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ABSTRACT

Background: A significant cohort of patients who
undergo cardiac surgery suffer from diabetes and atheroscle-
rosis. These patients have impaired tissue perfusion, hence
a reduction in antibiotic concentration in the subcutane-
ous tissues at the side of the mammary artery harvesting.
Topical application of gentamicin and vancomycin before
wound closure broadens the antibiotic spectrum and reduces
the incidence of deep sternal wound infection. In this arti-
cle, we compare the use of single versus dual application of
vancomycin and/or gentamicin in sternotomy wounds in a
single tertiary center.

Methods: An observational cohort analysis with three
sequential patient groups (N = 2550) was performed at
Ain Shams University Hospital in Cairo. A control group
(N = 850), vancomycin only group (N = 850), and vanco-
mycin plus gentamicin group (N = 850) were included in
the study, during the three-year period from January 2017
to December 2019. Patients who had minimal access sur-
gery were excluded from this study. The presence of an
infected postoperative sternotomy wound was assessed in
all patients.

Results: The presence of an infected sternotomy wound
(El Oakley class 2B) was present in 38 patients (4.5%) in
the control group, in 19 patients (2.2%) in the vancomy-
cin group, and in nine patients (1.1%) in the dual antibi-
otic group, respectively (P < .001). In contrast to the usual,
we had a proliferous growth of gram-negative organisms 29
(3.4%) in the control group, 10 (1.2%) in the vancomycin
group, and five (0.6%) in the dual antibiotic group, respec-
tively (P < .001).

Conclusion: Deep sternal wound infection is a major
cause of post-cardiac surgery morbidity and prolonged hos-
pital stay. Adding the simple step of topical application of
vancomycin and gentamicin to the sternotomy wound at the
end of the procedure appeared to significantly reduce deep
wound infection rates.
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INTRODUCTION

Sternotomy infections are still a major complication in
cardiac surgery affecting patient morbidity and mortal-
ity [Borger 1998; Fleck 2006; Velebit 2010]. A significant
cohort of patients who undergo cardiac surgery suffer from
diabetes and atherosclerosis. Those patients have impaired
tissue perfusion, hence a reduction in antibiotic concentra-
tion in the subcutaneous tissues at the side of the mammary
artery harvesting. This leads to an insufficient antibiotic
coverage of common pathogens, despite giving appropriate
doses of perioperative antibiotic prophylaxis [Andreas 2015;
Andreas 2013].

Local antibiotic application to sternal edges could be the
solution. It results in antibiotic concentrations in the wound
that are much higher than those achieved when antibiotics
systemically are administered [Halasz 1977]. The idea of
applying vancomycin directly into the wound first was intro-
duced in 1989 in order to prevent deep sternal wound infec-
tions [Vander Salm 1989].

According to the guidelines released by the American
Association for Thoracic Surgery (AATS) in 2016, topical
application of antibiotics to sternal edges after opening and
before closing the sternum is mandatory in all sternotomy
procedures (Class I Recommendation; Level of Evidence =
B) [Lazar 2016]. According to the Society of Thoracic Sur-
geons Adult Cardiac Surgery Database, implementation of
these guidelines has led to a reduction in the incidence of
DSWI down to 0.3% in coronary artery bypass operations
[D’Agostino 2018].

The combination of gentamicin and vancomycin broad-
ens the antibiotic spectrum and its application using a sponge
reduces the incidence of deep sternal wound infection
[Kowalewski 2015; Friberg 2007].

In this article, we compare the use of single versus dual
application of vancomycin and/or gentamicin in sternotomy
wounds in a single tertiary center.

MATERIALS AND METHODS

Ethical considerations

The study was reviewed and approved by the
Institutional Review Board of Faculty of Medicine, Ain
Shams University (Ain Shams University Protocol Record:
FMASU R 72/2020) and was conducted in accordance with
the Declaration of Helsinki.



