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Abstract
Purpose The use of closed incision negative pressure wound therapy (ciNPWT) in abdominal wall reconstruction is heav-
ily debated. The current literature shows mixed results for its efficacy in preventing surgical site occurrences (SSOs), and 
many of the studies are limited by small sample size or a lack of generalizability. We sought to assess whether the use of 
prophylactic ciNPWT has an effect on reducing the rate of SSOs.
Methods Following institutional review board approval, a retrospective analysis of a prospectively collected abdominal 
wall reconstruction database of a single surgeon at a single institution was completed. Two hundred and seventy patients 
were reviewed. Univariate and multivariate logistic regressions were performed to assess the effect of each variable on the 
rate of SSOs.
Results Two hundred and fifty-eight patients (95.56%) met inclusion criteria. One hundred and fifty-nine (61.63%) of these 
patients received ciNPWT. The median duration of ciNPWT was 6 days. Multivariate logistic regression analysis showed 
no significant difference in the prevalence of SSOs between groups (OR = 0.843, 95% CI [0.445–1.594], p = 0.598). It did, 
however, show a significant decrease in the rates of seroma (7.07% vs. 0.63%, p = 0.004). Moreover, skin resection was 
associated with a decreased rate of SSO (OR = 0.295, 95% CI [0.096–0.911], p = 0.034).
Conclusions ciNPWT was not associated with a decrease in SSOs following abdominal wall reconstruction but did show a 
statistically significant decrease in postoperative seromas. Future, large prospective analyses may help further discover the 
utility of ciNPWT in reducing SSOs.
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Background

Surgical site occurrences (SSOs), defined as a surgical site 
infection (SSI), seroma, hematoma, wound dehiscence, 
enterocutaneous fistula, cellulitis, non-healing incisional 
wound, fascial disruption, skin or soft tissue necrosis, wound 

serous or purulent drainage, stitch abscess, infected mesh or 
exposed mesh [1], are possible complications of abdominal 
wall reconstruction (AWR), with overall rates ranging from 
29 to 63.6% [2–6]. Contributors to the high rates include: (1) 
comorbidities in this patient population such as obesity, dia-
betes, smoking, and poor nutrition; (2) the need for complex 
surgical techniques including component separation, the use 
of mesh, skin resection, and the creation of adjacent skin 
flaps; (3) the possibility of contamination as a result of enter-
otomies or infected mesh from a previous procedure [6].

Closed incisional negative pressure wound therapy (ciN-
PWT) has been described as a method to reduce SSOs fol-
lowing AWR. While the underlying mechanism is not fully 
understood, current hypotheses that explain how it decreases 
the rate of SSOs include decreasing lateral stresses around 
the incision, changing the direction of the stresses to a dis-
tribution more typical of intact tissue, increasing the force 
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required to disrupt the closed incision, increasing perfusion, 
and increasing lymphatic clearance [7–9]. ciNPWT is not 
unique to AWR and has been shown to reduce complication 
rates in other conditions, such as open fractures and dia-
betic foot amputations, though there is a lack of high-level 
evidence [10, 11]. In the AWR population, previous studies 
have demonstrated reductions in rates of SSOs in patients 
using ciNPWT [12–14], however, the results are mixed and 
there still remains a paucity in strong evidence supporting 
its routine use [15].

To that end, the primary goal of this study was to investi-
gate the effectiveness of ciNPWT following AWR to provide 
an evidence-based analysis of its efficacy in reducing SSOs 
within 30 days.

Methods

Study design and data collection

A retrospective analysis of the prospectively collected data-
base from September 13, 2013 to March 10, 2020 was per-
formed. Two hundred and seventy patients were analyzed. 
Patients were excluded if they did not have primary closure 
of the abdominal wall (n = 4) or follow-up within 30 days 
(n = 8). The remaining 258 patients were included. Patient 
demographics, history of smoking (smoked > 30 days before 
surgery vs. never smoked), body mass index (BMI), immu-
nosuppression status (at time of surgery), medical comor-
bidities, operative details, Ventral Hernia Working Group 
(VHWG) [16], Kanters [17] grading scales, and SSOs within 
30 days were collected. ciNPWT was not used in patient 
prior to April 2016. Then, for a brief period of time, it was 
used in patients who were at risk for delayed wound healing, 
followed by current practice where it is used uniformly based 
on the Chopra et al paper detailing the cost effectiveness of 
the therapy [18]. The primary outcome of interest was SSO, 
which we defined as infection (soft tissue abscess and/or 
cellulitis), seroma, hematoma, dehiscence, skin necrosis, 
enterocutaneous fistula, mesh infection, hernia recurrence, 
and/or bulge within 30 days under the premise that the effect 
of ciNPWT in helping to reduce incision-related occurrences 
would lead to an overall decrease in all SSOs as per the 
“vicious cycle” concept espoused by Holihan et al. [19].

