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» Prophylactic administration of antibiotics can decrease
postoperative morbidity, shorten hospitalization, and re-
duce the overall costs attributable to infections. Principles
of prophylaxis include providing effective levels of antibi-
atics in the decisive interval, and, in most instances, limit-
ing the course to intraoperative coverage anly. Use in The
Mational Research Council clean contaminated operations
is appropriate and, in many instances, has been proven
beneficial. Antibiotic prophylaxis is also indicated for clean
operations, such as those involved with insertion of pros-
thetic devices, that are associated with low infection risk
and high rr.i.irf:lldll!jrI Extension of antibiotic prophylaxis to
ather categories of clean wounds should be limited to pa-
tients with two or more risk {actors established by criteria
in the study of the efficacy of nosocomial infection control
(SENIC} because the baseline infection rate in these patients
is high enough to justify their use. Cefazolin (or cefoxitin
when anacrobic 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 may
lead to modification of these recommendations over the
next several years,
(Arch Surg, 1993;128:79-88)

P rophylacticadministration of antibiotics represents their
most common use in surgery. Designed to reduce the
incidence of postoperative infection, antibiotic prophylaxis
may reduce overall costs by avoiding the expenses attribut-
IE‘I|L1 to infections and by ‘hD]l-_Intl:ﬂ hosg um! stav. Haley et
al' have indicated that a surgical wound lil‘Ff_Ltlul'l ]:'!'L‘n]n:l"ﬂ-:
hu-hpit.lhx.':tmn for 1]3}1rﬂn|1‘ntcl}'] week and adds a 10% to
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20% cost to the total hospital bill. Nationwide, the cost of this

excessive hospitalization v«nlq-._l.:, tobe mare than 51,5 billion
per year.® Ehrenkranz et al’ have proposed that antibiotic
prophylaxis for patients u :n.n._r-;_,uu‘L| cesarean section could
result in 2 net national annual sav ing of 5% million for this
category of operation alone.

On the other hand, inappropriate and indiscriminate use
of pmphv].u fic r!:11|1.11ut1u- ma} Imcrease costy thruqﬂh un-
necessary drug use, requisite laboratory mrn‘ntnrlm_,, 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 antibiotic prophylaxis is not a substitute for good
infection comtral practices, apprapriate patient prepara-
tion, ;L,U-:Jd |L|d1.|l'l'lL"]‘|[ an adi quate o ;n;]'a.uu‘ enviromment,
and good technique, Their proper use is not a substitute for
excellent patient care,

This article was developed by the Antimicrobial Agents
Committee and was approved by the Executive Commit-
tee of the Surgical Infection 'fu:-n:uw as a set of guidelines
for selection and use of prophy lactic antibiotics for & surgi-
cal wounds. It does not deal with endescopic operations,
image-direcled percutaneous procedures, or endocarditis
prophylaxis.

DEFINITION OF ANTIMICROBIAL PROPHYLAXIS
FOR SURGICAL WOUNDS

Rigorously defined, prophvlactic antibiotics are those
given to patients before contamination or infection has oc-
curred. A broader, more practical definition includes clin-
ical situabions in which infeclion or contamination 1s
11|1'1::|de present, primary treatment of the infection is sur-
gical, and auticipatory antibiotic administration mainly
serves to minimize poastoperative wound infeclion (eg, pa-
tHents with acule appendicitis or acute cholecystitis). Initial
antibiotic thurap}r is anticipatory, presumptive, or empiric. A
diagnosis of inféction or possible infection has been made
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 given in
a very short course to minimize subsequent wound infec-
tion (prophylactic), For findings of c Ump]n -ated appendici-
bs, continuation of antibiolic therapy is aimed at the
underlying infection and is therapeutic, not prophylactic.
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risk: of; postoperative infection.. The National Kesearci

Couteil (NRC) validated many of thése vari
froduced a wound d on the
intraoperative contamination (Table 2).* This wound clas-
sification scheme has served as the basis for recommend-.

categorization based on the extent of

Table 1.—Factors Associated With Increased Risk
.o -z of Postoperative Infection -

Patient

Factors = 7 e

es of age Long preoperative - Intraoperative e

s 7 hospitalization - contamination
dernutrition _ « " No preoperative . Lengthy operation

LlES o “shower o

-.; Early shaving . Excessive
of site. . electrocautery

sciated problems:, Hair removal Foreign material

iiabetes i:% = i/ Prior antibiotic - Wound drainage
: therapy AT
High hematocrit...
wound fluid:" .
~ Epinephrine woun
injection . "
Intraoperative ~
. hypotension: .
Massive transft -~
Alcohol/ == . 17
tion' hexacnhioropnene
: skin preparation

lypoxemia - - i

thgrjpyf R
_Recent operation:
Chronic e
2 inflan

rradiation.

