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Abstract
Infection control is a discipline that applies epidemiologic and scientific princi-

ples and statistical analysis to prevent or reduce rates of nosocomial infections. Ef-
fective infection control programs proved to reduce the rates of nosocomial infec-
tions and to be cost-effective. It is a key component of the broader discipline of
hospital epidemiology. As an example, the anesthesia team acts every day in a
highly complex and high risk environment for the transmission of pathogenic or-
ganisms and induction of infectious complication. In order to achieve the main goal
of preventing or reducing the risk of hospital-acquired infections, a hospital epide-
miology program should have the following oversight functions and responsibili-
ties: Surveillance, either hospital-wide or targeted Education about prevention of
infections. Outbreak investigations cleaning, disinfection and sterilization of equip-
ments and disposal of infectious waste hospital employee health, specifically after
exposure to either blood-borne or respiratory pathogens, Review of antibiotic utili-
zation and its relationship to local antibiotic resistance patterns, Prevention of in-
fections due to percutaneous intravascular devices. Development of infection con-
trol policies and procedures oversight on the use of new products that directly or
indirectly relate to the risk of nosocomial infections.
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Review and Management
Surgical wound infections are the

second most common nosocomial in-
fection. Although usually localized to
the incision site, surgical wound infec-
tions can also extend into adjacent
deeper structures; thus, the term surgi-
cal wound infection has now been re-
placed with the more suitable name,
surgical site infection (SSI).
Hospital Control measures:

The CDC has developed criteria for
defining SSIs, which have become the
national standard and are widely used
by surveillance and surgical personnel.

These criteria define SSIs as infections
related to the operative procedure that
occur at or near the surgical incision
(incisional or organ/space) within 30
days of an operative procedure or with-
in one year if an implant is left in place
(CDC, 1992a).

Among surgical patients SSIs are the
most common nosocomial infection;
they account for 38% of nosocomial
infections. It is estimated that SSIs de-
velop in 2 to 5% of the more than 30
million patients undergoing surgical
procedures each year; one out of every
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24 patients who have inpatient surgery
in the United States has a postoperative
SSI (CDC, 1992b). The cost of SSIs is
substantial. One study found an aver-
age total cost of $5155 during the eight
week period after discharge for patients
with an SSI diagnosed after discharge
compared to $1773 for those without
an SSI (Perencevich et al, 2003).

The Centers for Medicare & Medi-
caid Services, in collaboration with the
CDC, has implemented the surgical
infection prevention project to decrease
the morbidity and mortality associated
with postoperative surgical site infec-
tions. So, surgical care improvement
project, a national quality partnership
of organizations committed to improv-
ing the safety of surgical care, was an-
nounced (Bratzler and Hunt, 2006).
General practices:
The most important factors in the pre-

vention of SSIs are: The general health
of the patient meticulous operative
techniques Timely administration of
effective preoperative antibiotics

A number of practices and policies
have been used over the years to reduce
the risk of SSIs, including: Preopera-
tive showering with antimicrobial
soaps Application of antiseptics to the
skin of the patient Washing and glov-
ing of the surgeon's hands Use of ster-
ile drapes Use of gowns and masks by
operating room personnel (Mangram et
al, 1999).

Most of these rituals were developed
to reduce contact with flora from the
hands, hair, scalp, nares, and orophar-
ynx of hospital personnel, which were
believed to be the source of microor-
ganisms causing SSIs. However, care-

fully controlled studies have failed to
clearly show the benefits of most of
these rituals.

Modern methods of antisepsis can
reduce, but not eliminate, the skin-
associated bacteria of the surgical pa-
tient; approximately 20% of the bacte-
ria are located in hair follicles and se-
baceous glands, which are not reached
with preoperative antiseptic agents
(Selwyn and Ellis, 1972). Designed
studies showed that whole-body disin-
fection through preoperative showers
or local antisepsis through skin prepa-
ration does not prevent SSIs (Cruse and
Ford, 1980). A meta-analysis of six
trials involving a total of 10,007 partic-
ipants came to the same conclusion:
there is no evidence of benefit for pre-
operative showering or bathing with an
antiseptic preparation over other wash
products to reduce SSIs (Hayek et al,
1987).

A related issue, the value of skin an-
tiseptics prior to clean surgery, was
evaluated in a systematic review (Rot-
ter et al, 1988). They concluded that
there was insufficient evidence to sup-
port or refute the use of skin antiseptics
in this setting or of one antiseptic over
another.

Similar to antiseptics, the use of bar-
rier devices (masks, caps, gowns,
drapes, and shoe covers) to prevent
SSIs is not supported by rigorously
controlled and valid clinical studies.
The primary role for these barrier de-
vices is to protect operating room per-
sonnel from exposure to infectious
blood or body fluids. Currently, the
Occupational Health and Safety Ad-
ministration (OSHA) guidelines require
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that masks, caps, and shoe covers
should be worn when gross contamina-
tion can be reasonably anticipated, but
in fact most operating rooms in the
United States require universal use of
such gear regardless of the type of pro-
cedure (Webster and Osborne, 2006).

Good surgical technique is funda-
mental to lowering SSI rates. These
techniques include: gentle traction, ef-
fective hemostasis, removal of devital-
ized tissues, obliteration of dead space,
irrigation of tissues by saline during
long procedures to avoid excessive dry-
ing, use of fine, non-absorbed monofil-
ament suture material, judicious use of
closed suction drains, and wound clo-
sure without tension (Edwards et al,
2004).

Choice of surgical hand hygiene:
Although no randomized, controlled

trials have been conducted to indicate
that SSI rates are substantially lower
with preoperative scrubbing, preopera-
tive cleansing of hands and forearms
with an antiseptic agent has been an
accepted practice. Hand-rubbing with
aqueous alcoholic solution may be as
effective as traditional hand-scrubbing
with antiseptic soap to prevent surgical
site infections (Altemeier et al, 1984).

