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INTRODUCTION — Surgical site infections (SSIs) are a common cause of healthcare-associated infection
[1-3]. The United States Centers for Disease Control and Prevention (CDC) has developed criteria that define
surgical site infection as infection related to an operative procedure that occurs at or near the surgical incision
within 30 or 90 days of the procedure, depending on the type of procedure performed [2]. SSIs are often
localized to the incision site but can also extend into deeper adjacent structures. (See 'Definitions' below.)

SSIs are the most common and the costliest healthcare-associated infections [4,5]. Among surgical patients,
SSIs account for 38 percent of nosocomial infections. It is estimated that SSIs develop in 2 to 5 percent of the
more than 30 million patients undergoing surgical procedures each year (ie, 1 in 24 patients who undergo
inpatient surgery in the United States has a postoperative SSI) [6,7].

Antimicrobial prophylaxis for prevention of SSI will be reviewed here. Issues related to epidemiology and
adjunctive measures for prevention of SSI are discussed separately. (See "Overview of control measures for
prevention of surgical site infection in adults" and "Risk factors for impaired wound healing and wound
complications", section on 'Infection'.)

DEFINITIONS — The United States Centers for Disease Control and Prevention (CDC) has developed
criteria that define surgical site infection (SSI) as infection related to an operative procedure that occurs at or
near the surgical incision (incisional or organ/space) within 30 days of the procedure or within 90 days if
prosthetic material is implanted at surgery [8]. These criteria have become the national standard and are
widely used by surveillance and surgical personnel [9-11].

Clinical criteria for defining SSI include one or more of the following [12,13]:

SSIs are classified as incisional or organ/space. Incisional SSIs are further divided into superficial (ie, those
involving only the skin or subcutaneous tissue) or deep (ie, those involving deep soft tissues of an incision).
An organ/space SSI may involve any part of the anatomy (other than the incision) that was opened or
manipulated during the operative procedure (eg, meningitis following an elective neurologic procedure or
mediastinitis following coronary artery bypass surgery). Organ/space SSIs account for one-third of all SSIs
but are associated with more than 90 percent of deaths related to SSIs [14].

®

A purulent exudate draining from a surgical site●

A positive fluid culture obtained from a surgical site that was closed primarily●

A surgical site that is reopened in the setting of at least one clinical sign of infection (pain, swelling,
erythema, warmth) and is culture positive or not cultured

●

The surgeon makes the diagnosis of infection●
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Wound classification — A widely accepted wound classification system has been developed by the
National Academy of Sciences and the National Research Council based upon the degree of expected
microbial contamination during surgery [15]. It stratifies wounds as clean, clean-contaminated, contaminated,
or dirty using the following definitions:

Several studies have found a moderate correlation between the wound classification and the SSI rate. SSI
rates according to wound class were [16-19]:

While widely used, this classification scheme may be a poor predictor of overall risk of SSI. Other factors,
such as the operative technique, length of surgery, and health of the surgical patient, may be as important as
wound classification in predicting infectious risks for SSI.

Available data suggest that the relative risk reduction of SSI from the use of antimicrobial prophylaxis is the
same in clean and in higher-risk procedures [20]. Antimicrobial prophylaxis is justified for most clean-
contaminated procedures. The use of antimicrobial agents for dirty procedures or established infection is
classified as treatment of presumed infection, not prophylaxis [12].

MICROBIOLOGY — The predominant organisms causing surgical site infections (SSIs) after clean
procedures are skin flora, including streptococcal species, Staphylococcus aureus, and coagulase-negative
staphylococci [21]. In clean-contaminated procedures, the predominant organisms include gram-negative
rods and enterococci in addition to skin flora. When the surgical procedure involves a viscus, the pathogens
reflect the endogenous flora of the viscus or nearby mucosal surface; such infections are typically
polymicrobial.

The causative pathogens associated with SSIs in the United States have changed over time. Between 1986
and 2003, the percentage of SSIs caused by gram-negative bacilli decreased from 56 to 33 percent [22]. S.
aureus was the most common pathogen, causing 22 percent of SSIs during this time period. Between 2006
and 2007, the proportion of SSIs caused by S. aureus increased to 30 percent, with methicillin-resistant S.
aureus (MRSA) comprising nearly half of these isolates [21]. Another study noted that, between 2003 and
2007, the proportion of infections caused by MRSA increased from 16 to 20 percent, and MRSA infections
were associated were higher mortality rates, longer hospital stays, and higher costs [23].

The percentage of SSIs caused by antibiotic-resistant pathogens has increased (eg, MRSA, methicillin-
resistant Staphylococcus epidermidis [MRSE], vancomycin-resistant enterococci [VRE]) [24]. (See

Clean wounds are uninfected operative wounds in which no inflammation is encountered and the
wound is closed primarily. By definition, a viscus (respiratory, alimentary, genital, or urinary tract) is not
entered during a clean procedure.

●

Clean-contaminated wounds are operative wounds in which a viscus is entered under controlled
conditions and without unusual contamination.

●

Contaminated wounds are open, fresh accidental wounds, operations with major breaks in sterile
technique, or gross spillage from a viscus. Wounds in which acute, nonpurulent inflammation was
encountered also were included in this category.

●

Dirty wounds are old traumatic wounds with retained devitalized tissue, foreign bodies, or fecal
contamination or wounds that involve existing clinical infection or perforated viscus.

●

Clean – 1.3 to 2.9●

Clean-contaminated – 2.4 to 7.7●

Contaminated – 6.4 to 15.2●

Dirty – 7.1 to 40.0●
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"Methicillin-resistant Staphylococcus aureus (MRSA) in adults: Epidemiology" and "Vancomycin-resistant
enterococci: Epidemiology, prevention, and control".)

Fungi (particularly Candida albicans) have been isolated from an increasing percentage of SSIs [25]. This
trend toward resistant organisms and Candida species probably is due to the widespread use of prophylactic
and empiric antibiotics, increased severity of illness, and greater numbers of immunocompromised patients
undergoing surgical procedures.

Exogenous sources of infection include contamination of the surgical site by organisms from the operating
room environment or personnel. Anal, vaginal, or nasopharyngeal carriage of group A streptococci by
operating room personnel has been implicated as a cause of several SSI outbreaks [26,27]. Carriage of
gram-negative organisms on the hands has been shown to be greater among surgical personnel with artificial
nails [28]. Rarely, outbreaks or clusters of surgical site infections caused by unusual pathogens have been
traced to contaminated dressings, bandages, irrigants, or disinfection solutions.

ANTIMICROBIAL PROPHYLAXIS — The goal of antimicrobial prophylaxis is to prevent surgical site
infection (SSI) by reducing the burden of microorganisms at the surgical site during the operative procedure
[29]. Other interventions for prevention of SSI are discussed separately. (See "Overview of control measures
for prevention of surgical site infection in adults".)

The efficacy of antibiotic prophylaxis for reducing SSI has been clearly established. Preoperative antibiotics
are warranted if there is high risk of infection or if there is high risk of deleterious outcomes should infection
develop at the surgical site (such as in the setting of immune compromise, cardiac surgery, and/or
implantation of a foreign device). Antimicrobial therapy administered in the setting of contaminated wounds is
not considered prophylactic; in such cases, a therapeutic course of antimicrobial therapy is warranted.
Patients who receive prophylactic antibiotics within one to two hours before the initial incision have lower
rates of SSI than patients who receive antibiotics sooner or later than this window (table 1) [30,31]. (See
'Timing' below.)

Patients receiving antimicrobial prophylaxis are at relatively low risk for adverse drug events such as
development of C. difficile and postoperative infection due to drug-resistant organisms [32].

Errors in selection or dose of prophylactic antimicrobials are common. Among 34,133 patients undergoing
surgery in centers around the United States, an antimicrobial was administered within one hour before
incision to only 56 percent of patients, and antimicrobials were discontinued within 24 hours of surgery in only
41 percent of patients [33]. Initiatives such as the Surgical Care Improvement Project have improved the
rates of compliance since these earlier studies were performed [29,34].

Indications and goals — The relative risk reduction of SSI from the use of antimicrobial prophylaxis is the
same in clean and in higher-risk procedures [20]. Antimicrobial prophylaxis is justified for most clean-
contaminated procedures. The use of antimicrobial agents for dirty procedures or established infection is
classified as treatment of presumed infection, not prophylaxis [12]. (See 'Wound classification' above.)

Ideally, antimicrobial prophylaxis should prevent SSI, prevent related morbidity and mortality, reduce duration
and cost of healthcare, cause minimal adverse drug effects, and have minimal adverse effects for the
microbial flora of the patient or the hospital [35]. To achieve these goals, an antimicrobial agent should be
active against the pathogens most likely to contaminate the surgical site, be administered in an appropriate
dose and at an appropriate time to ensure adequate serum and tissue concentrations during the period of
potential contamination, and be administered for the shortest effective period to minimize adverse effects,
emergence of resistance, and cost [12].

Antibiotic selection

General approach — In general, antimicrobial selection for SSI prophylaxis is based on cost, safety,
pharmacokinetic profile, and antimicrobial activity. Comparative studies of antibiotics for surgical prophylaxis
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are limited. However, there is little evidence to suggest that broad-spectrum antimicrobial agents result in
lower rates of postoperative SSI compared with narrower spectrum antimicrobial agents. The clinical
approach is summarized in the tables:

Cefazolin is a drug of choice for many procedures; it is the most widely studied antimicrobial agent with
proven efficacy for antimicrobial prophylaxis [12,36]. It has a desirable duration of action, spectrum of activity
against organisms commonly encountered in surgery, reasonable safety, and low cost. It is active against
streptococci, methicillin-susceptible staphylococci, and some gram-negative organisms.

Second-generation cephalosporins (such as cefuroxime) have broader coverage against gram-negative
organisms than cefazolin. Cefoxitin and cefotetan also have some anaerobic activity.

Patients with reported antibiotic allergy have been observed to have increased risk for SSI [37]. Clarification
of such allergies as part of routine preoperative care may decrease SSI risk. (See "Antimicrobial stewardship
in hospital settings".)

Patients with history of penicillin intolerance manifesting as an uncomplicated skin rash may be treated with a
cephalosporin; allergic cross-reactions between penicillin and cephalosporins are infrequent except in
patients with severe IgE-mediated reactions to penicillin. Cephalosporins should be avoided in patients with a
history of IgE-mediated reaction to penicillin. (See "Choice of antibiotics in penicillin-allergic hospitalized
patients".)

Alternatives to cephalosporins include intravenous vancomycin (15 to 20 mg/kg) or clindamycin (600 to 900
mg); in some cases, an agent with activity against gram-negative bacteria must be added as outlined in the
discussions of individual types of surgery below. (See 'Types of surgery' below.)

S. aureus — There is no consensus regarding the benefit of routine preoperative screening for S. aureus
colonization. Issues related to use of vancomycin and decolonization in the setting of methicillin-resistant S.
aureus (MRSA) are discussed in the following sections.

Role of vancomycin — There is no role for routine use of vancomycin prophylaxis for any procedure
[12,38]. A study of preoperative testing for nasal colonization with methicillin-resistant or methicillin-
susceptible S. aureus (MSSA) concluded that preoperative prophylaxis with vancomycin was associated with
an increased risk (relative risk 4.34; 95% CI 2.19-8.57) of postoperative SSI in patients who had negative
nasal testing for MRSA but not in those who had positive nasal tests for MRSA [39].

Cardiac surgery (table 2)●

Gastrointestinal surgery (table 3)●

Genitourinary surgery (table 4)●

Gynecologic and obstetric surgery (table 5)●

Head and neck surgery (table 6)●

Neurosurgery (table 7)●

Orthopedic surgery (table 8)●

Thoracic surgery (table 9)●

Vascular surgery (table 10)●

Percutaneous procedures (table 11)●

Breast surgery (table 12)●
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Use of vancomycin may be acceptable in the following circumstances [12,36,40]:

In such cases, a beta-lactam antibiotic (first- or second-generation cephalosporin) should be added for
activity against gram-negative organisms; alternatives for patients allergic to cephalosporins include
gentamicin, ciprofloxacin, levofloxacin, or aztreonam [36].

Vancomycin appears to be less effective than cefazolin for preventing SSIs caused by MSSA [41,42]. For this
reason, we favor use of vancomycin in combination with cefazolin for prevention of SSI due to MRSA and
coagulase-negative staphylococci in the above scenarios.

When vancomycin is used, a single dose is almost always acceptable given its long half-life.

Role of decolonization — Issues related to decolonization are discussed separately. (See "Overview
of control measures for prevention of surgical site infection in adults", section on 'S. aureus decolonization'.)

