur icemia and gout  can have ser ious consequences.  

a.  Acute tubular obstruct ion  

(1)  This  compl icat ion may develop secondary to ur ic  ac id prec ip i tat ion in the 

col lect ing tubules and ureters,  wi th subsequent  b lockage and renal  fa i lure.  I t  is  

most  common in pat ients wi th gout  secondary to myeloprol i ferat ive or  

lymphoprol i ferat ive d isorders,  par t icular ly af ter  chemotherapy when al lopur inol  is  

omit ted.  

(2)  Another  agent ,  urate oxidase  (Rasbur icase) ,  may be used in the prophylaxis  

and t reatment  of  hyperur icemia in pediat r ic  pat ients wi th leukemia,  lymphoma, and 

sol idtumor mal ignancies who are receiv ing ant icancer  therapy.  This agent  works by 

conver t ing ur ic  ac id into a l lanto in,  which is  f ive t imes more soluble in ur ine than ur ic  

ac id.  

b. Uroli thiasis.  Occurr ing in about  20% of  gout  pat ients,  urol i th ias is  is  

character ized by format ion of  ur ic  acid s tones in the ur inary t ract .  Low ur ine pH 

seems to be a contr ibut ing factor .  The r isk of  urol i th ias is  r ises as serum and ur inary 

ur ic  ac id levels  increase.  

c.  Chronic urate nephropathy.  In th is  compl icat ion,  urate deposi ts  ar ise in the 

renal  interst i t ium. Most  c l in ic ians agree,  however,  that  chronic hyperur icemia rarely,  

i f  ever ,  leads to c l in ical ly s igni f icant  nephropathy.  The presence of  concomitant  

d isease (e.g. ,  d iabetes mel l i tus,  hyper tension)  may expla in  the f inding of  

nephropathy in gout  pat ients.  

F. Cl inical  presentat ion.  Cl in ical  evaluat ion and the need for  intervent ion depend 

on the c l in ical  presentat ion.  

1.  Asymptomatic hyperuricemia  

2.  Acute gouty arthri t is  

3.  Intercri t ical  gout  

4.  Chronic tophaceous gout  

II. ASYMPTOMATIC HYPERURICEMIA 



is  character ized by an elevated serum ur ic  ac id level  but  has no s igns or  symptoms 

of  deposi t ion d isease (ar thr i t is ,  tophi ,  or  urol i th ias is) .  

A. Cl inical  presentat ion.  No def in i t ive ev idence indicates that  asymptomat ic  

hyperur icemia is  harmful .  Serum urate levels  of  up to 13 mg/dL in men and 10 mg/L 

in women have not  been shown to cause a deter iorat ion in  renal  funct ion.  Cl in ic ians 

cannot  predict  which asymptomat ic  pat ients wi l l  develop gout  symptoms or  

hyperur icemia-re lated compl icat ions.  However,  the r isk of  symptom development  

and compl icat ions increases as the serum ur ic  ac id level  r ises.  

B. Therapy.  Asymptomat ic  hyperur icemia does not  have any adverse ef fects before 

the development  of  gout .  Therefore,  drug treatment is not required,  a l though i t  is  

prudent  to determine the causes of  the hyperur icemia and correct  them, i f  possib le.  

Supportive interventions  may inc lude maintenance of  adequate ur ine output  ( to 

prevent  ur ic  ac id s tone format ion) ,  avoidance of  h igh pur ine foods,  and regular  

medical  appointments to moni tor  the serum ur ic ac id level  and check for  c l in ical  

ev idence of  deposi t ion d isease.  
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III. ACUTE GOUTY ARTHRITIS. 

This c l in ical  presentat ion of  gout  is character ized by painful  arthri t ic attacks  of  

sudden onset .  

A. Pathogenesis.  Monosodium urate crysta ls  form in ar t icular  t issues;  th is  process 

sets of f  an inf lammatory react ion.  Trauma,  exposure to cold,  or  another  t r igger ing 

event  may be involved in the development  of  the acute at tack.  

B. Signs and symptoms  

1.  The ini t ial  attack  is  abrupt ,  usual ly occurr ing at  n ight  or  in the ear ly morning as 

synovia l  f lu id is  reabsorbed.  This severe ar thr i t ic  pain progressively worsens and 

general ly involves only one or  a few jo ints .  

a.  The affected joints  typical ly become hot ,  swol len,  and ext remely tender.  

Seventeenthcentury Br i t ish physic ian Thomas Sydenham descr ibed his  personal  

exper ience wi th gout  th is  way:  “Now i t  is  a v io lent  s t retching and tear ing of  the 

l igaments—now, i t  is  a gnawing pain and now a pressure and t ightening.  So 

exquis i te and l ive ly … is  the feel ing of  the par t  af fected,  that  i t  cannot  bear  the 

weight  of  bedclothes nor  the jar  of  a person walk ing in the room.”  

b.  The most common site  of  the in i t ia l  at tack is the f i rst  metatarsophalangeal  

joint;  an at tack there is known as podagra.  Other  s i tes that  may be af fected inc lude 

the instep,  ankle,  heel ,  knee,  wr is t ,  e lbow,  and f ingers.  

2.  The f i rs t  few untreated at tacks typical ly last  3-14 days.  Later  at tacks may af fect  

more jo ints  and take several  weeks to resolve.  

3.  Dur ing recovery,  as edema subsides,  local  desquamat ion and prur i tus may occur .  

4.  Systemic symptoms  dur ing an acute at tack may inc lude fever ,  chi l ls ,  and 

malaise.  

C. Diagnostic cri teria  



1.  Defini t ive diagnosis  of  gouty ar thr i t is  can be made by demonstrat ion of  

monosodium urate crystals  in  the synovia l  f lu id of  af fected jo ints .  These needle-

shaped crys ta ls  are termed negat ively b i ref r ingent  when v iewed through a polar ized 

l ight  microscope.  

2.  Serum analysis  usual ly reveals an above-normal  ur ic  ac id level :  however,  th is 

f inding is  not  speci f ic  for  acute gout .  Other common serum f indings  inc lude 

leukocytos is  and a moderately e levated erythrocyte sedimentat ion rate.  

3.  A dramatic therapeutic response to colchicine  may be helpfu l  in  establ ishing 

the diagnosis,  but  th is  is not  absolute because other  causes of  acute arthr i t is  may 

respond as wel l .  

4.  When f lu id cannot  be aspirated f rom the af fected jo int ,  a diagnosis of  gout is 

supported by:  

a.  A pr ior  history of  acute monart icular arthrit is  (especia l ly of  the big toe )  

fo l lowed by a symptom-free period  

b.  The presence of  hyperuricemia  

c.  Rapid resolut ion of  symptoms after colchicine  therapy 

5.  Other condit ions  that  may mimic  gout  inc lude pseudogout  (calc ium 

pyrophosphate d ihydrate crysta l  d isease)  or  sept ic  ar thr i t is .  

D. Treatment goals  

1.  To re l ieve pain and inf lammat ion 

2.  To terminate the acute at tack 

3.  To restore normal  funct ion to the af fected jo ints  

E. Therapy  

1.  General  therapeutic principles  

a.  The af fected jo int  (or  jo ints)  should be immobi l ized.  

b.  Ant i - in f lammatory drug therapy should begin immediate ly.  For maximal  

therapeut ic  ef fect iveness,  these drugs should be kept  on hand so that  the pat ient  

may begin therapy as soon as a subsequent  at tack begins.  
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c.  Urate- lower ing drugs should not be given unti l  the acute attack is control led,  

as these drugs may prolong the at tack by causing a change in ur ic  ac id equi l ibr ium. 

2.  Specif ic drugs.  Any of  the fo l lowing agents may be used:  

a.  Nonsteroidal anti - inflammatory drugs (NSAIDs)  

(1)  Indicat ions.  Most  physic ians consider  these drugs the agents of  choice,  

especia l ly the newer NSAIDs. These drugs may be preferred when t reatment  is  

delayed s igni f icant ly af ter  symptom onset  or  when the pat ient  cannot  to lerate the 

adverse GI ef fects of  colchic ine.  

(a)  Indomethacin  ( Indocin)  is  usual ly g iven in a  dose of  50 mg three t imes dai ly 

unt i l  pain is  to lerable;  then the dose is  rapid ly reduced to complete cessat ion of  the 

drug.  Def in i te re l ief  of  pain usual ly occurs wi th in 2-4 hr .  Tenderness and heat  

usual ly subside in 24-36 hr ,  and swel l ing gradual ly d isappears in 3-5 days.  Do not  

use the sustained-re lease dosage form.  



(b)  Specif ic NSAIDs—such as naproxen  (Naprosyn)  750 mg fo l lowed by 250 mg 

every 8 hr  unt i l  the at tack subsides or  sulindac  (Cl inor i l )  200 mg twice a day to 

s tar t ,  reducing the dose wi th sat is factory response (7 days of  therapy are usual ly 

adequate)—are speci f ical ly approved for  th is  indicat ion,  but  many other  NSAIDs 

have been used successful ly.  There is  no ev idence that  any par t icular  NSAID is 

more ef fect ive than others in the t reatment  of  an acute gouty at tack.  Some have 

also used select ive cyc looxygenase 2 (COX-2)  inhib i tors for  these at tacks.  

(2)  Precautions and monitoring effects  

(a)  Adverse effects of indomethacin  are usual ly dose re lated.  These ef fects occur 

in 10%-60% of  pat ients and may warrant  drug discont inuat ion.  They pr imar i ly 

inc lude GI  complaints of  nausea and abdominal  d iscomfor t  and centra l  nervous 

system (CNS) ef fects of  headaches and dizz iness.  Indomethacin should be taken 

wi th food or  mi lk  to minimize gastr ic mucosal  i r r i tat ion.  

(b)  Precautions.  NSAIDs,  in general ,  require caut ious use in pat ients wi th a h is tory 

of  hyper tension,  congest ive hear t  fa i lure (CHF),  pept ic  u lcer  d isease,  or  mi ld to 

moderate renal  fa i lure.  

b. Colchicine.  The t radi t ional  drug for  re l iev ing pain and inf lammat ion and ending 

the acute at tack,  colchic ine is  most  ef fect ive when in i t ia ted 12-36 hr  af ter  symptoms 

begin ( the per iod of  maximal  leukocyte migrat ion) .  Some would use th is  agent  only 

i f  the pat ient  is  into lerant  to NSAIDs or  for  those who have used colchic ine 

successful ly in the past .  

(1)  Mechanism of action.  Colchic ine apparent ly  impairs leukocyte migrat ion  to 

inf lamed areas and disrupts urate deposi t ion and the subsequent  inf lammatory 

response.  

(2)  Dosage and administrat ion  

(a)  Oral  regimen  

( i )  The ef fect ive dose of  colchic ine in  pat ients wi th acute gout  is  c lose to that  which 

causes GI symptoms.  The drug usual ly is  adminis tered oral ly in a dose of  1.2 mg 

in i t ia l ly,  fo l lowed by 0.6 mg every 2 hr  unt i l  pain re l ief  occurs or  abdominal  

d iscomfor t  or  d iarrhea develops or  a tota l  dose of  6 to 8 mg has been adminis tered.  

Except  in pat ients who have renal  or  hepat ic  dysfunct ion or  are e lder ly and f ra i l ,  

colchic ine given in th is  way is  safe,  a l though i t  enta i ls  some discomfor t  for  the 

pat ient .  

( i i )  Most  pat ients have some pain re l ief  by 18 hr  and d iarrhea by 24 hr ;  jo int  

in f lammat ion subsides gradual ly wi th in 48 hr  for  75%-80% of  pat ients.  

( i i i )  Dur ing subsequent attacks,  pat ients may receive hal f  of  the tota l  dose 

adminis tered for  the in i t ia l  at tack,  then receive the remaining hal f  as 0.6 mg every 

1-2 hr .  

(b)  Intravenous ( IV) regimen.  This  route is  used rarely now when NSAIDs are 

contra indicated or  when pat ients cannot  take oral  medicat ions.  

( i )  A s ingle dose of  2 mg usual ly is  g iven in 30 mL of  normal  sal ine solu t ion and 

infused s lowly over  5 min.  Two addi t ional  doses of  1 mg each may be given at  6-hr  

intervals ,  but  the tota l  dose should never exceed 4  mg. The doses should be 

reduced by at  least  50% in pat ients wi th hepat ic  or  renal  d isease or  in e lder ly 



pat ients.  Because i t  causes t issue i r r i tat ion,  colchic ine should never be given 

intramuscularly or subcutaneously.  

( i i )  IV adminis t rat ion may re l ieve acute gouty ar thr i t is  more rapid ly than oral  

adminis t rat ion.  However ,  severe toxic i ty may occur  wi thout  warning because the 

ear ly s igns of  toxic i ty (e .g. ,  GI  hypermobi l i ty)  may not  occur .  
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(3)  Precautions and monitoring effects  

(a)  GI  distress  (e.g. ,  nausea,  abdominal  cramps,  d iarrhea)  occurs in up to 80% of  

pat ients receiv ing oral  colchic ine.  This dosage form should be avoided in pat ients 

wi th pept ic  u lcer  d isease and other  GI  d isorders.  

(b)  Local  extravasation  (causing local  pain and necrosis)  can occur  wi th 

adminis t rat ion of  IV colchic ine.  This r isk can be reduced by use of  a secure IV l ine.  

(c)  Colchicine therapy  may cause bone marrow depression.  This rare ef fect  

develops mainly in pat ients who receive excessive doses or  who have under lying 

renal  or  hepat ic  d isease.  Excessively h igh acute doses (especia l ly g iven 

int ravenously)  or  long- term therapy may resul t  in  neurological ,  renal ,  hepat ic ,  or  

other  toxic i ty.  

c.  Corticosteroids  

(1)  Intra-art icular inject ions  of  a cor t icosteroid are usual ly very ef fect ive in 

pat ients wi th acute monart icular  gout ,  and thei r  use is  becoming more widespread 

as exper ience wi th the diagnost ic  aspirat ion of  jo ints  increases.  Aspirat ion a lone 

can somet imes great ly reduce the pain of  gout .  The appropr iate dose of  

cor t icosteroids is  re lated to the s ize of  the jo int :  An int ra-ar t icular  dose of  

tr iamcinolone hexacetonide  (e.g. ,  Ar is tospan int ra-ar t icular)  20-40 mg for  a large 

jo int  such as the knee and lower doses for  smal ler  jo ints  

(2)  Systemic cort icosteroid therapy  is  adminis tered usual ly only when NSAIDs and 

colchic ine have been inef fect ive or are contra indicated.  There are repor ts  of  good 

responses,  wi thout  a rebound ef fect ,  to oral  prednisone  (30-50 mg per  day in i t ia l ly,  

wi th the dose tapered dur ing a per iod of  7-10 days) .  IV glucocort icoids  or  

subcutaneous ACTH  are opt ions i f  pat ients can' t  receive oral  prednisone.  One 

approach is  to g ive 40-80 USP uni ts of  adrenocort icot ropic  hormone (ACTH) twice 

dai ly for  2 days and then once dai ly for  several  addi t ional  days as needed.  Others 

have used 40 U as a s ingle in ject ion.  

IV. INTERCRITICAL GOUT 

is  the symptom-f ree per iod af ter  the f i rs t  at tack.  This phase may be interrupted by 

the recurrence of  acute at tacks.  

A. Onset of subsequent attacks varies.  In most  pat ients,  the second at tack occurs 

wi th in 1 year  of  the f i rs t ,  but  in some i t  may be delayed for  5-10 years.  A smal l  

percentage of  pat ients never  exper ience a second at tack.  I f  hyperur icemia is  

insuf f ic ient ly t reated,  subsequent  at tacks may become progressively longer and 

more severe and may involve more than one jo in t .  

B. Treatment goals  



1.  To reduce the f requency and sever i ty of  recurrent  at tacks 

2.  To minimize urate deposi t ion in body t issues,  thereby prevent ing progression to 

chronic tophaceous gout  

C. Therapy.  Gout  can be prevented by ident i fy ing and correct ing the cause of  

hyperur icemia or  by adminis ter ing drugs that  inhib i t  the synthesis  of  urate or  

increase i ts  excret ion.  

1.  Nondrug urate-reducing measures.  Potent ia l ly revers ib le factors that  contr ibute 

to increased urate product ion inc lude a h igh-pur ine diet  (e.g. ,  a l l  meats,  inc luding 

organ meats,  seafood,  beans,  peas,  asparagus) ,  obesi ty,  and regular  a lcohol  

consumpt ion.  The pur ine content  of  the diet  does not  usual ly contr ibute more than 

1.0 mg/dL to the serum urate concentrat ion,  but  moderat ion in d ietary pur ine 

consumpt ion should be considered.  Weight  reduct ion somet imes reduces the serum 

ur ic  ac id level  s l ight ly;  however,  crash diets  should be avoided.  Dr ink ing two or  

more beers increased the r isk of  gout  by 2.5- fo ld  in one study vs.  a 1.6- fo ld 

increase for  other  spi r i ts .  Wine was not  associated wi th an increased r isk of  gout .  

2.  Prophylaxis  af ter  resolut ion of  an acute gout  at tack may consist  of  low-dose 

colchicine,  0.6 mg twice dai ly in the pat ient  wi th normal  renal  funct ion.  

a.  Adverse effects  f rom colchic ine at  these doses are usual ly uncommon.  In 

pat ients,  par t icular ly the elder ly,  who develop loose or  d iarrheal  s tools ,  0.6 mg dai ly 

or  every other  day might  suf f ice.  

b. Low-dose NSAIDs  may also be used,  but  the inc idence of  s ide ef fects is  typ ical ly  

h igher  than wi th low doses of  colchic ine.  
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c.  General ly,  prophylaxis  is  administered for  6 months af ter  normal  serum ur ic  ac id 

levels  are achieved.  Prolonged use of  these agents may prevent  recurrent  episodes 

of  gouty ar thr i t is ,  but  they do not  prevent  the development  of  s i lent  bony erosions 

and tophi  deposi ts .  

3.  Urate-reducing drug therapy.  Gout  may be prevented by reducing serum urate 

concentrat ions to values < 6.0 mg/dL.  A reduct ion to < 5.0 mg/dL may be required 

for  the resorpt ion of  tophi .  The decis ion to begin drug therapy should be carefu l ly 

considered,  as urate- lower ing drug t reatment  should be l i fe long.  Urate-reducing 

drugs inc lude uricosurics,  which increase renal  ur ic  ac id excret ion,  and the 

xanthine oxidase inhib i tor ,  allopurinol ,  which reduces ur ic  ac id product ion.  

a.  Indicat ions  for  therapy wi th a drug that  lowers serum urate concentrat ions 

should be considered when al l  of  the fo l lowing cr i ter ia are met :  

(1)  The cause of  the hyperur icemia cannot  be corrected or ,  i f  corrected,  does not  

lower the serum urate concentrat ion to < 7.0 mg/dL.  

(2)  The pat ient  has had two or  three def in i te at tacks of  gout  or  has tophi .  

(3)  The pat ient  is  convinced of  the need to take medicat ion regular ly and 

permanent ly .  

b. Specif ic drug  

(1)  The only avai lable Uricosuric  on the U.S.  market  is now probenecid  (Benemid) .  

This drug is  preferred for  underexcretors.  Long-term ur icosur ic  therapy reduces the 



inc idence of  gouty ar thr i t is  at tacks,  prevents format ion of  new tophi ,  and helps 

resolve exis t ing tophi .  

(a)  Mechanism of action.  Probenecid b locks ur ic  ac id reabsorpt ion at  the proximal  

convoluted tubule,  thereby increasing the rate of  ur ic  ac id excret ion (F igure 51-2) .  

(b)  Indicat ions.  Ur icosur ics general ly are used to reduce hyperur icemia in pat ients 

who excrete < 600 mg of  ur ic  ac id per  day.  

(c)  Dosage and administrat ion  

( i )  Probenecid  is  g iven in i t ia l ly in two dai ly ora l  doses of  250 mg for  1 week,  then 

increased to 500 mg twice dai ly every 1-2 weeks unt i l  the serum ur ic  acid level  

drops below 6 mg/dL.  Most  pat ients respond to a dose of  1.5 g/day or  less.  

(d)  Precautions and monitoring effects  

( i )  Ur icosur ic  therapy should not be ini t iated during an acute gout attack.  Dur ing 

the f i rst  6-12 months of  therapy,  these drugs may increase the f requency,  sever i ty,  

and durat ion of  acute at tacks (by changing the equi l ibr ium of  body urate) .  

Therefore,  some c l in ic ians adminis ter  prophylact ic  colchic ine concomitant ly dur ing 

the ear ly months of  ur icosur ic  therapy.  

( i i )  The risk  is  minimized  by concurrent ly administering prophylact ic drugs  (see 

IV.C.2),  delaying urate- lower ing therapy unt i l  several  weeks af ter  the last  at tack of  

gout ,  and star t ing therapy wi th a low dose of  the drug that  is  chosen.  When used 

concurrent ly wi th urate- lower ing drugs,  colchic ine may be discont inued af ter  the 

serum urate level  becomes normal  and is  s table for  6 months.  

( i i i )  Pat ients should mainta in a high f luid intake  (at  least  2 L/day)  and a h igh ur ine 

output  dur ing ur icosur ic  therapy to decrease renal  urate prec ip i tat ion.  The greatest  

potential  r isks  of  therapy wi th ur icosur ic  drugs are the format ion of  uric acid 

crystals  in  ur ine and the deposi t ion of  uric acid  in  the renal  tubules,  pelvis,  or  

ureter,  causing renal  col ic  or  the deter iorat ion of  renal  funct ion.  These r isks can be 

reduced by in i t ia t ing therapy wi th a low dose and increasing the dose s lowly and by 

mainta in ing a h igh ur ine volume.  Alkal in izat ion of  the ur ine is  usual ly not  necessary 

(but  can be achieved wi th 1 g of  sodium bicarbonate taken 3-4 t imes dai ly;  p lus a 

h igh f lu id intake of  at  least  2 L/day) .  

( iv)  Ur icosur ics are contraindicated  in  pat ients wi th ur inary t ract  stones.  

(v)  These drugs general ly are inef fect ive in pat ients wi th creat in ine c learances 

below 50-60 ml/min.  

(vi )  Aspir in  and other sal icylates  antagonize the act ion of  ur icosur ics.  Daily low 

dose aspir in  for  ant ip late let  funct ion probably does not have this effect .   
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In a smal l  study,  the addi t ion of  low dose aspir in  to probenecid therapy did not  a l ter  

the dai ly excret ion of  ur ic  ac id nor  the serum ur ic  ac id level .  

(vi i )  Probenecid  is  wel l  to lerated by most pat ients,  but  i t  occasional ly causes 

adverse effects—for example,  GI d is t ress (8%) and hypersensi t iv i ty react ions (5%).  

(2)  The only xanthine oxidase inhibitor  avai lable on the U.S. market  is  

al lopurinol.  

(a)  Mechanism of action.  A l lopur inol  and i ts  long-act ing metabol i te,  oxypurinol,  

b lock the f inal  s teps in ur ic  ac id synthesis  by inh ib i t ing xanthine oxidase,  an 



enzyme that  conver ts  xanthine to ur ic  ac id (F igure 51-1) .  Thus the drug reduces the 

serum ur ic  ac id level  whi le increasing the renal  excret ion of  the more soluble 

oxypur ine precursors;  th is  decreases the r isk of  ur ic  ac id s tones and nephropathy.  

(b)  Indicat ions.  A l lopur inol  is  considered by many to be the drug of  choice for  

lower ing ur ic  ac id levels  because of  i ts  ef fect iveness in both underexcretors and 

overproducers,  but  i t  is  speci f ical ly the preferred urate-reducing agent  for  pat ients 

in the fo l lowing categor ies:  

( i )  Pat ients who are c lear ly overproducers (overexcretors)  of  ur ic  ac id 

( i i )  Pat ients wi th recurrent  tophaceous deposi ts  or  ur ic ac id s tones 

( i i i )  Pat ients wi th renal  impairment  (but  dose needs to be decreased) 

(c)  Dosage and administrat ion.  A l lopur inol  is  g iven in i t ia l ly  in a dai ly dose of  100-

300 mg (preferably as a s ingle dose) ,  then increased in weekly increments i f  

needed.  Typical ly,  the ur ic  ac id level  s tarts  to fa l l  af ter  1-2 days wi th maximal  ef fect  

for  a g iven dose in 7-10 days.  A dose of  300 mg/day reduces serum urate 

concentrat ions to normal values in 85% of  pat ients wi th gout .  The normal  dose of  

300 mg/day is  for  a pat ient  wi th normal  renal  funct ion;  the dose should be 

decreased to 200 mg/day for  a pat ient  wi th a creat in ine c learance (CrCl)  of  60 

mL/min and to 100 mg/day for  a pat ient  wi th a CrCl  of  30 mL/min.  

(d)  Precautions and monitoring effects.  A l lopur inol  is  general ly wel l  to lerated.  

( i )  A rash  develops in approximately 2% of  pat ients t reated wi th a l lopur inol  and in 

approximate ly 20% of  those receiv ing both a l lopur inol  and ampic i l l in .  The rash 

usual ly subsides af ter  the al lopur inol  has been discont inued and may not  recur  i f  

therapy is  resumed wi th  a lower dose.  

( i i )  The most  ser ious s ide ef fect  of  a l lopur inol ,  which occurs in < 1 in 1000 cases,  is 

exfol iat ive dermati t is,  of ten wi th vascul i t is,  fever,  l iver dysfunction, 

eosinophil ia,  and acute interst i t ial  nephri t is.  Up to 20% of  pat ients wi th th is  type 

of  react ion become very s ick.  I t  is  more l ike ly to occur  in pat ients wi th renal  d isease 

or  those receiv ing diuret ic  therapy.  Prednisone seems to be ef fect ive in such 

pat ients,  but  the discont inuat ion of  a l lopur ino l  and the use of  support ive therapy 

may be suf f ic ient  in cases that  are not  severe.  

( i i i )  A l lopur inol  may induce more f requent  acute gout  at tacks.  This r isk can be 

minimized by adminis t ra t ion of  low doses and concurrent  colchic ine therapy.  

(3)  Other drugs that increase uric acid excret ion  

(a)  Losartan  (Cozaar) ,  an angiotensin I I  receptor  b locker  (ARB),  might  be a useful  

ant ihyper tensive agent  in the pat ient  who has both hyperuricemia and 

hypertension  because th is  agent  can lower serum ur ic  ac id levels  by inhib i t ing the 

uptake of  ur ic  ac id by the urate anion exchange t ransporter  in the proximal  tubule.  

This ef fect  is  minimal  or  not  seen in other  ARBs. 

(b)  Fenofibrate  (Tr iCor)  is  a f ibr ic ac id agent  used to t reat  e levated cholesterol  and 

t r ig lycer ide levels.  I t  has been shown to decrease serum ur ic levels  by increasing 

renal  ur ic  ac id c learance and would be a useful  agent  in the pat ient  wi th  both 

hyperl ipidemia and hyperuricemia.  

(c)  Febuxostat ,  a non-pur ine-base analog xanthine ox idase inhib i tor ,  is  an 

invest igat ional  agent  that  may eventual ly reach the U.S. market .  



V. CHRONIC TOPHACEOUS GOUT. 

This rare c l in ical  presentat ion may develop i f  hyperur icemia and gout  remain 

untreated for  many years.  

A. Pathogenesis.  Pers is tent  hyperur icemia leads to the development  of  tophi  in the 

synovia,  o lecranon bursae,  and var ious per iar t icular  locat ions.  Eventual ly,  ar t icular  

car t i lage may be destroyed,  resul t ing in jo int  deformit ies,  bone erosions,  deposi t ion 

of  tophi  wi th in t issues,  and renal  d isease.  
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B. Clinical  evaluat ion  

1.  Pat ients may develop large subcutaneous tophi  in the pinna of  the external  ear  

( the c lass ic  s i te)  as wel l  as in other  locat ions.  

2.  Typical ly,  the urate pool  is  many t imes the normal  s ize.  

C. Therapy.  A l lopur inol  and probenecid may be given in combinat ion to t reat  severe 

cases.  
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STUDY QUESTIONS 

Direct ions for questions 1-3:  Each of  the quest ions,  s tatements,  or  incomplete 

statements in th is  sect ion can be correct ly answered or  completed by one  of  the 

suggested answers or  phrases.  Choose the best  answer.  

1.  Al l  of  the fol lowing statements concerning an acute gouty arthri t is attack are 

correct  except  which one? 

(A)  The diagnosis of  gout  is ensured by a good therapeut ic  response to colchic ine 

because no other  form of  ar thr i t is  responds to this  drug.  

(B)  To be ensured of  the diagnosis,  monosodium urate crys ta ls  must be ident i f ied in 

the synovia l  f lu id of  the af fected jo int .  

(C)  At tacks f requent ly occur  in the middle of  the n ight .  

(D)  An untreated at tack may last  up to 2 weeks.  

(E)  The f i rst  at tack usual ly involves only one jo int ,  most  f requent ly the big toe ( f i rst  

metatarsophalangeal  jo int ) .  

V iew Answer1.  The answer is A[seeand] .2.  A 42-year-old obese man has 

been diagnosed with gout.  He has had three acute attacks this year,  and his 

uric acid level  is presently 11.5 mg/dL  (upper l imit  of normal  is 7 mg/dL ) .  He 

has no other diseases.  Rational  treatment of  this pat ient  during the interval  

period between gouty attacks might include any of  the fol lowing except  

(A)  acetaminophen or  aspir in 650 mg as needed for  jo int  pain.  

(B)  probenecid.  

(C)  colchic ine.  

(D)  a l lopur inol .  

(E)  a decrease in calor ic  intake.  



View Answer2.  The answer is A[see] .3.  A 45-year-old man is admitted to 

the hospital  with the diagnosis of an acute attack of  gout.  His serum uric acid 

is 10.5 mg/dL  (normal is 3-7 mg/dL ) .  Which of  the fol lowing would be the most 

effect ive ini t ial  treatment plan? 

(A)  Before t reat ing th is  pat ient ,  immobi l ize the af fected jo int  and obtain a 24-hr  

ur inary ur ic  ac id level  to determine which drug,  e i ther  a l lopur inol  or  probenecid,  

would be the best  agent  to in i t ia te therapy.  

(B)  Begin oral  colchic ine 1.2 mg in i t ia l ly,  fo l lowed by 0.6 mg every 2 hr  unt i l  re l ief  is  

obtained,  gast ro intest inal  d is t ress occurs,  or  a maximum of  8 mg has been taken;  

a lso,  begin probenecid 250 mg twice a day concurrent ly.  

(C)  Adminis ter  oral  indomethacin 50 mg three t imes a day for  2 days;  then gradual ly 

taper  the dose over  the next  few days.  

(D)  Adminis ter  oral  naproxen 750 mg,  fo l lowed by 250 mg every 8 hr  for  3 weeks.  

(E)  Give colchic ine 0.5 mg int ramuscular ly fo l lowed by 1 mg int ravenous piggyback 

every 12 hr  for  2 weeks.  

View Answer3.  The answer is C[see] .P.1117 

 

 

Direct ions for question 4:  The quest ion in th is  sect ion can be correct ly answered 

or  completed by one or more  of  the suggested answers.  Choose the answer,  A-E.  

4.  Al lopurinol is recommended instead of  probenecid in the treatment of 

hyperuricemia in which of  the fol lowing situat ions? 

( I )  when the patient has several  large tophi on the elbows and knees 

( I I )  when the pat ient  has an est imated creat inine clearance of 15 mL /min 

( I I I )  when the patient has leukemia and there is concern regarding renal  

precipitat ion of  urate 

A  i f  I  only  is  correct  

B  i f  I I I  only  is  correct  

C  i f  I  and I I  are correct  

D  i f  I I  and I I I  are correct  

E  i f  I ,  I I ,  and I I I  are correct  

View Answer4.  The answer is E( I ,  I I ,  I I I )  [see] .Direct ions for question 5:  

The incomplete statement  in th is sect ion can be correct ly answered or  completed by 

one  of  the suggested answers or  phrases.  Choose the best  answer.  

5.  In a patient  who has had documented gouty arthri t is and hyperuricemia and 

who also has hypertension,  a preferred antihypertensive agent would be 

(A)  hydrochloroth iaz ide 

(B)  losar tan 

(C) c lonid ine 

(D) l is inopr i l  

(E)  i rbesar tan 

View Answer5.  The answer is B[seeP.1118 

 

 



ANSWERS AND EXPLANATIONS 

1.  The answer is A [see  I I I .B.1 and  2;  I I I .C.1;  I I I .C.3 ] .  

Other  forms of  acute arthr i t is  may respond to colchic ine,  so that  the diagnosis of  

gout  cannot  be establ ished unequivocal ly by a good response to th is agent .  A 

def in i t ive d iagnosis requires the presence of  urate crysta ls  in the af fected jo int ,  

a l though the presence of  other  symptoms or  laboratory f indings may suggest  a 

probable d iagnosis of  gout .  

2.  The answer is A [see  I .D.2.c.(1);  IV.C ] .  

Aspir in in doses < 2 g/day can inhib i t  ur ic  ac id secret ion.  Weight  reduct ion,  

a l lopur inol  or  probenecid to lower the serum ur ic ac id levels ,  and prophylact ic  

colchic ine are a l l  appropr iate intervent ions in the interval  phase to reduce the 

inc idence of  acute gouty at tacks.  

3.  The answer is C  [see  I I I .E.1.c;  I I I .E.2.a;  I I I .E.3.b. (1). (d) . ( i ) ;  IV.C ] .  

Of  the select ions,  the most  ef fect ive in i t ia l  p lan in t reat ing an acute at tack of  gout  is 

to adminis ter  indomethacin oral ly,  g iv ing 50 mg three t imes a day for  2-3 days,  then 

gradual ly taper ing the dosage over  the next  few days.  Even though jo int  

immobi l izat ion is  an appropr iate in i t ia l  s tep,  drugs for  pain re l ief  should be 

adminis tered as soon as possib le.  Ur ic  ac id modi f icat ion therapy (a l lopur inol  or  

probenecid)  should not  be in i t ia ted unt i l  the acute at tack is under contro l .  In i t ia t ing 

therapy wi th  probenecid at  th is  point  may prolong the resolut ion of  an acute at tack 

of  gouty ar thr i t is ,  which can usual ly be accompl ished wi th in  7 days of  NSAID 

therapy.  Colchic ine should never  be given int ramuscular ly because i t  causes t issue 

i r r i tat ion.  

4.  The answer is E  ( I ,  I I ,  I I I )  [see  IV.C ] .  

In the t reatment  of  hyperur icemia,  a l lopur inol  is  indicated rather  than probenecid 

when large tophi  are present ,  when the creat in ine c learance is  < 50-60 mL/min 

(probenecid would be inef fect ive,  but  the al lopur inol  dosage would have to be 

decreased),  when the pat ient  is  an overproducer  of  ur ic ac id,  and when there is  a 

need to prevent  the format ion of  large amounts of  ur ic ac id (e.g. ,  when condi t ions 

such as leukemia are present) .  

5.  The answer is B  [see  IV.C.3.b. (3) . (a) ]  

Losar tan,  an angiotensin I I  receptor b locker  has been shown to increase ur inary ur ic  

ac id secret ion and can,  therefore,  lower serum ur ic  ac id levels .  Hydrochloroth iaz ide 

actual ly decreases ur inary ur ic  ac id excret ion and must  be used caut iously in gout  

pat ients,  i f  at  a l l .  The other  ant ihyper tensive agents ment ioned have minimal  or  no 

ef fects on the serum ur ic ac id.  
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I. INTRODUCTION 

A. Defini t ion  

1.  Peptic ulcer disease  (PUD) refers to a group of  d isorders character ized by 

c i rcumscr ibed les ions of  the mucosa of  the upper gast ro intest inal  (GI)  t ract  

(par t icular ly the stomach and duodenum).  The les ions occur  in regions exposed to 

gast r ic  ju ices.  

2.  Gastroesophageal  ref lux disease (GERD)  refers to the ret rograde movement  of  

gast r ic  contents f rom the stomach into the esophagus.  Ref lux may occur  wi thout  

consequences and thus be considered a normal  physio logical  process,  or  i t  may 

lead to profound symptomat ic  or  h is to logical  condi t ions (e.g. ,  GERD).  When ref lux 

leads to inf lammat ion (wi th or  wi thout  eros ions or  u lcerat ions)  of  the esophagus,  i t  

is  cal led ref lux (erosive)  esophagit is.  Most  pat ients (50%-70%) repor t  typical  

symptoms but  lack ev idence of  esophageal  mucosal  in jury (nonerosive ref lux 

disease; NERD).  

3.  Dyspepsia  is  def ined as pers is tent  or  recurrent  abdominal  pain or  abdominal  

d iscomfor t  centered in the upper abdomen.  

B. Manifestat ions  

1.  Duodenal  ulcers  a lmost  a lways develop in the duodenal  bulb ( the f i rs t  few 

cent imeters of  the duodenum).  A few,  however,  ar ise between the bulb and the 

ampul la.  

2.  Gastric ulcers  form most  commonly in the antrum or at  the antra l - fundal  junct ion.  

3.  Less common forms of peptic ulcer disease  

a.  Stress ulcers  resul t  f rom ser ious t rauma or  i l lness,  major  burns,  coagulopathy 

not  re lated to ant icoagulant  therapy,  need for  mechanical  vent i la t ion > 48 hr ,  or  

ongoing sepsis.  The most common site  of  s t ress u lcer  format ion is  the proximal  

por t ion of  the stomach.  

b. Zoll inger-El l ison syndrome  is  a severe form of  pept ic u lcer  d isease in which 

int ractable u lcers are accompanied by ext reme gastr ic  hyperacid i ty and at  least  one 

gastr inoma (a non-β- is let  cel l  tumor of  the pancreas or  another  s i te) .  

c.  Stomal ulcers  (a lso cal led marginal  u lcers)  may ar ise at  the anastomosis or  

immediate ly d is ta l  to i t  in  the smal l  in test ine in pat ients who have undergone ulcer  

surgery and have exper ienced subsequent  u lcer  recurrence af ter  a symptom-f ree 

per iod.  

d. Drug-associated ulcers  occur  in pat ients who chronical ly ingest  substances that  

damage the gastr ic  mucosa,  such as nonsteroidal  ant i - in f lammatory drugs (NSAIDs).  

4.  Reflux esophagit is  is  most of ten recognized by the presence of  recurrent  

symptoms (e.g. ,  hear tburn)  or  a l tered epi thel ia l  morphology v isual ized 

radio log ical ly,  endoscopical ly,  or  h is to logical ly.  



a.  Heartburn is  substernal  burning or  regurgi tat ion that  may radiate to the neck.  

Other  symptoms inc lude belching,  water  brash,  chest  pain,  asthma,  chronic cough,  

hoarseness,  and laryngi t is .  

b.  Endoscopic evaluat ion detected Barrett  esophagus (BE)  in  6% of  pat ients wi th 

f requent  hear tburn.  Barret t 's  esophagus is  a premal ignant  condi t ion that  may lead to 

adenocarc inoma of  the esophagus or  esophagogastr ic  junct ion.  
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C. Epidemiology  

1.  Incidence.  Pept ic  u lcer  d isease is  the most  common disorder  of  the upper GI  

t ract .  

a.  Duodenal  ulcers  af fect  4%-10% of  the U.S. populat ion;  gastric ulcers  occur  in 

0.03%-0.05% of  the populat ion.  

b.  Near ly 80% of  pept ic  u lcers are duodenal ;  the others are gast r ic  u lcers.  

c.  Most  duodenal  u lcers  appear in people between age 20 and 50;  onset  of  gastr ic  

u lcers usual ly occurs between age 45 and 55.  

d.  The 1-year  point  prevalence of  act ive gast r ic or  duodenal  u lcer  in the Uni ted 

States in men and women is  about  1.8%; the l i fe t ime prevalence of  pept ic  u lcer  

ranges f rom 11% to 14% for  men and 8% to 11% for  women.  

e.  Approximately 10%-20% of  gast r ic  u lcer  pat ients a lso have a concurrent  duodenal  

u lcer .  

f .  In the United States,  44% of  the adul t  populat ion exper ience heartburn  at  least  

once a month;  14% take some type of  “ indigest ion”  medicat ion at  least  twice a 

week.  Of  pat ients wi th GERD symptoms who have undergone endoscopy,  50%-65% 

have apparent  esophagi t is .  

g.  The annual  prevalence of  dyspepsia in Western countr ies is  approximately 25%; 

2%-5% of  pr imary-care consul tat ions are for  dyspepsia.  

2.  Hospital izat ion  

a.  Hospi ta l izat ion rates in the Uni ted States for  pept ic  u lcers have been decl in ing;  

these rates dropped f rom 25.2 per  10,000 in 1965 to 16.5 per  10,000 in 1981.  This 

ref lects a decrease in hospi ta l izat ion for  uncompl icated cases owing to increased 

outpat ient  d iagnosis and t reatment.  There has been l i t t le  change in hospi ta l izat ion 

rates s ince then.  

b.  There has been l i t t le  or  no decrease in duodenal  u lcer  per forat ions and only a 

s l ight  decrease in hemorrhages.  

3.  Mortal i ty  

a.  The morta l i ty rate for  gast r ic  u lcers decl ined between 1962 and 1979 f rom 3.5 per  

100,000 to 1.1 per  100,000.  

b.  For duodenal  u lcer ,  the morta l i ty rate decl ined f rom 3.1 per  100,000 to 0.9 per  

100,000.  

c.  A l though death f rom GERD is  uncommon,  morbid i ty is  not ,  because of  the 

prevalence of  the wel l - recognized compl icat ions such as esophageal  u lcerat ion 

(5%),  st r ic ture format ion (4%-20%),  and the development  of  Barret t  columnar- l ined 

esophagus (8%-20%).  



D. Description  

1.  Ulcer size.  The average duodenal  u lcer  typical ly has a d iameter  < 1 cm; most 

gast r ic  u lcers are somewhat  larger  (1-2.5 cm in d iameter) .  

2.  Most  u lcers are sharply demarcated and have a round,  oval ,  or  e l l ip t ical  shape.  

3.  The mucosa surrounding the ulcer  typical ly is  inf lamed and edematous.  

4.  Ulcers penetrate the muscularis propria  and,  in some cases,  extend into the 

serosa or  even into the pancreas.  

5.  F ibrous t issue,  granulat ion t issue,  and necrot ic  debr is  form the ulcer  base.  

Dur ing ulcer  heal ing,  a scar  forms as epi thel ium f rom the edges covers the ulcer  

sur face.  

6.  Near ly a l l  duodenal  u lcers are benign;  up to 10% of  gastr ic  u lcers are mal ignant .  

E. Cause.  The two major  observat ions regarding PUD are the causal  re lat ionship 

among NSAID intake;  gast roduodenal  mucosal  in jury;  the pathogenesis of  gast r ic 

u lcer  and,  to a lesser  extent ,  duodenal  u lcer ;  and the associat ion of  Helicobacter 

pylori  in fect ion in the pathogenesis of  duodenal  u lcer  (and to a lesser  extent ,  

gast r ic  u lcer) .  

1.  H. py lor i  ( former ly Campylobacter  py lor i )  is  a gram-negat ive microaerophi l ic ,  

spi ra l  bacter ium wi th mul t ip le f lagel la  that  l ives and infects the gast r ic  mucosa.  This 

bacter ium is  able to survive in the acid ic  gast r ic  envi ronment  by i ts  abi l i ty to 

produce urease,  which hydro lyzes urea into ammonia.  Ammonia neutra l izes gast r ic  

hydrochlor ic  ac id (HCl) ,  creat ing a neutra l  c loud surrounding the organism. 

a.  In the Uni ted States,  the prevalence  of  H. py lor i  increases wi th age f rom 

approximate ly 10% at  20 years of  age to approximately 50% at  60 years of  age;  

approximate ly 17% of  H. py lor i -posi t ive indiv iduals wi l l  develop a duodenal  u lcer .  

Prevalence is  h igher  in developing countr ies.  
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b.  H. py lor i  is  associated wi th several  common GI  d isorders.  

(1)  A lways present  in the set t ing of  act ive chronic gast r i t is  

(2)  Present  in the vast  major i ty of  duodenal  (> 90%) and gastr ic  (60%-90%) ulcers.  

Recent  s tudies indicate a decl ine in the prevalence of  H. py lor i  in  duodenal  u lcer  

pat ients.  

(3)  Somet imes present  wi th nonulcer  dyspepsia (probably in 50% of  cases) ;  

eradicat ion of  H. py lor i ,  when present ,  leads to symptom improvement  in only about  

one hal f  of  t reated pat ients.  

