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.Prophylactic administration of antibiotics can decrease
postoperative morbidity, shorten hospitalization, and re-
duce the oyera" costs attributablé to infections. Principies
of prophylaxis include providing effective levels of antibi-
otics in the decisive interval, and, in most instances, limit-
ing the course to intraoperative coverage only. Use in The
National Research Council clean contaminated operations
is appropriate and, in many instances, has been proven
beneficial. Antibiotic prophylaxis is also indicated forclean
operations, such as those involved with insertion of pros-
thetic devices, that are associated with low infection risk
and high morbidity. Extension of antibiotic prophylaxis to
other categories of clean wounds should be limited to pa-
tients with two or more risk factors established by criteria
in the study of the efficacy of nosocomial infection control
(SENIC) because the baseline infection rafe in these patients
is high enough to justify their use. Cefazolin (or cefoxitin
when anaerobic coverage is necessary) remains the main-
stay of prophylactic therapy. Selection of an alternate agent
should be based on specific contraindications, local infec-
tion control surveillance data, and the results of clinical tri-
als. Newer criteria for determining the risk of "site infec-
tion" (wound and intracavitary) are in evolution and mar
lead to modification of these recommendations over the
next several years.

(Arch Surg. 1993;128:79-88)

20% cost to the total hospital bill. Nationwide, the cost of this
excessive hospitalization is likely to be more than $1.5 billion
per year? Ehrenkranz et al3 have proposed that antibiotic
prophylaxis for patients undergoing cesarean section could
result in a net national annual saving of $9 million for this
category of operation alone.

On the other hand, inappropriate and indiscriminate use
of prophylactic antibiotics mar increase costs through un-
necessary drug use, requisite laboratory monitoring, and
selection of resistant organisms. These undesirable effects
necessitate more expensive infection control measures and
antibiotics. As with other adjunctive measures in surgery,
the use of antibioticprophylaxis is not a substitute fOl good
infection control practices, appropriate patient prepara-
tion, good judgment, an adequate operating environment,
and good technique. Their proper use is not a substitute for
excellent patient careo

This article was developed by the Antimicrobial Agents
Committee and was approved by the Executive Commit-
tee of the Surgical Infection Society as a set of guidelines
for selection and use of prophylactic antibiotics for surgi-
cal wounds. It does not deal with endoscopic operations,
image-directed percutaneous procedures, or endocarditis
prophylaxis.

P rophylactic administration of antibiotics represents their
most common use in surgery. Designed to reduce the

incidence of postoperative infection, antibiotic prophylaxis
mar reduce overall costs by avoiding the expenses attribut-
able to infectionsand by shortening hospital stay. Haley et
aP have indicated that a surgical wound we-mon prolongs
ho~pitalization for approximately 1 week and adds a 10% to

DEFINITION OF ANTIMICROBIAL PROPHYLAXIS
FOR SURGICAL WOUNDS

Rigorously defined, prophylactic antibiotics are those
given to patients before contamination or infection has oc-
curred. A broader, more practical definition includes clin-
ical situations in which infection or contarnination is
already present, primary treatment of the infection is sur:'
gical, and anticipatory antibiotic administration mainly
serves to minimize postoperative wound infection (eg, pa-
tients with acuteappendicitis or acute cholecystitis). Initia!
antibiotic therapy is anticipatory, presumptive, or empírico A
diagnosisof infection or possible infectionhas been rnade
but is not definitive, and there are no culture data. If sim-
ple acute appendicitis (cholecystitis) is found at operation,
additional doses of antibiotics may be avoided or givenin
a yery short course to minimize subsequent wound infec-
tion (prophylactic). For findings ofcomplicated appendid-
tis;-contmuationof antibíotic therapy is -'aÍ111ed at the
underlying infection and is therapeutic, not prophylactic.

Antimicrobia/ Prophy/axi~age et al 79

Accepted for~iion July 25, 1992.' -~

From the DepartmentSof Surgeiy, The University ofTexas HealthSci-
enceCenter, San Antonio{Dr Page); University ofToronto, Ontario (Dr
Bohnen); Universityof South Afabama, Mobile (DrFletcher); Microbi-
ology Branch, US Army Instituteof SurgicaJ Research, Fort Sam Hous-

ton~ Tex(DrMct.:1al)~s);U!)iy.ersity qfC!ncinn~ti Co~lege?f Med(cJne..
Ohlo (Dr SoJomkm); and Medlcal College ofWlsconsm, Mllwaukee (Dr
Wittmann):,'..-'"';: C'",,!,.',; ,'"' '\"c;"'c :'

Reprint !~uests tQ !?epartment,of Su!gery,.. The Uniyersity of. Texas
Health Sclence Center,. 7703 Floyd Curl Dr} SanAntonio, TX 78284-
7842 (Dr Page).

