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bstract

In January 2003, leadership of the Medicare National Surgical Infection Prevention Project hosted the Surgical Infection Prevention
uideline Writers Workgroup meeting. The objectives were to review areas of agreement among the published guidelines for surgical

ntimicrobial prophylaxis, to address inconsistencies, and to discuss issues not currently addressed. The participants included authors from
ost of the published North American guidelines for antimicrobial prophylaxis and several specialty colleges. The workgroup reviewed

urrently published guidelines for antimicrobial prophylaxis. Nominal group process was used to draft a consensus paper that was widely
irculated for comment. The consensus positions of the workgroup include that infusion of the first antimicrobial dose should begin within
0 minutes before surgical incision and that prophylactic antimicrobial agents should be discontinued within 24 hours of the end of surgery.
his advisory statement provides an overview of other issues related to antimicrobial prophylaxis including specific suggestions regarding
ntimicrobial selection.
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urgical site infections (SSIs) are the second most common
ause of nosocomial infections [1,2]. Up to 2% to 5% of
atients undergoing clean extra-abdominal operations and
p to 20% undergoing intra-abdominal operations will de-
elop an SSI [3, Available at: http://www.ahrq.gov/clinic/
tsafety/pdf/ptsafety.pdf. Accessed: December 8, 2003].
he Centers for Disease Control and Prevention (CDC)
stimates that approximately 500,000 SSIs occur annually
n the United States [4]. Patients who develop SSIs are up to
0% more likely to spend time in an intensive care unit, five
imes more likely to be readmitted to the hospital, and to
ave twice the mortality rate compared with patients with-
ut an SSI [5]. Health care costs are substantially increased
n patients who develop SSIs [1,5–8].

In August 2002, the Centers for Medicare and Medicaid
ervices (CMS) and the CDC implemented the National
urgical Infection Prevention (SIP) Project [9]. The goal of

This article is being reprinted with permission from The University of
hicago Press. Original citation: Bratzler DW, Houck PM. Antimicrobial
rophylaxis for surgery: an advisory statement from the National Surgical
nfection Prevention Project. Clin Infect Dis 2004;38:1706–1715.

* Corresponding author. Tel.: �1-405-840-2891; fax: �1- 405-840-
343.
E-mail address: dbratzler@okqio.sdps.org

002-9610/05/$ – see front matter
oi:10.1016/j.amjsurg.2005.01.015
he project is to decrease the morbidity and mortality asso-
iated with postoperative SSIs by promoting appropriate
election and timing of administration of prophylactic anti-
icrobial agents. A panel of experts in surgical infection

revention, hospital infection control, and epidemiology
eveloped 3 performance measures for national surveillance
nd quality improvement [9]. These measures are as fol-
ows: (1) the proportion of patients who have parenteral
ntimicrobial prophylaxis initiated within 1 hour before the
ncision; (2) the proportion of patients who are given a
rophylactic antimicrobial agent that is consistent with cur-
ently published guidelines; and (3) the proportion of pa-
ients whose prophylactic antimicrobial is discontinued
ithin 24 hours of the end of surgery. For the purposes of
ational surveillance, the project focuses on operations
ommonly performed on Medicare patients and for whom
here is no controversy about the need for antimicrobial
rophylaxis. These include coronary artery bypass grafting;
ther open-chest cardiac surgery (excluding transplant sur-
ery); vascular surgery including aneurysm repair, throm-
oendarterectomy, and vein bypass; general abdominal
olorectal surgery; hip and knee arthroplasty (excluding
evisions); and abdominal and vaginal hysterectomy [9].
Several guidelines for antimicrobial prophylaxis in sur-
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ery have been published [10–16]. Although there is con-
iderable agreement in recommendations for antimicrobial
election and timing (Table 1), inconsistencies exist, and
everal important issues are not addressed. In January 2003,
eadership of the National SIP Project hosted a meeting of
he Surgical Infection Prevention Guideline Writers Work-
roup (Appendix). Authors from most of the North Amer-
can guidelines and representatives of several additional
pecialty societies interested in surgical infection prevention

able 1
ummary of published guidelines on antimicrobial prophylaxis for operat
urgical Infection Prevention Project [9]