A randomized trial involving six sur-
gical services from teaching and non-
teaching hospitals in France compared
two hand-cleansing methods alternately
every other month: a hand-rubbing pro-
tocol with 75% aqueous alcoholic solu-
tion containing propanol-1, propanol-2,
and mecetronium etilsulfate; and a
hand-scrubbing protocol with antiseptic
preparation containing 4 percent pov-
idone iodine or 4% chlorhexidine glu-

conate. Surgical site infection rates
were 55 of 2252 (2.44%) in the hand-
rubbing protocol and 53 of 2135
(2.48%) in the hand-scrubbing proto-
col. The hand-rubbing protocol was
better tolerated by the surgical teams
and improved compliance (44% versus
28%) with hygiene guidelines (Tanner
et al, 2008).

Guidelines support using either an
antimicrobial soap or an alcohol-based
hand rubs with persistent activity for
surgical hand antisepsis (Parienti et al,
2002).
Antimicrobial prophylaxis:

The goal of antimicrobial prophylaxis
is to eradicate or retard the growth of
endogenous microorganisms. Optimal
prevention of SSIs requires that the
antimicrobial prophylaxis be combined
with other measures described below.

The efficacy of antibiotic prophylaxis
in clean and clean-contaminated sur-
gery has been clearly established. Pa-
tients who receive prophylactic antibi-
otics within a two hour "window" be-
fore the initial incision have lower rates
of SSI than patients who receive anti-
biotics either too early or postopera-
tively (Boyce and Pittet, 2002).

Despite evidence of effectiveness and
the publication of guidelines for anti-
microbial prophylaxis to prevent SSIs,
substantial inconsistencies occur in the
use of prophylactic antimicrobials for
patients undergoing major surgery.
Suboptimal use of antimicrobial pro-
phylaxis was examined in a systematic
random sample of 34,133 Medicare in-
patients undergoing surgical proce-
dures in 2965 acute care hospitals in
the USA by National Surgical Infection
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Prevention Project (van Kasteren et al,
2007). Antimicrobial agents consistent
with published guidelines were admin-
istered to 93% of the patients. An an-
timicrobial dose was administered to
only 56% of patients within one hour
before incision. Antimicrobial prophy-
laxis was discontinued within 24 hours
of surgery in only 41% of patients
(Bratzler et al, 2005).

A subsequent collaborative study
involving 56 hospitals in 50 states test-
ed various "improvement methodolo-
gies" and demonstrated that simple
programs could produce improvement
in the rates of compliance with the
above three measures. As an example,
the mean rate of compliance with op-
timal timing of preoperative antimicro-
bial prophylaxis rose to 95% and anti-
microbial prophylaxis was discontin-
ued within one hour following surgery
in 85% of patients (Dellinger et al,
2005). Most importantly, hospitals that
participated in the pilot study reported
a mean 27% reduction in their rate of
SSIs (from 2.3 to 1.7 % in the first ver-
sus last three months of the study). But,
the most clean surgeries do not need
antimicrobial prophylaxis unless there
is a high risk infection or the conse-
quences of a surgical site infection are
disastrous (e.g., CABG, insertion of a
prosthesis or laminectomy). Also, since
most contaminated or dirty wounds
require a therapeutic course of antibiot-
ics, antimicrobial therapy in such pa-
tients is actually therapeutic rather than
prophylactic (Bolon et al, 2004).
Antibiotic selection:

There are minor differences between
published guidelines regarding appro-

priate agents for antimicrobial prophy-
laxis; following general recommenda-
tions for intravenous (IV) antimicrobial
prophylaxis prior to surgery reasonable
and appropriate are considered (Garey
et al, 2008). The first generation cepha-
losporin cefazolin (1 to 2g IV) proved
effective for most clean procedures
because of its activity against many
staphylococci and streptococci. The
second generation cephalosporin ce-
furoxime (1.5 g IV) can be given in-
stead of cefazolin in thoracic (cardiac
and noncardiac) and orthopedic proce-
dures. For procedures that might in-
volve exposure to bowel anaerobes
(including Bacteroides fragilis), the
second generation cephalosporins
cefoxitin (1 to 2 g IV) or cefotetan are
more effective than cefazolin against
these organisms. However, many bow-
el aerobic gram-negative bacilli such as
E. coli have become resistant to cefox-
itin. Thus, alternative regimens such as
cefazolin (1 to 2 g IV) plus metronida-
zole (0.5 g IV) or monotherapy with
ampicillin/sulbactam (3 g IV) are reas-
onable alternatives. Most patients with
a penicillin allergy can be treated with
cefazolin, since allergic reactions to
cephalosporins are infrequent except in
patients with severe IgE-mediated reac-
tions to penicillin, some of whom have
experienced anaphylaxis upon first ex-
posure to cephalosporins (Finkelstein
et al, 2002). When allergy prevents ad-
ministration of a cephalosporin, alter-
natives include I.V. vancomycin (1g
[10-15 mg/kg]) or clindamycin (600-
900 mg). Many would add a drug to
cover gram-negative bacteria, as gen-
tamicin, ciprofloxacin, levofloxacin, or
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aztreonam, particularly in patients un-
dergoing a colorectal procedure, hys-
terectomy, or vascular surgery involv-
ing an incision in groin. Local re-
sistance patterns should be taken into
account in patients with a long pre-
operative hospitalization (Vuorisalo et
al, 1998). Vancomycin can be given in
institutions where methicillin-resistant
S. aureus or methicillin-resistant coag-
ulase-negative staphylococci cause sur-
gical site infections (Pons et al, 1993).
Role of vancomycin:

There is an increasing role for van-
comycin in surgical prophylaxis, alt-
hough there are few data to assess the
efficacy of this strategy. It may have a
role in the following circumstances:
Prevention of methicillin-resistant S.
aureus (MRSA) infection in centers
with a high prevalence of surgical in-
fections due to this organism reduction
in the risk of methicillin-resistant co-
agulase-negative staphylococcal and
enterococcal infection following pros-
thetic heart valve or prosthetic vascular
graft implantation Prevention of infec-
tion in patients who have received
broad-spectrum antimicrobial therapy

Despite these considerations, ran-
domized trials have failed to demon-
strate a benefit of vancomycin com-
pared to cefazolin (cefuroxime or of
teicoplanin compared to cefazolin
ceftizoxime (Saginur et al, 2000).

