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Abstract
Introduction Incisional negative pressure wound therapy (iNPWT) may reduce surgical site infections (SSI), which can have 
devastating consequences after incisional hernia repair. Few comparative studies investigate the effectiveness of this wound 
management strategy in this population. The objective of this study is to determine the effect of iNPWT on the incidence of 
SSI after complex incisional hernia repair.
Methods All adult patients undergoing open incisional hernia repair at a single center from 2016 to 2019 were reviewed. A 
commercial iNPWT dressing was used at the discretion of the surgeon. Patients were grouped by type of dressing; iNPWT and 
standard sterile dressings (SSD). Coarsened exact matching was used to create balanced cohorts for comparison using age, 
sex, American Society of Anesthesiologists classification, wound classification, and surgical urgency. The primary outcome 
was the composite incidence of superficial and deep SSI within 30 days. Secondary outcomes included non-infectious surgical 
site occurrences (SSO), overall complications, length of stay (LOS), emergency department visits, and readmission at 30 days.
Results 134 patients underwent complex hernia repair, with 114 patients included after matching (34 iNPWT, 51 SSD). 
Composite incidence of superficial and deep SSI was 19.3% (11.8% vs. 27.5%, p = 0.107), with significantly lower rates of 
deep SSI in patients receiving iNPWT (2.9% vs. 17.6%, p = 0.045). After accounting for residual differences between groups, 
iNPWT was associated with decreased incidence of composite SSI (RR 0.36, 95% CI [0.16, 0.87]). Median LOS was longer 
in patients with iNPWT (7 vs. 5 days, p = 0.001). There were no differences in SSO, overall complications, readmission, or 
emergency department visits.
Conclusion In patients undergoing incisional hernia repair, the use of iNPWT was associated with a lower incidence of SSI 
at 30 days. Future studies should focus on cost effectiveness of iNPWT, its impact on long-term hernia recurrences, and the 
identification of patient selection criteria in this population.

Keywords Incisional hernia · Abdominal wall reconstruction · General surgery · Wound complication · Surgical site 
infection · Negative pressure wound therapy · Incisional negative pressure wound therapy

Patients undergoing complex incisional hernia repair (IHR) 
are at high risk for a range of wound complications [1]. In 
these procedures, the incidence of wound complications 
including surgical site infection (SSIs) ranges from 15 to 
46% [2]. Together these complications are called surgical 
site occurrences (SSOs) and include SSI, hematoma, ser-
oma, wound dehiscence, and enterocutaneous fistula. The 
consequences of these wound complications can be devas-
tating, especially in the context of complex IHR with pros-
thetic mesh. SSI is associated with hernia recurrence, and 
mesh infection will often require reintervention, long-term 
antibiotic therapy, protracted wound care, and possible mesh 
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excision [3, 4]. These outcomes are costly [5, 6] and associ-
ated with poor quality of life [7].

Negative pressure wound therapy (NPWT) was devel-
oped in the 1990s to assist in wound healing. It consists of 
a sealed foam dressing through which suction is applied 
via tubing to draw exudate and liquid material from the 
wound. NPWT has been widely used to treat open and 
chronic wounds [8]. Since the early 2010’s, the use of 
incisional negative pressure wound therapy (iNPWT) on 
closed surgical incisions has been proposed as a means to 
reduce surgical site occurrences, including SSI. At least 
two proprietary iNPWT systems are commercially avail-
able and in clinical use today. However, the effectiveness 
of iNPWT has yet to be established [9–11]. In complex 
IHR, evidence regarding the use of iNPWT is equivocal 
and of low quality overall. Despite the lack of evidence, 
iNPWT remains of particular interest as a wound man-
agement strategy given the high incidence of SSOs and 
their potentially devastating consequences. iNPWT may be 
most effective in patients at higher risk of wound compli-
cation, and may be cost-effective when the SSI incidence 
is as high as 16% [12]. Further evidence to guide selec-
tion criteria for this intervention is needed, especially in 
resource conscious settings. The objective of this study 
is to estimate the impact of iNPWT on the incidence of 
superficial and deep SSI in a matched cohort of adult 
patients undergoing complex IHR.