Operations Prophylactic antibiotic recommendation*

ardiothoracic surgery Cefazolin†, ‡, §, ¶, #
Cefuroxime§, �, ¶
Cefamandole§

If �-lactam allergy:
vancomycin†, ‡, §, �, ¶
clindamycin#

ascular surgery Cefazolin†, ‡, §, �, ¶
Cefuroxime¶
If �-lactam allergy:

Vancomycin†, ‡, §, �, ¶, #
Vancomycin with or without gentamicin§
Clindamycin#

olon surgery Oral:
Neomycin plus erythromycin base†, ‡, §,
Neomycin plus metronidazole¶

Parenteral:
Cefoxitin or cefotetan†, ‡, §, �, ¶
Cefazolin plus metronidazole�, ¶

ip or knee
arthroplasty

Cefazolin†, ‡, §, �, ¶
Cefuroxime¶
If �-lactam allergy:

Vancomycin†, ‡, §, �, ¶
Clindamycin#

aginal or abdominal
hysterectomy

Cefazolin†, ‡, §, �, ¶, ††
Cefotetan§, �, ¶, ††
Cefoxitin§, �, ¶, ††
Cefuroxime¶

ACOG � American College of Obstetricians and Gynecologists; ASHP �
ontrol Practices Advisory Committee; SIP � Surgical Infection Prevent
* The antibiotics in this column are currently used to assess quality of ca

rophylactic antimicrobials consistent with current recommendations in th
† Surgical Infection Society Antimicrobial Agents Committee [10].
‡ Infectious Diseases Society of America Quality Standards Subcommi
§ ASHP Commission on Therapeutics [12].
� Medical Letter on Drugs and Therapeutics [14].
¶ The Sanford Guide to Antimicrobial Therapy, 2003 [16].
# HICPAC [13] recommends either clindamycin or vancomycin as alte

ephalosporin because of �-lactam allergy.
** The ASHP recommendation for duration of prophylaxis for cardiothor

or 24 hours may be appropriate [12].
†† ACOG Committee on Practice Bulletins [15].
ttended. The objectives of the meeting were to review areas b
f agreement, to address issues of inconsistency, and to
iscuss issues not currently addressed in published guide-
ines.

This advisory statement summarizes the workgroup’s
eeting and subsequent discussions, provides an overview

f current guidelines on antimicrobial prophylaxis, and pro-
ides expert consensus on issues that are inconsistent or not
ddressed in the guidelines. Specific recommendations re-
arding the national performance measures and antimicro-

geted for surveillance in the National

Comments

Most of the guidelines agree that duration of prophylaxis for cardiac
surgery should not exceed 24 hours. The ASHP suggests
continuation of prophylaxis for cardiothoracic surgery for up to
72 hours; however, the authors suggest that prophylaxis for �24
hours may be appropriate.§,**

Cefamandole is not available in the United States.

Currently, none of the guidelines address antimicrobial prophylaxis
for those patients with documented �-lactam allergy.

Cefmetazole is not available in the United States.†,§

Although a recent study indicates that the combination of oral
prophylaxis with parenteral antimicrobial prophylaxis may result
in lower wound infection rates, this is not specified in any of the
published guidelines [86].

Although not addressed in any of the published guidelines, the
workgroup recommends that the prophylactic antimicrobial be
completely infused before inflation of a tourniquet.

Cefuroxime is recommended for patients undergoing total hip
arthroplasty.