Statistical analysis

Variables were compared using Pearson’s χ2 or Fisher’s exact 
test, when applicable, for categorical variables, Mann–Whit-
ney U tests for non-normally distributed numerical variables, 
and Student’s t test for normally distributed continuous vari-
ables. The normality of continuous variables was assessed 
with a Q–Q plot. Predictors of SSOs were assessed using a 

univariate logistic regression. Furthermore, a multivariate 
logistic regression was performed to account for baseline 
differences between groups. The median of the first half of 
the data is presented as Q1, while the median of the second 
half is presented as Q3, for applicable data. All data were 
analyzed using SPSS Version 27.0 (IBM Corp. Released 
2020. IBM SPSS Statistics for Mac, Version 27.0. Armonk, 
NY: IBM Corp) statistical software. A p value < 0.05 was 
considered statistically significant.

Results

Study population and characteristics

One hundred and fifty-nine (61.63%) patients received ciN-
PWT, while the remaining 99 (38.27%) patients received 
standard dressing, which consisted of bacitracin ointment 
with xeroform and standard gauze, with standard surgical 
tape. There was no significant difference in age between 
the active and control group (56 [46, 65] vs. 58 [51, 65], 
p = 0.269). Patients who received ciNPWT had significantly 
higher rates of diabetes (14.10% vs. 27.05%, p = 0.015), skin 
resection (85.86% vs. 94.34%, p = 0.020), and skin flaps 
(58.60% vs. 86.90%, p < 0.001). However, BMI (32 [28, 
36] vs. 33 [29, 37], p = 0.306), VHWG grade (p = 0.259), 
immunosuppression status (21.21% vs 19.50%, p = 0.738), 
and Kanters grade (p = 0.434) did not vary significantly 
amongst the two groups. There were no active smokers 
at the time of surgery, and history of smoking with a quit 
date > 30 days prior to the operation did not vary signifi-
cantly between groups (47.50% vs. 61.57%, p = 0.522). Of 
those who received ciNPWT, the median duration of use 
was 6 days, with Q1 being 5 and Q3 being 7. Demographic 
variables are shown in Table 1.

Prevalence of surgical site occurrences

65 (25.50%) of 258 patients had an SSO within 30 days of 
surgery. None of these variables, including age (p = 0.254), 
diabetes (23.08% vs. 21.76%, p = 0.825), history of smoking 
with a quit date > 30 days prior to the operation (55.39% vs. 
48.19%, p = 0.315), and immunosuppression status (12.31% 
vs. 22.80%, p = 0.068), were statistically significant between 
groups. Table 2 shows the association of variables of interest 
with having an SSO.

The use of ciNPWT was not associated with a signifi-
cantly lower overall prevalence of SSO (27.27% vs. 23.89%, 
p = 0.544). However, ciNPWT was associated with a sta-
tistically significant decrease in the rate of seroma (7.07% 
vs. 0.63%, p = 0.004). Table 3 shows the association of the 
individual occurrences of each outcome within our defini-
tion of SSO along with whether or not ciNPWT was used.
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Table 1  Demographics and 
operative details of those who 
did and did not receive ciNPWT

Data are presented as median (Q1, Q3) or n (% within column) when applicable
* denotes that p < 0.05