ficacy of riosocomial infection control (SENIC), identified

four independent and additive risk factors for postopera-

tive wound infection. These factors are operations on the
abdomen, , operations: lasting . for: more. than 2 hours,
contaminated or dirty NRC wound classification, and the.
presence of at least three medical diagnoses.. . ‘
_Table' 3 compares. the infection rates of the various
SENIC and NRC classifications from a population of more
than 59 000 patients. Inspection indicates a wider separa-
tion of risk of infection by the SENIC classification than by-
the NRC classification. Two or more SENIC risk factors
abrogate the value of the NRC classification. Patients with
NRC clean wounds and two or more risk factors have an
infection rate that ranges from 8% to 15% and, thus, qual-

- ify for antibiotic prophylaxis. These patients accounted for

approximately 10% of all clean wounds and about 6% of
the population at large. Thus, consideration of the combi-
nation of NRC classification and the SENIC risk categories
seems appropriate as a guide for administering prophy-
lactic_antibiotics, for directing wound management, and
for conducting in-hospital epidemiologic research.

. This combination is a particularly important consider-
ation because of recent enthusiasm for extending prophy-
lactic antibiotic use to a variety of NRC clean operations
that constitute 50% to 60% of all operations performed.
Recently, Platt et al” proposed benefit from the prophylac-
tic_use of cefonicid. in patients undergoing a variety of
breast operations and in those undergoing inguinal herni-
orrhaphy. Although the numerical trend and the authors’
interpretation favor this position, they have been criticized

National Research Council Wound Classification Criteria*

assification

- ﬁ?‘i“,{,;»{

FHlbnnia ;
FEER o

Elective (not urgent or emergency), primarily closed: no acute inflammation or transection ..

gastrointestinal, oropharyngeal, genitourinary, biliary, or tracheobronchial tracts; no
7 technique break (eg, elective inguinal herniorrhaphy)

ted 10%t

Urgent or g_mergerigy case that is otherwise “clean”; elective, controlled opening of

- gastrointestinal; oropharyngeal, biliary, or tracheobronchial tracts; minimal spillage and/o

- miinor technique break; reoperation via “clea 7
- intact skin; negative exploration {eg, vagotomy, and pyloroplasty) .~ el
(20¢ A(":_dté',"_hdripﬁr'ulép't,ih’ﬂammaﬁon {note absence of purulence); major technique break or
- “major spill from hollow organ; penetrating tratima’ <4 h old; chronic open wounds to be
.- grafted or covered (eg, acute, nonperforated, nongangrenous appendicitis) !

Jirty (40¢

== tracheobronc!

:1. abscess):

Pirulence or abscess; preoperative perforation of gastrbiﬁteétirial,"‘b:ropharyngeal, biliary, or
nchial tracts; penietrating trauma >4 h old {eg, perforated appendicitis with

n” incision within 7 days; blunt trauma,

*Modified from Ann Surg*- < ST

+Wound infection rate after Cruse et al (Arch Strg. 97310 106)
80> Arcﬁ;;Sujrg——\.{ol,tl‘Z‘B, January 19932& - k
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Table 3.—Distribution of Patients and Infections by SENIC Risk Factars
and National Research Council (NRC) Wound Classification®
% Infection by NRC Wound Classification
I 1 SENIC, " of
_SENIC Clean ; SENIC, % of Patients With SENIC, % of Group
Risk Factors Clean  Contaminated Contaminated  Dirty All Patienis Infection With Infection
0 1.1 0.6 NIA NIA 4] 104 14
1 1.9 2.8 4.5 6.7 iz 29 3.6
2 4.4 4.4 8.3 10.9 16 15 8.9
3 158 17.7 11.0 18.8 5 20 172
4 NEA A 219 27 .4 | f 6.7
NRC, % of All
Patients 554 6 2 7 100
NRC, % of
Patients With
Infection 19% 35 4 22 100
NRC, % of
Group With
Infection 2.85 19 B85 12.6 a'd WTa 4.1

*stodified from Haley et al.® SENIC indicates study of the efficacy of nesocomial infection controly and N/A, mutually exclusive criteria. The fal-
lowing are example staterments indicating how 1o read this table: The NRC Clean wounds accounted for 559 (4] of all patients and 39% (#) of all

infected patients. The infe
all patients and T0% () of

n rate for patients with' NRC clezn wounds was 2.9%({8). Fatients with 0 SEXIC risk facters accounted for 46% () of
all infected patients. The infection rate for pationts with 0 SENIC risk faciors was 1% (#). SENIC risk factors include ab-

diminal aperations, operations langer than 2 hours, three or more associated diagnoses, and NRC wound classification Diry or Contaminaled. Pa-