Arch Surg~V~1128..'an~arY) 993'.':,

~~~~-i;:~

2 ()l¡



.." c\+","'"r

;:""..'."".""'4""\"""""""" ..,.,y,,\,,","" E"""."""" ,!"'"'",," ""XC
and;kií1étic: "io e'rties"ofthedril -;'~and:on: th'éresults:of

~ng~Qh" atient\

fact9:rs;:' EgriÓl~~~~i,~~";menti,Tabre: L: surnmariiessome fac1ófSthilf iijCiéased the

sificanon:scheme: hasser:voo asthebasis for recornmend;.:;

, -
Table1.-Factors Associated With Increased Risk

; of Postoperative Infection,

Intraoperative
Factors

Perioperative
F:ldors

Patient ~J

esofage, clong p.reo~ratlve Intraoperatlve 'c.
h6spitalization contamination

:"
lutrition No preo~rative Lengthy operation

'.",;-,shower
(, 'Ea.rly~having Excess.ive
"', ofslte electrocautery
'c" ""

problems, Hairremoval Foreign material
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i"" ,Priorantibiotic Wound drainagetherapy ,
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High hematocrit, ,

, wound flu "
ldcc, .."'!-" c.otei~fection 
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iei,rradiation ,
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)ciatedliabetes

~~~

bblOtiCS ~nd"lt$reducbon wrln;tne) use oí. ~tiblOtiCS m, '

wotmd
, c'6" ., c, c"c".,'" "7 '"'mañ~ C'ementandtRé:~se'of"ro' ñ lactic antibiQti&~lf iS'.,

testedi'a!: credictiveimooel "orstratifiéatiori: of NRC clean
cc'{?: ,'""'pcJi""c',,'-""""cc,, ,,"" c".,c"'"" c"

woiliids mi2 communi"Ros ifalS: From'¡:'C6'Uléition oí.
cC ,'Cc '~"C"'c'c"'Co/"é""' Ec",c\ v, ,""R, P... "

risk oí. in-
fecgon,Slmilarly,~aley~t al,6 m the 1985 study oí. the ef-
ficacyof"rios&o~al..inféCtiori control (SENIC), identified
fourfudependent #dadditiveriSk factors forpostopera-
tivewound inféCtion.. These factors are operations on fue

hours,
and the

pr~~~~, 9fat)E}~~t, th!ee m~lcal~la~~ses",..'
Jable;:?c~n:'pares :~e,~ection rat~coí.t~e, various

SI;:NI~~d~C classifications froma popUlation of more
than 59 QqQ patien,ts~ Inspectionfudicate,s a wider separa-
tionof ris~qf infection by the SENI~ classificati~~ than by
the NRC classification. Two or more SENIC risk factors

c ~ .,

abrogatefhevalyeoftpeNRC classific~tion. Patients with
NRCcleanwounds andtwo or more nsk factors have an

, c' c'

inf~onrate fhatrangesfrom 8% tQ 15% and, thus, qual-
ify for antibiotic prophyIaxis. These patients accounted for
appro~at~ly 10%of al1 cleanwp'un~s ~nd about 6% ~f
the popUlationatlarge.Thus, conslderation of the c.ümbl-
natio~ of NRCclassificatil;>n and the SENI~ risk categories
see~app~op.riate~s ~ w.de for administering prophy-
lacti~"a~tiblotics,.f~r dl!ectíng wound management, and
forconducting~-hospital epidemiolo~c research.

~ ccomb~tioni~ a particularly important consider-
ationbecause~f r~ent~nth~i~mfor extendfug prophy-
lac~tic~tibiotic~, toca. yane'!;y ~f.NRCclean operations
thatconstitute 59% to 6Q% oí. al1,p'pera#ons performed.
R~ently~ Pla~~t~ ~~ proposedben~fit from the prophylac-
tic,~e.,<?:f ..cefo~cig!W patients undergofug a varie'!;yof
breast operations.,and fu those undergofug inWnal herni-
orrhaphy. Althoughfhe numerical tr~pd.,andthe authors'
futerpretation favor this position, they have been criticized

Iyp,
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Recent opel
"Ch'ronic
,inflan nexacrnoropn~ne

skin preparation

ior 
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.National Research Council Wound~fication C~*Table 2.