No ciNPWT (n = 99) ciNPWT (n = 159) Total (n = 258) p value

Age (years) 56 (46, 65) 58 (51, 65) 58 (48, 65) 0.269
BMI (kg/m2) 32 (28, 36) 33 (29, 37) 33 (28, 37) 0.306
Diabetes 14 (14.10%) 43 (27.05%) 57 (22.09%) 0.015*
History of smoking 47 (47.50%) 82 (61.57%) 129 (50.00%) 0.522
VHWG 0.259
 1 15 (15.20%) 21 (13.20%) 36 (14.0%)
 2 43 (43.30%) 89 (56.0%) 132 (51.2%)
 3 29 (29.30%) 34 (21.40%) 63 (24.4%)
 4 12 (12.10%) 15 (9.40%) 27 (10.50%)
Immunosuppressed 21 (21.21%) 31 (19.50%) 52 (20.16%) 0.738
Kanters 0.434
 1 15 (15.20%) 21 (13.20%) 36 (14.0%)
 2 55 (55.60%) 101 (63.50%) 156 (60.50%)
 3 29 (29.30%) 37 (23.30%) 66 (25.60%)
Skin flaps 58 (58.60%) 139 (86.90%) 197 (76.06%)  < 0.001*
Skin resection 85 (85.86%) 150 (94.34%) 235 (91.09%) 0.020*

Table 2  Characteristics of 
patients with and without SSOs

Data are presented as n (% within each column)

SSO (n = 65) No SSO (n = 193) Total (n = 258) p value

Age (years) 0.254
 < 50 18 (27.69%) 56 (29.02%) 74 (28.68%)
 50–65 34 (52.31%) 85 (44.04%) 119 (46.12%)
 > 65 12 (18.46%) 52 (26.94%) 64 (24.81%)
BMI (kg/m2) 0.231
 < 25 3 (4.62%) 21 (10.89%) 24 (9.30%)
 25–29.9 14 (21.54%) 50 (25.91%) 64 (24.81%)
 30–34.9 17 (26.15%) 55 (28.50%) 72 (27.91%)
 35–39.9 16 (24.62%) 48 (24.87%) 64 (24.81%)
 ≥ 40 13 (20.00%) 19 (9.85%) 32 (12.40%)
Diabetes 15 (23.08%) 42 (21.76%) 57 (22.09%) 0.825
History of smoking 36 (55.39%) 93 (48.19%) 129 (50.00%) 0.315
VHWG 0.102
 1 7 (10.77%) 29 (15.03%) 36 (13.95%)
 2 31 (47.69%) 101 (52.33%) 132 (51.16%)
 3 15 (23.08%) 48 (24.87%) 63 (24.42%)
 4 12 (18.46%) 15 (7.77%) 27 (10.47%)
Immunosuppressed 8 (12.31%) 44 (22.80%) 52 (20.16%) 0.068
Kanters 65 193 258 0.449
 1 7 (10.77%) 29 (15.03%) 36 (13.95%)
 2 38 (58.46%) 118 (61.14%) 156 (60.47%)
 3 20 (30.77%) 46 (23.83%) 66 (25.58%)
Skin flaps 47 (72.31%) 150 (77.72%) 197 (76.36%) 0.374
Skin resection 56 (86.15%) 179 (92.75%) 235 (91.09%) 0.107
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Within our univariate analysis, the only factor that was 
significantly associated with increased rates of SSO was BMI 
(OR = 1.052, 95% CI [1.010–1.095], p = 0.015). Notably, age 

(OR = 1.001, 95% CI [0.979–1.023], p = 0.948) and the use 
of ciNPWT (OR = 0.837, 95% CI [0.472–1.485], p = 0.544) 
did not have significant associations with increased rates 

Table 3  Characteristics of 
surgical site occurrences

* denotes that p < 0.05

No ciNPWT (n = 99) ciNPWT (n = 159) Total (n = 258) p value

SSO 27 (27.27%) 38 (23.89%) 65 (25.19%) 0.544
Infection 17 (17.17%) 15 (9.43%) 32 (12.40%) 0.067
Seroma 7 (7.07%) 1 (0.63%) 8 (3.10%) 0.004*
Hematoma 1 (1.01%) 1 (0.63%) 2 (0.78%) 0.734
Dehiscence 1 (1.01%) 7 (4.40%) 8 (3.10%) 0.126
Skin necrosis 6 (6.06%) 16 (10.06%) 22 (8.53%) 0.263
EC fistula 0 (0.00%) 1 (0.63%) 1 (0.39%) 0.429
Mesh infection 4 (4.04%) 1 (0.63%) 5 (1.94%) 0.053
Recurrence 0 (0.00%) 2 (1.26%) 2 (0.78%) 0.263
Bulge 0 (0.00%) 1 (0.63%) 1 (0.39%) 0.429

Table 4  Logistic regression 
analysis for SSOs within 
30 days of abdominal wall 
reconstruction