1is

SENIC risk factors,

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 than
reported by others.* Most of the issues have to do with the
nability to stratify risk within the broad group of NRC
clean 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
justified in spite of a theoretically small risk of infection.
MVost of these operations necessitate insertion of prosthet-
¢ materials. Infection in these instances results in either
sreat morbidity or mortality (eg, insertion of cardiac
valves, prosthetic joints,. and prosthetic intravascular
srafts). Similarly, antibiotic prophylaxis is usually used in

lean operations involving the central nervous system and
or those involving cardiopulmonary bypass, whether or
ot a prosthetic device is inserted. Neither the risk factors
‘escribed by Ehrenkranz nor those established by the
SENIC classification have been systematically evaluated in
lese patients with high morbidity and low risk of infec-
ion. It is likely, however, that many manifest two or more
ENIC risk factors. In general, these groups are character-
sed by advanced age (a usual marker of associated med-
al problems) and prolonged operations,

Chaoice of Antibiotics
The choice of an antibiotic for prophylaxis is multifacto-
iL. It depends on the operation to be performed, the or-
ynisms that must be included, the kinetics and toxicilies
* the drug, and its performance in properly designed
inical trials.

ch Surg—Vol 128, January 1993

5 with Contaminated or Dirty wounds cannot have 0 SENIC risk factors. Patients' with Clean or Clean-Comarminated wounds cannot have four

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 inflience pro-
phylactic antibiotic selection, coverage is directed prima-
rily at those organisms that cause postoperative infection,
These flora are usually some, but not all, of the endogenous
organisms encountered. Antimicrobial prophylaxis in op-
erations that do not violate a hollow viscus or mucosa need
to cover only gram-positive skin flora, primarily Slaphylo-
cocens epidermidis and Staphylococeus anrens, Operations in-
volving the gastrointestinal tract, the genitourinary tract,
and the hepatobiliary system, as well as some pulmonary
operations, must cover bath skin flora and additional site-
specific organisms. Operations that feature postoperative
infections with both aerobic and anaerobic flora should use
an inclusive antibiotic regimen. Choosing the most limit-
ed effective spectrum is difficult, but important. Precision
in this effort avoids unnecessarily broad coverage and
minimizes risk for the patient and the environment (over-
growth with opportunistic bacteria and fungi and devel-
opment of resistant strains),

Risk of Antibiotic Toxicity

The potential toxicity of antibiotics represents an im-
portant risk of prophylaxis, The least toxic, effective anti-
biotic regimen should be chosen. Table 4 represents some
important toxicities of commonly used prophylactic anti-
biotics. In general, the cephalosporin group manifests ac-
ceptable toxicities, the majority of which are reversible af-
ter withdrawal of the drug. The most significant and
frightening toxicity, an anaphylactic reaction to a f-lactam
antibiotic' (penicillin, cephalosporin, carbapenem, or

Antimicrobial Prophyfaxis—Page et al - 81
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Table 4.—Taxicities of Antibintics Commonly Used for Prophylaxis

Erythromyein

Vancomycin Red man syndrome

Toxicity
i Linid e
Antihiotic Class Comman Occasional Rare
Penicillins Allergic reactions Hemalylic anemia SpirUres
Rash Drug fever
Anaphylaxis franz)
Diarrhea
{ephalotporing Ihrombaphlebitis Allergic reactions
; Gastroiniestinal symploms Razh 1
Serum sickness al liver enzymes
. Anaphy laxis nephritis
% [Drug fever Interstitial pneumonia
Coagulopathy Pzeudomembranous calitis
Eosinaphilia
Aminoplycoside Mephrotoscity Rash (=
Mausea, vomiting

testinal irritation

Calitis

Mausea, vomiting
Thrombophlebitis
Chitls and fever

Oiiotoxicky

monobactam), can often be avoided by obtaining a careful
history. If the patient reports a history of an immediate
hypersensitivity reaction, an alternate antibiotic should be

selected. Aztreonam, a monobactam antibiotic, does not

cross-react with penicillin antibodies. It. may provide
alternative gram-negative prophylaxis for patients allergic
to penicillin? If gram-positive organisms are the prophy-
lactic target, vancomycin or clindamycin may be consid-
ered. The “red man syndrome” is, however, very common
after the first dose of vancomycin, even when the drug is
administered appropriately.' This syndrome may include
flushing, pruritus, chest pain, muscle spasm, or hypoten-
sion. These symptoms should not be misinterpreted as an
allergic reaction that precludes further use of vancomycin.

Aminoglycosides represent the other end of the toxicity.

spectrum. Nephrotoxicity and ototoxicity, both frequent
with therapeutic courses, are extremely rare as complica-
tions of prophylaxis for 48 hours or less. Nevertheless, the
ototoxicity is irreversible, aminoglycosides are extremely
valuable therapeutic agents, and several errors commonly
made in the use of prophylactic antibiotics (see below) may
significantly increase toxicity. For these reasons, we do not
recommend parenteral aminoglycosides for routine pro-

phylaxis. If no other agent is acceptable, aminoglycosides

must be used in strict compliance with the pharmacoki-
netic and duration considerations enumerated below.