Resistant organisms — The approach to selecting antimicrobial surgical prophylaxis for patients known
to be colonized or recently infected with drug-resistant pathogens must be individualized. Whether
prophylaxis should include coverage for such pathogens depends on many factors including the pathogen, its
antimicrobial susceptibility profile, the host, the planned procedure, and the proximity of the likely reservoir of
the pathogen to the incision and operative sites [12]. Specific prophylaxis for a resistant gram-negative
pathogen in a patient with past infection or colonization may not be necessary for a cutaneous procedure.

Antibiotic administration

Initial dosing

Choice of dose — Antibiotic prophylaxis should be administered in doses sufficient to achieve
adequate serum and tissue drug levels for the interval during which the surgical site is open. For most adults,
it is acceptable to dose antimicrobials based on standardized doses for safety, efficacy, and convenience.
However, the serum and tissue concentrations of some drugs administered to obese patients may differ from
those in nonobese patients for a number of reasons, including pharmacokinetic variability related to the
lipophilicity of the administered drug [43].

There are limited data for determining the optimal approach to antimicrobial dosing for obese patients [44,45].
Two small pharmacokinetic studies noted that administration of 1 or 2 g of cefazolin may not be sufficient to
produce serum and tissue concentrations exceeding the minimum inhibitory concentration (MIC) for most
common pathogens [46,47]. Doubling the normal dose of cephalosporins may produce similar concentrations
in obese patients to those achieved with standard doses in nonobese patients, with relatively low cost and
favorable safety profile [45]. Therefore, we are in agreement with the 2013 guidelines developed by the
American Society of Health-System Pharmacists that recommend administration of a minimum 2 g dose and
administration of 3 g for patients ≥120 kg [12].

Administration of gentamicin as a single 5 mg/kg dose has been observed to be more effective for SSI
prevention than multiple doses of gentamicin given in a dose of 1.5 mg/kg every eight hours [48]. In obese
patients who weigh 20 percent above their ideal body weight, the gentamicin dose should be calculated using
the ideal body weight plus 40 percent of the difference between the actual and ideal weights [49].

A cluster of SSIs due to MRSA or methicillin-resistant coagulase-negative staphylococci has been
detected at an institution.

●

A patient is known to be colonized with MRSA.●

A patient is at high risk for MRSA colonization in the absence of surveillance data (eg, patients with
recent hospitalization, nursing home residents, patients on hemodialysis, patients on
immunosuppressive medications).

●
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Timing — Antimicrobial therapy should be initiated within the 60 minutes prior to surgical incision to
optimize adequate drug tissue levels at the time of initial incision (table 1) [12,38,50,51]. The half-life of the
antibiotic should be considered [3]; administration of vancomycin or a fluoroquinolone should begin within
120 minutes before surgical incision because of the prolonged infusion times required for these drugs.

Some studies suggest lower infection risk with initiation of antimicrobial administration within 30 minutes
before surgical incision, although thus far data are insufficient to support this approach as a routine practice
[31,50-52]. In one study including more than 4000 patients undergoing cardiac surgery, hysterectomy, or hip
or knee arthroplasty, there was no difference in the risk of infection between patients who received
antimicrobial prophylaxis within 30 minutes prior to incision and patients who received antimicrobial
prophylaxis 31 to 60 minutes prior to incision (1.6 and 2.4 percent, respectively) [51]. In another study
including more than 5500 patients undergoing general surgery, there was no difference in the rate of SSI
between patients who received "early" antimicrobial prophylaxis (median 42 minutes prior to incision) or "late"
(median 16 minutes prior to incision); the overall SSI rate was 5 percent [53].

There are retrospective data noting absence of significant correlation between SSI and timing of antimicrobial
prophylaxis [54-59], although they are burdened by methodologic flaws including combined analysis of
heterogenous patients groups, heterogeneous antibiotic regimens, and incomplete information regarding
antibiotic redosing [60]. Therefore, we are in agreement with major society groups representing surgery,
pharmacology, and infectious disease expertise regarding the timing guidelines described above.

Repeat dosing — To ensure adequate antimicrobial serum and tissue concentrations, repeat
intraoperative dosing is warranted for procedures that exceed two half-lives of the drug and for procedures in
which there is excessive blood loss (>1500 mL) [12]. Redosing may also be warranted in the setting of
factors that shorten antimicrobial half-life, such as extensive burns. The dosing interval should be measured
from the time of the preoperative dose (not from the beginning of the procedure). Redosing may not be
warranted for patients in whom the antimicrobial half-life is prolonged, such as renal insufficiency. Intervals for
redosing are summarized in the tables.

For clean and clean-contaminated procedures, readministration of antimicrobial prophylaxis following closure
of the surgical incision is not warranted, even in the presence of a drain [1].

Duration — In general, repeat antimicrobial dosing following wound closure is not necessary and may
increase the risk for development of antimicrobial resistance and C. difficile infection (CDI) [36,61-66]. In a
systematic review of randomized trials, there was no difference in the rate of SSI with single dose compared
with multiple-dose regimens given for less than or more than 24 hours (combined odds ratio 1.04, 95% CI
0.86-1.25) [62].

For cases in which prophylaxis beyond the time of surgery is warranted, in general, the duration should be
less than 24 hours [12,38]. In one study including more than 11,000 surgical admissions, the risk of CDI was
significantly higher among patients whose antibiotic prophylaxis was continued >24 hours postoperatively
(odds ratio 3.74) [66]. Issues related to duration of antimicrobial prophylaxis following cardiothoracic
procedures are discussed below. (See 'Cardiac surgery' below.)

TYPES OF SURGERY

Cardiac surgery — Cardiac procedures include coronary artery bypass graft (CABG), valve procedures, and
device placement (table 2). Forms of surgical site infection (SSI) include mediastinitis and sternal wound
infection. In patients undergoing CABG, the mean frequency of SSI ranges from 0.35 to 8.49 per 100
operations (including donor site SSI); for patients with chest incision, only the mean frequency ranges from
0.23 to 5.67 per 100 operations [67]. Most of these infections are superficial. Antimicrobial prophylaxis in
cardiac procedures reduces the occurrence of SSI up to fivefold [68].

Risk factors for SSI after cardiac procedures include peripheral vascular disease, chronic obstructive
pulmonary disease, heart failure, involvement of internal mammary artery, increased number of grafts, and S.
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aureus nasal colonization [69-72]. Other SSI risk factors are discussed separately.

Gram-positive organisms are isolated in about two-thirds of cases; these include S. aureus, coagulase-
negative staphylococcus, and, rarely, Cutibacterium (formerly Propionibacterium) acnes. Gram-negative
organisms are less commonly isolated; they are most frequently observed in the setting of saphenous vein
harvesting and include Enterobacteriaceae, Pseudomonas, and Acinetobacter [73,74]. Data from the early
years of cardiac surgery suggest that gram-negative pathogens were relatively common causes of
postoperative SSI prior to the widespread use of first- and second-generation cephalosporins as preoperative
surgical prophylaxis [75].

Cephalosporins (first and second generation) are the best studied antimicrobials for SSI prevention in cardiac
procedures [68,76,77]. There is no evidence to support routine use of vancomycin for antimicrobial
prophylaxis, even in institutions where the prevalence of methicillin-resistant S. aureus (MRSA) is high
[12,78]. Prophylaxis with vancomycin is warranted for patients known to be colonized with MRSA [12]. For
patients with beta-lactam allergy, vancomycin or clindamycin are acceptable alternatives for gram-positive
coverage. An additional agent may be needed for gram-negative pathogens (such as an aminoglycoside,
aztreonam, or a fluoroquinolone) in the setting of risk for SSI due these organisms.

Some favor decolonization of patients known to be colonized with S. aureus who undergo cardiac surgery
[79]. The benefit of this practice has not been clearly established; the approach should be tailored to
individual patient circumstances. (See "Overview of control measures for prevention of surgical site infection
in adults", section on 'S. aureus decolonization'.)

The optimal duration of antimicrobial prophylaxis following cardiothoracic procedures is controversial;
appropriate prophylaxis consists of the duration of the procedure and less than 24 hours thereafter [12].
Durations of up to 48 hours have been administered because the available data are insufficient to establish
the optimal approach. Several reports have noted that prophylaxis for duration of one to four days failed to
show any reduction in SSIs compared with single-dose prophylaxis or prophylaxis only during the operation
[76,80,81]. There is no benefit to extending the duration of antimicrobial prophylaxis pending removal of
indwelling lines, drains, and catheters [82].

The use of an investigational S. aureus vaccine (V710) among patients undergoing cardiothoracic surgery
with median sternotomy did not reduce the rate of serious postoperative S. aureus infections in a large trial
and was associated with increased mortality among patients who developed S. aureus infection [83].

Device placement — Routine antimicrobial prophylaxis is warranted for device implantation or generator
replacement for permanent pacemakers, implantable cardioverter defibrillators, and cardiac
resynchronization devices [12,84,85]. A large randomized trial noted a significantly lower rate of SSI among
patients who received a single dose of cefazolin prior to device implantation (0.6 versus 3.3 percent) [86].
The rate of SSI after pacemaker placement is 0.44 per 100 procedures [67]. Risk factors for device-related
infection include fever within 24 hours before implantation, temporary pacing before implantation, early
intervention for hematoma or lead replacement, corticosteroid use for more than one month during the
preceding year, presence of more than two leads, and development of pocket hematoma [86-88].

The optimal approach to antimicrobial prophylaxis in the setting of ventricular assist devices (VADs) is
uncertain. Data are limited on infection rates and there are no published studies demonstrating the
effectiveness of preoperative antimicrobial therapy. Most infections are bacterial (87 percent); fungal
infections have also been observed (9 percent) [89]. Antimicrobial prophylaxis is appropriate in the setting of
VAD replacement due to infection and should include coverage directed at the offending organism(s) [12].

Antimicrobial prophylaxis for placement of a new pacemaker or replacement of a pulse generator is
discussed separately. (See "Infections involving cardiac implantable electronic devices: Epidemiology,
microbiology, clinical manifestations, and diagnosis".)
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Thoracic surgery — Antimicrobial prophylaxis is warranted for patients undergoing thoracic surgery. This
was demonstrated in a randomized trial including 127 patients who received cefazolin or placebo; the study
was stopped early due to the significant difference in SSI rates between the groups (1.5 versus 14.0 percent,
respectively) [90].

Thoracic surgery procedures include lobectomy, pneumonectomy, thoracoscopy, lung resection, and
thoracotomy (table 9). Infections associated with thoracic surgery include SSI, pneumonia, and empyema.
The rate of infection associated with thoracic surgery is 0.7 to 2.0 percent [67]. The rate of infection in the
setting of video-assisted thoracoscopic surgery (VATS) is lower than the rate associated with open surgical
procedures [91].

Organisms reported from SSIs among patients undergoing thoracic procedures include S. aureus and S.
epidermidis. Organisms isolated in patients with postoperative pneumonia include gram-positive
(Streptococcus and Staphylococcus species), gram-negative (Haemophilus influenzae, Enterobacter
cloacae, Klebsiella pneumoniae, Acinetobacter species, Pseudomonas aeruginosa, and Moraxella
catarrhalis), and fungal (Candida species) pathogens [92].

The optimal antimicrobial agent is uncertain; reasonable agents include cefazolin and ampicillin-sulbactam
[12,93,94]. Prophylaxis with vancomycin is warranted for patients known to be colonized with MRSA [12]. For
patients with beta-lactam allergy, vancomycin or clindamycin are acceptable alternatives for gram-positive
coverage. For circumstances in which there is risk for gram-negative infection based on local surveillance or
surgical site contamination, an additional agent should be added to vancomycin or clindamycin (such as
cefazolin or a fluoroquinolone).

Issues related to antimicrobial prophylaxis for tube thoracostomy are discussed separately. (See "Placement
and management of thoracostomy tubes".)

Vascular surgery — Issues related to vascular surgery are summarized in the tables (table 10 and table 11)
and discussed separately. (See "Carotid endarterectomy", section on 'Prophylactic antibiotics' and
"Endovascular repair of abdominal aortic aneurysm", section on 'Antibiotic prophylaxis' and "Lower extremity
amputation", section on 'Antibiotics'.)

Gastrointestinal surgery — Issues related to gastrointestinal surgery are summarized in the table (table 3)
and discussed separately. (See "Control measures to prevent surgical site infection following gastrointestinal
procedures in adults".)

Genitourinary surgery — Issues related to urologic procedures are summarized in the table (table 4) and
discussed separately. (See "Prostate biopsy", section on 'Prophylactic antibiotics' and "Placement and
management of indwelling ureteral stents", section on 'Antibiotics' and "Surgical treatment of erectile
dysfunction", section on 'Antimicrobial prophylaxis'.)