Metronidazole monotherapy is recommended in the ACOG
Practice Bulletin as an alternative to cephalosporin prophylaxis for

patients undergoing hysterectomy††

Trovafloxacin, while still available in the United States, is
recommended on a limited basis only.¶

ican Society of Health-System Pharmacists; HICPAC � Hospital Infection

e national performance measure on the proportion of patients who receive
nal SIP Project.

the Clinical Affairs Committee [11].

for gram- positive bacterial coverage if a patient is unable to receive a

gery was based on expert opinion, and the authors suggest that prophylaxis
ions tar

�, ¶

Amer
ion.
re on th
e Natio

ttee of

rnatives

acic sur
ial prophylaxis for operations targeted in the National SIP
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roject are discussed. This article is not meant to be an
xhaustive review of the literature of antimicrobial prophy-
axis for surgery because published guidelines provide such
eviews, and the workgroup discussions were generally lim-
ted to operations being evaluated in the national project.

eneral Recommendations

iming of antimicrobial first dose

The goal of antimicrobial prophylaxis is to achieve se-
um and tissue drug levels for the duration of the operation
hat exceed the minimum inhibitory concentration for or-
anisms likely to be encountered during the operation. As
arly as 1961, Burke [17] demonstrated that experimental
ncisions contaminated with Staphylococcus aureus could
ot be distinguished from incisions that had not been con-
aminated when antimicrobial agents were administered be-
ore the incision. He found that antimicrobial agents were
ffective in decreasing lesion size if administered no later
han 3 hours after bacterial contamination was introduced.
n 1969, Polk and Lopez-Mayor [18] reported a randomized
rial of antimicrobial prophylaxis in patients undergoing
lective gastrointestinal tract surgery that demonstrated a
ignificant decrease in the frequency of wound and intra-
bdominal sepsis among treated patients. In 1976, Stone et
l [19] demonstrated the lowest SSI rates in patients under-
oing gastrointestinal, biliary, and colon operations when
ntimicrobial agents were administered within 1 hour before
ncision. Administration of first antimicrobial dose after
urgery resulted in SSI rates almost identical to those in
atients who did not receive prophylaxis [19]. Ideally, the
ntimicrobial agent should be administered as near to the
ncision time as possible to achieve low SSI rates [17–25].
ased on published evidence, the workgroup endorsed the
ational performance measure that infusion of the first an-
imicrobial dose should begin within 60 minutes before
ncision. However, when a fluoroquinolone or vancomycin
s indicated, the infusion should begin within 120 minutes
efore incision to prevent antibiotic-associated reactions.
lthough research has demonstrated that administration of

he antimicrobial agent at the time of anesthesia induction is
afe and results in adequate serum and tissue drug levels at
he time of incision, there was no consensus that the infu-
ion must be complete before incision. Whenever a proxi-
al tourniquet is required, however, the entire antimicrobial

ose should be administered before the tourniquet is in-
ated.

uration of antimicrobial prophylaxis

The majority of published evidence demonstrates that
ntimicrobial prophylaxis after wound closure is unneces-
ary, and most studies comparing single- with multiple-dose
rophylaxis have not shown benefit of additional doses

3,10–14,26–28]. Prolonged use of prophylactic antimicro- a
ial agents is associated with emergence of resistant bacte-
ial strains [29–31]. For the majority of operations being
valuated in the National SIP Project, the guidelines cited in
his article recommend that prophylaxis end within 24 hours
fter the operation. The one exception is the preferred reg-
men of antimicrobial prophylaxis for cardiothoracic sur-
ery recommended by the American Society of Health-
ystem Pharmacists (ASHP). It includes continuation of
rophylaxis for up to 72 hours [12]. This ASHP recommen-
ation was based on expert opinion, and the authors suggest
hat prophylaxis for �24 hours may be appropriate [12].
ased on published evidence, the workgroup endorsed the
ational performance measure that prophylactic antimicro-
ial agents should be discontinued within 24 hours of the
nd of surgery.

eta-Lactam Allergy

creening for allergy

Although many patients have documented drug allergies
n their medical records, symptoms or circumstances of
hese are rarely documented. Several studies have demon-
trated that the incidence of true drug “allergy” is lower than
hat recorded in medical records [32–34]. Because beta-
actam antimicrobial agents often represent agents of choice
or prophylaxis, the medical history should be adequate to
etermine if the patient likely had a true allergy (eg, urti-
aria, pruritus, angioedema, bronchospasm, hypotension, or
rrhythmia) or serious adverse drug reaction (eg, drug-
nduced hypersensitivity syndrome, drug fever, or toxic
pidermal necrolysis) [35].

