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Objective: This study was undertaken to determine whether topical vancomycin would further reduce the inci-
dence of sternal infections in the presence of perioperative antibiotics and tight glycemic control.

Methods:A total of 1075 consecutive patients undergoing cardiac surgery fromDecember 2007 to August 2013
receiving topical vancomycin (2.5 g in 2 mL of normal saline) applied as a slurry to the cut edges of the sternum
were compared with 2190 patients from December 2003 to November 2007 who did not receive topical vanco-
mycin. All patients received perioperative antibiotics (cefazolin 2 g intravenously every 8 hours and vancomycin
1 g intravenously every 12 hours) on induction of anesthetic and continuing for 48 hours; and intravenous insulin
infusions to maintain serum blood glucose level between 120 and 180 mg/dL.

Results: Patients receiving topical vancomycin had less superficial sternal infections (0% vs 1.6%; P<.0001),
deep sternal infections (0% vs 0.7%; P ¼ .005), any type of sternal infection (0% vs 2.2%; P<.0001) and
significantly less sternal infections of any type in patients with diabetes mellitus (0% vs 3.3%; P ¼ .0004).

Conclusions: Topical vancomycin applied to the sternal edges, in conjunction with perioperative antibiotics and
tight glycemic control, helps to eliminate wound infections in cardiac surgical patients. (J Thorac Cardiovasc
Surg 2014;148:1035-40)

Although the incidence of sternal wound infections has
decreased to 1% to 4% of all cardiac surgical patients,
they are associated with increased morbidity and mortality
and decreased long-term life expectancy.1-4 Sternal wound
infections prolong hospital stay and are now publically
reported.5,6 They can raise hospital costs by as much as
US$62,000.7 The US Center for Medicine and Medicaid
services no longer reimburse hospital costs incurred in the
treatment of deep sternal wound infections after coronary
artery bypass graft (CABG) surgery.8

Several methods have been successful in decreasing the
incidence of sternal wound infections. These include the
use of perioperative antibiotics, glycemic control with
intravenous insulin infusions, and the avoidance of bone
wax.9-13 These therapies have decreased, but have not
eliminated sternal wound infections.

Previous studies have shown that topical antibiotics, used
in a dry or powdered form, achieve much higher local

wound concentrations than are possible with systemic anti-
biotics and that this high concentration persists for several
hours after the closure of the wound.14 Vander Salm and
colleagues15 found that using topical vancomycin resulted
in a significant decrease in sternal wound infections in pa-
tients undergoing cardiac surgical procedures. This study
was therefore undertaken to determine whether topical van-
comycin would further reduce the incidence of sternal
wound infections in the presence of perioperative antibi-
otics and tight glycemic control.

METHODS
A total of 3265 consecutive patients undergoing cardiac surgical proce-

dures using a full-length median sternotomy incision at the BostonMedical

Center from December 2003 to August 2013 were included in the study.

Institutional Review Board approval was obtained and the need for consent

was waived because the study design was retrospective and relevant iden-

tifiers were stripped from the data.

Study Groups
All patients received perioperative antibiotics, consisting of cefazolin

(2 g intravenously [IV] every 8 hours) and vancomycin (1 g IV every 12

hours) on induction of anesthetic and continuing for 48 hours after sur-

gery. Intravenous insulin infusions were used starting at the time of in-

duction of anesthetic and continuing for 24 hours to maintain serum

glucose values between 120 and 180 mg/dL.10 From December 2007

to August 2013, 1075 consecutive patients received topical vancomycin.

In these patients, after the median sternotomy, a slurry consisting of 2.5 g

of powdered vancomycin (Eli Lilly Inc, Indianapolis, Ind) diluted in 2

mL of normal saline was prepared in the operative field and applied to

both edges of the cut sternum. The same process was performed imme-

diately before rewiring the sternum. This group of patients was

compared with a cohort of 2190 patients from December 2003 to

November 2007 in whom topical vancomycin was not used. These 2
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time periods were chosen because there were no changes in the preoper-

ative, intraoperative, or postoperative protocols for patients undergoing

cardiac surgery.

Surgical Technique
Surgical techniques were identical for both groups. All procedures were

performed on heparin-bonded cardiopulmonary bypass circuits with a

membrane oxygenator. The left internal thoracic artery (ITA) was har-

vested as a pedicle graft in all patients with a left anterior descending lesion

greater than 50%. Bilateral ITAs were used at the discretion of the individ-

ual surgeon. The sternum was routinely closed with 4 figure-of-eight ster-

nal cable wires. The fascia, subcutaneous layer, and skin layer were closed

with running, monofilament, absorbable sutures. Antibiotic impregnated

sutures were not used in any patient.