Criteria

~

ted l00/of

(20'

Elective (not urgen(or emergency), primarily closed; no acute inflammation or transectlon L
gastrointestinaJ, óropharyngeal, genitourinary, biliary, or tracheobronchialtracts; no

'technique break (eg; elective inguinal herniorrhaphy)
, 'Urgent or emergency case that is otherwise "cJeanff;elective, controlled opening of

gástrointes,inal,.oropharyngeaJ, biliary, or tracheobronchial tracts; minimal spillage and/o
níinor techniqué break; reoperationvia"cJéan" iriCisjonwithin 7 days; blunttiauma,

..'. .
intact skm;negatlve exploratlonjeg, vagotomy~nd pyloroplasty)c'

Acute;' ribnpurulent iil'flammation (~ote absence'6fpurulence); m~¡6r;echnique break or
majorspillfron'í hollow organ;penetrating traúína'<4 h old; chronic open wounds to be

grafte~orcCovered {eg, acute, nonperforated, nongangrenousappendicitis)
"' ; "" Cc' "',PurÜlenté or'ab$cess;preoperativeperfo~ationof gastrointestinal¡oropharyngeal, biliary, 01

tracheobronchialtracts; penetrating trauma >4 h old (eg, ~rlorated áppendicitis with

abscess)\~;,;::'.;,;'i~i}§i --~c."'."'"'"'
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Table(3:~Distribution'of Patients and Infectionscby SENI~sk FáCtfu~
c.c':~'andNátiona.l ResearchcCouncil (N RC) WoúridClassification*c,cc"

Infectión by NRC Wound Classification
SENIC, % of
Patients With

Infection
SENIC

Risk FactQrs
SENIC¡ % of
Al! Patients

SENIC,. %of Group, ,
With Infectión

Crean
Contaminated Cóntaminated

'.c.N/A(c::;"

Clean &rty
N/A

..,"6.7

10.9,'"
18.8

10'1
;,,¡~;,29.',"is"::c

v
1

4b!
32

16

5

3.9
.11',;(\
8.4 8.9',:,~""'"

~n{S

Yo of

~nts Wit:
:tion

4:In

nfection control; and N/A, mutually exclusive criteria. The
...ounds accounted for 55% (t) of all patients and 39% (*) c§). 

Patients with O 5ENIC risk factors accounted for 46% (
) SENIC risk factors was 1 % ti). SENIC risk factors include

---
fied from Haley et al.6 SENIC indicates study of the ~fficacy ofnosocomia
re examplestatements indicating how toread this table: The NRC Clean
patients. The infection!atefor patien~ with NRC clean wounds was 2.9'
Its and 10% ('1 )of all infected patients. The infection rate for patients witl
operations, operations lónger than 2 hours, three or more associated dragl
th Contaminated or Dirty wounds cannot have O SENIC risk factors. Patie

1I1

for combining groups with nonhomogeneous risk, for
providing a liberal definition of infection, and for citing a
rate of infection for breast operations that is higher thanreported 

by others.8 Mostof the issues have to do with the
inability to stratify risk within the broad group of NRCclean 

operations. Until more definitive studies are avail-
able, the use of prophylactic antibiotics in patients with
NRC clean wounds should be limited to those with two or
more risk factors or those with potentially serious morbid-
ity or mortality from an infection at the operative site.

Clean Wounds for Which the Use of Prophylactic
Antibiotics Is Validated

In some operations, the use of prophylactic antibiotics is
llStified in spite of a theoreticalIy smalI risk of infection.
Jost of these operations necessitate insertion of prosthet-c 

materials. Infection in these instances results in either
;reat morbidity or mortality (eg, insertion of cardiac
ralves, prosthetic joints, and prosthetic intravascular¡rafts). 

Similarly, antibiotic prophylaxis is usualIy used in
:lean operations involving the central nervous system and
or those involving cardiopulmonary bypass, whether or
lot a prosthetic device is inserted. Neither the risk factorsiescribed 

by Ehrenkranz nor those established by the;ENIC 
classification have been systematicalIy evaluated in

hese patients with high morbidity and low risk of infec-
ion. It is likely, however, that many manifest two or more
jENIC riskfactors. In general, these groups are character-
zed by advanced age (a usual marke:of associatedmed-
calproblems) and prolonged operatlons.

Spectrum
The microbiologic characteristics of both the operative

site and the hospital environment should influence the
choice of antibiotics. The usual flora encountered during
surgery and the organisms responsible for postoperative
infection have been carefully documented in a number of
general and site-specific studies. While both infiuence pro-
phylactic antibiotic selection, coverage is directed prima-
rily at those organisrriS that cause postoperative irlfection.
These flora are usually some, but notall, of the endogenous
organisms encouritered. AntiInicrobiaJ prophylaxis in op-
erations that do not violate a hollow viscus or mucosa need
to cover only gram-positive skin flora, primarily Staphylo-
coccus epidermidis and Staphylococcus aureus. Operations in-
volving the gastrointestinal tract, the genitourinary tract,
and the hepatobiliary system, as well as some pu1ri1onary
operations, must cover both skin flora andadditiónal site-
specific organismS, Operations that feature póstóperative
infectionswith both aerobic and anaerobic florashould use
an inclusive antibiotic regimen. Choosing the most limit-
ed effectivespectrum is difficult, but important. Precision
in this effort avoids unnecessari1y broad coverage iirid
minimizes risk for the patient and the environment (over-
growth with opporlunistic bacteria and fungi and devel-
opment of resistant strains).