Risk kof :C‘hAéng”ing 'Ecdlf)’gy}

Changesm flora and the development ofr»'résigfant'

strains are possible sequelae of prophylactic antibiotic use.
Many randomized prospective studies have documented
infection with organisms resistant to the antibiotic used,

“especially. with extended prophylaxis: Conte: et al'* sug-

. gested the’ evolution of resistant: organisms in a'study of
‘pa ireceiving a. multidose regimen as an adjunct to

open heart operations. Archer and colleagues'* described

Arch Surg—Vol:128; January. 19

development of multiply resistant strains of S epidermidis
in response to prophylaxis with rifampin, rifampin and
nafcillin, or cefazolin sodium. Furthermore, they docu-
mented colonization of adjacent patients and hospital staff.
Sanders and Sanders* cite potential evolution of “stably
derepressed” B-lactamase-producing mutants as a reason
to limit the use of third-generation cephalosporins for
prophylaxis. Clostridium difficile colonization may compli-
cate prophylaxis, even with a single-dose strategy.”

Pharmacokinetics

Burke’s description of the decisive interval (the first 3
hours after wounding and/or contamination) in experi-
mental animals has been clearly confirmed in clinical
practice.®” To- be maximally effective, the antibiotic
should be present in adequate concentrations at the oper-
ative site as early as possible in the decisive interval and
for as long as the wound is open. If a systemic 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 (blood-
stream) to the tissue compartment (wound). “On call” dos-
ing is no longer acceptable because it may result in premature
administration of the antibiotic regimen and insufficient tissue
concentrations of drug during the decisive interval.’® Initial
dosing depends on the volume of distribution, peak levels,
plasma clearance; protein binding, and bioavailability of
the antibiotic regimen selected. Repeated dosing intraop-
eratively may be necessary depending on the agent used
and the duration of the operation. For agents that are rap-
idly cleared; repeat dosing at an interval two tihes the
plasma half-life is appropriate. Drug administration ac-
cording to these tenets assures appropriate tissue levels of
the antibiotic, a requisite for effective prophylaxis.’?.""."
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Duration

[he shortest effective course of prophylactic antibiatics
hould be used. In many settings, this consists of coverage
tly while the patient is in the operating room. With long
ali-life agents for most operations or with more rapidly
cared drugs for sharter procedures, this may amount to
angle shot” therapy. This approach has the advantages of
st containment, toxicity limitation, and minimal antihi-
le pressure on the environment. Coverage limited to the
iracperative period is one of the most significant recent
'anges in antibiotic prophylaxis and is dramatically dif-
rent from the 24- to 48-hour coverage previously récom-
ended.™ It has proved effective for operations involving
e gastrointestinal tract, for arthopedic operations, and
rcesarean section and gynecologic procedures. It re-
+ins debatable for cardiac procedures® Extending the
urse of antibiotic prophylaxs to “cover” lines, tubes, and
itheters is unwarranted.

Other Considerations
Ldeally, the prophylactc antibioticls) selected should
e been praved effective in randomized, prospective,
d clinical trials. Ad hoc choices, however, are manda-
rv in instances of conflicting allergies or other contrain-
cations to the use of the usual drug, In addition, the reg-
on chosen should be compatible with the findings from
= hospital's infection control wound surveillance repart,
is particularly important for hospitals with a high inci-
nee of infection with methicillin-resistant S aurens
RSA) and /or § epidermidis (MRSE). These isolates are
juent enough in some hospitals to represent the *en-
nic flora” .Lff.?ll-'nl.'ll,-'nr-'.'.: accns and to dictate the basis for the
ice of antistaphvlococeal prophylaxis, While all strains
WMIESA and MESE are resistant to all B-lactams, they are
more vintlent than methicillin-sensitive organisms.
e major risk is 3 to 4 days of ineffective B-lactam ther-
while waiting for microbinlogic identification, The
sence of MRESA and/or MESE as endemic hospital
ca mandates recognition of the problem and the choice
in appropriate (usually more expensive) antibiotic. On
itional level, this trend is likely to recapitulate the de-
apment of penicillin-resistant staphylococel witnessed
he late 19505
e additional condideration in the choice of a prophy-
¢ antibiotic is avoidance of a drug valuable for defin-
z therapy. If a number of d rugs appear equally accept-
- far prophylaxis, one should pick the agent least likely
i used for definftive therapy. This strategy should
Imize selecting organisms resistant to valuahle Hher-
i agents,
Cost
istisappropriately the lastitem considered in the choice
ophylactic antibiotics,. Among otherwise equal antibi-
in the selection criteria mentioned above, the Jeast ex-
e should be chosen. The least expensive is not always
irug with the lowest procurement cost. Total expenses
lothe costs of 1a boratory monitoring, drug administra-
hoth supplies and personnel), adverse effects, and fail-
* prophylaxis (ie, wound infection).

