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ABSTRACT

Background: Sternal wound infection (SWI) is a major
complication occurring often after coronary artery bypass
grafting (CABG) using bilateral internal mammary artery
(BIMA) grafts. The aim of this study is to assess whether such
a risk may be reduced by using incision negative pressure
wound therapy INPW'T).

Methods: Data on patients undergoing isolated CABG
using BIMA grafts at the Reims University Hospital, France,
from 2013 to 2016 without or with INPWT was prospec-
tively collected.

Results: INPWT was used in 161 patients and con-
ventional sterile wound dressing was used in 266 patients.
Propensity score matching resulted in 128 pairs with simi-
lar characteristics. SWIs were similarly distributed between
the conventional sterile wound dressing (10.9%) and the
INPWT cohorts (10.2%) (P = 1.00). Patients treated with
INPWT had a lower rate of deep SWI/mediastinitis than
patients who had conventional sterile dressing (5.5% versus
10.2%, P = .210), but the difference did not reach statistical
significance. Tests for interaction confirmed these findings in
different patient subgroups.

Conclusion: The routine use of INPWT may not signifi-
cantly reduce the risk of SWI in patients undergoing BIMA
grafting. In view of previous reports showing a benefit with the
use of this method, a large randomized study is justified to assess

the efficacy of INPW'T in patients undergoing cardiac surgery.

INTRODUCTION

Sternal wound infection (SWI) is one of the most severe
complications occurring after coronary artery bypass grafting
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(CABG). In particular, SWI is the Achilles’ heel of bilateral
internal mammary artery (BIMA) grafting [Kouchoukos 1990]
as harvesting of BIMA grafts causes a significant reduction of
blood supply to the sternum [Parish 1992]. Although BIMA
grafting may improve the late outcome after CABG [Lytle
1999], the fear of SWI is one of the reasons preventing the
widespread use of this revascularization strategy [Mastrobu-
oni 2012]. A number of pre-, intra- and postoperative strat-
egies are known to potentially reduce the risk of SWI [Sajja
2015]. Recently, incisional negative pressure wound therapy
(INPWT) on the closed sternal wound has been introduced as a
prophylactic measure to reduce the risk of SWI with encourag-
ing results [Grauhan 2014]. The mechanism behind the poten-
tial efficacy of INPWT is the removal of fluids and infectious
material from the surgical incision. The efficacy of this method
to prevent sternal wound complications in patients undergoing
BIMA grafting has been evaluated in this study.

MATERIALS AND METHODS

Patient Population and Inclusion/Exclusion Criteria

427 consecutive patients underwent isolated CABG
using BIMA grafts at the Reims University Hospital, Reims,
France, from April 2013 to December 2016. This study was
approved by the Institutional Review Board of this institu-
tion. Data on baseline characteristics, operative variables, and
outcomes of these patients were prospectively collected into a
dedicated datasheet. Patients who underwent CABG using a
single internal mammary artery graft or any associated major
cardiac procedure were excluded from this study.

Skin Disinfection, Antibiotic Prophylaxis, and Surgical
Technique

Preoperative screening of oropharyngeal bacterial con-
tamination was not performed in these patients. Cefazolin
1.5 gr was administered for antibiotic prophylaxis before
anesthesia induction followed by cefazolin 750 mg every 2
hours intraoperatively. Furthermore, cefazolin 750 mg was
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Table 1. Baseline Characteristics in the Overall Series and Propensity Score Matched Pairs

Overall series

Propensity score matched pairs

Conventional treatment INPWT Standardized ~ Conventional treatment INPWT Standardized
(n =266) (n=161) P differences (%) (n=128) (n=128) P differences (%)
Age, y 66.3 £ 10.0 676 +8.7 162 0.138 67.8+9.0 672 8.4 .606 0.067
Female 28 (10.5) 26 (16.2) .090 0.166 23 (18.0) 20 (15.6) .590 0.063
BMI, kg/m? 27.7 £ 4.0 29.5+54 <.001 0.399 28.9+4.4 29.1+£4.9 .660 0.044
Diabetes on treatment 73 (27.4) 106 (65.8) <.001 0.832 73 (57.0) 73 (57.0) 1.000 0.000
Pulmonary disease 35 (13.2) 31 (19.3) .09 0.166 21 (16.4) 22 (17.2) .853 0.021
Prior cardiac surgery 1(0.4) 0 436 0.087 0 0 - 0.000
LVEF, % 56 + 14 56 + 13 .678 0.041 55+ 14 56 13 752 0.04
Distal anastomoses, n 2.8+0.7 2.9+0.8 297 0.106 2.7+0.6 2.9+0.8 112 0.209
XCT, min 62.4+20.7 62.6 £+21.8  .938 0.008 61.9 £ 19.0 62.9 £21.5 .617 0.052
CPBT, min 95.0 +£26.5 94.9+£21.8  .938 0.003 92.3+22.8 96.1+£30.6  .278 0.142
STS score, % 1.4+11 1.4 +1.2 794 0.026 1.5+£1.2 14+1.2 .617 0.061
EuroSCORE Il, % 2.9+14 3.2+1.3 .013 0.247 32+14 3.1£1.4 736 0.042