Risk of Antibiotic Toxicitr
The potential toxicity of antibiotics represents an im-

portant risk of prophyIaxis. The least toxic, effectiveanti-
biotic regilnen should be chosen. Table 4 represents some
important toxicities of commonly usedprophylactic anti-
biotics. In general, the cephalosporin group manifests ac-
ceptable toxicities, the majority of which are reversiblé af-
ter withdrawal oÍ,. the drug. The mostsignificant and
frightening toxicity, an anaphyIactic reaction to a ~:-lactam
antibiotic\, (penicilliri,.! cephalosporini' carbapenéiri;: or

Ant;m;crobíalProphylaxí~agé etal 81

Clioice of Antibiotics ,
The choice of anantibiotic for prophylaxis is muItifacto-
lL It depends on the operation to be performed, the or-
!nisms that must be incIuded, the kinetics and toxicities
the drug, and its performance in proFerir designed

nical trialS;

:h Surg-Vot 128, January1993



development of multiply resistant strains of S epidennidis
in response to prophylaxis with rifampin, rifampin and
nafcillin, or cefazolin sodium. Furthermore, they docu-
mented coloniiation of adjacent patients and hospital staff.
Sanders and Sanders14 cite potential evolution of "stábly
derepressed" ¡3-Iactamase-produc:ingmutants as a reason
to limit the use of third-generation cephalosporins for
prophylaxis. Clostridium difficile coloniiation mar compli-
cate prophylaxis, even with a single-dose strategy}5

~

monobactam), can often be avoided by obtaimnga careful
history. lf the patient reportsa history ofanim:mediate
hypersensitivity reaction,analtemateantibi~tic should be
selected. Aztreonam, a monobactam antibiotic, does not
cross-react ~th penicillin antibodies. lt may provide
altemative gram-negative prophylaxiS for patients allergic
to ~enicillin.~)f gram-P?sitive ?rga~s~ are the prop~y-
lachc target,.. vancomycm orc~da~ycm may be ~onsld-
ered.The ~'r~ man s~drome" l~! howeyer, verycommo?
after the fu::s,t dose oí. vancomycm,eyen ~hen thedrug 15
admi~ster~ ~ppropriately:1O~issmdrome may include
flushing, pruntus, chest pam, musclespas~,orhypoten,.
sion.~hese sFptqms shouldnotbe misipterpreted as~n
allerglc reaction that preclud~s ~her use ofv~~omycm.

~minoglycosides representtljeother e~d 9fthe t~xicity
spectrum. Nephrotoxicity andot9toxicity,both f!~uent
"[iththerapeuticc?urses, areextremelyrare as complica-
hons of prophylax15 for48 hour,sQrless. Nevertheless, the
ototoxicity iS irreversible, aminoglycosides are extremely
valuable therapeutic agents, andseveralerrors commonly
made in the use ofprophylactic antibiotics (see below) may
significantly increase toxicity. For these reasons, we do not.
recommend parenteral aminoglycosides tor routine pro-
phylaxis. lf no other agent is acceptable, aminoglycosides
must be used in strict compliance with the pharmacoki-
netic and duration considerations enumerated below.

~,:; c', "{!~;.':; :'

c;~,;, Risk ofChanging Ecology
-Changesin flora and the deyeJopment of'resiStant
strainS are possibles~uelae of prophylacticantibiotic ÍlSe.
Many rando#ed prospectivestudies have documented
infectioÍí WithorganismsresiSt'ant. to the antibiotic used,

an adJun~t.Jo
?penheartoperations. Archer and collea~es1:13 descnbed:,.," 

'
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Pharmacokinetics
Burke'sdescriptionof the decisive interval (the first 3

hours afterwounding and/ or contamination) in experi-
mental arumalS has been clearly confirmed in clinical
praCtice}6.1! To be maximally effective, the antibiotic
should be present inadequate concentrations at the oper-
ative site as early as possible in the decisive interval and
for as long as the wound is apeno lf a systeinic antibiotic(s)
is used, intravenous administration of an appropriate dose
in the operating room just before the induction of anesthe-
sia is practical. This timing provides the interval required
for distribution from the central compartment (blooq-
stream) to the tissue compartment (wound). "On call" dos-
ing is no longeracceptable beca use itmay result in premature
administration 01 theantibiotic regimen and jnsufficient tissue
concentrations of drug during the decisive intervaV8 lnitial
dosing dependson thevolume of distribution, peak levels,
plasmacqearance;protein bindmg, and bioávailability of
the ~ntibiotic r~~,~se~ected.Rep.eat~ dosing intraop-
erativelymaybe necessarydependmg on the agent used
and the duration oí the operation.For agents that are rap-
idly cleared; repeat dosing ataRinterval two timeS the
plaSma half-li!eisap~~?p~a te. lliug: ~d~~ati~~cac-'
cording to these tenets assures appropnate tissue levels of
the antibiotic, arequiSite foreffective prophylaxis.!~,;.f