(4)  In gast r ic  cancer ,  85%-95% (Al though the associat ion is  s t rong,  no causal  

re lat ionship has yet  been proven in gast r ic  cancer .  The Wor ld Heal th Organizat ion 

has c lass i f ied H. py lor i  as a Group 1 carc inogen.)  

c.  H. py lor i  eradicat ion  can cure pept ic  u lcers and reduce ulcer  recurrence;  i t  can 

el iminate the need for  maintenance therapy in  many ulcer  pat ients.  

2.  Genetic factors  

a.  The l i fet ime prevalence of  developing an ulcer  in f i rst-degree relat ives  of  u lcer  

pat ients is  about  threefold greater  than in the general  populat ion.  This may be 

secondary to c luster ing of  H. py lor i  wi th in fami l ies.  



b.  People wi th blood type O  have an above-normal  inc idence of  duodenal  u lcers.  

3.  Smoking.  Smokers have an increased r isk of  developing pept ic  u lcer  d isease.  In 

addi t ion,  c igaret te smoking delays u lcer  heal ing and increases the r isk and rapid i ty 

of  re lapse af ter  the ulcer  heals.  Nicot ine decreases bi l iary and pancreat ic  

b icarbonate secret ion.  Smoking also accelerates the emptying of  stomach acid into 

the duodenum. 

4.  NSAIDs.  When ingested chronical ly,  aspir in,  indomethacin,  and other  NSAIDs 

promote gast r ic  u lcer  format ion.  

a.  These drugs may in jure the gastr ic  mucosa by a l lowing back-di f fus ion of  

hydrogen ions into the mucosa.  

b.  NSAIDs also inhib i t  the synthesis  of  prostaglandins,  which are substances wi th a 

cytoprotect ive ef fect  on the mucosa. 

c.  Select ive cyc looxygenase 2 (COX-2)  inhib i tors,  celecoxib or  rofecoxib,  are 

associated wi th fewer u lcers than nonselect ive NSAIDs, wi th rates comparable to 

p lacebo at  3 months.  Quest ions regarding long- term safety of  COX-2 inhib i tors 

remain.  With the recent documentat ion of  increasing COX-2 expression wi th the 

progression of  BE to cancer ,  t r ia ls  have been in i t ia ted us ing COX-2 select ive 

inhib i tors in BE pat ients to prevent  development  of  cancer .  

5.  Alcohol .  A known mucosal  i r r i tant ,  a lcohol  causes marked i r r i tat ion of  the gast r ic 

mucosa i f  ingested in large quant i t ies at  concentrat ions of  20% or  greater .  The only 

associat ion between ethanol  intake and ulcer  d isease exis ts  in pat ients wi th por ta l  

c i r rhosis .  

6.  Coffee.  Both regular  and decaf fe inated cof fee contain pept ides that  s t imulate 

re lease of  gast r in,  a hormone that  t r iggers the f low of  gast r ic  ju ice.  However,  a 

d i rect  l ink between cof fee and pept ic  u lcer  d isease has not  been proven.  

7.  Corticosteroids.  Controversy over  whether  systemic cort icosteroid therapy is  

associated wi th increased r isk for  the development  of  pept ic  u lcer  d isease has,  for  

the most par t ,  been resolved.  Evidence for  th is  d i rect  associat ion has always been 

weak in prev ious ret rospect ive rev iews/ t r ia ls  and ref lected the concurrent  use of  an 

NSAID.  Current  data support  no l ink between steroids and pept ic  u lcer  d isease in 

the absence of  concurrent  NSAID use.  

8.  Associated disorders.  Pept ic  u lcer  d isease is  more common in pat ients wi th 

hyperparathyroid ism, emphysema, rheumatoid ar thr i t is ,  and alcohol ic  c i r rhosis .  

9.  Advanced age.  Degenerat ion of  the pylorus permits  b i le ref lux in to the stomach, 

creat ing an environment  that  favors u lcer  format ion.  

10.  Psychological  factors.  Once assigned key ro les in the pathogenesis  of  PUD, 

st ress and personal i ty type now are v iewed as re lat ively minor  inf luences.  

F. Pathophysiology.  Ulcers develop when an imbalance exis ts  between factors that  

protect  gastr ic  mucosa and factors that  promote mucosal  corros ion.  Approximately 

90% of  pat ients wi th duodenal  u lcer  and 70% of  pat ients wi th gast r ic  u lcer  have H. 

py lor i  in fect ion.  
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1.  Protective factors  



a.  Normal ly,  the mucosa secretes a th ick mucus that  serves as a barr ier  between 

luminal  ac id  and epi thel ia l  cel ls .  This  barr ier  s lows the inward movement  of  

hydrogen ions and al lows the i r  neutra l izat ion by b icarbonate ions in f lu ids secreted 

by the stomach and duodenum. 

b.  A lkal ine and neutra l  pancreat ic  b i l iary ju ices also help buf fer  ac id enter ing the 

duodenum f rom the stomach.  

c.  An intact mucosal barrier  prevents back-di f fus ion of  gast r ic  ac ids into mucosal  

cel ls .  I t  a lso has the capaci ty to s t imulate local  b lood f low,  which br ings nutr ients 

and other  substances to the area and removes toxic  substances (e.g. ,  hydrogen 

ions) .  Mucosal  integr i ty a lso promotes cel l  growth and repair  af ter  local  t rauma.  

2.  Corrosive factors.  Pept ic  u lcer  d isease ref lects the inabi l i t y of  the gast r ic  

mucosa to res is t  corros ion by i r r i tants,  such as pepsin,  HCl,  and other  gast r ic  

secret ions.  

a.  Exposure to gastr ic acid  and pepsin  is  necessary for  u lcer  development .  

b. Disrupted mucosal  barrier integri ty  a l lows gastr ic  ac ids to d i f fuse f rom the 

lumen back into mucosal  cel ls ,  where they cause in jury.  

3.  Physiological  defects associated with peptic ulcer disease.  Researchers have 

ident i f ied var ious physio logical  defects in pat ients wi th duodenal  and gastr ic  u lcers.  

a.  Duodenal  ulcer patients  may have the fo l lowing defects:  

(1)  Increased capaci ty for  gast r ic  acid secret ion 

(a)  Some duodenal  u lcer  pat ients have up to twice the normal  number of  par ieta l  

cel ls  (which produce HCl) .  

(b)  Near ly 70% of  duodenal  u lcer  pat ients have elevated serum levels of  

pepsinogen I  and a corresponding increase in pepsin-secret ing capaci ty.  

(2)  Increased par ieta l  cel l  responsiveness to gast r in 

(3)  Above-normal  postprandia l  gast r in secret ion 

(4)  Defect ive inhib i t ion of  gast r in release at  low pH,  possib ly leading to fa i lure to 

suppress postprandia l  ac id secret ion 

(5)  Above-normal  rate of  gast r ic emptying,  resul t ing in del ivery of  a greater  ac id 

load to the duodenum 

b. Gastric ulcer pat ients  typical ly exhib i t  the fo l lowing character is t ics:  

(a)  Def ic ient  gast r ic  mucosal  res is tance,  d i rect  mucosal  in jury,  or  both 

(b)  E levated serum gastr in levels  ( in ac id hyposecretors)  

(c)  Decreased pylor ic  pressure at  rest  and in response to ac id or  fat  in  the 

duodenum 

(d)  Delayed gastr ic  emptying 

(e)  Increased ref lux of  b i le and other  duodenal  contents 

( f )  Subnormal  mucosal  levels  of  prostaglandins ( these levels normal ize once the 

ulcer  heals)  

4.  GERD  requires both in i t ia t ion and perpetuat ion of  the ref lux of  gast r ic contents.  

Esophagi t is  develops when noxious substances in the ref luxate ( i .e. ,  ac id,  pepsin)  

are in contact  wi th the esophageal  mucosa long enough to  cause i r r i tat ion and 

inf lammat ion.  

a.  In pat ients wi th GERD, 65% of  ref lux events occur  v ia t ransient  re laxat ion 

(TLESR).  The main d i f ference between normal  indiv iduals and those wi th GERD is 



the f requency of  TLESR. GERD pat ients have more f requent  and prolonged TLESR. 

TLESR represents a decrease in lower esophageal  sphincter  (LES) pressure that  is 

not  associated wi th swal lowing or  per is ta ls is .  

b.  Other  mechanisms of  LES incompetence are increased abdominal  pressure and 

spontaneous ref lux dur ing per iods of  very low LES pressure.  

c.  Such mot i l i t y problems are permiss ive—that  is,  they al low ref lux of  ac id and other  

noxious substances.  

5.  Many diseases cause dyspept ic  symptoms,  inc luding PUD, GERD, gast r ic  cancer,  

and bi l iary t ract  d isease.  However,  in  many cases,  no c lear  pathologica l  reason for  

a pat ient 's  symptoms can be determined.  Dyspepsia in the absence of  an 

ident i f iable organic cause is  f requent ly descr ibed as “ funct ional”  or  “nonulcer”  

dyspepsia.  

G. Cl inical  presentat ion.  S igns and symptoms of  PUD vary wi th the pat ient 's  age 

and the locat ion of  the les ion.  Only about  50% of  pat ients exper ience c lass ic  u lcer  

symptoms.  The remainder are asymptomat ic  or  repor t  vague or  atypica l  symptoms.  
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1.  Pain.  Pat ients typical ly descr ibe hear tburn or  a gnawing,  burning,  ach ing,  or  

cramp- l ike pain.  Some pat ients repor t  abdominal  soreness or hunger sensat ions.  I t  

is  unclear  whether  pept ic  u lcer  pain resul ts  f rom chemical  s t imulat ion or  f rom 

spasm. 

a.  Duodenal  ulcer pain  usual ly is  rest r ic ted to a smal l ,  midepigast r ic  area near  the 

x iphoid.  Pain may radiate below the costal  margins into the back or  the r ight  

shoulder .  Pain f rom a duodenal  u lcer  f requent ly awakens the pat ient  between 

midnight  and 2 A.M. ;  i t  is  a lmost  never  present  before breakfast .  

b. Gastric ulcer pain  is  less local ized.  I t  may be referred to the lef t  subcostal  

region.  Gastr ic  u lcer  rarely produces nocturnal  pain.  

c.  GERD  pat ients most  commonly present  wi th hear tburn,  belching,  regurgi tat ion,  or  

water  brash;  atypical  presentat ions  inc lude chest  pain,  hoarseness/ laryngi t is ,  loss 

of  dental  enamel,  asthma,  chronic cough,  or  dyspepsia.  Compl icat ions of  GERD 

inc lude esophageal  u lcerat ion,  s t r ic tures,  BE, and adenocarc inoma of  the 

esophagus or  esophagogastr ic  junct ion.  

d. Dyspepsia  appl ies broadly to a range of  symptoms,  inc luding abdominal  or  

ret rosternal  pain and discomfor t ,  hear tburn,  nausea,  vomit ing,  and other  symptoms 

referable to the proximal  GI t ract .  

e.  Food  usual ly re l ieves duodenal  u lcer  pain but  may cause gastr ic  u lcer pain.  This 

f inding may expla in why duodenal  u lcer  pat ients tend to gain weight ,  whereas 

gastr ic  u lcer pat ients may lose weight .  Pain character is t ical ly occurs 90 min to 3 hr 

af ter  meals in duodenal  u lcer  pat ients,  whereas pain in gast r ic  u lcer  pat ients is  

usual ly present  45-60 min af ter  a meal .  Food aggravates ref lux d isease.  

2.  Nausea  and vomit ing  may occur  wi th e i ther  u lcer  type.  

3.  Disease course.  Both duodenal  and gastr ic  u lcers tend to be chronic,  wi th 

spontaneous remiss ions and exacerbat ions.  With in a year  o f  the in i t ia l  symptoms,  

most  pat ients exper ience a re lapse.  



a.  In many cases,  re lapse is  seasonal ,  occurr ing more of ten in the spr ing and 

autumn.  

b.  A l l  pat ients wi th a conf i rmed duodenal  or  gast r ic  u lcer  should be tested for  H. 

py lor i  in fect ion.  I f  the pat ient  is  H. py lor i -posi t ive,  eradicat ion therapy wi l l  reduce 

the recurrence rate s igni f icant ly and preclude the need for  maintenance medicat ion.  

c.  GERD is  a lso a chronic d isease;  most  pat ients wi th ref lux esophagi t is  who are 

healed wi th ant isecretory drug therapy wi l l  exper ience a recurrence wi th in 6 months 

of  d iscont inuat ion of  the heal ing regimen.  Maintenance therapy reduces the 

recurrence of  esophagi t is .  

H. Clinical  evaluat ion  

1.  Physical  f indings.  Pat ients wi th pept ic  u lcer  d isease may exhib i t  super f ic ia l  and 

deep epigast r ic  tenderness and voluntary muscle guarding.  With duodenal  u lcer ,  

pat ients a lso may show uni lateral  spasm over  the duodenal  bulb.  Gastr ic  u lcer  

pat ients may have weight  loss.  

2.  Diagnostic test  results  

a.  Blood tests  may show hypochromic anemia.  

b. Stool tests  may detect  occul t  b lood i f  the u lcer  is  chronic.  

c.  Gastric secret ion tests  may reveal  hypersecret ion of  HCl in duodenal  u lcer  

pat ients and normal  or  subnormal  HCl secret ion in gast r ic  u lcer  pat ients.  

d. Upper  GI  series  (bar ium x-ray)  reveals the ulcer  crater in up to 80% of  cases.  

Duodenal  bulb deformity suggests a duodenal  u lcer .  

e.  Upper  GI  endoscopy,  the most speci f ic  test ,  may be done i f  bar ium x-ray yie lds 

inconclus ive resul ts .  This  procedure conf i rms an ulcer  in at  least  95% of  cases and 

may detect  u lcers not  demonstrable by radiography.  

f .  Biopsy  might  be necessary to determine whether  a gast r ic  u lcer  is  mal ignant .  

g.  H. py lor i  s tatus is determined by noninvasive tests (not  requir ing endoscopy)  or  

invasive methods ( requir ing endoscopy) .  

(1)  Noninvasive.  Serology,  the test  of  choice when endoscopy is  not  indicated,  is  

inexpensive.  Several  of f ice tests are avai lable.  Breath tests can also be used to 

detect  the organism and are uniquely su i ted as noninvasive means of  conf i rming 

eradicat ion of  H. py lor i  af ter  therapy.  False-negat ive breath tests may occur  in 

pat ients receiv ing proton pump inhib i tors,  ant ibiot ics,  or  b ismuth compounds.  

(2)  Invasive.  These methods inc lude his to logical  v isual izat ion of  H. py lor i  or  

measurement  of  urease act iv i ty,  which require b iopsy.  

P.1124 

 

 

I .  Treatment objectives  

1.  Rel ieve pain and other  symptoms and promote heal ing 

2.  Prevent  compl icat ions 

3.  Minimize recurrence (eradicate H. py lor i  in  PUD) 

4.  Mainta in adequate nutr i t ion 

5.  Teach the pat ient  about  the disease to improve therapeut ic  compl iance 

6.  Mainta in the pat ient  symptom f ree 



II. THERAPY 

A. Drug therapy.  Pept ic  u lcer  pat ients usual ly are t reated wi th antac ids,  h is tamine 

2-  (H2
-
)  receptor  antagonists ,  or  proton pump inhib i tors;  other  drugs are added as 

necessary.  Drug regimens that  suppress nocturnal  ac id secret ion are found to resul t  

in  the highest  duodenal  u lcer  heal ing rates.  Drug therapy typical ly prov ides prompt  

symptomat ic  re l ief  and promotes ulcer  heal ing wi th in 4-6 weeks (F igure 52-1) .  

GERD management  requires more aggressive ac id suppression regimens;  the 

pharmacodynamic end point  is  to mainta in the pH in the esophagus at  4 or  more 

(F igure 52-2) .  

1.  Antacids.  These compounds,  which neutra l ize gast r ic  ac id,  are used to t reat  

u lcer  pain and heal  the ulcer .  Studies show antacids and H2 - receptor  antagonists  to 

be equal ly e f fect ive.  Antacids are avai lable as magnesium, aluminum,  or  calcium.  

The most widely used antac ids are mixtures of  a luminum hydroxide and magnesium 

hydroxide (Table 52-1) .  Duodenal  u lcers rarely occur  in the absence of  ac id or  when 

the hour ly maximum acid output  is  < 10 mEq.  Pept ic  act iv i ty decreases as ac id i ty 

decreases;  exper imenta l  u lcer  format ion is  inhib i ted by antac ids;  and acid-reducing 

operat ions cure u lcers.  

a.  Mechanism of action and therapeutic effects.  Antac ids reduce the 

concentrat ion and tota l  load of  ac id in the gast r ic  contents.  By increasing gastr ic  

pH,  antac ids a lso inhib i t  pepsin act iv i ty.  In addi t ion,  they st rengthen the gastr ic  

mucosal  barr ier .  

b. Choice of  agent  

(1)  Nonsystemic antacids  (e.g. ,  magnesium or  a luminum substances)  are preferred 

to systemic antac ids (e.g. ,  sodium bicarbonate)  for  intensive ulcer  therapy because 

they avoid the r isk of  a lkalos is .  

(2)  Liquid antacid forms  have a greater  buf fer ing capaci ty than tablets.  However,  

tablets are more convenient  to carry.  With e i ther  dosage form,  the s ize and 

f requency of  doses may l imi t  pat ient  compl iance.  

(3)  Antacid mixtures  (e.g. ,  a luminum hydroxide wi th magnesium hydroxide)  prov ide 

more even,  sustained act ion than s ingle-agent  antac ids and permit  a lower dosage 

of  each compound.  In addi t ion,  compounds in a mixture may interact  so as to negate 

each other 's untoward ef fects.  For  instance,  the const ipat ing ef fect  of  a luminum 

hydroxide may counter  the diarrhea that  magnesium hydroxide f requent ly produces.  

(4)  Calcium carbonate  usual ly is  avoided because i t  causes ac id rebound,  may 

delay pain re l ief  and ulcer  heal ing,  and induces const ipat ion.  Another  potent ia l  

adverse ef fect  of  th is compound is  hypercalcemia;  the r isk is increased i f  calc ium 

carbonate is  taken wi th mi lk  or  another  a lkal ine substance.  The mi lk-a lkal i  syndrome 

( i .e. ,  hypercalcemia,  a lkalos is ,  azotemia,  nephrocalc inosis)  can also occur .  

c.  Administrat ion and dosage  

(1)  Antac ids d i f fer  great ly in ac id-neutra l iz ing capaci ty (ANC),  def ined as the 

number of  mi l l iequivalents (mEq) of  a 1 N solut ion of  HCl that  can be brought  to a 

pH of  3.5 in 15 min.  For most  duodenal  u lcer  pat ients,  approximately 50 mEq/hr  of  

avai lable antac id is  needed for  ongoing neutra l izat ion of  gast r ic  contents.  

Therefore,  the required dosage depends on the ANC of  the speci f ic  antac id.  



(2)  In the fast ing state,  antac ids have only a t ransient  int ragastr ic  buf fer ing ef fect  

(15-20 min) .  When ingested 1 hr  af ter  a meal ,  they have a much more prolonged 

ef fect ,  about  3-4 hr;  therefore,  they should opt imal ly be taken 1 and 3 hr  af ter  meals 

and before s leep.  Consequent ly,  the typical  antac id regimen cal ls  for  doses 1 and 3 

hr  af ter  meals and at  bedt ime.  
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Figure 52-1. Treatment strategy for management 

of duodenal ulcer. CLO, Campylobacter-like 

organism; DU, duodenal ulcer; GI, 

gastrointestinal; NSAIDs, nonsteroidal anti-

inflammatory drugs. 

(3)  Dosage  

(a)  Because the ANC of  antac id products var ies widely,  no s tandard dosage can be 

given in terms of  mi l l i l i ters of  suspension or  number of  tablets.  However,  pat ients 

wi th duodenal  u lcers general ly requi re indiv idual  dosages of  80-160 mEq of  ANC 

(equivalent  to 30-60 mL of  Mylanta or  Maalox) .  Thus the tota l  dai ly dosage may be 

as much as 420 mL of  Mylanta or  Maalox i f  the standard sevent imes-dai ly dosing 

regimen is  used.  Because of  the large doses required,  increase in adverse ef fects,  

need for  f requent  admin is t rat ion,  and poor  pat ient  compl iance,  thei r  ro le in the 

management  of  PUD is l imi ted.  

(b)  Antac id therapy usual ly cont inues for  6-8 weeks.  

d. Precautions and monitoring effects  

(1)  Calc ium carbonate-  and magnes ium-contain ing antac ids should be used 

caut iously in pat ients wi th severe renal  d isease.  
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Figure 52-2. Treatment strategy for management 

of gastroesophageal reflux disease. EGD, 

esophagogastroduodenoscopy; H2RA, histamine 

2-receptor antagonist; OTC, over the counter; 

PPI, proton pump inhibitor. [Adapted with 

permission from Peterson WL. GERD evidence-

based therapeutic strategies [AGA Consensus 

Development Panel], 2002. Available at 

www.gastro.org/user-

assets/documents/GERDmonograph.pdf.] 

(2)  Sodium bicarbonate is  contra indicated in pat ients wi th hyper tension,  congest ive 

hear t  fa i lure (CHF),  severe renal  d isease,  and edema. I t  should not  be used for  

u lcer  therapy.  

(3)  A l l  antacids should be used caut iously in e lder ly pat ients  (par t icular ly those wi th  

decreased GI  mot i l i ty)  and renal ly impaired pat ients.  

(4)  A luminum-contain ing antac ids should be used caut iously in pat ients who suf fer  

f rom dehydrat ion or  intest inal  obst ruct ion.  
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Table 52-1. Comparison of Common Antacids 

Brand Name 

Acid-Neutralizing 

Capacity (mEq/mL 

or tablet) 

Therapeutic Amount 

(140 mEq) (mL or 

number of tablets) 

Sodium 

Content (mg/5 

mL or tablet) 

Concentrated liquids 

Aluminum hydroxide, magnesium hydroxide 

Maalox TC 5.4 26 0.035 

Aluminum hydroxide, magnesium hydroxide, simethicone 

Mylanta DS 5.0 28 0.050 

Regular liquids 

Aluminum hydroxide, magnesium hydroxide, simethicone 



Gelusil 2.4 58 0.090 

Maalox Plus 2.6 54 0.040 

Mylanta 2.5 56 0.030 

Riopan Plus 3.0 47 0.013 

Aluminum 

hydroxide 
   

Amphojel 2.0 70 0.100 

Tablets 

Aluminum hydroxide, magnesium hydroxide, simethicone 

Gelusil II 21 6.7 0.00 

Maalox Plus 11.4 12.2 0.00 

Riopan Plus 13.5 10.4 0.00 

Maalox 

Extra 

Strength 

23.4 6.0 0.040 

Calcium 

carbonate 
   

Tums 10.0 14 0.00 

Tums E-X 15.0 9.3 0.11 

Titralac 7.5 18.7 0.00 



Calcium carbonate and magnesium hydroxide 

Rolaids 8.5 16.5 0.040 

Mylanta Max 

Strength 

24.0 5.8 0.026 

Aluminum 

hydroxide 
   

Amphojel 16.0 8.75 0.080 

 

(5)  The combinat ion of  calc ium carbonate wi th an alkal ine substance (e.g. ,  sodium 

bicarbonate)  and mi lk  may cause the mi lk-a lkal i  syndrome.  

(6)  A lways check brand name extension products for  major  ingredient  changes ( i .e. ,  

Maalox Total  Stomach Rel ief  contains b ismuth subsal icylate) .  

(7)  Chronic adminis t rat ion of  calc ium carbonate-contain ing antac ids should be 

avoided because of  hypercalcemia and calc ium ion st imulat ion of  ac id secret ion.  

(8)  A luminum or  magnesium toxic i ty is  unl ikely in pat ients wi th normal  renal  

funct ion.  The encephalopathy of  t issue deposi t ion of  a luminum occurs only in 

d ia lys is  pat ients receiv ing aluminum hydroxide for  contro l  of  hyperphosphatemia.  

Chronic use of  magnesium-contain ing antac ids is  not  advisable in pat ients wi th 

renal  insuf f ic iency.  

(9)  Const ipat ion can occur  in pat ients us ing calc ium carbonate-  and aluminum-

contain ing antac ids.  

(10)  Diarrhea is  a common adverse ef fect  of  magnesium-contain ing antac ids.  I f  

d iarrhea occurs,  the pat ient  may al ternate the antac id mixture wi th a luminum 

hydroxide.  

(11)  Hypophosphatemia and osteomalacia can occur  wi th long- term use of  a luminum 

hydroxide,  but  these condi t ions can also occur  wi th shor t - term use in severely 

malnour ished pat ients,  such as a lcohol ics.  

e.  Signif icant interact ions.  Because antac ids a l ter  gast r ic pH and af fect  absorpt ion 

of  ingested substances,  they have a h igh potent ia l  for  drug interact ions.  To ensure 

consistent  absorpt ion and therapeut ic  ef f icacy,  ora l ly admin is tered drugs should be 

given 30-60 min before antac ids.  
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(1)  Antac ids b ind wi th tetracycl ine and f luoroquinolones,  inhib i t ing the absorpt ion 

and reducing therapeut ic  ef f icacy.  



(2)  Antac ids may destroy the coat ing of  enteric-coated drugs,  leading to premature 

drug dissolut ion in the stomach.  

(3)  Antac ids may inter fere wi th the absorpt ion of  many drugs,  inc luding cimetidine,  

ranit idine,  digoxin,  isoniazid,  ant icholinergics,  i ron products,  and 

phenothiazines  (see I I .A.2.e. (3)) .  

(4)  Antac ids may reduce the therapeut ic  ef fects of  sucralfate  (see I I .A.3.d) .  

2.  H2 -receptor antagonists.  These drugs may be preferred to other  ant iu lcer  agents 

because of  thei r  convenience and lack of  ef fect  on GI  mot i l i ty.  Al though reasonably 

ef fect ive in t reat ing mi ld to moderate GERD symptoms,  H2 - receptor  antagonists  are 

less re l iable  for  heal ing erosive esophagi t is .  Al l  current  choices require mul t ip le,  

d iv ided doses for  GERD management .  

a.  Mechanism of action and therapeutic effects.  H2 - receptor  antagonists  

compet i t ive ly inhib i t  the act ion of  h istamine at  par ieta l  cel l  receptor  s i tes,  reducing 

the volume and hydrogen ion concentrat ion of  gast r ic  ac id secret ions (Figure 52-3 

and Table 52-2) .  These agonists  accelerate the heal ing of  most  u lcers.  

b. Choice of  agent.  Cimetidine (Tagamet) ,  ranit idine (Zantac) ,  famotidine 

(Pepcid) ,  or  nizat idine (Axid)  may be adminis tered to t reat  pept ic  u lcers or  

hypersecretory s tates (e.g. ,  Zol l inger-El l ison syndrome).  

(1)  Cimetidine,  the f i rst  H2 - receptor  antagonist  approved for  c l in ical  use,  reduces 

gastr ic  ac id secret ion by approximately 50% (at  a tota l  dai ly dosage of  1000 mg).  

(2)  Ranit idine,  a more potent  drug,  causes a 70% reduct ion in gast r ic  ac id 

secret ion (at  a tota l  dai ly dosage of  300 mg).  

(3)  Famotidine  is  the most  potent  H2 - receptor  antagonist .  Af ter  a 40-mg dose,  mean 

nocturnal  gast r ic  ac id secret ion is  reduced by 94% for  up to 10 hr .  

(4)  Nizatidine,  the newest  H2 - receptor  antagonist ,  may be used to t reat  and prevent  

recurrence of  duodenal  u lcers.  

 

Figure 52-3. Sites of drug action in a parietal cell. 

HCl, hydrochloric acid; PPIs, proton pump 

inhibitors. 
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Table 52-2. H2-Receptor Antagonists 



Characteristic 

Cimetidine 

(Tagamet) 

Ranitidine 

(Zantac) 

Famotidine 

(Pepcid) 

Nizatidine 

(Axid) 

Ring structure Imidazole Furan Thiazole Thiazole 

Relative potency 1 4-10 4-10 20-50 

Evening dose 

(mg) 
    

 Active ulcer 800 300 40 300 

 Maintenance 400 150 20 150 

Bioavailability (F) 

(%) 

60-70 50-60 40-45 90-100 

Peak time (tmax) (hr) 1-3 1-3 1-3.5 0.5-3 

Volume of 

distribution (L/kg) 

1 1.4 1.1-1.4 0.8-1.6 

Protein binding (%) 20 15 15-22 32-35 

Renal elimination (%) 60-75 30 oral; 

70 

intravenous 

65-70 65-75 

Half-life (hr)     

Normal 2 2-3 2.5-4 1.6 

Anuric 4-5 4-10 20+ 6-8.5 

Clearance (L/h) 30-48 46 19-29 40-60 

Reprinted with permission from Hurwitz A. Clinical pharmacology of agents 



for the treatment of acid-related disorders. In Zakim D, Dannenberg AJ, eds. 

Peptic Ulcer Disease and Other Acid-Related Disorders. New York, 

Academic Research Associates, 1991:343. 

 

c.  Administrat ion and dosage  

(1)  Cimetidine  usual ly is  adminis tered oral ly in a dosage of  300 mg four  t imes dai ly 

(wi th meals and at  bedt ime) for  up to 8 weeks.  

(a)  A l ternat ively,  duodenal  u lcer  pat ients may receive 400 mg twice dai ly  or  800 mg 

at  bedt ime.  An 800-mg bedt ime dose is  a lso ef fect ive in t reat ing gast r ic  u lcers.  

(b)  Hospi ta l ized pat ients may receive parenteral  doses of  300 mg int ravenously 

every 6 hr .  

(c)  For duodenal  u lcer  prophylaxis ,  400 mg may be given oral ly at  bedt ime.  

(However,  in  20%-40% of  pat ients,  the ulcer  recurs despi te c imet id ine prophylaxis . )  

Is  FDA-approved for  prevent ion of  UGIB at  50 mg/hour as a cont inuous infus ion.  

(2)  Ranit idine  usual ly is  g iven oral ly in a dosage of  150 mg twice da i ly.  Duodenal  

u lcer  pat ients may receive 300 mg at  bedt ime, a l ternat ively.  Therapy cont inues for  

up to 8 weeks.  

(a)  Hospi ta l ized pat ients may receive rani t id ine by the int ravenous or  int ramuscular  

route (50 mg every 6-8 hr) .  

(b)  Prophylact ic  therapy may be adminis tered to reduce the r isk of  u lcer recurrence.  

The approved prophylact ic  dosage is  150 mg at  bedt ime.  

(c)  Rani t id ine 150 mg twice dai ly can be adminis tered to mainta in heal ing of  eros ive 

esophagi t is ;  for  th is  purpose,  i t  is  bet ter  than placebo but  less ef fect ive than the 

proton pump inhib i tors.  

(d)  Rani t id ine bismuth c i t rate,  combined wi th ant ib iot ics such as c lar i thromycin,  is  

indicated for  eradicat ion of  H. py lor i  in  pat ients wi th duodenal  u lcer .  

(3)  Famotidine,  adminis tered to duodenal  u lcer  pat ients,  is  g iven in an oral  dosage 

of  40 mg at  bedt ime for  acute therapy for  a maximum of  8 weeks.  For prophylact ic  

therapy,  the dosage is  20 mg at  bedt ime.  

(a)  Hospi ta l ized pat ients may receive an int ravenous in ject ion of  20 mg every 12 hr .  

(b)  As wi th c imet id ine and rani t id ine,  the ulcer may recur  af ter  drug discont inuat ion.  

(4)  Nizatidine,  for  the t reatment  of  duodenal  u lcers,  is  g iven oral ly in a  dosage of  

300 mg once dai ly at  bedt ime or  150 mg twice dai ly for  up to 8 weeks.  For  

prophylact ic  therapy,  the dosage is  150 mg at  bedt ime.  

d. Precautions and monitoring effects  



(1)  Rani t id ine must  be used caut iously in pat ients wi th hepat ic  impairment .  

Hepatotoxic i ty is  unusual  and occurs most of ten dur ing int raveous adminis t rat ion.  

Cimet id ine has also been associated wi th hepatotoxic i ty.  
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(2)  Cimet id ine may cause such hematological  d isorders as thrombocytopenia,  

agranulocytos is ,  and aplast ic  anemia.  

(3)  A l l  of  these agents may cause headache and dizz iness.  Cimet id ine addi t ional ly  

may lead to confusion,  par t icular ly i f  pat ients are > 60 years  of  age or  i f  the dosage 

is  not  adjusted for  pat ients wi th decreased k idney or  l iver  funct ion.  Al l  agents 

require dosage reduct ions in pat ients wi th impaired renal  funct ion.  

(4)  Cimet id ine has a weak androgenic ef fect ,  possib ly resul t ing in male 

gynecomast ia and impotence.  

(5)  Cimet id ine and rani t id ine rarely can cause bradycardia,  which is  revers ib le on 

discont inuat ion of  therapy.  

(6)  Evaluate H. py lor i  s tatus in any pat ient  wi th conf i rmed ulcer  d isease;  eradicat ion 

of  H. py lor i  reduces the need for  maintenance therapy in pat ients wi th duodenal  or  

gast r ic  u lcers.  Pat ients wi th compl icated ulcer  d isease should cont inue maintenance 

therapy unt i l  the eradicat ion of  H. pylor i .  

(7)  Tolerance develops f requent ly to  h is tamine 2-receptor  antagonists  (H2RAs) and 

may expla in  d iminished responses to these agents over  t ime.  

e.  Signif icant interact ions  

(1)  Cimet id ine binds the cytochrome P450 system of  the l iver  and thus may inter fere 

wi th the metabol ism of  such drugs as phenytoin,  theophyl l ine,  phenobarbital ,  

l idocaine,  warfarin,  imipramine, diazepam,  and propranolol .  

(2)  Cimet id ine decreases hepat ic  b lood f low,  possib ly resul t ing in reduced c learance 

of  propranolol  and l idocaine.  

(3)  Antacids  impair  absorpt ion of  c imet id ine and rani t id ine and should be given 1 hr  

apar t  f rom these drugs.  

(4)  Cimet id ine inhib i ts  the excret ion of  procainamide by compet ing wi th the drug for  

the renal  proximal  tubular  secret ion s i te.  

3.  Sucralfate (Carafate) .  This mucosal  protectant  is  a nonabsorbable d isacchar ide 

contain ing sucrose and aluminum. 

a.  Mechanism of action and therapeutic effects.  Sucral fate adheres to the base of  

the ulcer  crater ,  forming a protect ive barr ier  against  gast r ic ac ids and bi le sal ts .  

(1)  Sucral fate 's  u lcer-heal ing ef f icacy compares favorably to that  of  the H2RAs.  

(2)  Duodenal  u lcers respond bet ter  than gastr ic  u lcers to sucral fate therapy.  

b. Administrat ion and dosage  

(1)  An oral  agent ,  sucral fate usual ly is  g iven in a dosage of  1 g four  t imes dai ly (1 

hr  before meals)  and at  bedt ime.  Unless radiography or  endoscopy documents 

ear l ier  u lcer  heal ing,  therapy cont inues for  4-8 weeks.  

(2)  Cont inued sucral fate therapy af ter  remiss ion postpones ulcer  re lapse more 

ef fect ively than does c imet id ine therapy.  



(3)  There is no ev idence that  combining sucral fate wi th H2RAs improves heal ing or  

reduces recurrence rates.  

c.  Precautions and monitoring effects.  Const ipat ion is  the most common adverse 

ef fect  of  sucral fate.  

d. Signif icant interact ions  

(1)  Antacids  may reduce mucosal  b inding of  sucral fate,  decreasing i ts  therapeut ic  

ef f icacy and thus should be given 30-60 min apar t  f rom sucral fate i f  used in 

combinat ion ulcer  therapy.  

(2)  Sucral fate may inter fere wi th the absorpt ion of  oral ly adminis tered digoxin,  

tetracycl ine,  phenytoin,  i ron, ciprof loxacin and other f luoroquinolones,  and 

cimetidine  i f  doses are g iven s imul taneously.  

4.  GI  anticholinergics  (e.g. ,  bel ladonna leaf ,  at ropine,  propanthel ine)  somet imes 

are used as adjunct ive agents for  re l ief  of  ref ractory duodenal  u lcer  pain.  However,  

these agents have no proven value in u lcer  heal ing.  

a.  Mechanism of action.  Ant ichol inergics decrease basal  and st imulated gastr ic  

ac id and pepsin secret ion.  

(1)  Given in combinat ion wi th antac ids,  ant ichol inergics delay gast r ic  emptying,  

thereby prolonging antac id retent ion.  They are most  ef fect ive when taken at  n ight  

and in large doses.  

(2)  Ant ichol inergics occasional ly are used in pat ients  who do not  respond to H2 -

receptor  antagonists  a lone.  
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b. Administrat ion and dosage  

(1)  Taken 30 min before food,  ant ichol inerg ics inhib i t  meal-s t imulated ac id secret ion 

by 30%-50% for  a durat ion of  4-5 hr .  

(2)  The opt imal  ef fect ive dose var ies f rom pat ient  to pat ient .  

c.  Precautions and monitoring effects  

(1)  A l l  ant ichol inerg ics have s ide ef fects to varying degrees,  such as dry mouth,  

b lurred v is ion,  tachycard ia,  ur inary retent ion,  and const ipat ion.  

(2)  These drugs are contra indicated in pat ients wi th gast r ic  u lcers because they 

prolong gast r ic  emptying.  They also are contra indicated in pat ients wi th narrow-

angle g laucoma and ur inary retent ion.  

5.  Prostaglandins.  These agents suppress gast r ic  ac id secret ion and may guard the 

gastr ic  mucosa against  damage f rom NSAIDs.  Misoprostol  (Cytotec)  has been 

approved for  use in the prevent ion of  gast r ic u lcers caused by NSAIDs. 

a.  Mechanism of action.  Misoprostol  has both ant isecretory ( inhib i t ing gast r ic  ac id 

secret ion)  and mucosal  protect ive proper t ies.  NSAIDs inhib i t  prostaglandin 

synthesis ,  and a def ic iency of  prostaglandin wi th in the gast r ic  mucosa may lead to 

d iminishing bicarbonate and mucus secret ion,  contr ibut ing to the mucosal  damage 

caused by NSAIDs. Misoprostol  increases bicarbonate and mucus product ion at  

doses of  200 µg and above—doses that  can also be ant isecretory.  Misoprostol  a lso 

mainta ins mucosal  b lood f low.  

b. Administrat ion and dosage  



(1)  Misoprostol  is  indicated for  the prevent ion of  NSAID- induced gastr ic  u lcers in 

pat ients at  high r isk for  compl icat ions f rom gastr ic  u lcers (e.g. ,  pat ients > 60 years 

of  age,  pat ients wi th concomitant  debi l i ta t ing d isease,  pat ients wi th a h is tory of  

u lcers) .  

(2)  Misoprostol  has not  been shown to prevent  duodenal  u lcers in pat ients tak ing 

NSAIDs.  

(3)  The recommended adul t  dosage is  200 µg four  t imes dai ly wi th food;  i t  must  be 

taken for  the durat ion of  NSAID therapy.  I f  th is  dose cannot  be to lerated,  100 µg 

four  t imes dai ly can be used.  

(4)  Adjustment  of  dosage in renal ly impaired pat ients is  not  rout inely needed.  

c.  Precautions and monitoring effects  

(1)  Misoprostol  is  contra indicated in pregnant  women because of  i ts  abor t i fac ient  

proper ty.  Pat ients must  be advised of  the abor t i fac ient  proper ty and warned not  to 

g ive the drug to others.  

(2)  Misoprostol  should not  be used in women wi th chi ldbear ing potent ia l  unless the 

pat ient  requires NSAID therapy and is  at  h igh r isk of  compl icat ions f rom gastr ic  

u lcers associated wi th use of  the NSAIDs or is  at  h igh r isk of  developing gastr ic  

u lcerat ion.  In such a pat ient ,  misoprostol  may be prescr ibed i f  the pat ient :  

(a)  Is capable of  complying wi th ef fect ive contracept ive measures 

(b)  Has received both oral  and wr i t ten warnings of  the hazards of  misoprostol ,  the 

r isk of  possib le contracept ion fa i lure,  and the danger to other  women of  chi ldbear ing 

potent ia l  should the drug be taken by mistake 

(c)  Had a negat ive serum pregnancy test  wi th in  2 weeks before beginning therapy 

(d)  Wi l l  begin misoprostol  only on the 2nd or  3rd day of  the next  normal  menstrual  

per iod 

(3)  The most  f requent  adverse ef fects are d iarrhea (14%-40%) and abdominal  pain 

(13%-20%).  Diarrhea is  dose-re lated,  usual ly develops ear ly in the course (> 2 

weeks) ,  and is  of ten sel f - l imi t ing.  Discont inuat ion of  misoprostol  is  necessary in 

about  2% of  pat ients.  Adminis t rat ion wi th food minimizes the diarrhea.  

d. Signif icant interact ions.  None has been repor ted.  

6.  Proton pump inhibitors (PPIs) .  Omeprazole (Pri losec)  was the f i rs t  PPI 

avai lable in the Uni ted States,  fo l lowed by lansoprazole (Prevacid) ,  rabeprazole 

(Aciphex),  pantoprazole (Protonix) ,  and esomeprazole (Nexium)  (Table 52-3) .  

The int ravenous forms of  esomeprazole,  lansoprazole and pantoprazole have been 

approved by the U.S.  Food and Drug Adminis t rat ion (FDA).  

a.  Mechanism of action and therapeutic effects.  The gastr ic  proton pump H
+
/K

+
-

ATPase has a sul fhydryl  group near  the potassium-binding s i te on the luminal  s ide 

of  the canal icular  membrane.  Omeprazole sul fonamide ( the act ive form) forms a 

stable d isul f ide bond wi th th is  speci f ic  sul fhydryl ,  thereby inact ivat ing the ATPase 

and shut t ing of f  ac id secret ion.  Al l  other  PPIs exhib i t  a s imi lar  i r revers ib le 

mechanism of  act ion.  
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Table 52-3. Pharmacokinetics Proton Pump Inhibitors 

Characteristic 

Omeprazol

e (Prilosec) 

Lansoprazo

le 

(Prevacid) 

Rabeprazol

e (Aciphex) 

Pantoprazo

le 

(Protonix) 

Esomeprazo

le (Nexium) 

Bioavailabili

ty (%) 

30-40 80-85 52 77 64-89 

Time to 

peak plasma 

concentratio

n (hr) 

0.5-

3.5 

1.7 2.0-5.0 1.1-3.1 1.56 

Plasma 

elimination 

half-life 

(hrs) 

0.5-1 1.3-1.7 1.0-2.0 1.0-1.9 0.85-

1.25 

Protein 

binding (%) 

95 97 96 98 97 

Urinary 

excretion of 

oral dose 

(%) 

77 14-23 30-35 71-80 80 

 

(1)  Because of  the potency and marked reduct ion in gast r ic  ac id i ty,  the PPIs are 

more rapid ly ef fect ive than other  approved agents in t reat ing pept ic  u lcer  d isease 

( i .e. ,  PPIs tend to contro l  symptoms and heal  u lcers more rapid ly than other  

ant iu lcer  drugs) .  PPIs prov ide ef fect ive heal ing of  duodenal  u lcers;  heal ing rates at  

4 weeks are s imi lar  to those repor ted for  H2 - receptor  antagonist  therapy at  8 weeks.  

(2)  A l l  PPIs are ef fect ive in heal ing erosive esophagi t is ,  prov ide more rapid 

symptom rel ief  and more consistent  heal ing than H2 - receptor  antagonis ts ,  and are 

a lso ef fect ive in maintenance of  heal ing of  eros ive esophagi t is .  

(3)  A l l  PPIs except  pantoprazole have been approved in var ious combinat ions of  

ant ib iot ics for  the eradicat ion of  H. py lor i  (Table 52-4) .  