Commaon Errors in Antibiotic Prophylaxis

nmon errers in antibiotic prophylaxis include choos-
e wrong agent, administering the initial dose loo
omitting critical intraoperative doses in long opera-

urg—Yol 128, lanwary 1993

tions, and extending the course for longer than is neces-
sary: All represent failure to adhere to the tenets indicated
above. Perhaps the mast CETEgIuS errors are inappropri-
ale use of valuable therapeutic agents with expanded
spectrum and excessively long-term administration. Indis-
criminate antibiotic use is costly, exposes the patients to
adverse effects, and prometes resistance to the drugs. Re-
cent dala suggest that involvement of clinical pharmacists
in the overall program of antibiotic prophyvlaxis, the use of
computerized reminders, satellite pharmacies, and strong
positions by the professional staff are effective in combat-
ing these errors, 53

Alternate Strategies

While the foregoing considers primarily the strategy of
parenteral prophylaxis lo reduce wound infection, ather
aptions are available. These include topical prophylaxis
and technical approaches,

Tapical prophylaxis has also proved beneficial using an-
tibiotic irrigation or instillation at the time of wound clo-
sure. Canceptually, these techniques provide antibiotics in
very high concentrations at the site of maximum risk early
enough in the decisive interval to be of benefit. Eleven of
I3 prospective clinical trials reported up to 1977 docu-
mented benefit using cither “rionabsorbable” antibiotics
(mainly aminoglycoside/bacitracin combinations) or an
antibiotic likely to be absorbed from the wound (mainly
ampicillin}.® This technique has proved most efficient in
the sbsence of established infection™ Luninal decortami-
mation 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 lo colorectal operations (see below).
Effective regimens include anaerobic and aerobic coverage
and at least one anlibiotic with SOTE 1-'.3.-'-_-'1.5'[11j|: L]\'E]'L‘::_‘l_ Ir-
tuitively, topical, luminal, and systemic therapy should
erhance one another, but this advantage is difficult to sci-
entitically validate in the clinical setting. 2™

Surgical technigue, wound management, and overall
patient care 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. Delaved primary wound cla-
sure- around the fifth postoperative day is a specific tech-
nigue for substantially reducing wound infection.”™ The
use of delayed primary wound closure, in lieu of primary
wound closure, is appropriately app]j._-d 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-
nigque has reduced the incidence of wound infections in
contaminated and dirty wounds to an attack rate lower
than that observed for clean contaminated wounds.

SITE-SPECIFIC CONSIDERATIONS AND
RECOMMENDATIONS
Prophylactic antibiotics for specific sites are discussed
below and summarized in Table 5, These recommenda-
tions are similar to others recently published and are
largely cephalosporin-based.”™ Cefazolin, the standard of
companson, fulfills most of the criteria indicated above, is
riot the drug of first choice for definitive treatment of any
known infection, and is relatively inexpensive. Its half-life,
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Table 5.—Récommendations for Prophylactic Antibiotic Agents by Site

Intravenous Administration
of Antimicrobial Dase*

Operations Racteria
Cardiac: all with sternatomy, Staphylococtus aurdus,
cardiopulmaonany. bypass K s,

diphtherokds, gram-negafive

enterics

Moncardiac vascular: ;

resectinn and prosth

opedic: insertion | of prosthetic - 5§ aoreus S apldermidis

oinly, open operstions

Meunosir RETY S aureus; 5 epidermidis
He
IMVOIVINg the mucous membranss 5 auneus; streptococc)

and deep tssue (see texl)

ad and neck: operations Cral ae

Irmarary Ciral an

Liemeral

and esophageal

treplo
enlefics
flara and

1 T
8 prlerics,

bariatric; ulcer
with H; blockers,

o

Oropharyn
Bran-reg

e Ernte
[a
LPET i i

Enteric aerobes and anaerobes

WCLS 8T

ove plus Preudomonas

operations that open

Enteric aerabes and anaerobes

L o LS 3

€ (ant pir
definithve for complicated

appendicitis)

Cesarean section Enteric aerobes and anae

E fecalis, group B streg

ereclomy Erteric el

A\bdominal trauma Enleric aerobe

Cefazolin (vancamycin) -2 g (1 g slowly) preinduction,
1-2 g every 8. h for 48 h

Cefazalin (vancomycin) I g (1 g slowly) preinduction; 2

postoperalive doses

Cefazolin (vancomycini 1 & (1 g slowly) preinduction

i PR R |

Cefarolin (vancomycin 1 g (1 g slowly) preinduction

Cefarolin 2 g preinduction

Co

olin 1-2 g prondoction

T
LT

Cefazalin =2

hasi i | 1-2 § pre Cihn (pre .i.l!_l\_

el intenval ba

aon drue Kinetics)