et al



;,"'c..A'Cc,"-,i~

,"'C"""C"-,,,;Cé;CJ;,;,,-,';Jcc',:éééc
,,' """,../"""g"",c".""",",;""""" g"," 'CC'c-/.",

sary, All represent failuré to'adhéiefótnetenetsií'idicated,
;"" ":;""""""""coc/¡..above, P~rhapsthe mostegregl?,~S erfQ~~~~~,~ap~r?pp.,¡

ate use of valuable, therapeubc,:agents...,~lth¡ exp~deg
spectrum and excessively long-ferro adminisf:ratioi1'~ Indis;'
cririlinate antibioticuse iscostly, expose$the:" pati'é'i)ts'fQ~
adverseeffects,.and'promotes resistante tothe ditigs: Re;¡.' ,. C ...'""
centdatasuggest thatmvolvement of chmcal pha~~clst~¡
in the overalI PJógraq\ófantibioticéprophyIaxiS, th~'i.isebfi

co~ ~uteriZed re~~~~*~,satellite phaririac~es; ~ndsttong~'
pOSltiOns by ,the prof~s~!onaI st~~far~ effective~ co~bat-¡éé
rng these errors.i2-24: " "

Theshortesteffectiveéóurseofró h Iactic'arttibi6tics~C 'c" ""C jP,;c!?'"~",c"':"c';'¡;ic

¡nIy 1Vc~I~the pa~e~~~; mc~,h~;~pe~a~~fi ;r~?T',~~t~J?ng\alf;pfe 
a&~~~

!~~r~dI;Ugs fqrshqrter, p~!?C~~~S" !~s~ay amount to

1trac?pe~ati.ve,p:p~d lsone of t~emo~t slgrufic~nt r~ce~t
hang~~é~an~blohcprophylaxIS and lSgraFaticallydjf~
~rentfromthe 2~to48-ho~co.verage prey¡ously recom;'
1erid~c!, ~\ I~ ha~p~oved eff~tive Jor op~rations~nvolving
le ga~tro~testinal tract, for orthopedlc operahons, and)r 

~esarean section'iind gynecologic procedures. It re-
la~ debatable for cardiac procedures!l Extending the
Jurse of antibiotic proppylaxis to"cover" lines, robes, and
1theters is unwarranted.

Alternate Strategies
While the foregoing considers primarily the strategy oí

parenteral prophylaxis to reduce wourid infection, othet
options are available. These iriclude topical prophylaxis
and technical approaches. ; -,

Topical prophylaxis has also proved beneficialusing an-
tibiotic irrigation or mstillation at the time of wound clo-
sure. Conceptually, these techniquesprovide antibiotics in
very high concentrations at the site of maximum risk early
enough in the decisive interval to beofberiefit. Eleven of
13 prospective clinical trials reported up to 1977 docu-
mented benefit using either "nonabsorbable" antibiotics
(mainIy aminoglycoside/bacitracin cómbinations) or an
antibiotic likely to be absorbed from the wound(mainly
ampicillin).23 This technique has proved most efficient in
the absence of established infection}6 Luminal decontami-
nation with antibiotics is designed to lower the risk of
wound infection by reducing the number of organisms
presented to the surgical wound. It has been most fre-
quently applied to colorectal operations (see below).
Effective regimens include anaerobic and aerobic coverage
and at least one antibiotic with some systemic overlap. In-
tuitively, topical, luminal, and systemic therapy should
enhance one another, but this advantage is difficult to sci-
entificalIy validate in the clinical setting.27,28

Surgical technique, wound management, and overalI
patientcare are of great importance in minimizing the in-
cidence of wound infection. Rarely is one aspect of man-
agement of singular importance. It is the sum of the parts
that yields favorable results. Delayed primary wound clo-
sure around the fifthpostoperative dar is a specific tech-
nique for substantialIy reducing wound infection.29,30 The
use of delayed primary wound closure, in lieu of primary
wound closure, is appropriately applied to situations that
feature excessive intraoperative contamination or estab-
lished infection. Success is reported in 80% to 90% of de-
layed primary wound closure efforts and failure does not
threaten invasive infection or prolong the course of antibi-
otics. In some hospitals, selective application of this tech-
roque has reduced the incidence of wound infections in
contaminated and di~ wounds to an attack rate lower
than that observed for clean contaminated wounds.