Gynecologic and obstetric surgery — Issues related to gynecologic and obstetric surgery are summarized
in the table (table 5) and discussed separately. (See "Overview of preoperative evaluation and preparation for
gynecologic surgery" and "Cesarean delivery: Preoperative planning and patient preparation", section on
'Antibiotic prophylaxis'.)

Neurosurgery — A classification system for neurosurgery divides procedures into five categories: clean,
clean with foreign body, clean-contaminated, contaminated, and dirty (table 7) [95]. Risk factors for
postoperative infections following neurologic procedures include diabetes, procedure duration longer than
two to four hours, placement of a foreign body, repeat surgery, emergency surgery, cerebrospinal fluid (CSF)
leak, postoperative intracranial pressure monitoring or presence of a ventricular drain for more than five days
postoperatively, and concurrent or prior infection of an incision or shunt [96-101].

Antimicrobial prophylaxis is warranted for patients undergoing clean craniotomy, CSF shunt procedures, or
intrathecal pump placement [12,102-104]. In one series including more than 4500 patients, the infection rate
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associated with clean craniotomy with no implant (including scalp infection, bone flap osteitis and abscess) in
the absence of antimicrobial prophylaxis was 9.7 percent; prophylaxis reduced the rate to 5.8 percent (p
<0.0001) [99]. However, prophylaxis did not reduce the rate of infection among patients undergoing
emergency, clean-contaminated, or dirty procedures. Antimicrobial prophylaxis also afforded no benefit
among patients who required repeat surgery or whose operative time exceeded four hours.

Neurosurgical SSIs are usually due to S. aureus or coagulase-negative staphylococci. Other organisms
include C. acnes and gram-negative bacteria [99]. A single dose of cefazolin is appropriate for patients
undergoing clean craniotomy and spinal procedures, CSF shunt procedures, or intrathecal pump placement.
Reasonable alternatives for patients with beta-lactam allergy include clindamycin or vancomycin [12].

Orthopedic surgery — Antimicrobial prophylaxis is warranted for spinal procedures, repair of hip and other
closed fractures, implantation of internal fixation device (screws, nails, plates, and pins), and total joint
replacement (table 8). If the potential for implantation of foreign materials is unknown, the procedure should
be treated as with implantation [12]. Antimicrobial prophylaxis is not warranted for clean orthopedic
procedures; these include arthroscopy and other procedures involving the hand, knee, or foot with no
implantation of foreign materials [12,105,106].

The role of antimicrobial prophylaxis prior to removal of orthopedic hardware used for treatment of lower
extremity factures is controversial. We favor administration of preoperative antimicrobial prophylaxis in such
cases, because relatively high SSI rates have been described for this procedure [107,108], even though it is
considered a "clean" surgical procedure according to United States Centers for Disease Control and
Prevention definitions (for which preoperative antibiotic prophylaxis is not routinely recommended) [1]. This
remains our approach in spite of results from a randomized trial including more than 470 patients who
underwent removal of orthopedic implants treated with preoperative cefazolin (single dose of 1 g
intravenously) or placebo, in which no difference in the overall SSI rate was observed between the groups
(13 versus 15 percent); there was a nonsignificant difference in the rate of deep infection (2.9 versus 0.4
percent), but the sample size was underpowered to detect a difference [109].

The risk of SSI per 100 procedures has been reported as follows: 0.7 to 4.1 for spinal fusion, 0.7 to 2.3 for
laminectomy, 0.7 to 2.4 for hip prosthesis, and 0.6 to 1.6 for knee prosthesis [67].

The most common pathogens are S. aureus, gram-negative bacilli, coagulase-negative staphylococci, and
beta-hemolytic streptococci [110]. Bacterial biofilm formation on inert surfaces of orthopedic devices is a
contributing factor for SSI, particularly in the setting of infection due to S. aureus and S. epidermidis. Biofilm
makes antimicrobial penetration difficult and confers antimicrobial resistance [111].

Some favor decolonization of patients known to be colonized with S. aureus who undergo orthopedic surgery
[79]. The benefit of this practice has not been clearly established; the approach should be tailored to
individual patient circumstances. (See "Overview of control measures for prevention of surgical site infection
in adults", section on 'S. aureus decolonization'.)

Issues related to spinal procedures and hip fracture repair are discussed below; issues related to open
fractures and joint replacement are discussed separately. (See "Treatment and prevention of osteomyelitis
following trauma in adults" and "Prevention of prosthetic joint and other types of orthopedic hardware
infection", section on 'During hardware replacement'.)

Spinal procedures — Antimicrobial prophylaxis is warranted for orthopedic spinal procedures with and
without instrumentation, including fusion, laminectomy, and minimally invasive disk procedures (table 8) [12].
Cefazolin is the agent of choice. Clindamycin and vancomycin are acceptable alternatives for patients with
beta-lactam hypersensitivity; in the setting of risk for SSI due to gram-negative pathogens, an additional
agent may be warranted (such as an aminoglycoside, aztreonam, or a fluoroquinolone).

SSIs after spinal procedures are associated with high morbidity; invasion of the epidural space is of particular
concern. Risk factors for SSI include extended duration of procedure (longer than two to five hours),
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excessive blood loss (>1 liter), staged procedure, multilevel fusions, foreign body placement, and combined
anterior and posterior fusion [112]. The SSI rate in patients receiving antimicrobial prophylaxis ranges from
2.8 to 9.7 percent [67]. Lower rates of SSI have been observed with procedures at the cervical spine level or
with an anterior surgical approach [113].

Hip fracture repair — Antimicrobial prophylaxis is warranted for hip fracture repair and other orthopedic
procedures involving internal fixation (table 8) [12]. Cefazolin is the agent of choice. Clindamycin and
vancomycin are acceptable alternatives for patients with beta-lactam hypersensitivity; in the setting of risk for
SSI due to gram-negative pathogens, an additional agent may be warranted (such as an aminoglycoside,
aztreonam, or a fluoroquinolone).

The efficacy of antimicrobial prophylaxis in hip fracture has been illustrated in two meta-analyses [114,115].
One meta-analysis of 15 hip fracture procedure trials (most procedures involved closed, proximal femoral, or
trochanteric fractures with internal fixation) demonstrated that any dose and duration of prophylaxis are
superior to no prophylaxis with respect to preventing SSIs [114]. The rate of SSI in the control and treatment
group was 10.4 and 5.4 percent, respectively.

Head and neck surgery — Elective procedures of the head and neck are predominantly clean or clean-
contaminated (table 6) [116]. Clean procedures include thyroidectomy and lymph node excisions; the
frequency of SSIs for clean procedures without antimicrobial prophylaxis is less than 1 percent. Clean-
contaminated procedures include all procedures that involve an incision through the oral pharyngeal mucosa;
these range from parotidectomy, submandibular gland excision, tonsillectomy, adenoidectomy, and
rhinoplasty to complex tumor debulking and mandibular fracture repair requiring reconstruction [12]. The
infection rates among patients undergoing complex head and neck surgery in the absence of antimicrobial
prophylaxis are high (24 to 78 percent); rates are markedly lower with prophylaxis (5 to 38 percent) [117,118].

Risk factors for SSI include age, nutritional status, diabetes, anemia, peripheral vascular disease,
preoperative radiation and/or chemotherapy, and use of tobacco, alcohol, or other illicit drugs (particularly in
the setting of mandibular fracture) [118-121]. Procedures associated with increased risk for infection include
radical or bilateral neck dissection and reconstruction with myocutaneous flaps or microvascular free flaps
[118,120].

Most infections following clean-contaminated head and neck procedures are caused by the normal flora of
the mouth and the oropharynx; these include aerobic and anaerobic bacteria, and therefore postoperative
SSIs are usually polymicrobial [122-124]. The predominant oropharyngeal organisms include various
streptococci (aerobic and anaerobic species), other oral anaerobes including Bacteroides species (but not B.
fragilis), Peptostreptococcus species, Prevotella species, Fusobacterium species, Veillonella species,
Enterobacteriaceae, and staphylococci. Nasal species include Staphylococcus and Streptococcus species.

Antimicrobial prophylaxis is not warranted for patients undergoing clean procedures of the head and neck
[12,117]. A preoperative dose of cefazolin or cefuroxime (or clindamycin in the setting of beta-lactam allergy)
is reasonable in the setting of prosthetic material placement, although data on the efficacy of this practice are
limited.

Antimicrobial prophylaxis is warranted for most clean-contaminated procedures [118,125], although
randomized trials have shown no benefit for routine prophylaxis in the setting of adenoidectomy,
tonsillectomy, or septoplasty [126,127]. Reasonable regimens for patients undergoing other clean-
contaminated procedures include a cephalosporin (cefazolin or cefuroxime) plus metronidazole, or ampicillin-
sulbactam [122]. Clindamycin is a reasonable alternative for patients with beta-lactam allergy; the addition of
an aminoglycoside may be appropriate when there is risk of site contamination with gram-negative
organisms.

Breast surgery — Antimicrobial prophylaxis is not warranted for clean breast procedures in the absence of
additional risk factors for infection. In such cases, prophylaxis does not significantly reduce the risk of

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/112
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/67
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/113
https://www.uptodate.com/contents/image?imageKey=ID%2F87204&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/12
https://www.uptodate.com/contents/cefazolin-drug-information?source=see_link
https://www.uptodate.com/contents/clindamycin-drug-information?source=see_link
https://www.uptodate.com/contents/vancomycin-drug-information?source=see_link
https://www.uptodate.com/contents/aztreonam-drug-information?source=see_link
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/114,115
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/114
https://www.uptodate.com/contents/image?imageKey=ID%2F87201&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/116
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/12
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/117,118
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/118-121
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/118,120
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/122-124
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/12,117
https://www.uptodate.com/contents/cefazolin-drug-information?source=see_link
https://www.uptodate.com/contents/cefuroxime-drug-information?source=see_link
https://www.uptodate.com/contents/clindamycin-drug-information?source=see_link
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/118,125
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/126,127
https://www.uptodate.com/contents/cefazolin-drug-information?source=see_link
https://www.uptodate.com/contents/cefuroxime-drug-information?source=see_link
https://www.uptodate.com/contents/metronidazole-drug-information?source=see_link
https://www.uptodate.com/contents/ampicillin-and-sulbactam-drug-information?source=see_link
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/122
https://www.uptodate.com/contents/clindamycin-drug-information?source=see_link
http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

infection for reduction mammoplasty, lumpectomy, mastectomy, or axillary node dissection [128,129]. Most
breast reduction and breast reconstructive procedures have an SSI rate of <5 percent [130].

Antibiotic prophylaxis with cefazolin is warranted for breast cancer procedures and clean procedures in
patients with other risk factors for infection [131]. Clindamycin and vancomycin are acceptable alternatives for
patients with beta-lactam hypersensitivity; in the setting of risk for SSI due to gram-negative pathogens, an
additional agent may be warranted (such as an aminoglycoside, aztreonam, or a fluoroquinolone).

The most common organisms are S. aureus, other staphylococci, and streptococci. A higher rate of infection
due to gram-negative organisms occurs in the setting of procedures involving macerated, moist environments
(such as under the axilla of an obese individual), and among patients with diabetes.

One review of seven randomized trials including nearly 2000 patients undergoing breast cancer procedures
without reconstruction noted that prophylactic antibiotics significantly reduced the incidence of SSI (relative
risk 0.66; 95% CI 0.48-0.89) [132].

Issues related to prophylactic antibiotics for patients undergoing breast reconstruction with placement of
prosthetic material are discussed separately. (See "Breast implant infections".)

SOCIETY GUIDELINE LINKS — Links to society and government-sponsored guidelines from selected
countries and regions around the world are provided separately. (See "Society guideline links: Prevention of
surgical site infections in adults".)

SUMMARY AND RECOMMENDATIONS

Surgical site infection (SSI) is an infection related to an operative procedure that occurs at or near the
surgical incision within 30 days of the procedure (or within 90 days if an implant is left in place). SSIs are
often localized to the incision site but can also extend into deeper adjacent structures. Incisional SSIs
may be superficial (ie, those involving only the skin or subcutaneous tissue) or deep (ie, those involving
deep soft tissues of an incision). Organ/space SSIs may involve any part of the anatomy (other than the
incision) that was opened or manipulated during the operative procedure. (See 'Definitions' above.)