XTI OF Cf

Cefazolin T g after umbilical cord Is

Lamped

1 g preindiction

Cefaxin 2 g preindiction

*Parenthetlc text refers to allernate antibiotic or siiuation. Current data suggest repeat dosing for operations lasting longer than the serum halflife

Preinduction indicates in op

approximately 2 hours, is compatible with “single shot”
therapy for shorter operations, but may require repeated
dosing for longer procedures. Except for hospital settings
and operations in which MESA and/or MRSE are a major
concern, it is likely to remain the predominant “standard”
agent for most antimicrobial wound prophylaxis in the
near future. Choice of a later-generation cephalosporin
should be based on some discrete, pra

ictical benefit over
cefazolin, usually a need for anaerobic coverage.

Cardiac Operations

Although the intrinsic risk of infection is considered low
and there are no confirmatory placebo-controlled trials
proving benefit, the use of prophylactic antibiotics is gen-
erally recommended because of the potential consequence
of mediastinitis. Organisms of concern include primarily
skin flora; Most postoperative sternal wound infections are
caused by either S aureus or S epidermidis, while urinary
tract infections and. pneumonias’ are usually caused
by. gram-negative | organisms.. Prophylaxis: is usually
cephalosporin-based: The initial dose is given before the
induction, of anesthesia. Since cardiopulmonary bypass

Adol Arch Sore=—Yol 128 [AnUant 1993

decreases the elimination of the drug, additional intraop-
erative doses may not be necessary for lengthy '.IF)I._'rq'lliklf'l.b
Although recent trends in other settings favor only intra-
operative coverage, the data are not yet conclusive for pa-
tients undergoing cardiac operations.” Antimicrobial ad-
ministration is commonly continued for 48 hours after
operation. The choice of the ¢ ephalosporin used may also
be in evolution. Some have proposed the use of cefa 1-
dole or cefuroxime to achieve better staphylococcal cover-
age.* Others have not been able to duplicate this report-
ed advantage™® MRSA and MRSE represent a serious
problem in some hospitals in spite of a relatively. low
overall rate of infection. In the experience of Gelfand et al,”
resistant skrains accounted for 40% to 50% of the infections
in their cardiac surgery patients. These strains represent
25% of the total isolates of 5 aurens and 50% of the total
isolates of § epidermidis in their hospital. Antibiotic pres-
surg may be responsible for this observation."" Appro-
priate adjustments in prophylactic regimens should be
made in hospitals with a high incidence of MESA and /or
MRESE if the overall rate of infection mandates it. Va
mycin is the drug of choice in this setting.

0D
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Noncardiac Vascular Operations

Like cardiac procedures, 5 aurens and S epidermidis are
the organisms of prime concern. The incidence of infection
is greatly increased when vascular prostheses are required
and about 75% of all infections involve {he BroinH Agp.
tic resectional operations are also at increased risk.® Kai-
ser et al*™ and Pitt et al* have documented the efficacy of
a three-dose course of cefazolin, In addition, Pitt ot al
compared topical, systemic, and combined cephradine in
a placebo-controlled study limited to patients with groin
incisions, Topical therapy was as effective as systemic use
in this group of patients without foot ulcers ar distal open
wounds, There was no demonstrated advantage of com-
bined therapy. Prophylactic antibiotics should not be used
for carotid endarterectomy or brachial arlery repair. There
are insufficient data to provide a firm recommendation for
extra-anatomic cerebrovascular reconstructions.

Orthopedic Operations

The maijority of postoperative infections are caused by
S aurens or § epidermidis. The major problem is that of
prosthetic joint infections, Antibiotics arp justified in these
primary, clean open operations because the maorbidity as-
sociated with infection is so high, although the risk of in-
fection is low.* The high infection rate for some operations
(eg, revisions of total knees, ankle fusions, or total hip re-
visions) justifies their use™ Cefazolin reduces overall
infecHon to less than 3% (vs control of 5% to 15%) and is
the agent of choice becatize of low toxicity, low cost, and
adequate bone, serum, and soft-tissue Jevels® Antibiotic
courses extended bevond 48 hours are of no benefit, and
the trend is toward Intracperative caverage only. %% The
use of antibiotic prophylaxis is also indicated for hip-
fracture operations I Appears unnecessary in open
reduction of low-energy closed fractures.®

Data suggest the benefit of prophylactic antibiotics for
patients with lower extremity amputation, but the studies
are not large enough for definitive recommendations. K.
netic studies and tissue levels depicl adequate concentra-
Hons of penieillins and cephalosporins in bone, serum, and
soft fissue, correlaling somewhat with Iranscutaneous ox-
YBen pressure measurements, %