Dual Topical Antibiotic Application Prior to Sternotomy Closure Reduces Sternal Wound Infection Rates—Ali and Mourad

Table 1. Comparison between the three study groups regarding patient demographics

Control (N = 850) Vanc only (N =850)  Vanc + Gent (N = 850) Tests - /X2 Tests — P-value

Age 63.69 + 5.40 64.19 + 5.31 63.60 + 5.85 2.787 .062
Sex

Female 280 (32.9%) 263 (30.9%) 278 (32.7%) 0.931 .628

Male 570 (67.1%) 587 (69.1%) 572 (67.3%)
Height 174.03 £ 8.10 173.68 + 8.15 173.76 + 8.27 0.413 .662
Weight 84.30 + 10.84 84.38 + 10.87 83.77 +10.63 0.787 455
Body mass index 27.95 + 4.06 28.11 +4.1 27.86 +3.95 0.859 424
Additive Euro SCORE 3.91+774 3.78 +7.50 3.67 +7.44 1.497 224
Logistic Euro SCORE 6.10 + 12.65 6.09 + 12.48 5.93 = 12.24 0.966 .381
Euro SCORE I 3.65 £ 7.17 3.96 + 7.41 3.67 £7.13 1.408 .245
Current smoker 158 (18.6%) 171 (20.1%) 167 (19.6%) 0.666 77
Diabetes 246 (28.9%) 264 (31.1%) 255 (30.0%) 0.908 .635
Renal impairment 127 (14.9%) 118 (13.9%) 121 (14.2%) 0.402 .818
Coronary artery disease 528 (62.9%) 533 (62.7%) 530 (62.4%) 0.064 .969
Cerebrovascular disease 177 (20.8%) 173 (20.4%) 175 (20.6%) 0.058 972
Peripheral vascular disease 126 (14.8%) 134 (15.8%) 129 (15.2%) 0.297 .862
COPD 148 (17.4%) 153 (18.0%) 151 (17.8%) 0.102 .950
On corticosteroids 82 (9.6%) 77 (9.1%) 80 (9.4%) 0.175 916
Creatinine mg/dl 1.04 +0.14 1.04 +0.12 1.05+£0.13 1.208 299
Previous valve surgery 61 (7.2%) 68 (8.0%) 65 (7.6%) 0.413 .813
Previous bypass surgery 53 (6.2%) 41 (4.8%) 50 (5.9%) 1.722 423

P-values <.05 were considered statistically significant. COPD, chronic obstructive pulmonary disease

Study design

An observational cohort analysis with three sequen-
tial patient groups was performed at Ain Shams University
Hospital in Cairo.

Study population

All consecutive patients undergoing cardiac surgery via full ster-
notomy during a three-year period (N = 2550). Patients in the con-
trol group (N = 850) were operated on between January 2017 and
December 2017. Patients with the antibiotic closure protocol (van-
comycin only group) (N = 850) were operated on between January
2018 and December 2018, while patients with the antibiotic closure
protocol (vancomycin plus gentamicin group) (N = 850) were oper-
ated on between January 2019 and December 2019. Patients who
had minimal access surgery were excluded from this study.

Chest closure procedure, new method:

The introduction of the new closure procedure was
adopted after educating and training all members of staff
and was applied in every patient without known allergies to
vancomycin or gentamicin. Our hypothesis was based on the
recommendations made by EurAsia Heart for the reduction
of sternal wound infections [Vogt 2016].

© 2021 Forum Multimedia Publishing, LLC

Vancomycin has the advantage of being a cheap drug
with no side effects, when applied topically. It provides cover
against gram-positive bacteria and clostridia organisms
[Lazar 2018]. Vancomycin powder (3 g) was sprinkled onto
the subcutaneous tissue and applied directly onto the sternal
bone marrow, using a swab. It was put into the sternum halves
similar to bone wax directly prior to sternal wiring. Bone
wayx, if applied, was removed prior to vancomycin application.
Gentamicin (160 mg) was mixed with 500 ml of saline and
irrigated on to the wound directly prior to subcutaneous clo-
sure. This step was added to the vancomycin application, due
to the rare clinical application of gentamicin, leading to a low
rate of antibiotic resistance, and due to the high antibacterial
activity after topical application [Junker 2015]. Gentamicin
also was added as per our infection control department rec-
ommendation. Seven or eight simple wire applications were
recommended for every patient, when appropriate.

Other measures of infection prophylaxis were not changed
by this protocol. Therefore, all three groups similarly were
treated with the following prevention steps:

Every patient underwent nasal decontamination
(Prontoderm VR, B. Braun Medical Inc., Melsungen,
Germany) on admission. Every patient received intravenous
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Table 2. Comparison between the three study groups regarding operative data

Control (N = 850) Vanc only (N =850) Vanc + Gent (N = 850) Tests - /X2 Tests — P-value

Bypass and/or valve
Bypass surgery 347 (40.8%) 340 (40.0%) 324 (38.1%)
Valve surgery 290 (34.1%) 306 (36.0%) 288 (33.9%) 4.328 .363
Bypass and valve 213 (25.1%) 204 (24.0%) 238 (28.0%)
Mammary artery