●

Wounds may be classified as clean, clean-contaminated, contaminated, or dirty. Clean wounds are
uninfected operative wounds in which no viscus is entered, no purulence is encountered, and the wound
is closed primarily. Clean-contaminated wounds are operative wounds in which a viscus is entered under
controlled conditions and without unusual contamination. Contaminated wounds include open accidental
wounds, wounds in which purulence was encountered during the procedure, wounds from operations
with major breaks in sterile technique, or wounds from operations with gross viscus spillage. Dirty
wounds are old traumatic wounds with retained devitalized tissue, foreign bodies, or fecal contamination
or wounds that involve existing clinical infection or perforated viscus. (See 'Wound classification' above.)

●

The predominant organisms causing SSIs after clean procedures are skin flora, including streptococcal
species, S. aureus, and coagulase-negative staphylococci. In clean-contaminated procedures, the
predominant organisms include gram-negative rods and enterococci in addition to skin flora. When the
surgical procedure involves a viscus, the pathogens reflect the endogenous flora of the viscus or nearby
mucosal surface; such infections are typically polymicrobial. (See 'Microbiology' above.)

●

The goal of antimicrobial prophylaxis is to prevent SSI by reducing the burden of microorganisms at the
surgical site during the operative procedure. Preoperative antibiotics are warranted if there is high risk of
infection or if there is high risk of deleterious outcomes should infection develop at the surgical site. (See
'Antimicrobial prophylaxis' above.)

●

In general, antimicrobial selection for SSI prophylaxis is based on cost, safety, pharmacokinetic profile,
and antimicrobial activity. There is little evidence to suggest that broad-spectrum antimicrobial agents
result in lower rates of postoperative SSI compared with narrower spectrum antimicrobial agents. The
clinical approach is summarized in the tables:

●
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Cefazolin is a drug of choice for many procedures; it has a desirable duration of action, spectrum of
activity against organisms commonly encountered in surgery, reasonable safety, and low cost. Some
pharmacokinetic studies have noted that administration of 1 or 2 g of cefazolin may not be sufficient to
produce serum and tissue concentrations exceeding the minimum inhibitory concentration (MIC) for most
common pathogens. In addition, doubling the normal dose of cephalosporins may produce similar
concentrations in obese patients to those achieved with standard doses in nonobese patients, with
relatively low cost and favorable safety profile. Therefore, we favor administration of cefazolin 2 g for
patients <120 kg and cefazolin 3 g for patients ≥120 kg (Grade 2B). (See 'Choice of dose' above.)

●

Antimicrobial therapy should be administered within 60 minutes before surgical incision to ensure
adequate drug tissue levels at the time of initial incision. If the preferred agent is vancomycin or a
fluoroquinolone, administration should begin 120 minutes before surgical incision because of the
prolonged infusion times required for these drugs. (See 'Timing' above.)

●

To ensure adequate antimicrobial serum and tissue concentrations, repeat intraoperative dosing is
warranted for procedures that exceed two half-lives of the drug or for procedures in which there is
excessive blood loss (>1500 mL). Redosing may also be warranted in the setting of factors that shorten
antimicrobial half-life, such as extensive burns. The dosing interval should be measured from the time of
the preoperative dose (not from the beginning of the procedure). Redosing may not be warranted for
patients in whom the antimicrobial half-life is prolonged, such as renal insufficiency. (See 'Repeat dosing'
above.)

●

In general, repeat antimicrobial dosing following wound closure is not necessary and may increase
antimicrobial resistance. For cases in which prophylaxis beyond the period of surgery is warranted, in
general, the duration should be less than 24 hours. (See 'Duration' above.)

●

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

https://www.uptodate.com/legal/license
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/1
https://www.uptodate.com/contents/image?imageKey=ID%2F76499&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/image?imageKey=ID%2F65369&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/image?imageKey=ID%2F87199&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/image?imageKey=ID%2F87200&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/image?imageKey=ID%2F87201&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/image?imageKey=ID%2F87202&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/image?imageKey=ID%2F87204&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/image?imageKey=ID%2F87205&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/image?imageKey=ID%2F87206&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/image?imageKey=ID%2F63103&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/image?imageKey=ID%2F89540&topicKey=ID%2F4043&source=see_link
https://www.uptodate.com/contents/cefazolin-drug-information?source=see_link
https://www.uptodate.com/contents/grade/5?title=Grade%202B&topicKey=ID/4043
https://www.uptodate.com/contents/vancomycin-drug-information?source=see_link
http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

3. Global guidelines for the prevention of surgical site infection. World Health Organization 2016 https://ww
w.ncbi.nlm.nih.gov/pubmedhealth/PMH0095752/pdf/PubMedHealth_PMH0095752.pdf (Accessed on Se
ptember 19, 2017).

4. Lewis SS, Moehring RW, Chen LF, et al. Assessing the relative burden of hospital-acquired infections in
a network of community hospitals. Infect Control Hosp Epidemiol 2013; 34:1229.

5. Zimlichman E, Henderson D, Tamir O, et al. Health care-associated infections: a meta-analysis of costs
and financial impact on the US health care system. JAMA Intern Med 2013; 173:2039.

6. Agency for Healthcare Research and Quality. Healthcare Cost and Utilization Project: Statistics on hosp
ital stays. 2013. http://hcupnet.ahrq.gov/ (Accessed on July 27, 2016).

7. Scott RD. The Direct Medical Costs of Healthcare-Associated Infections in U.S. Hospitals and the Benef
its of Prevention. CDC, Atlanta 2009. http://www.cdc.gov/hai/pdfs/hai/scott_costpaper.pdf (Accessed on
July 27, 2016).

8. https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf (Accessed on June 16, 2017).

9. Consensus paper on the surveillance of surgical wound infections. The Society for Hospital
Epidemiology of America; The Association for Practitioners in Infection Control; The Centers for
Disease Control; The Surgical Infection Society. Infect Control Hosp Epidemiol 1992; 13:599.

10. Horan TC, Gaynes RP, Martone WJ, et al. CDC definitions of nosocomial surgical site infections, 1992:
a modification of CDC definitions of surgical wound infections. Am J Infect Control 1992; 20:271.

11. Draft guideline for the prevention of surgical site infection, 1998--CDC. Notice. Fed Regist 1998;
63:33168.

12. Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis in
surgery. Surg Infect (Larchmt) 2013; 14:73.

13. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health care-associated
infection and criteria for specific types of infections in the acute care setting. Am J Infect Control 2008;
36:309.

14. Poulsen KB, Bremmelgaard A, Sørensen AI, et al. Estimated costs of postoperative wound infections. A
case-control study of marginal hospital and social security costs. Epidemiol Infect 1994; 113:283.

15. Ortega G, Rhee DS, Papandria DJ, et al. An evaluation of surgical site infections by wound
classification system using the ACS-NSQIP. J Surg Res 2012; 174:33.

16. Cruse PJ, Foord R. The epidemiology of wound infection. A 10-year prospective study of 62,939
wounds. Surg Clin North Am 1980; 60:27.

17. Haley RW, Culver DH, Morgan WM, et al. Identifying patients at high risk of surgical wound infection. A
simple multivariate index of patient susceptibility and wound contamination. Am J Epidemiol 1985;
121:206.

18. Olson M, O'Connor M, Schwartz ML. Surgical wound infections. A 5-year prospective study of 20,193
wounds at the Minneapolis VA Medical Center. Ann Surg 1984; 199:253.

19. Culver DH, Horan TC, Gaynes RP, et al. Surgical wound infection rates by wound class, operative
procedure, and patient risk index. National Nosocomial Infections Surveillance System. Am J Med 1991;
91:152S.

20. Bowater RJ, Stirling SA, Lilford RJ. Is antibiotic prophylaxis in surgery a generally effective intervention?
Testing a generic hypothesis over a set of meta-analyses. Ann Surg 2009; 249:551.

21. Hidron AI, Edwards JR, Patel J, et al. NHSN annual update: antimicrobial-resistant pathogens
associated with healthcare-associated infections: annual summary of data reported to the National
Healthcare Safety Network at the Centers for Disease Control and Prevention, 2006-2007. Infect
Control Hosp Epidemiol 2008; 29:996.

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/4
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/5
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/9
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/10
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/11
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/12
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/13
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/14
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/15
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/16
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/17
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/18
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/19
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/20
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/21
http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

22. Gaynes R, Edwards JR, National Nosocomial Infections Surveillance System. Overview of nosocomial
infections caused by gram-negative bacilli. Clin Infect Dis 2005; 41:848.

23. Weigelt JA, Lipsky BA, Tabak YP, et al. Surgical site infections: Causative pathogens and associated
outcomes. Am J Infect Control 2010; 38:112.

24. Schaberg DR, Culver DH, Gaynes RP. Major trends in the microbial etiology of nosocomial infection.
Am J Med 1991; 91:72S.

25. Jarvis WR. Epidemiology of nosocomial fungal infections, with emphasis on Candida species. Clin
Infect Dis 1995; 20:1526.

26. Schaffner W, Lefkowitz LB Jr, Goodman JS, Koenig MG. Hospital outbreak of infections with group a
streptococci traced to an asymptomatic anal carrier. N Engl J Med 1969; 280:1224.

27. Stamm WE, Feeley JC, Facklam RR. Wound infections due to group A streptococcus traced to a
vaginal carrier. J Infect Dis 1978; 138:287.

28. Pottinger J, Burns S, Manske C. Bacterial carriage by artificial versus natural nails. Am J Infect Control
1989; 17:340.

29. Bratzler DW, Hunt DR. The surgical infection prevention and surgical care improvement projects:
national initiatives to improve outcomes for patients having surgery. Clin Infect Dis 2006; 43:322.

30. Classen DC, Evans RS, Pestotnik SL, et al. The timing of prophylactic administration of antibiotics and
the risk of surgical-wound infection. N Engl J Med 1992; 326:281.

31. van Kasteren ME, Manniën J, Ott A, et al. Antibiotic prophylaxis and the risk of surgical site infections
following total hip arthroplasty: timely administration is the most important factor. Clin Infect Dis 2007;
44:921.

32. Cohen ME, Salmasian H, Li J, et al. Surgical Antibiotic Prophylaxis and Risk for Postoperative
Antibiotic-Resistant Infections. J Am Coll Surg 2017; 225:631.

33. Bratzler DW, Houck PM, Richards C, et al. Use of antimicrobial prophylaxis for major surgery: baseline
results from the National Surgical Infection Prevention Project. Arch Surg 2005; 140:174.

34. Dellinger EP, Hausmann SM, Bratzler DW, et al. Hospitals collaborate to decrease surgical site
infections. Am J Surg 2005; 190:9.

35. Voit SB, Todd JK, Nelson B, Nyquist AC. Electronic surveillance system for monitoring surgical
antimicrobial prophylaxis. Pediatrics 2005; 116:1317.

36. Antimicrobial prophylaxis for surgery. Treat Guidel Med Lett 2012; 10:73.

37. Blumenthal KG, Ryan EE, Li Y, et al. The Impact of a Reported Penicillin Allergy on Surgical Site
Infection Risk. Clin Infect Dis 2018; 66:329.

38. Anderson DJ, Podgorny K, Berríos-Torres SI, et al. Strategies to prevent surgical site infections in acute
care hospitals: 2014 update. Infect Control Hosp Epidemiol 2014; 35:605.

39. Gupta K, Strymish J, Abi-Haidar Y, et al. Preoperative nasal methicillin-resistant Staphylococcus aureus
status, surgical prophylaxis, and risk-adjusted postoperative outcomes in veterans. Infect Control Hosp
Epidemiol 2011; 32:791.

40. Reineke S, Carrel TP, Eigenmann V, et al. Adding vancomycin to perioperative prophylaxis decreases
deep sternal wound infections in high-risk cardiac surgery patients. Eur J Cardiothorac Surg 2017.

41. Finkelstein R, Rabino G, Mashiah T, et al. Vancomycin versus cefazolin prophylaxis for cardiac surgery
in the setting of a high prevalence of methicillin-resistant staphylococcal infections. J Thorac Cardiovasc
Surg 2002; 123:326.

42. Bull AL, Worth LJ, Richards MJ. Impact of vancomycin surgical antibiotic prophylaxis on the
development of methicillin-sensitive staphylococcus aureus surgical site infections: report from
Australian Surveillance Data (VICNISS). Ann Surg 2012; 256:1089.

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/22
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/23
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/24
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/25
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/26
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/27
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/28
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/29
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/30
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/31
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/32
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/33
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/34
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/35
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/36
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/37
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/38
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/39
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/40
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/41
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/42
http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

43. Forse RA, Karam B, MacLean LD, Christou NV. Antibiotic prophylaxis for surgery in morbidly obese
patients. Surgery 1989; 106:750.

