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Abstract

Objectives: Sternal wound infections (SWIs) after cardiac surgery remain a major com-
plication and represent a significant clinical challenge. This article aims to evaluate the
effectiveness of closed-incision negative-pressure wound therapy (ciNPWT) in preventing
postoperative wound complications in high-risk patients undergoing coronary bypass
surgery via full median sternotomy. Methods: Data on all consecutive patients undergoing
coronary artery bypass surgery at our facility between March 2021 and March 2023 were
retrospectively collected. The ciNPWT group consisted of 71 patients. A control group
receiving conventional wound dressings was selected by propensity matching. The pri-
mary outcome was postoperative sternal wound complication of any severity, as well as
superficial and deep SWIs. The secondary outcomes were hospital stay length, in-hospital
mortality, and need for perioperative wound revision. Results: The incidence of post-
operative SWIs was significantly higher in the ciNPWT group than in the control group
(18 [25.4%] vs. 7 [9.9%], p = 0.03). Of these 25 cases, 20 had received postoperative ciN-
PWT and 5 conventional wound dressings, which was statistically different (15 [21.1%] vs.
5[7.0%], p = 0.03). ciNPWT was also significantly associated with positive bacterial cultures
(13 [18.3%] vs. 4 [5.6%], p = 0.04) and perioperative wound revision (11 [15.5%] vs. 6 [8.5%],
p = 0.05). Conclusions: In consecutive high-risk patients undergoing coronary bypass
surgery, the use of prophylactic ciNPWT did not improve wound healing compared to
conventional wound dressings, raising concerns about its effectiveness in high-risk patients.
Our results do not support the routine use of ciNPWT in this setting. Its potential value
may instead lie in carefully defined patient subgroups, underscoring the relevance of our
findings for patient-tailored care strategies in cardiac surgery.

Keywords: sternal wound infection; negative-pressure wound therapy; prevention;
coronary artery bypass grafting; personalized medicine; individualized postoperative
wound management

1. Introduction

Sternal surgical site complications (SSCs) after cardiac surgery represent a significant
clinical challenge, as they have been associated with an increased risk of early and late
mortality, prolonged hospitalization, and high resource burden for treatment [1-3]. Deep
sternal wound infections (DSWIs) have been estimated to impact 1.6% of patients after
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cardiac surgery [4]. DSWIs are associated with significantly elevated rates of short- and
long-term adverse clinical outcomes and mortality [4]. Risk factors for sternal SSCs can
be classified as patient-related and procedure-related. Patient-related factors include age,
body mass index (BMI), smoking, diabetes mellitus, radiation therapy, redo procedures,
and chronic lung and kidney diseases. Procedure-related factors include the use of bilateral
internal mammary artery grafts during coronary surgery [5].

Across all procedures, DSWIs are most common after coronary artery bypass grafting
(CABQG) [6,7]. Given the concomitant risk factors often associated with patients undergoing
coronary bypass surgery, there is a pressing need for effective strategies to minimize their
risk of wound-related issues. Nonetheless, the incidence of DSWIs has remained relatively
stable over the past two decades, highlighting the need for increased attention. In this
context, the clinical and economic burdens of wound infections have prompted a shift
in focus from treatment alone to a greater emphasis on prevention. Therefore, a com-
prehensive approach to prevention also encompasses intraoperative strategies, including
aseptic technique, careful hemostasis, minimal tissue trauma, and the potential use of
antibacterial-coated sutures [8].

Initially introduced to assist in the treatment of chronic open wounds, negative-
pressure wound therapy (NPWT) has since been adapted for use in closed incisions. Initially
adopted for wounds with increased secretions to prevent SSCs, this approach has also
been adopted in cardiac surgery to enhance wound healing and prevent complications in
high-risk patients.