LIMA 410 (73.2%) 391 (71.9%) 409 (72.8%)

RIMA 33 (5.9%) 38 (7%) 28 (5%) 5.801 446

BIMA 28 (5%) 33 (6%) 23 (4.1%)

No IMA 89 (15.9%) 82 (15.1%) 102 (18.1%)
Redo surgery 136 (16.0%) 144 (16.9%) 127 (14.9%) 1.269 .530
CPB (min) 144.33 + 37.97 146.61 + 37.72 145.43 + 36.93 0.783 457
XCT (min) 8722 +29.18 86.55 + 33.22 85.14 +29.49 1.025 .359
ICU stay (days) 3.22 £1.41 3.24 £ 1.39 3.35+1.47 2.145 7
LOS (days) 2.62+9.1 2.82 +9.06 2.67 +9.31 2.050 129
Thirty-day mortality 26 (3.1%) 34 (4.0%) 34 (4.0%) 1.414 493

P-values <.05 were considered statistically significant. LIMA, left internal mammary artery;
RIMA, right internal mammary artery; BIMA, bilateral internal mammary artery; BMI: body mass index; CPB, cardiopulmonary bypass; XCT, cross-clamp time;

ICU, intensive care unit; LOS, length of hospital stay

antibiotic prophylaxis during surgery. Our intravenous anti-
biotic strategy consists of 2 g cefazolin applied one hour prior
to skin incision and an additional dose of 2 g cefazolin was
given during skin closure [Andreas 2013]. A sternal spreader
with wide blades routinely was used to avoid sternal fracture
or perfusion impairment during surgery.

Statistical data: Patient data were recorded and recalled
using our red cap data management system. We waived
patient consent after obtaining ethical committee approval as
we changed the standard of care, according to the new pro-
tocol. All wound infection cases were recorded and followed
up using our infection control department and were classified
using El Oakley classification [El Oakley 1996]. We included
only patients with deep sternal wound infections El Oakley
class 2B and higher.

Statistical analysis: Statistical presentation and analysis of the
present study was conducted, using the mean, standard devia-
tion, according to the computer program SPSS for Windows.
ANOVA test was used for comparison among different times
in the same group in quantitative data, and qualitative data was
expressed as frequency (number and percentage) by chi-square
test by (IBM SPSS Statistics for Windows, Version 20.0, IBM
Corp., Armonk, NY). A P-value <.05 was considered significant.

Sample size justification: Sample size was calculated using
PASS program, setting the type-1 error (o) at 0.05 and the
power (1-B) at 0.8. The current study is planned to test
whether the infection rate in each of the two study treatment
groups (vancomycin, and combined vancomycin and gen-
tamicin) are significantly different from the control-group
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(no treatment). Results from previous study [Andreas 2017]
showed that the infection rate among the combined treat-
ment group was 1.2%, while it is assumed to be 2% in the
vancomycin treatment group and 4.7% in the control group.
Based on this, the needed sample size is 850 cases per each
group. Hence, the total sample size is 2550.

RESULTS

The annual workload in our hospital is around 1200 cases
per year. Based on our sample size calculations, we divided
the patients into three equal groups with 850 patients (33.3%)
operated upon in each category during the study period. All
patients in the three groups demographically were matched
(Table 1).

All patients were operated upon using full sternotomy.
Minimally invasive procedures were excluded from our study
population. We included all comers whether emergency or
redo cases, hence the higher Euro score I average 7.1 +/- 3.6.
Operative variability CABG, valve, CABG and valve surgery
was matched in the three groups, P = .36. With regard to
the procedural complexity as reflected on the CPB time and
cross-clamp time, all three groups equally were matched P =
45 and P = .35, respectively. There was no significant statisti-
cal difference in the 30-day mortality rate ranging between
3%-4%, respectively (P = .49) (Table 2).

There was a significant difference in the incidence of deep
sternal wound infection (El Oakley 2B). This was evident in
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Table 3. Comparison between the three study groups regarding deep sternal wound infection rates

Control (N = 850) Vanc only (N = 850)

Vanc + Gent (N = 850)

Chi-square - X? Chi-square - P-value

Total infection rate 38 (4.5%) 19 (2.2%)

9 (1.1%) 20.251 <.001**

Table 4. Comparison between the three study groups regarding the causative organisms

Control (N = 850) Vanc only (N = 850)

Vanc + Gent (N = 850)

Chi-square - X? Chi-square - P-value

Gram-negative 29 (3.4%) 10 (1.2%)
Gram-positive 6 (0.7%) 5 (0.6%)
Fungus 3 (0.4%) 4 (0.5%)

38 patients (4.5%) in the control group, in 19 patients (2.2%)
in the vancomycin group, and nine patients (1.1%) in the dual
antibiotic group, respectively (P < .001) (Table 3).