Table 52-4. Food and Drug Administration-Approved Oral Regimens Used to 

Eradicate Helicobacter pylori and Reduce the Risk of Duodenal Ulcer Recurrence 



Drug Combination Dose and Frequency Duration 

Omeprazole 20 mg Days 1-10 

 20 mg every day b.i.d. Days 11-28
a
 

Clarithromycin 500 mg b.i.d. Days 1-10 

Amoxicillin 1 g b.i.d. Days 1-10 

Lansoprazole 30 mg b.i.d. 14 days 

Amoxicillin 1 g tid 14 days 

Clarithromycin 500 mg b.i.d. 14 days 

Lansoprazole 30 mg b.i.d. 10 days 

Amoxicillin 1 g b.i.d. 10 days 

Clarithromycin 500 mg b.i.d. 10 days 

Esomeprazole 40 mg every day 10 days 

Amoxicillin 1 g b.i.d. 10 days 

Clarithromycin 500 mg b.i.d. 10 days 

Rabeprazole 20 mg b.i.d. 7 days 

Amoxicillin 1 g b.i.d. 7 days 

Clarithromycin 500 mg b.i.d. 7 days 

Bismuth subsalicylate 525 mg q.i.d. Days 1-14 



Metronidazole 250 mg q.i.d. Days 1-14 

Tetracycline HCl 500 mg q.i.d. Days 1-14 

H2RA of choice Ulcer healing regimen Days 1-28 

a 
In patients with an ulcer present at the time of initiation of therapy, 

additional omeprazole treatment is recommended for ulcer healing and relief 

of symptoms. 

H2RA, H2-receptor antagonist; HCl, hydrochloric acid. 
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(4)  PPIs have resul ted in s igni f icant  improvement  in pat ients wi th pathological  

hypersecretory condi t ions (e.g. ,  Zol l inger-El l ison syndrome)  and GERD compared to 

H2 - receptor  antagonists .  

(5)  Esomeprazole and lansoprazole have been approved by the FDA for heal ing and 

prevent ion of  NSAID- induced gastr ic  u lcers.  

(6)  Omeprazole and lansoprazole have been approved by the FDA for  use in infants 

and chi ldren for  the short - term treatment  of  GERD and erosive esophagi t is .  

Omeprazole is  approved for  use in chi ldren ages 2-16 years,  and lansoprazole is  

approved for  use in chi ldren 1-11 years o ld.  

b. Administrat ion and dosage  

(1)  PPIs are more potent  than H2 -b lockers.  In the usual  dosage (omeprazole 20 mg 

dai ly) ,  these agents inhib i t  > 90% of  24-hr  ac id secret ion in most  pat ients,  rarely 

producing achlorhydr ia.  Esomeprazole 40 mg dai ly prov ided s igni f icant ly h igher  

int ragastr ic  pH values above 4 dur ing 24-hr  moni tor ing compared to lansoprazole 30 

mg,  rabeprazole 20 mg,  omeprazole 20 mg,  and pantoprazole 40 mg.  

(2)  PPIs should opt imal ly be taken in the morning 30-60 min before eat ing;  food 

act ivates par ieta l  cel ls ,  maximiz ing the ef fect  of  the PPI.  Opt imal  b inding to proton 

pumps occurs when the pumps are act ively secret ing.  

(3)  Recommended adult  dosages  

(a)  Erosive esophagi t is  in i t ia l ly is  healed wi th 20 mg omeprazole or  equivalent  

doses of  other  PPIs for  8-12 weeks;  only omeprazole has a demonstrated dose 

response in GERD pat ients (pat ients fa i l ing omeprazole 20 mg dai ly may benef i t  

f rom higher  doses;  th is  has not  been demonstrated wi th esomeprazole,  

lansoprazole,  rabeprazole,  or  pantoprazole) .  In addi t ion,  esomeprazole 40 mg every 

day has been shown to produce s igni f icant ly h igher  heal ing rates than omeprazole 

20 mg or  lansoprazole 30 mg across al l  grades of  eros ive esophagi t is .  



(b)  Esomeprazole 20-40 mg,  lansoprazole 30 mg,  omeprazole 20 mg,  rabeprazole 20 

mg,  and pantoprazole 40 mg may be used to manage GERD symptoms in pat ients 

who have fa i led previous therapy wi th H2 - receptor  antagonis t  therapy.  

(c)  The recommended dosage to mainta in heal ing of  eros ive esophagi t is  is  

esomeprazole 20 mg,  omeprazole 20 mg,  lansoprazole 15 mg,  pantoprazole 40 mg,  

or  rabeprazole 20 mg dai ly for  as long as medical ly necessary.  

(d)  Duodenal  u lcer  heal ing requires omeprazole 20 mg,  lansoprazole 15 mg,  or  

rabeprazole 20 mg once dai ly.  Most  pat ients heal  wi th in 4 weeks.  

(4)  Esomeprazole,  lansoprazole,  and omeprazole are delayed-re lease capsules and 

should be taken before eat ing,  can be used concomitant ly wi th antac ids,  and should 

not  be chewed or  crushed.  Capsule contents can be spr ink led on foods ( i .e. ,  

applesauce)  or  mixed wi th ac id ic  ju ices.  Suspensions of  omeprazole or  lansoprazole 

in sodium bicarbonate have been used for  adminis t rat ion to pat ients wi th 

nasogastr ic  and je junostomy tubes.  

(5)  Rabeprazole and pantoprazole are avai lable as enter ic-coated tablets that  

should not  be crushed or  chewed.  

(6)  Lansoprazole is  avai lable as the f i rst  ora l ly d is integrat ing tablet  formulat ion.  I t  is  

p laced on the tongue,  wi th or  wi thout  water ,  unt i l  d issolved.  However,  i t  needs to be 

swal lowed to be absorbed.  

(7)  Omeprazole in sodium bicarbonate powder for  suspension (Zeger id)  is  the f i rs t  

PPI  approved by the FDA for reduct ion in the r isk of  upper GI  b leeding in  cr i t ica l ly 

i l l  pat ients.  I t  has a peach/mint  f lavor  that  is  to lerable.  I t  is  dosed at  40 mg every 6 

hr  t imes two doses (as a loading dose) ,  then 40 mg dai ly.  

(8)  No dosing adjustments are necessary in pat ients wi th impaired renal  or  hepat ic  

funct ion or  in the elder ly.  

(9)  Int ravenous pantoprazole is  indicated for  management  of  eros ive esophagi t is  

and t reatment  of  Zol l inger-El l ison syndrome.  Esomeprazole,  lansoprazole,  and 

pantoprazole are current ly be ing widely used for  the t reatment  of  acute b leeding 

gastr ic  u lcers,  though not  FDA approved.  

(10)  Int ravenous esomeprazole (20-40 mg dai ly)  and lansoprazole (30 mg dai ly)  are 

FDA approved for  the shor t - term use in pat ients wi th GERD wi th a h is tory of  eros ive 

esophagus unable to take oral  medicat ions.  

(11)  In pat ients wi th nocturnal  s igns and symptoms of  GERD, twice dai ly  PPIs have 

been ef fect ive when taken appropr iate ly.  The addi t ion of  an H2RA to the twice-dai ly 

PPI  has shown l i t t le  added benef i t  and is  not  recommended.  

P.1134 

 

 

c.  Precautions and monitoring effects  

(1)  Headache,  d iarrhea,  abdominal  pain,  nausea and vomit ing,  and f latu lence have 

been repor ted in > 1% of  pat ients.  

(2)  Fever,  fat igue,  malaise,  e levated l iver  enzymes,  d izz iness,  vert igo,  sk in rash,  

and i tching have been repor ted in < 1% of  pat ients.  

d. Signif icant interact ions  



(1)  Omeprazole inter feres wi th the hepat ic  microsomal enzyme metabol ism 

(cytochrome P450) of  diazepam, warfarin,  and phenytoin,  al though cl inical ly 

signif icant interact ions are infrequent.  

(2)  Lansoprazole may increase c learance of  theophyl l ine by approximately 10%. 

(3)  Because gastr ic  pH plays a ro le in the bioavai labi l i t y of  ketoconazole,  

ampici l l in esters,  and i ron salts,  pro longed gastr ic  ac id inhib i t ion wi th  PPIs may 

decrease the absorpt ion of  these agents.  

(4)  Antac ids may be used concomitant ly wi th a l l  PPIs.  

(5)  No c l in ical ly s ign i f icant  drug interact ions have been repor ted to date wi th 

esomeprazole,  rabeprazole,  or  pantoprazole.  

(6)  Food may reduce the bioavai labi l i ty of  esomeprazole and lansoprazole by 50%; 

food does not  reduce the bioavai lab i l i t y of  omeprazole or  rabeprazole.  

7.  Bismuth compounds.  In the Uni ted States,  bismuth subsal icylate (Pepto-Bismol)  

is  the only avai lable b ismuth product .  

a.  Mechanism of action.  B ismuth prevents adhesion of  H. py lor i  to gast r ic  mucosa,  

decreases res is tance when used wi th other  ant i -H. py lor i  agents,  inhib i ts  re lease of  

proteolyt ic  enzymes,  and suppresses H. py lor i  growth.  

b. Administrat ion and dosage  

(1)  B ismuth subsal icylate is  h ighly e f fect ive when combined wi th PPIs and/or  

ant ib iot ics.  Eradicat ion rates wi th these combinat ions are > 80% (Table 52-4) .  

(2)  Preferred regimen wi th b ismuth:  b ismuth subsal icylate 525 mg four  t imes a day,  

metronidazole 250 mg four  t imes a day,  tet racycl ine 500 mg four  t imes a day plus 

PPI  (omeprazole 20 mg every day or  lansoprazole 30 mg every day)  for  2 weeks 

tota l .  This  regimen prov ides consistent ly h igh eradicat ion rates (> 90%) and may be 

useful  for  pat ients who have fa i led previous therapy.  This regimen is  not  current ly 

FDA approved.  

c.  Precautions and monitoring effects  

(1)  CNS toxic i ty wi th h igher  doses,  inc luding neurotoxic i ty 

(2)  T inni tus,  hyperpyrexia,  tachycard ia,  and confusion (sal icyl ism) f rom high doses 

of  b ismuth subsal icylate 

d. Reversible proton pump inhibitors  are current ly under development  by a 

number of  pharmaceut ical  companies (Ast raZeneca and Al tana) .  When compared 

wi th the current ly avai lable i r revers ib le proton pump inhib i tors,  these agents are 

expected to of fer  more rapid symptom resolut ion,  contro l  pH more quick ly,  achieve 

higher  pH levels,  and sustain these more aggressive pH levels consistent ly over  a 

24-hr  per iod.  

8.  Prokinet ic agents.  Cisapr ide (Propuls id)  is  current ly the only approved agent  in 

th is  c lass;  however,  the manufacturer  (Janssen Pharmaceut ica)  has discontinued 

marketing  of  c isapr ide in the Uni ted States owing to the agent 's  h ighly 

arrhythmogenic potent ia l .  The manufacturer  wi l l  supply c isapr ide through a l imi ted-

access program for those who meet  speci f ic  e l ig ib i l i t y cr i ter ia and for  whom other  

therapies are not  ef fect ive.  Metoclopramide and erythromycin have wel l -s tudied 

prokinet ic  ef fects,  and prucalopr ide is  s t i l l  under  rev iew by the FDA. 

a.  Mechanism of action.  Cisapr ide produces re lease of  acetylchol ine f rom the 

myenter ic  p lexus and thereby may increase gastr ic  emptying and LES pressure;  



cisapr ide does not  af fect  TLESR. I t  does not  increase or  decrease gastr ic  ac id 

secret ion.  

b. Administrat ion and dosage.  Cisapr ide is  ind icated for  the re l ief  of  nocturnal  

symptoms of  ref lux;  i t  is  adminis tered in doses of  10-20 mg four  t imes a day.  

c.  Precautions and monitoring  

(1)  The most common  s ide ef fects are d iarrhea,  abdominal  pain,  and headache.  

Other  less common ef fects inc lude bronchospasm, angioedema, and depression.  

(2)  Cisapr ide is  contra indicated in pat ients wi th a h is tory of  ischemic hear t  d isease,  

respiratory fa i lure,  congest ive hear t  fa i lure,  renal  fa i lure,  severe dehydrat ion,  

arrhythmias,  or  medicat ions that  prolong the QT interval .  Ser ious cardiac 

arrhythmias,  inc luding ventr icular  tachycardia and torsades de pointes,  have been 

repor ted.  
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d. Signif icant interact ions  

(1)  Ketoconazole  potent ly inhib i ts  the metabol ism of  c isapr ide,  resul t ing in an 

eight fo ld increase in the area under the curve (AUC) of  c isapr ide.  Co-adminis t rat ion 

of  c isapr ide and ketoconazole can resul t  in  prolongat ion of  the QT interval  on the 

elect rocardiogram (ECG).  Co-adminis t rat ion of  i t raconazole,  f luconazole,  or  

int ravenous miconazole is  s imi lar ly contra indicated.  

(2)  The fo l lowing oral  or  int ravenous drugs are contra indicated wi th c isapr ide.  

These may lead to e levated c isapr ide blood leve ls and increased potent ia l  for  

arrhythmias.  

a.  Ant ib iot ics:  erythromycin,  c lar i thromycin,  spar f loxacin 

b.  Protease inhib i tors:  indinavi r ,  r i tonavir  

c.  Ant iarrhythmics:  quin id ine,  procainamide,  sota lo l  

(3)  The accelerat ion of  gast r ic  emptying by c isapr ide could af fect  the rate of  

absorpt ion of  other  drugs.  Pat ients receiv ing nar row therapeut ic  drugs or  other  

drugs that  require carefu l  t i t rat ion should be moni tored c losely.  

(4)  Coagulat ion t imes in pat ients receiv ing oral  ant icoagulants have increased in 

some cases.  

(5)  Cimet id ine may increase peak plasma concentrat ion and AUC of  c isapr ide.  

e.  γ-Aminobutyric acid B (GABAB )  agonists  ( i .e . ,  baclofen)  have been shown to 

s igni f icant ly reduce ref lux episodes in heal thy volunteers and GERD pat ients.  

Several  compounds are under development  that  have greater  per iphera l  speci f ic i ty 

and are expected to prov ide fewer CNS-related adverse ef fects,  whi le prov id ing 

ef fect ive normal izat ion of  TRLES. 

f .  Tegaserod (Zelnorm),  a select ive 5-hydroxyt ryptamine 4 (5-HT4) receptor  

agonist ,  is  a promot i l i ty drug that  is  avai lable through a rest r ic ted access program 

only.  Ear ly s tudies have demonstrated that  tegaserod reduces esophageal  ac id 

exposure by enhancing esophageal  ac id c learance and gastr ic  emptying and/or  

reducing TRLES but  more def in i t ive studies are needed.  In i t ia l  s tudies in pat ients 

wi th hear tburn have shown a decrease in esophageal  pain.  

9.  Sedatives  are useful  adjuncts in promot ing rest  for  h ighly anxious ulcer  pat ients.  



B. Other therapeutic measures  

1.  Modif ication of  diet and social  habits  

a.  Previously emphasized in u lcer  therapy,  s t r ic t  d ietary l imi tat ions now are 

considered largely unnecessary.  

(1)  B land or  mi lk-based diets  formerly were recommended;  however,  research 

indicates that  these diets  do not  speed ulcer  heal ing.  In fact ,  most exper ts  now 

advise ulcer  pat ients to avoid milk  because recent  s tudies show that  mi lk  increases 

gastr ic  ac id secret ion.  Also,  because mi lk  leaves the stomach quick ly,  i t  lacks an 

extended buf fer ing act ion.  

(2)  Smal l ,  f requent  meals,  a lso previously recommended,  can worsen ulcer  pain by 

causing ac id rebound 2-4 hr  af ter  eat ing.  

b. Current dietary guidel ines  emphasize avoid ing foods and beverages known to  

exacerbate gast r ic  d iscomfor t  or  promote ac id secret ion.  This category typical ly 

inc ludes cof fee,  caf fe inated beverages,  and alcohol .  

c.  Smoking.  Pat ients who smoke should be encouraged to qui t  because smoking 

markedly s lows ulcer  heal ing,  even dur ing opt imal  u lcer  therapy.  

d. NSAIDs  should be avoided by u lcer  pat ients.  

2.  Surgery.  An ulcer  pat ient  who develops compl icat ions may require surgery—

somet imes on an emergency basis  (see I I I ) .  Incapaci tat ing recurrent  u lcers a lso may 

warrant  surgery.  

a.  Types of surgical  procedures  for  u lcer  d isease inc lude antrectomy and t runcal  

vagotomy (Bi l l roth I  procedure) ,  par t ia l  gast rectomy and t runcal  vagotomy (Bi l l roth I I  

procedure) ,  h ighly se lect ive (proximal  gast r ic)  vagotomy,  and tota l  gast rectomy ( the 

t reatment  of  choice for  Zol l inger-El l ison syndrome that  is unresponsive to medical  

management) .  

(1)  A vagotomy  severs a branch of  the vagus nerve,  thereby decreasing HCl 

secret ion.  

(2)  An antrectomy,  by removing the antrum, e l iminates some acid-secret ing mucosa 

as wel l  as the major  source of  gastr in.  

b.  The general  indicat ions for  ant i ref lux surgery are fa i lure of  medical  therapy to 

heal  or  prevent  re lapse of  eros ive esophagi t is ,  inabi l i t y of  medical  therapy to 

prevent  recurrence of  st r ic ture,  or  a pat ient  whose l i festyle is  adversely af fected by 

the need for  medical   
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therapy.  Laparoscopic fundoplication  is  current ly the gold standard for  GERD and 

successful ly re l ieves symptoms and heals les ions in  approximately 85% of  pat ients.  

However,  recent  s tudies have demonstrated that  most  pat ients require cont inued 

medical  therapy af ter  fundopl icat ion.  

3.  Emerging endoscopic therapies.  Three endoscopic techniques to t reat  GERD 

have recent ly been int roduced.  

a.  Augmentat ion of  LES pressure may be achieved by del ivery of  radiof requency 

energy to the muscle of  the gast roesophageal  junct ion (Stret ta procedure) .  The 

radiof requency is  del ivered by means of  a f lexib le catheter  made up of  a bougie t ip,  

a bal loon-basket  combinat ion,  and four-needle del ivery sheaths.  



b.  Another  endoscopic procedure,  the EndoCinch,  augments the LES by sutur ing of  

the mucosa. 

c.  The th i rd endoscopic/endoluminal  t reatment is  by use of  Enteryx in ject ion.  

d.  Ear ly s tudies have demonstrated good feasib i l i t y in per forming these procedures 

and an overal l  sat is factory safety prof i le .  Further  s tudies are necessary to assess 

long- term fai lure rate,  ear ly versus late compl icat ions,  and success rate in the 

di f ferent  GERD groups.  

III. COMPLICATIONS 

of  pept ic  u lcer  d isease cause approximately 7000 deaths in the Uni ted States 

annual ly.  

A. Hemorrhage.  This l i fe- threatening condi t ion develops f rom widespread gastr ic  

mucosal  i r r i tat ion or  u lcerat ion wi th acute b leeding.  

1.  Clinical  features.  The pat ient  may vomit  f resh blood or  a cof fee grounds- l ike 

substance.  Other  s igns inc lude passage of  b loody or  tarry s tools ,  d iaphoresis ,  and 

syncope.  With major  b lood loss,  mani festat ions of  hypovolemic shock  may appear:  

The pulse rate may exceed 110,  or  systo l ic  b lood pressure may drop below 100.  

2.  Management  

a.  Pat ient  s tabi l izat ion,  b leeding cessat ion,  and measures to prevent  fur ther  

b leeding are cruc ia l .  

(1)  A i rway,  breathing,  and c i rculat ion must  be ensured.  

(2)  Int ravenous crysta l lo ids and col lo ids (e.g. ,  hetastarch)  should be in fused as 

needed.  

(3)  The pat ient 's  e lect rolyte s tatus must  be moni tored and any imbalances corrected 

prompt ly.  

b. Gastric lavage  may be per formed v ia a nasogastr ic  or  orogastr ic  tube;  iced 

sal ine solut ion is  inst i l led unt i l  the aspirate returns f ree of  b lood.  

c.  Vasoconstr ic tors or  cont inuous in fus ion proton pump inhib i tors have been 

adminis tered wi th good response.  

(1)  Decrease rebleeding rates were found when the cont inuous infus ion PPI  

mainta ined the gastr ic  pH to 6 or above.  The doses required were much higher  than 

normal  doses (e.g.  pantoprazole 80 mg bolus p lus 8 mg/hr or  lansoprazole 90 mg 

bolus p lus 9 mg/hr) .  However,  none of  the int ravenous PPIs are current ly FDA 

approved for  th is  indicat ion.  

(2)  Vasopressin,  an agent  that  causes contract ion of  the GI smooth muscle,  may be 

given to constr ic t  vessels and control  b leeding but  only in pat ients wi th hemorrhagic 

gast r i t is .  

d. Emergency surgery  usual ly is  indicated i f  the pat ient  does not  respond to 

medical  management .  

B. Perforation.  Penetrat ion of  a pept ic  u lcer  through the gastr ic  or  duodenal  wal l  

resul ts  in th is  acute emergency.  Per forat ion most commonly occurs wi th u lcers 

located in the anter ior  duodenal  wal l .  

1.  Clinical  features.  Sudden acute upper abdominal  pain,  r ig id i ty,  guarding,  

rebound tenderness,  and absent  or  d iminished bowel  sounds are typical  

mani festat ions.  Several  hours af ter  onset ,  symptoms may abate somewhat ;  th is 



apparent  remiss ion is  dangerously mis leading because per i toni t is  and shock may 

ensue.  

2.  Management.  Emergency surgery is  a lmost  a lways necessary.  

C. Obstruction.  Inf lammatory edema, spasm, and scarr ing may lead to obst ruct ion 

of  the duodenal  or  gast r ic  out let .  The pylorus and proximal  duodenum are the most  

common obstruct ion s i tes.  
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1.  Clinical  features.  Typical  pat ient  complaints inc lude postprandia l  vomit ing or  

b loat ing,  appet i te and weight  loss,  and abdominal  d is tent ion.  Tympany and a 

succussion splash may be audib le on physical  examinat ion.  Gastr ic aspirat ion af ter  

an overnight  fast  typical ly y ie lds more than 200 mL of  food res idue or  c lear  f lu id 

contents.  (Gastr ic  cancer  must be ruled out  as the cause of  obst ruct ion. )  

2.  Management  

a.  Conservat ive measures  (as in rout ine ulcer  therapy)  are indicated in most cases 

of  obst ruct ion.  

b.  Pat ients wi th marked obstruct ion may require  continuous gastr ic suction  wi th 

carefu l  moni tor ing of  f lu id and elect ro lyte s tatus.  A saline load test  may be 

per formed af ter  72 hr of  cont inuous suct ion to test  the degree of  res idual  

obst ruct ion.  

c.  I f  <  200 mL of  gastr ic  contents are aspirated,  l iquid feedings can begin.  

Aspirat ion  is  per formed at  least  dai ly for  the next  few days to moni tor  for  retent ion 

and to guide dietary modi f icat ions as the pat ient  progresses to a fu l l  regular  d iet .  

d. Surgery  is  indicated i f  medical  management  fa i ls .  

D. Postsurgical  complicat ions  

1.  Dumping syndrome.  Af fect ing about  10% of  pat ients who have undergone par t ia l  

gast rectomy,  th is d isorder  is  character ized by rapid gast r ic  emptying.  

a.  Causes.  The mechanism under lying dumping syndrome is  poor ly def ined.  

However,  in test inal  exposure to hyper tonic  chyme may play a key ro le by t r igger ing 

rapid shi f ts  of  f lu id f rom the plasma to the intest inal  lumen.  

b. Cl inical  features.  The pat ient  may exper ience weakness,  d izz iness,  anxiety,  

tachycardia,  f lushing,  sweat ing,  abdominal  cramps,  nausea,  vomit ing,  and diarrhea.  

(1)  Mani festat ions may develop 15-30 min af ter  a meal  (ear ly dumping syndrome) or  

90-120 min af ter  a meal  ( late dumping syndrome).  

(2)  React ive hypoglycemia may par t ly account  for  some cases of  late dumping 

syndrome.  

c.  Management.  The pat ient  usual ly is  advised to eat  s ix smal l  meals of  h igh 

prote in and fat  content  and low carbohydrate content .  F lu ids should be ingested 1 hr  

before or  af ter  a meal  but  never  wi th a meal .  Antichol inergics  may be given to s low 

food passage into the intest ine.  

2.  Other postsurgical  complicat ions  inc lude ref lux gast r i t is ,  af ferent  bl ind loop 

syndrome,  s tomal  u lcerat ion,  d iarrhea,  malabsorpt ion,  ear ly sat iety,  and i ron-

def ic iency anemia.  



E. Refractory ulcers.  Ulcers that  fai l  to heal  on a prolonged course of  drug 

t reatment  should not  be confused wi th u lcers that  recur  af ter  therapy is  s topped.  I t  

is  d i f f icu l t  to predict  which pat ients wi l l  have a ref ractory u lcer .  

1.  Differential  diagnosis.  Any compl iant  pat ient  who cont inues to have dyspept ic  

symptoms af ter  8 weeks of  therapy should have gastroscopy and biopsy to exclude 

rare causes of  u lcerat ion in the duodenum, such as Crohn disease,  tuberculos is ,  

lymphoma, pulmonary or  secondary carc inoma,  and cytomegalov i rus (CMV) infect ion 

in immunodef ic ient  pat ients.  Fast ing plasma gastr in  concentrat ion should be 

measured to exclude Zol l inger-El l ison syndrome.  

2.  Treatment  

a.  Avai lable data indicate that  only maximum acid inhib i t ion,  wi th a regimen such as 

omeprazole (20 mg twice a day)  or  lansoprazole (30 mg twice a day) ,  of fers 

advantages over  cont inued therapy wi th s tandard ant iu lcer  regimens.  

b.  Eradicat ion of  H. py lor i  in fect ion,  when present ,  is  l ike ly to fac i l i ta te heal ing and 

al ter  the natural  h is tory of  ref ractory u lcers.  

c.  Every ef for t  should be made to d iscover  and reduce or  e l iminate NSAID use.  

d.  Per form surgery.  

F. Maintenance regimens  

1.  Despi te heal ing af ter  wi thdrawal  of  therapy,  70% of  u lcers recur  in 1 year ,  and 

90% in 2 years.  Simi lar ly,  eros ive esophagi t is  wi l l  recur  in more than 80% of  

indiv iduals wi th in 1 year  af ter  d iscont inuat ion of  ant isecretory therapy.  

2.  Candidates for  long- term maintenance therapy inc lude pat ients wi th ser ious 

concomitant  d iseases;  four  re lapses per  year ;  or  a combinat ion of  r isk factors,  

producing a more severe  
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natural  h is tory of  pept ic  d isease (e.g. ,  o ld age, male sex,  a long his tory of  aspir in or 

NSAID use,  heavy alcohol  intake,  c igaret te smoking,  a h is tory of  pept ic  u lcer  

d isease in an immediate re lat ive,  h igh maximal  ac id output ,  and a h is tory of  u lcer  

compl icat ions) .  

3.  Pat ients wi th conf i rmed ulcer  d isease should be evaluated for  presence of  H. 

py lor i .  Eradicat ion of  H. py lor i  minimizes the recurrence of  ulcer  d isease.  Pat ients 

wi th a h is tory of  compl icated ulcer  d isease should have H. py lor i  eradicat ion 

conf i rmed.  
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STUDY QUESTIONS 

Direct ions for questions 1-6:  Each of  the quest ions,  s tatements,  or  incomplete 

statements in th is  sect ion can be correct ly answered or  completed by one  of  the 

suggested answers or  phrases.  Choose the best  answer.  

1.  ZZ is a 43-year-old female with a chief  complaint of hematemesis and 

abdominal pain.  Serology is posit ive for H. pylori .  Which of  the fol lowing would 

be the best regimens to treat  ZZ? 



(A)  omeprazole 20 mg dai ly p lus c lar i thromycin 500 mg b. i .d.  ×  14 days 

(B)  lansoprazole 30 mg b. i .d.  p lus tet racycl ine 500 mg q. i .d.  ×  14 days 

(C) rabeprazole 20 mg b. i .d.  p lus amoxic i l l in  1g b. i .d.  p lus c lar i thromycin 500 mg 

b. i .d.  ×  7 days 

(D) esomeprazole 40 mg b. i .d.  p lus amoxic i l l in  500 mg b. i .d.  p lus c lar i thromycin 500 

mg b. i .d.  × 7 days 

(E)  pantoprazole 40 mg b. i .d.  p lus amoxic i l l in  1g b. i .d.  p lus c lar i thromycin 500 mg 

t . i .d.  ×  10 days 

View Answer1.  The answer is C[see] .Hel icobacter pylori ,2.  Al l  of  the 

fol lowing statements concerning antacid therapy used in the treatment of  

duodenal  or gastr ic ulcers are correct  except  which one? 

(A)  Antacids may be used to heal  the ulcer  but  are inef fect ive in contro l l ing u lcer  

pain.  

(B)  Antacids neutra l ize ac id and decrease the act iv i ty of  peps in.  

(C)  I f  used alone for  u lcer  therapy,  antac ids should be adminis tered 1 hr  and 3 hr  

af ter  meals and before bedt ime.  

(D)  I f  d iarrhea occurs,  the pat ient  may al ternate the antac id product  wi th  a luminum 

hydroxide.  

(E)  Calc ium carbonate should be avoided because i t  causes ac id rebound and 

induces const ipat ion.  

View Answer2.  The answer is A[see] .3.  As part  of a comprehensive 

management strategy to treat  peptic ulcer disease,  pat ients should be 

encouraged to do al l  of the fol lowing except  

(A)  decrease caf fe ine ingest ion.  

(B)  eat  only b land foods.  

(C)  s top smoking.  

(D)  avoid a lcohol .  

(E)  avoid the use of  mi lk  as a t reatment  modal i ty.  

View Answer3.  The answer is B[see] .4.  A gastr ic ulcer pat ient requires 

close fol low-up to document complete ulcer heal ing because 

(A)  per forat ion into the intest ine is  common.  

(B)  spontaneous heal ing of  the ulcer  may occur  in 30%-50% of  cases.  

(C)  there is the r isk of  the ulcer  being cancerous.  

(D)  symptoms tend to be chronic and recur .  

(E)  weight  loss may be severe in gast r ic  u lcer pat ients.  

View Answer4.  The answer is C[see] .5.  IT is a 58-year-old male admitted 

to the intensive care unit  with acute respiratory fai lure and thrombocytopenia.  

He is at  high r isk for an upper gastrointest inal  bleed. Which of  the fol lowing 

agents are approved by the U.S. Food and Drug Administrat ion (FDA) for the 

prevention of  this type of bleed? 

(A)  sucral fate 

(B)  famot id ine 

(C) esomeprazole 

(D)  lansoprazole 

(E)  omeprazole 



View Answer5.  The answer is E[see I I .6.B] .6.  Al l  of  the fol lowing provide 

acid suppression similar to omeprazole 20 mg every day except  

(A)  lansoprazole 30 mg every day.  

(B)  pantoprazole 40 mg every day.  

(C)  rabeprazole 20 mg every day.  

(D)  famot id ine 20 mg twice a day.  

(E)  a l l  prov ide equivalent  ac id suppression.  

View Answer6.  The answer is D[see] .P.1140 

 

 

Direct ions for questions 7-8:  The quest ions and incomplete statements in th is 

sect ion can be correct ly answered or  completed by one or more  of  the suggested 

answers.  Choose the answer,  A-E.  

7.  Correct  statements concerning cigarette smoking and ulcer disease include 

which of the fol lowing? 

( I )  Smoking delays heal ing of gastr ic and duodenal ulcers.  

( I I )  Nicotine decreases bi l iary and pancreat ic bicarbonate secret ion.  

( I I I )  Smoking accelerates the emptying of  stomach acid into the duodenum. 

A  i f  I  only  is  correct  

B  i f  I I I  only  is  correct  

C  i f  I  and I I  are correct  

D  i f  I I  and I I I  are correct  

E  i f  I ,  I I ,  and I I I  are correct  

View Answer7.  The answer is E( I ,  I I ,  I I I )  [see] .8.  When administered at  the 

same t ime,  antacids can decrease the therapeutic eff icacy of  which of  the 

fol lowing drugs? 

( I )  sucralfate 

( I I )  ranit idine 

( I I I )  cimetidine 

A  i f  I  only  is  correct  

B  i f  I I I  only  is  correct  

C  i f  I  and I I  are correct  

D  i f  I I  and I I I  are correct  

E  i f  I ,  I I ,  and I I I  are correct  

View Answer8.  The answer is E( I ,  I I ,  I I I )  [see] .Direct ions for questions 9-

13:  Each descr ipt ion in th is  sect ion is  most c losely associated wi th one  of  the 

fo l lowing agents.  Each agent  is  used only once.  Choose the best  answer,  A-E.  

9.  may cause diarrhea 

A  sodium bicarbonate 

B  a luminum hydroxide 

C  calc ium carbonate 

D  magnesium hydroxide 

E  propanthel ine 

View Answer9.  The answer is D[see] .10. cannot be used by pat ients with 

heart  fai lure 



A  sodium bicarbonate 

B  a luminum hydroxide 

C  calc ium carbonate 

D  magnesium hydroxide 

E  propanthel ine 

View Answer10.  The answer is A[see] .11. i f  used with milk and an 

alkal ine substance can cause milk-alkal i  syndrome 

A  sodium bicarbonate 

B  a luminum hydroxide 

C  calc ium carbonate 

D  magnesium hydroxide 

E  propanthel ine 

View Answer11.  The answer is C[see] .12. may cause dry mouth 

A  sodium bicarbonate 

B  a luminum hydroxide 

C  calc ium carbonate 

D  magnesium hydroxide 

E  propanthel ine 

View Answer12.  The answer is E[see] .13. can be al ternated with an 

antacid mixture to control  diarrhea.  

A  sodium bicarbonate 

B  a luminum hydroxide 

C  calc ium carbonate 

D  magnesium hydroxide 

E  propanthel ine 

View Answer13.  The answer is B[see] .P.1141 

 

 

ANSWERS AND EXPLANATIONS 

1.  The answer is C  [see  Table 52-4 ] .  

Though al l  agents are useful  in  the t reatment  of  Hel icobacter  py lor i ,  only the 

combinat ion of  rabeprazole wi th amoxic i l l in  and c lar i thromycin for  7 days is  correct .  

The other  doses and durat ion of  therapy are incorrect .  

2.  The answer is A [see  I I .A.1 ] .  

Antac ids have been shown to heal  pept ic  u lcers,  and thei r  main use in modern 

therapy is  to contro l  u lcer  pain.  Antacids should be taken 1 hr  and 3 hr  af ter  meals 

because the meal  prolongs the ac idbuf fer ing ef fect  of  the antac id.  I f  d iarrhea 

becomes a problem wi th antac id use,  an aluminum hydroxide product  can be 

al ternated wi th the antacid mixture;  th is  takes advantage of  the const ipat ing 

proper ty of  a luminum. Because calc ium carbonate causes ac id rebound and 

const ipat ion,  i ts  use should be avoided.  

3.  The answer is B  [see  I I .B.1.a. (1) ] .  

B land food diets  are no longer recommended in  the t reatment  of  u lcer d isease 

because research indicates that  b land or  mi lk-based diets  do not  accelerate u lcer  



heal ing.  Studies show that  pat ients can eat  a lmost  anything;  however,  they should 

avoid foods that  aggravate thei r  u lcer  symptoms.  

4.  The answer is C  [see  I .D.6 ] .  

Between 5% and 10% of  gast r ic  u lcers may be the resul t  of  cancer .  The ulcer  may 

respond to therapy;  however,  fa i lure of  the ulcer  to decrease sat is factor i ly in s ize 

and to heal  wi th therapy may suggest  cancer .  Close fo l low-up is  necessary to 

document  complete u lcer  heal ing.  

5.  The answer is E  [see I I .6.B] .  

Though al l  of  these agents have been used wi th success in the prevent ion of  GI  

b leeds in cr i t ica l ly i l l  pat ients,  only omeprazole (as a powder for  oral  suspension)  

has been FDA approved for  th is  indicat ion.  

6.  The answer is D  [see  I I .A.6.b. (1) ] .  

Doses of  omeprazole 20 mg,  lansoprazole 30 mg,  pantoprazole 40 mg,  and 

rabeprazole 20 mg adminis tered once dai ly prov ide s imi lar  levels  of  ac id 

suppression.  Al l  prov ide s igni f icant ly bet ter  ac id inhib i t ion than famot id ine,  even at  

doses of  20 mg twice a day or  more.  

7.  The answer is E  ( I ,  I I ,  I I I )  [see  I .E.3;  I I .B.1.c ] .  

Cl in ical  s tudies have shown that  smoking increases suscept ib i l i t y to u lcer  d isease,  

impairs  spontaneous and drug- induced heal ing,  and increases the r isk and rapid i ty 

of  recurrence of  the ulcer .  These f indings may resul t  in  par t  f rom nicot ine 's  abi l i ty to  

decrease bi l iary and pancreat ic  b icarbonate secret ion,  thus decreasing the body's  

abi l i t y to neutra l ize ac id in the duodenum. Also,  the accelerated emptying of  

s tomach acid into the duodenum may predispose to duodenal  u lcer  and may 

decrease heal ing rates.  

8.  The answer is E  ( I ,  I I ,  I I I )  [see  I I .A.1.e. (3);  I I .A.3.d ] .  

The mean peak blood concentrat ion of  c imet id ine and the area under the 4-hr  

c imet id ine blood concentrat ion curve were both reduced s igni f icant ly when 

c imet id ine was adminis tered at  the same t ime as an antac id.  The absorpt ion of  

rani t id ine is  a lso reduced when i t  is  taken concurrent ly wi th an aluminum 

magnesium hydroxide antac id mixture.  To avoid th is  interact ion,  the antac id should 

be adminis tered 1 hr  before or  2 hr af ter  the adminis t rat ion of  c imet id ine or  

rani t id ine.  Antacids may reduce mucosal  b inding of  sucral fate,  decreasing i ts  

therapeut ic  ef f icacy.  Antacids should,  therefore,  be given 30-60 min before or  af ter  

sucral fate.  

9.  The answer is D  [see  I I .A.1.b. (3) ] .  

10.  The answer is A [see  I I .A.1.d. (2) ] .  

11.  The answer is C  [see  I I .A.1.d. (5) ] .  

12.  The answer is E  [see  I I .A.4.c. (1) ] .  
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13.  The answer is B  [see  I I .A.1.b. (3) ] .  

Magnesium-contain ing products tend to cause diarrhea,  possib ly because of  

magnesium's abi l i t y to st imulate the secret ion of  b i le ac ids by the ga l lb ladder.  

Because of  i ts  sodium content ,  sodium bicarbonate is  contraindicated in pat ients 



with CHF, hyper tension,  severe renal  d isease,  and edema. Sodium bicarbonate is  no 

longer used in pept ic  u lcer  therapy.  In addi t ion to causing ac id rebound,  calc ium 

carbonate,  i f  taken wi th mi lk  and an alkal ine substance for long per iods,  may cause 

mi lk-a lkal i  syndrome.  I t  a lso may cause adverse ef fects such as hypercalcemia,  

a lkalos is ,  azotemia,  and nephrocalc inosis .  Propanthel ine,  l ike other  ant ichol inergic  

agents,  may cause dry mouth,  b lurred v is ion,  ur inary retent ion,  and const ipat ion.  

These agents somet imes are used as adjuncts to re l ieve duodenal  u lcer  pain.  They 

are contra indicated in gast r ic  u lcer  because they delay gast r ic  emptying.  Aluminum 

hydroxide is  const ipat ing and can be al ternated wi th the pat ient 's  current  antac id 

when that  antac id product  is causing diarrhea.  

 



53 
Diseases of the Bowel: Inflammatory Bowel 
Disease and Irritable Bowel Syndrome 
Eric Coldiron 

I. INTRODUCTION 

A. Defini t ion  

1.  Inf lammatory bowel disease ( IBD)  is  a designat ion commonly used to describe  

two id iopathic  d iseases of  the gastro intest inal  t ract  wi th c losely re lated c l in ical  

presentat ions.  These diseases are ulcerat ive col i t is (UC)  and Crohn disease (CD).  

2.  UC is  a chronic inf lammatory condi t ion of  the gast ro intest inal  t ract  mucosa and is  

pr imar i ly found in the rectum and colon.  

3.  CD is  chronic t ransmural  in f lammat ion of  the gast ro intest inal  mucosa and can be 

found throughout  the gast ro intest inal  t ract  f rom the mouth to the anus.  CD most  

commonly af fects the smal l  bowel  and colon.  

4.  I rr i table bowel  syndrome ( IBS)  has been def ined as a funct ional  bowel  d isorder  

in which abdominal  pain or  d iscomfor t  is  associated wi th defecat ion or  changes in 

bowel  habi ts  and wi th features of  disordered defecat ion.  

B. Manifestat ions  

1.  IBD  

a.  UC  onset  is  f requent ly ins id ious wi th increas ing stool  urgency and f requency.  In 

addi t ion to urgency,  b loody stool  and mucus in the stool  can also gradual ly 

increase.  The general  course of  UC can be general ized as bouts of  var ied disease 

intensi ty interspersed wi th asymptomat ic  per iods.  

b. CD  onset  is  typical ly ins id ious but  can be as severe or  fulminate d isease.  Despi te 

s imi lar i t ies of  CD presentat ion,  there are pat terns of  symptoms that  re late to 

d isease locat ion and type (e.g. ,  in f lammatory,  f ibrostenot ic ,  f is tu l iz ing)  that  can be 

useful  in  determining therapy decis ions.  

2.  IBS  

a.  IBS can be character ized by pain re l ieved by defecat ion,  a l ternat ing bowel  habi ts ,  

abdominal  d is tent ion,  mucus in the stool ,  and a sensat ion of  incomplete defecat ion.  

IBS usual ly occurs as e i ther  const ipat ion predominant  or  d iarrhea predominant .  

b. Constipat ion-predominant IBS  tends to present  wi th pain and per iodic  

const ipat ion al ternat ing wi th normal  per iods of  bowel  funct ion.  Pain has been 

descr ibed as col icky,  per iodic ,  and/or  a cont inuous dul l  ache.  Defecat ion may 

re l ieve the pain and eat ing can commonly t r igger  symptoms.  Other common 

symptoms are b loat ing,  nauseas,  dyspepsia,  f la tu lence,  and hear tburn.  

c.  Diarrhea-predominant IBS  is  commonly character ized by precip i tous diarrhea 

occurr ing immediate ly on r is ing or  dur ing meals or  immediate ly postprandia l ly.  

Nocturnal  episodes are rare.  Other  common present ing complaints are pain,  

b loat ing,  recta l  urgency,  and incont inence.  

d.  IBS can also be al ternat ing f rom const ipat ion to d iarrhea on a cont inual  basis .  

C. Epidemiology of IBD.  I t  has been est imated that  approximately 1 mi l l ion 

Amer icans have IBD. I t  is  est imated that  roughly hal f  have UC and hal f  have CD. 



1.  UC incidence and prevalence rates  have remained re lat ively constant  in North 

Amer ica and nor thern Europe and appear to be increasing in  southern Europe and 

East  Asia.  UC his tor ical ly has been more common than CD. 
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a.  UC inc idence rates in North Amer ica are repor ted to be around 11 cases per  

100,000 pat ients.  Recent  prevalence rates for  UC in North Amer ica are repor ted to 

be 169-229 per  100,000 pat ients.  Rates are comparable in nor thern European 

countr ies.  

b.  UC inc idence and prevalence rates are lower in southern Europe,  Asia,  and Lat in 

Amer ica.  

2.  CD incidence and prevalence rates  have seen a marked r ise s ince the ear ly 

1950s.  There is  a great  var iance in publ ished inc idence rates of  CD. Areas of  h igher  

CD inc idence are general ly s imi lar  to those of  h igher  UC inc idence.  CD has recent ly 

become more common than UC in some areas.  

a.  Reported CD inc idence rate for  North Amer ica is  est imated to be 5 cases per  

100,000 pat ients.  CD prevalence rates in North Amer ica are est imated to be around 

50 cases per  100,000 pat ients.  CD rates for  northern Europe are comparable to 

those in North Amer ica.  

b.  Rates for  southern Europe,  Af r ica,  and Asia have been repor ted to be lower than 

those seen in North Amer ica and nor thern Europe.  

3.  Geographical-related components  

a.  Nor thern regions have his tor ical ly repor ted higher  rates of  IBD than southern 

regions.  Rates in southern Europe have recent ly seen increasing inc idence rates 

compared to h is tor ical  rates.  

b.  CD rates have been repor ted to be higher  in urban areas.  

c.  UC rates have been repor ted to be higher  in rural  areas.  

d.  IBD rates have his tor ical ly been higher  in developed countr ies compared to less-

developed countr ies.  This d i f ference has been shown to decrease as less-developed 

areas are developed and a more Western d iet  is  adopted.  