Closed-incision NPWT (ciNPWT) systems use a negative pressure unit and specific
dressings that help to hold the incision edges together, redistribute lateral tension, reduce
edema, remove exudate, stimulate perfusion, and maintain a closed environment over
the surgical incision, protecting the surgical site from external infectious sources, thereby
promoting a favorable environment for wound healing [9,10]. Of the few ciNPWT systems
on the market, the Prevena™ Incision Management System (KCI USA, Inc., San Antonio,
TX, USA), designed explicitly to manage closed surgical incisions, is currently the most
widely used and researched.

In this context, the evaluation of ciNPWT in high-risk CABG patients should also
be considered within the broader framework of individualized postoperative wound
management, with the aim of tailoring preventive strategies to heterogeneous patient
risk profiles rather than applying uniform approaches. This study aimed to evaluate the
effectiveness of ciNPWT in preventing postoperative wound complications and determine
its potential benefits and limitations in high-risk patients undergoing coronary artery
bypass surgery via full median sternotomy.

2. Patients and Methods
2.1. Study Design and Patients

This retrospective single-center case—control study included all consecutive patients
who underwent coronary artery bypass surgery at our facility between March 2021 and
March 2023. During the study period, 1683 patients underwent primary, isolated coronary
artery bypass surgery. The exclusion criteria were concomitant and redo procedures, surgi-
cal approaches other than full median sternotomy, and any interruption or discontinuation
of ciNPWT before the sixth postoperative day. Untimely termination of ciNPWT due to
external factors (e.g., removal of the device by the patient) led to the exclusion of 11 patients.
ciNPWT was used at the discretion of the operating surgeon in patients deemed to be at
high risk of SSCs. The ciNPWT group consisted of 71 patients. A control group receiving
conventional wound dressings was selected through propensity matching for risk factors,
as described below.
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2.2. Ethical Aspects

The study was approved by the Ethics Committee of the Technical University of Dres-
den (reference number: EK 298092012, approval date: 18 October 2012) for the retrospective
analysis of anonymized patient data from the institutional database.

2.3. Study Outcomes

The primary outcome was postoperative sternal SSCs of any severity, as well as
superficial SSC and DSWIs. The diagnoses were made and graded according to the U.S.
Centers for Disease Control and Prevention criteria. A superficial SSC involves only the
skin, subcutaneous tissue, and/or pectoralis fascia without bone involvement. A DSWI
required the presence of one of the following:

1.  Anorganism isolated from mediastinal tissue or fluid culture;

2. Evidence of mediastinitis seen during operation; or

3. The presence of chest pain, sternal instability, or fever (>38 °C) and purulent drainage
from the mediastinum, or isolation of an organism in blood /mediastinal culture.

2.4. Data Collection and Intervention

This retrospective single-center case—control study collected data from the hospital’s
database, which was anonymized before completion of the case-report forms. The Prevena™
therapy system (KCI USA, Inc., San Antonio, TX, USA) was used for ciNPWT, which
consists of a single-use NPWT unit, canister, and dressing designed for application over
clean, closed incisions. ciNPWT was applied immediately after incision closure in the
operating theater with continuous negative pressure of —125 mmHg for at least six days.
The wounds were inspected after removal of the ciNPWT system before hospital discharge.
The patients in the conventional group received conventional sterile gauze dressings,
which were first changed on the second postoperative day and then as needed. In cases of
suspected wound infection, microbiological samples were obtained.

2.5. Follow-Up

Wound status was assessed after ciNPWT removal and before hospital discharge.
Demographic, pre-, intra-, and postoperative data were analyzed. The variables included
demographics, preoperative risk factors, surgical procedures, perioperative complications,
wound-related complications, length of hospital stay, and perioperative survival. Kaplan—
Meier curves were used to illustrate the postoperative incidence of wound healing disorders,
and the log-rank test was used to evaluate potential differences.