Other Considerations

Ideally, the prophylactic antibiotic(s) selected should
!Ve been proved effective in randomized, prospective,Id 

clinical trials. Ad hoc choices, however, are manda-ry 
in instances of conflicting allergies or other contrain-cationsto 

the use ofthe usual drug. In addition, the reg-
len chosen shoUld be compatible with the findings frome 

hospital' s infection control wound surveillance reportois 
particUlarly important for hospitals with a high inci-

nce of infection with methicillin-resistant S aureus
[RSA) and/or S epidermidis (MRSE). These isolates are
'quent enough in some hospitals to represent the"en-
mic flora" Staphylococcus and to dicta te the basis for theoice 

of antistaphylococcal prophylaxis. While all strains
MRSA and MRSE are resistant to alll3-lactams, they are
more virulent than methicillin-sensitive organisms.

eir majar risk is 3 to 4 days of ineffective 13-lactam ther-
y while waiting for microbiologic identification. The
~sence of MRSA and/ or MRSE as endemic hospital
ra mandates recognition of the problem and the choice
anappropriate (usually more expensive) antibiotic. On
ationallevel, this trend is likely to recapitulate the de-
'opment of penicillin-resistant staphylococci witnessed
:.he late 1950s.
me additional consideration in the choice of a prophy-
tic antibiotic is avoidance of a drug valuable for defin-
e therapy. If a num~er of drugs appear equally accept-
e for prophylaxis, one shoUld pick the agent least likely
be used for defirutive therapy. This strategy should
l~mize selecting organisms resistant to valuable thera-
tIC agents.

CasI
ostis appropriately the last item considered in the choicerophylactic 

antibiotics. Among otherwise equal antibi-
; in the selection criteria mentioned above, the least ex-;ive 

should be chosen. The least expensive is not always
jrugwith the lowest procurement costo Total expenses
1de the costs of laboratory monitoring, drug adminiscra-
:both supplies and personnel),adverse effects! and fail-
.f prophyIaxis (ie, wound infection).

SITE-SPECIFICCONSIOERA TIONS ANO
RECOMMENOA TIONS

Prophylactic antibiotics for specific sites are discussed
below and summafÍzed in Table 5. These recommenda-
tions are similar to others recently published arid are
largely cephalosporin-based.31-33 Cefazolin, the standard of
comparison, fulfills most of the criteria indicated above, is
not the drug of first choice for definitive treatmentóf any
known infection, and is relatively inexpensive. Its half-life,

Antím¡crob;ajProphyl.iix;~ageetal 83

Common Errors in Antibiotic Prophylaxis

nmon errors in aritibiotic prophylaxis include choos-le 
wrong agent, administering the initial clase toa

omitting critical incrao~rative closes in long opera-ur8:-c-VoI128, 
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:!:':~;;';ié',",'" ",,'C " 'c

infectiori:i[tateg¡...from~:' ro' h laXisY;lri:clude~ofthó nathic'
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siZe:'w~~;,.'to6
diffeiei1¿~s..~~:~;i ':;'11:;",;,:,;, .,,:;R, y: 'c,'

!hé~v~~a~I~ p:o~-,

phyIactic ~nqbIOtiC~~~c stand~rq p~actlc~, A,ya~ety oi

slde.~éd. r~
s~ti9nf~r)ung ~ancer..T~es~dyby~~~s.et aIfXJprqvid~s
the,best ~ataf?r the e!fic~g ~fantiblotiC pr°I;'~y~a:xIS.
COmpa~atiye trlaIs e~aI~atmgtq:urdoses of peruclIIin vs
cefuroXIme or comparmg one vs SIX clases of cefazoIin have
shown no difference in out~ome. 61,62

Gastroduodelial Operations
The bacterioIogic condition of the~tomach is a function

of gastric acidity. Conditionsthat decreasé gastric acidity
remarkabIy increase gastric flora (primariIy with nasopha-
ryngeaI aerobes) and increase' the incidence of post-
operative wound infection.63 The overaII incidence c;>f
gastroduodenaioperations has decreased since the intro-
duction of appropriate concepts of antibiotic prophyIaxis.
Most proceduresare now either bariatric, for cancer, or for
complicated uIcer disease. VirfualIy alI in the Iatter two
groups have been treated with acid-reducing agents.
Reports substantiate the vaIueorcephaIosporins and the
applicability of singIe-dose prophyIaxis when measured
by clínicaI outcome and by antibiotic concentrations in
bIood, gastric mucosa, and'subcutaneous tissue.64,65