In operations for which cephalosporins represent appro-
riate prophylaxis, alternate antimicrobial agents should be
iven to those with a high likelihood of past serious adverse
eaction or allergy based on patient history or diagnostic
ests such as skin testing. However, the incidence of adverse
eactions to cephalosporins in patients with reported peni-
illin allergy is rare, and penicillin skin tests do not predict
he likelihood of allergic reactions to cephalosporins in
atients reporting penicillin allergy. Practical approaches to
atients with a history of antibiotic allergy have been pre-
iously published [35–37].

ntimicrobial choice for beta-lactam allergy

Recommendations for confirmed beta-lactam allergy are
rovided in the discussion of specific operations that follow.
n operations where prophylaxis is directed primarily at
ram-positive cocci—such as orthopedic operations with
oint replacement; cardiothoracic operations; or general,
ascular, and neurosurgical operations with implants—al-
ernatives to cephalosporins for beta-lactam allergy are van-
omycin and clindamycin [13]. The decision to use vanco-
ycin or clindamycin should involve examination of local
ntimicrobial resistance patterns and institutional incidence



o
fi
m
p
e

M

m
r
i
p
c
t
p
M
z
p
d
c
2
H
o
P
l
s
c
i
o
o
f
L
w

c
f
o
t
c
b
a
[

L

f
b
t
H
n
t
p
s
n

p
f

o
i
c
d

A

b
a
w
r
t
m
p
c
c
p
p
t
u
h
t
5
t
m

N

p
a
f
d
e
c
d
a
r

S

d
t
l
a
n
d
s

398 D.W. Bratzler and P.M. Houck / The American Journal of Surgery 189 (2005) 395–404
f infections caused by organisms such as Clostridium dif-
cile and Staphylococcus epidermidis [38]. Based on anti-
icrobial spectrum, vancomycin and clindamycin are ap-

ropriate alternatives to beta-lactams, although few data
xist to support the use of either for routine prophylaxis.

ethicillin-Resistant Staphylococcus aureus

The Hospital Infection Control Practices Advisory Com-
ittee guideline suggests that “high” levels of methicillin-

esistant Staphylococcus aureus (MRSA) infection in an
nstitution should influence the use of vancomycin for pro-
hylaxis [13]. However, there is no consensus about what
onstitutes high levels of methicillin resistance. In addition,
here is no evidence that routine use of vancomycin for
rophylaxis in institutions with perceived high rates of
RSA will decrease SSIs more than agents such as cefa-

olin. In a study of cardiac surgery in an institution with a
erceived high rate of MRSA, Finkelstein et al [39] ran-
omized 885 patients to prophylaxis with cefazolin or van-
omycin. There was no difference in SSI rates between the
groups (9.0% cefazolin vs. 9.5% vancomycin, P � .8).
owever, patients who received cefazolin and later devel-
ped an SSI were more likely to be infected with MRSA.
atients who developed an SSI after vancomycin prophy-

axis were more likely to be infected with methicillin-sen-
itive Staphylococcus aureus. The choice of antimicrobial
hanged the flora of infections that occurred but did not alter
nfection rates. Similarly, Manian et al [40] recently dem-
nstrated that 2 postoperative factors (postoperative antibi-
tic treatment �1 day and discharge to a long-term care
acility) were associated with development of MRSA SSIs.
ack of vancomycin use for prophylaxis was not associated
ith risk of MRSA SSI [40].
For patients with known MRSA colonization, vancomy-

in should be considered the appropriate antimicrobial agent
or prophylaxis. The Society for Healthcare Epidemiology
f America recently recommended routine surveillance cul-
ures at the time of admission for patients at high-risk for
arriage of MRSA [41]. Rates of MRSA colonization may
e greater in patients who have previously spent �5 days in
n institutional setting including long-term or acute care
41–44].