Equivalent efficacy for vancomycin
and beta-lactams was noted in a meta-
analysis of seven randomized trials of
5761 procedures. In subset analyses,
beta-lactam prophylaxis was signifi-
cantly more effective for prevention of
chest SSIs with a strong trend toward a

benefit for prevention of deep chest
SSIs and SSIs caused by gram-positive
bacteria. On the other hand, there was a
trend toward glycopeptides being supe-
rior for prevention of leg SSIs or SSIs
caused by methicillin-resistant gram-
positive bacteria. The authors conclud-
ed that beta-lactams should continue to
be the standard prophylaxis after cardi-
ac surgery in most patients (Periti et al,
1999). Nonetheless, vancomycin is of-
ten used in institutions with high rate of
MRSA infections. even though guide-
lines do not define minimum criteria.
Guidelines from the Surgical Care Im-
provement Project do state that vanco-
mycin is an acceptable antibiotic for
patients undergoing cardiac, vascular,
and orthopedic procedures. It is con-
sidered the vancomycin as appropriate
only for selected patients even in hos-
pitals where postoperative MRSA in-
fections are common. Practice add van-
comycin as preoperative prophylaxis in
patients undergoing high-risk surgeries
with identifiable risk factors for post-
operative MRSA infection, as recent
hospitalized, renal disease, or diabetes.
So, add a beta-lactam antibiotic (cefa-
zolin or cefuroxime) to provide appro-
priate coverage for gram-negative org-
anisms. Alternatives in patients allergic
to cephalosporins include gentamicin,
ciprofloxacin, levofloxac in, or aztreo-
nam (Bratzler and Houck, 2002).
Prophylaxis timing:

Guidelines from the medical letter
and the Surgical Care Improvement
Project recommend that antimicrobial
therapy be administered within an hour
prior to the surgical incision to ensure
adequate drug tissue levels at time of
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initial incision (within 2 hours if van-
comycin or fluoroquinolone is used) to
prevent antibiotic-associated reactions
around anesthesia time of induction
(Dellinger, 2007). Support comes from
a prospective observational study of
2847 patients undergoing elective clean
or clean-contaminated surgery. Lowest
rate of SSI (0.6%) was in 1708 patients
(60%) who received antimicrobial pro-
phylaxis in 2 hours before incision.
Rates of SSI were higher in patients
who received prophylaxis more than 2
hours prior to incision, within 3 hours
after incision, or more than 3 hours
after incision (3.8, 1, 4, & 3.3%, re-
spectively).

A similar U-shaped curve was noted
in a prospective study of 1922 patients
undergoing elective total hip arthro-
plasty between 2000 and 2002, with a
trend toward lower rates of SSI in the
1679 patients (87%) who were given
antimicrobial therapy within an hour
before incision.

The better outcomes with preopera-
tive antimicrobial therapy within one to
two hours before incision may be ex-
plained by the following factors, each
of which has been associated with low-
er rates of SSIs: The higher serum an-
timicrobial concentrations during sur-
gery and measurable levels at the end
of surgery (DiPiro et al, 1985), Ade-
quate tissue antimicrobial concentra-
tions at the time of incision and wound
closure (Wong-Beringer et al, 1995).

Antimicrobial therapy administered
immediately before surgery may be
less effective than antimicrobial thera-
py given between 60 and 30 minutes
before surgery. In a prospective obser-

vational study including 3836 surgical
patients, antimicrobial therapy given 0
to 29 minutes prior to surgery was less
effective than comparable therapy ad-
ministered between 30 to 59 minutes
preoperatively (Weber et al, 2008).
This effect was observed even after
statistical adjustment for other con-
founding risk factors such as ASA
score, duration of surgery and wound
class. In another study involving 2048
patients undergoing cardiac bypass
surgery, patients who received vanco-
mycin infusions 0 to 15 minutes prior
to the beginning of surgery had higher
rates of postoperative infection than
those who received vancomycin 16 to
60 minutes preoperatively. These stud-
ies suggest that adequate time should
be allowed for complete antibiotic in-
fusion and achievement of steady state
kinetics before proceeding with the
surgical procedure (Garey et al, 2006).
Repeat dosing:
The Medical Letter recommends a

single intravenous antimicrobial dose
for procedures lasting less than four
hours. For procedures lasting more
than four hours or when major blood
loss occurs, redosing is indicated every
one to two half-lives of the drug in pa-
tients with normal renal function (ce-
fazolin every 2 to 5 hours, cefoxitin
every 2 to 3 hours, cefuroxime every 3
to 4 hours, ampicillin/sulbactam every
2 to 4 hours, vancomycin every 6 to 12
hours, clindamycin every 3 to 6 hours,
and metronidazole every 6 to 8 hours).

The potential value of intraoperative
redosing for prolonged surgical proce-
dures was illustrated in a retrospective
study that evaluated the risk of SSIs in
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1548 patients who, after preoperative
administration of cefazolin prophylax-
is, underwent cardiac surgery lasting
more than four hours; intraoperative
redosing was performed in 30% (Zan-
etti et al, 2001). The overall risk of SSI
was similar among patients with and
without intraoperative redosing (9.4
versus 9.3%). However, the risk of SSI
was significantly reduced by intraoper-
ative redosing in procedures lasting
more than 400 min (7.7 versus 16.0%;
adjusted OR 0.44, 95% CI 0.23-0.86).

The guidelines disagree regarding the
need for repeat antibiotic dosing during
the postoperative period. Medical letter
consultants have indicated that repeat
dosing after wound closure was not
necessary and might increase antimi-
crobial resistance. However, some ex-
perts recommend a second dose with
open heart surgery when the patient is
removed from cardiopulmonary by-
pass. In contrast, the Surgical Care Im-
provement Project recommends post-
operative therapy with discontinuation
within 24 hours after the end of most
surgeries and within 48 hours after the
end of cardiac surgery.