,::' Orlhopedic Operations" ';, ,

The.,fuaj9rity°t pos!operative~~ons afe~ausedbys aureus or S epldennldlS. The ~Jor problem IS that of

prosthetic joint infections. Antibiotics are jusWied in these
priinary ,clean oren operations because themorbldity as-
soci.ate~ ~ith infecti~n ~so ~gh, aIthoughtherisk of in-
fection IS low.44 The high infection rafe forsome operations
(eg, revisionsof totalknees, ankIefusions,ortotal hIpre-
~sio~s) justifies their use.45 CefazolinreducesoveraQ
infection to less than 3% (vs control of 5% to 15%) and is
the agent of choice because of low toxicity, low cost, and
adequate bone, serum, and soft-tissue leveIs.46 Antibiotic
courses extended beyond 48 hours are of no benefit, and
the trend is toward intraoperative coverage only.44,46 The
use of antibiotic prophylaxis is aIso indiéated for hip-
fracrure operations.47 1t appears unnecessary inopen
reduction of low-energy closed fractures.48

pata suggest the benefit of prophylactic antibiotics for
patientswith lower'extremity amputation, but thestudies
aré not large enough for det.initive recommendations. Ki-

netic studies andtissueleveIs depict adequate concentra:
tionsof penicillins and cephaIosporiris in bone, serum, and
soft tissue, correlating somewhat with transcutaneous ox-
ygen pressure measurements.49,so

Neurosurgical Operations
Prophylactic antibiotics directed at S aureus and/or

S epider1Jlidis are commonly used in clean neurosurgical
proced ures in spite ofthe absence of definitive randomized
prospective trials. The review by Haines51 of the best
available data justifies this approach.Effectiveagents that
have been used include combinations of cefazolin and
gentamicin, gentamicin and vancomycin, and vancomy-
cin, penicillin,c!Qxac~li~, or piperacillin as single agents.
Overall wound infechonrates were 4% to 8% without and

a smgleq?se..r;f,:~~p~t~regardmg antiblotic prophylaxlS f~r
c~re~rospma!fl~lq sh1,1:r1t Pfocedur~ are equivocal: An~-

mwhich prosth~tlc m~tega~ are ~erted. "

Biliary TractOperations
Most postoperative infections occur in patients with

posinve hile Cultlires, and most arecaused bygram-
negative organisms. The majorityofwound iruections in
patients with negative hile Cultures' are caused by S aureus;
Postoperative infections with Enterococcus species are not
rafe in patients who receive cephalosporin prophylaxis.
Risk stratification for the likelihoodof positive hile cultures
by established criteria is sometimes used to select patients
for prophylactic antibiotics.66,67 Series reporting the inci-
dence of positive hile cultures fróm low-riskpatientsgive
values ranging fi:o~ 10%' to 50%. ~,69Accordingly, prophy-'
lacticantibioticsare used with9utstratification bymany,
surgeo~.' ;",,'j,,; ,éc ,;

Chol~stectoriiy is among themost common opérations'
p~rfo~ed and hasbee~thesu~jecf9fa numberofantibi-
otIctrialS. PlacebO-controlled tnalShave proved the value:
of cefazolin, and ¿omparative trials have demonstratedthél

tIon.~¿l In addlti~n,toplc~l therapyhas !'een .tested agal~t,
systeri1ican tib iotics a ndcombin~. ~o p~~al.and:syste~~,;

, " .c" c
ies.~ There are no datato'support thepreferentialuse of~;,
expanded s pectrtiril cep ha los porins!A ppió Fria te r'&om 'j¡

Prophylactica~ti?iotics:areai.med p~arily. at oral
anaerobes and aerob~cco~9~esp~Ially streptococCl.56 They
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luü'"ñ~Pró 11' lactic antibodies,a commohI");¡sedas'jor

associaf'éd"Witna hí h incldence'ot"'ósfb' 'eranve'mréétion

¡~&~9~~¡:"f9;
neWfantioi6tics' and straté" "es.¿Thc~iSK~'.bfósfO erative

,dI~~~~~U~i~t!fl'
9%r, fór;"süi1lé aéndicitjS,~,~ Perioeiativea:nti~iotics,"'~-""c,,~'c,," R""pp~""C". , ~., -"-""'C_- E...,"cv;""v"~,,, ,""
reduce the'rate'of woÜifd irifé'ctiorito 1% tó 5%; "'c":'.'