imitation of Additional Agents

The goal of antimicrobial prophylaxis is to prevent in-
ection of the wound with the most probable organisms to
e encountered for that type of operation. For most opera-
ions, a single antimicrobial is sufficient to prevent SSIs.
owever, there may be cases where an unlikely contami-
ant is present or suspected (eg, there is coexisting infec-
ion) in which additional coverage is necessary. For clean
rocedures, it is recommended to treat or remove other
ources of infection before an elective operation [13]. If it is

ot possible to postpone the operation, antimicrobial pro- s
hylaxis specific for the suspected bacteria and appropriate
or the surgical site is recommended.

Intranasal mupirocin has been studied in a variety of
perations to evaluate impact on SSIs. Although the use of
ntranasal mupirocin has been effective at decreasing nasal
arriage of Staphylococcus aureus, the majority of studies
o not demonstrate a decrease in SSI rates [45–47].

ntimicrobial Dosing

Limited published data exist on appropriate antimicro-
ial dosing for prophylaxis. The drug should be given in an
dequate dose based on patient weight, adjusted dosing
eight, or body mass index, and administration should be

epeated intraoperatively if the operation is still continuing
wo half-lives after the first dose to ensure adequate anti-
icrobial levels until wound closure. In a study of obese

atients undergoing gastroplasty, blood and tissues levels of
efazolin were consistently below the minimum inhibitory
oncentration for gram-positive and -negative organisms in
atients who received a 1-g dose before surgery [48]. Those
atients receiving 2 g cefazolin had a lower incidence of SSI
han those receiving a 1-g dose [48]. Studies of patients
ndergoing gastrointestinal, biliary, and cardiac operations
ave demonstrated that repeat dosing of short–half-life an-
imicrobial agents is associated with lower SSI rates [49–
1]. Suggested initial dose, infusion time, and time
o redosing for commonly recommended prophylactic anti-
icrobial agents are summarized in Table 2.

onantimicrobial Methods of Preventing Infection

Recent data suggest that attention to intraoperative tem-
erature control and supplemental oxygen administration,
long with aggressive fluid resuscitation, may decrease in-
ection rates [52–55]. Additional research is required before
efinitive recommendations can be made [56]. Considerable
vidence exists that aggressive perioperative blood sugar
ontrol with intravenous insulin in patients undergoing car-
iac operations decreases SSI rates [57–59]. The risk of SSI
ppears to be related to the presence of hyperglycemia
ather than to a diagnosis of diabetes mellitus.

pecific Antimicrobial Recommendations

Published evidence exists to support the use of many
ifferent prophylactic antimicrobial regimens other than
hose included in this advisory statement or existing guide-
ines. However, factors such as cost, half-life, safety, and
ntimicrobial resistance favor the use of older, relatively
arrow-spectrum agents. The use of newer, broad-spectrum
rugs, ie, frontline therapeutic agents, should be avoided in
urgical prophylaxis to decrease emergence of bacterial

trains that are resistant to these antimicrobial agents.
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ynecologic and obstetric surgery

For abdominal or vaginal hysterectomy, cefotetan is pre-
erred, but reasonable alternatives are cefazolin or cefoxitin
10–12,14–16,60]. Metronidazole monotherapy is included in
he American College of Obstetricians and Gynecologist’s
ractice Bulletin as an alternative for patients undergoing hys-

erectomy, although it may be less effective as a single agent
or prophylaxis [15]. In cases of beta-lactam allergy, the work-
roup recommends the use of 1, of the following regimens:
lindamycin combined with gentamicin, aztreonam, or cipro-
oxacin; metronidazole combined with gentamicin or cipro-
oxacin; or clindamycin monotherapy. Levofloxacin, 750 mg,

able 2
uggested initial dose and time to redosing for antimicrobials commonly

Antimicrobial Half-life
normal renal
function (h)