Methods

Study design

We performed a retrospective matched cohort analysis of 
patients undergoing complex IHR repair at a single uni-
versity hospital from January 2016 to December 2019. The 
study was approved by the institution’s Research Ethics 
Committee and access to patient charts was obtained from 
the institution’s Director of Professional Services in lieu of 
individual informed consent of participants. No industry 
funding or outside sponsorship was provided for this study. 
We included adult patients undergoing open IHR involv-
ing component separation or mesh greater than 16 × 9 cm, 
and who met criteria for “complex abdominal hernia” as 
per a consensus-based definition by Slater et al. [13]. Both 
emergency and elective cases were included. Stoma and 
dirty cases were included as iNPWT was also employed 
at the surgeon’s discretion in these scenarios. Day surger-
ies, cases without primary wound closure at the time of 
surgery, and patients with post-operative follow-up less 
than 30 days were excluded.

Surgical technique

Complex IHR were performed by a total of 7 surgeons with 
practice interest in hernia surgery. All patients received 
pre-operative antibiotics. The choice of repair was decided 
according to hernia characteristics and surgeon expertise, 
with a preference for retro-rectus repair when possible. 
Where tension-free approximation of the facia was not 
achieved, component separation was routinely performed 
to ensure facial closure with mesh reinforcement. Bridging 
repairs were avoided, with transversus abdominis release 
(TAR) being the preferred method of component separa-
tion if required. In the beginning of the study period, ante-
rior component separation with external oblique release 
(EOR) was also performed. Mesh reinforcement was used 
in almost all cases, with a preference for extraperitoneal 
placement. In an extraperitoneal position, self-fixating 
Parietex™ ProGrip™ mesh (Medtronic, Mansfield, MA) 
was most common, while Parietex™ composite mesh was 
most commonly used in the intraperitoneal position. Where 
permanent synthetic mesh could not be used, slowly resorb-
ing GORE®BIO-A® Tissue Reinforcement (Gore Medica, 
Flagstaff, AZ) or absorbable VICRYL® mesh (Ethicon, 
Cincinnati, OH) was used. Skin flaps were performed as 
needed, and concomitant musculocutaneous flaps or pan-
niculectomy were performed by a plastic surgeon in selected 
cases. Surgical drains were routinely placed in sub-fascial 
and subcutaneous planes and removed on follow-up when 
drainage was minimal. Skin was most commonly closed with 
skin clips and abdominal dressings were placed immediately 
after closure.

Intervention

A proprietary negative pressure dressing (PREVENA™ 
incision management system, KCI San Antonio, TX) was 
available since October 2018 and was used at the discretion 
of the surgeon. Non-proprietary negative pressure dress-
ings were also constructed with available NPWT supplies. 
Patients with these ‘home-made’ dressings were included in 
the iNPWT group and recorded as ‘home-made.’ All iNPWT 
dressings were placed directly to closed skin (without any 
penetrating inter-digitations), and were removed 5 to 7 days 
post-operatively. Standard sterile dressings (SSD) consisted 
of non-adherent sterile gauze secured with an adhesive bor-
der or adhesive tape. SSD were placed in the operating 
room and removed on post-operative day 2. Post-operative 
antibiotics were not routinely given, except in the presence 
of active infection.
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Outcomes and covariates

Conventional demographics, comorbidities as per the 
Charlson Comorbidity Index, and operative characteris-
tics were collected. Risk factors for surgical site occur-
rences including obesity, smoking within 1 year, diabetes, 
COPD, immunosuppression, presence of stoma, prior her-
nia repairs, and history of wound infection were collected. 
Operative details including technique of component 
separation, and mesh use, material, and position were 
recorded. The creation of a new stoma, the use of closed 
suction drains, and the involvement of a plastic surgeon 
were also recorded. Cases were identified as including a 
‘skin flap’ in all anterior component separations and in 
procedures where the development of a skin flap via sub-
cutaneous undermining was mentioned specifically by the 
surgeon in the operative note. A ‘tissue flap’ denoted the 
use of a myocutaneous flap for tissue coverage performed 
by a plastic surgeon.

Risk of surgical site infection was assessed using the 
3-level Modified Hernia Grading Scale (MHGS) scale [2] 
and Ventral Hernia Risk Scores (VHRS) for SSI and SSO 
[14]. The MHGS was adapted from the 4-level Ventral 
Hernia Working Group (VHWG) grading scale [1] and 
classifies open hernia repairs into three grades depending 
on the presence of patient-level risk factors and surgical 
contamination: grade 1 (low risk); grade 2 (co-morbid 
patients); and grade 3 (contaminated cases). The VHRS 
for SSI is a prospectively validated risk score that was 
found to more accurately predict SSO and SSI compared 
to the VHWG grade [2, 15]. The VHRS ranges from 0 
to 16 points for SSI and 0 to 15 points for SSO. Points 
are used to create risk groups and are calculated based 
on the presence of 6 risk factors: use of a mesh implant; 
concomitant hernia repair; creation of skin flaps; Ameri-
can Society of Anesthesiologists (ASA) class 3 or greater; 
Body Mass Index (BMI) 40 or greater; and wound class 4.