These recommendations are based
upon both randomized trials and obser-
vational studies that failed to demon-
strate any beneficial effects of long-
course prophylaxis regimens. In a sys-
tematic review of randomized trials,
there was no difference in the rate SSI
with single dose compared to multiple
dose regimens given for less than or
more than 24 hours, combined odds
ratio 1.04, 95% CI 0.86-1.25 (Mc-
Donald et al, 1998). In addition to lack
of protection against SSI, antimicrobial

therapy has been associated with an
increased risk of acquired antimicrobial
resistance if given for more than 48
hours (Pollard et al, 1979) and of intra-
vascular line infections and bacteremia
if given for more than four days. De-
spite all of these observations, a report
from a surgical intensive care unit be-
tween 1995 and 1997 found that 61%
of prophylactic antibiotics were con-
tinued beyond 24 hours (Harbarth et al,
2000).
Cardiac surgery:

Cardiac surgery (e.g., coronary artery
bypass, heart valve replacement) is
primarily a clean surgery with the ma-
jority of patients having a low preoper-
ative risk of infection (e.g., NNIS risk
index of 0 or 1). Despite their infre-
quency, deep organ/space SSIs (e.g.,
mediastinitis and prosthetic valve en-
docarditis) are catastrophic complica-
tions associated with substantial mor-
bidity and mortality.

The S. aureus and coagulase-negative
staphylococci are the predominant
pathogens responsible for SSIs in car-
diac surgery. When the gram-negative
bacilli (e.g., Escherichia coli, Klebsiel-
la spp, Enterobacter spp, Proteus spp,
and Pseudomonas spp) are responsible
for SSIs, contamination of the chest
usually occurs during the saphenous
vein harvesting (Namias et al, 1999).

A meta-analysis of 28 studies con-
ducted abroad concluded that antimi-
crobial prophylaxis is beneficial in car-
diothoracic surgery (Farrington et al,
1985). Previous studies describing fail-
ures of first generation cephalosporins
in preventing SSIs due to methicillin-
sensitive S. aureus (Kreter and Woods,
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1992) led to the second generation
cephalosporins adoption (such as ce-
furoxime) as the preferred antimicrobi-
al prophylaxis in many centers. How-
ever, subsequent clinical trials showed
equivalent (Kernodle et al, 1990) or
even lower rates of S. aureus SSIs
(Curtis et al, 1993) with cefazolin
compared to cefuroxime. Because of its
greater intrinsic activity against staphy-
lococci, narrower side effect profile
and antimicrobial spectrum, and much
lower cost, cefazolin is the prophylac-
tic agent of choice as it is in the Medi-
cal Letter and Surgical Care Improve-
ment Project. The drugs are given I.V.
within 60 minutes before the first inci-
sion. Vancomycin and clindamycin are
alternatives if allergy limits the use of a
cephalosporin Pearkman et al, 1998).
There is disagreement about the need
for repeat dosing during and after car-
diac surgery.
Intravascular device placement:

Although not well studied, antimi-
crobial prophylaxis is generally used
before placement of permanent pace-
makers, electrophysiologic devices,
ventricular assist devices, ventriculo-
atrial shunts, and arterial patches. Dos-
ing regimens are similar to those used
in cardiac surgery (Ahmed et al, 2012).
Noncardiac thoracic surgery:

Antimicrobial prophylaxis is given
routinely in thoracic surgery. The effi-
cacy of this approach was illustrated in
a randomized trial of 127 patients un-
dergoing thoracic surgery who were
assigned to a single preoperative dose
of cefazolin (1 g) or placebo (Doeb-
beling et al, 1990). Cefazolin therapy
was associated with a significant reduc-

tion in wound infection (1.5 vs 14%)
but not in empyema or pneumonia.

The recommended antibiotics are
cefazolin (1 to 2 g IV), cefuroxime (1.5
g IV), or, in selected patients, vanco-
mycin (1 g [10 to 15 mg/kg] IV). As
mentioned above, the indications for
vancomycin are previous colonization
with MRSA, hospitals in which MRSA
and/or coagulase-negative staphylo-
cocci are a common cause of postoper-
ative infection, and allergy to penicillin
groups or cephalosporins. Clindamycin
is an alternative to vancomycin in pa-
tients with beta-lactam allergy.
Colorectal surgery:

Antimicrobial prophylaxis is recom-
mended for procedures involving the
colon or rectum, and coverage must be
provided against enteric gram-negative
bacilli, anaerobes, and enterococci.

A meta-analysis evaluated 147 ran-
domized trials that compared different
antimicrobial regimens. The surgical
wound infection was generally defined
as purulent discharge in the surgical
wound, with or without a positive cul-
ture (Baddour et al, 2003).

The following findings were noted
that the overall rate of surgical wound
infection with prophylaxis was 11%.
There was no significant difference
among the different effective regimens,
although many trials were underpow-
ered to detect a moderate difference.
But, a number of regimens were inade-
quate, including doxycycline alone,
piperacillin alone, metronidazole alone,
and oral neomycin plus erythromycin.
A single dose given immediately be-
fore surgery or short-term use was as
effective as regimens that included
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long-term postoperative therapy. First
generation cephalosporins were as ef-
fective as later generation cephalospor-
ins.

Surgical Care Improvement Project
and the 2009 medical letter guidelines
recommended a variety of antimicrobi-
al regimens in patients undergoing col-
orectal surgery. Antimicrobial prophy-
laxis can consist of an orally adminis-
tered antimicrobial bowel preparation,
a preoperative parenteral antimicrobial,
or combination of both. Oral prophy-
laxis appears to be as effective as intra-
venous prophylaxis (Song and Glenny,
1998). In the US >90% of colorectal
surgeons who administer oral bowel
preparations also give parenteral anti-
biotics prior to surgery (Lewis, 2002).

Recommended oral prophylaxis con-
sists of neomycin plus erythromycin or
neomycin plus metronidazole, initiated
no more than 18 to 24 h before the op-
eration, along with administration of a
mechanical bowel preparation. The
recommended dosing schedules are:
Oral neomycin (1 g) plus oral erythro-
mycin base (1 g), both given 19, 18,
and 9 hours before surgery Oral neo-
mycin (2 g) plus oral metronidazole (2
g), both given 13 and 9 hours before
surgery

The recommended dosing schedules
were somewhat different with the two
guidelines. The Surgical Care Im-
provement Project recommends cefox-
itin, cefotetan, cefazolin plus metroni-
dazole, or ampicillin-sulbactam: Cefo-
xitin or cefotetan, both 1 to 2 g (20 to
40 mg/kg) IV preoperatively and con-
tinued at eight hour intervals for up to
24 hours after the end of surgery.