* denotes that p < 0.05

Univariate Multivariate

Odds ratio 95% CI p value Odds ratio 95% CI p value

Dressing Type
 No ciNPWT (reference) – – – – – –
 ciNPWT 0.837 0.472–1.485 0.544 0.843 0.445–1.594 0.598
Age 1.001 0.979–1.023 0.948 1.006 0.982–1.030 0.628
BMI 1.052 1.010–1.095 0.015* 1.039 0.991–1.089 0.11
Diabetes
 No (reference) – – – – – –
 Yes 1.079 0.552–2.109 0.825 0.868 0.408–1.846 0.712
History of smoking
 No (reference) – – – – – –
 Yes 1.335 0.759–2.348 0.316 1.277 0.703–2.317 0.422
VHWG
 Grade 1 (reference) – – – – – –
 Grade 2 1.272 0.508–3.185 0.608 1.244 0.424–3.646 0.691
 Grade 3 1.295 0.472–3.550 0.616 1.834 0.475–7.087 0.379
 Grade 4 3.314 1.080–10.172 0.036 5.611 0.849–37.081 0.073
Immunosuppressed
 No (reference) – – – – – –
 Yes 0.475 0.211–1.071 0.073 0.411 0.171–0.988 0.047*
Kanters
 Grade 1 (reference) – – – – – –
 Grade 2 1.334 0.541–3.290 0.531 1.167 0.408–3.336 0.774
 Grade 3 1.801 0.677–4.791 0.238 1.442 0.473–4.393 0.52
Skin resection
 No (reference) – – – – – –
 Yes 0.487 0.200–1.185 0.113 0.295 0.096–0.911 0.034*
Skin flaps
 No (reference) – – – – – –
 Yes 0.749 0.395–1.420 0.375 1.25 0.529–2.953 0.612
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of SSO (Table 4). However, multivariate analysis showed 
significant reductions in the rates of having an SSO when 
the patient was taking immunosuppressive medications 
(OR = 0.411, 95% CI [0.171–0.988], p = 0.047) and when 
they had skin resected during the operation (OR = 0.295, 
95% CI [0.096–0.911], p = 0.034). However, the use of 
ciNPWT did not show a significant association with hav-
ing an SSO (OR = 0.843, 95% CI [0.445–1.594], p = 0.598) 
(Table 4).

Discussion

There are currently no published randomized controlled tri-
als on the use of closed incisional negative pressure wound 
therapy for abdominal wall reconstruction, leaving a lack 
of high-level evidence for its efficacy. Thus, there is a need 
for strong retrospective studies to help address this question 
in the meantime, and our report focuses on this gap in the 
literature to further elucidate the potential benefits of its use.

Many groups have published evidence about the effec-
tiveness of ciNPWT with mixed results, varying based on 
which negative outcome is reduced [2, 6, 13–15, 20, 21]. 
Condé-Green et al. found a reduction in skin dehiscence 
and overall wound complications (including skin dehiscence, 
skin/fat necrosis, and infection) with the use of ciNPWT, but 
did not find significant reductions in skin/fat necrosis, infec-
tion, hernia recurrence, seroma, or hematoma [2]. Similarly, 
de Vries et al. found significant reductions in the rates of 
superficial and incisional wound infections in their ciNPWT 
group, but did not find them in surgicial site infections over-
all, enterocutaneous fistulas, seromas, hematomas, or skin 
necrosis [6]. A matched cohort study comparing patients 
who received ciNPWT after incisional hernia repair with 
those who did not by Hopkins et al. found a decrease in 
incidence of SSI in their matched cohort but no differences 
in SSO, overall complications, readmission, or emergency 
department visits [20]. Although many of these studies are 
limited by their small sample size, some larger studies do 
exist. A meta-analysis by Tran et al. from 2006 to 2016 com-
pared 11 studies, including a mixed surgical cohort of 1723 
patients that underwent abdominal wall reconstruction. This 
analysis showed a significant decrease in surgical site infec-
tion (SSI) and wound dehiscence in patients who received 
ciNPWT. However, they reported no significant difference 
between patients who received ciNPWT and their counter-
parts who did not, in the rates of seroma, hematoma, reop-
eration, or readmission [14]. Amongst these studies ciNPWT 
was found to reduce varying complications. While the reduc-
tion of SSIs was common it was not unanimous, and other 
complications including skin dehiscence and SSO varied 
greatly.