4.  Ethnic,  racial ,  and socioeconomic components  

a.  The r isk for  IBD and CD in par t icular  is  h igher  in  Jews of  European descent  than 

in non-Jews.  Whi le IBD prevalence is  repor ted to be higher  in Jews compared to 

non-Jews there is  considerable var iat ion wi th in Jewish populat ions f rom di f ferent  

geographica l  locat ions.  

b.  Non-Jewish whi tes h is tor ical ly have been considered to be at  h igher  r isk for  IBD 

compared to Afr ican Amer icans,  but  that  d i f ference has been quest ioned in recent  

repor ts .  Blacks in Afr ica tend to be at  less r isk for  IBD than ei ther  North Amer ican 

whi tes or  Af r ican Amer icans.  

c.  As ians appear to be at  lower r isk for  developing IBD than whi tes.  However,  

migrant  Asians to the Uni ted Kingdom have been shown to  be at  h igher  r isk for  UC 

than nonmigrants,  near ly equal ing the r isk of  developing CD as UK-born whi tes.  

d.  Inc idence rates of  IBD have his tor ical ly been repor ted to be higher  in h igher  

socioeconomic c lasses.  



5.  Age- and sex-related components  

a.  IBD is  more common in young adul t  pat ients than older  pat ients.  

b.  CD has his tor ical ly demonstrated a b imodal  d is t r ibut ion in regard to age of  

d iagnosis;  a large peak is  seen in the 2nd and 3rd decades and a second,  smal ler  

peak appears in later  decades.  

c.  The average age of  UC diagnosis is  in the 4th decade.  

d.  Men and women are at  s imi lar  r isk of  developing IBD.  

e.  Women are at  increased r isk of  developing CD compared to men.  

f .  Men are at  s l ight ly increased r isk of  developing UC compared to women,  a l though 

the di f ference approaches uni ty.  

6.  Other contributing factors  

a.  Smoking  has been associated wi th a decrease in UC rates,  but  the r isk factors to 

general  heal th do not  warrant  forgoing counsel ing pat ients on the benef i ts  of  

smoking cessat ion.  

(1)  Former smokers are at  increased r isk of  developing UC. 

(2)  Smoking has been shown to be a r isk factor for  developing CD. CD pat ients who 

act ively smoke also have increased morbid i ty compared to CD pat ients who stop 

smoking.  

b. Appendectomy  has been shown to be protect ive in regard to development  of  UC. 

c.  Use of  oral  contraceptives  has been associated wi th increased r isk of  

developing IBD.  

7.  Genetic  predisposi t ion to IBD is  an area of  recent  research.  

a.  Genet ic  predisposi t ion to IBD is  suggested by,  among other  factors,  

epidemio log ic  s tudies,  studies of  twins,  fami ly aggregat ion s tudies,  and ethnic 

d i f ferences in d isease pat terns.  
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b.  The nucleot ide ol igomer izat ion domain 2 (NOD2 ) /caspase act ivat ion and 

recrui tment  domain 15 (CARD15 )  genet ic  mutat ion for  example is  seen more of ten in 

CD than in the general  populat ion.  The mutat ion has been associated wi th a l tered 

immune response to bacter ia.  There are l imi tat ions to the usefulness of  

NOD2/CARD15  in  c l in ical  pract ice;  however,  the ident i f icat ion of  th is  mutat ion and 

others has opened the door  for  more work concerning genet ic  predisposi t ion and 

possib le d isease mechanism, which,  in turn,  may lead to new modes of  therapy.  

D. Epidemiology of IBS  

1.  IBS is  repor ted to be more common in women than men. 

2.  There is a decrease in IBS f requency in e lder ly pat ients.  

3.  Prevalence seems to be equal  in whi tes and blacks and lower in Hispanics.  

Overal l  prevalence rates are est imated at  2.9%. 

4.  IBS appears to be as common in Asia,  South Amer ica,  and India as in Western 

countr ies.  

5.  IBS usual ly presents between the ages of  30 and 50,  wi th  s igni f icant  decreases 

at  ages > 50.  

E. Description  



1.  IBD  is  chronic inf lammat ion of  the gast ro intest inal  t ract .  

2.  UC is  chronic recurr ing mucosal  inf lammat ion of  the colon.  

a.  Procti t is.  Inf lammat ion of  the rectum 

b. Proctosigmoidit is.  Col i t is  af fect ing the rectum and s igmoid colon 

c.  Left-sided col i t is.  Disease star t ing at  the rectum and extending ret rograde to the 

splenic  f lexure of  the colon 

d. Pancol i t is.  Disease af fect ing the ent i re colon 

e.  Backwash i lei t is.  Inf lammat ion of  the terminal  i leum owing to ret rograde f low of  

colonic  contents in pancol i t is  pat ients 

3.  CD is  chronic recurr ing t ransmural  in f lammat ion of  the gast ro intest inal  t ract .  

a.  I leocol it is.  The most common form of  CD, af fect ing the i leum and colon 

b. I lei t is.  CD af fect ing the i leum 

c.  Gastroduodenal  Crohn disease.  CD af fect ing the stomach and duodenum 

d. Jejunoi lei t is.  CD producing inf lammat ion of  the je junum and i leum 

e.  Crohn's (granulomatous) coli t is.  CD af fect ing only the colon 

4.  IBS  

a.  IBS is  recognized as being par t  of  functional bowel disease.  

b.  IBS is  character ized by symptoms of  abdominal  pain or  d iscomfor t  that  is  

associated wi th d is turbed defecat ion pat terns.  IBS is  typical ly of  a const ipat ion 

( IBS-C) or  diarrhea predominant  ( IBS-D) type wi th a minor i ty of  pat ients a l ternat ing 

between the two ( IBS-A) or  of  a mixed presentat ion ( IBS-M or  mixed) .  

F. Cause  

1.  IBD  is  thought  to be caused by a poor ly understood compi lat ion of  envi ronmental  

and genet ic  factors and possib ly infect ious agents.  IBD is l ike ly a resul t  of  mult ip le 

envi ronmental  factors that  e l ic i t  an abnormal  immune response in genet ical ly 

suscept ib le indiv iduals.  

a.  There is s igni f icant  over lap between the c l in ical  presentat ions of  UC and CD, the 

two main id iopathic  inf lammatory d isease states that  make up IBD. Thus a c lear  

d i f ferent ia l  d iagnosis between UC and CD is  not  a lways possib le.  

b.  There is c lear  ev idence of  immune system act ivat ion wi th subsequent  inf i l t rat ion 

of  the t issue by lymphocytes,  macrophages,  and other  cel ls .  The exact  t r igger  of  

th is  apparent  poor ly regulated immune response has yet  to be def ined.  

c.  Possib le mechanisms postulated for  IBD disease in i t ia t ion inc lude v i rus or  

bacter ia l  in fect ion,  d ietary ant igens or  inappropr iate immune response to normal ly 

nonant igenic microbes,  and the possib i l i t y of  an inappropr ia te immune response to 

intest inal  autoant igens expressed on the intest inal  epi thel ium. 
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d.  Regardless of  cause, there appears to be fa i lure of  normal  suppressor  

mechanisms wi th a resul tant  over ly v igorous and abnormal ly long immune response 

to a d isease t r igger .  

e.  IBD occurs 30-100 t imes more f requent ly in f i rs t -degree re lat ives of  IBD pat ients 

compared to the general  populat ion 



f .  Infectious coli t is  can mimic IBD.  Di f ferent ia l  d iagnosis inc ludes bacter ia l ,  

protozoal ,  and v i ra l  pathogens (notably Clost r id ium di f f ic i le ,  fungal  protozoal  v i ra l ,  

and helminth ic  pathogens) .  

g. Ischemic coli t is  and neoplast ic  d iseases such as cecal  adenocarc inoma,  

lymphoma, and metastat ic  cancers may also present  l ike IBD.  

h. Microscopic coli t is  and other  inf lammatory d iseases such as cel iac sprue,  and 

eosinophil ic coli t is  can present  in much the same manner as IBD.  

i .  Drug-induced enterocoli t is  can induce IBD-l ike symptoms.  The most  commonly 

impl icated c lasses of  drugs are nonsteroidal  ant i - in f lammatory drugs (NSAIDs),  gold 

compounds,  oral  contracept ives,  enter ic  potassium supplements,  pancreat ic  

enzymes,  phosphosoda bowel  preps,  and thermal  in jury secondary to colostomy 

i r r igat ion.  

j .  Other possib ly confounding diseases inc lude endometriosis  and divert icular 

disease.  

2.  IBS  

a.  The exact  cause of  IBS is  unknown,  and no anatomic cause has yet  to be 

eluc idated.  

b.  Possib le comorbid factors—such as v i ra l  gastroenter i t is ,  emot ional  heal th,  d iet ,  

envi ronment ,  concurrent  drug therapy,  and hormones—have been impl icated in 

gast ro intest inal  (GI)  dysmot i l i ty.  

c.  Anxiety d isorders,  part icular ly panic d isorder ;  major  depressive disorder ;  and 

somat izat ion disorder  have also been impl icated as possib le in i t ia t ing factors for  

IBS.  

d.  Learned aberrant  i l lness behavior ,  in  which pat ients may tend to express 

emot ional  conf l ic t  as a GI  complaint ,  usual ly abdominal  pain,  may also be a 

contr ibut ing disease state.  The c l in ic ian evaluat ing pat ients wi th IBS,  par t icular ly 

those wi th ref ractory symptoms, should invest igate for  unresolved psychological  

issues,  inc luding the possib i l i t y of  sexual  or  phys ical  abuse.  

G. Pathophysiology  

1.  IBD  

a.  UC.  Physio logic  changes in UC begin wi th edema fo l lowed by loss of  f ine 

vascular  pat tern and increased mucosal  f r iabi l i ty.  Ulcerat ion,  exudates,  and 

pseudopolyps may also be present .  With longer d isease his tory,  the colon may 

begin to become featureless and tubular  in nature.  UC tends to occur in a 

contiguous  manner.  

b. CD.  Inf lammat ion and subsequent  in jury of  t issue known as crypt i t is  leads to 

crypt  abscess and subsequent ly focal  aphthoid u lcerat ion.  The inf lammatory process 

can progress wi th inf lux and prol i ferat ion of  macrophages and other  inf lammatory 

cel ls .  Transmural  in f lammat ion may lead to lymphedema and bowel  wal l  th ickening.  

This th ickening can lead to f ibros is .  Af fected areas are usual ly sharply demarcated 

f rom normal adjacent  t issue and give r ise to the skip lesion  appearance of  CD. 

2.  IBS  

a.  Abnormal i t ies in intest inal  mot i l i ty  in IBS appear  to be re lated to under lying 

muscle dysfunct ion as wel l  as hyperact ive response to in i t ia t ing factors,  such as 

food or  parasympathomimet ic  drugs.  



b.  Abnormal  increases in f requency and ampl i tude of  contract ions can lead to 

funct ional  const ipat ion,  whereas diminished motor  funct ion of  the under lying 

musculature can lead to d iarrhea.  

c.  Hypersensi t iv i ty to normal  amounts of  int ra luminal  d is tent ion exis ts ,  as does a 

heightened percept ion of  pain in the presence of  normal  quant i ty and qual i ty of  

in test inal  gas.  

d.  The pain of  IBS may be caused by abnormal ly s t rong contract ion of  the intest inal  

smooth muscle or  by increased sensi t iv i ty of  the intest ine to d is tent ion.  

e.  Hypersensi t iv i ty to the hormones gastr in and cholecystok in in may also be 

present .  However,  hormonal  f luctuat ions have not  corre lated wi th c l in ical  symptoms.  

f .  The calor ic  densi ty of  food intake may increase the magni tude and f requency of  

myoelect r ical  act iv i ty and gastr ic  mot i l i t y.  Fat  ingest ion may cause a delayed peak 

of  motor act iv i ty,  which can be exaggerated in IBS.  

g.  The f i rs t  few days of  menstruat ion can lead to t ransient ly e levated prostaglandin 

E2  (PGE2 ) ,  resul t ing in increased pain and diarrhea.  
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H. Clinical  presentat ion  

1.  UC.  Most  pat ients wi l l  present  wi th symptoms re lated to al tered stool  f requency,  

bowel  sensat ion,  and abdominal  pain.  

a.  Most  UC cases begin as mi ld d isease and worsens as the disease course 

progresses.  

b.  UC usual ly fo l lows a chronic intermi t tent  course.  

c.  Quiescent  per iods tend to be long,  wi th interspersed acute at tacks.  

d.  At tacks or  f lares can last  weeks to months.  

e.  Some pat ients suf fer  f rom cont inuous disease.  

f .  Severe UC can resul t  in  toxic megacolon,  a l i fe- threatening condi t ion.  

g.  E lder ly pat ients can rarely present  wi th const ipat ion secondary to recta l  spasm. 

h. Typical  presenting symptoms of UC are as fol lows:  

(1)  Increased stool  f requency 

(2)  Hematochezia 

(3)  Tenesmus 

(4)  Lower le f t  quadrant  pain 

(5)  Nausea,  vomit ing,  and weight  loss (usual ly only in  severe disease)  

i .  Extraintest inal  manifestat ions of  UC  

(1)  Arthralg ias 

(2)  Ankylos ing spondyl i t is  

(3)  Pyoderma gangrenosum, erythema nodosum 

(4)  Aphthous ulcers 

(5)  I r i t is  and uvei t is  

2.  CD.  Many pat ients present  wi th acute symptoms mimick ing appendic i t is  or  

intest inal  obst ruct ion.  CD can be exacerbated by in fect ions,  smoking,  and NSAID 

use.  Whi le not  wel l  corre lated in contro l led t r ia ls ,  s t ress is  of ten impl icated by 

pat ients and fami ly members as a contr ibut ing factor .  



a.  A s igni f icant  number of  pat ients have a h is tory of  per ianal  d isease,  especia l ly 

f issures and f istu las,  which are somet imes the most  prominent  or  even in i t ia l  

complaint .  

b.  Ext ra intest inal  mani festat ions can be more prominent  than GI  symptoms in 

pediat r ic  pat ients.  

c.  Typical  presenting symptoms of CD are as fol lows:  

(1)  Abdominal  pain 

(2)  Diarrhea 

(3)  Weight  loss 

(5)  Fever  

d. Extraintest inal  manifestat ions of  CD  

(1)  Arthralg ias 

(2)  Acute per ipheral  ar thr i t is  

(3)  Ankylos ing spondyl i t is ,  per ipheral  ar thr i t is  

(4)  Erythema nodosum, pyoderma gangrenosum, Sweet  syndrome 

(5)  I r idocycl i t is ,  uvei t is ,  and episc ler i t is  

3.  IBS  

a.  IBS symptoms are f requent  in pat ients wi th act ive d isease.  

b.  Symptoms may be c lass i f ied wi th  e i ther  the new Rome I I I  cr i teria  or  may st i l l  be 

c lass i f ied wi th the Rome I I  cr i teria  which center  around bowel  movement  and 

abdominal  pain.  The c l in ical  symptoms are the same regardless of  how they are 

c lass i f ied.  

(1)  Abdominal  pain has been character ized as crampy,  local ized to the lower lef t  

abdomen wi th var iable intensi ty.  Pat ient  presentat ion is  h ighly var iable wi th regard 

to intensi ty,  locat ion and durat ion of  pain.  Some women wi l l  have exacerbat ions 

coinc id ing wi th menstrual  per iods.  

(2)  A l terat ion of  bowel  habi ts  is  the second major  ident i fy ing symptom of  IBS.  They 

inc lude diarrhea,  const ipat ion,  and al ternat ing diarrhea and const ipat ion.  

(3)  IBS can also present  wi th b loat ing,  gas,  belching,  hear tburn,  ref lux d isease,  

achalas ia,  ear ly feel ing of  fu l lness on eat ing and nausea,  painfu l  menstruat ion,  

sexual  dysfunct ion,  and f requent  or  urgent  ur inat ion.  

c.  IBS tends to wax and wane over  the long term;  pat ients have acute bouts of  

d isease interspersed wi th per iods of  no disease.  Whi le tota l  prevalence numbers 

remain re lat ively constant ,  studies of  def ined pat ient  populat ions at  var ious t ime 

per iods show the same number of  act ive pat ients but  the indiv idual  pat ients may be 

di f ferent .  
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Table 53-1. Differences between Ulcerative Colitis (UC) and Crohn Disease (CD) 



Characteristic UC CD 

Abdominal pain Infrequent Frequent 

Bloody diarrhea Frequent Occasional 

Perianal involvement Rare Frequent 

Perianal fistula Rare Frequent 

Rectovaginal fistula Rare Common 

Fever Occasional Frequent 

Weight loss Occasional Frequent 

Palpable mass Rare Common 

Intra-abdominal abscess Rare Common 

Bowel obstruction Rare Common 

Antibiotic response Rare Frequent 

Skip lesions Rare Frequent 

Contiguous disease Frequent Infrequent 

Effect of smoking Often improves Often worsens 

Serologic markers   

 ASCA positive 15% 65% 

 p-ANCA positive 70% 20% 



ASCA, anti-Saccharomyces cerevisiae antibody; p-ANCA, perinuclear 

antineutrophil cytoplasmic antibody. 

 

I .  Cl inical  evaluat ion  

1.  IBD  Di f ferences in typical  c l in ical  presentat ion between UC and CD are 

summarized in Table 53-1.  

a.  UC  

(1)  Pat ient  symptoms are usual ly the f i rs t  s igns of  d isease.  Diarrhea,  b leeding,  

tenesmus,  mucus in the stool ,  and pain are the most  common.  

(2)  The sever i ty of  symptoms corre lates wi th d isease sever i ty.  

(3)  Acute d isease can be associated wi th increased C-react ive prote in,  p late let  

count ,  erythrocyte sedimentat ion rate (ESR),  and a decrease in hemoglobin.  

(4)  Serum albumin can fa l l  quick ly in severe disease.  

(5)  S igmoidoscopy can be useful  for  assessing disease sever i ty and extent  before 

therapy.  Care must  be used in severe disease as r isk of  perforat ion is  increased 

b. UC disease classif icat ion  according to extent  (d is ta l  vs.  extensive)  and sever i ty 

is  of  use in determining therapy.  

(1)  Mild  UC has been def ined as less than four s tools  per  day wi th or  wi thout  b lood,  

normal  ESR. 

(2)  Moderate  UC has been def ined as more than four  stools  per  day but  minimal  

s igns of  toxic i ty ( fever ,  tachycardia,  anemia,  or  e levated ESR).  

(3)  Severe  UC has been def ined as more than s ix b loody s tools  per  day,  ev idence of  

toxic i ty as demonstrated by fever ,  tachycardia,  anemia,  or  e levated ESR. (Note:  

E levated ESR is  not  a lways present ,  even in the most  severe UC.)  

(4)  Fulminate  UC has been def ined as more than ten bowel  movements,  cont inuous 

bleeding,  toxic i ty,  abdominal  tenderness and dis tension,  need for  b lood t ransfus ion,  

and colonic  d i lat ion ( toxic  megacolon) .  

(5)  In addi t ion to c lass i fy ing UC as mi ld to fu lminate,  i t  is  useful  to ascerta in the 

ef fect  the disease is  having on pat ient  act iv i ty wi th a g lobal  assessment  approach,  

inc luding ext ra intest inal  mani festat ions (ocular ,  ora l ,  jo int ,  sk in,  moods) ,  general  

heal th ( laboratory evaluat ion for  anemia,  l iver  funct ion tests) ,  and qual i ty of  l i fe  

( impairment  at  work or  school ,  in terpersonal  re la t ionships) .  

b. CD  



(1)  CD pat ients may present  wi th e levated ESR; C-react ive prote in;  and,  in more 

severe disease,  wi th hypoalbuminemia,  anemia,  and leukocytos is .  

(2)  CD can occur  throughout  the bowel ;  the s i te of  d isease af fects the disease 

course and t reatment  choices.  
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(3)  I leocol i t is  is  the most  common form of  CD. I t  has been character ized by r ight  

lower quadrant  pain and diarrhea and can mimic acute appendic i t is .  Pain can be 

col icky and usual ly precedes defecat ion and is  re l ieved by defecat ion.  

(4)  Jejunoi lei t is.  Extensive inf lammat ion can lead to loss of  absorpt ive sur faces 

wi th resul tant  malabsorpt ion and steatorrhea.  This malabsorpt ive state can lead to 

d ietary def ic iency,  hypoalbunemia,  e lect ro lyte imbalances,  coagulopathy,  and 

increased r isk of  bone f ractures.  

(5)  Col i t is  pat ients tend to present  wi th low-grade fever ,  d iarrhea,  vomit ing,  and 

epigast r ic  pain.  

(6)  Perianal CD  pat ients may present  wi th incont inence,  s t r icture,  anorectal  f is tu la,  

and per i recta l  abscess.  

c.  CD classif icat ion  based on sever i ty and locat ion is  useful  for  determining 

therapy.  

(1)  Mild to moderate disease  has been used to def ine CD in pat ients who are 

ambulatory;  who are ab le to take food oral ly;  who have no symptoms of  dehydrat ion,  

no s igns of  toxic i ty (h igh fever ,  r igors,  prost rat ion) ,  no abdominal  tenderness,  no 

painfu l  mass,  and no obstruct ion;  or  who have weight  loss > 10%. 

(2)  Moderate to severe disease  descr ibes pat ients who have fa i led to respond to 

therapy for  mi ld to moderate d isease or  those wi th more prominent  symptoms of  

fever ,  s igni f icant  weight  loss,  abdominal  pain or  tenderness,  intermi t tent  nausea or  

vomit ing (wi thout  obst ruct ion) ,  or  anemia.  

(3)  Severe to fulminant disease  descr ibes pat ients wi th pers is t ing symptoms 

despi te therapy wi th s teroids as outpat ients or  pat ients wi th h igh fever ,  pers is tent  

vomit ing,  obst ruct ion,  rebound tenderness,  cachexia,  or  ev idence of  abscess.  

(4)  Remission  refers to pat ients who have responded to acute medical  therapy or  

who have had surgical  in tervent ion and do not  have gross ev idence of  res idual  CD. 

Pat ients who require steroids to mainta in contro l  of  CD are considered steroid 

dependant  and are not  considered to be in remiss ion.  

(5)  CD disease locat ion  is  of ten c lass i f ied as being i leocol ic ,  smal l  bowel ,  colonic ,  

or  anorectal .  The Vienna classif icat ion  of  d isease locat ion and type of  CD is  a lso 

of ten used.  CD type is  known to change in regard to type and locat ion dur ing the 

disease course.  

(a)  Terminal  i leum  d isease is  CD in less than one th i rd of  the smal l  bowel ,  wi th or  

wi thout  spi l lover  into the cecum. 

(b)  Colon  CD is  colonic  involvement  anywhere f rom the cecum to the rectum, 

wi thout  smal l  bowel  or  upper gast ro intest inal  d isease.  

(c)  I leocolon  is  CD of  the terminal  i leum and any locat ion between the ascending 

colon and the rectum. 



(d)  Upper GI  CD is d isease in any locat ion proximal  to the terminal  i leum, wi th or  

wi thout  involvement  d is ta l  to the terminal  i leum. 

(e)  The type of  d isease is  descr ibed as inf lammatory,  str icturing,  or  penetrat ing.  

(6)  The Crohn Disease Activi ty Index (CDAI)  is  a val idated measurement  tool  used 

to assess c l in ical  improvement .  The CDAI is  a complete scor ing system of  

subject ive aspects and object ive observat ions.  I t  is  not  normal ly used in c l in ical  

pract ice but  is  extensively used in c l in ical  research.  CD sever i ty,  as def ined by the 

CDAI,  breaks down into the fo l lowing st rat i f icat ions:  

(a)  A score of  ≤ 150 is  considered c l in ical  remiss ion 

(b)  A score of  < 150 and up to 450 is  considered mi ld to moderate d isease.  

(c)  A score of  > 450 is  considered severe disease.  

2.  IBS  

a.  Diagnosis of  IBS commonly inc ludes ident i fy ing pos i t ive symptoms by medical  

h is tory.  This can be guided by o lder  Rome I I  cr i teria  or  the recent ly publ ished 

Rome I I I  cr i teria.  Physical  exam is  a lso done to exclude non- IBS disease 

(abdominal  mass,  palpable l iver  etc)  as the major i ty of  IBS pat ients do not  have 

these physical  abnormal i t ies.  Both pat ient  h is tory and physical  exam are a lso 

needed to exclude IBD and microscopic and eosinophi l ic  co l i t is  which can present  in 

s imi lar ly to IBS.  

b. Rome I I  diagnostic cri teria for IBS  

(1)  At  least  12 weeks,  which need not  be consecut ive,  in the preceding 12 months of  

abdominal  d iscomfor t  or  pain that  has 2 of  3 features:  
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(a)  Pain re l ieved by defecat ion;  and/or  

(b)  Pain onset  associated wi th a change in f requency of  s tool ;  and/or  

(c)  Pain onset  associated wi th a change in form (appearance)  of  s tool  

(2)  Symptoms that  cumulat ively support  the diagnosis of  IBS:  

(a)  Abnormal  s tool  f requency ( for  research purposes,  “abnormal”  may be def ined as 

greater  than 3 bowel  movements per day and less than 3 bowel  movements per  

week) ;  

(b)  Abnormal  s tool  form ( lumpy/hard or  loose/watery stool) ;  

(c)  Abnormal  s tool  passage (st ra in ing,  urgency,  or  feel ing of  incomplete 

evacuat ion) ;  

(d)  Passage of  mucus;  

(e)  B loat ing or  feel ing of  abdominal  d is tension.  The d iagnos is of  a funct ional  bowel  

d isorder  ( IBS) a lways presumes the absence of  a s t ructural  or  b iochemical  

explanat ion for  the symptoms.  

c.  Rome I I I  diagnostic cri teria for IBS  

(1)  Recurrent  abdominal  pain or  d iscomfor t  at  least  3 days per  month in the last  3 

months associated wi th  2 or  more of  the fo l lowing:  

(a)  Improvement  wi th defecat ion 

(b)  Onset associated wi th a change in a f requency of  s tool  

(c)  Onset associated wi th a change in form (appearance)  of  s tool  



(2)  Cr i ter ia fu l f i l led for  the last  3 months wi th symptoms onset  at  least  6 months 

pr ior  to d iagnosis.  

(3)  Discomfor t  means an uncomfor table sensat ion not  descr ibed as pain.  

(4)  In pathophysio logy research and c l in ical  t r ia ls ,  a pain/d iscomfor t  f requency of  at  

least  2 days a week dur ing screening evaluat ion for  subject  e l ig ib i l i t y 

d.  Rout ine blood test ing is  normal  in most  suspected IBS pat ients and helps ru le out  

other  possib le d iagnosis .  

e.  S igmoidoscopy and colonoscopy are done to v isual ize the bowel  when c l in ical ly 

appropr iate to exclude other  possib le d iagnoses.  

J.  Treatment objectives  

1.  IBD  

a.  Induce remiss ion wi th  contro l  of  acute inf lammatory f lare 

b.  Mainta in remiss ion as long as possib le 

d.  Normal ize bowel  funct ion when possib le 

e.  Mainta in nutr i t ional  s tatus 

f .  Improve qual i ty of  l i fe  (QOL) 

2.  IBS  

a.  A l lev iate d iscomfor t  

b.  Normal ize bowel  habi ts  

c.  Minimize negat ive ef fect  on pat ient  QOL 

II. THERAPY 

A. Agents used in IBD  

1.  Aminosal icylates  are general ly considered to  be ef fect ive therapy of  UC and CD 

(Table 52-2) .  

a.  Descript ion.  The commercia l ly avai lable agents a l l  del iver  the act ive 5-

aminosalyc i late moiety.  

(1)  The oldest  agent  sul fasalaz ine (Azul f id ine)  contains a 5-aminosal icyl ic  ac id (5-

ASA) molecule azo-bound to sul fapyr id ine.  This bond is  c leaved by intest inal  f lora 

to re lease the act ive 5-ASA moiety.  

(2)  Newer agents have been developed to a l low dosing wi thout  the sul fapyr id ine 

moiety,  which has been impl icated in many of  the common adverse events and 

into lerances to sul fasalaz ine.  

(3)  Sul fasalaz ine is  considered by many to be the f i rs t  choice owing to i ts  long 

his tory of  use,  convinc ing c l in ical  t r ia l  data,  and re lat ively low cost .  

P.1151 

 

 

Table 53-2. Aminosalicylates 



Drug (Brand) How 

Supplied 

Formulation Delivery Site 

Oral agents    

Azo bond    

 

Balsalazide 

(Colazal) 

750 

mg 

Aminobenzoyl-

alanine carrier 

Colon 

 

Olsalazine 

(Dipentum) 

250 

mg 

5-ASA dimer Colon 

 

Sulfasalazine 

(Azulfidine) 

500 

mg 

Sulfapyridine 

carrier 

Colon 

Delayed release    

 

Mesalamine 

(Asacol) 

400 

mg 

Eudragit S (pH 7) Distal 

ileum, 

colon 

 

Mesalamine 

(Claversal, 

Mesasal, Salofalk) 

250 

mg 

Eudragit L (pH 6) Ileum-

colon 

Sustained release    

 

Mesalamine 

(Pentasa) 

250 

mg, 

500 

mg 

Ethylcellulose 

granules 

Stomach, 

colon 

Topical agents    

Mesalamine (Rowasa) 4 g 60-mL 

suppositories 

Rectum, 

splenic 

flexure 



Mesalamine (Canasa) 500 

mg, 

1000 

mg 

Suppositories Rectum 

5-ASA, 5-aminosalicylic acid 

 

(4)  Disadvantages of  sul fasalaz ine are increased inc idence of  adverse events.  

(5)  Topical  5-ASA has been added to oral  5-ASA wi th improved response and t ime 

to response. 

b. Mechanism of action.  5-ASA di f fers f rom sal icyl ic  ac id by the addi t ion of  an 

amino group.  

(1)  5-ASA drugs have var iable ef fects on arachidonic ac id metabol i tes,  unl ike the 

sal icylates,  which block prostaglandin synthesis  by inhib i t ing cyc looxygenase 1 

(COX-1)  and COX-2 enzymes.  

(2)  At  low concentrat ions,  5-ASA drugs increase prostaglandin product ion,  and at  

h igher  concentrat ions they inh ib i t  prostaglandins and prostacycl ins.  

c.  Administrat ion and dosage.  There are current ly severa l  5-ASA der ivat ives 

avai lable (Table 53-2) .  Dosages in UC are based on disease locat ion,  sever i ty,  and 

overal l  pat ient  condi t ion.  

d. Precautions and adverse effects  

(1)  Sulfasalazine.  

(a)  Most  common adverse events:  fever ,  d izz iness,  headache,  i tching,  rash,  

photosensi t iv i ty,  GI  upset ,  nausea,  vomit ing,  d iarrhea,  and revers ib le o l igospermia.  

(b)  Less common:  Stevens-Johnson syndrome,  Lyel l  syndrome,  granulocytopenia,  

leucopenia,  thrombocytopenia,  aplast ic  anemia,  hemolyt ic  anemia,  and hepat i t is .  

(c)  Into lerance of  the sul fapyr id ine moiety of  sul fasalaz ine is  common and is  

impl icated in many adverse events associated wi th sul fasalaz ine.  

(2)  Mesalamine (Asacol) .  

(a)  Most  common adverse events:  diarrhea,  headache,  abdominal  pain,  cramps,  

f la tu lence,  and gas.  

(b)  Less common:  a lopecia and sk in rash.  

(c)  Rare:  per icardi t is  and myocardi t is .  

(3)  Olsalazine (Dipentum).  

(a)  Most  common adverse events:  diarrhea and loose stools .  

(b)  Less common:  abdominal  pain,  rash,  and i tching.  

(c)  Rare but  ser ious:  pancreat i t is ,  hepatotoxic i ty,  in terst i t ia l  nephr i t is ,  and bone 

marrow suppression.  



e.  Signif icant interact ions  

(1)  The aminosalicylates  may increase r isk of  toxic i ty and leukopenia when given 

in combinat ion wi th mercaptopur ine by decreasing mercaptopur ine c learance.  

(1)  The 5-ASA drugs  have also been associated rarely wi th exacerbat ion of  IBD.  
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2.  Steroids.  Steroids are useful  for  pat ients ref ractory to 5-ASA and pat ients wi th 

severe symptoms requir ing rapid contro l .  

a.  Systemic cort icosteroids  are ef fect ive t reatment  for  acute UC and CD. Use as 

maintenance therapy for  IBD is  normal ly avoided as the r isk of  systemic adverse 

ef fects outweighs l imi ted benef i t .  Steroid dependency—when a pat ient  is  unable to 

be tapered complete ly of f  of  steroids—does occur  and should not  be confused wi th 

maintenance.  

b. Topical  and nonsystemic steroids  in  the form of  enemas,  supposi tor ies,  and 

i leal  re lease formulat ions have been ef fect ive in t reat ing IBD.  The recta l ly del ivered 

topical  formulat ions of  steroids are of  par t icular use in lef t -s ided disease.  

Budesonide (Entocor t )  is  an oral  s teroid del ivered in an i leal  contro l led-re lease 

formulat ion that  acts in a topical  manner secondary to very h igh f i rs t -pass 

metabol ism by the l iver .  Budesonide has been shown to be ef fect ive in IBD when the 

targeted-re lease formulat ion is  able to reach the s i te of  d isease.  

c.  Mechanism of action.  The glucocor t icoid and mineralocor t icoid ef fects of  the 

steroids used in IBD are wide ranging.  The ant i - in f lammatory ef fects are l ike ly the 

resul t  of  g lucocor t icoid suppression of  proinf lammatory cytok ines.  

d. Precautions and adverse effects.  Therapy wi th oral  and int ravenous ( IV)  

cor t icosteroids produce systemic af fects,  can ef fect  mul t ip le organ systems,  and 

should be c losely moni tored for  adverse events.  

(1)  Adverse ef fects of  s teroids in IBD therapy are re lated to dose and length of  

dosing and are the typical  g lucocor t icoid and mineralocor t icoid ef fects seen wi th 

exogenous steroid therapy.  

(2)  Systemic steroids are more prone to inducing adverse ef fects.  Topical  del ivery 

and targeted del ivery of  low bioavai labi l i t y s teroids have been developed to reduce 

the r isk of  adverse ef fects.  

(3)  Minimiz ing durat ion of  therapy as wel l  as taper ing pat ients of f  of  systemic 

steroids are a lso methods of  minimiz ing adverse ef fects as much as possib le.  

(4)  Af fects on bone mass may be of  s igni f icant  importance because IBD pat ients are 

of ten also at  r isk of  nut r i t ional  def ic i t .  

3.  Azathioprine ( Imuran) and 6-mercaptopurine (6-MP; Purinethol)  are ef fect ive 

at  inducing and mainta in ing remiss ion in IBD. Response is  s low and may take 

months to be fu l ly ef fect ive.  6-MP or azathiopr ine is  ef fect ive for  pat ients who do 

not  respond to oral  steroids but  are not  so acutely i l l  so as to require IV therapy.  

a.  Mechanism of action.  Azathiopr ine and 6-MP are pur ine ant imetabol i te drugs 

which inter fere wi th DNA synthesis ,  d isrupt ing the inf lammatory response seen in 

IBD.  



b. Dosing and administrat ion.  There is  known metabol ic  d i f ferences in regard to 

thiopurine methyltransferase (TPMT)  act iv i ty,  which can lead to toxic i ty in pat ients 

wi th low or  absent  TPMT act iv i ty.  Test ing for  TPMT phenotype can be useful  in  

in i t ia l  dosing.  

(1)  Consensus on the value of  moni tor ing of  metabol i te  levels  dur ing therapy has 

not  been reached.  

(2)  Moni tor ing complete b lood counts 4 weeks af ter  s tart ing therapy and then 

monthly dur ing therapy should be done to moni tor  for  toxic i ty.  

(3)  Azathiopr ine is  50% 6-MP by molecular  weight  and equivalent  doses are twice 

that  of  6-MP. 

c.  Precautions and adverse effects  

(1)  Bone marrow suppression 

(2)  Both azathiopr ine and 6-MP have been impl icated in  increased r isk for  Epstein 

Barr- re lated non-Hodgkin lymphoma. This r isk appears to be smal l  but  is  ser ious.  

4.  Methotrexate (Rheumatrex)  g iven parenteral ly is  an ef fect ive t reatment  for  

inducing remiss ion,  mainta in ing remiss ion,  and steroid spar ing in CD. Oral  

methotrexate is  a lso ef fect ive for  mainta in ing remiss ion in CD. Methotrexate 

appears to be of  l i t t le  use in UC. 

a.  Mechanism of action.  Methotrexate is  a fo late analog and inhib i ts  d ihydrofo late 

reductase wi th mul t ip le modes of  ant i - in f lammatory ef fects.  

b. Dosing and administrat ion.  

(1)  Inducing remiss ion of  act ive CD: 25 mg int ramuscular ly ( IM) weekly has been 

shown to be ef fect ive.  

(2)  Mainta in ing remiss ion and as steroid-spar ing therapy:  15 mg IM weekly has been 

shown to be ef fect ive.  

(3)  Oral  methotrexate 12.5-25 mg per  week does not  appear to be as ef fect ive as 

parenteral  dosing.  
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c.  Precautions and adverse effects  

(1)  Methotrexate is  a known teratogen and should be avoided or  used wi th ext reme 

caut ion in pat ients of  chi ld-bear ing age ( female and male)  and only when al l  other  

therapies have been inef fect ive and the pat ients understand the r isks involved.  

(2)  The doses used in CD are lower than those used in oncology and the adverse 

events seen are general ly less severe.  

(3)  The most  common r isks are rash,  nausea,  pneumoni t is  or  Mycoplasma  

pneumonia,  and elevated serum transaminases.  

(4)  IBD pat ients t reated wi th methotrexate appear to be at  low r isk for  hepat ic  

toxic i ty.  

(5)  I t  is  important  to avoid a lcohol  consumpt ion because i t  can increase the r isk of  

hepat ic  toxic i ty in IBD pat ients on methotrexate.  

5.  Cyclosporine (Neoral)  and tacrol imus (Prograf)  are potent  immunosuppressive 

agents that  have been shown to be ef fect ive in IBD.  They are typical ly used for  



severe IBD because there are l i t t le  data to support  ef f icacy in mi ld d isease to of fset  

the potent ia l  toxic i t ies of  these agents.  

a.  Mechanism of action.  Both cyc lospor ine and tacrol imus are calc ineur in inhib i tors 

and are potent  inhib i tors of  T lymphocyte act ivat ion.  

b. Dosing and administrat ion.  Before therapy is  in i t ia ted pat ients should be 

screened for  potent ia l  drug interact ions,  normal  renal  funct ion,  cholesterol  levels ,  

b lood pressure,  and elect ro lyte s tatus to help avoid toxic i ty.  

(1)  Cyclospor ine is  s tarted at  2-4 mg/kg/day IV and t i t rated to levels  of  250-350 

ng/mL.  

(2)  Tacrol imus is  in i t ia ted at  0.1- 0.15 mg/kg twice weekly and t i t rated to t rough 

concentrat ions of  10 to 20 ng/mL.  

(3)  Pat ients who respond are d ischarged on oral  drug.  Oral  cyc lospor ine is  dosed at  

twice the int ravenous dose,  d iv ided twice a day.  

(4)  Azathiopr ine or  6-MP is  added as soon as possib le and oral  systemic  steroids 

are of ten given concomitant ly for  3-4 months.  

(5)  Cyclospor ine and tacrol imus are normal ly s topped at  3-4 months.  A steroid taper  

is  a lso started at  3-4 months and should be done over  48 weeks.  

c.  Precautions and adverse events.  Cyclospor ine and tacrol imus both have shor t -  

and long- term adverse events that  can be ser ious.  The most commonly seen in IBD 

pat ients are paresthesias,  hyper tens ion,  hyper t r ichosis ,  renal  insuf f ic iency,  

infect ion,  g ingival  hyperplas ia,  and seizure.  

(1)  Pat ients should be moni tored for  ef fects on blood pressure,  e lect ro lytes,  renal  

funct ion,  and cholesterol .  

(2)  Hypocholesterolemia and hypomagnesemia increase the r isk of  seizure.  

d. Signif icant interact ions.  Care must  be used in concomitant  dosing of  these 

agents wi th other  drugs that  can adversely af fect  renal  funct ion such as NSAIDs. 

Cyclospor ine has been noted to increase methotrexate and methotrexate metabol i te 

concentrat ions.  

6.  Biologics.  Inf l ix imab (Remicade),  adal imumab (Humira) ,  and cer to l izumab pegol  

(Cimzia)  are current ly the main b io logic  therapies used in IBD.  These agents are 

anti - tumor necrosis factor (ant i -TNF)  therapy.  

(1)  Inf l ix imab,  adal imumab and cer to l izumab pegol  are ef fect ive for  inducing and 

mainta in ing c l in ical  remiss ion of  CD. Inf l ix imab has been shown to be ef fect ive in 

t reat ing enterocutaneous f istu lae.  Inf l ix imab is  a lso ef fect ive in UC. 

(2)  Inf l ix imab and adal imumab have also been shown to be ef fect ive for  t reat ing 

ankylos ing spondyl i t is .  Other  b io logics of  note are l is ted in Table 53-3.  

a.  Anti -TNF therapy mechanism of act ion.  TNF is  a cytok ine involved in mul t ip le 

proinf lammatory and prol i ferat ive pathways in IBD.  Inf l ix imab is  a chimer ic  mouse-

human monoclonal  TNF ant ibody made up of  human immunoglobul in G1  ( IgG1 )  

constant  regions,  human κ l ight  chains,  and monoclonal  mur ine regions that  

recognize TNF.  Adal imumab is  a recombinant  human IgG1 monoclonal  ant ibody wi th  

human heavy and l ight  chain var iable regions and human IgG1:k constant  regions.  

Certo l izumab is  a recombinant ,  humanized ant ibody Fab'  f ragment  to human TNF 

alpha which is  conjugated to a 40 kDa polyethylene glycol .  These agents b ind TNF,  



prevent ing the cytok ine f rom binding to cel l  sur face receptors and subsequent ly 

decreasing inf lammat ion due to act ivated T lymphocytes and monocytes.  
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Table 53-3. Biologic Therapies of Note in Inflammatory Bowel Disease (IBD) 

Drug (Brand) Mechanism Efficacy in IBD/Comments 

Adalimumab 

(Humira) 

Humanized IgG1 

monoclonal 

antibody to TNF 

Effective in CD 

Infliximab 

(Remicade) 

Chimeric 

(mouse/human) 

IgG1 monoclonal 

antibody to TNF 

Effective in CD and UC 

Certizumab 

pegol 

(Cimzia
®
) 

Humanized 

pegylated Fab' 

fragment TNF 

antibody 

Effective in CD 

Natalizumab 

(Tysabri) 

Humanized IgG4 

monoclonal 

antibody to α4 

integrin, which 

selectively inhibits 

leukocyte adhesion 

Removed from U.S. market in 

2005 secondary to association 

with progressive multifocal 

leukoencephalopathy (PML). 

Natalizumab was made available 

again in 2006 via a restrictive 

company administered access 

program for use in multiple 

sclerosis. Place in therapy is yet 

to be fully elucidated and the 

benefit must clearly outweigh the 

risks. 

Etanercept 

(Enbrel) 

p75-Soluble TNF 

receptor FC fusion 

protein that binds 

TNF 

Not of benefit 

CD, Crohn disease; IgG, immunoglobulin G; PML, progressive multifocal 

leukoencephalopathy; TNF, tumor necrosis factor; UC, ulcerative colitis. 

 

b. Dosing and administrat ion.  



(1)  Inf l ix imab in i t ia l  dosing is  5 mg/kg in a three-dose induct ion regimen.  A dose is 

g iven at  0,  2,  and 6 weeks to help reduce human antichimeric antibodies (HACA)  

format ion.  Durat ion of  therapeut ic  ef fect  appears to be 8-10 weeks and dosing every 

8 weeks has been advocated.  HACA format ion and infus ion-re lated adverse 

react ions can also be decreased wi th concomitant  adminis t rat ion of  azathiopr ine,  6-

MP, or methotrexate.  These immunosuppressant  drugs have not  been shown to 

improve c l in ical  d isease contro l  when given concomitant ly wi th inf l ix imab.  

(2)  Adal imumab is  in i t ia l ly dosed 160 mg on day one as four 40 mg in ject ions on the 

f i rs t  day or  two 40 mg in ject ions per  day for  two days,  fo l lowed by 80 mg two weeks 

later  or  at  day 15.  Two weeks later  (day 29)  maintenance therapy is  begun at  40 mg 

every other  week.  