Definition of Sternal Infections
The criteria used for the definition and classification of sternal wound

infections were according to the Centers for Disease Control and Preven-

tion.16 Depths 1 and 2 were defined as a superficial infectious process

limited to the subcuticular and subcutaneous layers with no involvement

of the sternal bone. Depths 3 and 4, which involved the sternal bone or

wires and collections beneath the sternum, were considered deep infec-

tions. Awound was considered infected only if a positive culture for an or-

ganism was obtained. Reported infections included all infections that

developed within 1 year of surgery.

Risk Factors
Patient risk factors were defined according to the Society of Thoracic

Surgeons (STS) Adult Cardiac Surgery Database,17 These included those

factors that have been shown to be associated with a high risk for postop-

erative wound infection and included age, weight, diabetes mellitus, renal

failure, congestive heart failure (CHF), peripheral vascular disease (PVD),

female gender, chronic obstructive lung disease, cardiogenic shock,

myocardial infarction (MI), ejection fraction, urgency of surgery, need

for steroids, and smoking.18

Statistical Analysis
Data are presented as absolute values, percentages, and the mean �

standard deviation. The Fisher exact test and c2 test were used to test sta-

tistical significance for the incidence of sternal wound infections between

the groups. The small incidence of wound infections in the total cohort of

patients did not allow for meaningful multivariable analyses using models

for binary outcomes. Therefore, a propensity-matched score using a greedy

matching algorithm was computed to reduce the selection bias due to the

retrospective nature of the study. The variables used for propensity score

matching included ejection fraction, age, CHF, PVD, endocarditis, dia-

betes, type of surgery, urgency of surgery, smoking, previous MI, preoper-

ative steroids, preoperative creatinine, preoperative weight, crossclamp

time, and cardiopulmonary bypass (CPB) time. Analyses were performed

using SAS version 9.2 software (SAS Institute, Inc, Cary, NC).

RESULTS
The results are summarized in Tables 1 to 3.
Patient profiles are reviewed in Table 1. There was no dif-

ference between the groups in age, gender, the incidence of
an MI, CHF, diabetes mellitus, PVD, chronic obstructive
lung disease, the need for permanent dialysis, weight, serum
creatinine level, or the urgency of surgery. Patients
receiving topical vancomycin were more likely to have
been active smokers (29% vs 19%; P<.0001) and under-
gone surgery for endocarditis (5% vs 3%; P ¼ .002). Ejec-
tion fraction was slightly higher in the topical vancomycin
group (53.1% � 12.5% vs 51.5% � 13.7%; P ¼ .001).

Most patients underwent isolated CABG surgery (Table
2). There was a lower incidence of isolated CABG surgery
and a higher incidence of isolated valve procedures in the
patients receiving topical vancomycin. There was no differ-
ence in the incidence of the use of a single ITA (61% van-
comycin vs 63% no vancomycin) or a double ITA (3%
vancomycin vs 3% no vancomycin). The crossclamp times
were 72 � 33 minutes with no vancomycin versus 67 � 28
minutes with vancomycin (P< .001) and the CPB times
were 113 � 40 minutes with no vancomycin versus 105 �
48 minutes with vancomycin (P<.001).

The incidence of sternal infections is shown in Table 3.
Patients receiving topical vancomycin had no superficial in-
fections (0% vs 1.6%; P<.0001), no deep sternal infection
(0% vs 0.7%; P ¼ .005), or any type of sternal infection
(0% vs 2.3%; P< .0001) compared with the patients in
whom topical vancomycin was not used. This was particu-
larly evident in patients with diabetes mellitus; patients in
this group receiving topical vancomycin had no infections
(0%) compared with an incidence of 3.3% in patients not
receiving topical vancomycin (P ¼ .0004).

For the 444 patients receiving topical vancomycin who
were propensity matched to 444 patients not receiving van-
comycin, the estimated difference of any sternal infection
was 1.1%. This was statistically significant (P ¼ .02) in
those analyses that accounted for the lack of statistical inde-
pendence imposed by the matching.

DISCUSSION
Our results have shown that topical vancomycin, in com-

bination with perioperative antibiotics and tight glycemic
control eliminated both superficial and deep sternal wound
infections in patients undergoing a median sternotomy dur-
ing cardiac surgery. Both groups of patients had a similar
incidence of those risk factors that were shown by Fowler
and colleagues to predict the incidence of postoperative
wound infections.18 Our findings are in keeping with other
studies that have shown that topical vancomycin reduces
sternal wound infections. Vander Salm and colleagues15

found that the use of topical vancomycin prepared as a
slurry, similar to our technique, in conjunction with
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