2.6. Cost Assessment

In addition to clinical outcomes, a cost analysis was conducted from the hospital
perspective limited to the index hospitalization. The analysis included (i) material costs
of ciNPWT (Prevena™) The analysis included (i) material costs of ciNPWT (Prevena™)
and conventional dressings, and (ii) treatment costs associated with postoperative wound
complications observed during the hospital stay. Prices for dressing materials were es-
timated based on institutional averages (EUR 151.00 per patient for ciNPWT and EUR
1.16 per patient for conventional dressings). Total costs per group and per patient were
calculated descriptively. Incremental costs and the incremental cost per additional deep
sternal wound infection (DSWI) were derived.

2.7. Statistical Analysis

The data were statistically analyzed both descriptively and analytically using the
R statistical software (version 4.4.1, R Foundation for Statistical Computing) [11], with
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a p-value of <0.05 considered statistically significant. The normality of each variable’s
distribution was assessed using the Shapiro-Wilk test. Continuous variables are expressed
as means =+ standard deviations (SDs)—compared between groups using Student’s t-test
if normally distributed—or as medians (interquartile ranges [IQRs])—compared between
groups using the Mann—-Whitney U test if non-normally distributed. Categorical variables
are expressed as counts (percentages) and were compared between groups using the
chi-squared test or Fisher’s exact test.

To balance baseline characteristics between groups, propensity score matching (1:1,
nearest neighbor without replacement) was performed based on age, sex, BMI, and left
ventricular ejection fraction (LVEF). The matched standardized differences of the covariates
in both cohorts are shown in Figure 1.

Covariate Balance

BMI (kg/m?2)

Sample
-® Unadjusted
-0~ Adjusted

LVEF (%)

Age (years)

0
Standardized Mean Differences

Figure 1. Covariate balance plot before and after propensity-score matching on the selected covariates.
BMI: body mass index; LVEF: left ventricular ejection fraction.

To identify independent predictors of DSWIs, univariate logistic regression was first
performed. Variables with clinical relevance or significant association in the univariate
analyses (p-value < 0.1) were then included in a multivariable logistic regression model,
and odds ratios (ORs) with 95% confidence intervals (CI) were calculated for each variable.

Kaplan-Meier curves were used to illustrate the postoperative incidence of wound
healing disorders, and the log-rank test was used to evaluate potential differences. The
impact of wound therapy type (ciNPWT vs. conventional) on the development of postoper-
ative DWSIs was evaluated using univariate logistic regression.

3. Results
3.1. Clinical Outcomes

The patients’ characteristics and operative variables are summarized in Table 1.
Propensity score matching resulted in 71 pairs with similar baseline characteristics. Among
the included patients, 69.0% were male, the mean age was 67.0 £ 8.5 years, and the mean
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BMI was 35.1 4 4.8 kg/m?. The overall incidence of the comorbidities was as follows: dia-
betes mellitus (56.3%), chronic obstructive pulmonary disease (COPD, 20.4%), peripheral
arteriopathy (10.6%), and cerebrovascular arteriopathy (12.7%). The mean incidence of all
comorbidities was higher in the study cohort than in the general population undergoing
cardiac surgery [12,13]. The patients’ characteristics and preoperative variables did not
differ significantly between the ciNPWT and conventional groups, including the European
System for Cardiac Operative Risk Evaluation (EuroSCORE) II [14] values (2.09% =+ 1.67%
vs. 1.96% % 1.25%, p = 0.71).

Table 1. Patients’ characteristics and operative variables.