Half-life end-
stage renal
disease (h)

Recomm
infusion ti

ztreonam 1.5–2 6 3–5‡
iprofloxacin 3.5–5 5–9 60
efazolin 1.2–2.5 40–70 3–5‡

15–60§

efuroxime 1–2 15–22 3–5‡
15–60§

efamandole 0.5–2.1 12.3–18� 3–5‡
15–60§

efoxitin 0.5–1.1 6.5–23 3–5‡
15–60§

efotetan 2.8–4.6 13–25 3–5‡
20–60§

lindamycin 2–5.1 3.5–5.0¶ 10–60
(Do not ex

mg/min
rythromycin base 0.8–3 5–6 NA

entamicin 2–3 50–70 30–60
eomycin 2–3 hours (3%

absorbed
under
normal
gastrointestinal
conditions)

12–�24 NA

etronidazole 6–14 7–21 no change 30–60

ancomycin 4–6 44.1–406.4 (Clcr

�10 mL/min)
1 g �60 m

longer i
time if d
�1 g)

DW � dosing weight; IBW � ideal body weight; NA � not applicabl
* Weight-based doses are primarily from published pediatric recommen
† For procedures of long duration, antimicrobials should be redosed at

alculated for patients with normal renal function.
‡ Dose injected directly into vein or running intravenous fluids.
§ Intermittent intravenous infusion.
� In patients with a serum creatinine 5 to 9 mg/dL.
¶ The half-life of clindamycin is the same or slightly increased in patient
# If the patient’s weight is 30% above their ideal body weight, dosing w
iven once can be substituted for ciprofloxacin. e
Patients undergoing cesarean section can be divided into
ow- and high-risk groups for postoperative infection [61].
igh-risk patients include cesarean deliveries after rupture
f the membranes, onset of labor, or both, and patients who
ndergo emergency operations for which preoperative
leansing may have been inadequate. Although antimicro-
ial prophylaxis is recommended for both risk groups, the
enefits are greatest for high-risk patients. A narrow-spec-
rum antimicrobial regime similar to that recommended for
ysterectomy provides adequate prophylaxis [62,63]. In the
nited States, the antimicrobial is usually not administered
ntil the umbilical cord is clamped. Although there is no

r surgical prophylaxis [88–90]

n)
Standard

intravenous dose
(g)

Weight-based dose
recommendation* (mg)

Recommended
redosing

interval† (h)

1–2 Maximum 2 g (adults) 3–5
400 mg 400 mg 4–10

1–2 20–30 mg/kg 2–5
1 g � 80 kg 2 g � 80 kg
2 g � 80 kg

1.5 50 mg/kg 3–4

1 3–4

1–2 20–40 mg/kg 2–3

1–2 20–40 mg/kg 3–6

600–900 mg �10 kg: at least 37.5 mg 3–6
0 �10 kg: 3–6 mg/kg

1 g orally 19,
18, 9 h before
surgery

9–13 mg/kg NA

1.5 mg/kg# See footnote# 3–6
1 gm orally 19,
18, 9 h before
surgery

20 mg/kg NA

0.5–1 15 mg/kg (adult) 7.5
mg/kg on subsequent
doses

6–8

1.0 10–15 mg/kg (adult) 6–12

.
s of 1 to 2 times the half-life of the drug. The intervals in the table were

nd-stage renal disease compared with patients with normal renal function.
n be determined as follows: DW � IBW � 0.4 (total body weight-IBW).
used fo

ended
me (mi

ceed 3
)

in (use
nfusion
ose

e.
dations
interval

s with e
vidence to support the delay in administration, it is standard
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ractice and is preferred by neonatologists because of concern
f masking septic manifestations in the neonate [64].

rthopedic total joint (hip and knee) arthroplasty

The preferred antimicrobial for prophylaxis in patients
ndergoing hip or knee arthroplasty is either cefazolin or
efuroxime [10–12,14,16]. Vancomycin or clindamycin
ay be used in patients with serious allergy or adverse

eactions to beta-lactam agents. Several studies comparing
hort- versus long-duration antimicrobial prophylaxis for
otal joint arthroplasty have shown no advantage to pro-
onged prophylaxis [3,65–70]. The workgroup recommends
hat antimicrobial prophylaxis be discontinued within 24
ours after the end of the operation [3,10–12,14,16,65–70].
f a proximal tourniquet is used, the antimicrobial should be
ompletely infused before inflation.