In contrast to the usual, we had a proliferous growth of
gram-negative organisms 29 (3.4%) in the control group, 10
(1.2%) in the vancomycin group, and five (0.6%) in the dual
antibiotic group, respectively (P < .001) (Table 4).

All patients with deep sternal wound infection (EI Oakley
2B) were placed on negative pressure wound therapy (NPWT)
of variable duration, ranging between 48 hours and 256 days
mean 31.4 days SD +/- 3.3 before a definitive procedure was
made. Sternal rewiring was the most common surgical pro-
cedure performed to restore sternal integrity 12 (1.4%), 10
(1.2%), and 4 (0.4%), respectively (Table 5).

El Oakley and Wright classified complications related to ster-
notomy wound healing in their review as follows: 1-Mediastinal
dehiscence: sternal malunion with no clinical or microbiologi-
cal signs of infection. 2-Mediastinal wound infection: clini-
cally or microbiologically infected presternal tissue and sternal
osteomyelitis regardless mediastinal sepsis and regardless ster-
nal stability. This type is further classified into type A: superfi-
cial infection: limited to subcutaneous tissue, and type B: deep
infection: osteomylitic sternum [El Oakley 1996].

In this study, we monitored the incidence of deep sternal
wound infection (El Oakley type 2B), which is a major cause
of post-cardiac surgery morbidity and prolonged hospital
stay. Negative pressure wound therapy is considered effective
but time consuming, and it may not always provide a defini-
tive cure for those patients [Tarzia 2014]. The golden rule in
this scenario is prevention better than cure.

Prior to the introduction of topical antibiotics to our ster-
nal closure technique, our deep sternal wound infection rate was
4.5%, which was in line with other reports [Jonkers 2003; Sharma
2004; Antunes 1997; Schimmer 2016]. However, by adding the
simple step of topical application of vancomycin and gentamicin
to the sternotomy wound at the end of the procedure, the deep
wound infection rate drastically dropped to 1.1% (P < .001).

© 2021 Forum Multimedia Publishing, LLC

5 (0.6%) 22.745 <.001*
3 (0.4%) 1.012 603
1(0.1%) 1.755 46

Our findings were consistent with the findings of several
studies: The study by Vander Salm et al concluded that topi-
cal vancomycin caused a drop in the incidence of sternot-
omy wound infections from 3.6% to 0.5%; P = .02 [Vander
Salm 1989]. In his recent meta-analysis published in 2017,
Kowalewski et al proved that the use of vancomycin paste
resulted in a decrease in the incidence of deep sternal wound
infections by 76% [Kowalewski 2017].

Topical vancomycin paste decreased the incidence of
sternal wound infections to 0.5%, in a study done in retro-
spect by Arruda et al and involved more than 1000 patients
[Arruda 2008].

In a study that included 3000 patients, Lazar et al demon-
strated that vancomycin applied as a slurry to sternal edges,
together with systemic antibiotics and strict blood sugar con-
trol, resulted in disappearance of superficial (0 versus 1.6%;
P <.001) and deep (0 versus 0.7%; P = .005) wound infections
[Lazar 2014].

The topical effectiveness of vancomycin and gentamicin
previously was demonstrated in other reports [Friberg 2007;
Junker 2015]. The increased incidence of gram-negative
organisms in our studied sample (P < .001) could be widely
attributed to the isolation of pseudomonas aeruginosa from
the hospital’s air conditioning filters. The significant reduc-
tion in deep wound infection upon adding gentamicin wash
before sternal closure may be explained by the effectiveness
of gentamicin against gram-negative organisms.

Our findings in this prospect are consistent with the results
of the meta-analysis published in 2015, where Kowalewski et
al demonstrated that gentamicin-collagen sponges resulted
in a 40% drop in the incidence of superficial and deep ster-
notomy wound infections [Kowalewski 2015].

None of the patients in our study had adverse effects from
the application of the topical antibiotics. This also is consis-
tent with Lazar et al who concluded that vancomycin, when
applied locally, did not cause any postoperative drug resistant
infections or kidney injury [Lazar 2011].

Andreas et al demonstrated the reduction of infection rate
using vancomycin and gentamicin paste, but we were able to
show similar results just by using direct application of vanco-
mycin powder and gentamicin irrigation wash [Andreas 2017].