44. Falagas ME, Karageorgopoulos DE. Adjustment of dosing of antimicrobial agents for bodyweight in
adults. Lancet 2010; 375:248.

45. Pai MP, Bearden DT. Antimicrobial dosing considerations in obese adult patients. Pharmacotherapy
2007; 27:1081.

46. Edmiston CE, Krepel C, Kelly H, et al. Perioperative antibiotic prophylaxis in the gastric bypass patient:
do we achieve therapeutic levels? Surgery 2004; 136:738.

47. Koopman E, Nix DE, Erstad BL, et al. End-of-procedure cefazolin concentrations after administration for
prevention of surgical-site infection. Am J Health Syst Pharm 2007; 64:1927.

48. Zelenitsky SA, Silverman RE, Duckworth H, Harding GK. A prospective, randomized, double-blind
studyof single high dose versus multiple standard dose gentamicin both in combination
withmetronidazole for colorectal surgicalprophylaxis. J Hosp Infect 2000; 46:135.

49. Bauer LA, Edwards WA, Dellinger EP, Simonowitz DA. Influence of weight on aminoglycoside
pharmacokinetics in normal weight and morbidly obese patients. Eur J Clin Pharmacol 1983; 24:643.

50. Weber WP, Marti WR, Zwahlen M, et al. The timing of surgical antimicrobial prophylaxis. Ann Surg
2008; 247:918.

51. Steinberg JP, Braun BI, Hellinger WC, et al. Timing of antimicrobial prophylaxis and the risk of surgical
site infections: results from the Trial to Reduce Antimicrobial Prophylaxis Errors. Ann Surg 2009;
250:10.

52. Garey KW, Dao T, Chen H, et al. Timing of vancomycin prophylaxis for cardiac surgery patients and the
risk of surgical site infections. J Antimicrob Chemother 2006; 58:645.

53. Weber WP, Mujagic E, Zwahlen M, et al. Timing of surgical antimicrobial prophylaxis: a phase 3
randomised controlled trial. Lancet Infect Dis 2017; 17:605.

54. Hawn MT, Richman JS, Vick CC, et al. Timing of surgical antibiotic prophylaxis and the risk of surgical
site infection. JAMA Surg 2013; 148:649.

55. Hawn MT, Vick CC, Richman J, et al. Surgical site infection prevention: time to move beyond the
surgical care improvement program. Ann Surg 2011; 254:494.

56. Nicholas LH, Osborne NH, Birkmeyer JD, Dimick JB. Hospital process compliance and surgical
outcomes in medicare beneficiaries. Arch Surg 2010; 145:999.

57. Ingraham AM, Cohen ME, Bilimoria KY, et al. Association of surgical care improvement project
infection-related process measure compliance with risk-adjusted outcomes: implications for quality
measurement. J Am Coll Surg 2010; 211:705.

58. Stulberg JJ, Delaney CP, Neuhauser DV, et al. Adherence to surgical care improvement project
measures and the association with postoperative infections. JAMA 2010; 303:2479.

59. Koch CG, Li L, Hixson E, et al. Is it time to refine? An exploration and simulation of optimal antibiotic
timing in general surgery. J Am Coll Surg 2013; 217:628.

60. Dellinger EP. Adherence to Surgical Care Improvement Project measures: the whole is greater than the
parts. Future Microbiol 2010; 5:1781.

61. Goldmann DA, Hopkins CC, Karchmer AW, et al. Cephalothin prophylaxis in cardiac valve surgery. A
prospective, double-blind comparison of two-day and six-day regimens. J Thorac Cardiovasc Surg
1977; 73:470.

62. McDonald M, Grabsch E, Marshall C, Forbes A. Single- versus multiple-dose antimicrobial prophylaxis
for major surgery: a systematic review. Aust N Z J Surg 1998; 68:388.

63. Conte JE Jr, Cohen SN, Roe BB, Elashoff RM. Antibiotic prophylaxis and cardiac surgery. A prospective
double-blind comparison of single-dose versus multiple-dose regimens. Ann Intern Med 1972; 76:943.

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/43
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/44
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/45
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/46
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/47
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/48
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/49
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/50
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/51
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/52
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/53
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/54
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/55
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/56
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/57
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/58
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/59
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/60
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/61
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/62
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/63
http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

64. Pollard JP, Hughes SP, Scott JE, et al. Antibiotic prophylaxis in total hip replacement. Br Med J 1979;
1:707.

65. Harbarth S, Samore MH, Lichtenberg D, Carmeli Y. Prolonged antibiotic prophylaxis after
cardiovascular surgery and its effect on surgical site infections and antimicrobial resistance. Circulation
2000; 101:2916.

66. Bernatz JT, Safdar N, Hetzel S, Anderson PA. Antibiotic Overuse is a Major Risk Factor for Clostridium
difficile Infection in Surgical Patients. Infect Control Hosp Epidemiol 2017; 38:1254.

67. Edwards JR, Peterson KD, Mu Y, et al. National Healthcare Safety Network (NHSN) report: data
summary for 2006 through 2008, issued December 2009. Am J Infect Control 2009; 37:783.

68. Kreter B, Woods M. Antibiotic prophylaxis for cardiothoracic operations. Meta-analysis of thirty years of
clinical trials. J Thorac Cardiovasc Surg 1992; 104:590.

69. Lu JC, Grayson AD, Jha P, et al. Risk factors for sternal wound infection and mid-term survival following
coronary artery bypass surgery. Eur J Cardiothorac Surg 2003; 23:943.

70. Vuorisalo S, Haukipuro K, Pokela R, Syrjälä H. Risk features for surgical-site infections in coronary
artery bypass surgery. Infect Control Hosp Epidemiol 1998; 19:240.

71. Tang GH, Maganti M, Weisel RD, Borger MA. Prevention and management of deep sternal wound
infection. Semin Thorac Cardiovasc Surg 2004; 16:62.

72. Gelijns AC, Moskowitz AJ, Acker MA, et al. Management practices and major infections after cardiac
surgery. J Am Coll Cardiol 2014; 64:372.

73. Wells FC, Newsom SW, Rowlands C. Wound infection in cardiothoracic surgery. Lancet 1983; 1:1209.

74. Farrington M, Webster M, Fenn A, Phillips I. Study of cardiothoracic wound infection at St. Thomas'
Hospital. Br J Surg 1985; 72:759.

75. Goodman JS, Schaffner W, Collins HA, et al. Infection after cardiovascular surgery. Clinical study
including examination of antimicrobial prophylaxis. N Engl J Med 1968; 278:117.

76. Galbraith U, Schilling J, von Segesser LK, et al. Antibiotic prophylaxis in cardiovascular surgery: a
prospective randomized comparative trial of one day cefazolin versus single dose cefuroxime. Drugs
Exp Clin Res 1993; 19:229.

77. Conklin CM, Gray RJ, Neilson D, et al. Determinants of wound infection incidence after isolated
coronary artery bypass surgery in patients randomized to receive prophylactic cefuroxime or cefazolin.
Ann Thorac Surg 1988; 46:172.

78. Engelman R, Shahian D, Shemin R, et al. The Society of Thoracic Surgeons practice guideline series:
Antibiotic prophylaxis in cardiac surgery, part II: Antibiotic choice. Ann Thorac Surg 2007; 83:1569.

79. Kallen AJ, Wilson CT, Larson RJ. Perioperative intranasal mupirocin for the prevention of surgical-site
infections: systematic review of the literature and meta-analysis. Infect Control Hosp Epidemiol 2005;
26:916.

80. Kriaras I, Michalopoulos A, Michalis A, et al. Antibiotic prophylaxis in cardiac surgery. J Cardiovasc Surg
(Torino) 1997; 38:605.

81. Kriaras I, Michalopoulos A, Turina M, Geroulanos S. Evolution of antimicrobial prophylaxis in
cardiovascular surgery. Eur J Cardiothorac Surg 2000; 18:440.

82. Sandoe JA, Kumar B, Stoddart B, et al. Effect of extended perioperative antibiotic prophylaxis on
intravascular catheter colonization and infection in cardiothoracic surgery patients. J Antimicrob
Chemother 2003; 52:877.

83. Fowler VG, Allen KB, Moreira ED, et al. Effect of an investigational vaccine for preventing
Staphylococcus aureus infections after cardiothoracic surgery: a randomized trial. JAMA 2013;
309:1368.

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/64
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/65
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/66
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/67
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/68
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/69
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/70
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/71
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/72
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/73
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/74
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/75
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/76
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/77
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/78
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/79
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/80
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/81
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/82
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/83
http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

84. Da Costa A, Kirkorian G, Cucherat M, et al. Antibiotic prophylaxis for permanent pacemaker
implantation: a meta-analysis. Circulation 1998; 97:1796.

85. Baddour LM, Epstein AE, Erickson CC, et al. Update on cardiovascular implantable electronic device
infections and their management: a scientific statement from the American Heart Association.
Circulation 2010; 121:458.

86. de Oliveira JC, Martinelli M, Nishioka SA, et al. Efficacy of antibiotic prophylaxis before the implantation
of pacemakers and cardioverter-defibrillators: results of a large, prospective, randomized, double-
blinded, placebo-controlled trial. Circ Arrhythm Electrophysiol 2009; 2:29.

87. Klug D, Balde M, Pavin D, et al. Risk factors related to infections of implanted pacemakers and
cardioverter-defibrillators: results of a large prospective study. Circulation 2007; 116:1349.

88. Sohail MR, Uslan DZ, Khan AH, et al. Risk factor analysis of permanent pacemaker infection. Clin Infect
Dis 2007; 45:166.

89. Holman WL, Pae WE, Teutenberg JJ, et al. INTERMACS: interval analysis of registry data. J Am Coll
Surg 2009; 208:755.

90. Aznar R, Mateu M, Miró JM, et al. Antibiotic prophylaxis in non-cardiac thoracic surgery: cefazolin
versus placebo. Eur J Cardiothorac Surg 1991; 5:515.

91. Solaini L, Prusciano F, Bagioni P, et al. Video-assisted thoracic surgery (VATS) of the lung: analysis of
intraoperative and postoperative complications over 15 years and review of the literature. Surg Endosc
2008; 22:298.

92. Radu DM, Jauréguy F, Seguin A, et al. Postoperative pneumonia after major pulmonary resections: an
unsolved problem in thoracic surgery. Ann Thorac Surg 2007; 84:1669.

93. Schussler O, Dermine H, Alifano M, et al. Should we change antibiotic prophylaxis for lung surgery?
Postoperative pneumonia is the critical issue. Ann Thorac Surg 2008; 86:1727.

94. Turna A, Kutlu CA, Ozalp T, et al. Antibiotic prophylaxis in elective thoracic surgery: cefuroxime versus
cefepime. Thorac Cardiovasc Surg 2003; 51:84.

95. Narotam PK, van Dellen JR, du Trevou MD, Gouws E. Operative sepsis in neurosurgery: a method of
classifying surgical cases. Neurosurgery 1994; 34:409.

96. Kourbeti IS, Jacobs AV, Koslow M, et al. Risk factors associated with postcraniotomy meningitis.
Neurosurgery 2007; 60:317.

97. Lietard C, Thébaud V, Besson G, Lejeune B. Risk factors for neurosurgical site infections: an 18-month
prospective survey. J Neurosurg 2008; 109:729.

98. Korinek AM, Baugnon T, Golmard JL, et al. Risk factors for adult nosocomial meningitis after
craniotomy: role of antibiotic prophylaxis. Neurosurgery 2008; 62 Suppl 2:532.

99. Korinek AM, Golmard JL, Elcheick A, et al. Risk factors for neurosurgical site infections after
craniotomy: a critical reappraisal of antibiotic prophylaxis on 4,578 patients. Br J Neurosurg 2005;
19:155.

100. Valentini LG, Casali C, Chatenoud L, et al. Surgical site infections after elective neurosurgery: a survey
of 1747 patients. Neurosurgery 2008; 62:88.

101. Zabramski JM, Whiting D, Darouiche RO, et al. Efficacy of antimicrobial-impregnated external
ventricular drain catheters: a prospective, randomized, controlled trial. J Neurosurg 2003; 98:725.

102. Barker FG 2nd. Efficacy of prophylactic antibiotic therapy in spinal surgery: a meta-analysis.
Neurosurgery 2002; 51:391.

103. Shapiro M, Wald U, Simchen E, et al. Randomized clinical trial of intra-operative antimicrobial
prophylaxis of infection after neurosurgical procedures. J Hosp Infect 1986; 8:283.