There is no evidence that continuing antimicrobial agents
ntil all catheters and drains are removed will lower infec-
ion rates. However, the use of drains has been associated
ith numerous complications including infection, drain re-

ention, and soft tissue problems [71–73]. The necessity of
rains for total joint arthroplasty is controversial [72–80]. With
ime, there is increased bacterial colonization of the drain tip
nd migration of skin organisms into the wound [81–83].

Despite the potential benefits of antibiotic-impregnated
one cement for joint arthroplasty, controversies remain
egarding its use. There are no established guidelines for use
f these agents for prophylaxis. Commercially available,
reblended antibiotic bone cements are indicated only for
se in the second stage of a 2-stage revision for total joint
rthroplasty after elimination of active infection. These
roducts are not currently approved for prophylaxis.

ardiothoracic and vascular surgery

The recommended antimicrobial agents for cardiotho-
acic and vascular operations include cefazolin or cefu-
oxime [10–12,14,16]. For patients with serious allergy or
dverse reaction to beta-lactam agents, vancomycin is ap-
ropriate, and clindamycin may be an acceptable alternative
13]. The workgroup acknowledged the concern of some
ardiovascular surgeons about discontinuing the antimicro-
ial before all invasive lines and drains are removed. Al-
hough a number of studies have found no advantage of
ong- over short-duration prophylaxis during cardiothoracic
urgery, the consequences of deep sternal infections or in-
ected prostheses are devastating. Longer-duration prophy-
axis has been associated with higher rates of resistant
rganisms when SSI occurs [29]. The consensus of the
orkgroup is that prophylaxis lasting �24 hours is accept-

ble and that there is no evidence showing that giving
ntimicrobial agents for longer periods of time will decrease
SI rates. Table 3 Pending a systematic review of the

iterature by its Committee on Evidence-based Medicine,

he Society of Thoracic Surgeons currently recommends t
hat antimicrobial prophylaxis be continued for 24 to 48
ours.

olorectal surgery

Antimicrobial prophylaxis for colorectal operations can
onsist of an oral antimicrobial bowel preparation, preop-
rative parenteral antimicrobial, or a combination of both.
ecommended oral prophylaxis consists of neomycin plus
rythromycin, or neomycin plus metronidazole, started no
ore than 18 to 24 hours before surgery along with a
echanical bowel preparation. Cefotetan or cefoxitin are

ecommended for parenteral prophylaxis [10–12,14,16].
he combination of parenteral cefazolin and metronidazole

s also recommended as a cost-effective alternative [84,85].
lthough a recent study suggested that the combination of
ral prophylaxis with parenteral antimicrobial prophylaxis
ight result in lower SSI rates, this is not specified in any

ublished guideline [86]. A survey of colorectal surgeons
ound that combination oral and parenteral prophylaxis is
ommon practice in the United States [87]. For patients with
onfirmed allergy or adverse reaction to beta-lactam agents,
se of one of the following regimens is recommended:
lindamycin combined with gentamicin, aztreonam, or cip-
ofloxacin; or metronidazole combined with gentamicin or
iprofloxacin. Levofloxacin, 750 mg, given once can be
ubstituted for ciprofloxacin.

onclusion

Optimal prophylaxis ensures that adequate concentra-
ions of an appropriate antimicrobial are present in the
erum, tissue, and wound during the entire time that the
ncision is open and at risk for bacterial contamination. The
ntimicrobial agent should be active against bacteria that are
ikely to be encountered in the particular type of operation
nd should be safe for the patient and economical for the
ospital. The selection and duration of antimicrobial pro-
hylaxis should have the smallest impact possible on the
ormal bacterial flora of the patient and the microbiologic
cology of the hospital.