Continuous variables are reported as the mean and standard deviation. Nominal variables are reported as counts and percentages (in parentheses). INPWT

indicates incisional negative pressure wound therapy; BMI, body mass index; LVEF, left ventricular ejection fraction; XCT, cross-clamping time; CPBT, cardiopul-

monary bypass time.

administered every 6 hours for 48 hours after surgery. The
surgical field was treated in the operating room immediately
before surgery with povidone-iodine 7.5% (Betadine Surgi-
cal Scrub, Meda Pharma, Paris, France) four times followed
by washing with povidone-iodine 10% once (Betadine Der-
mique, Meda Pharma, Paris, France). No topical antibiotics
on the sternal wound were used; no antibiotic impregnated
collagen agents were used in this series. Bone wax was used
in all patients.

BIMA grafts were harvested with an intact surrounding
pedicle using diathermy. Sternotomy was closed with seven
single metallic-wire cerclages. The subcutaneous layer was
closed with Vicryl 1-0 or 2-0 (Ethicon SAS, Issy Les Moulin-
eaux, France) and the skin was closed intracutaneously with
Monocryl 4-0 (Ethicon SAS, Issy Les Moulineaux, France).
Blood glucose was tightly monitored and intravenous insulin
routinely administered in diabetics after surgery.

Sternal Wound Therapy

During the study period, a closed incision negative pres-
sure dressing (Prevena, Kinetic Concepts, San Antonio, TX,
USA) was used on the closed sternal wound in 161 patients.
The remaining patients were managed with a conventional
sterile wound dressing. The decision to use INPWT was
based on the individual surgeon’s choice. The prevalence of
the use of this negative pressure dressing was 9.1% in 2013,
24.1% in 2014, 51.7% in 2015, and 42.9% in 2016 (P < .001).

In the INPWT cohort, the sternal wound was covered with
this dressing immediately after skin closure under sterile condi-
tions in the operating room. The suction pump was connected
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Table 2. Results of Cultures in 38 Patients with Postoperative
Sternal Wound Infection

Bacterial strains™* n
Staphylococcus aureus M
Staphylococcus epidermidis 9
Staphycoccus coag. neg. 9
Escherichia coli 4
Serratia marcescens 2
Propionibacterium acnes 2
Staphylococcus schleiferi 1
Proteus mirabilis 1
Morganella morgani 1
Klebsiella pneumoniae 1
Enterobacter cloacae 1
Enterobacter aerogenes 1
Achromobacter 1
Gram positive bacteria 1
No bacterial growth 1

*More than one bacterial strain was observed in seven patients.

and a negative pressure of -125 mmHg was applied. This
foam dressing was removed after 5 or 7 days under medical
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Table 3. Outcomes

Overall series

Propensity score matched pairs

Conventional treatment INPWT Conventional treatment INPWT
Outcomes (n=266) (n=161) P (n=128) (n=128) P
Any SWI 21 (7.9) 17 (10.6) .349 14 (10.9) 13 (10.2) .819
Superficial SWI 4 (1.5) 7 (4.3) .M 1(0.8) 6 (4.7) .025
Deep SWI 5(1.9) 3 (1.9) 1.000 3(2.3) 2 (1.6) 1.000
Mediastinitis 12 (4.5) 7 (4.3) .937 10 (7.8) 5(3.9) .302
Deep SWI/mediastinitis 17 (6.4) 10 (6.2) 941 13 (10.2) 7 (5.5) 134
Dialysis 6(2.3) 4(2.5) 1.000 4(3.1) 4(3.1) 1.000
Intraaortic balloon pump 1 (4.1) 2(1.2) 144 4(3.1) 1(0.8) .180
Reoperation for bleeding 4 (1.5) 3 (1.9) 777 2 (1.6) 2 (1.6) 1.000
Blood transfusion 161 (60.5) 102 (63.4) .560 83 (64.8) 82 (64.1) .901
RBC units transfused, n 1.9+2.0 22+2.3 236 2.1+£2.3 2.1+£2.3 937
In-hospital death 7 (2.6) 3(1.9) 749 7 (5.5) 3(2.3) 157

Continuous variables are reported as the mean and standard deviation. Nominal variables are reported as counts and percentages (in parentheses). INPWT

indicates incisional negative pressure wound therapy; SWI, sternal wound infection; RBC, red blood cell; ICU, intensive care unit.

supervision. In the control cohort, a conventional wound dress-
ing was used (Tegaderm, 3M, St. Paul, MN, USA). The first
wound dressing was changed on the second postoperative day
and the sternal wound was inspected every 2 days.