Several studies did not include bulge or early hernia 
recurrence in their analyses, which are both potential 
adverse outcomes of abdominal wall reconstruction. These 
potential adverse outcomes are included within our defini-
tion of SSO because of the “vicious cycle” that can occur 
with these repairs. For example, cellulitis can lead to a 
superficial abscess which can become a mesh infection, 
leading to need for reoperation, mesh removal, and hernia 
recurrence. A large multicenter database study by Holihan 
et al. showed that SSI can more than double the chance of 
hernia recurrence and quadruple the chance for reopera-
tion [19]. Further, a retrospective study of 255 patients by 
Cobb et al. additionally found that the only predictor of 
hernia recurrence was the presence of an SSI [22].

When critically examining the mixed results of many of 
these studies with their associated limitations, which often 
include a small sample size, multiple surgeons/institutions, 
variations in study population and technique, and narrow 
definitions of SSO, there is an obvious need for stronger 
retrospective studies and randomized controlled trials to 
further elucidate the effectiveness of ciNPWT for AWR. 
These limitations were addressed in our paper by retro-
spectively analyzing a relatively large sample size, only 
including one surgeon at one institution, and by including 
a broader definition of SSO.

Within our population of abdominal wall reconstruc-
tion patients, ciNPWT was not associated with a sig-
nificant decrease in the rate of overall SSOs (27.27% 
vs. 23.89%, p = 0.544). It was, however, associated with 
a significant decrease in the rate of seroma (7.07% vs. 
0.63%, p = 0.004). Moreover, it was not associated with 
any other statistically significant reductions of variables 
within our definition of SSO. Being immunosuppressed 
and having skin resected were associated with statistically 
significant reductions in the rate of SSO in our population, 
irrespective of whether they received ciNPWT or standard 
dressing.

In our study, 65 (25.19%) of 258 patients had an SSO 
within 30 days of surgery. Of the 159 patients who received 
ciNPWT, 38 (23.90%) of them went on to have an SSO, 
while 27 (27.27%) of the 99 patients who did not receive 
ciNPWT had an SSO. These rates, even within the control 
group, are below many of those previously reported in the 
literature, despite including a broader definition of SSOs. 
This includes results reported by de Vries et al. of a 47% 
rate of SSI in their overall population, as well as a 51% rate 
in their control group and a 24% in their NPWT group [6]. 
Condé-Green et al. found the rate of wound complications 
to be 63.6% in their control group compared to 22% in their 
NPWT group [2]. The reported rates in their control groups 
are significantly higher than ours, possibly suggesting that 
the effect of ciNPWT may be diminished in our study due to 
the lower baseline SSO rate within the control group.
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The effect of skin resection on rates of SSO has not been 
thoroughly examined. Our results suggest skin resection and 
aggressive skin management may play an important role in 
decreasing the rates of SSO. While skin resection can be dif-
ficult to quantify, our technique involves aggressively resect-
ing any necrotic, poorly perfused, tenuous, undermined, or 
marginal skin [23, 24]. This may help to explain the discrep-
ancy in our rates of SSOs compared to other studies.

Finally, the relationship of immunosuppression and poor 
wound healing has been well documented in the literature, 
with most citing decreased wound healing while immuno-
suppressed [25–30]. In our study, however, multivariate 
logistic regression showed a decrease in the rate of SSO 
when the patient was immunosuppressed. This is contradic-
tory to previous findings, warranting further investigation.

Limitations

Limitations of our study are those commonly seen in retro-
spective studies. These include the potential for misclassifi-
cation bias, for confounding bias by having other risk factors 
not measured that may have an effect on our outcome, and 
for lack of generalizability due to this being a single surgeon, 
single institution study. Lastly, due to study design, it is only 
powered to find associations, not causations.

Conclusion

The use of negative pressure wound therapy on closed inci-
sions in abdominal wall reconstruction was not associated 
with a significant difference in the overall rate of surgical 
site occurrences for patients within our study. However, it 
was associated with a significantly decreased rate of sero-
mas. The rates of SSOs in both our control and ciNPWT 
groups were lower than many reported rates in the literature. 
This can potentially be explained by our single-surgeon’s 
technique, specifically aggressive skin management. Skin 
resection was associated with a significant decrease in the 
rates of SSO in our study and warrants further investigation. 
Other future investigations may benefit from analyzing if the 
amount of skin resected has an effect on the rate of surgical 
site occurrences and further studying if the number of days 
ciNPWT is used impacts the rate of SSOs.
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