104. Tunkel AR, Hasbun R, Bhimraj A, et al. 2017 Infectious Diseases Society of America's Clinical Practice
Guidelines for Healthcare-Associated Ventriculitis and Meningitis. Clin Infect Dis 2017.

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/84
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/85
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/86
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/87
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/88
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/89
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/90
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/91
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/92
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/93
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/94
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/95
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/96
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/97
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/98
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/99
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/100
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/101
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/102
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/103
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/104
http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

105. Wieck JA, Jackson JK, O'Brien TJ, et al. Efficacy of prophylactic antibiotics in arthroscopic surgery.
Orthopedics 1997; 20:133.

106. Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis in
surgery. Am J Health Syst Pharm 2013; 70:195.

107. Andersen MR, Frihagen F, Madsen JE, Figved W. High complication rate after syndesmotic screw
removal. Injury 2015; 46:2283.

108. Backes M, Schep NW, Luitse JS, et al. High Rates of Postoperative Wound Infection Following Elective
Implant Removal. Open Orthop J 2015; 9:418.

109. Backes M, Dingemans SA, Dijkgraaf MGW, et al. Effect of Antibiotic Prophylaxis on Surgical Site
Infections Following Removal of Orthopedic Implants Used for Treatment of Foot, Ankle, and Lower Leg
Fractures: A Randomized Clinical Trial. JAMA 2017; 318:2438.

110. Trampuz A, Zimmerli W. Antimicrobial agents in orthopaedic surgery: Prophylaxis and treatment. Drugs
2006; 66:1089.

111. Costerton JW. Biofilm theory can guide the treatment of device-related orthopaedic infections. Clin
Orthop Relat Res 2005; :7.

112. Olsen MA, Nepple JJ, Riew KD, et al. Risk factors for surgical site infection following orthopaedic spinal
operations. J Bone Joint Surg Am 2008; 90:62.

113. Pull ter Gunne AF, Cohen DB. Incidence, prevalence, and analysis of risk factors for surgical site
infection following adult spinal surgery. Spine (Phila Pa 1976) 2009; 34:1422.

114. Southwell-Keely JP, Russo RR, March L, et al. Antibiotic prophylaxis in hip fracture surgery: a
metaanalysis. Clin Orthop Relat Res 2004; :179.

115. Gillespie WJ, Walenkamp GH. Antibiotic prophylaxis for surgery for proximal femoral and other closed
long bone fractures. Cochrane Database Syst Rev 2010; :CD000244.

116. Weber RS, Callender DL. Antibiotic prophylaxis in clean-contaminated head and neck oncologic
surgery. Ann Otol Rhinol Laryngol Suppl 1992; 155:16.

117. Avenia N, Sanguinetti A, Cirocchi R, et al. Antibiotic prophylaxis in thyroid surgery: a preliminary
multicentric Italian experience. Ann Surg Innov Res 2009; 3:10.

118. Simo R, French G. The use of prophylactic antibiotics in head and neck oncological surgery. Curr Opin
Otolaryngol Head Neck Surg 2006; 14:55.

119. Sepehr A, Santos BJ, Chou C, et al. Antibiotics in head and neck surgery in the setting of malnutrition,
tracheotomy, and diabetes. Laryngoscope 2009; 119:549.

120. Coskun H, Erisen L, Basut O. Factors affecting wound infection rates in head and neck surgery.
Otolaryngol Head Neck Surg 2000; 123:328.

121. Girod DA, McCulloch TM, Tsue TT, Weymuller EA Jr. Risk factors for complications in clean-
contaminated head and neck surgical procedures. Head Neck 1995; 17:7.

122. Skitarelić N, Morović M, Manestar D. Antibiotic prophylaxis in clean-contaminated head and neck
oncological surgery. J Craniomaxillofac Surg 2007; 35:15.

123. Johnson JT, Yu VL. Role of aerobic gram-negative rods, anaerobes, and fungi in wound infection after
head and neck surgery: implications for antibiotic prophylaxis. Head Neck 1989; 11:27.

124. Brook I. Microbiology and principles of antimicrobial therapy for head and neck infections. Infect Dis Clin
North Am 2007; 21:355.

125. Andreasen JO, Jensen SS, Schwartz O, Hillerup Y. A systematic review of prophylactic antibiotics in the
surgical treatment of maxillofacial fractures. J Oral Maxillofac Surg 2006; 64:1664.

126. O'Reilly BJ, Black S, Fernandes J, Panesar J. Is the routine use of antibiotics justified in adult
tonsillectomy? J Laryngol Otol 2003; 117:382.

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/105
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/106
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/107
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/108
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/109
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/110
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/111
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/112
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/113
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/114
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/115
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/116
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/117
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/118
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/119
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/120
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/121
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/122
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/123
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/124
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/125
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/126
http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

127. Caniello M, Passerotti GH, Goto EY, et al. Antibiotics in septoplasty: is it necessary? Braz J
Otorhinolaryngol 2005; 71:734.

128. Ahmadi AH, Cohen BE, Shayani P. A prospective study of antibiotic efficacy in preventing infection in
reduction mammaplasty. Plast Reconstr Surg 2005; 116:126.

129. Kompatscher P, von Planta A, Spicher I, et al. Comparison of the incidence and predicted risk of early
surgical site infections after breast reduction. Aesthetic Plast Surg 2003; 27:308.

130. Khan UD. Breast augmentation, antibiotic prophylaxis, and infection: comparative analysis of 1,628
primary augmentation mammoplasties assessing the role and efficacy of antibiotics prophylaxis
duration. Aesthetic Plast Surg 2010; 34:42.

131. Jones DJ, Bunn F, Bell-Syer SV. Prophylactic antibiotics to prevent surgical site infection after breast
cancer surgery. Cochrane Database Syst Rev 2014; :CD005360.

132. Cunningham M, Bunn F, Handscomb K. Prophylactic antibiotics to prevent surgical site infection after
breast cancer surgery. Cochrane Database Syst Rev 2006; :CD005360.

Topic 4043 Version 67.0

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/127
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/128
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/129
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/130
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/131
https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/abstract/132
http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

GRAPHICS

Timing of prophylactic antibiotic administration and subsequent rates of SSIs

Time of
administration*

Percent with SSI Odds ratio 95 percent CI

Early 3.8 4.3 1.8-10.4

Preoperative 0.6 1 -

Perioperative 1.4 2.1 0.6-7.4

Postoperative 3.3 5.8 2.4-13.8

SSI: surgical site infection. 
* "Early" denotes 2 to 24 hours before incision, "preoperative" 0 to 2 hours before incision, "perioperative"
within 3 hours after incision, and "postoperative" more than 3 hours after incision. 
¶ Odds ratio determined by logistic-regression analysis.

Adapted from: Classen DC, Evans RS, Pestotnik SL, et al, N Engl J Med 1992; 326:281.
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Antimicrobial prophylaxis for cardiac surgery in adults

Nature of
operation

Common
pathogens

Recommended
antimicrobials

Usual adult
dose*

Redose
interval

Cardiac
procedures:
coronary artery
bypass, cardiac
device insertion
procedures (eg,
pacemaker
implantation),
placement of
ventricular assist
devices

Staphylococcus
aureus, S.
epidermidis

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

4 hours

OR cefuroxime 1.5 g IV 4 hours

OR vancomycin 15 mg/kg IV (max
2 g)

N/A

OR clindamycin 900 mg IV 6 hours

IV: intravenous.

* Parenteral prophylactic antimicrobials can be given as a single IV dose begun within 60 minutes before the
procedure. If vancomycin is used, the infusion should be started within 60 to 120 minutes before the initial
incision to have adequate tissue levels at the time of incision and to minimize the possibility of an infusion
reaction close to the time of induction of anesthesia. 
¶ For prolonged procedures (>3 hours) or those with major blood loss or in patients with extensive burns,
additional intraoperative doses should be given at intervals one to two times the half-life of the drug for the
duration of the procedure in patients with normal renal function. 
Δ Some experts recommend an additional dose when patients are removed from bypass during open-heart
surgery. 
◊ Use of vancomycin is appropriate in hospitals in which methicillin-resistant S. aureus (MRSA) and S.
epidermidis are a frequent cause of postoperative wound infection, in patients previously colonized with MRSA
or for those who are allergic to penicillins or cephalosporins. Rapid IV administration may cause hypotension,
which could be especially dangerous during induction of anesthesia. Even when the drug is given over 60
minutes, hypotension may occur; treatment with diphenhydramine and further slowing of the infusion rate
may be helpful. For procedures in which enteric gram-negative bacilli are common pathogens, many experts
would add another drug such as an aminoglycoside (gentamicin 5 mg/kg IV), aztreonam (2 g IV), or a
fluoroquinolone (ciprofloxacin 400 mg IV or levofloxacin 500 mg IV).

Adapted from: 
1. Antimicrobial prophylaxis for surgery. Med Lett Drugs Ther 2016; 58:63.
2. Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis in

surgery. Surg Infect (Larchmt) 2013; 14:73.
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Antimicrobial prophylaxis for gastrointestinal surgery in adults

Nature of
operation

Common
pathogens

Recommended
antimicrobials

Usual adult
dose*

Redose
interval

Gastroduodenal surgery

Procedures
involving entry
into lumen of
gastrointestinal
tract

Enteric gram-
negative bacilli,
gram-positive
cocci

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

Four hours

Procedures not
involving entry
into lumen of
gastrointestinal
tract (selective
vagotomy,
antireflux)

Enteric gram-
negative bacilli,
gram-positive
cocci

High risk  only:
cefazolin

<120 kg: 2 g IV

≥120 kg: 3 g IV

Four hours

Biliary tract surgery (including pancreatic procedures)

Open procedure
or laparoscopic
procedure (high
risk)

Enteric gram-
negative bacilli,
enterococci,
clostridia

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

Four hours

OR cefotetan 2 g IV Six hours

OR cefoxitin 2 g IV Two hours

OR ampicillin-
sulbactam

3 g IV Two hours

Laparoscopic
procedure (low
risk)

N/A None None None

Appendectomy

 Enteric gram-
negative bacilli,
anaerobes,
enterococci

Cefoxitin 2 g IV Two hours

OR cefotetan 2 g IV Six hours

OR cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

Four hours

PLUS
metronidazole

500 mg IV N/A

Small intestine surgery

Nonobstructed Enteric gram-
negative bacilli,
gram-positive
cocci

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

Four hours

Obstructed Enteric gram-
negative bacilli,
anaerobes,
enterococci

Cefoxitin 2 g IV Two hours

OR cefotetan 2 g IV Six hours

OR cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

Four hours

PLUS
metronidazole

500 mg IV N/A

Hernia repair

 Aerobic gram- Cefazolin <120 kg: 2 g IV Four hours
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positive organisms ≥120 kg: 3 g IV

Colorectal surgery

 Enteric gram-
negative bacilli,
anaerobes,
enterococci

Parenteral:

Cefoxitin 2 g IV Two hours

OR cefotetan 2 g IV Six hours

OR cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

Four hours

PLUS
metronidazole

500 mg IV N/A

OR ampicillin-
sulbactam **

3 g IV (based on
combination)

Two hours

Oral (used in conjunction with mechanical bowel
preparation):

Neomycin PLUS
erythromycin
base or
metronidazole

¶¶ ¶¶

IV: intravenous. 
* Parenteral prophylactic antimicrobials can be given as a single IV dose begun within 60 minutes before the
procedure. If vancomycin or a fluoroquinolone is used, the infusion should be started within 60 to 120
minutes before the initial incision to have adequate tissue levels at the time of incision and to minimize the
possibility of an infusion reaction close to the time of induction of anesthesia. 
¶ For prolonged procedures (>3 hours) or those with major blood loss or in patients with extensive burns,
additional intraoperative doses should be given at intervals one to two times the half-life of the drug. 
Δ For patients allergic to penicillins and cephalosporins, clindamycin (900 mg) or vancomycin (15 mg/kg IV;
not to exceed 2 g) with either gentamicin (5 mg/kg IV), ciprofloxacin (400 mg IV), levofloxacin (500 mg IV),
or aztreonam (2 g IV) is a reasonable alternative. Metronidazole (500 mg IV) plus an aminoglycoside or
fluoroquinolone are also acceptable alternative regimens, although metronidazole plus aztreonam should not
be used, since this regimen does not have aerobic gram-positive activity. 
◊ Morbid obesity, gastrointestinal (GI) obstruction, decreased gastric acidity or GI motility, gastric bleeding,
malignancy or perforation, or immunosuppression. 
§ Factors that indicate high risk may include age >70 years, pregnancy, acute cholecystitis, nonfunctioning
gall bladder, obstructive jaundice, common bile duct stones, immunosuppression. 
¥ Cefotetan, cefoxitin, and ampicillin-sulbactam are reasonable alternatives. 
‡ For a ruptured viscus, therapy is often continued for approximately five days. 
† Use of ertapenem or other carbapenems not recommended due to concerns of resistance. 
** Due to increasing resistance of Escherichia coli to fluoroquinolones and ampicillin-sulbactam, local
sensitivity profiles should be reviewed prior to use. 
¶¶ In addition to mechanical bowel preparation, the following oral antibiotic regimen is administered. 1 g of
neomycin plus 1 g of erythromycin base at 1 PM, 2 PM, and 11 PM, or 2 g of neomycin plus 2 g of
metronidazole at 7 PM and 11 PM the day before an 8 AM operation. Issues related to mechanical bowel
preparation are discussed further separately. Refer to UpToDate topic on overview of colon resection.