Overall ciNPWT Conventional p-Value
(N =142) (n="71) n=71)
Characteristics
Age (years), mean + SD 67.0£85 67.4 £ 89 66.6 £ 8.0 0.58
Sex (male), 1 (%) 98 (69.0%) 48 (67.6%) 50 (70.4%) 0.86
BMI (kg/m?), mean + SD 35.1+4.8 353+49 349 + 48 0.61
EuroSCORE II (%), Mdn (IQR) 1.62 (1.15, 2.39) 1.62 (1.04, 2.56) 1.62 (1.23,2.29) 0.71
Diabetes mellitus, n (%) 80 (56.3%) 43 (60.6%) 37 (52.1%) 0.40
Smoking, 1 (%) 49 (34.5%) 23 (32.4%) 26 (36.6%) 0.72
COPD, n (%) 29 (20.4%) 18 (25.4%) 11 (15.5%) 0.21
eGFR (mL/min), mean 4+ SD 104.0 - 38.6 108.0 + 35.1 99.7 +£41.7 0.06
Dialysis, 1 (%) 1 (0.7%) 0 (0%) 1 (1.4%) 1.00
Peripheral arteriopathy, 1 (%) 15 (10.6%) 10 (14.1%) 5(7.0%) 0.28
Cerebrovascular arteriopathy, n (%) 18 (12.7%) 10 (14.1%) 8 (11.3%) 0.80
LVEF (%), Mdn (IQR) 54.0 (45.0, 60.0) 54.0 (46.5, 60.0) 54.0 (45.0, 60.0) 0.33
Operative variables
Procedural urgency, 1 (%)
- FElective 63 (44.4%) 35 (49.3%) 28 (39.4%)
- Urgent 75 (52.8%) 34 (47.9%) 41 (57.7%) 0.43
- Emergency 4 (2.8(70) 2 (2.80/0) 2 (28%)
Double internal mammary artery, n (%) 8 (5.6%) 5 (7.0%) 3 (4.2%) 0.72
Skin to skin time (min), mean 4+ SD 172 + 344 174 + 32.8 170 + 36.0 0.48
CPB time (min), mean + SD 62.3 +£184 64.3 £19.3 604 +17.5 0.21
Cross clamp time (min), mean + SD 473 £ 16.5 509 + 16.8 439 +15.6 0.01
Type of wound suture, n (%)
- Intracutaneous 16 (11.3%) 9 (12.7%) 7 (9.9%)
- Transcutaneous 1(0.7%) 1(1.4%) 0 (0%) 0.61
- Staples 125 (88.0%) 61 (85.9%) 64 (90.1%)

Mdn: median; BMI: body mass index; ciNPWT: closed-incision negative-pressure wound therapy; COPD: chronic
obstructive pulmonary disease; CPB: cardio-pulmonary bypass; eGFR: estimated glomerular filtration rate; LVEF:
left ventricular ejection fraction.

Procedural characteristics were generally similar between the ciNPWT and conven-
tional groups, with no differences in the rate of use of bilateral mammary arteries, urgency,
procedural and cardio-pulmonary bypass times, and type of suture used for wound clo-
sure. However, cross-clamp times differed significantly between groups (50.9 £ 16.8 vs.
43.9 £ 15.6 min, p = 0.01). The effect of cross-clamp time on the development of DSWIs
was evaluated using univariate logistic regression, revealing no significant effect (OR 1.00,
95% C10.99-1.00, p = 0.09).

The postoperative course was similar in both groups (Table 2), with no significant
differences in ventilation times and hospital stay lengths. However, the length of stay in the
intensive care unit (ICU) was longer in the conventional group than in the ciNPWT group
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(2.2 £2.4vs. 24 £ 1.6 days, p = 0.02). There were no cases of postoperative tracheostomy,
renal failure, or in-hospital mortality.

Table 2. Postoperative variables.