However, there is evidence for emer-
gence of resistance of many gram-
negative bacilli to cefotetan and cefox-
itin. In a study involving 450 patients
undergoing elective colorectal surgery
who received prophylaxis with cefo-
tetan, postoperative SSI was observed
in 26% of cases. Cefotetan resistance
was seen in 67% of bacterial isolates
(Doebbeling et al, 1990). Cefazolin (1
g IV if less than 80 kg and 2 g IV if
more than 80 kg initially and repeated
for two doses postoperatively at eight
hour intervals) plus metronidazole (15
mg/kg IV first dose, 7.5 mg/kg subse-
quent doses given IV twice postopera-
tively at six hour intervals). Ampicil-
lin-sulbactam, 3 g IV preoperatively
and continued at six hour intervals for
up to 24 hours after the end of surgery,
Ertapenem, 1 g IV preoperatively as a
single dose.

A randomized trial compared erta-
penem, a long-acting carbapenem, to
cefotetan in 901 patients undergoing
elective colorectal surgery; a single
dose was given within an hour before
the first surgical incision (Zmora et al,
2003). The rate of surgical site infec-
tion was significantly lower with erta-
penem (17 versus 26%).

Itani et al, (1996) noted that the rate
of SSI in the trial was significantly
higher than the rates reported from Na-
tional Nosocomial Infections Surveil-
lance (NNIS) System (Sexton, 2006) or
in the meta-analysis cited above, mean
11%). Two-thirds of the gram-negative
pathogens isolated from patients treat-
ed with cefotetan were resistant to this
drug, a possible reflection at least in
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part of widespread use for surgical pro-
phylaxis (Aznar et al, 1991).

Ertapenem was approved for use as
prophylaxis in colorectal surgery in
2006. However, the 2009 the medical
letter guidelines advise against the rou-
tine administration of carbapenems for
surgical prophylaxis because wide-
spread use of these drugs may result in
increased rates of resistance. This rec-
ommendation is accepted because car-
bapenems are currently the best availa-
ble drugs for the treatment of serious
infections caused by aerobic gram-
negative organisms that are resistant to
other widely used antimicrobial drugs
(Trivedi et al, 2012).

A number of options were recom-
mended for patients with beta-lactam
allergy: Clindamycin (600 to 900 mg
IV and repeated twice postoperatively
at eight hour intervals) plus either gen-
tamicin (1.5 mg/kg IV and repeated
twice postoperatively at 8 to 12 hour
intervals, or parenteral fluoroquinolone
(ciprofloxacin 400 mg IV and repeated
once postoperatively at 12 hours or a
single IV dose of levofloxacin 750 mg
or moxifloxacin 400 mg) Metronida-
zole (15 mg/kg IV first dose, 7.5 mg/kg
subsequent doses given IV twice post-
operatively at six hour intervals) and
aztreonam (1 to 2 g IV and repeated
twice postoperatively at eight hour in-
tervals) with either gentamicin or a
fluoroquinolone; the doses of the last
two drugs are similar to those used in
the above regimen

In contrast to the Surgical Care Im-
provement Project, which recommend-
ed routine redosing, the Medical Letter
recommended redosing only for proce-

dures lasting more than four hours and
associated with major blood loss, ac-
cording to the regimens cited above.
Cefoxitin (1 to 2 g IV) Cefazolin (1 to
2 g IV) plus metronidazole (0.5 g IV)
Ampicillin-sulbactam (3 g IV)

For patients allergic to penicillins or
cephalosporins, clindamycin plus one
of the following: the ciprofloxacin, le-
vofloxacin, gentamicin, or aztreonam
(Sullins and Abdel-Rahman, 2013).
Other gastrointestinal surgery:

The 2009 medical letter guidelines
recommended antimicrobial prophylax-
is in selected patients who undergo
surgery at sites in the gastrointestinal
tract other than the colon or rectum:
Esophageal and gastro-duodenal:

Prophylaxis in recommended in pa-
tients at increased risk, defined as eso-
phageal obstruction, morbid obesity,
and reductions in gastric acidity or gas-
trointestinal motility due to obstruction,
hemorrhage, gastric ulcer, malignancy,
or proton pump inhibitor therapy. The
recommended antibiotics are cefazolin
(1 to 2 g IV) or, in patients allergic to
penicillins and cephalosporins, clinda-
mycin plus one of the ciprofloxacin,
levofloxacin, gentamicin, or aztreonam
(Miyashita et al, 2013).
Biliary tract surgery:

Prophylaxis is recommended in pa-
tients at high risk for risk, defined as
age greater than 70 years, acute chole-
cystitis, a nonfunctioning gallbladder,
obstructive jaundice, and common bile
duct stones. The recommended antibi-
otics are cefazolin (1 to 2 g IV) or, in
patients allergic to penicillins and
cephalosporins, clindamycin plus one
of the following: ciprofloxacin,
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levofloxacin, gentamicin, or aztre-
onam.

Among patients undergoing endo-
scopic retrograde cholangiopancreatog-
raphy (ERCP), routine antibiotic pro-
phylaxis does not reduce sep-
sis/cholangitis (NNIS, 2002), even in
patients thought to have biliary tract
stones or distal bile duct stricture.
However, prophylaxis is warranted in
patients with cholangitis, biliary ob-
struction, and possibly incomplete
drainage (van den Hazel et al, 1996).

