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Over 27 million patients undergo surgery in the United
States annually(1). Despite the use of prophylactic systemic
antibiotics and other routine interventions, postoperative
surgical site infection (also called surgical wound infec-
tion) is a significant complication. It is estimated that over
700,000 surgical site infections occur annually in the US(2)

with these infections accounting for $10 billion in costs
annually(3). Deep infections are associated with significant
suffering, cost, increased hospital stay and long-term mor-
tality. Many patients require a long term (several weeks)
course of antibiotics and surgical debridement. Infections
involving an implant, e.g. from an orthopedic procedure,
can result in loss of the implant and need for reoperation.
Although superficial surgical wound infections are less
morbid, they remain a significant medical problem and give
rise to visits to the emergency room and/or surgical clinic/
office, prescription of antibiotics, and concern in patients
and family members.

Despite the routine use of standard surgical scrub/prep
and prophylactic antibiotics in many surgical patients, up
to 10-20% of certain high-risk patient populations are at
risk for wound infection(4,5). For example, in one study in-
volving a high risk surgical population (colorectal surgery)
the incidence of surgical wound infection was 18.4%(5). One
can also define high risk based on patient factors, some ex-
amples being diabetes, obesity, and use of immunsuppres-
sive drugs. For example, in a study of 2,000 cardiac surgical
patients the incidence of deep sternal wound infection was
9.8% in patients with diabetes (defined as those requiring
treatment preoperatively with oral medication or insulin)(4),
which is higher than that reported for “all comers” present-
ing for cardiac surgery. We will look at sternal wound infec-
tion as an example of a surgical site infection in a specific
surgical procedure.

Surgical procedures involving a full median sternotomy,
where the two parts of the breastbone (manubrium and ster-
num) are divided with a saw and then reapproximated with
wire at the end of the surgical procedure, are routinely per-
formed in the United States for cardiac and other thoracic
surgeries. The majority of these surgeries are coronary ar-
tery bypass graft (CABG) and/or heart valve repair/replace-
ment procedures. Although there have been some efforts to
develop “minimally invasive techniques”, eg minithorac-
otomy approach, most CABG and/or valve procedures, in-
cluding “off-pump” CABG, are performed through a rou-
tine full median sternotomy.

Postoperative sternal wound infection is one of the most
feared and devastating complications after sternotomy. The
development of significant sternal wound infection is asso-
ciated with significant suffering, cost(2,6), increased hospi-
tal stay(7,8) and long-term mortality(9). For example, in one
study, patients with sternal wound infection had increased
long term mortality (22 vs 0.6%) and spent 20 additional
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days in the hospital, compared with uninfected individu-
als(10). In this study the incremental cost of sternal wound
infection was estimated to be $20,000 USD(10). Consistent
with this value, Friberg et al. found that the cost of sternal
wound infection was 14,500 Euros(6). In another study, the
mean cost of hospitalization for cardiac surgery was dou-
bled in patients with sternal wound infection(11).

Depending on patient risk factors and the rigor with which
infections are assessed, reported incidences have ranged from
as low as 1 or 2 to 10%(6,8,10,12-21). Sternal wound infections
can become clinically overt anytime from one or two weeks
after surgery to approximately 2 or 3 months postoperative-
ly(22). Jonkers et al. studied 1,885 patients and observed
incidences of sternal wound infection of 4.0, 6.8 and 9.0%
at hospitalization, at 30 and at 90 days postoperatively,
respectively(22). Therefore, studies that assessed patients for
only 30 days likely underreported the true incidence of this
complication.

Infection can be localized in any of the following areas:
skin, subcutaneous tissues, superficial fascia, sternal fixa-
tion wires, bone (osteomyelitis) and mediastinum (area un-
der the sternum). Mediastinitis generally refers to infection
involving the mediastinum. Deep sternal wound infections
often require rehospitalization, several weeks of intravenous
antibiotics, surgical debridement and in some cases muscle
or omental flaps. Although superficial sternal wound infec-
tions are less morbid, these remain a significant medical
problem and give rise to visits to the emergency room and/
or surgical clinic/office, prescription of antibiotics and con-
cern in patients and family members.

It is difficult to definitively ascertain the microbiology of
sternal wound infection because some cultures are negative
in subjects with overt infection. In one series of 3,008 sub-
jects, 91 subjects required surgery for deep infection, and
24% of these subjects had negative cultures(17). Similary, Lu
et al. observed negative cultures in 45% of subjects with ster-
nal wound infection(21). However, other studies have demon-
strated a low incidence of negative culture. For example, in
an 885-subject, randomized trial, only 3% of subjects were
culture-negative(23). In another example, only 6% of cultures
were negative in a large series of cardiac surgical subjects(8).

Pathogens observed in sternal wound infections include
methicillin-sensitive and -resistant Staphylococcus aureus,

coagulase-negative staphylococci, enterococci, Propioni-
bacterium acnes, Escherichia coli, Pseudomonas aerugi-
nosa, Acinetobacter spp, Klebsiella spp, Enterobacter clo-
acae, Proteus mirabilis, Serratia marcescens, and Group B
species Streptococcus(8,10,13,16,17,21,23,24). Since the incidenc-
es of these different pathogens varies by hospital and also
over time, it is difficult to provide an accurate estimate of
the incidence of these pathogens in sternal wound infec-
tions in the United States at the present time. Anecdotal
reports suggest that the incidence of methicillin-resistant S.
aureus (MRSA) has increased over the last decade. There
does not appear to be a significant difference between patho-
gens cultured from deep vs. superficial sternal wounds(16).

Risk factors for sternal wound infection have been ex-
plored in numerous studies. Although there have been some
reports to the contrary(12,13), a large number of studies have
demonstrated that diabetes(6,8,14-18) and overweight or obe-
sity(6,10,14-17,19-21) are significant risk factors for sternal
wound infections. Numerous other potential risk factors have
been reported including use of immunsuppressive medica-
tions (eg prednisone), use of single or bilateral internal mam-
mary artery grafts, reoperation, shaving(25), and increased
duration of surgery. There is mostly anecdotal evidence or
non-randomized data showing that control of hyperglyce-
mia with insulin may reduce the incidence of sternal wound
infection(26-28). However, to date no large multicenter ran-
domized trials have confirmed these observations.

Given the major impact of surgical site infections numer-
ous interventions have been studied, with most unfortunate-
ly showing no clear benefit. For example, a Cochrane anal-
ysis of 7 previous trials showed that use of plastic adhesive
drapes did not reduce the incidence of surgical site infec-
tions(29). Another Cochrane analysis related to use of chlo-
rhexadine or other antimicobials as part of a preoperative
shower showed no benefit to this practice(30). Systemic pro-
phylactic antibiotics have been shown to be beneficial and
there are national guidelines regarding their use in sur-
gery(31-34). However, despite the use of systemic prophylac-
tic antibiotics and other interventions the incidence of sur-
gical site infections remains unacceptably high, especially
in higher risk surgeries or patients. Therefore there is a long
and unmet need for strategies that can reduce the incidence
of this complication in high risk patients.
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