Outcome Measures

The primary outcome of this study was SWI of any sever-
ity as well as superficial SWI, deep SWI, and mediastinitis.
The diagnosis and severity of SWI were made and graded
according to the Centers for Disease Control and Prevention
criteria of surgical site infections [Mangram 1999]. Second-
ary outcomes of this study were in-hospital death, dialysis,
postoperative intraaortic balloon pump, blood transfusion,
and reoperation for bleeding.

Statistical Analysis

Statistical analysis was performed using the SAS statisti-
cal package, version 9.2 (SAS Institute, Cary, NC, USA) and
the SPSS version 24.0 statistical software (IBM Corporation,
New York, New York, USA). No attempt to replace missing
values was made. Mann-Whitney U test, Fisher exact test,
and Pearson chi-square test were used for univariate analysis
in the unmatched population. A propensity score matching
was employed to select two groups of patients undergoing
INPWT or conventional sterile wound dressing, respectively,
with similar baseline characteristics. The propensity score
was estimated using a non-parsimonious logistic regression
model including the following covariates: age, sex, body mass
index, pulmonary disease, diabetes, prior cardiac surgery, left
ventricular ejection fraction, EuroSCORE II [Nashef 2012],
and STS score [Online STS Adult Cardiac Surgery].

One-to-one propensity score matching was performed
employing the nearest neighbor method and a caliper of 0.2 of
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the standard deviation of the logit of the propensity score. To
evaluate the balance between the matched groups, the t-test
for paired samples for continuous variables, the McNemar test
for dichotomous variables and the analysis of the standardized
differences after matching were used. The imbalance between
the study cohorts was acceptable when standardized differ-
ence was less than 10%. Tests for interaction for any SWI as
well as deep SWI/mediastinitis were performed by subgroups
with relevant comorbidities. All tests were two-sided and P <
.05 was considered statistically significant.

RESULTS

Patients’ characteristics and operative variables are sum-
marized in Table 1. In this series, 38 patients experienced
SWI (8.9%). Superficial SWI was observed in 11 patients
(2.6%) and deep SWI/mediastinitis in 27 patients (6.3%;
mediastinitis in 19 patients [4.4%]). Culture growth was posi-
tive in all cases (Table 2), but one patient had otherwise clear
clinical signs of superficial SWI.

In the overall series, no significant differences were
observed between these cohorts either in terms of primary or
secondary outcomes (Table 3).

Propensity score matching resulted in 128 pairs with simi-
lar baseline characteristics. Both EuroSCORE 2 and STS
score were similar between the study cohorts as indicated by
standardized differences <10%.

McNemar test showed that SWIs (conventional sterile
wound dressing 10.9% versus INPWT 10.2%, P = 1.00)
were similarly distributed between the conventional and the
INPWT cohorts (Table 3). Patients treated with INPWT had
numerically less deep SWI/mediastinitis than control patients
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Table 4. Sternal Wound Infection and Tests for Interaction by
Subgroups

Table 5. Deep Sternal Wound Infection or Mediastinitis and
Tests for Interaction by Subgroups

Interaction Interaction
OR 95% ClI z P OR 95% Cl Chi square P
ol pemen, 0% 04519 ol gesent 0% 07 128
Male 0.73 0.32 1.63 1.24 215 Male 0.43 0.15 123 0.89 3731
Female 2.25 0.46 11.05 Female 1.00 0.21 4.66
Age <70y 0.86 0.33 2.26 020  .838 Age <70 years 0.41 0.10 1.70  0.50 .6184
Age 270y 1.00 0.35 2.84 Age 270 years 0.64 0.22 1.88
No diabetes 0.65 0.10 4.25 0.41 .682 No diabetes 0.32 0.03 329 0.44 .6614
Diabetes 1.00 0.46 2.19 Diabetes 0.56 0.21 1.50
No pulmonary disease 0.90 0.40 2.01 0.12 903 No pulmonary disease  0.38 0.12 117 1.01 3112
Pulmonary disease 1.00 0.22 4.54 Pulmonary disease 1.00 0.22 4.54
LVEF >50% 1.90 0.54 6.73 -1.54 125 LVEF >50% 1.28 0.35 4.69  -1.87 .0620
LVEF <50% 0.57 0.24 1.37 LVEF <50% 0.20 0.05 0.85
BMI <30 0.79 0.23 2.70 0.30  .761 Body mass index <30  0.74 0.15 3.5  -0.63 .5266
BMI =30 1.00 0.40 2.48 Body mass index 230 0.40 0.13 1.19

INPWT indicates incisional negative pressure wound therapy; OR, odds
ratio; Cl, confidence interval; LVEF, left ventricular ejection fraction; BMI,
body mass index.