On the other hand, randomized trials
have shown that the risk of infection is
low and that prophylaxis is not benefi-
cial in low-risk patients undergoing
elective laparoscopic cholecystectomy
(Koc et al, 2003).
Appendectomy:

Antimicrobial therapy recommended
in patients with non-perforated acute
appendicitis for prophylaxis against
wound infection and intra-abdominal
abscess and with perforated appendici-
tis for therapy. The recommended anti-
biotics are cefoxitin (1 to 2 g IV), am-
picillin/sulbactam (3 g IV), combina-
tion of cefazolin (1 to 2 g IV) plus met-
ronidazole (500 mg IV), or, in patients
allergic to penicillins and cephalospor-
ins, clindamycin plus one of the ciprof-
loxacin, levofloxacin, gentamicin, or
aztreonam (Chang et al, 2006).
Mesh inguinal hernioplasty:

There is growing evidence to support
use of antimicrobial prophylaxis prior
to hernioplasty. A 2007 Cochrane Re-
view concluded that there was insuffi-
cient evidence in favor of or against
administration of antimicrobial prophy-
laxis for elective inguinal hernia repairs

(Andersen et al, 2005). However, a
subgroup-analysis of six randomized
trials in which prosthetic material was
used for hernia repair demonstrated
that SSI rates decreased when antimi-
crobial prophylaxis was administered
(OR 0.48, 95% CI 0.27-0.85). Such
antimicrobial prophylaxis is appropri-
ate because of the known increased risk
associated with implantation of pros-
thetic material. While many Medical
Letter consultants do not recommend
the routine use of surgical prophylaxis
for these procedures, some favor
prophylaxis for any procedure involv-
ing implantation of prosthetic material
(Sanchez-Manuel et al, 2007).
Pancreatic surgery:

Pancreatic surgery frequently also
involves biliary tract surgery. In such
cases, existing guidelines for antimi-
crobial prophylaxis for biliary tract
procedures can be applied to these cas-
es. If biliary drainage procedures are
performed endoscopically or percuta-
neously prior to pancreatic surgery, the
risks of postoperative sepsis and surgi-
cal site infections are increased. There-
fore, in such cases, antimicrobial pro-
phylaxis prior to the pancreatic proce-
dure should be expanded to cover mi-
croorganisms recovered from biliary
drains. Similarly, antimicrobial prophy-
laxis may need to be adjusted to cover
known or expected pathogens when
pancreatic surgery is performed in pa-
tients who have pre-existing percuta-
neous devices placed to drain pancreat-
ic or peripancreatic fluid collections. In
the remainder of cases, a first- or seco-
nd-generation cephalosporin as cefazo-
lin or cefuroxime is an appropriate



362

choice for pre-operative antimicrobial
prophylaxis (Sanabria et al, 2007).
Orthopedic surgery:

Prophylaxis is warranted for total hip
or knee replacement and other orthope-
dic procedures such as surgical repair
of hip and other closed fractures and
internal fixation by nails, plates,
screws, or wires. A prospective, ran-
domized trial of 437 patients undergo-
ing diagnostic and operative arthro-
scopic surgery found only one infection
and therefore no benefit from antibiot-
ics (Dimick et al, 2000).
Gynecologic or obstetric surgery:

The prophylaxis is warranted for hys-
terectomy, surgical abortion, cesarean
delivery, and certain other procedures
(Kapan et al, 2013).
Vascular surgery:

Preoperative antimicrobial prophy-
laxis reduces the incidence of postop-
erative SSI in patients undergoing re-
constructive surgery on the abdominal
aorta, arterial surgery on the leg involv-
ing a groin incision, and amputation of
the lower extremity due to critical limb
ischemia. Many recommend prophy-
laxis for arterial surgery involving im-
plantation of prosthetic material, such
as grafts for vascular access for hemo-
dialysis. The recommended drugs in
patients undergoing vascular (arterial)
surgery are cefazolin or cefuroxime
and for patients with beta-lactam aller-
gy, vancomycin (Regelsberger et al,
2011)
Genitourinary surgery:

Antimicrobial prophylaxis is warrant-
ed before urologic procedures when the
urine culture is positive or not obtained
or a urinary catheter is in place. Such

patients should be treated to sterilize
the urine before surgery or should re-
ceive a single preoperative dose of a
drug active against the most likely
pathogen. Antimicrobial prophylaxis
also decreases the incidence of postop-
erative bacteriuria and sepsis in pa-
tients with sterile urine undergoing
transurethral prostatectomy (Wieck et
al, 1997), before transrectal prostatic
biopsy, and implantation of a prosthe-
sis, such as penile implant or artificial
sphincter (Berry and Barratt, 2002).

The potential efficacy of prophylaxis
was illustrated in a meta-analysis of 32
randomized trials in patients undergo-
ing transurethral prostatectomy. Pro-
phylaxis significantly reduced the rates
of both postoperative bacteriuria (9 vs.
26%) and clinical septicemia (0.7 vs.
4.4%). Effective antibiotics included
quinolones, cephalosporins, trimetho-
prim-sulfamethoxazole, and aminogly-
cosides. The Medical letter recom-
mends ciprofloxacin (500mg PO or
400mg IV) or trimethoprim-sulfame-
thoxazole (1 DS tablet orally) in these
settings (Aron et al, 2000).

In the absence of an indwelling
catheter, antimicrobial therapy can be
discontinued promptly following the
procedure. When an indwelling cathe-
ter must remain in place following
prostatic resection some advocate con-
tinuing antimicrobial therapy until the
catheter is removed. Cefazolin (1 to 2 g
IV) should be given prior to open or
laparoscopic genitourinary procedures;
including percutaneous renal surgery or
procedures with entry into the urinary
tract (Nicolle et al, 2005).
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Neurosurgery:
Antimicrobial prophylaxis can re-

duce the incidence of infection, mostly
due to S. aureus or S. epidermidis, after
craniotomy and spinal surgery, includ-
ing low-risk procedures (Dimick et al,
2000). Efficacy in clean neurosurgical
operations was illustrated in a trial in
which 846 patients were randomly as-
signed to cefazolin and gentamicin or
no therapy (Young and Lawner, 1987).
The treated group had a significantly
lower rate of wound infection (1.0 vs.
3.6%). All infections that occurred in-
volved gram-positive organisms. Effi-
cacy in spinal surgery was illustrated in
a meta-analysis that evaluated six ran-
domized trial involving 843 patients;
four of the trials, including the previous
trial, were general neurosurgical trials
that included patients undergoing spi-
nal surgery (Silverman et al, 2000).
Although no individual trial demon-
strated a statistically significant benefit
from prophylaxis in patients undergo-
ing spinal surgery, a significant reduc-
tion in infection rate was noted in the
pooled analysis (2.2 vs. 5.9%, pooled
odds ratio 0.37, 95% CI 0.17-0.78
(Korinek et al, 2006). The recommend-
ed antibiotics are cefazolin (1 to 2 g
IV) or, in selected patients, vancomy-
cin (1 g IV). Indications for vancomy-
cin are previous colonization with
MRSA, hospitals where MRSA and/or
coagulase-negative S, aureus are a
common cause of postoperative infec-
tion, and allergy to the penicillins or
cephalosporins. Clindamycin is an al-
ternative to vancomycin in patients
with beta-lactam allergy (Silverman et
al, 2000).