(3)  Cer to l izumab pegol  is  g iven as 400 mg on day one and at  weeks 2 and 4 as two 

200 mg subcutaneous in ject ions,  fol lowed by 400 mg every 4 weeks.  

c.  Precautions and adverse effects.  Ant i -TNF therapy is  general ly considered safe 

in long- term therapy of  CD. 

(1)  Acute anaphylacto id infus ion-re la ted react ions occur  in approximately 22% of  

pat ients t reated wi th inf l ix imab.  These react ions are more common in pat ients who 

test  posi t ive for  ant ibody to inf l ix imab and are less f requent in pat ients g iven 

concomitant  immunosuppressive drugs.  Severe anaphylact ic  react ions are rare.  

Hypersensi t iv i ty react ions are repor ted to be rare wi th adal imumab and cer to l izumab 

pegol .  

(2)  Delayed hypersensi t iv i ty react ions,  inc luding myalgias,  rash,  fever,  ar thralg ias,  

prur i tus,  edema, ur t icar ia,  sore throat ,  and dysphagia occur  3-12 days af ter  

inf l ix imab in fus ion and are much less common, seen in approximately 2% of  pat ients 

receiv ing maintenance inf l ix imab therapy.  

(3)  A l l  three agents carry black box warnings  for  increased r isk of  tuberculos is  and 

other  opportunis t ic  infect ions.  

(4)  Increased rates of  mal ignancies have also been associated wi th ant i -TNF 

therapy.  

7.  Antibiot ics.  No speci f ic  infect ious agent  as been ident i f ied in  e i ther  UC or  CD. 

a.  Metronidazole (Flagyl)  and ciprof loxacin (Cipro)  are used widely by convent ion 

as  

P.1155 

 

maintenance therapy in  CD but  contro l led t r ia l  resul ts  do not  conclus ively support  

th is  use.  

b.  Use of  broad-spectrum ant ib iot ics in UC is  l imi ted to empir ic  t reatment  of  

fu lminant  d isease or  in pat ients wi th toxic  megacolon for  whom short - term use of  

these ant ib iot ics can be just i f ied owing to the increased r isk of  per forat ion or  

bacteremia.  Metronidazole has been useful  in  pat ients suf fer ing f rom pouchit is  

af ter  bowel  resect ion surgery that  involves format ion of  a pouch.  

c.  Ri faximin (Xi faxan
T M

)  is  a novel  nonsystemat ic  ant ib iot ic  current ly avai lable for  

t reat ing t ravelers d iarrhea caused by noninvasive s t ra ins of  E. col i  and is  under 

s tudy for  t reat ing IBD. Conclus ive ev idence does not  exis t  to support  th is use to 

date.  



8.  Probiotic and prebiot ic therapy.  Probiot ic  therapy invo lves us ing exogenously 

adminis tered bacter ia such as Lactobaci l lus  GG, Saccharomyces boulardi i ,  and 

nonpathogenic E. col i ,  for  example,  in an at tempt  to normal ize the intest inal  

envi ronment  f lora and thus decrease inf lammatory t r iggers.  

a.  Contro l led t r ia ls  of  probiot ic  therapy in IBD have yet  to def ine c l in ical  ut i l i t y.  

b.  Remiss ion maintenance of  pouchi t is  wi th VSL#3,  a probiot ic  preparat ion of  four  

lactobaci l l i  s t ra ins,  three Bif idobacter ium  s t ra ins,  and one Streptococcus  s t ra in was 

shown to be of  benef i t .  

c.  Probiot ics are oral ly adminis tered substances l ike nondigested carbohydrates 

wi th the goal  of  fac i l i ta t ing growth of  commensal  gut  f lora to d isplace possib le 

ant igenic microorganisms.  

d.  There are current ly l i t t le  data to support  the use of  probiot ics.  

9.  Antispasmodics and antidiarrheals.  Cramping and abdominal  IBS- l ike 

symptoms are of ten noted in IBD pat ients.  Use of  symptomat ic  therapies is  not  wel l  

def ined in the publ ished IBD l i terature because most  research is  a imed at  the 

inf lammatory process.  Once act ive inf lammat ion is  contro l led or  ru led out ,  

ant ichol inergic  ant ispasmodics are f requent ly used judic ious ly to t reat  cramping or  

d iscomfor t  in  IBD inf lammat ion,  as are ant id iarrheals in mi ld or  quiescent  d isease.  

Al l  of  these agents should be avoided in ser ious disease because they may fur ther  

impair  the colon and increase r isk of  toxic  megacolon.  

10.  Antidepressants and anxiolyt ics  have been used when speci f ic  pat ient  

symptoms warrant  thei r  use as adjuvant  therapy.  

11.  Analgesics.  There is  rarely a need for  pain contro l  in  UC as the disease is  

l imi ted to the mucosa of  the colon wi th l imi ted involvement  of  t issue contain ing pain 

receptors.  Narcot ics are to be avoided in UC therapy outs ide of  per ioperat ive 

s i tuat ions because they increase the r isk of  toxic  megacolon and can mask s igns of  

per forat ion.  NSAID medicat ions should be avoided because they have been 

impl icated in inducing IBD f lares.  

12.  Surgery.  Surgical  resect ion of  the colon is  considered curat ive in UC. Surgical  

resect ion of  bowel  in CD is  not  curat ive because the disease wi l l  o f ten recur  at  the 

resect ion s i te as wel l  as  other  s i tes.  

a.  Surgery in UC is  most  commonly indicated for  d isease refractory to medical  

therapy,  inabi l i t y to wean the pat ient  of f  of  h igh cor t icosteroid dosages,  ser ious 

drug s ide ef fects or  intolerance,  and occurrence of  premal ignant  or  mal ignant  

changes in the colon.  

b.  Approximately one th i rd of  UC pat ients eventual ly undergo colectomy.  Pat ients 

wi th extensive disease (pancol i t is )  undergo colectomy more than pat ients wi th less 

extensive (d is ta l )  d isease and also usual ly require colectomy sooner than pat ients 

wi th less extensive disease.  

c.  UC surgery  can be div ided into two types:  those that  preserve cont inence and 

those that  do not  and subsequent ly require appl iances to col lect  the fecal  mater ia l .  

(1)  Proctocolectomy with permanent i leostomy  is  the oldest  procedure and 

involves format ion of  an abdominal  s toma connected to the i leum. An external  

appl iance is  used to col lect  fecal  mater ia l .  



(2)  Proctocolectomy with continent i leostomy  involves creat ion of  a pouch ins ide 

the abdomen using the terminal  i leum. A smal l  leakproof  opening is  created in the 

abdomen wal l  and the pouch is  per iodical ly dra ined.  

(3)  Colectomy with i leorectal  anastomosis  involves removing diseased large 

bowel  and reat taching the remaining smal l  in test ine to a preserved rectum. Whi le 

bowel  movements v ia the rectum are preserved,  pat ients are at  r isk of  re lapse 

because the rectum is  of ten involved in UC. 
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(4)  I leal  pouch anal  anastomosis ( IPAA)  is  the most common surgical  procedure 

done for  IBD.  The large bowel  and rectum are removed,  wi th preservat ion of  the 

anal  sphincter .  A tubular  pouch is  formed f rom the smal l  in test ine and at tached to 

the preserved sphincter ,  which al lows bowel  movements wi thout  external  bags or  

appl iances.  A temporary i leostomy is  of ten used dur ing heal ing.  

d. CD surgery,  whi le not  curat ive,  is  required in a very h igh percentage of  pat ients.  

Surgical  in tervent ion can be l imi ted to speci f ic  areas of  d iseased bowel  or  tota l  

i leostomy or  colectomy.  Surgery is  most  commonly ind icated in CD ref ractory to 

medical  therapy,  medicat ion s ide ef fects,  or  steroid dependency.  

(1)  Smal l  bowel  resect ion is  preferred in most  pat ients wi th i leal  or  i leocol ic  CD. 

Pr imary anastomosis versus i leostomy (permanent  or  temporary)  choice is  based on 

pat ient  s tatus and CD sever i ty.  

(2)  Large bowel  CD may require some degree of  resect ion secondary to the typical  

CD disease course involv ing “sk ip les ions. ”  Pr imary anastomosis of  the preserved 

bowel  may be preferred for  pat ient  QOL reasons but  has been l inked to ear l ier  

reoccurrence of  CD. 

(3)  Colectomy wi th i leorecta l  anastomosis,  whi le increasing r isk of  ear l ier  CD 

recurrence,  is  useful  in  young pat ients for  whom i leostomy may adversely af fect  

QOL.  

(4)  Proctocolectomy and i leostomy is  preferred in pat ients wi th extensive per ianal  

d isease or  pancol i t is  CD. 

(5)  Str ic tureplasty can also be useful  in  s t r ictur ing CD. 

e.  Pouchit is  is  the most  common compl icat ion of  cont inent  i leostomy and IPAA. I t  

has been character ized as a syndrome inc luding acute nonspeci f ic  inf lammat ion of  

the reservoir  pouch formed dur ing surgery wi th  unknown cause.  

(1)  Id iopathic  pouchi t is  must  be di f ferent iated f rom inf lammat ion of  the pouch owing 

to anastomot ic  st r ic ture and infect ion as a resul t  of  known pathogens.  

(2)  Broad-spectrum ant ib iot ics have been the main medical  therapy used for  

pouchi t is .  Metronidazole and c iprof loxacin have both been ef fect ive for  acute 

pouchi t is  and have also been used as maintenance therapy.  

(3)  Probiot ic therapy wi th VSL#3 has also been of  benef i t .  

(4)  Pharmacologic therapy used in IBD has been shown to be of  mixed ef f icacy in 

pouchi t is .  Surgical  rev is ion may be required in chronic pouchi t is  unresponsive to 

medical  therapy.  

13.  Other therapy  



a.  Nutri t ional  issues are important  to consider  in IBD. Whi le conclus ive ev idence 

does not  exis t  showing that  par t icular  foods cause IBD, specia l  at tent ion to d iet  in  

pat ients wi th IBD can be benef ic ia l .  

(1)  Nutr i t ional  and hydrat ion def ic iencies can occur  secondary to a poor ly  

funct ioning GI  t ract  and the chronic nature of  IBD.  

(2)  Foods that  are known to exacerbate an indiv idual  pat ient 's  IBD should be 

avoided,  and a wel l -balanced diet  should be encouraged to mainta in nutr i t ional  

s tatus.  Restr ic t ive d iets  are not  normal ly required.  Simply l imi t ing of fending foods 

whi le encouraging a balanced diet  is  usual ly suf f ic ient  to mainta in nutr i t ional  s tatus.  

(3)  Parenteral  feeding is  seldom used long term in IBD but  can be useful  to improve 

or  mainta in nutr i t ional  s tatus in severely i l l  pat ients.  

c.  Emotional  factors.  Owing to the chronic nature of  IBD, many suf ferers have 

need for  emot ional  support  dur ing the course of  thei r  d isease.  Whi le IBD does not  

appear to be di rect ly af fected by emot ional  s tate,  the QOL exper ienced by these 

suf ferers can be not iceably af fected in a negat ive manner.  Many wi l l  benef i t  great ly 

by support  groups and cont inued open dia logue wi th thei r  heal thcare providers;  

somet imes formal  counsel ing or  pharmacologic therapy may be needed.  

B. Drug Therapy for IBD and UC  

1.  Classi fying UC based on anatomic d isease extent  is  useful  for  determining 

medical  therapy.  Dista l  d isease (below the splenic  f lexure)  can be t reated 

ef fect ively wi th topical  therapy.  Extensive disease (extending proximal  to the 

splenic  f lexure)  normal ly requires systemic therapy.  Sever i ty of  acute UC is  a lso 

useful  in  determining medical  therapy.  Sever i ty is  general ly def ined as mi ld,  

moderate,  severe,  or  fu lminate.  
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2.  Management of  mild to moderate UC distal  disease.  Pat ients wi th mi ld to 

moderate d is ta l  UC respond wel l  to oral  and topical  aminosal icylates or  topical  

s teroids for  inducing remiss ion (contro l  of  in f lammat ion) .  

a.  Topical  mesalamine is  super ior  to topical  s teroids or  oral  aminosal icylates.  

b.  Topical  mesalamine p lus oral  aminosal icylate is  super ior  to e i ther  a lone.  

c.  Topical  mesalamine may be ef fect ive in pat ients ref ractory to oral  

aminosal icylates or  topical  s teroids.  

d.  Inf requent ly,  ora l  cor t icosteroids may be needed in pat ients refractory to 

topical /oral  aminosal icylates and topical  s teroids in maximal  doses.  

e.  Therapy is  largely determined by pat ient  preference to therapy modal i ty.  

f .  Oral  5-ASA doses for  inducing remiss ion in mi ld to moderate d is ta l  d isease are as 

fo l lows:  

(1)  Sul fasalaz ine 4-6 g per  day in four  d iv ided doses 

(2)  Mesalamine 2-4.8 g per  day in three div ided doses 

(3)  Balsalaz ide 6.75 g per  day in three div ided doses 

(4)  Olsalaz ine 1.5-3 g per  day in d iv ided doses 

g.  The oral  5-ASA drugs tend to work in 2-4 weeks and are ef fect ive in a h igh 

percentage of  pat ients.  



h.  Oral  cor t icosteroids.  Budesonide is  an oral  cor t icosteroid that  of fers re lat ively 

lower systemic exposure compared to prednisone secondary to h igh f i rs t -pass 

metabol ism.  Budesonide has been ef fect ive in UC t reatment but  is  l imi ted to UC 

when the i leal  re lease formulat ion can reach the locat ion of  d isease.  

i .  Topical  therapy general ly induces remiss ion more quick ly than oral  therapy,  and i t  

of fers less f requent  dosing than oral  therapy.  Supposi tor ies reach the disease 

approximate ly 10 cm proximal ly.  Hydrocor t isone foam reaches the disease 15-20 cm 

proximal ly.  Enemas reach the disease approximately to the splenic  f lexure (52-56 

cm) 

j .  Topical  5-ASA for inducing and mainta in ing remiss ion of  UC 

(1)  Mesalamine supposi tor ies 500 mg twice a day (proct i t is )  

(2)  Mesalamine enemas 1-4 g per  day (d is ta l  col i t is  proximal ly to the splenic  

f lexure)  

k.  Topical  cor t icosteroids for  inducing remiss ion of  UC 

(1)  Hydrocor t isone enema 100 mg per  day 

(2)  Hydrocor t isone foam, 10% 1 appl icat ion every day to twice a day 

l .  Oral  p lus topical  therapy consist ing of  oral  mesalamine 2.4 g per  day in d iv ided 

doses plus mesalamine 4 g per  day enema may induce remiss ion of  UC more 

quick ly.  

3.  Maintenance of distal  disease  

a.  5-ASA  preparat ion dosages for  mainta in ing remiss ion of  d is ta l  d isease 

(1)  Balsalaz ide 3-6 g per  day 

(2)  Mesalamine Eudragr i t -S 3.2 g per  day 

(3)  Mesalamine supposi tory 500 mg every day or  twice a day 

(4)  Mesalamine enema 2-4 g dai ly,  every other  day,  or  every th i rd day 

(5)  Olsalaz ine 1 g per  day 

(6)  Sul fasalaz ine 2 g per  day 

(7)  Mesalamine 1.6 g oral ly per  day plus 4-g enemas twice weekly is  a lso ef fect ive 

b.  Cor t icosteroids,  topical  and oral ,  are not  ef fect ive in mainta in ing UC remiss ion 

and should not  be used.  

4.  Mild to moderate extensive or relapsing disease  

a.  Oral  5-ASA  

(1)  Sul fasalaz ine 4-6 g per  day in four  d iv ided doses.  Doses > 2 g per  day appear to 

of fer  l i t t le  benef i t .  

(2)  Newer 5-ASA preparat ions are general ly considered to be equal  to sul fasalaz ine 

in regard to ef f icacy and are l ike ly super ior  in regard to adverse events and 

to lerance;  but  they are more expensive.  The dosages used are a minimum of  2 g per  

day of  act ive 5-ASA moiety t i t rated up to a maximum of  4.8 g per  day.  

b. Oral  steroids  

(1)  Prednisone 40-60 mg per  day (modest  ef f icacy gain wi th  60 mg compared to 40 

mg) unt i l  s igni f icant  c l in ical  ef fect  is  seen fo l lowed by a dose taper  of  5-10 mg 

week ly unt i l  a  dai ly dose of  20 mg is  reached.  Taper ing general ly cont inues f rom 

here at  2.5 mg per  week unt i l  the pat ient  is  weaned f rom oral  s teroids.  

(2)  Higher  doses for  longer per iods increase r isk of  cor t icosteroid-associated r isk.  



(3)  IBD pat ients receiv ing cor t icosteroids for  > 3 months should be evaluated and 

may benef i t  f rom dual-energy x-ray absorpt iometry (DEXA) bone test ing and 

possib ly preventat ive  
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therapy wi th  b isphosphonates,  a lendronate (Fosamax) ,  r isedronate (Actonel) ,  and 

et idronate (Didrocal) .  

(4)  For pat ients on long- term cort icosteroid therapy and who have s igni f icant  r isk 

factors,  such as previous f ractures,  b isphosphonates,  calc ium supplementat ion at  1-

1.5 g per  day,  and v i tamin D supplementat ion at  800 mg per  day should a lso be 

considered.  

(5)  Cor t icosteroid- induced osteoporosis  has also been shown to respond to 

t reatment  wi th b isphosphonates.  

5.  Maintenance of mild to moderate relapsing disease.  Sul fasalaz ine is  as 

ef fect ive as equivalent  doses of  newer 5-ASA agents and is  less cost ly in  long- term 

therapy.  Systemic cort icosteroids as a ru le are not  accepted as long- term therapy 

opt ions owing to adverse events and quest ionable therapeut ic  ef fect .  6-MP or  

azathiopr ine has been useful  as a steroid spar ing agent  and as a long- term opt ion 

to wean pat ients of f  cort icosteroids.  

a.  Oral  5 ASA therapy  

(1)  Balsalaz ide 3-6 g per  day 

(2)  Mesalamine 2-4 g per  day 

(3)  Olsalaz ine 1 g per  day 

(4)  Sul fasalaz ine 2-4 g per  day 

b.  6-MP and azathiopr ine 100-250 mg per  day,  maximum of  2.5 mg/kg/day 

6.  Moderate to severe disease.  UC pat ients wi th moderate to severe disease are 

able to be managed on an outpat ient  basis  or  may require hospi ta l izat ion.  Pat ients 

wi th severe disease who are ref ractory to maximal  oral  therapy and pat ients wi th 

s igns of  toxic i ty should be hospi ta l ized.  Infect ion wi th enter ic  pathogens should be 

ru led out .  Fai lure to demonstrate s igni f icant  improvement  wi th in 7-10 days is  an 

indicat ion for  surgical  resect ion or  a l ternate int ravenous therapy such as wi th 

cyc lospor ine.  

a.  Intensive IV steroid therapy is  indicated for  pat ients wi th severe disease who are 

hospi ta l ized.  Doses wi th  prednisolone (40-60 mg),  hydrocor t isone (300 mg),  or  

methylprednisolone (32-48 mg per  day in d iv ided doses or  as cont inuous infus ion)  

have been shown to be ef fect ive.  Higher  doses are of  l imi ted benef i t  and increase 

the r isks of  s teroid toxic i ty.  

b.  Empir ic  broad-spectrum ant ib iot ics are of  l i t t le  use in moderate to severe UC. 

c.  When possib le,  pat ients should be mainta ined on oral  feedings wi th a modi f ied 

d iet  to reduce abdominal  d iscomfor t  and diarrhea and bowel  f requency.  Total  

parenteral  nut r i t ion is  used when ora l  feeds are not  to lerated and can be especia l ly  

useful  in  pat ients wi th severe nutr i t ional  deplet ion.  

d.  In pat ients wi th s igns of  toxic i ty,  narcot ics,  ant id iarrheals,  and ant ichol inergics 

should be avoided because they can increase the r isk of  worsening colonic  d i lat ion 

and per forat ion.  



e.  5-ASA should be stopped in the acute set t ing to avoid into lerance issues and the 

rare instances of  5-ASA exacerbat ing col i t is .  

f .  Topical  s teroids may provide benef i t  in  pat ients wi th recta l  urgency or  tenesmus. 

g.  Int ravenous cyc lospor ine at  2-4 mg/kg per  day and t i t rated to b lood levels 

between 200 and 400 ng/mL has been ef fect ive in a h igh percentage of  pat ients who 

do not  respond to maximal  parenteral  s teroids.  

h.  Oral  cyc lospor ine at  twice the dai ly int ravenous dose is  given in d iv ided doses 

( twice a day)  wi th oral  s teroids once c l in ical  remiss ion is  reached wi th in t ravenous 

cyc lospor ine.  

i .  Relapse on 5-ASA therapy alone af ter  remiss ion induced wi th cyc lospor ine is  

f requent ,  and azathiopr ine or  6-MP can be benef ic ia l  when added for  maintenance.  

j .  Sul famethoxazole/ t r imethopr im (Bactr im) should be added as prophylaxis  against  

Pneumocyst is  pneumonia for  pat ients on cyc lospor ine.  

7.  Fulminant disease.  Pat ients wi th fu lminant  col i t is  or  toxic  megacolon should be 

t reated as noted for  severe disease and should not  take anything by mouth.  Broad-

spectrum ant ib iot ics are of ten used empir ical ly owing to the high r isk of  per forat ion.  

Any worsening of  d isease as ev idenced by radio logic ,  c l in ical ,  or  laboratory changes 

whi le on medical  therapy is  an ind icat ion for  immediate colectomy.  

C. Drug therapy for CD  depends on the disease locat ion,  d isease sever i ty and any 

compl icat ions.  

1.  Mild to moderate CD  

a.  5-ASA oral ly 

(1)  Mesalamine 3.2-4 g per  day 

(2)  Sul fasalaz ine 3-6 g per  day 
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(3)  Speci f ic  d isease locat ions may dic tate which preparat ion to use based on s i te of  

del ivery 

(4)  Sul fasalaz ine may be more ef fect ive than newer 5-ASAs.  I t  a lso is  less 

expensive but  less wel l  to lerated 

b.  Oral  broad-spectrum ant ib iot ics have been used wi th l imi ted contro l led c l in ical  

data to support  such use.  

(1)  Added to 5-ASA therapy for  fa i lures 

(2)  Metronidazole 750-1500 mg per  day 

(3)  Ciprof loxacin 1000 mg per  day 

c.  Budesonide oral ly 

(1)  Targeted del ivery to the i leum, works wel l  in  i lea l  or  prox imal  colon disease.  

(2)  Dose at  9 mg per  day for  8-16 weeks 

(3)  Tapered 3 mg per  week over  2-4 weeks 

d.  I f  these fa i l ,  the presentat ion can be considered ref ractory and t reated as 

moderate to severe.  

2.  Moderate to severe CD  

a.  Systemic steroids  

(1)  Prednisone 40-60 mg per  day 



(2)  Hospi ta l izat ion for  int ravenous cor t icosteroids may also be considered 

b. Azathioprine,  6-MP, and methotrexate  

(1)  Ef fect ive for  s teroid fa i lure 

(2)  Azathiopr ine 2-3 mg/kg/day or  6-MP 1-1.5 mg/kg/day 

(3)  Methotrexate 25 mg/week IM,  tapered to 15 mg/week IM af ter  16 weeks 

(4)  Azathiopr ine,  6-MP, and methotrexate are a l l  ant imetabol i te drugs and wi l l  take 

considerable t ime to reach fu l l  ef fect ,  up to 3-4 months may be required.  

(5)  Concomitant  use of  oral  5-ASA or  ant ib iot ics wi th immunosuppressant  therapy 

have not  been shown to  be of  benef i t  in  contro l led t r ia ls .  

c.  Anti -TNF therapy  

(1)  For pat ients refractory to or  do not  to lerate systemic steroids and 

immunosuppressant  therapy.  

(2)  In per ianal  f is tu l iz ing CD inf l ix imab is  ef fect ive therapy.  

(3)  Inf l ix imab 5 mg/kg at  0,  2,  and 6 weeks 

(a)  Relapse at  one year  is  h igh i f  in f l ix imab stopped 

(b)  HACA format ion is  common in noncont inuous therapy and may decrease ef f icacy 

of  future courses of  therapy.  HACA format ion may be l imi ted wi th concomitant  

dosing of  azathiopr ine,  6-MP, or methotrexate.  

(c)  Concomitant  therapy wi th 5-ASA, steroids,  or  ant ib iot ics is  of  l i t t le  added 

benef i t .  

(4)  Adal imumab 160 mg day one and 80 mg day 15 fo l lowed by 40 mg every other  

week star t ing at  day 29.  

(5)  Cer to l izumab pegol  400 mg day one and weeks 2 and 4 fo l lowed by 400 mg 

every 4 weeks.  

3.  Severe or fulminant CD  inc ludes act ive d isease of  a severe nature,  toxic  

enter i t is  or  col i t is ,  megacolon,  smal l  bowel  obst ruct ion,  and abdominal  abscess.  

Pat ients of ten require hospi ta l izat ion because of  the sever i ty of  the disease and r isk 

of  compl icat ions.  

a.  Typical  therapy may inc lude 

(1)  Int ravenous f lu ids and bowel  rest  (parenteral  nut r i t ion)  

(2)  Int ravenous ant ib iot ics wi th metronidazole,  aminoglycosides,  and broad-

spectrum penic i l l in  or  th i rd-generat ion cephalospor ins empir ical ly for  possib le 

abscess or  infect ions.  

(3)  Int ravenous cor t icosteroids 

b.  Ant i -TNF therapy may be useful  for  pat ients who do not  respond to int ravenous 

cor t icosteroids.  

c.  Surgical  in tervent ion may be required in pat ients who do not  respond to 

int ravenous cor t icosteroids and inf l ix imab.  

4.  Maintenance of remission  s t rategies have been of  quest ionable ef f icacy.  

Histor ical ly,  long- term treatment  wi th 5-ASA agents and broad-spectrum ant ib iot ics 

has been advocated wi th a lack of  convinc ing contro l led c l in ical  data to support  

these measures.  Newer  ev idence-based approaches may change therapy st rategies.  
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a.  5-ASA 

(1)  May be of  benef i t  but  c l in ical  data are mixed 

(2)  Mesalamine 2.4-4.8 g per  day or  sul fasalaz ine 2-4 g per  day 

b.  Budesonide 

(1)  Doses of  6-9 mg per  day have been used wi th posi t ive ef fect .  

(2)  Appears to be safe compared to long- term systemic steroids 

c.  Immunosuppressants 

(1)  Azathiopr ine,  6-MP, methotrexate,  and ant i -TNF therapy have been used in 

maintenance;  but  adverse events must  be weighed carefu l ly,  especia l ly  in pat ients 

wi th mi ld d isease.  

(2)  Azathiopr ine,  6-MP, and methotrexate may be useful  in  pat ients unable to wean 

of f  systemic steroids.  

(3)  Ant i -TNF therapy is  ef fect ive at  inducing and mainta in ing c l in ical  remiss ion in 

Crohn's  d isease.  Concomitant  azathiopr ine,  6-MP, or  methotrexate can also reduce 

HACA format ion wi th inf l ix imab in jec t ions and may increase ef f icacy.  

d.  Systemic steroids are normal ly avoided in long- term therapy secondary to 

systemic toxic i ty;  convinc ing data to support  thei r  use are lack ing.  

d.  Ant ib iot ics have not  been shown in contro l led c l in ical  t r ia ls  to be ef fect ive in 

mainta in ing medical ly induced remiss ion.  

D. IBS  

1.  The t reatment  of  IBS is  based on the nature and sever i ty of  symptoms,  

corre lat ion of  symptoms to food intake and/or  defecat ion,  degree of  funct ional  

impairment ,  and the presence of  psychosocia l  or  psychiat r ic  d isorders.  Treatment  is  

h ighly personal ized and can be general ized as fo l lows.  

2.  Mild IBS  is  the most  common disease presentat ion,  and pat ients normal ly suf fer  

f rom few psychosocia l  problems.  

a.  Educat ion about  the disease and support  can be of  great  benef i t .  

b.  Diet  and l i festyle changes 

(1)  Speci f ic  foods are usual ly not  as important  as the s ize of  meals;  smal ler  meals 

are preferable.  Care should be used and rest r ic t ive d iets  should be avoided.  

(2)  Decrease fat ty foods,  gas-producing foods 

(3)  Decrease alcohol  

(4)  Decrease caf fe ine 

(5)  Avoid dairy in lactose- into lerant  pat ients 

(6)  Excess f iber  can also increase IBS symptoms 

(7)  Prepare st rategies to handle st ress 

3.  Moderate IBS  symptoms are normal ly intermi t tent  but  can be disabl ing at  t imes.  

These pat ients suf fer  f rom more symptom-related dis t ress.  Pat ient  symptoms 

his tor ical ly are a lso associated wi th  more gut  react iv i ty (worse wi th eat ing and 

bet ter  wi th defecat ion) .  

a.  Ant ichol inergics used as ant ispasmodics 

(1)  Dicyc lomine (Bentyl )  20 mg by mouth four  t imes a day 

(2)  Hyoscyamine (Anaspaz)  0.15-0.3 mg by mouth four  t imes a day 

(3)  Cl id in ium plus chlordiazepoxide (L ibrax)  2.5/5 mg 1-2 tabs by mouth before 

every meal  and at  bedt ime 



(4)  Hyoscyamine + scopolamine,  at ropine,  phenobarbi ta l  (Donnatal )  1-2 tablets 

every 6-8 hr  

b.  Ant id iarrheals 

(1)  Diphenoxylate p lus at ropine (Lomot i l )  0.025/2.5 mg 2 tabs by mouth four  t imes a 

day,  maximum of  8 tablets per  day 

(2)  Loperamide ( Imodium) 4 mg fo l lowed by 2 mg af ter  each unformed bowel  

movement  up to a maximum of  16 mg per  day 

c.  Tegaserod (Zelnorm) is  a 5HT4 agonist  for  const ipat ion predominant  IBS in 

women and is  only avai lable in the USA through a manufacturer  sponsored access 

program. 

(1)  Access in the US v ia a manufacturer  adminis tered program 

(2)  IBS dosing (women only)  is  6 mg by mouth twice a day before meals 

(3)  Chronic const ipat ion dosing is  6 mg by mouth twice a day before meals 

d.  A losetron (Lotronex)  is  a 5-HT3 antagonist  avai lable in the Uni ted States through 

a manufacturer-sponsored access program; i t  is  to be used only for  d iarrhea-

predominant  IBS in women.  The dose for  severe IBS in women only  is  0.5-1 mg by 

mouth twice a day.  
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e.  Low-dose t r icyc l ic  ant idepressants (TCAs) can be ef fect ive for  pain contro l .  The 

dosages typ ical ly used are below the ef fect ive doses used for  c l in ical  depression.  

TCA also may s low GI  t ransi t  t ime and be useful  in  d iarrhea-predominate pat ient  

cases.  

f .  Lubiprostone (Amit iza
T M

)  is  a chlor ide channel  act ivator  indicated for  id iopathic  

const ipat ion.  There is  l imi ted data on the use of  lubrprostone in IBS-C but  i t  has 

been used increasingly secondar i ly to the suspension of  market ing of  tegaserod in 

the U.S. market .  

g.  Polyethylene glycol  (Mira lax
®

 and others)  is a laxat ive solut ion that  increases the 

amount  of  water  in the intest inal  t ract  to st imulate bowel  movements.  Potassium, 

sodium, and other  minerals  are a lso inc luded to replace elect ro lytes that  are passed 

f rom the body in the stool .  Polyethylene glycol  is  avai lable by prescr ipt ion or  OTC 

and is  general ly considered to be very safe for  const ipat ion and may be of  benef i t  to 

IBS-C pat ients.  Caut ion should be used in severely const ipated pat ients or  pat ients 

who may have an obstruct ion.  

4.  Severe IBS  is  a very smal l  propor t ion of  the ent i re IBS populat ion.  GI  complaints 

can be ref ractory and of  cont inuous nature.  Psychosocia l  and psychiat r ic  

comorbid i t ies are common.  

a.  Ant idepressants,  inc luding the select ive serotonin reuptake inhib i tors,  are of ten 

useful  in  severe IBS pat ients owing to the increase in psychosocia l  components to 

pat ient  presentat ion.  

b.  Anxio lyt ic  drugs,  inc luding diazepam, are occasional ly used for  IBS when pat ients 

are exper iencing acute anxiety that  is  worsening thei r  symptoms. In l ight  of  the r isk 

of  dependency,  these drugs should be taken for only shor t  per iods of  t ime.  



III. COMPLICATIONS 

A. IBD  

1.  UC and CD  have many s imi lar  present ing features as wel l  as commonal i t ies in 

compl icat ions.  The major i ty of  UC pat ients wi l l  have a chronic re lapsing disease 

course.  Length of  d isease is  re lated to r isk of  colectomy and colorecta l  cancer .  

Morta l i ty is  s imi lar  to rates in non-  UC populat ions.  CD may impose a s l ight  

increase in morta l i ty wi th long standing disease.  

2.  Musculoskeletal  mani festat ions of  IBD are the most  common ext ra intest inal  

mani festat ions of  the disease.  

a.  Arthralg ias in the absence of  ar thr i t is  s igns are the most common complaint .  

b.  Between 5% and 20% of  IBD pat ients exper ience per ipheral  ar thr i t is  pain that  is  

sel f - l imi t ing and coinc ides wi th IBD f lares and resolves wi th  successful  t reatment  of  

IBD.  Occurrence is  near ly equal  between males and females.  

c.  Ankylos ing spondyl i t is  in IBD is  less common,  at  approximately 5%, and is  equal  

in UC and CD. Males are af fected more than females and the course is  usual ly not  

re lated to the course of  IBD.  

3.  CD fistulas and abscess.  Long-standing inf lammat ion may progress into 

penetrat ing d isease,  abscess format ion,  and f istu la format ion.  These penetrat ing 

communicat ions can be f rom diseased organ to neighbor ing organ,  per i toneum, and 

sk in.  F istu la types inc lude per ianal ,  enteroenter ic ,  enterocutaneous,  enterovesical ,  

and rectovaginal .  

4.  Hemorrhage  in  the colon is  re lat ively rare in UC but  is  ser ious.  Acute 

hemorrhage accounts for  a s igni f icant  percentage of  urgent  colectomies in UC. 

Severe bleeding tends to occur  ear ly in the course of  d isease.  Hemorrhage in CD is  

ext remely rare.  

5.  Str ictures  or  narrowing of  the colon or  rectum occurs in a smal l  percentage of  

the UC populat ion.  I t  is  important  that  near ly one th i rd of  such st r ictures may be 

re lated to mal ignancy and so should be carefu l ly evaluated.  

6.  Toxic megacolon  is  a ser ious compl icat ion mainly seen in UC but  occasional ly in 

CD as wel l .  I t  occurs when the inf lammatory process causes the colon to d i late,  wi th 

subsequent  bowel  wal l  th inning.  This resul ts in the bowel  becoming more f ragi le.  

The major  r isk is  bowel  per forat ion.  Bowel  d i lat ion that  does not  respond to therapy 

wi th in 72 hr  is  considered an indicat ion for  surgical  resect ion.  
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7.  Cancer.  Overal l ,  UC pat ients are at  h igher  r isk of  developing colorectal  cancer  

compared to pat ients wi thout  IBD. The r isk to indiv iduals is  var iable and is  re lated 

to durat ion and extent  o f  UC as wel l  as pat ient -speci f ic  r isk factors.  Risk is  greatest  

in pat ients wi th pancol i t is  of  long-standing durat ion.  Colorecta l  cancer  is  a lso a r isk 

in CD pat ients,  especia l ly i f  i t  is  CD involv ing the colon.  Risk of  cancer  of  the smal l  

in test ine has been noted in CD as wel l .  



8.  Primary sclerosing cholangit is  (PSC) is the most common hepatobi l iary 

compl icat ion of  IBD.  PSC af fects men more than woman.  PSC is  more common in 

UC than in CD. 

9.  Osteoporosis  as ev idenced by increased f ractures and diminished bone densi ty 

has been shown in CD pat ients.  

10.  Qual i ty of  l i fe.  Whi le most  IBD pat ients are able to lead near ly normal  l ives,  

many do suf fer  s igni f icant ly dur ing act ive f lares of  d isease.  The chronic nature of  

d isease also has a negat ive ef fect  on pat ient  QOL.  

B. IBS.  A l though IBS has been shown to produce substant ia l  physical  d iscomfor t  

and emot ional  d is t ress,  most  pat ients wi th IBS do not  develop ser ious or  long- term 

heal th compl icat ions.  Most  pat ients learn to contro l  thei r  indiv idual  symptoms wi th 

d iet  and l i festyle modi f icat ion or  medical  therapy as needed.  
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STUDY QUESTIONS 

Direct ions:  Each of  the quest ions,  statements,  or  incomplete s tatements in th is  

sect ion can be correct ly answered or  completed by one  of  the suggested answers or  

phrases.  Choose the best  answer.  

For questions 1-2:  A 35-year-o ld male presents to h is  physic ian wi th the pr imary 

complaints of  abdominal  pain and f requent  bowel  movements over the past  few 

weeks.  Upon examinat ion and rout ine laboratory test ing,  he is  found to have a low-

grade fever  and an elevated erythrocyte sedimentat ion rate (ESR).  Further  

quest ioning reveals he is  having four  to f ive loose bowel  movements each day.  The 

pat ient  is  a past  smoker.  Stool  ant igen tests are negat ive for  known gastro intest inal  

(GI)  pathogens.  Physical  examinat ion and colonoscopy reveal  cont iguous areas of  

inf lammat ion of  the rectum and most  of  the descending colon.  The physic ian 

diagnoses moderately severe ulcerat ive col i t is .  

1.  Which therapy would be the most effect ive for inducing remission? 

(A)  topical  cor t icosteroids 

(B)  topical  5-aminosal icyl ic  ac id (5-ASA) 

(C) oral  budesonide 

(D) topical  5-ASA plus oral  5-ASA 

View Answer1.  The correct  answer is D[see] .2. Once remission is 

achieved,  which therapy is most appropriate for maintenance? 

(A)  sul fasalaz ine 2 g per  day 

(B)  balsalaz ide 2 g per  day 

(C) o lsalaz ine 4 g per  day 

(D) topical  cor t icosteroids 

View Answer2.  The correct  answer is A[see] .For questions 3-4:  An 18-

year-o ld female wi th mi ld Crohn's  d isease who is  being t reated wi th oral  

sul fasalaz ine 4 g per  day presents to her  physic ian because her  symptoms have 

returned.  She is  ambulatory wi th no s igns of  toxic i ty or  weight  loss.  Her d isease is  

mainly of  the i leum. 



3.  What would be a logical  next  step in therapy? 

(A)  int ravenous cor t icosteroids 

(B)  budesonide 9 mg per  day 

(C) prednisone 40 mg oral ly per  day 

(D) azathiopr ine 1 mg/kg per  day 

View Answer3.  The correct  answer is B[see] .4. The patient  fai ls this next 

therapy and is determined to be refractory.  Her symptoms are increasing and 

her schooling is beginning to suffer.  She is also noted to have been intolerant 

of  a tr ial  of 2.5 mg/kg day of  6-mercaptopurine (6-MP) therapy.  What would be a 

logical  next step in therapy? 

(A)  azathiopr ine 1mg/kg per  day 

(B)  metronidazole 750 mg per  day 

(C) surgical  resect ion wi th ostomy 

(D) inf l ix imab 5 mg/kg at  0,  2,  and 6 weeks 

View Answer4.  The correct  answer is D[see] .For question 5:  A man wi th 

d iarrhea-predominant  IBS is  exper iencing interrupt ion of  h is  work as a t ruck dr iver  

because of  f requent  bouts of  d iarrhea.  He states h is  symptoms are worse af ter  

eat ing,  especia l ly f r ied foods.  His physic ian discusses the possib le benef i t  of  

avoid ing fat  in  h is  d iet .  The pat ient  agrees to t ry but  a lso asks for  something to use 

in emergenc ies.  

5.  What would be the most appropriate therapy to use? 

(A)  a losetron 0.5 mg twice a day 

(B)  hyoscyamine 0.15 mg by mouth as needed 

(C) loperamide 4 mg then 2 mg as needed up to  16 mg per  day 

(D) f luoxet ine 40 mg every day 

View Answer5.  The correct  answer is C[see] .6. Which is most appropriate 

for a woman with constipation-predominant IBS? 

(A)  a rest r ict ive b land diet  

(B)  tegaserod 6 mg by mouth twice a day 

(C) a losetron 1 mg by mouth twice a day 

(D) excess dietary f iber  

View Answer6.  The correct  answer is B[see] .7. Pat ients with ulcerat ive 

col i t is and Crohn's disease present in similar ways.  There are several  cl inical  

di f ferences between the diseases that  can help di fferentiate them. Which of  the 

fol lowing cl inical  features is more common in Crohn's disease than in 

ulcerat ive coli t is? 

(A)  abnormal  bowel  movements 

(B)  s low onset  of  d isease 

(C) jo int  pain 

(D)  f is tu la format ion 

View Answer7.  The correct  answer is D[see] .P.1164 

 

 

ANSWERS AND EXPLANATIONS 



1.  The correct  answer is D  [see  I I .B.2 ] .  

Topical  5-ASA therapy plus oral  5-ASA therapy has been shown to be super ior  to 

e i ther  a lone or  topical  steroids at  inducing remiss ion in mi ld to moderate UC. 

Budesonide i leal  re lease wi l l  not  l ike ly reach the s i te of  d isease in th is  pat ient  

because he has lef t -s ided disease.  

2.  The correct  answer is A  [see  I I .B.3 ] .  

The correct  dose for  balsalaz ide is  3-6 g per  day and for  o lsalaz ine is  1 g per  day.  

Topical  steroids have no place in maintenance of  UC. 

3.  The correct  answer is B  [see  I I .C.1 ] .  

This pat ient  has not  responded to 5-ASA therapy for  inducing remiss ion of  her  mi ld 

d isease.  The pat ient  is  not  showing s igns of  severe disease or  toxic i ty and as such 

nei ther  int ravenous nor  oral  therapy wi th systemic cor t icosteroids is  warranted at  

th is  t ime.  A dose of  1 mg/kg per  day of  azathiopr ine is  below the recommended dose 

for  inducing remiss ion.  Azathiopr ine also may take several  months to induce 

remiss ion.  Budesonide is  an i leal - re lease therapy,  and her  d isease is  mainly 

conf ined to that  area.  Budesonide has been shown to be ef fect ive in mi ld and 

moderate CD. 

4.  The correct  answer is D  [see  I I .C.2 ] .  

This pat ient  is  into lerant  to azathiopr ine and i t  should not  be used.  Broad-spectrum 

ant ib iot ics are unl ikely to be of  any benef i t  in  th is  pat ient  and should not  be used.  

Whi le l ike ly to be benef ic ia l ,  surgery wi th a permanent  ostomy would a lso be 

severely l imi t ing to a young pat ient  because of  soc ia l  and QOL concerns.  Inf l ix imab 

has been shown to be ef fect ive for  ref ractory CD. 

5.  The correct  answer is C  [see  I I .D.3 ] .  

This pat ient  is  male and as such alosetron is  not  an appropr iate opt ion for  h im.  

Hyoscyamine is  an ef fect ive ant ispasmodic but  wi l l  l ike ly do l i t t le  for  h is d iarrhea.  

The pat ient  makes no complaint  of  ser ious ef fect  on his  l i fe  and does not  show 

s igns of  severe disease.  Ful l -dose ant idepressant  f luoxet ine dosing is  not  

warranted.  Loperamide can be of  use in managing mi ld to moderate symptoms of  

IBS.  

6.  The correct  answer is B  [see  I I .D.3 ] .  

Tegaserod 6 mg by mouth twice a day wi th meals  is  appropr iate and ef fect ive 

therapy for  women suf fer ing f rom const ipat ion-predominant  IBS.  Alosetron is  

ef fect ive in women wi th d iarrhea-predominant  IBS.  Restr ic t ive d iets  are not  normal ly 

of  benef i t ,  and excess d ietary f iber  can increase IBS symptoms.  