Data from:  
1. Antimicrobial prophylaxis for surgery. Med Lett Drugs Ther 2016; 58:63.
2. Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis in

surgery. Surg Infec (Larchmt) 2013; 14:73.

Graphic 65369 Version 31.0

†

Δ

Δ

Δ

Δ,

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

Antimicrobial prophylaxis for genitourinary surgery in adults

Nature of
operation

Common
pathogens

Recommended
antimicrobials

Usual adult
dose*

Redose
interval

Cystoscopy alone Enteric gram-
negative bacilli,
enterococci

High-risk  only:
ciprofloxacin

500 mg orally or
400 mg IV

N/A

OR trimethoprim-
sulfamethoxazole

One 160/800 mg
(double strength,
DS) tablet orally

N/A

Cystoscopy with
manipulation or
upper tract
instrumentation

Enteric gram-
negative bacilli,
enterococci

Ciprofloxacin 500 mg orally or
400 mg IV

N/A

OR trimethoprim-
sulfamethoxazole

One 160/800 mg
(double strength,
DS) tablet orally

N/A

Open or
laparoscopic
surgery

Enteric gram-
negative bacilli,
enterococci

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

4 hours

IV: intravenous. 
* Parenteral prophylactic antimicrobials can be given as a single IV dose begun within 60 minutes before the
procedure. If a fluoroquinolone is used, the infusion should be started within 60 to 120 minutes before the
initial incision to have adequate tissue levels at the time of incision and to minimize the possibility of an
infusion reaction close to the time of induction of anesthesia. 
¶ For prolonged procedures (>3 hours) or those with major blood loss, or in patients with extensive burns,
additional intraoperative doses should be given at intervals one to two times the half-life of the drug for the
duration of the procedure in patients with normal renal function. 
Δ Urine culture positive or unavailable, preoperative catheter, transrectal prostatic biopsy, or placement of
prosthetic material. 
◊ Due to increasing resistance of Escherichia coli to fluoroquinolones and ampicillin-sulbactam, local
sensitivity profiles should be reviewed prior to use. 
§ Shock wave lithotripsy, ureteroscopy. 
¥ Including percutaneous renal surgery, procedures with entry into the urinary tract, and those involving
implantation of a prosthesis. If manipulation of bowel is involved, prophylaxis is given according to colorectal
guidelines. 
‡ For patients allergic to penicillins and cephalosporins, clindamycin (900 mg IV) or vancomycin (15 mg/kg IV
not to exceed 2 g) with either gentamicin (5 mg/kg IV), ciprofloxacin (400 mg IV), levofloxacin (500 mg IV),
or aztreonam (2 g IV) is a reasonable alternative.

Adapted from:  
1. Antimicrobial prophylaxis for surgery. Med Lett Drugs Ther 2016; 58:63.
2. Bratzler DW, et al. Clinical practice guidelines for antimicrobial prophylaxis in surgery. Surg Infect

(Larchmt) 2013; 14:73.
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Antimicrobial prophylaxis for gynecologic and obstetric surgery in adults*

Procedure
Preferred
regimen

Dose
Alternative
regimens

Dose

Hysterectomy
(abdominal, vaginal,
laparoscopic, or
robotic)

Urogynecology
procedures including
those involving mesh

Cefazolin,
cefoxitin or
cefotetan

Cefazolin:

<120 kg: 2 g
IV

≥120 kg: 3 g
IV

 
Cefoxitin or
cefotetan:

2 g IV

Regimen:

Ampicillin-
sulbactam

3 g IV

Regimen:

Clindamycin OR 900 mg IV

Vancomycin 15 mg/kg IV
(not to exceed 2
g per dose)

PLUS one of the following:

Gentamicin OR 5 mg/kg IV (if
overweight or
obese, based on
dosing weight)

Aztreonam OR 2 g IV

Fluoroquinolone  

Regimen:

Metronidazole 500 mg IV

PLUS one of the following:

Gentamicin OR 5 mg/kg IV (if
overweight or
obese, based on
dosing weight)

Fluoroquinolone  

Cesarean section Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

Regimen:

Ampicillin-
sulbactam

3 g IV

Regimen:

Clindamycin OR 900 mg IV

Vancomycin 15 mg/kg IV
(not to exceed 2
g per dose)

PLUS one of the following:

Gentamicin OR 5 mg/kg IV (if
overweight or
obese, based on
dosing weight)

Aztreonam 2 g IV

Regimen:

Metronidazole
PLUS

500 mg IV

Gentamicin 5 mg/kg IV (if
overweight or
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obese, based on
dosing weight)

Abortion, surgical Doxycycline 100 mg orally
one hour before
procedure and
200 mg orally
after procedure

Metronidazole 500 mg orally
twice daily for
five days

Azithromycin 1 g orally one
hour before
procedure

Hysterosalpingogram
or chromotubation

Doxycycline 100 mg orally
twice daily for
five days

  

Laparoscopy
(diagnostic, tubal
sterilization,
operative except for
hysterectomy)

Other transcervical
procedures:

Hysteroscopy
(diagnostic or
operative,
including
hysteroscopic
sterilization)

Intrauterine device
insertion

Endometrial
biopsy

None

IV: intravenous; IDSA: Infectious Diseases Society of America; ASHP: American Society of Health-System
Pharmacists; ACOG: American College of Obstetricians and Gynecologists. 
* Common pathogens: Enteric gram-negative bacilli, anaerobes, group B Streptococcus, enterococci. 
¶ Parenteral prophylactic antimicrobials can be given as a single IV dose begun within 60 minutes before the
procedure. If vancomycin or a fluoroquinolone is used, the infusion should be given over 60 to 90 minutes
and started within 60 to 120 minutes before the initial incision. 
Δ An alternative regimen should be used in women with history of immediate hypersensitivity to beta-lactam
agents. Due to increasing resistance of Escherichia coli to ampicillin-sulbactam and fluoroquinolones, local
sensitivity profiles should be reviewed prior to use. 
◊ When clindamycin prophylaxis is warranted, UpToDate authors prefer a single dose of 900 mg based upon
pharmacokinetic considerations according to 2013 IDSA/ASHP surgical antibiotic prophylaxis guidelines.
However, a 600 mg dose consistent with ACOG guidance may be sufficient.  
§ Gentamicin use for surgical antibiotic prophylaxis should be limited to a single dose given preoperatively.
Based on evidence from colorectal procedures, a single dose of approximately 5 mg/kg gentamicin appears
more effective for the prevention of surgical site infection than multiple doses of gentamicin 1.5 mg/kg every
eight hours.  However, a lower dose of 1.5 mg/kg, consistent with ACOG guidance, may be adequate.
For overweight and obese patients (ie, actual weight is >125% of ideal body weight), a dosing weight should
be used. A calculator to determine ideal body weight and dosing weight is available in UpToDate. 
¥ Ciprofloxacin 400 mg IV OR levofloxacin 500 mg IV OR moxifloxacin 400 mg IV. Fluoroquinolones are
contraindicated in pregnancy and in women who are breastfeeding. 
‡ Prophylaxis is warranted for patients with history of pelvic inflammatory disease or if the procedure
demonstrates dilated fallopian tubes. No prophylaxis is indicated for patients without dilated tubes.

References:  
1. Clinical practice guidelines for antimicrobial prophylaxis in surgery. Am J Health Syst Pharm 2013;

70:195.
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Adapted from: Antimicrobial prophylaxis for surgery. Med Lett Drugs Ther 2016; 58:63.
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Antimicrobial prophylaxis for head and neck surgery in adults

Nature of
operation

Common
pathogens

Recommended
antimicrobials

Usual adult
dose*

Redose
interval

Clean – None – –

Clean with
placement of
prosthesis
(excludes
tympanostomy
tube placement)

Staphylococcus
aureus, S.
epidermidis,
streptococci

Cefazolin* <120 kg: 2 g IV

≥120 kg: 3 g IV

4 hours

OR cefuroxime 1.5 g IV 4 hours

OR vancomycin 15 mg/kg (max 2
g)

N/A

OR clindamycin 600 to 900 mg IV N/A

Clean-
contaminated

Anaerobes, enteric
gram-negative
bacilli, S. aureus

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

4 hours

PLUS
metronidazole

500 mg IV N/A

OR cefuroxime 1.5 g IV 4 hours

PLUS
metronidazole

500 mg IV N/A

OR ampicillin-
sulbactam

3 g IV 2 hours

OR clindamycin 900 mg IV 6 hours

IV: intravenous. 
* Parenteral prophylactic antimicrobials can be given as a single IV dose begun within 60 minutes before the
procedure. If vancomycin is used, the infusion should be started within 60 to 120 minutes before the initial
incision to have adequate tissue levels at the time of incision and to minimize the possibility of an infusion
reaction close to the time of induction of anesthesia. 
¶ For prolonged procedures (>3 hours) or those with major blood loss, or in patients with extensive burns,
additional intraoperative doses should be given at intervals one to two times the half-life of the drug for the
duration of the procedure in patients with normal renal function. 
Δ Use of vancomycin is appropriate in hospitals in which methicillin-resistant S. aureus (MRSA) or S.
epidermidis are frequent causes of postoperative wound infection, in patients previously colonized with MRSA,
or for those who are allergic to penicillins or cephalosporins. Rapid IV administration may cause hypotension,
which could be especially dangerous during induction of anesthesia. Even when the drug is given over 60
minutes, hypotension may occur; treatment with diphenhydramine and further slowing of the infusion rate
may be helpful. For procedures in which enteric gram-negative bacilli are common pathogens, many experts
would add another drug such as an aminoglycoside (such as gentamicin 5 mg/kg IV), aztreonam (2 g IV), or
a fluoroquinolone (such as levofloxacin 500 mg IV or ciprofloxacin 400 mg IV). 
◊ Some experts recommend an additional dose when patients are removed from bypass during open-heart
surgery.

Adapted from:  
1. Antimicrobial prophylaxis for surgery. Med Lett Drugs Ther 2016; 58:63.
2. Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis in

surgery. Surg Infect (Larchmt) 2013; 14:73.
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Antimicrobial prophylaxis for neurosurgery in adults

Nature of
operation

Common
pathogens

Recommended
antimicrobials

Usual adult
dose*

Redose
interval

Elective
craniotomy

Cerebrospinal
fluid shunting
procedures

Implantation of
intrathecal
pumps

Staphylococcus aureus,
S. epidermidis

Cefazolin <120 kg: 2 g

≥120 kg: 3 g

4 hours

OR vancomycin 15 mg/kg IV
(max 2 g)

12 hours

OR clindamycin 900 mg IV 6 hours

IV: intravenous. 
* Parenteral prophylactic antimicrobials can be given as a single IV dose begun within 60 minutes before the
procedure. If vancomycin is used, the infusion should be started within 60 to 120 minutes before the initial
incision to have adequate tissue levels at the time of incision and to minimize the possibility of an infusion
reaction close to the time of induction of anesthesia. 
¶ For prolonged procedures (>3 hours) or those with major blood loss, or in patients with extensive burns,
additional intraoperative doses should be given at intervals one to two times the half-life of the drug
(cefazolin every four hours, clindamycin every six hours, vancomycin every 12 hours) for the duration of the
procedure in patients with normal renal function. 
Δ Use of vancomycin is appropriate in hospitals in which methicillin-resistant S. aureus (MRSA) and S.
epidermidis are a frequent cause of postoperative wound infection, in patients previously colonized with
MRSA, or for those who are allergic to penicillins or cephalosporins. Rapid IV administration may cause
hypotension, which could be especially dangerous during induction of anesthesia. Even when the drug is given
over 60 minutes, hypotension may occur; treatment with diphenhydramine and further slowing of the infusion
rate may be helpful. For procedures in which enteric gram-negative bacilli are common pathogens, many
experts would add another drug such as an aminoglycoside (such as gentamicin 5 mg/kg IV), aztreonam (2 g
IV), or a fluoroquinolone (such as ciprofloxacin 400 mg IV or levofloxacin 500 mg IV).