Head and neck surgery:
The 2006 medical letter guidelines

recommended antimicrobial prophylax-
is for head and neck surgery involving
an incision through the oral or pharyn-
geal mucosa (Sinha et al, 2013). The
recommended antibiotics are cefazolin
(1 to 2 g IV) or the combination of gen-
tamicin (1.5 mg/kg IV) plus clindamy-
cin (600 to 900 mg IV).
Areas of controversy:

Efficacy of antimicrobial prophylax-
is is controversial in breast surgery, and
other clean procedures. The 2009 med-
ical letter guideline consultants do not
recommend prophylaxis for such pro-
cedures due to the low rate of infection,
low morbidity if infection does occur,
and the potential adverse effect of an-
timicrobial therapy. Some recommend
prophylaxis for procedures that involve
placement of prosthetic material such
as synthetic mesh or saline implants.
Nasopharyngeal and oropharyngeal
decontamination:

The nasal carriage of S. aureus is a
major risk factor for wound infection
after cardiac surgery raised the possi-
bility that nasopharyngeal and oropha-
ryngeal decontamination might reduce
the risk of postoperative infection. The
drugs that have been evaluated include
intranasal mupirocin and chlorhexidine
gluconate (Kluytmans et al, 1995).

The efficacy of chlorhexidine gluco-
nate decontamination was directly ad-
dressed in a randomized trial where
954 patients were randomly assigned to
the chlorhexidine gluconate or placebo
as nasal ointment and oropharyngeal
rinse prior to elective cardiac surgery
(mostly CABG and/or valve surgery).



364

All patients received cefuroxime pro-
phylaxis (Segers et al, 2006).

The following significant benefits
were noted with chlorhexidine gluco-
nate: A reduction in overall nosocomial
infections (19.8 versus 26.2% with pla-
cebo) that was primarily due to reduc-
tions in deep surgical site infections
(1.9 vs. 5.1%) and lower respiratory
tract infections (9.3 vs. 15.8%). There
was no reduction in superficial surgical
site infections (ie, those involving only
the skin or subcutaneous tissue). This
clinical benefit was associated with a
greater reduction in S. aureus nasal
carriage (57.5 vs. 18.1%). Possible role
of decontamination to eradicate MRSA
carriage in hospitals where MRSA is a
frequent cause of surgical site infection
is discussed separately.
Hair removal:

Hair removal is commonly performed
before many surgical procedures in
order to provide the surgeon with a
"clean" field and to prevent hair from
falling into the surgical site. However,
most studies have shown an increased
risk for SSIs in patients undergoing
preoperative hair removal (Mishriki et
al, 1990). The rates of SSI were highest
when shaving was performed com-
pared to clipping the hair or use of de-
pilatory creams (5.6 compared to 1.7
and 0.6%, respectively). Scanning elec-
tron micrographs showed that razors
caused gross skin cuts, clippers caused
less injury, and depilatory agents
caused no injury to the skin surface.
Timing of hair removal is also im-
portant. The lowest rates of SSI were
reported when hair was removed just

prior to the surgical incision (Hamilton
et al, 1977).

Several studies in neurosurgical pa-
tients have questioned the need for hair
shaving. One study evaluated 1,038
cranial procedures, including craniot-
omy, stereotactic biopsy, ventriculop-
eritoneal shunt placement, aspiration of
brain abscess, or resection of infected
tissue, without hair removal, and com-
pared the rate of infection to 1,038 pa-
tients whose heads were shaved. Pa-
tients had their hair washed with sham-
poo and 4% chlorhexidine within 24
hours of their operation. In the operat-
ing room, surgical site was scrubbed
for 8 to 10 minutes with 4% chlorhexi-
dine diluted with water, and then with
10% povidone-iodine solution. Prophy-
lactic antibiotics were given for three
days (Tang et al, 2001).

The investigators observed 13 post-
operative wound infections (1.3%), in-
cluding nine deep (0.9%) and four su-
perficial (0.4%) infections. There was
no significant difference between the
rates of infection in patients whose
heads were shaven or not (12 of 980
versus 13 of 1038). Two small prospec-
tive trials in the highly selected, non-
emergency cases have also supported
not shaving hair in neurosurgical op-
erations (Tang et al, 2001). A meta-
analysis that examined 11 randomized
controlled trials concluded that there
was no difference in rate of SSIs in
patients who have had hair removed
prior to surgery and those who have
not. If hair needs to be removed, pa-
tients should be clipped rather than
shaved, as patients who were shaved
were more likely to develop SSI (three
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trials, 3193 patients, relative risk 2.02,
95% CI, 1.21-3.36 (Tanner et al, 2006).
Hyperglycemia and diabetes control:

Hyperglycemia and diabetes have
been identified as risk factors for deep
sternal site infection after CABG. The-
se studies have suggested that a pre-
operative blood glucose level of 200
mg/dL or more (odds ratio [OR] 10.2)
or postoperative hyperglycemia (OR,
2.0) was associated with an increased
risk of SSIs (Latham et al, 2001).

A historic cohort study of 1574 pa-
tients who had undergone coronary
artery bypass grafting between 1998
and 1999 demonstrated that each 50
mg/dL (2.8 mmol/L) blood glucose
increase may be associated with higher
mortality (odds ratio 1.37; 95% CI,
0.98 to 1.92) and higher infection rate
(odds ratio 1.23, 95% CI 0.94 to 1.60).
Each 50 mg/dL (2.8 mmol/L) blood
glucose increase was associated with a
longer postoperative hospital stay by
0.76 days (95% CI, 0.36 to 1.17 days)
and increased hospitalization cost by
$1769, 95% CI, $928 to $2610 (Estra-
da et al, 2003).