Overall ciNPWT Conventional p-Value
(N =142) n=71) n=71)
Postoperative variables
Ventilation time (hours), Mdn (IQR) 5.00 (4.00, 7.75) 5.00 (4.00, 8.00) 5.00 (4.00, 7.00) 0.33
Surgical site complication, 1 (%) 25 (17.6%) 18 (25.4%) 7 (9.9%)
- NoSsC 117 (82.4%) 53 (74.6%) 64 (90.1%)
- Superficial SSC 5 (3.5%) 3 (4.2%) 2 (2.8%) 0.03*
- DSWI 20 (14.1%) 15 (21.1%) 5 (7.0%)
Ascertained infection, n (%) 17 (12.0%) 13 (18.3%) 4 (5.6%) 0.04 *
Wound revision, n (%)
- None 121 (85.2%) 56 (78.9%) 65 (91.5%)
- <30 days 17 (12.0%) 11 (15.5%) 6 (8.5%) 0.05 *
- >30days 4 (2.8%) 4 (5.6%) 0 (0%)
ICU stay (days), Mdn (IQR) 1.00 (1.00, 3.00) 1.00 (1.00, 2.00) 2.00 (1.00, 3.00) 0.02 *
Hospital stay (days), Mdn (IQR) 8.00 (5.00, 11.0) 8.00 (6.50, 10.0) 8.00 (7.00, 11.0) 0.34
In-hospital mortality, 1 (%) 0 (0%) 0 (0%) 0 (0%) 1.00

Note: Bold and italic values indicate statistical significance: * p < 0.05. Abbreviations: Mdn, median; ciNPWT,
closed-incision negative-pressure wound therapy; DSWI: deep sternal wound infections; SSC, surgical site
complication; ICU, intensive care unit.

Overall, 25 (17.6%) patients experienced postoperative wound complications, and the
incidence was significantly higher in the ciNPWT group than in the conventional group
(18 [25.4%] vs. 7 [9.9%], p = 0.03). Superficial SSCs were observed in 2 (2.8%) patients
in the conventional group and 3 (4.2%) in the ciNPWT group. DSWIs were observed in
5 (7.0%) patients in the conventional group and 15 (21.1%) in the ciNPWT group (p = 0.03).
These rates were markedly higher than the overall DSWI rate at our facility: Of the total
4935 patients who underwent cardiac surgery via median sternotomy at our facility during
the study period, 111 (2.5%) developed postoperative DSWIs. This population encompasses
all CABG procedures, valve and aortic surgeries, redo procedures, and operations of any
urgency. The much higher rates of wound complications in both the conventional and
ciNPWT groups confirm that these are high-risk patients compared to the overall surgical
population at our facility.

The presence of bacterial contamination was confirmed in 13 (18.3%) patients in
the ciNPWT group and 4 (5.6%) in the conventional group (p = 0.04). The incidence of
perioperative wound revision was significantly higher in the ciNPWT group than in the
conventional group (11 [15.5%] vs. 6 [8.5%], p = 0.05; Figure 2).

The estimated freedom from DSWI at 30 days was significantly lower in the ciNPWT
group than in the conventional group (83.9% vs. 92.9%, p = 0.04; Figure 3). In univariate
analysis, several factors were associated with an increased risk of DSWI, including male sex
(OR 1.13, 95% CI 1.00-1.28, p = 0.04), higher BMI (OR 1.015, 95% CI 1.003-1.027, p = 0.02),
peripheral arteriopathy (OR 1.24, 95% CI 1.03-1.49, p = 0.04), cerebrovascular arteriopathy
(OR 1.33,95% CI1.13-1.57, p < 0.01), and the use of ciNPWT (OR 1.15, 95% CI 1.03-1.29,
p = 0.02). Cross-clamp time showed a statistical trend towards lower risk (OR 0.997,
95% CI0.994-1.000, p = 0.09).
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Figure 2. Comparison of postoperative wound complications. ciNPWT: closed-incision negative-
pressure wound therapy; DSWI: deep sternal wound infection; SSC: surgical site complication.

g 80+
=
2 604
IS
o
£
£ 401
(o]
o
& -+ Control
L 204 p=0.04 -+ ciNPWT
0-
; 10 20 30 40 50 60
Time (days)
Number at risk
- 71 70 65 64 64 64 64
- 71 67 58 55 55 54 53

Figure 3. Kaplan-Meier curves showing the estimated freedom from DSWIs (p = 0.04, log-rank test).
ciNPWT: closed-incision negative-pressure wound therapy; DSWI: deep sternal wound infection.