Adapted from:  
1. Antimicrobial prophylaxis for surgery. Med Lett Drugs Ther 2016; 58:63.
2. Bratzler DW, et al. Clinical practice guidelines for antimicrobial prophylaxis in surgery. Surg Infect

(Larchmt) 2013; 14:73.

Graphic 87202 Version 10.0

¶

Δ

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

Antimicrobial prophylaxis for orthopedic surgery in adults

Nature of
operation

Common
pathogens

Recommended
antimicrobials

Usual adult
dose*

Redose
interval

Clean operation
involving hand,
knee, or foot with
no implantation of
foreign material

– None – –

Spinal procedures

Hip fracture

Internal fixation

Total joint
replacement

Removal of
orthopedic
hardware used for
treatment of lower
extremity
fractures

Staphylococcus
aureus,
Staphylococcus
epidermidis

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

Four hours

OR
vancomycin

15 mg/kg IV (max
2 g)

N/A

OR clindamycin 900 mg IV Six hours

IV: intravenous; N/A: not applicable; MRSA: methicillin-resistant Staphylococcus aureus. 
* Parenteral prophylactic antimicrobials can be given as a single IV dose begun within 60 minutes before the
procedure. If vancomycin is used, the infusion should be started within 60 to 120 minutes before the initial
incision to have adequate tissue levels at the time of incision and to minimize the possibility of an infusion
reaction close to the time of induction of anesthesia. 
¶ For prolonged procedures (>3 hours) or those with major blood loss or in patients with extensive burns,
additional intraoperative doses should be given at intervals one to two times the half-life of the drug for the
duration of the procedure in patients with normal renal function. 
Δ If a tourniquet is to be used in the procedure, the entire dose of antibiotic must be infused prior to its
inflation. 
◊ Use of vancomycin is appropriate in hospitals in which MRSA and Staphylococcus epidermidis are a frequent
cause of postoperative wound infection, in patients previously colonized with MRSA, or for those who are
allergic to penicillins or cephalosporins. Rapid IV administration may cause hypotension, which could be
especially dangerous during induction of anesthesia. Even when the drug is given over 60 minutes,
hypotension may occur; treatment with diphenhydramine and further slowing of the infusion rate may be
helpful. Some experts would give 15 mg/kg of vancomycin to patients weighing more than 75 kg, up to a
maximum of 1.5 g, with a slower infusion rate (90 minutes for 1.5 g). 
 § The role of antimicrobial prophylaxis prior to removal of orthopedic hardware used for treatment of lower
extremity factures is controversial. According to the guidelines issued by the United States Centers for
Disease Control and Prevention, this is considered a "clean" surgical procedure (ie, without skin
contamination or local infection), for which preoperative antibiotic prophylaxis is not routinely recommended.
However, relatively high rates of surgical site infection have been reported for this procedure; therefore, we
favor administration of preoperative antimicrobial prophylaxis. Refer to the text for further discussion.

Adapted from:  
1. Antimicrobial prophylaxis for surgery. Med Lett Drugs Ther 2016; 58:63.
2. Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis in

surgery. Surg Infect (Larchmt) 2013; 14:73.
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Antimicrobial prophylaxis for thoracic (noncardiac) surgery in adults

Nature of
operation

Common
pathogens

Recommended
antimicrobials

Usual adult
dose*

Redose
interval

Thoracic
(noncardiac)
procedures:
lobecotomy,
pneumonectomy,
lung resection,
thoractomy

Staphylococcus
aureus, S.
epidermidis,
streptococci,
enteric gram-
negative bacilli

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

4 hours

OR ampicillin-
sulbactam

3 g IV 2 hours

OR vancomycin 15 mg/kg IV (max
2 g)

N/A

OR clindamycin 900 mg IV 6 hours

IV: intravenous. 
* Parenteral prophylactic antimicrobials can be given as a single IV dose begun within 60 minutes before the
procedure. If vancomycin is used, the infusion should be started within 60 to 120 minutes before the initial
incision to have adequate tissue levels at the time of incision and to minimize the possibility of an infusion
reaction close to the time of induction of anesthesia. 
¶ For prolonged procedures (>3 hours) or those with major blood loss, or in patients with extensive burns,
additional intraoperative doses should be given at intervals one to two times the half-life of the drug for the
duration of the procedure in patients with normal renal function. 
Δ Due to increasing resistance of Escherichia coli to fluoroquinolones and ampicillin-sulbactam, local
sensitivity profiles should be reviewed prior to use. 
◊ Use of vancomycin is appropriate in hospitals in which methicillin-resistant S. aureus (MRSA) and S.
epidermidis are a frequent cause of postoperative wound infection, in patients previously colonized with
MRSA, or for those who are allergic to penicillins or cephalosporins. Rapid IV administration may cause
hypotension, which could be especially dangerous during induction of anesthesia. Even when the drug is given
over 60 minutes, hypotension may occur; treatment with diphenhydramine and further slowing of the infusion
rate may be helpful. For procedures in which enteric gram-negative bacilli are common pathogens, many
experts would add another drug such as an aminoglycoside (gentamicin 5 mg/kg IV), aztreonam (2 g IV), or
a fluoroquinolone (ciprofloxacin 400 mg IV or levofloxacin 500 mg IV).

Adapted from:  
1. Antimicrobial prophylaxis for surgery. Med Lett Drugs Ther 2016; 58:63.
2. Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis in

surgery. Surg Infect (Larchmt) 2013; 14:73.
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Antimicrobial prophylaxis for vascular surgery in adults

Nature of
operation

Common
pathogens

Recommended
antimicrobials

Usual adult
dose*

Redose
interval

Arterial surgery
involving a
prosthesis, the
abdominal aorta,
or a groin incision

Staphylococcus
aureus, S.
epidermidis,
enteric gram-
negative bacilli

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

4 hours

OR vancomycin 15 mg/kg IV (max
2 g)

N/A

OR clindamycin 900 mg IV 6 hours

Lower extremity
amputation for
ischemia

S. aureus, S.
epidermidis,
enteric gram-
negative bacilli,
clostridia

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

4 hours

OR vancomycin 15 mg/kg IV (max
2 g)

N/A

OR clindamycin 900 mg IV 6 hours

IV: intravenous. 
* Parenteral prophylactic antimicrobials can be given as a single IV dose begun within 60 minutes before the
procedure. If vancomycin is used, the infusion should be started within 60 to 120 minutes before the initial
incision to have adequate tissue levels at the time of incision and to minimize the possibility of an infusion
reaction close to the time of induction of anesthesia. 
¶ For prolonged procedures (>3 hours) or those with major blood loss, or in patients with extensive burns,
additional intraoperative doses should be given at intervals one to two times the half-life of the drug for the
duration of the procedure in patients with normal renal function. 
Δ Use of vancomycin is appropriate in hospitals in which methicillin-resistant S. aureus (MRSA) and S.
epidermidis are a frequent cause of postoperative wound infection, in patients previously colonized with
methicillin-resistant S. aureus, or for those who are allergic to penicillins or cephalosporins. Rapid IV
administration may cause hypotension, which could be especially dangerous during induction of anesthesia.
Even when the drug is given over 60 minutes, hypotension may occur; treatment with diphenhydramine and
further slowing of the infusion rate may be helpful. For procedures in which enteric gram-negative bacilli are
common pathogens, many experts would add another drug such as an aminoglycoside (such as gentamicin 5
mg/kg IV), aztreonam (2 g), or a fluoroquinolone (such as ciprofloxacin 400 mg IV or levofloxacin 500 mg
IV).

Adapted from:  
1. Antimicrobial prophylaxis for surgery. Med Lett Drugs Ther 2016; 58:63.
2. Bratzler DW, et al. Clinical guidelines for antimicrobial prophylaxis in surgery. Surg Infect (Larchmt)

2013; 14:73.
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Antimicrobial prophylaxis for percutaneous procedures in adults

Procedure
Potential

organisms
encountered

Routine
prophylaxis

recommended

First-
choice

antibiotic

Common
antibiotic choices

Comments

Angiography,
angioplasty,
thrombolysis,
arterial
closure
device
placement,
stent
placement

Staphylococcus
aureus, S.
epidermidis

No None Cefazolin (2 g IV if
<120 kg, 3 g IV if
≥120 kg IV) (if high-
risk stent infection).
If penicillin-allergic,
can use vancomycin
(15 mg/kg IV; max 2
g) or clindamycin
(900 mg IV).

Procedure
classification:
clean

Endograft
placement

S. aureus, S.
epidermidis

Yes Cefazolin
(2 g IV if
<120 kg, 3
g IV if
≥120 kg
IV)

If penicillin-allergic,
can use vancomycin
or clindamycin

Procedure
classification:
clean

Superficial
venous
insufficiency
treatment

S. aureus, S.
epidermidis

No None None Procedure
classification:
clean

IVC filter
placement

S. aureus, S.
epidermidis

No None None Procedure
classification:
clean

Tunneled
central
venous
access

S. aureus, S.
epidermidis

No consensus None Cefazolin (2 g IV if
<120 kg, 3 g IV if
≥120 kg IV) (eg,
immunocompromised
patients before
chemotherapy;
history of catheter
infection). If
penicillin-allergic,
can use vancomycin
(15 mg/kg IV; max 2
g) or clindamycin
(900 mg IV).

Procedure
classification:
clean
(nontunneled
catheter: no
prophylaxis)

IV: intravenous; IVC: inferior vena cava.

Reproduced from: Venkatesan AM, Kundu S, Sacks D, et al. Practice guideline for adult antibiotic prophylaxis
during vascular and interventional radiology procedures. J Vasc Interv Radiol 2010; 21:1611. Table used with
the permission of Elsevier Inc. All rights reserved.
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Antimicrobial prophylaxis for breast surgery in adults

Nature of
operation

Common
pathogens

Recommended
antimicrobials

Usual adult
dose

Redose
interval

Reduction
mammoplasty

Mammoplasty

Lumpectomy

Mastectomy

Axillary node
dissection

– None – –

Breast cancer
procedures

Staphylococcus
aureus, S.
epidermidis,
streptococci*

Cefazolin <120 kg: 2 g IV

≥120 kg: 3 g IV

4 hours

OR vancomycin 15 mg/kg (max 2
g)

N/A

OR clindamycin 900 mg IV 6 hours

IV: intravenous.

* A higher rate of infection due to gram-negative organisms occurs in the setting of procedures involving
macerated, moist environments (such as under the axilla of an obese individual) and among patients with
diabetes. In the setting of risk for surgical site infections due to gram-negative pathogens, an additional
agent may be warranted (such as an gentamicin 5 mg/kg IV, aztreonam 2 g IV, ciprofloxacin 400 mg IV, or
levofloxacin 500 mg IV).

Source: Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis in
surgery. Surg Infect (Larchmt) 2013; 14:73.

Graphic 89540 Version 6.0

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

http://www.uptodate.cn/uptodate-china-privacy-policy


2018/6/3 Antimicrobial prophylaxis for prevention of surgical site infection in adults - UpToDate

https://www.uptodate.com/contents/antimicrobial-prophylaxis-for-prevention-of-surgical-site-infection-in-adults/print?sectionName=Timing&topicRef=4475&anchor

Contributor Disclosures

Deverick J Anderson, MD, MPH Nothing to disclose Daniel J Sexton, MD Grant/Research/Clinical Trial
Support: Centers for Disease Control and Prevention; National Institutes of Health [Healthcare epidemiology].
Consultant/Advisory Boards: Sterilis [Medical waste disposal]; Magnolia Medical Technologies [Medical
diagnostics]; National Football League [Infection prevention]; Johnson & Johnson [Mesh-related infections].
Equity Ownership/Stock Options: Magnolia Medical Technologies [Medical diagnostics (Blood culture
techniques)]. Other Financial Interest: Johnson & Johnson [Mesh-related infections]. Anthony Harris, MD,
MPH Nothing to disclose Elinor L Baron, MD, DTMH Nothing to disclose

Contributor disclosures are reviewed for conflicts of interest by the editorial group. When found, these are
addressed by vetting through a multi-level review process, and through requirements for references to be
provided to support the content. Appropriately referenced content is required of all authors and must conform
to UpToDate standards of evidence.

Conflict of interest policy

This site uses cookies. By continuing to browse this site you are agreeing to our use of cookies.
Continue or find out more.

https://www.uptodate.com/home/conflict-interest-policy
http://www.uptodate.cn/uptodate-china-privacy-policy