A prospective study of 2467 consecu-
tive diabetic patients who underwent
open heart surgical procedures between
1987 and 1997 demonstrated that con-
tinuous intravenous insulin infusion led
to a significant reduction in periopera-
tive blood glucose levels and incidence
of deep sternal wound compared with
subcutaneous insulin injections, 0.8 vs
2.0% (Furnary et al, 1999).
Perioperative normothermia:

Mild perioperative hypothermia may
promote SSI by triggering thermoregu-
latory vasoconstriction that, in turn,

may decrease subcutaneous oxygen
tension. A study randomized 200 pa-
tients undergoing colorectal surgery to
routine intraoperative thermal care
(Hypothermia group) or the additional
warming (Normothermia group) and
found a lower rate of SSI in the latter
group (19 vs 6%). A similar random-
ized trial comparing systemic normo-
thermia to conventional hypothermia
was done in 1732 patients undergoing
isolated coronary bypass surgery have
found no difference in rates of sternal
rewiring/debridement for dehiscence or
infection (Kurz et al,  1996). But, hy-
pothermia may protect tissue from is-
chemia by reducing oxygen consump-
tion during surgery, an effect exploited
during circulatory arrest in cardiac sur-
gery. Despite this positive effect, most
surgeons, anesthesiologists, and hospi-
tal epidemiologists acknowledge the
benefit of perioperative normothermia
in reducing the risk of SSI. A similar
advantage to perioperative warming
has been shown in one study of clean
surgical procedures. Wound infection
was significantly commonest among
patients who were not warmed before
surgery, 14 versus 5% (Melling et al,
2001).
Surveillance and infection control:

An effective infection control pro-
gram is an essential part of SSI preven-
tion. The SENIC study reported that an
effective infection-prevention program
reduced the rate of SSIs by 41% in
low-risk patients and by 35% in high-
risk patients (Haley et al, 1985). Also,
active surveillance and reporting of
rates of SSIs to individual surgeons
consistently resulted in a progressive
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decline in infection rates (Olson and
Lee, 1990). Thus, SSI rates should be
presented to surgeons and the chief of
staff at regular intervals. These rates
should be reported as surgeon-specific,
service-specific, and hospital-wide and
categorized within discrete risk index
scores. Precautions need to be taken to
ensure the confidentiality of these re-
sults. How such feedback brings about
changes in surgeons' behavior is not
known, but the benefits of its use are
well supported. With the increased
popularity of same day and ambulatory
surgical procedures, the ability to iden-
tify and monitor SSI rates has de-
creased. This was illustrated in a study
of post-discharge surveillance in 1324
patients undergoing CABG over a 27-
month period; 88 SSIs were identified,
only 28% of which would have been
detected during the initial hospitaliza-
tion (Avato and Lai, 2002).

Efforts to track these infections have
included patient and surgeon question-
naires and nurse observation of the
wounds at the patient's home or during
a routine postoperative visit. One re-
port identified SSIs from an automated
pharmacy system combined with com-
puterized patient data; this methodolo-
gy detected 96 SSIs in 4086 operations
(2.3%) for an overall sensitivity of
74%, specificity of 98% and positive
predictive value of 48%. This perfor-
mance was superior to patient or physi-
cian surveys (Sands et al, 1999). A se-
cond study directly compared this type
of surveillance to hospital-based sur-
veillance in determining SSIs in pa-
tients who had undergone CABG. The
health plan and automated pharmacy

information detected more patients
with SSI than hospital surveillance in-
cluding pre-discharge infections. One
or both methods identified 167 infected
patients; the sensitivity of surveillance
based upon health plan data was 72%
compared with 50% for hospital sur-
veillance (Sands et al, 2003).  Prospec-
tive cohort study from a tertiary hospi-
tal in Spain utilized telephone follow-
up a month after surgery to successful-
ly contact 98% of 1506 patients. The
investigators suggested that predictors
of SSI were not the same for patients in
the immediate postoperative period
while still hospitalized and for those
who developed infection following dis-
charge. Only predictors of post-discha-
rge SSI were body mass index, age, &
improperly timed prophylactic antibiot-
ics (Delgado-Rodriguez et al, 2001).
Healthcare improvement campaign:

Institute for Healthcare Improvement
(IHI) is a nonprofit organization lead-
ing the improvement of health care
throughout the world. The 100,000
lives campaign was an initiative to en-
gage United States hospitals in a com-
mitment to implement changes in care
proven to improve patient care and
prevent avoidable deaths. The six initi-
atives in the 100,000 lives campaign
were included in the newer 5 million
lives campaign along with specific rec-
ommendations to reduce the incidence
of surgical site infections by promoting
the following modalities adopted earli-
er by surgical infection prevention and
surgical care improvement projects.
Antibiotics appropriate use:

Antibiotics should be administered
within one hour before surgical
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incision, the choice of prophylactic
antibiotics should be consistent with
national guidelines and prophylactic
antibiotics should be discontinued
within 24 hours after surgery.
Appropriate hair removal:

Remove all razors from entire hospi-
tal, work with purchasing department
so that razors are no longer purchased,
use reminders, and educate patients not
to self-shave preoperatively. Mainte-
nance of postoperative glucose control
for major cardiac surgery patients-
Implement a glucose control protocol,
regularly check preoperative glucose
levels on all patients, and assign re-
sponsibility and accountability for
blood glucose monitoring and control.
Establishment of perioperative nor-
mothermia:

Use warmed, forced-air blankets pre-
operatively during surgery and in the
Post Anesthesia Care Unit (PACU),
use warmed IV fluids, increase the am-
bient temperature in the operating
room, use warming blankets under pa-
tients on the operating table, and use
hats and booties on patients preopera-
tively. Hospitals that collaborated by
instituting programs to utilize the
above four measures reported a mean
27% reduction in SSI rates (from 2.3 to
1.7% in the first versus last three
months of the study (Wu, 2013).
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