In the multivariable model including BMI, peripheral arteriopathy, cross-clamp time,
and ciNPWT, higher BMI (OR 1.016, 95% CI 1.005-1.027, p < 0.01) and peripheral arte-
riopathy (OR 1.283, 95% CI 1.085-1.518, p < 0.01) remained independent predictors of
DSWI. Cross-clamp time retained an inverse association (OR 0.997, 95% CI 0.993-1.000,
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p = 0.04). Importantly, ciNPWT also remained independently associated with DSWI (OR
1.115, 95% CI 1.002-1.240, p = 0.04) (Table 3).

Table 3. Univariate and multivariate analysis.

Variables

Deep Sternal Wound Infection

Univariate Analysis
OR (95% CI) p

Multivariate Analysis
OR (95% CI) p

Patients’ characteristics

Age 0.998 (0.992, 1.005) 0.67 -

Sex (male) 1.133 (1.002, 1.282) 0.04 * -

Body mass index (kg/m?) 1.015 (1.003, 1.027) 0.02 * 1.016 (1.005,1.027)  <0.01 **
EuroSCORE 1II (%) 1.019 (0.980, 1.060) 0.34 -

Hypertension 1.017 (0.792, 1.306) 0.90 -

Diabetes 1.021 (0.909, 1.147) 0.72 -

Dyslipidemia 0.941 (0.835, 1.062) 0.33 -

Smoking 0.972 (0.861, 1.097) 0.65 -
Immunosoppressive therapy 0.865 (0.611, 1.224) 0.41 -

COPD 1.040 (0.902, 1.200) 0.59 -

eGFR (mL/min) 1.000 (0.999, 1.002) 0.81 -

Dialysis 0.868 (0.436, 1.728) 0.69 -

History of wound infection 1.439 (0.886, 2.339) 0.14 -

Peripheral arteriopathy 1.240 (1.032, 1.491) 0.02 * 1.283 (1.085,1.518)  <0.01 **
Cerebrovascular arteriopathy 1.328 (1.125, 1.569) <0.01 ** -

NYHA Class III or IV 1.049 (0.927, 1.186) 0.45 -

Left ventricular ejection fraction (%) 1.003 (0.997, 1.008) 0.34 -

Operative variables

Procedural urgency 0.968 (0.862, 1.087) 0.59 -

Double internal mammary artery 0.861, (0.672,1.105) 0.24 -

Skin to skin time (min) 1.000, (0.998, 1.001) 0.6 -

Cardio-pulmonary bypass time (min) 0.999, (0.996, 1.002) 0.38 -

Cross clamp time (min) 0.997, (0.994, 1.000) 0.09 * 0.997 (0.993, 1.000) 0.04 *
ciNPWT 1.151, (1.028, 1.289) 0.02 * 1.115 (1.002, 1.240) 0.04 *

Note: Bold and italic values indicate statistical significance: * p < 0.05; ** p < 0.01. Abbreviations: OR, odds ratio;
CI, confidence interval; eGFR, estimated glomerular filtration rate; COPD, chronic obstructive pulmonary disease;
NYHA, New York Heart Association; ciNPWT, closed-incision negative-pressure wound therapy.

3.2. Cost Analysis

The comparison of direct in-hospital costs revealed a substantial economic disadvan-
tage of ciNPWT. Total costs amounted to EUR 215,238.95 in the ciNPWT group compared
with EUR 68,255.01 in the conventional group, corresponding to incremental costs of EUR
146,983.94, or approximately EUR 2070 per patient. The difference was attributable both
to higher wound therapy costs related to complications (~EUR 1920 per patient) and to
higher dressing material costs (<*EUR 150 per patient).