7.  The correct  answer is D  [see  I .B.1 ] .  

Whi le the over lap of  c l in ical  presentat ion of  these two diseases is  substant ia l ,  

f is tu la format ion is  ext remely rare in u lcerat ive col i t is .  
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Diabetes Mellitus 
Peggy C.  Yarborough 

I. INTRODUCTION 

A. Defini t ion.  Diabetes mel l i tus (DM) is  a chronic,  progressive,  systemic 

d isease character ized by dysfunct ion in the fo l lowing:  

1.  Metabol ism of  fats,  carbohydrates,  prote in,  and insul in 

2.  Funct ion and st ructure of  b lood vessels and nerves 

B. Classif icat ion.  There are four  c l in ical  c lasses of  d iabetes:  type 1,  type 

2,  gestat ional  d iabetes mel l i tus (GDM),  and other  speci f ic  types (secondary 

DM).  Al though not  a type of  d iabetes,  prediabetes is  inc luded wi th the 

c lass i f icat ion of  g lucose abnormal i t ies.  

1.  Type 1.  Previously descr ibed as insul in-dependent  d iabetes mel l i tus 

( IDDM), juveni leonset  d iabetes,  or  ketos is-prone diabetes.  Resul ts  f rom β 

cel l  dest ruct ion,  usual ly leading to absolute def ic iency of  insul in secret ion.  

β cel l  dest ruct ion may be f rom immune or  nonimmune factors.  

a.  Most  common in chi ldren and in adul ts  < 30 years o ld,  but  may occur  at  

any age 

b. Immune mediated.  More than 90% of  type 1 is  immune mediated.  

(1)  Markers of  immune destruct ion of  β cel ls  are present .  Also re lated to 

envi ronmental  factors that  are st i l l  poor ly def ined.  

(2)  Predisposed to ketoacidosis,  accumulat ion of  ketone bodies in body 

t issues and f lu ids (see I I .B.1) .  

(3)  Depends on exogenous insul in- replacement  therapy to prevent  

ketoacidosis  and sustain l i fe .  

(4)  Pat ients are a lso prone to other autoimmune disorders—for example,  

Graves disease,  Hashimoto thyroid i t is ,  Addison disease,  v i t i l igo,  cel iac 

sprue,  autoimmune hepat i t is ,  myasthenia grav is ,  and pernic ious anemia.  

(5)  Rate of  β cel l  dest ruct ion is  var iable;  rapid in some (mainly infants and 

chi ldren)  and s low in others (mainly adul ts)  

(6)  Latent autoimmune diabetes in adults (LADA),  a lso descr ibed as type 

1.5 d iabetes,  s lowly progressive type 1 d iabetes,  latent  type 1 d iabetes,  

youth-onset  d iabetes of  matur i ty,  and LADA-type 1 and LADA-type 2.  Good 

glycemic contro l  may be mainta ined for  several  years wi th sul fonylureas,  

but  pat ient  eventual ly becomes insul in dependent .  

c.  Idiopathic type 1 diabetes.  No known cause;  < 10% of  type 1 is  

id iopathic .  

(1)  Strongly inher i ted,  lacks immunological  ev idence for  β cel l  

auto immuni ty,  and is  not  human leukocyte ant igen (HLA) associated.  

(2)  May have permanent  insul inopenia and be prone to ketoacidosis .  

(3)  Or may have episodic ketoacidosis  and exhib i t  some degree of  insul in 

def ic iency between episodes.  An absolute requirement  for  insul in-

replacement  therapy may come and go.  

(4)  Most  are of  Af r ican or  Asian ancestry 



d.  The essent ia l  d i f ference between type 1 and type 2 DM is  that  insul in 

product ion and secret ion in type 1 is  dest royed;  in  type 2 DM, insul in 

product ion and secret ion may be al tered or  reduced but  is  not  tota l ly 

lack ing.  

2.  Type 2.  Previously descr ibed as non- insul in-dependent  d iabetes mel l i tus 

(NIDDM) or adul tonset  d iabetes.  Resul ts  f rom a progressive insul in 

secretory defect  on the background of  insul in res is tance.  

a.  Approximately 90%  of  indiv iduals wi th d iabetes in the Uni ted States have 

type 2 d iabetes,  wi th a d isproport ionate representat ion among cer ta in 

ethnic  groups and the elder ly.  

b.  May present  as predominant ly insul in resistance  wi th re lat ive insul in 

def ic iency to predominant ly an insul in secretory defect  wi th insul in 

res is tance.  
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c.  Most  pat ients are obese  at  d iagnosis (approximately 80%),  e i ther by 

t radi t ional  weight  cr i ter ia or  by increased percentage of  body fat  d is t r ibuted 

predominant ly in the abdominal  region.  

d.  Usual ly d iagnosed in adul ts  >30 years o ld,  but  may occur  at  any age.  

The inc idence of  type 2 DM in adolescents is increasing,  apparent ly re lated 

to an increasing inc idence of  obesi ty in th is  age group,  decreasing 

exerc ise/physical  act iv i ty,  and genet ic  and other  l i festyle factors.  

e.  Insul in res is tance may improve by intervent ions (weight  loss,  exerc ise,  

medicat ions) ,  but  seldom returns to normal.  

f .  Endogenous insul in levels  may appear normal ,  increased,  or  decreased,  

and the requirement  for  exogenous insul in is  var iable.  Despi te apparent ly 

“normal”  or  “ increased” insul in levels ,  β cel l  dysfunct ion is  mani fest  by a 

re lat ive insul in insuf f ic iency  to mainta in euglycemia,  especia l ly in the face 

of  s igni f icant  insul in res is tance.  

g. Diminished incret in effects  develop ear ly or  later  into the disease 

h.  Not  prone to ketos is except  dur ing per iods of  severe physical  s t ress such 

as infect ions,  t rauma,  or  surgery.  

3.  Gestat ional  diabetes mel l i tus.  Def ined as any degree of  g lucose 

into lerance that  has i ts onset  or  is f i rs t  detected dur ing pregnancy.  

a.  Occurs in 2%-4% of  pregnant  women,  general ly dur ing the second or  

th i rd t r imester .  

b.  A fo l low-up glucose to lerance test  should be per formed at  6 weeks af ter  

pregnancy.  Glucose regulat ion would then be rec lass i f ied as DM, impaired 

fast ing glucose ( IFG),  impaired glucose to lerance ( IGT),  or  normoglycemia.  

In the major i ty of  cases,  g lucose regulat ion returns to normal 

postpregnancy.  

c.  Occurrence of  GDM increases future r isk for  developing type 2 d iabetes.  



4.  Other specif ic types  (secondary d iabetes) .  Broad term used to c lassi fy 

pat ients who have unusual  causes of  d iabetes owing to cer ta in d iseases of  

the pancreas,  genet ic  defects,  endocr inopathies ,  or  drugs.  

5.  Prediabetes.  Term used to refer to an intermediate metabol ic  s tage 

between normal  g lucose homeostasis  and diabetes.  Prediabetes is  a r isk 

factor  for  future DM and cardiovascular  d isease (CVD).  

C. Diabetes demographics and statist ics  

1.  In the Uni ted States,  an est imated 6.3%  of  the populat ion has DM, and 

near ly hal f  as many indiv iduals remain undiagnosed.  

2.  Type 1 DM accounts for  approximately 10% of  cases and type 2 for  about  

90% 

3.  DM is l is ted as the sixth leading cause of  death  in  the Uni ted States;
1
 

but  i t  l ike ly contr ibutes to other  s igni f icant  causes,  such as hear t  d isease 

(number one cause of  death) ,  cerebrovascular  d iseases (number three) ,  and 

k idney disease (number n ine) .  

D. Cause.  Var ious factors contr ibute to the development  of  DM. 

1.  Type 1 DM.  Genet ic  predisposi t ion,  envi ronmental  factors,  and 

autoimmuni ty have been proposed.  

a.  Genetics.  Cer ta in genet ic  markers in the HLA system have been st rongly 

l inked wi th type 1 DM, and the r isk of  developing d iabetes is  substant ia l ly 

increased in  the of fspr ing of  indiv iduals d iagnosed wi th d iabetes.  

b. Environment.  Not  al l  indiv iduals at  genet ic  r isk for  type 1 DM develop 

the disease.  Some type of  t r igger ,  such as a v i rus (e.g. ,  rubel la)  or  toxic  

chemical ,  is  needed for  the expression of  the genet ic  propensi ty for  type 1 

DM. 

c.  Autoimmunity.  An autoimmune component ,  perhaps st imulated by the 

environmental  t r igger ,  is  involved in the development  of  type 1 d iabetes.  

Ant i - insul in or  ant i -β cel l  ant ibodies are present  in the blood of  most 

indiv iduals at  the t ime of  d iagnosis of  type 1 DM. 
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2.  Type 2 DM.  Genet ic  factors,  a β cel l  defect ,  and per ipheral  s i te defects 

have been impl icated.  

a.  Genetics.  There is  a greater  than 90% concordance rate between 

monozygot ic  twins i f  one has type 2 d iabetes.  I t  has been est imated that  

of fspr ing of  indiv iduals wi th type 2 d iabetes have approximately a 15% 

chance of  developing the disease.  

b.  Diminished β cel l  function  is  postulated to cause abnormal i t ies in 

insul in secret ion,  resul t ing in a re lat ive def ic iency of  insul in.  

c.  A peripheral  si te defect  is  postulated to lead to insul in resistance  

( t issue insensi t iv i ty to the bio logica l  act iv i ty of  insul in) .  This condi t ion is  

thought  to resul t  pr imar i ly f rom postbinding abnormal i t ies.  

3.  Secondary diabetes  may ar ise f rom such condi t ions as endocr ine 

disorders (e.g. ,  Cushing syndrome),  pancreat ic  d isease,  and the use of  



drugs that  antagonize insul in (e.g. ,  th iaz ide diuret ics,  

adrenocort icosteroids) .  

II. PATHOPHYSIOLOGY OF THE DIABETIC STATE 

A. Normal glucose regulat ion  requires the int r icate balance of  insul in,  

counterregulatory hormones,  intest inal  incret ins,  and amyl in  hormone.  

Al terat ions in these key components form the basis  for  medicat ion select ion 

for  the diabet ic  s tate.  

1.  Insul in  is  responsib le  for  a var iety of  ef fects throughout  body t issues.  

a.  St imulates glucose transport  across cel l  membranes and promotes the 

storage of  glucose as g lycogen in muscle and l iver  cel ls  

b.  Enhances fat  s torage ( l ipogenesis )  and prevents the mobi l izat ion of  fat  

for  energy ( l ipolysis  and ketogenesis )  

c.  Inhib i ts  product ion of  g lucose f rom l iver  or  muscle g lycogen 

(glycogenolysis )  

d.  Promotes incorporat ion of  amino acids into proteins  

e.  Inhib i ts  the format ion of  g lucose f rom amino acids (gluconeogenesis )  

f .  Decreases the breakdown of fatty acids  to ketone bodies 

2.  Counterregulatory hormones  antagonize the glycemic ef fects of  insul in.  

a.  Glucagon (produced in the α cel ls  of  the pancreas)  

b.  Epinephr ine 

c.  Norepinephr ine 

d.  Growth hormone 

e.  Cor t isol  

3.  Intest inal  hormones,  notably glucagon-l ike peptide 1 (GLP-1)  and 

glucose-dependent insulinotropic polypeptide (GIP),  Hormones secreted 

by the intest ines,  in response to ingest ion of  food,  enhance the abi l i t y of  

oral ly admin is tered glucose to st imulate pancreat ic  β cel l  secret ion of  

insul in.  

a.  These ef fects are referred to as “ incret in ef fects.”  Incret in  s tands for  

intest inal  (s t imulators for)  secret ion of  insul in.  

b.  Incret ins do not  d i rect ly s t imulate insul in secret ion but  instead enhance 

the abi l i t y of  g lucose to s t imulate insul in secret ion.  

c.  Postprandial  secret ion  of  GLP-1 is  diminished  in  DM. GLP-1 act ions 

inc lude 

(1)  Reduced rate of  gastr ic  emptying 

(2)  Inhib i ted glucagon secret ion by pancreat ic  α cel ls  

(3)  Inhib i ted appet i te 

(4)  A l tered β cel l  b iosynthesis ,  resul t ing in increased β cel l  mass and 

increased insul in secretory capaci ty 

d.  GIP secret ion is  normal  or  increased in DM, but  β cel l  response is 

diminished.  

4.  Amylin.  A neurohormone normal ly co-secreted wi th insu l in,  by pancreat ic  

β cel ls  in response to food intake.  



a.  Amyl in secret ion is  d iminished when there is  β cel l  dest ruct ion or  

dysfunct ion.  

b.  Amyl in lowers postprandial  concentrat ions  by 

(1)  S lowing gastr ic  emptying on ingest ion of  food,  thus reducing the rate of  

g lucose inf lux into the bloodstream 
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(2)  Suppressing nutr ient -s t imulated secret ion of  g lucagon,  thus reducing 

hepat ic  g lucose output  af ter  meals 

(3)  Modulat ing appet i te by enhancing sat iety,  resul t ing in decreased food 

intake 

B. Abnormal glucose regulation/hyperglycemic emergencies  associated 

wi th d iabetes.  In unt reated type 1 and type 2 DM, the disease fo l lows a 

predictable progression f rom in i t ia l  abnormal i t ies of  g lucose metabol ism to 

l i fe- threatening diabet ic  ketoacidosis  or  hyperglycemic hyperosmolar  

nonketot ic  syndrome.  

1.  Diabetic ketoacidosis (DKA;  type 1 DM) 

a.  Insul in def ic iency resul ts  in hyperglycemia.  

(1)  Impaired glucose uptake in the per ipheral  t issues (pr imari ly muscle)  

(2)  Reduct ion in the convers ion of  g lucose to g lycogen ( impaired 

glycogenesis ) ,  pr imar i ly in the l iver  

(3)  Impaired insul in- induced suppression of  hepat ic  g lucose product ion 

(neoglucogenesis  and glycogenolysis )  

b.  As b lood glucose (BG) concentrat ions increase,  the glucose reabsorpt ive 

capaci ty of  the k idneys wi l l  be exceeded.  This occurs at  about  180 mg/dL,  

referred to as the renal threshold for glucose.  Glucose is  then excreted 

into the ur ine,  resul t ing in an osmotic diuresis  wi th subsequent  

dehydrat ion  and electrolyte abnormali t ies.  

c.  Insuf f ic ient  g lucose uptake in the per ipheral  t issues (owing to insul in 

def ic iency)  causes the cel ls  to use prote in and fat  as energy sources rather  

than glucose.  

d.  Breakdown of  prote in y ie lds carbohydrate/g lucose moiet ies,  but  wi th 

insuf f ic ient  insul in,  the addi t ional  g lucose worsens hyperglycemia rather  

than serv ing as an energy source.  

e.  Breakdown of  t r ig lycer ides ( the stored form of  fat )  yie lds free fatty acids  

and glycerol  through the process of  l ipolysis.  Wi thout  the adminis t rat ion of  

insul in,  type 1 DM wi l l  progress to ketonemia and ketoacidosis ,  as 

descr ibed below:  

(1)  Increasing amounts of  g lycerol  leads to enhanced hepat ic  g lucose 

product ion,  fur ther  worsening hyperglycemia.  

(2)  Free fat ty ac ids are broken down in the l iver  into ketone bodies,  which 

are excreted by the k idneys (ketonuria ) .  Acetoacetate (a ketone body)  is  

conver ted in the l iver  to acetone,  which is  excreted through the lungs.  This 



is  associated wi th a f ru i ty odor  and can somet imes be detected on the 

breath of  the pat ient .  

(3)  As the ut i l izat ion (breakdown) of  adipose t issue cont inues,  ketone 

product ion exceeds the capaci ty for  excret ion,  leading to accumulat ion in  

the bloodstream (ketonemia ) .  

(4)  Increasing levels of  f ree fat ty ac ids contr ibute to the development  and 

worsening of  acidosis.  

(5)  In i t ia l ly,  there is  compensat ion for  ac idosis  by changes in breathing 

pat terns (Kussmaul breathing )  and by buf fer ing systems of  the blood (e.g. ,  

prote ins,  b icarbonate) .  

(6)  As ac idosis  cont inues,  breathing compensat ion and bicarbonate stores 

are insuf f ic ient  or  depleted.  A state of  ketos is wi th ac idosis  (ketoacidosis )  

then exis ts .  

(7)  I f  ketoacidosis  is  not  prompt ly t reated by insul in,  coma and death wi l l  

ensue in type 1 DM. 

(8)  The tota l  lack of  insul in in type 1 DM is  a predisposing factor  for  DKA. 

Pat ients wi th type 1 DM are descr ibed as ketosis prone.  

2.  Hyperosmolar hyperglycemic state (HHS) ( type 2 DM) 

a.  Insul in def ic iency,  of ten wi th concomitant  insul in  res is tance,  resul ts in 

hyperglycemia 

(1)  Impaired glucose uptake in the per ipheral  t issues (pr imari ly muscle)  

(2)  Reduct ion in the convers ion of  g lucose to g lycogen ( impaired 

glycogenesis ) ,  pr imar i ly in the l iver  

(3)  Impaired insul in- induced suppression of  hepat ic  g lucose product ion 

(neoglucogenesis  and glycogenolysis )  

b.  Increasing blood glucose concentrat ions exceed the glucose reabsorpt ive 

capaci ty of  the k idneys (occurs at  about  180 mg/dL,  referred to as the renal  

threshold for glucose ) .  Glucose is then excreted into the ur ine,  resul t ing 

in an osmotic diuresis  wi th subsequent  dehydrat ion  and electrolyte 

abnormali t ies.  

c.  Insuf f ic ient  g lucose uptake in the per ipheral  t issues (owing to insul in 

def ic iency and/or  insul in  res is tance)  causes the cel ls  to use prote in as 

energy sources rather  than glucose.  Breakdown of  prote in y ie lds 

carbohydrate/g lucose moiet ies;  however,  wi th  
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insuf f ic ient  insul in,  the addi t ional  g lucose worsens hyperglycemia rather  

than serv ing as an energy source.  

d.  In type 2 DM, the presence of  even minimal  b lood levels  of  endogenous 

insul in usual ly prevents the breakdown of  fats  and subsequent  ketonemia 

and ketoacidosis .  Thus pat ients wi th type 2 DM are descr ibed as ketosis 

resistant.  

e.  A l though suf f ic ient  to suppress ketos is ,  endogenous insul in secret ion in 

type 2 DM is  insuf f ic ient  for  g lycemic contro l .  I f  insul in is  not  adminis tered,  



profound dehydrat ion wi th very h igh blood glucose levels may occur ;  th is  

s tate is descr ibed as HHS syndrome.  Coma and death may resul t .  

III. CLINICAL EVALUATION 

A. Physical  f indings  

1.  Symptom severi ty and onset  help d i f ferent iate type 1 f rom type 2 DM. 

a.  Type 1 DM typical ly presents wi th an abrupt  onset  and an acute 

presentat ion.  

b.  Symptoms in indiv iduals wi th type 2 DM general ly develop gradual ly ,  wi th 

some pat ients being asymptomat ic  or  having only mi ld symptoms upon 

diagnosis.  

2.  Classic signs and symptoms  of  DM inc lude polydips ia (excessive 

th i rs t ) ,  polyur ia (excess ive ur inat ion) ,  and polyphagia (excessive hunger) .  

Other  common f indings inc lude dry sk in,  fat igue,  weakness,  f requent  sk in 

and vaginal  in fect ions,  weight  a l terat ions,  and v isual  d is turbances.  

3.  Indiv iduals wi th type 1 DM may addi t ional ly present  wi th unintent ional  

weight  loss,  wi th or  wi thout  s igns and symptoms of  ketoacidosis .  

4.  Some of  the progressive changes of  long-standing DM may be ev ident  at  

the t ime of  d iagnosis of  type 2 DM: deter iorat ion in funct ion or  st ructure of  

the ret ina,  k idneys,  per ipheral  nervous system, and integumentary system. 

B. Diagnostic test ing or screening for prediabetes and diabetes
2
 

1.  Diabetes in nonpregnant adults  

a.  The preferred test  to d iagnose DM in nonpregnant  adul ts  is  the fast ing 

plasma glucose (FPG ) .  The 75-g oral  g lucose to lerance test  (OGTT )  is  more 

sensi t ive and more speci f ic  than FPG, but  OGTT is rarely per formed 

correct ly in the outpat ient  set t ing.  Because of  ease of  process,  

acceptabi l i ty to pat ients ,  and lower cost ,  the FPG is the preferred 

diagnost ic  tool .  

b.  Three types of  f indings are accepted as the diagnosis of  DM: 

(1)  A random (casual)  plasma glucose (PG) level  > = 200 mg/dL wi th 

c lass ic  symptoms of  DM, inc luding polydips ia,  polyur ia,  polyphagia,  and 

weight  loss.  

(2)  FPG level  > = 126 mg/dL.  Fast ing = no calor ic  intake for  at  least  8 

hours.  

(3)  A 2-hr p lasma glucose > = 200 mg/dL dur ing an OGTT using 75 g 

anhydrous g lucose dissolved in water .  

c.  In the absence of  unequivocal  hyperg lycemia wi th acute decompensat ion,  

the above cr i ter ia should be confirmed with repeat test ing  on a d i f ferent  

day.  

d.  Note that  these cr i ter ia do not  d is t inguish between type 1 and type 2 DM; 

rather ,  they only identi fy the presence  of  c l in ical  d iabetes.  

2.  Gestat ional  diabetes  

a.  Risk assessment  for  GDM should be undertaken at  the f irst  prenatal  

visi t .  Marked obesi ty,  personal  h is tory of  GDM, glycosur ia,  del ivery of  a  



previous large- for-gestat ionage infant ,  polycyst ic  ovary syndrome,  or  a 

s t rong fami ly h is tory of  DM would const i tute a high r isk for  GDM. 

b. High-risk women  

(1)  Per form glucose test ing as soon as possib le 

(2)  A FPG > 125 mg/dL or  casual  PG > = 200 mg/dL ,  conf i rmed on a 

subsequent  day  
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unless unequivocal  symptoms of  hyperglycemia are present,  const i tutes a 

d iagnosis of  DM. 

(3)  High-r isk women not  found to have GDM at  the in i t ia l  screening should 

be tested between 24 and 28 weeks  of  gestat ion.  Test ing should fo l low one 

of  two approaches:  

(a)  One-step approach.  Perform a diagnost ic  100-g OGTT. 

(b)  Two-step approach  

( i )  In i t ia l  screening of  50-g oral  glucose load  (g lucose chal lenge test ;  

GCT).  A 1-hr  p lasma or  serum glucose threshold value of  > = 140 mg/dL 

ident i f ies ~ 80% of  GDM and > = 130 mg/dL ident i f ies 90% of  GDM. 

( i i )  Perform a diagnost ic  100-g OGTT on the subset  of  women exceeding 

the threshold values for  the GCT. Diagnosis of  GDM may be made i f  two 

values equal  or  exceed the fo l lowing:  

{a }  Fast ing:  95 mg/dL 

{b }  1 hr:  180 mg/dL 

{c }  2 hr :  155 mg/dL 

{d }  3 hr:  140 mg/dL 

( i i i )  A l ternat ively,  a 75-g two-hour g lucose to lerance test  may be used;  but  

that  test  is  not  as wel l  val idated for  detect ion of  GDM. 

c.  Low-risk women.  Require no GDM screening,  but  th is  status is  l imi ted to 

indiv iduals meet ing al l  of  the fo l lowing cr i ter ia:  

(1)  Younger than 25 years of  age 

(2)  Normal  body weight  before pregnancy 

(3)  Ethnic group with a low prevalence of GDM (e.g., not  Hispanic, African 

American, Asian, or Native American) 

(4)  No f i rs t -degree re lat ive wi th DM 

(5)  No his tory of  poor  obstet r ical  outcome 

3.  Type 2 DM in children  

a.  Glucose test ing should be per formed in chi ldren at  10 years of  age  or  at  

onset  of  puberty ( i f  puberty occurs < 10 years of  age)  who exhib i t  the 

fo l lowing r isk factors for  DM: 

(1)  Overweight,  def ined as:  body mass index (BMI)  > 85th percent i le  for  

age and sex,  weight  for  height  > 85th percent i le ,  or  weight  > 120% of  ideal  

for  height .  

(2)  Plus  any two of  the fo l lowing:  

(a)  Fami ly h is tory of  type 2 DM in f i rs t -  or  second-degree re lat ive 



(b)  Race/ethnic i ty (Nat ive Amer ican,  Af r ican Amer ican,  Lat ino,  Asian 

Amer ican,  or  Paci f ic  Is lander)  

(c)  S igns of  insul in res is tance or  condi t ions associated wi th insul in 

res is tance—for example,  acanthosis  n igr icans,  hyper tension,  dys l ip idemia,  

polycyst ic  ovary syndrome (PCOS) 

(d)  Maternal  h is tory of  DM or  GDM 

b.  Diagnost ic  cr i ter ia for  DM are the same as l is ted for  nonpregnant  adul ts  

(see I I I .A.2).  

c.  FPG  is  the preferred test  for  chi ldren because of  i ts  ease of  test ing and 

reproducib i l i ty.  

d. Repeat every 2 years  i f  test ing is  negat ive for  DM. 

4.  Screening for DM or prediabetes in asymptomatic individuals  

a.  Screening should be considered in indiv iduals beginning at  age 45,  

par t icular ly in those wi th a BMI  > 25 kg/m
2
.  

b.  Screening should a lso be considered in indiv iduals  < 45 years i f  they are 

overweight  and have one or  more r isk factor  for  DM, such as 

(1)  Habi tual ly phys ical ly inact ive 

(2)  Have a f i rs t -degree re lat ive wi th DM 

(3)  Member of  a h igh-r isk ethnic  populat ion (Afr ican Amer ican,  Lat ino,  

Nat ive American,  Asian Amer ican,  Paci f ic  Is lander)  

(4)  Given bir th to a baby weigh ing 9 lb or  has been diagnosed wi th GDM 

(5)  Hypertension 

(6)  High-densi ty l ipoprote in (HDL) cholesterol  level  <  35 mg/dL and/or  a 

t r ig lycer ide level  > 250 mg/dL 

(7)  PCOS 

(8)  On previous test ing,  had IGT or  IFG 
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(9)  Other  c l in ical  condi t ion associated wi th insu l in res is tance (e.g. ,  

acanthosis  n igr icans)  

(10)  His tory of  vascular  d isease 

c.  A FPG  test  or  2-hr  75-g OGTT  may be used for  screening.  

d.  I f  normal ,  repeat  screening every 3 years.  

e.  Diagnosis of prediabetes.  Nonpregnant  indiv iduals not  meet ing the 

cr i ter ia for  d iabetes but  wi th abnormal  test  resul ts  can be c lass i f ied as 

having IFT  or  IGT.  In 2002,  IFG and IGT were of f ic ia l ly termed 

prediabetes.  Use of  th is term bet ter  communicates to indiv iduals the 

ser iousness of  th is  abnormal i ty in the context  of  progression to DM. 

(1)  IFT.  Fast ing plasma glucose level  > 110 mg/dL and  < 126 mg/dL 

(2)  IGT.  A 2-hr  OGTT plasma glucose > 140 mg/dL and  <  200 mg/dL 

IV. DESIRED OUTCOMES OF DIABETES 

MANAGEMENT 



would inc lude,  but  are not  l imi ted to,  the fo l lowing (adapt  for  indiv idual  

pat ient ) :  

A. Mortal i ty outcomes  Avoid d iabetes-re lated premature death.  L i fe 

expectancy for  Amer ican males is  75.2 years and for  Amer ican females,  

80.4 years
3
 

B. Morbidity outcomes  

1.  Retard progression of  the disease 

2.  Prevent  or  in a t imely manner t reat  acute compl icat ions 

3.  Prevent ,  detect  ear ly,  or  adequately t reat  vascular  and neuropathic  

d isease and prevent  or  t reat  r isk factors associated wi th those diseases 

(e.g. ,  hyper tension,  tobacco use,  t r ig lycer ides,  cholesterol ,  obesi ty)  

4.  Prevent  or  minimize drug-re lated problems 

a.  S ide ef fects—adverse drug react ions (ADRs) 

b.  Toxic i ty 

c.  Drug interact ions (drug-drug,  drug-disease,  drug- food,  drug- laboratory)  

C. Behavioral  outcomes  

1.  Annual  eye exams 

2.  Rout ine sel f -moni tor ing of  b lood glucose (SMBG) 

3.  Development  of  a consistent  support  system 

4.  Adherence to medicat ion regimen 

5.  Rout ine and t imely medical  examinat ions and laboratory tests 

6.  Avoidance of  l i fe-style or  other  behaviors—for  example,  a lcohol ,  

caf fe ine,  n icot ine,  cer ta in over- the-counter  (OTC) medicat ions—that  may 

increase the r isk of  d iabetes-associated problems 

D. Pharmacoeconomic outcomes  

1.  Drug and t reatment  costs wi th in pat ient  resources 

2.  Cost-ef fect ive and ef f ic ient  use of  heal thcare resources 

E. Quali ty-of- l i fe outcomes  

1.  Match,  or  only minimal ly change,  pat ient  l i festyle and act iv i t ies wi th 

d isease t reatment  

2.  Pat ient  sat is fact ion wi th pharmaceut ical  care and heal thcare team 

3.  Posi t ive but  real is t ic  out look for  the future 
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V. DESIRED THERAPEUTIC END POINTS FOR 

DIABETES MANAGEMENT 

inc lude,  but  are not  l imi ted to,  the fol lowing (adapt  for  the indiv idual  

pat ient ) :  

A. Nonpharmacological  end points  

1.  At ta in and/or  mainta in BMI < 27.  

2.  Cessat ion of  a lcohol  intake,  or  l imi t  to no more than 1 oz.  per  day for  

adul t  females or  no more than 2 oz.  per  day for  adul t  males.  

3.  Nicot ine/ tobacco cessat ion 



4.  Moderate sodium reduct ion to at  least  2300 mg/day.  Indiv iduals wi th 

symptomat ic  hear t  fa i lure should rest r ic t  sodium intake to less than 2000 

mg/day.
4
 

5.  At  least  150 min/week of  moderate- intensi ty aerobic physical  act iv i ty,  

(50-70% of  maximum heart  rate),  d ist r ibuted over  most,  ideal ly a l l ,  days of  

the week.
5
 

6.  In the absence of  contra indicat ions,  indiv iduals wi th type 2 DM should 

per form res is tance exerc ise 3 t imes a week,  target ing al l  major  muscle 

groups,  progressing to at ta in three sets of  8-10 repet i t ions at  a weight  that  

cannot  be l i f ted more than 8-10 t imes.
6
 

B. Pharmacological  end points  

1.  At ta in or  mainta in g lycemic contro l .  

a.  ADA glycemic goals
7
 

(1)  Glycosylated hemoglobin AIC (HbAIC) goal:  < 7%  (based on 6% as 

upper l imi t  of  normal) ,  for  pat ients in general .  For  an indiv idual  pat ient 's  

goal ,  the HbAIC should be as c lose to normal  as possib le wi thout  s igni f icant  

hypoglycemia.  

(2)  Preprandial  capi l lary p lasma glucose:  70-130 mg/dL 

(3)  Peak 1-2 hr  postprandial  capi l lary p lasma glucose:  < 180 mg/dL 

b.  General  exper ient ia l ,  c l in ical  goals 

(1)  SMBG standard deviat ion < 40,  based on dai ly test ing (at  least  once 

dai ly,  a l ternat ing prebreakfast  and presupper,  wi th occasional  2-hr  

postprandia l ,  largest  meal)  

(2)  SMBG values:  50% wi th in target  of  70-140 mg/dL;  not  more than 30% 

above 200 mg/dL 

(3)  No more than one to two episodes of  mi ld hypoglycemia per  1-2 weeks 

2.  At ta in or  mainta in l ip id prof i le  wi th in target  range.
8
 

a.  Low-dens i ty l ipoprote in (LDL)  <  100 mg/dL.  For  indiv iduals wi th over t  

CVD, a target  of  < 70 mg/dL should be considered.  I f  maximal ,  to lerated 

drug therapy fa i ls  to achieve LDL targets,  an acceptable a l ternat ive goal  is  

a reduct ion of  ~40% f rom basel ine.  

b. Triglycerides (TGs)  <  150 mg/dL.  When TGs exceed 200 mg/dL,  a “non-

HDL cholesterol ”  goal  ( tota l  cholesterol  minus HDL) of  130 mg/dL should be 

used.  

c.  HDL  > 40  mg/dL for  males and > 50 mg/dL for  females 

3.  Blood pressure (BP )  < 130/80mm Hg,  wi th minimal  or  no s igns or  

symptoms of  or thostat ic hypotension 

4.  Minimal  or  no per ipheral  edema 

5.  Urinary albumin excret ion  <  30  µg albumin/mg creat inine  in  a spot  

col lect ion (adjust  end point  based on resul ts  of  in i t ia l  microalbumin test )  

6.  Retent ion of  recogni t ion of  hypoglycemia symptoms 

VI. THERAPY OF PREDIABETES. 



Modest  weight  loss (5-10% weight  loss)  and regular  phys ical  act iv i ty (~30 

min/day)  have been shown to reduce the rate of  progression of  prediabetes 

to type  
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2 DM.
9
 Other  CVD r isk factors such as tobacco use,  hyper tension,  and 

dysl ip idemia should a lso be aggressively managed.  Selected pat ients may 

benef i t  by adjunct  drug therapy.  Met formin,  acarbose,  or l is tat ,  and 

ros ig l i tazone have also been shown to reduce progression to DM in s ingle,  

or  few,  t r ia ls ,  but  not  as ef fect ively as intensive l i festyle intervent ions.
1 0

 

However,  the ADA Consensus Panel  recommends that  metformin should be 

the only drug considered for  use in d iabetes prevent ion,  and that  i ts  use be 

l imi ted to obese indiv iduals less than 60 years of  age.  

VII. THERAPY OF DIABETES MELLITUS. 

Medical  nut r i t ion therapy,  physica l  act iv i ty,  pharmacotherapy,  SMBG, and 

pat ient  sel f -management  educat ion—especia l ly  concerning decis ion-making 

sk i l ls—are essent ia l  for  successful  management  of  the metabol ic  aspects of  

DM and for  the prevent ion of  d iabetes-re lated condi t ions.  Al though some 

pat ients wi th “ear ly”  type 2 d iabetes may not  need pharmacotherapy for  a 

whi le,  the progressive nature of  the disease ul t imately resul ts  in the 

requirement  of  drug therapy.  

A. Medical  nutri t ion therapy (MNT).  MNT incorporates the pr inc ip les of  

good nutr i t ion appl ied to the indiv idual 's  d iabetes contro l  goals,  eat ing 

preferences and habi ts ,  and concurrent  medical  condi t ions.  Successful  MNT 

intervent ion is  general ly assessed by blood glucose and HbAIC level ,  LDL 

and HDL cholesterol  and t r ig lycer ide levels,  b lood pressure,  and body 

weight .  

1.  An ef fect ive MNT plan wi l l  not  be merely a “d iet  sheet”  g iven to a l l  

people wi th d iabetes.  However,  some of  the common approaches to 

d iabetes MNT inc lude the fo l lowing:  

2.  Carbohydrate (CHO) counting.  The indiv idual  is  taught  to ident i fy and 

quant i fy the amounts of  CHO foods consumed at  each meal  and throughout  

the day.  Both the amount (grams )  as wel l  as the type of  CHO (glycemic 

index/glycemic load )  in  a food inf luence blood glucose level .  Usual ly CHO 

intake is  45%-60% of  tota l  calor ies,  based on current  d iabetes contro l ,  TG 

levels,  k idney funct ion,  and other  medical  concerns as wel l  as pat ient  

choice.  

a.  When DM therapy inc ludes a premeal  shor t -act ing insul in dose (bolus) ,  

pat ients may be taught  to adjust  the bolus dose to match the CHO intake.  

b.  Even when bolus insul in is  not  employed,  pat ients need to be taught  to 

mainta in consistent  CHO intake at  designated meals and across the day to 

match the ant id iabetes ef fects of  oral  medicat ions or  intermediate-act ing 

insul ins.  Al l  pat ients with d iabetes should be taught  the pr inc ip les of  

carbohydrate count ing and ident i f icat ion.  



c.  Sugar and s imple CHOs are to be counted as par t  of  the CHO intake for  

the meal .  

3.  Fat intake and type of  fat.
4
,  

1 1
 Saturated and t rans- fat ty ac ids are the 

pr inc ipal  d ie tary determinant  of  p lasma LDL cholesterol ,  the major  r isk 

factor  for  CVD. 

a.  L imi t  in take of  saturated fat  to 7% of  tota l  calor ies.  
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b.  Intake of  t rans  fat  should be minimized.  

c.  L imi t  d ietary cholesterol  to 200 mg/day.  

d.  Two or  more serv ings of  f ish per  week are recommended.  

4.  Protein intake and type of  protein.  There is  insuf f ic ient  ev idence to 

demonstrate that  intake of  prote in in the range of  15%-20% of  tota l  calor ies 

(which is  the average U.S. prote in consumpt ion)  is  a r isk factor  for  the 

development  of  d iabet ic  nephropathy.
4
 I t  is  recommended that  d iabetes 

pat ients adhere to the suggested RDA prote in intake (0.8  g high-quali ty 

protein/kg/day) ,  which would be about  10% of total  calories.  Note that  in 

general ,  cereals,  grains,  nuts,  and vegetables are not  inc luded as sources 

of  “h igh-qual i ty”  prote in.  

5.  Fiber intake  (e.g. ,  bran,  beans,  f ru i ts ,  whole-grain products,  vegetables)  

is  to be encouraged;  however,  there is  no ev idence that  people wi th 

d iabetes need a greater  amount  of  f iber  than other  Amer icans.  Very large 

amounts of  f iber  may benef i t  g lycemic contro l ,  hyper insul inemia,  and 

plasma l ip ids;  but  the palatabi l i t y and gastro intest inal  s ide ef fects of  such 

amounts of  f iber  may be unacceptable to most  people.  

6.  Spaced intervals between meals  may be helpfu l  for  matching the 

hypoglycemic act ions of  insul in or  insul in secretagogues or  when 

postprandia l  g lycemic normal izat ion is  delayed.  

7.  Dietary adjustment algori thms.  A l terat ion of  d ietary intake based on 

factors that  change the blood glucose level ,  such as stress,  i l lness,  or  

exerc ise.  For  example,  consumpt ion of  addi t ional  carbohydrate and/or  

prote in before v igorous exerc ise.  

B. Physical  act ivi ty (exercise) .  A carefu l ly p lanned and consistent  

program of  physica l  act iv i ty enhances glucose uptake to cel ls ,  thereby 

reducing the BG level .  In addi t ion,  exerc ise may improve CHO metabol ism 

and insul in sensi t iv i ty in pat ients wi th type 2 DM; may reduce levels of  

t r ig lycer ide- r ich very low densi ty l ipoprote in (VLDL);  may reduce blood 

pressure,  especia l ly in hyper insul inemic subjects;  may enhance weight  loss 

and weight  maintenance;  may reduce r isk of  CVD; and may prevent  

progression of  prediabetes to DM. 

1.  Physical  act iv i ty has potent ia l  problems for  indiv iduals wi th d iabetes.  

a.  Pat ients wi th severe (prol i ferat ive)  ret inopathy  must  consul t  an 

ophthalmologist  before beginn ing any type of  exerc ise program. Strenuous 

act iv i ty may precip i tate v i t reous hemorrhage or  t ract ion ret inal  detachment  



in  these pat ients.  These indiv iduals should avoid anaerobic exerc ise and 

physica l  act iv i ty that  involves st ra in ing,  jar r ing,  or  Valsalva- l ike maneuvers.  

b.  Pat ients wi th cardiovascular disease;  those > 35 years  of  age;  and 

indiv iduals wi th autonomic neuropathy,  per ipheral  vascular  d isease,  or  

microvascular  d isease should receive a cardiovascular  evaluat ion and 

st ress test  before beginning an exerc ise program. 

c.  Pat ients wi th s igni f icant  peripheral  neuropathy  (wi th loss of  protect ive 

sensat ion in the feet)  should l imi t  weight-bear ing exerc ise.  Repet i t ive 

exerc ise on insensi t ive feet  can lead to u lcerat ion and f ractures.  Treadmi l l  

exerc ises,  jogging,  prolonged walk ing,  and step exerc ises are 

contra indicated;  swimming,  b icyc l ing,  rowing,  chair  exerc ises,  arm 

exerc ises,  and other  non-weight-bear ing exerc ise should be recommended.  

d.  High- intensi ty or  s t renuous physical  act iv i ty should probably be 

discouraged in indiv iduals wi th overt  nephropathy  (a lbuminur ia > 200 

mg/min) ,  unless b lood pressure is  carefu l ly moni tored dur ing exerc ise.  

2.  Aerobic act ivi ty  (e.g. ,  swimming,  walk ing,  running)  is  the preferred type 

of  exerc ise because of  i ts  desi rable hypoglycemic ef fects (promotes 

ut i l izat ion of  g lucose as fuel ) ,  as wel l  as desi rable ef fects on cardiovascular  

heal th,  hyper tension,  l ip id prof i les,  c i rculat ion,  and weight- loss ef for ts.  

Recommendat ions:  

a.  At  least  150 min/week of  moderate- intensi ty aerobic physical  act iv i ty 

(50%-70% of  maximum heart  rate) ,  

b.  And/or  at  least  90 min/week of  v igorous aerobic exerc ise (> 70% of  

maximum heart  rate).  

c.  Dis t r ibute exerc ise over  at  least  3 days/week,  wi th no more than 2 

consecut ive days wi thout  physical  act iv i ty.  

3.  Anaerobic act ivi ty  (e .g. ,  weight  l i f t ing)  should general ly be avoided by 

people wi th d iabetes unless i t  has been speci f ical ly approved by 

appropr iate medical  specia l is ts  such as a cardio logis t  (because i t  could 

have potent ia l  deleter ious cardiovascular  or  b lood pressure  
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ef fects)  or  an ophthalmologist  (because i t  could have potent ia l  deleter ious 

ef fects upon under lying ret inopathy) .  In the absence of  contra indicat ions,  

recommendat ions for  people wi th type 2 d iabetes inc lude 

a.  Per form res is tance exerc ise three t imes a week,  target ing al l  major  

muscle groups 

b.  Progress to three sets of  8-10 repet i t ions at  a weight  that  cannot  be 

l i f ted more than 8-10 t imes 

4.  The physical  act iv i ty p lan should be consistent  in  regard to f requency 

(dai ly,  or  at  least  3-4 days per  week) ,  in tensi ty,  and durat ion.  

5.  General  guidel ines that  may prove helpfu l  in  regulat ing the glycemic  

response to physica l  act iv i ty inc lude 

a.  Assess metabol ic  contro l  before physical  act iv i ty.  Avoid physical  act iv i ty 

i f  g lucose level  is  > 250 mg/dL and ketos is  is  present ;  use caut ion i f  



glucose level  is  > 300 mg/dL wi th no ketos is .  Ingest  addi t ional  carbohydrate 

i f  g lucose level  is  < 100 mg/dL.  

b.  Moni tor  blood glucose before and af ter  physical  act iv i ty (up to several  

hours postexerc ise)  to ident i fy when/ i f  changes in insul in or  food intake are 

necessary and to learn indiv idual  g lycemic responses to d i f ferent  physical  

act iv i ty condi t ions.  

c.  Consume added carbohydrate as needed to avoid hypoglycemia;  CHO-

based food should be readi ly avai lable dur ing and af ter  physical  act iv i ty.  

C. Insul in and insulin analog  

1.  Types of insul in.  Refers to onset and durat ion of  insul in preparat ion 

(Table 54-1)  

a.  Rapid-act ing  insul in.  L ispro (Humalog) ,  aspar t  (NovoLog),  and g lu l is ine 

(Apidra)  insul ins 

b. Short-acting  insul in.  Regular  insul in (Humul in regular ,  Novol in  regular)  

c.  Intermediate-act ing  insul ins.  Isophane insul in suspension (neutra l  

protamine Hagedorn;  NPH) insul in and detemir  (Levemir)  insul in 

d. Long-acting  insul in.  Glargine (Lantus)  insul in.  

e.  Premixed insulin products.  Each mixture g ives a rapid-  or  shor t -act ing 

insul in as a premeal  bolus p lus an intermediate-act ing insul in to contro l  

la ter  hyperg lycemia or  the subsequent  meal .  