Neurosurgical Operations

Prophylactic antibiotics directed at 5§ awrens and far
5 epidermidis are commonly used in clean neurosurgical
procedures in spite of the absence of definitive randomized
prospective trials. The review by Haines™ of the best
available data justifies this approach. Effective agents that
have been used include combinations of cefazolin and
gentamicin, gentamicin and vancomycin, and vancomy-
cin, penicillin, cloxacillin, or piperacillin as single agents,
Overall wound infection rates were 4% to 8% withow and
.5% to 2% with antibiotics, Vancomycin was effective in
a single dose.* Data regarding antibiatic prophylaxis for
cerebrospinal fluid shunt procedures are equivocal. Anti-
biotic coverage is commonly used as in other operations in
which prosthetic materials are inserted,

Head and Neck Operations

Prophylactic antibiotics are aimed primarily at oral
anaerobes and aerobic cocci, especially streptococei ™ They
reduce the incidence of severe wound infections by about
50% .5 Both penicillin- and cephalosporin-hased prophy-
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laxis appear effective Specific operations with reduced
infection rates from prophylaxis include orthognathic
procedures, craniofacial revisions, maxillofacial fracture
corrections, and major resections and reconstructions {hat
invalve the mucous membranes and deep tissue. Prophy-
laxis is not indicated for dontoalvealar procedures, except
for immunosuppressed patients.® A roview af 192 NRC
clean head and neck operations failed to yield any signif-
icant benelit of perioperative antibiotics, but the sample
size was too small to detect small, but possibly real,
dilferences,™

General Thoracic Operations

The available information indicating the value of pro-
phylactic antibiotics for elective general thoracic opera-
tions precludes firm recommendations, The yse of pra-
phylactic antibiotics is standard practice. A variely of
gram-negative and gram-positive organisms must be con-
sidered. Most of the data are dominated by pulmonary re-
section for lung cancer. The study by Tves at al® provides
the best data for the efficacy of antibiolic prophylaxis.
Comparative trials evaluating four doses of penicillin vs
cefuroxime or comparing one vs six doses of cefazolin have
shown ne difference in outcome. "2

Gastroduodenal Operations

The bacteriologic condition of the stomach is a function
of gastric acidity. Conditions that decrease gastric acidity
remarkably increase gastric flora (primarily with nasopha-
ryngeal aerobes) and increase the inddence of post-
operative wound infection® The overall incidence of
gastroduodenal operations has decreased since the intro-
duction of appropriate concepts of antibiotic prophylaxis.
Most procedures are now either bariatric, for cancer, or for
complicated uleer disease, Virtually all in the latter two
groups lhave been treated with acid-reducing agents.
Reports substantiate the value of cephalosporins and the
applicability of single-dose prophylaxis when measured
by clinical outcome and by antibiotic concentrations in
blood, gastric mucosa, and subcutaneous tissye 545

Biliary Tract Operations

Most postoperative infections occur in patients with
positive bile cultures, and most are caused by aram-
negative organisms, The majority of wound infections in
patients with negative bile cultures are caused by 5 anreus.
Postoperative infections with Firterococcus species are not
rare in patienis who receive cephalosporin prophylaxis.
Risk stratification for the likelihood of positive bile cultures
by established criteria is sometimes used to select patienis
for prophylactic antibiotics.**" Serjes reporting the inci-
dence of positive bile cultures from low-risk patients give
values ranging from 10% to 50%, 5 Accordingly, prophy-
lactic anlibiotics are used without stratification by many
SUrgeons,

Chelecystectomy is ameng the most common operations
performed and has been the subject of a number of anlibi-
olic trials. Placebo-controlled trials have proved the value
of cefazolin, and comparative irials have demonstrated the
applicability of coverage limited to the time of opera-
tion. ™" In addition, topical therapy has been tested against
systemic antibiotics and combined topical and systemic
antibiotics and has shawn “no difference” in small stad-
ies. There are no data to support the preferential use of
expanded spectrum cephalosporins, Appropriale recom-
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mendations for laparoscopic cholecystectomy are in evo-
lution, Prophylactic antibodies are commuonly used as for
open chelecystectomy,

Appendectomy

Because it is a commion problem and operation may be
associated with a high incidence of postoperative infection,
appendectomy has been used as a “proving ground” for
new antibiotics and strategies. The risk of postoperative
fnfection is a function of technical features of the operation
and the state of the appendix. In placebo-controlled trials,
the “no antibiotic” wound infection rales range from 4% lo
9% for simple appendicitis.*” Perioperative antibiolics
reduce the rate of wound infection to 1% to 5%.