4. Discussion

The efficacy of ciNPWT in preventing DSWIs, as reported in prior studies, does not
appear conclusive [15-24]. This observation concerning the limited validity of the results
of prior studies is supported by a recent systematic review and meta-analysis on the use of
NPWT for preventing sternal wound infections in adults after cardiac surgery [25]. The
evidence of a beneficial effect of ciNPWT is based on studies with suboptimal quality
and a limited number of participants. Moreover, they did not account for selection bias,
such as with a prospective randomized design or propensity matching [25]. The issue
in determining the actual value of ciNPWT following cardiac surgery lies in part in the
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rarity of postoperative wound healing disorders in general and DSWIs in particular. Since
a sufficient number of events is needed to determine whether a therapy is effective, a
large patient cohort would be required for a valid evaluation. Furthermore, an even larger
number of participants would be required to identify the subgroup for whom this therapy
is most beneficial.

Grauhan et al. examined patients who underwent median sternotomy, reporting sig-
nificantly different infection rates in the NPWT group (1.3%) compared to the conventional
group (3.4%) [21]. Unlike our study, all patients within the study period received ciNPWT
(n = 237), regardless of the type of procedure or their predisposition for SSCs, resulting in a
highly heterogeneous patient group. Despite the large number of patients, comparability
may be limited due to heterogeneity and the different time periods of the two study arms:
2013 for the ciNPWT group and 2008-2009 for the conventional group.

Conversely, Myllykangas et al. reported a slightly but nonsignificantly higher inci-
dence of DSWIs and superficial SSCs in the NPWT group, concluding that the routine
use of NPWT may not reduce the risk of infections [26]. They included a large series of
high-risk patients after CABG and analyzed well-balanced groups after propensity score
matching. However, the main limitations of their study were the retrospective nature of
the conventional group and the use of the PICO™ ciNPWT system (Smith & Nephew
Inc., Andover, MA, USA), which has been shown to provide inferior results compared
to the Prevena™ ciNPWT system [26]. Nonetheless, their findings were corroborated by
Ruggieri et al., who demonstrated no significant benefit of ciNPWT in a large cohort of
propensity-matched patients who underwent bilateral internal mammary artery CABG [27].
The incidence of DSWI/mediastinitis in the ciNPWT group was 5.5%. Notably, patients in
our ciNPWT group had markedly higher BMIs (35.3 kg/m?) than those in Ruggieri et al.
(29.1 kg/m?) and Myllykangas et al. (31.4 kg/m?), potentially contributing to our higher
incidence of DWSIs.

Overall, in our cohort of 142 patients, 17.6% experienced postoperative SSCs, both
superficial and deep. Their incidence was significantly higher in the ciNPWT group than
in the conventional group (18 [25.4%] vs. 7 [9.9%], p = 0.03). Of the 20 cases of DSWIs,
significantly more occurred in the ciNPWT group than in the conventional group (15 [21.1%]
vs. 5 [7.0%], p = 0.03). The ciNPWT group also experienced significantly higher rates of
positive bacterial cultures (13 [18.3%] vs. 4 [5.6%], p = 0.04) and wound revisions within
30 days (11 [15.5%] vs. 6 [8.5%], p = 0.05). We also assessed independent risk factors for
DSWI using univariate and multivariable logistic regression. In the univariate analysis,
male sex, higher BMI, peripheral arteriopathy, cerebrovascular arteriopathy, and ciNPWT
were associated with an increased risk of DSWI, while cross-clamp time showed a statistical
trend. In the multivariable model, higher BMI and peripheral arteriopathy remained
independent predictors, which is consistent with prior literature [28,29]. Interestingly,
cross-clamp time retained an inverse association with DSWI, a counterintuitive finding that
is most likely a statistical artifact due to sample size limitations and collinearity with other
variables. Importantly, ciNPWT also remained independently associated with higher DSWI
risk after adjustment, reinforcing our main observation that this therapy does not appear
to provide protection in high-risk CABG patients. Therefore, in our cohort comprised
of high-risk patients who underwent isolated coronary artery bypass, ciNPWT failed to
achieve its purpose as a primarily preventative measure against postoperative wound
healing disorders.