(5.5% versus 10.2%, P = 0.210), but the difference did not
reach statistical significance. This difference was related to a
non-statistically significant lower rate of mediastinitis in the
INPWT cohort (3.9% versus 7.8%, P = .267).

"Tests for interaction showed that these findings were con-
sistent for any SWI as well as deep SWI/mediastinitis among
patients with and without significant comorbidities (Tables
4 and 5).

No differences were observed in other outcomes between

the study cohorts (Table 3).

The present results showed that using INPWT does not
significantly reduce the risk of SWI in patients undergoing
CABG with the use of BIMA grafts. These findings are of
clinical relevance since these patients are at formidable risk of
sternal wound complications, which in turn prevents the wide-
spread use of BIMA grafting. Despite the encouraging early
reports by Atkins et al [Atkins 2009] and Colli and Camara
[Colli 2011], we were not able to observe any significant ben-
efit with the use of this new prophylactic wound treatment.
Interaction analysis showed that the benefit of INPW'T was
not evident even in subgroups of patients with comorbidities
of clinical relevance. Previous comparative studies by Grau-
han and colleagues [Grauhan 2013; Grauhan 2014] showed
a decreased risk of SWI after adult cardiac surgery. One of
these studies was lacking any baseline data on these patients
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INPWT indicates incisional negative pressure wound therapy; OR, odds
ratio; Cl, confidence interval; LVEF, left ventricular ejection fraction.

and comparative analysis was not adjusted for baseline and
operative covariates [Grauhan 2014]. Another study includ-
ing obese patients showed that the risk of SWI was signifi-
cantly lower after INPW'T compared to conventional sterile
wound dressing (4% versus 16%, P = .03) [Grauhan 2013].
The present study showed that INPW'T was associated with
a numerically lower number of severe SWI, i.e. deep SWI and
mediastinitis, compared to the conventional sterile wound
treatment. Although this difference did not reach statistical
significance, this observation suggests that further studies with
adequate sample size are needed to get conclusive results on
the potential efficacy of INPWT in patients undergoing adult
cardiac surgery. In fact, in order to detect a 50% reduction
of the risk of deep SWIl/mediastinitis, the estimated sample
size for matched case-control study would be 255 patients in
each cohort (estimation based on the herein observed event
rate in the control group of 10%, alpha = 0.05, power = 0.80).
Therefore, post-hoc analysis suggests that the present analy-
sis is underpowered to detect such a significant risk reduction.
However, randomization to INPW'T and conventional sterile
wound treatment of 510 patients undergoing BIMA graft-
ing is unrealistic. An even larger study population would be
necessary to demonstrate a significant decrease of the risk of
deep SWI with INPW'T when a pooled rate of 2.4% of this
complication [Deo 2015] is considered. Importantly, a cost-
analysis is needed as well to estimate the economic burden for
an expected large number of patients in need of treatment to
prevent one surgical site infection.

The limited number and suboptimal quality of studies eval-
uating INPW'T in adult cardiac surgery prevents conclusive
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results in this setting. However, the potential benefits of
INPWT could be extrapolated from the results of random-
ized studies in other fields of surgery. Two recent randomized
studies showed a significant benefit of using INPW'T after
laparotomy [O’Leary 2017; Li 2017]. However, a much larger
randomized trial by Shen et al [Shen 2017] showed no benefit
with the use of INPW'T in patients undergoing abdominal
surgery. Similarly, INPW'T failed to reduce the risk of sur-
gical site infection in other randomized studies in different
surgical settings [Manoharan 2016; Masden 2012]. These
findings suggest that the value of INPW'T after surgery is
still controversial and its routine use cannot be recommended
until adequately powered trials have demonstrated its efficacy
in reducing surgical wound complications in patients under-
going adult cardiac surgery. Pooled analyses of matched case-
control series may also be valuable to better assess the efficacy

of INPW'T in these patients.

Study Limitations

The non-randomized nature is a major limitation of this
study. However, data retrieval was prospectively performed
and data on SWI, bacterial culture findings, as well as medical
and surgical treatment of these patients was detailed accord-
ing to pre-fixed criteria. Furthermore, this study is not ade-
quately powered to detect a 50% reduction of the risk based
on the proportion of SWIs observed in the conventional ster-
ile wound dressing cohort.

Conclusion

The results of this study suggest that routine use of nega-
tive pressure management may not significantly reduce the
risk of SWI in patients undergoing CABG with the use of
BIMA grafts. In view of previous reports which showed a sig-
nificant benefit with the use of this method and the herein
observed non-statistically significant lower rate of deep SWI/
mediastinitis, a large randomized study is justified to defi-
nitely assess the efficacy of INPW'T in patients undergoing
adult cardiac surgery. Pooled analyses of matched case-con-
trol series of good quality may also be valuable to further
assess the efficacy of INPWT in these patients.
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