(1)  50/50 insul in:  50% protamine l ispro insul in wi th 50% l ispro insul in,  or  

50% regular  insul in wi th  50% NPH insul in 

(2)  70/30 insul in:  70% insul in aspar t  protamine wi th 30% aspart  insul in or  

70% NPH wi th 30% regular  insul in 

(3)  75/25 insul in:  75% protamine l ispro insul in wi th 25% l ispro insul in 

f .  Extemporaneous mixtures.  Two insul ins mixed in one syr inge,  before 

adminis t rat ion.  Extemporaneous mixtures a l low the rat io to be ta i lor  made 

to match the pat ient 's b lood glucose reading,  ant ic ipated eat ing or  physical  

act iv i ty,  or  other  factors inf luencing the requirement  for  speci f ic  insul in 

act ion.  

Table 54-1. Types of Insulin—Onset, Peak, and Duration of Actiona 

Agent 

Onset 

(hr) 

Peak 

(hr) 

Effective 

Duration (hr) 

Variability in 

Absorption and 

Duration 

Rapid acting     

 

Lispro 

(Humalog) 

< 

0.5 

0.5-

1.5 

3-4 Minimal 

 

Aspart 

(NovoLog) 

< 

0.5 

0.7-

1 

3-5 Minimal 



 

Glulisine 

(Apidra) 

< 

0.5 

0.5-

1.5 

3-5 Minimal 

Short-acting     

 

Regular 0.5-

1 

2-4 5-8 Moderate 

Intermediate-

acting 
    

 NPH 2-4 6-10 10-16 High 

 

Detemir 

(Levemir) 

3-4 6-12 12-18 Minimal 

Long-acting     

 

Glargine 

(Lantus) 

5 n/a 20-24 Minimal-

Moderate 

a
Approximate time action in nonpregnant adult, with normal renal function. 

n/a, not applicable, NPH, neutral protamine Hagedorn 
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2.  Chemical sources  of  commercia l  insul in avai lable in the Uni ted States 

a.  Biosynthetic human, also cal led human insulin.  Produced by 

recombinant  DNA techniques 

b. Insulin analog.  Produced by chemical  a l terat ion of  human insul in 

3.  Concentrat ion  of  insul in products avai lable in the Uni ted States 

a.  U-100:  a concentrat ion of  100 Uni ts /mL 

b.  U-500:  concentrat ion of  regular  insul in of  500 Uni ts /mL, for  pat ients wi th 

insul in res is tance.  Because of  i ts  h igh concentrat ion,  b ioact iv i ty of  U-500 

regular  insul in mimics an intermediate-act ing insul in.  U-500 insul in is  a 

prescr ipt ion i tem. 

4.  Indicat ions.  Insul in therapy is  required for  a l l  pat ients wi th type 1 DM 

and for  those wi th type 2 DM when other  in jectable or  oral  ant id iabetes 

therapies do not  achieve the desired DM contro l .  Insul in and insul in analogs 



may be used in combinat ion wi th cer ta in oral  or  other  in jectable 

ant id iabetes agents in type 1 or  type 2 DM. When diet  and physical  act iv i ty 

fa i l  to achieve glycemic contro l  in  GDM or  when a woman wi th d iabetes 

becomes pregnant ,  insul in therapy should be ins t i tu ted rather  than oral  

ant id iabetes agents.  

5.  Mechanism of action.  Insul in lowers b lood glucose and contr ibutes to 

g lucose homeostasis  by a var iety of  physio logical  act ions,  inc luding 

a.  ↑Glucose uptake and ut i l izat ion by per ipheral  t issues 

b.  ↑Glycogenesis (convers ion of  g lucose to g lycogen in l iver  and muscle)  

c.  ↓Glycogenolys is  (product ion of  g lucose f rom glycogen) 

d.  ↓Gluconeogenesis ( format ion of  glucose f rom noncarbohydrates,  such as 

amino acids)  

e.  ↓Lipolys is  and ketogenesis (breakdown of  fats to ketone bodies)  

f .  ↑Format ion of  prote in f rom amino acids 

g.  ↑Format ion of  adipose t issue f rom t r ig lycer ides and fat ty ac ids 

6.  Ini t ial  dosage of insulin.  Assuming a waking t ime in the morning,  

meals/snacks spaced consistent ly dur ing the day and waking hours,  and a 

late evening bedt ime,  the fo l lowing are examples only and do not  inc lude al l  

insul in opt ions.  

a.  Type 1 DM, w ithout concomitant infect ion or physiologic stress 

condit ion.  A typical  in i t ia l  tota l  dai ly dose (TDD) is  est imated as 0.5 

Uni ts /kg/day,  which is  d iv ided into three or  four  in ject ions per  day.  

Regimens employing only one or  two in ject ions per  day do not  achieve 

euglycemia in type 1 DM. 

(1)  Three in ject ions per  day 

(a)  Prebreakfast  in ject ion.  Two th i rds of  TDD. 25%-35% of  the tota l  

breakfast  dose is  g iven as l ispro,  aspar t ,  g lu l is ine,  or  regular  insul in;  65%-

75% of  the tota l  breakfast  dose is g iven as NPH insul in (1:2 rat io) .  May be 

mixed extemporaneous ly or  may be a commercia l  premixed product .  

(b)  Presupper in ject ion.  Between 10% and 20% of  TDD. Given as l ispro,  

aspar t ,  g lu l is ine,  or  regular  insul in 

(c)  Bedt ime (10 p.m.)  in ject ion.  Between 10% and 25% of  TDD. Given as 

NPH or  detemir  insul in 

(2)  Four  in ject ions per  day 

(a)  Premeal  in ject ions ( three in ject ions) .  Total  of  40%-50% of  TDD. Total  

amount  is  d iv ided between the three meals in a rat io propor t ional  to the 

desired/usual  rat io of  CHO ingest ion at  those three meals.  Given as l ispro,  

aspar t ,  g lu l is ine,  or  regular  insul in before each meal  

(b)  Bedt ime in ject ion.  Between 50% and 60% of  TDD, g iven as NPH, 

detemir ,  or  g largine insul in.  Caveat :  I f  NPH or  detemir  insul in is  used for  

the bedt ime in ject ion in type 1 DM, the premeal  insul in must  be regular  

insul in.  

(3)  Insul in pump therapy (use of  external  pump to prov ide cont inuous 

subcutaneous insul in in fus ion)  



(a)  Premeal  and presnack boluses.  Dosage based on premeal  BG level  and 

ant ic ipated CHO intake for  the meal .  In i t ia l  est imate would be s imi lar  to the 

in i t ia l  est imate for  the four- in ject ion regimen (see VI I .C.6.a. (2)) .  Given as 

l ispro,  aspar t ,  or  g lu l is ine insul in 

(b)  Basal  insul in.  Programmed to be del ivered cont inuously.  In i t ia l  est imate 

is  50%-60% of  TDD but may be subsequent ly a l tered to g ive d i f fer ing basal  

infus ions at  cer ta in t imes of  the day.  In i t ia l  rate is  of ten 0.5-1.25 Uni ts /hr ,  

g iven as l ispro,  g lu l is ine,  or  aspar t  insul in 
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b. Type 2 DM.  In i t ia l  TDD is  0.15-0.4 Uni ts /kg/day but  wi l l  vary great ly,  

depending on degree of  concomitant  insul in res is tance and degree of  β cel l  

dysfunct ion.  

(1)  One in ject ion per  day.  Bedt ime insul in only,  0.25 Uni ts /kg/day,  g iven as 

NPH, detemir ,  or  g largine insul in.  Bedt ime insul in is  most of ten used in 

combinat ion wi th one or  more oral  ant id iabetes medicat ion.  Monotherapy 

bedt ime insul in is  most  successful  in  the ear ly s tages of  type 2 DM. 

(2)  Two in ject ions per  day 

(a)  Prebreakfast  in ject ion.  Two th i rds of  TDD, g iven as a premix insul in 

(70/30,  75/25,  or  50/50;  choice depends on ant ic ipated CHO intake at  

breakfast  and lunch)  

(b)  Presupper in ject ion.  One th i rd of  TDD, g iven as a premix insul in (70/30,  

75/25,  or  50/50;  choice depends on ant ic ipated CHO intake at  supper)  

(3)  Three or four  in ject ions per  day.  Types,  in i t ia l  rat ios,  and regimens are 

s imi lar  to type 1 (see VII .C.6.a. ) .  

c.  Adjust  in i t ia l  doses and regimen based on ongoing SMBG, symptoms of  

hypoglycemia or  hyperglycemia,  and per iodic  AIC resul ts .  

7.  Routes of  insul in administration  

a.  Subcutaneous inject ion.  For rout ine sel f -adminis t rat ion of  insul in 

(1)  Successful  insul in therapy requires predictable and consistent  insul in 

absorpt ion and insul in act ion f rom day to day.  

(2)  In many pat ients,  absorpt ion of  regular  insul in is  fastest  f rom the 

abdomen,  fo l lowed by the arm, but tocks,  and th igh.  

(a)  Upon in i t ia t ion of  insul in therapy,  pat ients should carefu l ly moni tor  and 

record thei r  own var iat ions in absorpt ion.  I f  i t  is  determined that  the 

var iat ion is  suf f ic ient ly great ,  then a g iven in ject ion (e.g. ,  presupper dose)  

should a lways be given in the same anatomical  region (e.g. ,  arms).  Random 

rotat ion of  in ject ion regions should be avoided in these indiv iduals.  

(b)  Physical  exerc ise increases blood f low to the exerc is ing area,  thus 

accelerat ing absorpt ion of  insul in in jected at  that  s i te.  To a lesser  extent ,  

hot  showers,  baths,  and massage may have a s imi lar  ef fect .  Pat ients should 

be advised to avoid g iv ing an in ject ion into a l imb that  wi l l  be subsequent ly 

exerc ised or  heated.  The abdomen may be preferable for  the preexerc ise 



in ject ion because that  area is  the least  l ike ly to have s igni f icant  increases 

in absorpt ion.  

(3)  With in an anatomical  region,  the in ject ion s i te should be rotated to 

avoid l ipohypert rophy and f ibros is .  

b. Continuous intravenous ( insulin drip)  adminis t rat ion of  regular  insul in,  

pr imar i ly in the hospi ta l  set t ing.  Used for  t reatment  of  acute hyperglycemia,  

ketoacidosis ,  HHS, or  dur ing surgical  procedures or  del ivery.  

c.  Continuous subcutaneous infusion ( insulin pump therapy)  

(1)  Rapid-act ing insul in is  infused cont inuously dur ing the day in a pat ient -

speci f ic  pat tern to del iver  low doses of  insul in (basal  insul in)  to of fset  the 

glycemic ef fects of  dai ly pat terns of  counterregulatory hormones.  

(2)  Before each meal ,  the pat ient  sets the pump to del iver  a bolus dose of  

rapid-act ing insul in to contro l  the g lycemic ef fects of  the meal .  The bolus 

dose is  determined by a lgor i thms that  consider  the premeal  g lucose level ,  

ant ic ipated dietary intake,  and act iv i ty.  

(3)  Of fers the potent ia l  for  t ighter  g lycemic contro l .  

(4)  Indicated for  selected indiv iduals wi th d iabetes wi th widely f luctuat ing 

blood glucose levels;  i r regular  or  inconsistent  work schedules,  l i festyles,  or  

meals;  or  who achieve less- than-desired contro l  us ing f requent  in ject ion 

rout ines.  

(5)  Requires f requent  SMBG; thorough t ra in ing in the use of  the infus ion 

equipment ;  and an advanced unders tanding and appl icat ion of  exerc ise,  

d ietary,  and insul in adjustment  protocols.  

8.  Alterat ions in insulin requirement  

a.  Infect ion,  exacerbat ions of  other medical  problems,  weight  gain,  puberty,  

inact iv i ty,  hyper thyroid ism, and Cushing disease tend to increase insul in 

needs.  

b.  Renal  fa i lure,  adrenal  insuf f ic iency,  nut r ient  malabsorpt ion,  

hypopi tu i tar ism,  weight  loss,  and increased exerc ise tend to reduce insul in 

needs.  

c.  Drug-drug or  drug-disease interact ions may increase or  decrease insul in 

requirements.  
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D. Insul in secretagogues  (ora l  hypoglycemic agents)  

1.  Agents  

a.  Sulfonylureas  

(1)  Chlorpropamide (Diabinese)  

(2)  Glybur ide (DiaBeta,  Micronase,  Glynase)  

(3)  Gl ip iz ide (Glucotro l )  

(4)  Gl imepir ide (Amaryl )  

b.  Megl i t in ides:  Repagl in ide (Prandin)  

c.  Phenyla lanine der ivat ives:  Nategl in ide (Star l ix)  

2.  Indicat ions/contraindicat ions  



a.  Use in type 2 DM predicated on 

(1)  Adequate contro l  not  at ta ined by medical  nut r i t ion therapy and physical  

act iv i ty a lone 

(2)  Or  pharmacological  in tervent ion is  required based on the present ing 

blood glucose levels and diabetes symptomatology 

(3)  And  there are suf f ic ient  numbers of  funct ioning β cel ls  

(4)  May be used as monotherapy or  in combinat ion wi th other  oral  

ant id iabetes drugs,  exenat ide,  or  insul in 

b.  Use in type 1 DM not indicated.  Pharmacological  act ion depends on 

funct ioning pancreat ic  β cel ls .  

c.  Insul in secretagogues 

(1)  Are not  recommended for  chi ldren,  pregnant  and lactat ing women 

(2)  Should not  be used for  metabol ic  contro l  dur ing st ressfu l  condi t ions 

such as severe infect ion,  in jury,  or  surgery (a l l  o f  which st imulate the 

re lease of  counterregulatory hormones) ,  which increase the r isk of  

hyperglycemia.  Insul in therapy should be inst i tuted dur ing these condi t ions.  

d.  Sul fonylurea agents 

(1)  Are contra indicated in pat ients wi th a l lergy to sul fa agents.  

(2)  Have been associated wi th a possib le increased r isk of  cardiovascular  

morbid i ty and morta l i ty.  

(3)  Pose a r isk of  cholestat ic  jaundice 

e.  Cer ta in agents should not  be used in pat ients wi th severe renal  or  

hepat ic  impairment .  

3.  Mechanisms of  act ion  

a.  Predominant  ef fect  is  to st imulate pancreat ic  secret ion of  insul in 

b.  Improve “ f i rs t  phase”  re lease of  insul in/ increase sensi t iv i ty of  β cel ls  to 

g lucose st imulus 

c.  Lessor  ef fects 

(1)  Increase hepat ic  sensi t iv i ty to insul in 

(2)  Increase number and/or  sensi t iv i ty of  insul in receptors in muscle and 

adipose t issue 

(3)  Reduce postreceptor  defect  ( t ransport  defect )  in  muscle and adipose 

t issue 

4.  Choice of  agent.  The most c l in ical ly s ign i f icant  d i f ference among the 

oral  hypoglycemic agents is  durat ion of  act ion (Table 54-2) ,  which then 

af fects f requency of  dosing and potent ia l  compl iance issues.  Other  

considerat ions inc lude f requency and consistency of  eat ing and exerc ise,  

addi t ional  pat ient -speci f ic  r isk factors for  severe hypoglycemia (e.g. ,  

hypoglycemia unawareness) ,  pat ient-speci f ic  contra indicat ions,  and cost  

considerat ions.  

a.  Gl imepir ide exhib i ts  an insul in-spar ing ef fect  compared to other  members 

of  th is  c lass,  repor tedly by i ts  re lat ively greater  ext rapancreat ic  ef fect .  

b.  β Cel l  s t imulat ion of  insul in secret ion is  more glucose dependent  wi th 

repagl in ide and nategl in ide than wi th sul fonylurea agents.  This act ion,  



along wi th i ts  very shor t  act ion,  may present  a reduced r isk of  late 

postprandia l  hypoglycemia for  selected indiv iduals.  

c.  Chlorpropamide has the longest  durat ion of  act ion and poses a r isk to 

pat ients wi th renal  or  hepat ic  impairment .  I t  a lso causes more severe and 

f requent  s ide ef fects ( inc luding hypoglycemia and hyponatremia)  than other  

sul fonylureas.  

d.  Glybur ide has been associated wi th severe or prolonged hypoglycemia in 

the elder ly.  

5.  Administrat ion and dosage  (Table 54-2)  

6.  Pat ient  education and other concerns  

a.  Adverse ef fects inc lude gastro intest inal  (GI)  d is turbances (e.g. ,  nausea,  

gast r ic  d iscomfor t ,  vomit ing,  const ipat ion) ,  tachycardia,  headache,  sk in 

rash,  and hematologica l  problems (e.g. ,  agranulocytos is ,  pancytopenia,  

hemolyt ic  anemia)  
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Table 54-2. Oral Monotherapy: Type 2 Diabetesa 

Agent Initial dose Maximum Dose/Comments 

α-glucosidase inhibitors 

 

Acarbose 

(Precose) 

 

Miglitol (Glyset) 

25 mg/day with 

first bite of meal 

Instruct patient to 

increase dosage as 

tolerated (GI 

distress) 

Anticipate weeks 

to reach maximal 

therapeutic effect 

Sometimes given 

with just largest 

meal or may be 

given before each 

meal 

50-100 mg four times a 

day with meals. 50 mg 

four times a day if TBW 

< 60 kg 

Diarrhea, abdominal 

distress may limit 

dosing or rate of dosage 

increase; GI effects 

usually diminish with 

continued use 

Increase in liver 

enzymes may occur 

When used with a 

hypoglycemic agent 

(sulfonylurea or 

insulin), patient must be 

taught importance of 

treating hypoglycemia 

with glucose-based 

product 

Insulin sensitizers 500 mg once or Short-acting: 2550 



 

Metformin 

(Glucophage, 

Glucophage XR, 

Riomet solution) 

500 mg once or 

twice a day with 

meals 

Instruct patient to 

increase dosage as 

tolerated (usually 

weekly) 

Daily dose of 

1500 mg will 

likely be needed 

for therapeutic 

effect 

Metformin 

extended release 

500 mg daily 

taken with 

evening meal 

Short-acting: 2550 

mg/day (850 mg four 

times a day). Note: 1000 

mg two times a day 

gives maximum 

therapeutic effect 

Long-acting: 2000 

mg/day 

Nausea and diarrhea, 

which usually subside 

after 5-10 days, may 

limit rate of dosage 

increase 

Teach patient lactic 

acidosis issues—for 

example, muscle aches, 

weakness 

Contraindicated in renal 

or liver disease, ETOH 

abuse, severe 

cardiopulmonary 

disease 

 

Pioglitazone 

(Actos) 

15 or 30 mg/day 

without regard to 

meals 

45 mg/day in one dose 

 

Rosiglitazone 

(Avandia) 

2 mg/day without 

regard to meals 

8 mg/day in one or two 

doses 

Sulfonylurea agents 

 

Glipizide 

(Glucotrol, 

Glucotrol XL) 

Glucotrol 2.5 

mg/day 

Glucotrol XL 5 

mg/day 

Short acting: 40 mg, 

give in two doses when 

dose reaches 15 mg 

Extended length: 20 mg, 

give in one or two doses 

 

Glyburide 

(Diabeta, 

Micronase, 

Glynase) 

Glimepiride 

(Amaryl) 

Tolazamide 

Diabeta, 

Micronase 2.5 

mg/day 

Glynase 1.5 

mg/day 

2 mg qd 

125 mg/day 

20 mg in one or two 

doses 

Glynase 

microcrystalline 12 mg 

6 mg/day in one or two 

doses 

1000 mg, give in two 



doses when dose 

reaches 500 mg 

 

Chlorpropamide 

(Diabinese) 

100 mg/day 750 mg in one dose 

 

Tolbutamide 250 mg/day 3000 mg in two or three 

doses 

Meglitinides 4 mg with each meal or 

16 mg total daily dose 

 

Repaglinide 

(Prandin) 

Not previously 

treated with 

hypoglycemic 

agent and HbAIc < 

8.0%: 0.5-1.0 mg 

with each meal 
 

  

Previously treated 

with 

hypoglycemic 

agent or HbAIc > 

8.0%: 1-2 mg 

with each meal  

Phenylalanine derivatives 

 

Nateglinide 

(Starlix) 

120 mg four times 

a day, 1-30 min 

before each meal 

60 mg four times 

a day for patients 

near target HbAIc 

180 mg with each meal 

Uric acid levels may be 

elevated 

DPP-4 Inhibitors Normal renal 100 mg, 50 mg, or 25 



 respiratory tract 

infection, 

nasopharyngitis, and 

headache. 

Generally weight 

neutral. 

a
Consult package insert for detailed prescribing details. Dosage should be 

reduced if frequent hypoglycemia occurs without apparent cause (such as 

medication error; changes in diet, exercise, or timing of regimen). When 

dosage reaches the minimum for a therapeutic agent, an attempt should be 

made to control diabetes by diet and exercise alone. 

ETOH, ethyl alcohol; GI, gastrointestinal; HbAIc, glycosylated hemoglobin 

AIc; TBW, total body weight. 
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b.  Best  i f  taken 30-45 min before meals,  but  may take wi th meal  i f  GI  

d is t ress.  Except :  repagl in ide or  nategl in ide must  be taken 15-30 min before 

a meal .  

c.  Not i fy prescr iber  i f  sk in changes occur  

d.  Teach pat ient  prevent ion,  recogni t ion,  t reatment  of  hypoglycemia 

e.  Sunburn precaut ions 

f .  Not i fy prescr iber  i f  unexpected/unintended weight  gain occurs 

g.  Hypoglycemia and alcohol  into lerance may occur  wi th chlorpropamide.  

Alcohol  into lerance is  less common wi th other  agents.  

h. Primary fai lure.  The agent  fa i ls  to contro l  hyperglycemia wi th in the f i rs t  

4 weeks af ter  in i t ia t ion.  This most  l ike ly represents insuf f ic ient  numbers of  

funct ioning β cel ls .  

i .  Secondary Fai lure.  The drug contro ls  hyperglycemia in i t ia l ly but  fa i ls  to 

mainta in contro l .  Between 5% and 30% of  in i t ia l  responders exper ience 

secondary fa i lure.  In most  instances,  th is  represents progression of  the DM, 

wi th a d imin ishing number of  funct ioning β cel ls ,  rather  than a drug fa i lure.  

E. Insul in sensit izers  

1.  Agents  

a.  Biguanides:  met formin (Glucophage,  Riomet)  

b. Thiazolidinediones  (TZD) 

(1)  P iogl i tazone (Actos) 

(2)  Rosig l i tazone (Avandia)  

c.  Combination products  

(1)  Metformin/g lybur ide (Glucovance) 

(2)  Metformin/g l ip iz ide (Metagl ip)  



(3)  Metformin/ ros ig l i tazone (Avandamet)  

(4)  Metformin/p iogl i tazone (Actoplus met)  

2.  Indicat ions/Contraindicat ions  

a.  Insul in sensi t izers are indicated in indiv iduals wi th a s igni f icant  

component  of  insul in res is tance.  

b.  Use in type 2 DM 

(1)  Monotherapy use in type 2 DM predicated on 

(a)  Adequate contro l  not  at ta ined by medical  nut r i t ion therapy and physical  

act iv i ty a lone 

(b)  Or  pharmacological  in tervent ion is  required based on the present ing 

blood glucose levels and diabetes symptomatology 

(c)  And  pat ient  has adequate endogenous insul in 

(2)  Combinat ion therapy,  wi th other  oral  ant id iabetes agents and/or  insul in 

c.  Use in type 1 DM. As adjunct  to insul in;  must not  be used as 

monotherapy 

d.  Met formin contra indicat ions and caut ions 
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(1)  S i tuat ions wi th potent ia l  for  increased r isk of  lact ic  ac idosis .  Lact ic 

ac idosis  is  a rare but  ser ious compl icat ion and is  fata l  in  50% of  cases 

(a)  Renal  dysfunct ion (serum creat in ine [SCr]  > 1.4 mg/dL in females and > 

1.5 mg/dL in males) .  Conf i rm adequate renal  funct ion in the elder ly,  even in 

the face of  “ low” SCr levels .  

(b)  Hypoperfus ion (hypoxic s tates)—for  example:  

( i )  Dur ing surgery 

( i i )  Severe cardiovascular /pulmonary dysfunct ion 

( i i i )  Acute myocardia l  in farct ion or  hear t  fa i lure 

(c)  Radiographic procedures us ing int ravenous iodinated contrast  agents 

(potent ia l  for  t ransient  renal  dysfunct ion) .  Discont inue met formin dur ing the 

procedure;  re in i t ia te when renal  funct ion is  reestabl ished and conf i rmed. 

(d)  Chronic or  b inge ingest ion of  ethanol  

(e)  L iver  d isease (hepat ic  funct ion important  for  c learance of  b lood lactate)  

(2)  Serum v i tamin B1 2  levels  may decl ine,  usual ly wi thout  c l in ical  

mani festat ions.  

(3)  Fol low labeled recommendat ions for  moni tor ing l iver  funct ion,  renal  

funct ion,  and v i tamin B1 2  status.  

e.  TZD contra indicat ions and caut ions 

(1)  Hepat ic  d isease:  id iosyncrat ic  hepat ic  fa i lure,  a rare but  ser ious event ,  

has occurred dur ing therapy wi th t rogl i tazone,  a th iazol id inedione removed 

f rom the U.S.  market  in 1999.  Because of  thei r  s t ructural  s imi lar i ty to 

t rogl i tazone,  p iogl i tazone and ros ig l i tazone should be used caut iously in 

pat ients wi th hepat ic  d isease.  Cl in ical  data have not  shown evidence of  

drug- induced hepatoxic i ty f rom piogl i tazone or  ros ig l i tazone.  

(2)  Fol low labeled guidel ines for  rout ine moni tor ing of  l iver  funct ion.  



(3)  Warning for  use in pat ients wi th severe hear t  fa i lure—New York Heart  

Associat ion (NYHA) c lass I I I  or  IV cardiac status—owing to possib le 

increase in p lasma volume ( found in human studies)  and hear t  enlargement  

( found in animal  s tudies) .  

(4)  Safety in chi ldren or  dur ing pregnancy has not  been establ ished.  

(5)  Do not  use TZD at  maximum labeled dose when combined wi th insu l in.  

3.  Mechanisms of  act ion  

a.  These agents are pharmacological ly ant ihyperglycemic agents rather  

than hypoglycemic agents.  

b.  Increase hepat ic  sensi t iv i ty to insul in,  thereby suppressing hepat ic  

g lucose product ion.  Major  act ion for  met formin;  secondary act ion for  

p iogl i tazone and ros ig l i tazone.  

c.  Reduce postreceptor  defect  ( t ransport  defect)  in  muscle and adipose 

t issue;  th is  defect  appears to be the major  component  of  natural ly occurr ing 

insul in res is tance.  Major act ion for  p iogl i tazone and ros ig l i tazone;  

secondary act ion for  met formin.  

d.  Increase number and/or  sensi t iv i ty of  insul in receptors in muscle and 

adipose t issue,  thereby addressing the cel l  sur face binding defect ;  th is  

defect  correlates most s igni f icant ly wi th hyper insul inemia.  Major  act ion for  

p iogl i tazone and ros ig l i tazone;  secondary act ion for  met formin.  

4.  Administrat ion and dosage  (Table 54-2)  

5.  Pat ient  education and other concerns  

a.  Metformin 

(1)  Most  notable subject ive s ide ef fect :  GI  d is turbances ( loose stools  or 

d iarrhea) ,  usual ly subsid ing af ter  7-10 days 

(2)  Take wi th meals to minimize GI upset .  

(3)  Opt imal BG ef fects not  seen for 5-10 days 

(4)  Hypoglycemia is  not  l ike ly caused by met formin but  may occur  i f  used 

wi th insul in or  insul in secretagogue,  

(5)  Of ten associated wi th smal l  weight  loss 

(6)  Metformin is  excreted into breast  mi lk.  

b.  Thiazol id inediones (TZD) 

(1)  Most  notable subject ive s ide ef fects:  edema, weight  gain,  headache,  

fat igue 

(2)  Hypoglycemia is  not  l ike ly caused by TZD but  may occur  i f  used wi th 

insul in or  secretagogue.  

(3)  Opt imal BG ef fects not  seen for 6-10 weeks 

(4)  Teach pat ient  s igns and symptoms of  l iver  toxic i ty and to repor t  to 

prescr iber  i f  not iced 
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(5)  Watch for  weight  gain,  shor tness of  breath,  gi r th expansion 



(6)  Animal  studies suggest  that  p iogl i tazone and ros ig l i tazone are secreted 

in breast  mi lk ,  but  i t  is  not  known i f  these drugs or  metabol i tes are excreted 

in human mi lk .  

(7)  Premenopausal  anovulatory women may resume ovulat ion dur ing 

therapy,  p lac ing the pat ient  at  r isk of  pregnancy.  

F. α-Glucosidase inhibitors  

1.  Agents  

a.  Acarbose (Precose)  

b.  Migl i to l  (Glyset)  

2.  Indicat ions/contraindicat ions  

a.  Used in indiv iduals wi th s igni f icant  postprandia l  hyperglycemia.  These 

drugs have minimal  ef fect  on preprandia l  or  fast ing b lood glucose levels.  

b.  Use in type 2 DM 

(1)  Monotherapy use in type 2 DM predicated on 

(a)  Adequate contro l  (especia l ly postprandia l )  not  at ta ined by medical  

nut r i t ion therapy and physical  act iv i ty a lone 

(b)  Or  pharmacological  in tervent ion is  required based on the present ing 

postprandia l  b lood glucose levels and diabetes symptomatology 

(c)  And  pat ient  has adequate endogenous or  exogenous insul in.  

(2)  Combinat ion therapy,  wi th insul in or  other  oral  ant id iabetes agents,  

notably insu l in secretagogues 

c.  Use in type 1 DM 

(1)  As an adjunct  to insul in therapy;  may be useful  in  indiv iduals wi th 

delayed absorpt ion of  subcutaneous insul in 

(2)  Not  to be used as monotherapy 

d.  Contra indicated in inf lammatory bowel  d isease,  colonic  u lcerat ion,  or  

obst ruct ive bowel  d isorders;  chronic intest inal  d isorders of  d igest ion or  

absorpt ion;  or  any medical  condi t ion that  might  deter iorate wi th increased 

intest inal  gas format ion.  

e.  Contra indicated in c i r rhosis  of  the l iver .  

f .  Not  indicated dur ing pregnancy,  in  breast- feeding women,  or  in chi ldren.  

3.  Mechanism of action  

a.  Inhib i ts  the intest inal  enzyme α-glucosidase (a c lass of  enzymes).  

Intest inal  absorpt ion of  complex carbohydrates such as starch,  dext r ins,  

and disacchar ides (e.g. ,  sucrose,  mal tose)  requires the act ion of  intest inal  

α-glucosidase.  

b.  Inhib i t ion of  α-glucosidase retards the degradat ion and thus the 

absorpt ion of  carbohydrates,  resul t ing in a s lower and smal ler  r ise in b lood 

glucose fo l lowing the meal .  

4.  Administrat ion and dosage  (Table 54-2)  

5.  Pat ient  education and other concerns  

a.  Most  notable subject ive s ide ef fects:  Gastro intest inal  ef fects,  occurr ing 

pr imar i ly at  in i t ia t ion of  therapy or  when dosage is  increased:  d iarrhea,  

abdominal  pain,  and f latu lence (about  30%, 10%-20%, and 42%-77%, 

respect ively) .  



(1)  GI  s ide ef fects are usual ly sel f - l imi t ing and resolve in several  weeks.  

(2)  GI  s ide ef fects can be minimized by star t ing wi th a low dose and then 

s lowly t i t rat ing dosage upward.  

b.  Take wi th  f i rst  b i te of  meal .  Medicat ion wi l l  be inef fect ive more than 30-

45 min af ter  eat ing carbohydrates.  

c.  Hypoglycemia not  l ike ly caused by th is  drug,  but  may occur  i f  used wi th 

insul in or  insul in secretagogue.  

d.  Hypoglycemia must  be t reated wi th g lucose,  not  complex carbohydrate.  

e.  Fol low labeled recommendat ions for  rout ine l iver  funct ion moni tor ing.  

G. Incret in mimetics  

1.  Agent:  Exenatide  (Byet ta)  

2.  Indicat ions/contraindicat ions  

a.  Used as an adjunct  to met formin and/or  a sul fonylurea agent ,  to reduce 

postprandia l  hyperglycemia and to improve HbAIC in pat ients wi th type 2 

DM who have not  achieved desired g lycemic contro l  us ing met formin and/or  

sul fonylurea.  

P.1183 

 

 

b.  Exenat ide is  not  recommended (has not  been studied)  in pat ients tak ing 

insul in,  TZDs,  megl i t in ides,  or  g lucosidase inhib i tors.  

3.  Mechanisms of  act ions.  Reduces postprandia l  g lucose r ise;  

ant ihyperglycemic agent ,  not  a hypoglycemic agent  

a.  St imulates g lucose-mediated insu l in secret ion;  improves/restores f i rs t  

phase of  insul in re lease 

b.  Inhib i ts  postprandia l  g lucagon re lease 

c.  Delays gast r ic  emptying 

d.  Improves sat iety and thus reduces dietary intake;  progressive weight  

loss has occurred,  even af ter  18 months 

e.  Lowers postprandia l  BG but a lso lowers hyperglycemia i f  in jected dur ing 

fast ing state 

4.  Administrat ion and dosage  

a.  In i t ia l :  twice a day 5 µg subcutaneously taken 30 min before breakfast  

and before supper,  for  30 days.  

b.  Maintenance:  I f  5-µg dose is  to lerated,  advance to 10 µg subcutaneously 

twice a day before meals thereaf ter .  

c.  Dose should be omit ted i f  that  meal  is  sk ipped.  

d.  I f  the pat ient  is  tak ing sul fonylurea,  the dose of  sul fonylurea should be 

reduced when exenat ide is  s tarted.  The dose of  metformin ( i f  tak ing)  does 

not  need to be changed.  

5.  SMBG is an important component of dosage t i trat ion.  

a.  BG test ing before meals and 2-hr  postprandia l  breakfast  and supper unt i l  

dose is  establ ished and determined to be ef fect ive.  

b.  Frequent  SMBG is a lso important  i f  dose of  sul fonylurea agent  has been 

adjusted.  



c.  Once the doses of  exenat ide,  sul fonylurea,  and/or  metformin are stable,  

test  before meal  and at  bedt ime plus occasional  2 hr  af ter  meal ,  depending 

on st r ip coverage.  

6.  Pat ient  education and other concerns  

a.  In ject  no more than 1 hr  before meal  

b.  In ject  in th igh,  abdomen,  or  upper arm 

c.  Avai lable in pref i l led syr inges,  each contain ing 60 doses.  

(1)  Two s izes:  5 µg/dose and 10 µg/dose;  premeasured dose requires no 

dosing choices 

(2)  Pen needles must  be purchased separately 

(3)  Each pen must  be pr imed before in i t ia l  dose 

(4)  Clear ,  color less in ject ion 

(5)  Refr igerate,  even af ter  opening.  Discard af ter  30 days 

d.  Most  common s ide ef fect :  mi ld to moderate nausea,  which diss ipates 

over  t ime. Increased occurrence of  hypoglycemia,  in  pat ients tak ing 

sul fonylurea 

H. Aymlin receptor agonist  

1.  Agent:  Pramlintide  (Syml in)  

2.  Indicat ions/contraindicat ions  

a.  Used as an adjunct  to insul in to reduce postprandia l  hyperglycemia and 

to improve HbAIC in pat ients wi th type 1 DM or  insul in- requir ing type 2 DM 

who have not  achieved desired glycemic contro l  us ing insul in.  

b.  Pat ients not  appropr iate for  praml int ide therapy (because of  lack of  

s tudies,  or  potent ia l  harm):  

(1)  Poor  compl iance wi th current  insul in regimen or  SMBG 

(2)  HbAIC > 9% 

(3)  His tory of  recurrent  severe hypoglycemia requir ing assis tance dur ing 

the past  6 months 

(4)  Hypoglycemia unawareness 

(5)  Conf i rmed diagnosis of  gast roparesis  or  us ing drugs that  s t imulate 

gast ro intest inal  mot i l i t y 

(6)  Pediat r ic pat ients and pregnant  or  nurs ing women 

3.  Mechanisms of  act ion.  Reduces postprandia l  g lucose r ise;  

ant ihyperglycemic agent  not  hypoglycemic agent  

a.  Delays gast r ic  emptying 
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b.  Suppresses glucose-st imulated secret ion of  g lucagon 

c.  Enhances sat iety,  resul t ing in decreased appet i te and decreased food 

intake 

4.  Administrat ion and dosage  

a.  Dosing for type 1 DM  

(1)  Step 1—ini t iat ion 



(a)  Reduce premeal  insul in dose ( rapid-act ing,  shor t -act ing,  or  f ixed-mix)  by 

50% 

(b)  Start  praml int ide at  a dose of  15 µg subcutaneously just  before each 

major  meal  

(c)  Moni tor  b lood glucose f requent ly (before and af ter  meals and at  

bedt ime) 

(2)  Step 2—ti t rat ion 

(a)  Increase praml int ide in 15-µg increments to a maintenance dose of  30 

µg or  60 µg,  as to lerated 

(b)  Increase dose to the next  increment  when no nausea for  3 days 

(c)  I f  nausea pers is ts  at  the 45 µg or  60 µg doses,  reduce dose to 30 µg 

(d)  I f  the 30 µg dose is  not  to lerated,  consider  d iscont inuat ion 

(3)  Step 3—when a stable praml int ide regimen has been establ ished,  ad just  

insul in doses to opt imize glycemic contro l .  

(4)  Step 4—instruct  pat ients to contact  heal thcare professional  at  least  

once a week unt i l  praml int ide dose is  s table and wel l  to lerated and BG 

levels are stable.  Not i fy prov ider  i f  nausea and/or  hypoglycemia is  ongoing,  

f requent ,  or  increasingly  severe.  

b. Dosing for type 2 DM  

(1)  Step 1—ini t iat ion 

(a)  Reduce premeal  insul in dose ( rapid-act ing,  shor t -act ing,  or  f ixed-mix)  by 

50% 

(b)  Start  praml int ide at  a dose of  60 µg subcutaneously just  before each 

major  meal  

(c)  Moni tor  b lood glucose f requent ly (before and af ter  meals and at  

bedt ime) 

(2)  Step 2—ti t rat ion 

(a)  Increase praml int ide to a maintenance dose of  120 µg when no nausea 

for  5-7 days 

(b)  I f  nausea pers is ts  at  the 120-µg dose,  reduce dose to 60 µg 

(3)  Step 3—when a stable praml int ide regimen has been establ ished,  ad just  

insul in doses to opt imize glycemic contro l .  

(4)  Step 4—instruct  pat ients to contact  heal thcare professional  at  least  

once a week unt i l  praml int ide dose is  s table and wel l  to lerated and BG 

levels are stable.  Not i fy prov ider  i f  nausea and/or  hypoglycemia is  ongoing,  

f requent ,  or  increasingly  severe.  

c.  Dose only when major  meal  is  consumed,  def ined as > 250 kcal  or  > 30 g 

CHO 

d.  Dose should be omit ted i f  that  meal  is  sk ipped.  

5.  SMBG is an important component of dosage t i trat ion.  

a.  Conduct  SMBG at  least  before and af ter  meals and at  bedt ime.  

b.  Frequent  SMBG is essent ia l ,  because the doses of  insul in and 

praml int ide wi l l  need to be adjusted f requent ly as the proper doses are 

establ ished and the pat ient  is  able to to lerate the maximum dose 



c.  Once the doses of  insul in and praml int ide are stable,  test  before meals 

and at  bedt ime plus occasional  2 hr  af ter  a meal ,  depending on st r ip 

coverage 

6.  Pat ient  education and other concerns  

a.  Most  common s ide ef fects:  nausea 30%-40% (usual ly t ransient ) ,  

increased occurrence of  hypoglycemia (par t icular ly in pat ients wi th type 1 

DM),  loss of  appet i te,  vomit ing,  and headache.  

b.  Avai lable  in 5-mL v ia l  contain ing 0.6 mg/mL, for  use wi th a syr inge 

(1)  Syml in is  labeled in mi l l igrams per  l i ter  (mg/mL),  not  uni ts ,  and is  dosed 

in micrograms (µg) .  

(a)  The U-100 insul in syr inges are usual ly used for  dosing (preferably a 

0.3-cc syr inge) ;  6 µg = 1 U on the syr inge 

(b)  This  label ing and the necessi ty for  conver t ing to volume for  use in a U-

100 insul in syr inge may be confusing to pat ients.  

(c)  The U-100 syr inges are general ly not  avai lable in other  countr ies,  which 

may fur ther  compound the dosing confusion for  pat ients t ravel ing abroad.  

(2)  Pat ient  educat ion is  cr i t ica l  to proper  dosing.  

c.  In ject  in abdomen or  th igh (not  arm) 
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d.  The decis ion to dose before a g iven meal  is  based on the carbohydrate 

(or  calor ies)  content  of  the meal .  Thus i t  is  essent ia l  that  the pat ient  knows 

the basics of  carbohydrate ident i f icat ion and quant i f icat ion (carbohydrate 

count ing) .  

e.  Do not  mix Syml in in ject ion (pH ~ 4)  in the same syr inge wi th insul in (pH 

~ 7).  Give at  two separate in ject ions,  at  least  2 in.  apar t .  

f .  Clear ,  color less in ject ion 

g.  Refr igerate unt i l  use.  Opened v ia ls  may be kept  in  the ref r igerator  or  at  

room temperature.  Af ter  opening,  d iscard any remainder af ter  28 days.  

I .  Dipept idyl  Pept idase-4 (DPP-4)  Inhib i tors 

1.  Agents 

a.  S i tagl ipt in (Januvia)  

b.  Combinat ion products 

(1)  S i tagl ipt in/met formin (Janumet)  

2.  Indicat ions/Contra indicat ions 

a.  Type 2 d iabetes:  used to reduce fast ing and postprandia l  hyperglycemia 

and to improve A1C in pat ients who have not  achieved des ired glycemic 

contro l  us ing diet  and exerc ise,  wi th or  wi thout  other  oral  ant id iabetes 

agents.  

(1)  Monotherapy 

(2)  Combinat ion therapy wi th met formin,  th iazol id inediones,  sul fonylureas 

(3)  Successful  s i tagl ipt in therapy requires adequate levels  of  endogenous 

incret in hormones.  Si tagl ipt in wi l l  be most  useful  in  the ear ly s tages of  type 



2 diabetes;  in advanced stages of  type 2 d iabetes,  levels  of  GLP-1 and GIP 

are s igni f icant ly reduced or  absent .  

b.  Type 1 d iabetes:  contra indicated 

c.  Use in pediat r ic  pat ients:  safety and ef f icacy has not  been establ ished,  

and is  therefore not  recommended.  

d.  Pregnancy Category B:  Merck & Company has establ ished a regis t ry to 

moni tor  prenatal  s i tagl ipt in exposure and pregnancy outcomes.  Any prenatal  

exposure to s i tagl ipt in should be repor ted to the Regist ry by ca l l ing (800)  

986-8999.  

e.  Use in nurs ing women:  Si tagl ipt in is  secreted in the mi lk of  lactat ing rats,  

but  i t  is  not  known whether  i t  is  excreted in human mi lk .  Use caut ion,  or  

avoid use dur ing lactat ion.  

3.  Mechanisms of  Act ion 

a.  DPP-4 is an endogenous enzyme which rapid ly inact ivates incret in 

hormones,  notably GLP-1 and GIP.  Si tagl ipt in inhib i ts  DPP-4,  thereby 

s lowing the inact ivat ion of  the incret in hormones and resul t ing in increased 

levels and prolonged act ion of  these hormones.  

b.  The therapeut ic  ef fects of  DPP-4 inhib i t ion wi l l  enhance (and therefore 

mimic)  the act ions of  GLP-1 and GIP (see I I .A.3.)  

c.  Other  substrates for  DPP-4 inc lude substance P, growth hormone-

releasing hormone (GHRH),  neuropept ide Y (NPY) and pept ide YY (PYY).  

Reports  of  nasopharyngi t is  in human subjects t reated wi th DPP-4 inhib i tors 

may be re lated to a l tered levels of  substance P. The c l in ical  impact  of  DPP-

4 inhib i t ion upon other  substrates is  unclear  or  found not  to be s igni f icant .  

d.  At  therapeut ic  doses,  s i tagl ipt in appears to be select ive for  DPP-4 and 

does not  inhib i t  DPP-8 or  DPP-9 act iv i ty in v i t ro.  