To help interpret our results, we examine the function of ciNPWT. A specific dressing
is used to maintain a closed environment over the surgical incision, protecting it from
external infectious sources. While standard dressings were usually changed on the second
postoperative day and then as needed to assess wound healing, ciNPWT was applied
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immediately after surgery and left for at least six days, with the wounds only inspected
after removal. It has been postulated that most infections are acquired in the operating
room [12]; therefore, it can be hypothesized that ciNPWT may protect the surgical wound
solely from postoperative contamination and even hinder early detection of superficial
SSCs and sternal instability. It also precludes frequent disinfection that occurs with each
change of conventional dressings. However, these differences alone cannot explain the
exorbitantly high rates of DSWIs in our study cohort. Despite our efforts to minimize
selection bias, the designation of patients for ciNPWT by the surgeon may have introduced
an unknown confounding variable. Nonetheless, the measurable baseline characteristics
were comparable in both groups and do not appear to indicate any fundamental flaws.

Another possible mechanism for developing DWSIs is a purely mechanical sternal
instability, which may, for example, be caused by postoperative delirium, which can lead
to fractures of the sternal wires or the sternum itself, especially in patients who are obese.
Considering the primary mechanism in which ciNPWT functions may further clarify its
failure. ciNPWT applies negative pressure to the epidermis of a closed wound incision,
thus removing excess fluid, stimulating perfusion, and reducing edema. While this is
theoretically beneficial, it might reach its limits, particularly in patients who are obese. In
patients with a large amount of presternal fatty tissue, the positive effects of ciNPWT may
be limited to the epidermis and uppermost portions of the subcutaneous fat. Even if all
the excess fluid is removed from the skin, if fluid is retained subcutaneously and does not
reach the incision, no amount of negative pressure will facilitate its removal.

Therefore, the question arises: if ciINPWT promotes wound healing and prevents
wound complications in low-risk patients but loses its usefulness in high-risk patients, is it
reasonable to use it in the postoperative care of cardiac surgery patients? Low-risk patients
experience very low rates of wound complications and would require extensive use of
ciNPWT to achieve clinical benefit, which might not justify its costs, whereas high-risk
patients might not benefit at all. Therefore, while an all-encompassing prevention of SSCs
is highly desirable, ciNPWT does not seem to be the solution currently. Our findings raise
concerns about the effectiveness of ciNPWT in high-risk patients and do not support its
routine use in this population. Its potential value may instead lie in carefully defined
subgroups, which warrants further investigation within the framework of personalized
medicine that aims to adapt preventive strategies to individual risk profiles. Beyond
clinical considerations, ciNPWT was also linked to higher in-hospital costs compared with
conventional dressings, highlighting the importance of thorough evaluation before its
broader implementation.

5. Limitations

The main limitation of our study was its retrospective, non-randomized design. There-
fore, a propensity score analysis was conducted to reduce the effect of selection bias. In
addition, our data were collected exclusively from the records of our own facility. Conse-
quently, minor complications that may have been treated at a later stage in other hospitals
may be absent from the analysis; however, this limitation applies equally to both groups.
Nonetheless, as our facility is the sole tertiary cardiac surgery center with a wide coverage
area, patients requiring treatment for postoperative complications are routinely referred
back to our facility if needed. Finally, the relatively small number of patients in the study
cohort prevents the evaluation of possible confounding factors with small effects. The
restricted sample size is since ciNPWT was discontinued in our institution after an interim
analysis raised concerns about its benefit, which explains why no further patients were
treated with this therapy beyond March 2023.
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6. Conclusions

In this cohort of high-risk CABG patients, prophylactic ciNPWT did not improve
wound healing compared with conventional dressings and was even associated with
higher rates of DSWI. While prospective randomized trials are needed to confirm these
findings, the routine use of ciINPWT in this population should be approached with caution.
Its potential role may lie in selected patient subgroups, which requires further investigation
within the framework of personalized medicine.
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