Witf\;':i'ÉiiObic' andjanae:robic""'covera 'e' 'rovid'é effectÍve

ccc '. '"C c' .'c g "é' c"

roiúdaz6le,'although deficierit rnitsspectrum, has been;"1'C c ,; .-'" " ..; " ,
su~~ess~y use~as. a smgleage~t.~3Toplcal. agentshave
also proved effective prophylaXls lar, sImple acute
appendicitis.26 "," c,

Colorectal Operations

Mechanical bowel preparation decreases fecalbulk but
does not alter the concentrationof the orgariisms in the
stool.77 Extensive study of prophylactic antibiotics in col-
orectaloperations has ~elded proponentsof oral (luminal)
and parenteral re~ens. In general, North American sur-
geons focus on luminal prophylactic antibiotics and em-
phasizea reduction in the total number of orgaiúsms po-
tentially available for intraoperative contamination.
Meanwhile,European surgeons mar employonly sys-
temic coverage aimed at ameliorating theconsequences of
any orgaiúsms spilled. Both approaches recognize a high-
er risk of operations involving extraperitonealrectum than
of those limited to fue colon arid agree on several princi-
pIes: (1) mechaiúcal preparationis essential, (2) antimicro-
bialprophylaXisis effective,and (3) gram-positiye aerobes
as well as gram-negative aerobes andanaerobes shoUld be
covered;
.' Clarke et al78 documented reduction oÍ postoperative
infection from A3% Withmechaiúcal bowey preparation
alone to9r.oWith the addition.of tmee ..pr~perative clases
o.fneomycln and erythromycm base m a .large Veterans
Administration Cooperative study. This is the only study
demonstrating a reduction in intra-abdominal infection in
the treatment group. Another investigation showed the
resUlts of antibiotic preparation of thecolon with neomy-
cixi and erytmomycin to be similar toroetroiúdazole and
erYthro~yc.in in ~e~ ofoverall infec~on.~ Ina~~ti-
~~~t~rT~1 mvolvmg morethan 500 pahents, theaddltion
Rfp~r~nteral cephalothin tothe luminal antib~oticsshowed
c~g;~~f~rence.~5.~%"~s!8~):80A repeat ~ft~ la~~er study
deslgn;substitutingcefoXltin for cephalothm,: mdepen-
dently by_tW;o separategroups,~eldedcoriflictingresUlts.

while in theother, its additioriappeared tobeoÍvalue.8J~2
:"*~StU:dies that have foCUsedonc' mechamcal piepa:ration.', c '" ..."" ."" c ..
a»4 parenteral antiblotics have show» efficacyof~yanety

i(){~ingl~ agents orcombinations providilig broad aerobic
impor.,

"""'""""-" 'C,c,"M""""'C',,'"""'~""~'-'~"~'="""""""'" "",."-
Qfiiztteonam-cliÍ\dam 'ciri"or:céfofaxime"á:s a sin le ii' i1t"~!cc,"co c,..,. ,YC"'*'"C" CC,," g C ~

'oéldg!a' similar infectión ráté"ofaboút6%.84.85 " :::7:'

ic iCi:iC, GynecologicOperations'

mybenefit from prophylactic antibiotics. Benefit ismagni-
fied in patients wit~~~k!ai~tors efilq1:J~ocioeConomic ~ta-
~s; extrem~~ of age~ ope~l~! i~!" .dla~etes;.or preceding
~t~entatio~..Postoperati.ve slte infecti~ns mar be
caused by a vanety of aeroblc and anaeroblc orgamsms.C i i
Bacteroides species are usually )he dominant anaerobe.
Singledoses of a váriety of cephalosporins are effective.

C c.c .
Expa~<jed-spt;ct~ cephalosporms represent no benefit
?ve~cefazolinin spiteof.the bacteriology. Use ofcefazolin
m lieu of later-generahon drugs mar also reduce the
selection of ~-lactamase-producingresistant organisms.90

i

Urologic Operations
The principIes of antibiotic prophylaxis for patients un-

dergoing nephrectomy and cystectomy ,vith urinary con-
duit construction are sufficiently similar to those for
abdominal clean contaminated and colorectal operations,
respectively,thatthey donot warrant separate discussion.
Luminal preparation for cystectomy and ileal conduit
should be enhanced with specific coverage of any organ-
ism cultured from the urinary tract. There are, however, no
definitivepublished data.

Abdominal Trauma
Postoperative infections after abdominal trauma vary

with the age of the patient, the organ and number oforgans
injured, and the extent of transfusion required.91 As with
appendicitis, useofantibiotics in pénetrating or blunt ab-
dominal trauma is initiallypresumptive and necessarily
directed at a variety of aerobes and anaerobes.92 Prophy-
lactic therapy is administered only in the Cace of a lapa-
rotomy without injury to a hollow viscus.

A number of antibiotic trials comparing a variety of
expanded-spectrum single agents with aminoglycoside-
based combinations (usually including gentamicin and
clindamycin) show similar efficacy .?1.93-96 Single agents are
as effective as aminoglycoside-based combinations. Ce-
foxitin isusually thestandardwith which othér single
agents are'comparedarid, therefore, represents the antibi-
otic withwhicli the largest experience has been accrued.
Short-duration prophylaxis (12hours) appears as effective
as prolongedcoverage. 97~

ThemanUSCrlpf was: prepared bythe Antimicrobial Agenfs Com-~tlee~f11eSurgi~1 
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