E601




The Heart Surgery Forum #2021-3881

Table 5. Comparison between the three study groups
regarding wound interventions

Control Vanc only Vanc + Gent
(N = 850) (N = 850) (N = 850)
Rewiring 12 (1.4%) 10 (1.2%) 4 (0.4%)
Pectoral muscle flap 6 (0.7%) 3 (0.4%) 1(0.2%)
Rectus muscle flap 4 (0.4%) 1(0.2%) 0 (0%)
Subcutaneous closure 9 (1.0%) 1(0.2%) 2 (0.2%)
No surgical closure 7 (0.8%) 4 (0.4%) 2 (0.2%)

Some researchers studied using alternative antibiotics
locally. In his study done retrospectively, De Santo et al con-
cluded that patients receiving local rifampicin wash of the
mediastinum and sternal edges showed significant reduction
in the incidence of deep sternal wound infection (0.3 % versus
2.1%, P =.0391). ICU stay, hospital stay, and operative mor-
tality were similar between the groups [De Santo 2020].

Diagnosing DSWI is a challenging task combining many
modalities in order to confirm the diagnosis. The Centers for
Disease Control and Prevention (CDC) have set criteria for
confirming the diagnosis: 1) Isolation of microorganisms from
wound cultures intended for clinical diagnosis or treatment;
2) Evidence of mediastinitis on gross or microscopic histo-
pathological examination; 3) Clinical signs and symptoms in
the form of fever (>38.0°C), chest pain, or sternal instabil-
ity, and at least one of the following: purulent drainage from
the mediastinal area or mediastinal widening on imaging test.
Other signs of DSWT include cellulitis, wound dehiscence,
which could be accompanied by a systemic inflammatory
response in the form of tachycardia and hypotension [Horan
2008]. These manifestations usually present within 30 days of
cardiac surgery [Robicsek 2000].

Many surgical options exist in current practice, however
there is a lack of consensus on optimal surgical management
[Schimmer 2016]. In the 1960s, traditional surgical modalities
were established in the form of wound debridement, primary
sternal closure, and mediastinal catheter irrigation with anti-
biotic or antiseptic solution [Abu-Omar 2017; Cotogni 2015].
Despite its wide adaptation for many years, this technique
failed to achieve satisfactory results thus alternative measures
were adopted, which involved surgical debridement, open
dressing and secondary closure, with or without reconstruc-
tion with vascularized soft tissue flaps such as greater momen-
tum or pectoral muscles [Singh 2011; Atkins 2011].

By the late 1990s, the emergence of negative pressure
wound therapy (NPWT; also known as vacuum-assisted
closure [VAC]) helped improve the results of mediastinitis
treatment. The continual drainage of bacteria, debris, and
exudates by negative wound pressure enhances microcircu-
lation and accelerates tissue granulation [Jones 1997]. The
mass filling effect of the foam stabilizes and approximates the
sternal wound edge. Prompted by its increasing use, several
studies have found the clinical effect of VAC to be compa-
rable with traditional closed drainage or open packing, with
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improvement in sternal wound healing, reinfection rates,
length of ICU stay, and possibly mortality [Morykwas 1997;
De Feo 2011].

The application of VAC should be approached with cau-
tion as the VAC system itself can be a reservoir for microor-
ganisms and may lead to emergence of multi-resistant micro-
organisms, such as gram-negative bacilli and yeasts (Candida
spp.) In a study by Yusuf et al, they demonstrated that 68
foams were cultured and after sonication procedure they
found that in 65 (97%) foams, at least one bacterial species
was found. The bacterial load was ranging from 104 to 106
CFU/ml [Sjégren 2005].

All our patients with DSWI were placed on VAC therapy,
the duration of which was variable ranging between 48 hours
and 256 days mean 31.4 days SD +/- 3.3. This was in line with
what Berdasj and colleagues described, where they found vari-
ations in clinical practice, which included early closure within
48 hours to multiple debridement until bacteriology samples
were negative. We tried to keep our VAC therapy duration
as short as possible followed by secondary closure to reduce
the risk of secondary infection from bacterial inoculation and
environmental exposure of the open wound [Yusuf 2013].

Study limitation: This is a single-center study.

Deep sternal wound infection is a major cause of post-
cardiac surgery morbidity and prolonged hospital stay.
Adding the simple step of topical application of vancomycin
and gentamicin to the sternotomy wound toward the end of
the procedure showed to significantly reduce deep sternal
wound infection rates.
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