4.  Adminis t rat ion and dosage (Table 54-2)  

5.  Pat ient  educat ion and other  concerns 

a.  Most  notable s ide ef fects (≥5% inc idence) :  upper respiratory t ract  

infect ion,  nasopharyngi t is ,  headache 

b.  Less f requent  s ide ef fects (<5%):  gast ro intest inal  react ions such as 

abdominal  pain,  nausea,  d iarrhea 

c.  S ide ef fects repor ted f rom postmarket ing exper ience ( inc idence not  

known):  hypersensi t iv i ty react ions,  inc luding anaphylaxis ,  angioedema, 

rash,  ur t icar ia 

d.  Hypoglycemia wi th monotherapy is  rare.  Si tagl ipt in  is  an ant i -

hyperglycemic agent  rather  than a hypoglycemic agent .  

e.  Hypoglycemia may occur  when s i tagl ipt in is  used wi th a sul fonylurea 

agent .  

(1)  dosage of  the sul fonylurea may need to be adjusted 

(2)  educate pat ient  on the s igns,  symptoms, prevent ion,  and t reatment of  

hypoglycemia 

f .  Not i fy prescr iber  i f  symptoms of  fever ,  in fect ion,  or  hypersensi t iv i ty 

react ion occur .  
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g.  (Females)  Not i fy prescr iber  i f  you intend to become pregnant ,  or  th ink 

you are pregnant ,  or  i f  you plan to breast- feed your  baby.  

h.  A pat ient  informat ion leaf let  is  avai lable f rom Merck & Company and 

should be dispensed wi th each dispensing of  Januvia.  

VIII. PATIENT EDUCATION AND SELF-CARE. 

Pat ient  educat ion about  the disease and pat ient  par t ic ipat ion in medical  

care are the most important  aspects of  DM management .  Without  pat ient  

involvement  and par t ic ipat ion,  even the ideal  pharmacotherapy,  d ietary,  or  

other  intervent ion wi l l  fa i l .  Patient education  improves understanding of  

the disease;  promotes opt imal  pat ient  choices regarding die t ,  medicat ion,  

and exerc ise;  and fac i l i ta tes decis ion-making sk i l ls .  Nat ional ,  state,  and 

local  d iabetes professional  groups have publ ished guidel ines to ensure 

thorough and ef fect ive teaching content  and methods.  Examples of  pat ient  

educat ion topics inc lude,  but  are not  l imi ted to,  the fo l lowing:  

A. Prevention,  recognit ion, and treatment  of  acute hypoglycemic and 

hyperglycemic episodes.  

B. Reduction of  modif iable r isk factors  for  the development  of  chronic 

compl icat ions 

1.  Achievement  of  HbAIC < 7% (based on upper  l imi t  of  normal  = 6%) 

2.  Smoking cessat ion 

3.  Normal izat ion of  b lood pressure 

4.  Normal izat ion of  b lood l ip id prof i le  

5.  Reduct ion of  weight  to at  least  a BMI of  25,  i f  appl icable 

6.  Rout ine assessment /screening for  and ear ly t reatment  of  chronic 

compl icat ions 

C. Pattern control .  Adjustment  a lgor i thms for d iet ,  exerc ise,  and/or  

medicat ions based on t rends in BG contro l .  

D.  Implementat ion of  specif ic self-care measures  

1.  Foot care.  Neuropathy,  per ipheral  vascular  d isease,  t rauma,  and 

infect ion increase the r isk for  lower-ext remity compl icat ions and 

amputat ion,  causing hospi ta l izat ions,  d isabi l i t y,  morbid i ty,  and morta l i ty.  

a.  Inspect  feet  and interdig i ta l  areas dai ly,  looking for  changes in color  or  

sk in integr i ty.  

b.  Inspect  shoes dai ly before put t ing them on,  to detect  loose objects or  

rough shoe mater ia ls  that  may in jure or  i r r i tate the sk in.  

c.  Clean feet  dai ly,  and dry thoroughly.  Use forearm,  e lbow,  or  a 

thermometer  to check water  temperature i f  the pat ient  has neuropathy-

induced sensat ion loss.  

d.  Moistur ize dry sk in wi th hand lot ion or  Vasel ine.  Avoid area between the 

toes.  

e.  Cut  toenai ls  s t ra ight  across,  or  fo l low the natural  curve of  the toe.  

f .  Avoid sel f - t reatment of  corns,  cal luses,  or  ingrown toenai ls .  



g.  Wear wel l - f i t t ing shoes and sof t  cot ton socks.  Avoid going barefoot .  

h.  Seek prompt  medical  at tent ion for  any problems ident i f ied (e.g. ,  cuts,  

b l is ters,  cal luses,  unheal ing wounds,  or  s igns of  infect ions such as 

redness,  swel l ing,  drainage,  pus,  or  fever) .  

2.  Skin care.  Dry sk in occurs f requent ly in indiv iduals wi th DM owing to  

dehydrat ion (secondary to hyperg lycemia- induced diures is)  and/or  

anhidros is  (secondary to autonomic neuropathic  condi t ion,  resul t ing in l i t t le  

or  no perspirat ion) .  Elevated blood g lucose levels and impaired c i rculat ion 

a lso increase the r isk for  the development  of  sk in infect ions.  

a.  Inspect  sk in dai ly for  abrasions,  pain,  or  swel l ing.  Consul t  the heal thcare 

provider  prompt ly i f  problems are noted.  

b.  Keep sk in c lean using a mi ld soap and warm (not  hot )  water .  

c.  Use moistur iz ing lot ion (a lcohol  f ree and not  o i led based)  on dry sk in 

areas.  

d.  Use sunscreen products throughout  the year .  As a physical  s t ress,  

severe sunburn may ra ise BG. 

e.  Avoid s i tuat ions wi th potent ia l  for  local  t rauma,  especia l ly to legs and 

feet .  I f  in jury occurs,  the les ion should be covered wi th s ter i le  gauze and 

f i rs t -a id measures appl ied.  
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3.  Dental  care.  Per iodontal  d isease is  of ten accelerated in people wi th 

long-standing or  poor ly contro l led d iabetes.  

a.  A year ly dental  exam is  recommended.  

b.  Ef fect ive brushing and f loss ing are essent ia l .  

4.  Eye care.  Diabetes is  a leading cause of  v is ion impairment  in the United 

States and the leading cause of  b l indness for  indiv iduals between the ages 

of  20 and 74 years of  age.  A year ly  d i lated eye exam is  recommended,  wi th 

more f requent  fo l low-up guided by the sever i ty of  d isease.  

IX. ASSESSMENT OF GLYCEMIC CONTROL 

A. Self -monitoring of  blood glucose  

1.  Indicated for  a l l  indiv iduals wi th d iabetes.  The f requency and t ime of  

test ing vary according to type of  d iabetes,  type of  ant id iabetes medicat ion,  

and goals of  therapy.  

2.  Involves the pat ient  in the t reatment  process 

3.  A l lows the pat ient  and the heal thcare provider  to assess the indiv idual 's  

response to var ious factors (e.g. ,  l i festy le modi f icat ions,  nutr i t ional  

a l terat ions,  medicat ion adjustments,  st ress,  i l lness,  infect ion,  t rauma, 

changes in physica l  act iv i ty)  

4.  Gives immediate feedback and data for  the pat ient  to use in the 

appl icat ion of  d iet ,  exerc ise,  or  insul in adjustment  a lgor i thms (decis ion-

making sk i l ls )  



5.  A var iety of  test ing products and product  features are avai lable.  The use 

of  meters wi th test  memory funct ions and the capaci ty to download (v ia 

computer)  SMBG resul ts prov ides ef f ic ient  access and analys is  of  SMBG 

t rends.  

6.  Cont inuous glucose moni tor ing (CGM). Recent ly,  the technology for  

cont inuous moni tor ing of  interst i t ia l  g lucose has become commercia l ly 

avai lable.  

a.  Interst i t ia l  f lu id g lucose corre lates h ighly wi th  b lood glucose.  The CGM 

system usual ly employs a sensor  device inser ted into the subcutaneous 

t issue,  and a mechanism for t ransmit t ing the data to a device which then 

displays the glucose level  as wel l  as  some stat ist ical  g lucose data.  

b.  These systems do not  replace SMBG readings.  SMBG values are needed 

for  system cal ibrat ion and are recommended for  making t reatment  

decis ions.  

c.  CGM may be a supplemental  tool  to SMBG for selected type 1 pat ients,  

especia l ly those wi th hypoglycemia unawareness ( the CGM device has 

alarms for  hypo-  and hyperglycemia) ,  widely f luctuat ing BG pat terns,  or  the 

desire and mot ivat ion to opt imize glycemic contro l  throughout  the day.  

B. Urine glucose test ing.  No longer recommended because i t  prov ides 

only ret rospect ive informat ion and does not  ref lect  current  b lood glucose.  

Reserved only for  indiv iduals unable or  unwi l l ing to per form SMBG. 

C. Urine ketone monitoring.  An essent ia l  component  of  d iabetes 

management ,  part icular ly under the fo l lowing condi t ions:  

1.  Dur ing i l lness in a l l  pat ients wi th d iabetes because even those wi th type 

2 DM can become ketot ic  dur ing per iods of  severe st ress,  infect ion,  or  

t rauma 

2.  Pat ients wi th type 1 DM when blood glucose is  consistent ly > 240 mg/dL 

3.  Pregnant  women wi th d iabetes ( inc luding gestat ional  d iabetes)  

4.  Indiv iduals act ively t ry ing to lose weight  by calor ie rest r ic t ion 

D. Long-term monitoring of glycemic control  

1.  HbAIC test  

a.  Ref lects average blood glucose level  over  the preceding 2-3 months.  

b.  Based on an upper l imi t  of  normal  being 6% for  HbAIC;  anHbAIC level  of  

7.0% or  lower indicates good overal l  g lycemic contro l ,  whereas > 7.0% 

reveals the need for  addi t ional  intervent ion.  For  many indiv iduals,  a goal  

c loser  to normal  may be desirable,  prov ided i t  does not  pose undue r isk for  

hypoglycemia.  
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c.  Under lying hemoglobinopathies may cause anomalous values.  

d.  In general ,  the f requency of  HbAIC test ing is at  least  tw ice a year  in  

pat ients wi th s table g lycemic contro l  and at  least  quar ter ly in pat ients 

whose therapy has recent ly changed or  who are in poor  contro l .  

2.  Glycosylated fructosamine test  



a.  Measures glycemic contro l  over  the preceding 2-3 weeks 

b.  Useful  for  shor t - term fo l low-up of  recent ly implemented intervent ions,  

when t imely assessment of  the intervent ion is  impor tant  (e.g. ,  changes in 

d iabetes therapy dur ing pregnancy) .  

c.  Provides an al ternat ive test  for  g lycemic contro l  in  pat ients wi th 

abnormal  hemoglobin,  which inter feres wi th the anion-exchange 

chromatography methods for  hemoglobin A1C 

X. ACUTE CHANGES IN GLYCEMIC CONTROL 

A. Hyperglycemia  

1.  Mild to moderate severi ty.  Rapid onset  (wi th in hours) ,  no metabol ic  

abnormal i t ies 

a.  Acute-onset hyperglycemia.  Owing to unplanned event  such as i l lness,  

emot ional  d is t ress,  or  excessive calor ic  intake 

b. Hyperglycemia fol lowing prolonged or severe hypoglycemia.  Somogyi  

ef fect  or  rebound hyperg lycemia (notably type 1 DM) 

c.  Hyperglycemia occurring as a pattern in the early morning.  

(1)  Caused by counterregulatory hormones ( i .e. ,  dawn phenomenon) 

(2)  Caused by nocturnal  hepat ic  g lucose product ion (notably type 2 DM) 

2.  Moderate to severe severi ty  (BG > 250 mg/dL) .  Short  durat ion (one to 

several  days) ,  wi th ac idosis  and ketos is—diabetic ketoacidosis (DKA)  

(see I I .B.1)  

a.  Of ten the present ing disorder  in chi ldren wi th prev iously undiagnosed 

type 1 DM 

b. Precipitat ing factors  inc lude st ress,  infect ion,  exerc ise,  excessive 

alcohol  consumpt ion,  improper insul in therapy,  and dietary noncompl iance.  

c.  Physical  f indings  inc lude Kussmaul  respirat ions,  acetone breath odor ,  

dehydrat ion,  dry sk in,  poor  sk in turgor ,  reduced level  of  consciousness 

( ranging f rom confusion to coma),  and abdominal  pain.  

d. Laboratory f indings  inc lude hyperglycemia,  ketos is ,  low ar ter ia l  pH and 

carbon dioxide par t ia l  pressure (PC O 2 )  values,  and abnormal  serum 

elect ro lyte values.  

e.  Therapy  involves f lu id,  in t ravenous insul in by cont inuous infus ion,  

e lect ro lyte replacement ,  and hospi ta l izat ion.  Without  t reatment ,  death 

ensues.  

3.  Severe  (BG > 500 mg/dL) .  Intermediate durat ion (days to weeks) ,  wi th 

profound dehydrat ion,  d iminished centra l  nervous system (CNS) funct ion 

and increased serum osmolal i ty,  wi thout  ketos is or  ac idosis—HHS  coma.  

a.  Occurs pr imar i ly in type 2 DM 

b.  Has a h igher  morta l i ty rate than DKA 

c.  Precipitat ing factors  inc lude i l lnesses and condi t ions that  increase 

insul in requi rements and predispose the pat ient  to dehydrat ion.  

(1)  Examples inc lude severe burns,  GI  b leeding,  CNS in jury,  and acute 

myocardia l  in farct ion.  



(2)  Use of  g lucogenic drugs (e.g. ,  steroids,  g lucagon,  th iaz ide diuret ics,  

c imet id ine,  propranolo l )  

(3)  Medical  procedures or  hyper tonic  h igh-glucose products such as 

int ravenous hyperal imentat ion,  per i toneal  d ia lys is ,  and enteral  nut r i t ion 

d. Physical  f indings  inc lude polyur ia,  polydips ia,  dehydrat ion,  

hypotension,  rapid respirat ions,  abdominal  d iscomfor t ,  nausea,  vomit ing,  

tachycardia,  palp i tat ions,  and profound s igns of  neurolog ical  def ic i ts (such 

as confusion,  coma, general ized or  focal  seizures,  myoclon ic  jerk ing,  and 

hemiparesis) .  

e.  Laboratory f indings  inc lude hyperglycemia (of ten substant ia l ly above 

500 mg/dL) ,  absence of  ketos is ,  and serum osmolar i ty > 320 mOsm/kg.  

Calculated as fo l lows:  
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where sodium is  measured in mi l l iequivalents per  l i ter  and glucose is  

measured in  mi l l igrams per  deci l i ter .  

f .  Therapy  involves f lu id,  insul in,  and elect ro lyte replacement .  

B. Hypoglycemia  

1.  Mild hypoglycemia.  Pr imar i ly adrenergic  symptoms ( tachycardia,  

palp i tat ions,  shakiness)  or  chol inergic  (sweat ing)  symptoms,  or  ef fects of  

mi ld CNS glucopenia ( inabi l i t y to concentrate,  dizz iness,  hunger,  b lurred 

v is ion) ,  but  symptoms are not  severe enough to  inter fere wi th sel f -

medicat ion for  the hypoglycemia.  

2.  Moderate hypoglycemia.  The CNS is  more markedly depr ived of  

g lucose,  e l ic i t ing symptoms of  confus ion,  inappropr iate behavior ,  and 

impairment  of  motor funct ion.  The pat ient  is  minimal ly capable of  sel f -

t reatment ,  and assis tance is  usual ly needed.  The pat ient  is  not  

unconscious.  

3.  Severe hypoglycemia.  Coma, seizure,  and/or  impairment of  motor  

funct ion to the extent  that  sel f - t reatment  is  not  possib le.  

4.  Pseudohypoglycemia.  Pat ient  perceives hypoglycemic symptoms 

(usual ly adrenergic) ,  but  BG may be normal ,  or  s l ight ly above normal ,  and 

may be rapid ly fa l l ing.  

5.  Hypoglycemia unawareness.  Pat ient  perceives no or  minimal  symptoms.  

Fami ly or  co-workers may not ice neurological  impairment  or  sweat ing.  BG 

may be low to ser iously low.  

6.  Precipitat ing factors  

a.  Relat ive or  absolute excess of  insul in or  oral  hypoglycemic agent  

b.  Delayed or  insuf f ic ient  food intake 

c.  More exerc ise than usual  



d.  A lcohol  ingest ion 

e.  Drug interact ion resul t ing in potent iat ion of  hypoglycemic medicat ion or  a 

d i rect  hypoglycemic ef fect  

f .  Subtle causes  

(1)  Hormonal  changes (e.g. ,  drop in progesterone level  as par t  of  menstrual  

cyc le)  

(2)  Pat ient  swi tches to a new bot t le of  insul in and,  unknown to the pat ient  

or  physic ian,  the previous bot t le had lost  some of  i ts potency 

(3)  Gastroparesis  (delayed emptying of  the stomach fo l lowing a meal) ,  an 

autonomic neuropathy compl icat ion of  d iabetes 

(4)  Change in insul in in ject ion s i tes,  especia l ly i f  in ject ion was given at  a 

subcutaneous s i te associated wi th muscles used for  exerc ise (b lood f low,  

and thus insul in absorpt ion,  is  increased owing to the exerc is ing muscle)  

g. Treatment  

(1)  Conscious patient.  Use 10-15 g  fast-act ing (s imple)  oral  carbohydrate,  

such as 4 oz.  of  f ru i t  ju ice,  mi lk ,  or  regular  soda;  2-4 g lucose tablets or 

hard candy.  Honey or  a g lucose gel  product  may be p laced into the 

pat ient 's  mouth,  i f  the person is  too confused or  unresponsive for  sel f -

t reatment .  Treatment  may be repeated in 10-15 min i f  BG does not  return to 

normal .  

(2)  Unconscious patient  

(a)  Int ravenous glucose,  us ing 10% or  50% dext rose solut ion 

(b)  Glucagon  in ject ion.  Between 0.5 and 1 mg given subcutaneously,  

in t ramuscular ly,  or  int ravenously 

XI. LONG-TERM COMPLICATIONS 

A. Macrovascular complicat ions (coronary artery,  cerebrovascular and 

peripheral  vascular disease)  

1.  Atherosclerosis  (coronary,  cerebrovascular ,  and per ipheral  vessels)  

occurs at  an ear l ier  age than nondiabet ic  indiv iduals.  Women wi th d iabetes 

lose thei r  gender protect ion f rom atheroscleros is .  
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2.  Peripheral  vascular disease  may lead to pain ( intermi t tent  

c laudicat ion) ,  chronic cold feet ,  or  insuf f ic ient  c i rculat ion to enable heal ing 

of  d is ta l  les ions (u l t imately leading to gangrene and amputat ion) .  

3.  Hypertension (HTN)  

a.  Co-exis tence of  HTN and DM st r ik ingly increases the r isk of  

cardiovascular disease,  doubles the r isk of  cardiovascular  death,  and 

increases inc idence of  stroke  and transient ischemic events  in  DM 

indiv iduals.  

b.  Sever i ty or  labi l i t y of  hyper tension is  determined by factors such as age,  

race,  sex,  greater  body mass,  durat ion of  DM, and pers is tence of  

prote inur ia.  



c.  Associated wi th accelerat ion of  ret inopathy,  nephropathy,  and 

atheroscleros is  

d.  Hyper insul inemia and/or  insul in res is tance may be a s igni f icant  factor  in 

the development  of  DM hypertension.  

4.  Morta l i ty f rom coronary artery disease  (CAD) is  twofold to four fo ld 

greater  in both men and women wi th  d iabetes than those wi thout  DM, and 

morta l i ty f rom cerebrovascular  d isease is  three to f ive t imes greater .  

5.  May present  as atypical  presentat ion of  CAD, inc luding si lent 

myocardial  infarct ion  and lack of  chest  pain (owing to autonomic 

neuropathy) .  Symptoms may be l imi ted to nausea,  shor tness of  breath,  

sweat ing,  and vomit ing.  

6.  Modif iable r isk factors  inc lude hyperg lycemia,  hyper tension,  

dys l ip idemia,  tobacco use,  obesi ty,  nut r i t ion,  increased insul in levels ,  

physica l  inact iv i ty,  and increased homocysteine levels.  

7.  Prevention and treatment strategies  to s low the development  and/or  

progression of  d isease.  

a.  Aggressive management  of  hyper tension,  hyper l ip idemia,  and 

hyperglycemia 

b.  Smoking cessat ion 

c.  Increased physical  ac t iv i ty 

d.  Dai ly aspir in therapy for  those indiv iduals wi th no contra indicat ions 

e.  Drug therapy appropr iate for  the compl icat ion,  inc luding angiotensin-

conver t ing enzyme (ACE) inhib i tor  therapy as a component  of  HTN therapy 

and a cardioselect ive β-blocker  agent  for  cardiac d isease.  

B. Eye diseases  

1.  Diabet ic  ret inopathy  

a.  A consequence of  microvascular  changes 

b.  Most  prevalent  eye compl icat ion and is  of ten detectable wi th in 5 years 

af ter  the diagnosis of  DM. Present  in > 90% of  pat ients wi th type 1 and 

55%-80% of  pat ients wi th type 2 DM, af ter  15 years of  d iabetes.  

c.  Leading cause of  new bl indness in the Uni ted States 

d.  Categor ies of  ret inopathy 

(1)  Nonproli ferat ive (background) ret inopathy.  Vascular  abnormal i t ies 

inc lude ret inal  microaneurysms (ear ly,  mi ld s tage) ,  b lot  hemorrhages,  and 

ret inal  edema wi th or  wi thout  “hard”  exudates.  May progress to macula 

edema. 

(2)  Preprol i ferat ive ret inopathy.  With increasing abnormal i ty of  the t iny 

vessels,  ret inal  ischemia occurs,  g iv ing r ise to the appearance of  whi te 

patches of  oxygen-starved ret ina,  known as sof t  or  cot ton wool  spots.  

(3)  Prol i ferat ive ret inopathy  

(a)  In response to the lack of  oxygen,  new but  weak vessels begin to grow 

(neovascular izat ion) .  

(b)  The new vessels grow (prol i ferate)  out  f rom the ret inal  sur face,  into the 

v i t reous cavi ty.  These vessels are f ragi le and may bleed into the v i t reous.  



Hemorrhages into the v i t reous can obscure v is ion,  but  they are usual ly 

reabsorbed in 1-3 months.  

(c)  Tract ion ret inal  detachment .  Scar t issue,  and more new blood vessels,  

cont inue to grow onto the v i t reous.  The v i t reous pul ls  ( t ract ion)  on the 

ret ina and detaches i t .  

e.  General ly does not  resul t  in  v isual  a l terat ions unt i l  advanced stages are 

reached 

f .  Treatment.  Loss of  v is ion can be reduced by 50% wi th laser  

photocoagulat ion i f  ocular  changes are ident i f ied and t reated in a t imely 

manner.  
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2.  Other  ocular  compl icat ions inc lude cataracts,  pr imary open-angled 

glaucoma, and ischemic opt ic  neuropathy.  

3.  Modif iable r isk factors  inc lude hyperg lycemia,  hyper tension,  

dys l ip idemia,  and nicot ine use.  

4.  Prevention strategies  

a.  Aggressive management  of  hyper tension,  hyper l ip idemia,  and blood 

glucose 

b.  Smoking cessat ion 

c.  Rout ine ophthalmologic screening and fo l low-up,  inc luding an annual  

d i lated eye exam 

C. Diabetic nephropathy  

1.  DM is the most common s ingle cause of  end-stage renal  d isease (ESRD )  

in  the Uni ted States and Europe.  

2.  Renal  fa i lure occurs in 30%-40% of  indiv iduals wi th type 1 DM wi th in 30 

years af ter  d iagnosis and 20%-30% of  pat ients wi th type 2 DM. 

3.  F indings/progression 

a.  F i rs t  ev idenced by the presence of  ur inary microalbuminuria  (> 30 mg 

albumin/24 hr)  

b.  Cl in ical  or  d ipst ick posi t ive albuminuria  (>  300 mg/24 hr)  

c.  Prote inur ia of ten associated wi th hyper tension,  which accelerates the 

rate of  nephropathic  changes 

d.  Progressive decrease in g lomerular  f i l t rat ion rate wi th r is ing serum 

creat in ine unt i l  ESRD occurs.  

4.  Modif iable r isk factors  inc lude hyperg lycemia,  hyper tension,  tobacco 

use,  and excessive dietary prote in intake.  

5.  Prevention and treatment strategies  to s low the development  and/or  

progression of  d isease.  

a.  Aggressive management  of  HTN and blood glucose 

b.  In i t ia t ion of  ACE inhib i tor  therapy 

c.  Smoking cessat ion 



d.  L imi t  dai ly d ietary prote in intake to 0.8 g/kg of  ideal  body weight .  Note 

that  lower prote in meal  p lans should be used wi th caut ion to avoid 

malnutr i t ion and associated muscle weakness.  

e.  Ear ly ident i f icat ion and aggressive t reatment  of  ur inary t ract  infect ions 

f .  Year ly assessment  of  k idney funct ion,  inc luding ur inalys is  for  detect ion of  

microalbuminur ia 

g.  For ESRD, f lu id and elect ro lyte rest r ic t ion as wel l  as intermi t tent  or  

chronic d ia lys is  t reatments,  as indicated by sever i ty of  pathology,  

laboratory f indings,  and pat ient  symptomatology 

h.  For ESRD, pat ient  and caregiver  counsel ing to prepare them for  the 

psychosocia l ,  f inancia l ,  physica l ,  medical ,  and qual i ty-of - l i fe  changes that  

accompany dia lys is  and possib le k idney t ransplantat ion 

D. Diabetic neuropathies  

1.  Peripheral  neuropathy  

a.  The sensor imotor  nervous system is  most  of ten af fected,  but  sympathet ic  

or  parasympathet ic  abnormal i t ies may be present  a lso.  

b.  Sensory def ic i ts  and symptoms or ig inate in the dis ta l  por t ions of  the 

lower ext remit ies and gradual ly progress to the upper ext remit ies,  creat ing 

a stocking-glove dis t r ibut ion of  pain and diminished sensat ion.  

c.  S igns and symptoms depend on the c lass and stage of  nerve f iber  loss.  

(1)  Smal l - f iber  involvement  impairs  percept ion of  pain and temperature and 

may lead to numbness/ t ingl ing or  loss of  sensat ion.  

(2)  Large- f iber  involvement  produces impaired balance and diminished 

propr iocept ion.  

(3)  Motor nerve damage resul ts  in muscle weakness/at rophy.  

(4)  The major i ty of  pat ients exper ience damage to more than one type of  

nerve.  

2.  Autonomic neuropathy  involves mul t ip le systems throughout  the body.  

a.  Genitourinary impairment  may lead to neurogenic b ladder and sexual  

dysfunct ion in  
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both males ( impotence,  ret rograde ejaculat ion)  and females (d iminished 

vaginal  lubr icat ion and orgasm f requency) .  

b. Gastrointest inal  impairment  may lead to gast roparesis ,  nocturnal  

d iarrhea,  fecal  incont inence,  or  chronic const ipat ion.  

c.  Cardiovascular impairment  may lead to or thostat ic  hypotension or  

cardiac denervat ion syndrome.  

3.  Modif iable r isk factors  inc lude hyperg lycemia,  a lcohol  use,  tobacco 

use,  and hypertension.  

4.  Prevention strategies  

a.  Aggressive management  of  b lood pressure and blood glucose.  

b.  Smoking and alcohol  cessat ion.  

c.  Proper  foot  care to prevent  development  of  lower-ext remity compl icat ions 

in the presence of  per ipheral  neuropathy and diminished c i rculat ion.  



E. Foot,  skin,  and mucous membrane complicat ions  s tem f rom vascular  

changes and per ipheral  neuropathy that  cause al terat ions in the nerves that  

contro l  b lood f low and sk in hydrat ion.  

1.  Indiv iduals wi th DM are at  increased r isk for  the development  of  sk in 

infect ions caused by staphylococci ,  β-hemolyt ic  s t reptococci ,  and fungus.  

2.  Common infect ions inc lude 

a.  Cutaneous infect ions such as furunculos is  and carbuncles 

b.  Candida  in fect ions of  the geni ta l ia ,  upper th ighs,  and under the breasts 

c.  Cel lu l i t is  and/or  lower-ext remity vascular  u lcers 

3.  Atrophic les ions ( round pain less les ions)  and diabet ic  dermopathy 

( reddish brown papular  spots)  are common,  especia l ly on the lower 

ext remit ies 

4.  An ulcerat ing necrot ic  les ion cal led necrobiosis l ipoidica diabeticorum  

may develop on the anter ior  leg sur face or  the dorsum of  the ankle.  

5.  Approximately 50% of  pat ients wi th DM of  15 years '  durat ion have 

per ipheral  neuropathy that  may resul t  in  a loss of  protect ive sensat ion and 

inabi l i t y to detect  even minor  t rauma.  This p laces the pat ient  at  s igni f icant  

r isk for  the development  of  u lcers.  

6.  In jury,  in fect ion,  neuropathy,  vascular  d isease,  or  ischemia may lead to 

gangrene,  which is  20 t imes more common in people wi th DM. 

7.  Prevention strategies  

a.  Good glycemic contro l  

b.  Proper  foot  care (see VII I .D.1)  and ear ly detect ion/ intervent ion of  

ident i f ied problems.  

c.  Proper  skin care (see VII I .D.2)  

d.  Sensory exam of  feet  us ing a 5.07 (10-g)  monof i lament  to ident i fy 

pat ients wi th loss of  protect ive sensat ion 

e.  Pat ient  educat ion concerning protect ive footwear (e.g. ,  deep-soled 

shoes,  indiv idual ly molded shoes,  or thot ics)  and avoidance of  foot  in jury,  

especia l ly when a loss of  protect ive sensat ion is  noted.  

F. Importance of  glycemic control  as preventive of  chronic 

complicat ions  

1.  The Diabetes Control  and Complicat ions Trial  (DCCT; 1993) 

demonstrated that  intensive t reatment  of  type 1 d iabet ic  pat ients delays the 

onset  and progression of  d iabet ic  ret inopathy,  nephropathy,  and 

neuropathy.  

2.  The United Kingdom Prospective Diabetes Study  (UKPDS; 1998) 

s imi lar ly demonstrated that  the compl icat ions of  type 2 DM may be reduced 

by st r ic t  g lycemic contro l ,  regardless of  the therapeut ic  agent  chosen to 

at ta in that  contro l .  

3.  The f indings of  the DCCT and UKPDS have been conf i rmed by numerous 

other  c l in ical  s tudies.  There is  today no reason for  doubt  that  g lycemic 

contro l  is  a major  s t rategy for  the prevent ion of  d iabetes-re lated condi t ions,  

reduced heal thcare and societa l  costs,  and preservat ion of  qual i ty-of - l i fe  

issues.  



XII. SIGNIFICANT DRUG INTERACTIONS 

AFFECTING GLYCEMIC CONTROL. 

This is  only a par t ia l  l is t  of  potent ia l  drug interact ions that  may af fect  

g lycemic contro l .  Consul t  standard references or  drug package inser ts  for  

more detai led informat ion.  
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A. Potential  hyperglycemia,  as a dose-dependent ,  d i rect  g lucogenic 

ef fect .  Cor t icosteroids,  n icot in ic  ac id,  phenytoin ,  pentamidine ( long- term 

ef fect ) ,  protease inhib i tors,  sympathomimet ics,  isoniaz id,  furosemide,  

th iaz ide diuret ics 

B. Potential  hypoglycemia,  as a d i rect  hypoglycemic ef fect ;  monoamine 

oxidase (MAO) inhib i tors,  f luoxet ine,  sal icylates ( large doses) ,  

fenf luramine,  a lcohol ,  pentamidine ( in i t ia l  ef fect )  

C. Prolonged hypoglycemia and masking of hypoglycemic symptoms.  β-

Blockers 

D. Altered protein binding of,  or other drug interact ion with,  

sulfonylurea agents.  A lcohol ,  sal icylates,  nonsteroidal  ant i - in f lammatory 

drugs (NSAIDs),  methyldopa,  chloramphenicol ,  MAO inhib i tors,  c lof ibrate,  

probenecid 

XIII. SPECIAL ISSUES IN DIABETES. 

These s i tuat ions cause unique problems in the management  of  d iabetes,  but  

are beyond the scope of  th is  chapter.  Readers are encouraged to learn 

about  these,  as these issues ar ise dur ing the course of  pharmacy pract ice.  

A.  Pregnancy in DM (not  GDM) 

B.  Pediat r ics 

C.  Adolescence 

D.  Ger iatr ics 

E.  Surgery 

F.  DM management  dur ing hemodialys is  or  per i toneal  d ia lys is  

G.  K idney t ransplantat ion 

H.  Sel f -care issues (e.g. ,  SMBG, in ject ions)  in the v isual ly impaired or  b l ind 

DM pat ient  

I .  DM pat ients in inst i tut ional ized fac i l i t ies 

J.  Pancreas and is let  cel l  t ransplantat ion 
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STUDY QUESTIONS 

Direct ions:  Each of  the quest ions,  statements,  or  incomplete s tatements in 

th is  sect ion can be correct ly answered or  completed by one  of  the 

suggested answers or  phrases.  Choose the best  answer.  



1.  Current cri teria used in the diagnosis of  diabetes mell i tus (DM) 

include al l  of  the fol lowing symptoms except  

(A)  fast ing hyperg lycemia.  

(B)  polyur ia.  

(C)  polydips ia.  

(D)  t inni tus.  

(E)  weight  loss.  

View Answer1.  The answer is D[seeand] .2.  The most useful  

glucose test  used in monitoring diabetes mel l i tus (DM) therapy is 

(A)  ur ine moni tor ing.  

(B)  b lood moni tor ing.  

(C)  renal  funct ion moni tor ing.  

(D)  cardiovascular  moni tor ing.  

(E)  vascular moni tor ing.  

View Answer2.  The answer is B[seeand] .3.  Which of the fol lowing 

statements concerning insulin therapy is true? 

(A)  Commercia l  insul in products vary l i t t le  wi th respect  to t ime,  

course,  and durat ion of  hypoglycemic act iv i ty.  

(B)  Regular  insul in cannot  be mixed wi th neutra l  protamine 

Hagedorn (NPH; isophane insul in suspension) .  

(C)  Regular  insul in cannot  be given int ravenously.  

(D)  Regulat ing carbohydrate consumpt ion is  a necess i ty for  a l l  

d iabet ic  pat ients.  

(E)  Insul in therapy does not  have to be moni tored c losely.  

View Answer3.  The answer is D[see] .4.  A mass of adipose t issue 

that  develops at  the inject ion si te is usually the result  of the patient's 

neglect to rotate the insul in injection site.  This is known as 

(A)  l ipoatrophy.  

(B)  hyper t rophic degenerat ive adiposi ty.  

(C)  l ipohypert rophy.  

(D)  at rophic sk in les ion.  

(E)  dermat i t is .  

V iew Answer4.  The answer is C[see] .5.  Sulfonylurea agents (as 

monotherapy or in combination) are a primary mode of  therapy in the 

treatment of  

(A)  type 1 d iabetes mel l i tus pat ients.  

(B)  d iabetes pat ients exper iencing severe hepat ic  or  renal  

dysfunct ion.  

(C)  pregnant  women wi th d iabetes.  

(D)  pat ients wi th d iabet ic  ketoacidosis .  

(E)  non- insul in requir ing ( type 2)  DM pat ients.  

View Answer5.  The answer is E[see] .6.  Patients taking 

chlorpropamide should avoid products containing 

(A)  acetaminophen.  

(B)  ethanol .  



(C)  v i tamin A.  

(D)  penic i l l ins.  

(E)  mi lk products.  

View Answer6.  The answer is B[see] .7.  The standard 

recommended dose of  glyburide is 

(A)  0.5-2 mg/day.  

(B)  1.25-20 mg/day.  

(C)  50-100 mg/day.  

(D)  200 mg/day.  

(E)  200-1000 mg/day.  

View Answer7.  The answer is B[see] .P.1195 

 

 

For questions 8-12:  A 20-year-o ld prev iously heal thy man presents to the 

emergency room wi th a 2-week his tory of  polyur ia,  polydips ia,  and a 20- lb 

unintent ional  weight  loss.  He complains of  weakness,  fat igue,  nausea,  and 

abdominal  pain.  Physica l  examinat ion reveals dry,  parched mucous 

membranes.  Blood pressure is  110/70 mm Hg and the pulse is  90 beats per  

minute (bpm) supine;  b lood pressure is  90/60 mm Hg,  and pulse is  120 bpm 

upr ight .  Temperature is  100°F (axi l lary) ;  respiratory rate is 24 breaths per  

minute.  General  examinat ion of  the hear t  and lungs is  unremarkable.  No 

ret inopathy is  present .  The abdomen is  sof t  wi th mi ld tenderness but  no 

rebound.  Laboratory values are as fo l lows:  

Blood glucose 420 mg/dL 

Sodium (Na) 130 mEq/L 

Potassium (K) 3.7 mEq/L 

Chloride (Cl) 97 mEq/L 

Bicarbonate (HCO3) 10 mEq/L 

Arterial blood gas 7.20 (pH) 

Urinalysis +3 glucose and moderate ketones 

Chest radiograph Unremarkable 



Abdominal radiography Unremarkable 

 

8.  What is the most l ikely diagnosis in this pat ient? 

(A)  type 2 d iabetes mel l i tus (DM) wi th hyperosmolar  s tate 

(B)  type 1 DM wi th d iabet ic  ketoacidosis  

(C)  type 2 DM wi thout  hyperosmolar  s tate 

(D)  type 1 DM wi thout  d iabet ic  ketoacidosis  

View Answer8.  The answer is B[see] .9.  Ini t ial  appropriate therapy 

includes 

(A)  int ravenous f lu ids and a sul fonylurea agent  

(B)  int ravenous f lu ids a lone 

(C) int ravenous f lu ids,  10 U of  subcutaneous regular  insul in ,  and 

discharge to home 

(D) int ravenous f lu ids,  int ravenous regular  insul in  by cont inuous dr ip 

at  6 Uni ts/hr,  and hospi ta l  admiss ion 

View Answer9.  The answer is D[see] .10. After the acute i l lness 

has resolved, what therapy would be appropriate? 

(A)  None,  observe only 

(B)  Star t  a second-generat ion sul fonylurea,  p lus d ietary modi f icat ion 

and phys ica l  act iv i ty reg imen 

(C) Dai ly adminis t rat ion of  a regimen of  neutra l  protamine Hagedorn 

(NPH; isophane insul in suspension)  and regular  insul in,  p lus d ietary 

modi f icat ion and physical  act iv i ty regimen 

(D) Dietary modi f icat ion alone 

View Answer10.  The answer is C[see] .11. Appropriate fol low-up 

of  the pat ient  once discharged to home includes al l  of  the fol lowing 

except  

(A)  per iodic  moni tor ing of  hemoglobin AIC levels.  

(B)  per iodic  ophthalmologic examinat ions.  

(C)  home glucose moni tor ing wi th a g lucose meter .  

(D)  weight- loss d iet  and an at tempt to wean f rom insul in.  

View Answer11.  The answer is D[see] .12. The pat ient  is at  high 

r isk for developing al l  of  the fol lowing complicat ions except  



(A)  hypoglycemia.  

(B)  coronary ar tery d isease.  

(C)  ret inopathy.  

(D)  nonketot ic  hyperglycemia hyperosmolar  s tate.  

View Answer12.  The answer is D[see] .P.1196 

 

 

ANSWERS AND EXPLANATIONS 

1.  The answer is D  [see  I I I .A and  B ] .  

Frequent  ur inat ion (polyur ia) ,  th i rst  (polydips ia) ,  and weight  loss are a l l  

common s igns of  d iabetes.  When these symptoms are present ,  i t  is  

necessary to have a fast ing or  random (casual)  b lood glucose level  drawn 

to determine a d iabet ic  s tate.  A fast ing blood glucose level  > 125 mg/dL on 

more than one occasion is  d iagnost ic  of  a d iabet ic  s tate.  

2.  The answer is B  [see  IX.A and  B ] .  

B lood glucose moni tor ing is  the most  useful  form of  moni tor ing glucose 

levels.  Ur ine moni tor ing provides only gross est imates of  the current  s tatus 

and cannot  ru le out  hypoglycemia.  Renal  funct ion and cardiovascular  

funct ions provide ev idence of  long-standing disease and are not  useful  for  

moni tor ing dai ly progress.  

3.  The answer is D  [see  VI I .A.1;  VI I .C.7;  Table 54-1 ] .  

Many commercia l  insul in preparat ions vary wi th  respect  to durat ion of  

act iv i ty and t ime for peak plasma level .  Regular  insul in can be mixed wi th 

NPH and given int ravenously.  Al l  insul in therapies should be moni tored 

c losely and on a dai ly basis .  Careful  regulat ion of  carbohydrate intake is  

very important  for  a l l  d iabet ic  pat ients—carbohydrate consumpt ion plays a 

major  ro le in the balance of  g lucose metabol ism and antagonizes the 

ef fects of  insul in therapy.  

4.  The answer is C  [see  VI I .C.7.a. (3) ] .  

L ipohypert rophy consis ts  of  masses of  adipose t issue that  develop at  the 

in ject ion s i te,  usual ly in  pat ients who do not  rotate the in ject ion s i tes 

proper ly.  The masses gradual ly d isappear i f  in ject ion in these s i tes is 

avoided.  

5.  The answer is E  [see  VI I .D.2;  X.A.2 ] .  

Sul fonylureas should not  be used as pr imary therapy in insul in-dependent  

( type 1)  d iabetes mel l i tus pat ients,  in  those who have severe hepat ic  or  

renal  dysfunct ion,  or  in those pat ients who are pregnant .  DKA should never  

be t reated wi th sul fonylureas;  th is condi t ion must  be t reated wi th insul in,  

f lu ids,  and elect ro lyte replacement .  However,  sul fonylureas help reduce 

blood glucose levels in type 2 DM that  does not  respond to d iet  a lone.  

6.  The answer is B  [see  VI I .D.6.g ] .  

Acute ingest ion of  ethanol  (a lcohol)  by pat ients who are tak ing any 

ant id iabet ic  agent  carr ies the r isk of  severe hypoglycemia par t icular ly 

because of  the potent ia l  hypoglycemic ef fects of  ethanol  (especia l ly i f  



consumed in the fast ing state).  In addi t ion,  the interact ion of  

chlorpropamide and ethanol  (d isul f i ram- l ike react ion)  is  notable wi th th is  

agent .  

7.  The answer is B  [see  Table 54-2 ] .  

The standard recommended dose of  g lybur ide is  1.25-20 mg/day.  Doses > 

20 mg are not  recommended by the manufacturer .  Pat ients may be star ted 

on a low dose (e.g. ,  1.25 mg/day)  and t i t rated up to an ef fect ive oral  dose,  

as c l in ical ly indicated.  

8.  The answer is B  [see  I I .B.1;  X.A.2 ] .  

Type 1 DM wi th DKA is  the most l ike ly d iagnosis in the pat ient  descr ibed in 

the quest ion.  The pat ient  presented wi th h igh blood sugar,  weight  loss,  

ac idosis ,  and posi t ive ur ine ketones (h igh level) .  This  is a typical  

presentat ion of  DKA. 

9.  The answer is D  [see  X.A.2.d ] .  

Type 1 DM always requires insul in therapy;  i t  can never  be lef t  unt reated or  

t reated wi th d iet  or  l iquids a lone and can never  be t reated wi th sul fonylurea 

agents.  DKA requires hospi ta l izat ion and should be t reated wi th an insul in 

dr ip unt i l  the ac idosis  c lears.  Pat ients wi th DKA are dehydrated and must  

be given int ravenous f lu ids.  

10.  The answer is C  [see  VI I .C.4 ] .  
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11.  The answer is D  [see  VI I .C.4;  VI I I .D.4;  IX.A;  IX.D.1 ] .  

A l l  d iabet ic  pat ients should be fo l lowed wi th per iodic  hemoglobin AIC 

measurements and ophthalmologic examinat ion annual ly.  Home glucose 

moni tor ing is  the opt imal  way to fo l low a pat ient 's  level  of  contro l .  Weight  

loss and an at tempt  to wean f rom insul in are appropr iate only for  type 2 

DM. Those pat ients wi th type 1 d iabetes cannot  be weaned f rom insul in 

therapy.  

12.  The answer is D  [see  I I .B.2;  X.A.3 ] .  

Hypoglycemia is  a possib le compl icat ion of  insul in therapy.  Al l  d iabet ic  

pat ients are at  r isk for  coronary ar tery d isease and ret inopathy.  Nonketot ic  

hyperglycemic hyperosmolar  coma is  typical ly a compl icat ion of  type 2 DM. 

 