In this advisory statement, the Surgical Infection Preven-
ion Guideline Writers Workgroup attempted, as they did
ith their own individual guidelines, to address the need for

ffective, safe, economical prophylaxis that does not pro-
ote antimicrobial-resistant bacteria. The advice included

n this report will fit most patients at the majority of facil-
ties. However, sound clinical judgment must be exercised
o recognize those unusual cases in which an alternative
pproach is necessary. Many of the studies that have sup-
orted the development of antimicrobial prophylaxis guide-
ines are quite old, and antimicrobial susceptibility patterns
hange with time. Clinicians must continue to evaluate
urrent literature and carefully examine susceptibility pat-

erns within their own institutions.
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ummary of the Surgical Infection Prevention Guideline Writers Workgro

Principals and
antibiotic selection

eneral principles
Antibiotic timing Infusion of the first antimicrobial dose should
Duration of

prophylaxis
Prophylactic antimicrobials should be discon

Screening for �-
lactam allergy

For those operations for which the cephalosp
history should be adequate to determine if
Alternative testing strategies (eg, skin testi

Antimicrobial dosing The initial antimicrobial dose should be adeq
index. An additional dose of antimicrobial
lives after the initial dose.†

ntibiotic selection
Abdominal or vaginal

hysterectomy
Cefotetan is preferred; cefazolin or cefoxitin

If �-lactam allergy:
Clindamycin combined with gentamicin or
Metronidazole combined with gentamicin
Clindamycin monotherapy

ip or knee arthroplasty Cefazolin or cefuroxime
If �-lactam allergy:

Vancomycin
Clindamycin

Cardiothoracic and
vascular surgery

Cefazolin or cefuroxime

If �-lactam allergy:
Vancomycin
Clindamycin

Colon surgery Oral antimicrobial prophylaxis:
Neomycin plus erythromycin base
Neomycin plus metronidazole

Parenteral antimicrobial prophylaxis:
Cefotetan or cefoxitin
Cefazolin plus metronidazole

If �-lactam allergy:
Clindamycin combined with gentamicin or
Metronidazole with gentamicin or ciproflo

* In those settings where a fluoroquinolone or vancomycin is indicated, t
he incision.

† See Table 2.
‡ Metronidazole monotherapy is included in the American College of O

or patients undergoing hysterectomy although it may be less effective as
§ Levofloxacin 750 mg given once may be substituted for ciprofloxacin
nitiated by CMS, which has encouraged identification of A
uality-improvement projects derived from analyses of pat-
erns of care and therefore required no special funding on
he part of this contractor. Ideas and contributions to the
uthors concerning experience in engaging with issues pre-
ented are welcomed.

ppendix

embers of the Surgical Infection Prevention Guideline
riters Workgroup

American Academy of Orthopaedic Surgery: Jason H.
alhoun, M.D., University of Missouri, Columbia, MO;

sensus positions

Consensus position

within 60 minutes before the surgical incision is made.*
ithin 24 hours of the end of surgery.

present the most appropriate antimicrobials for prophylaxis, the medical
ient has a history of allergy or serious adverse antibiotic reaction.
y be useful in patients with reported allergy [35–37].
sed on the patient’s weight, adjusted dosing weight, or body mass
be given intraoperatively if the operation is still continuing two half-

rnatives; metronidazole monotherapy.‡

oxacin§ or aztreonam
floxacin§

oxacin§ or aztreonam

ion of the first antimicrobial dose should begin within 120 minutes before

ians and Gynecologist’s Practice Bulletin as an alternative to beta-lactams
e agent for prophylaxis [15].
up con

begin
tinued w

orins re
the pat
ng) ma
uate ba
should

are alte

ciprofl
or cipro

ciprofl
xacin§

he infus

bstetric
a singl
merican College of Obstetricians and Gynecologists: Va-
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