Dl'ganfsmﬁ af concern are primarily Bacterofdes species,
Escherichia cofi, Klehsiglla, and Enterobacter. Many regimens
with aerobic and anaerobic coverage provide effective
prophylaxis. Cefoxitin has been the subject of several
studies and is effective in a short-course regimen.’*™ Met-
ronidazole, although deficient in its spectrum, has been
successfully used as a single agent.™ Topical agents have
alsa proved effective prophylaxis for simple acute
appendicitis.™

Colorectal Operations

Mechanical bowel preparation decreases fecal bulk but
does not alter the concentration of the organisms in the
stool” Extensive study of prophylactic antibiotics in col-
orectal operations has yielded proponents of oral (fluminal)
and parenteral regimens. [n general, North American sur-
geons focus en luminal prophylactic antibiotics and em-
phasize a reduction in the total number of organisms po-
tentially available for intraoperative contamination.
Meanwhile, Furopean surgeons may employ only sys-
temic coverage aimed at ameliorating the consequences of
any organisms spilled. Both approaches recognize a high-
er risk of aperations involving extraperitoneal rechum than
of those limited to the colon and agree on several princi-
ples: (1) mechanical preparation is essential, (2) antimicro-
bial prophylaxis is effective, and (3) gram-positive aerobes
as well as gram-negative acrobes and anaerobes should be
covered,

Clarke et al™ documented teduction of postaperative
infection from 43% with mechanical bowel preparalion
alone to 9% with the addition of three preoperative doses
of neomycin and erythromycin base in 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 the colon with neomy-
cin and erythromycin to be similar to metronidazole and
erythromycin in terms of overall infection.™ In a multi-
center trial involving more than 500 patients, the addition
of parenteral cephalathin to the luminal antibiotics showid
no difference (5.7% vs 7.8%).% A repeat of (his latter study
design substituting cefoxitin for cephalothin, indepen-
dently by two separate groups, vielded conflicting results.
In one center, parenteral cefoxitin made no difference,
while in the other, its addition appeared to be of value,'*

Studies that have focused on mechanical preparation
and parenteral antibiotics have shown efficacy of a variety
of single agents or combinations providing broad aercbic
and anaerobic coverage. Gram-positive coverage is impor-
tant.® Infection rates range from 6% to 20%. A combination
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of artreonam-clindamycin or cefataxime as a single agent

yields a similar infection rate of about 6%.9

Cesarean Seclion
A review of 58 controlled clinical trials of prophylactic
anlibiotics in cesarean section showed a 50% to 705
reduction in fnfection {wound and endometritis), with
concomitant cost savings.™ A variety of different agents,
including piperacillin and a number of cephalasporins
given after the cord is clamped, have proved effective.”
Single-dose cefazalin is equivalent to cefotetan.® Antibiot-
ic failure is predicted by recovering resistant organisms
{usually Enterococcus species in cephalosporin-treated pa-

tients) from the upper genital tract,™

Gynecologic Operations

Patients undergoing vaginal and abdominal hysterecto-
my benefit from prophylactic antibiotics. Benefit is magni-
fied in patients with risk factors of low socioecononiic sta-
hs; extremes of age, obesily, or diabetes; or preceding
instrumentation, Postoperative site infections may be
caused by a variety of aerabic and anaercbic organisms,
Bacteroides species are usually the dominant anaerobe.
Single doses of a variety of cephalosparing are effective.
Expanded-spectrum cephalosporing represent no benefit
over cefazolin in spite of the bacteriology. Use of cefazolin
in lieu of later-generation drugs may also reduce the
selection of B-lactamase—producing resistant organisms,™

Urologic Operations

The principles of antibiotic prophylaxis [or patients un-
dergoing nephrectomy and cvstectomy with urinary con-
duit construction are sufficiently similar to those for
abdominal clean contaminated and colorectal operations,
respectively, that they do not warrant separate discussion.
Luminal preparation for cystectomy and ileal conduit
should be enhanced with sperific coverage of any argan-
ism cultured [rom the urinary tract. There are, however, no
definitive published data,

Abdominal Trauma

Postoperative infections after abdominal trauma vary
with the age of the patient, the organ and number of organs
injured, and the extent of transfusion reguired.” As with
appendicitis, use of antibiotics in penetraling or Elunt ab-
dominal trauma is initially presumptive and necessarily
directed at a variety of aerobes and anaerobes.™ Prophy-
lactic therapy is administered only in the face of a lapa-
rotomy wilhoul injury to a hollow viscus,

A number of antibiotic {rials comparing a variety ol
expanded-spectrum single agents with aminoglycoside-
based combinations (usually including gentamicin and
clindamycin) show similar elficacy.”*** Single agents are
as effective as aminoglycoside-based combinations. Ce-
foxitin is usually the standard with which other single
agents are compared and, therefore, represents the anlibi-
alic with which the largest experience has been accrued.
Short-duration prophylaxis (12 hours) appears as effective
as prolonged coverage. ™™

The manuscripl was prepared by the Arntimicrobial Apents Com-
mittee of the Surgical Infection Society.
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