The primary outcome was a composite measure of 
superficial and deep SSI within 30 days, following the 
Center for Disease Control definitions [16, 17]. The com-
posite measure included wound infection involving only 
skin and subcutaneous tissue (superficial) or the muscle 
and fascia layers of the abdominal wall (deep). Intraab-
dominal infection were classified as “organ/space SSI” 
as per CDC definitions, and were not included in the 
composite outcome. Secondary outcomes included non-
infectious SSOs, overall complications, length of stay 
(LOS), emergency department visits, and readmission 
within 30 days. Late SSIs and hernia recurrence beyond 
30 days were also collected, with follow-up until 180 days 
post-operatively.

Coarsened exact matching and statistical analysis

Statistical analysis was performed in R version 3.5.2 (R 
Foundation for Statistical Computing, Vienna, Austria) 
and coarsened exact matching (CEM) was performed using 
the CEM package [18]. Similar to other matching meth-
ods, CEM is used to control for confounding introduced by 
imbalances in baseline patient-level characteristics between 
treatment and control groups [19, 20]. Compared to propen-
sity score matching, CEM may produce less variance and 
bias in estimates of causal effect [21]. Matching also served 
to account for selection and confounding bias introduced 
by the use of iNPWT at the surgeon’s discretion. Patients 
were grouped by type of dressing used: iNPWT vs. standard 
sterile dressings (SSD). Selecting among patients operated 
prior to the availability of iNPWT, we used CEM to create 
balanced cohorts for comparison using age, sex, ASA class, 
wound contamination, and surgical urgency.

Chi-squared or Fisher’s Exact tests and Student’s T tests 
or Kruskal–Wallis tests were performed for comparison 
of categorical and continuous variables, respectively. For 
30-day outcomes, multiple logistic regression was performed 
to account for additional differences between groups that 
may have introduced confounding. Clinically relevant vari-
ables were tested in a step-wise approach to select a model 
using a Bayesian information criterion. The final model 
included iNPWT treatment, technique of component sepa-
ration, VHRS for SSI, and smoking exposure. Risk ratios 
were estimated using marginal standardization from logistic 
regression. For outcomes beyond 30 days, Kaplan–Meier 
curves were used to describe SSI occurrence and log-rank 
tests were used to compare cumulative probabilities of SSI 
between groups. A cox proportional hazard model was used 
to evaluate iNPWT as a predictor of SSI after adjusting for 
technique of component separation, smoking exposure, and 
BMI.

Sensitivity analysis for loss to follow-up was performed. 
Survival analysis was repeated after including cases with 
less than 30 days of follow-up. To evaluate the consequence 
of missed SSIs among cases lost to follow-up, multiple logis-
tic regression was repeated after reclassifying iNPWT cases 
lost to follow-up as having developed deep or superficial SSI 
within 30 days. Regression was used to adjust for VHRS 
for SSI, procedure duration, and smoking exposure in this 
analysis.

Results

Among 245 ventral hernia repairs performed during the 
study period, 134 met the criteria for complex IHR. An 
additional 9 cases were excluded due to failure to achieve 
abdominal wall or skin closure at the time of surgery, and 
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11 cases were excluded due to inadequate follow-up. A total 
114 cases were included prior to matching (Fig. 1). Overall, 
the incidence of composite SSI in the cohort was 19.3% at 
30 days. Median follow-up was 164 days, with 19% follow-
up beyond 1 year, and 6% beyond 2 years.

After CEM, a total of 85 patients were retained in the 
matched cohort, with 34 patients receiving iNPWT, and 51 
matched controls receiving SSD. The groups were similar 
with respect to age, sex, BMI, and ASA scores, and comor-
bidities (Table 1). Certain individual risk factors for wound 
complications were somewhat more prevalent in the iNPWT 
group. These included diabetes and smoking in the year of 
surgery, although these did not reach statistical significance. 
Prior wound infection was more common in the iNPWT 
group, as was the frequency of multiple prior hernia repairs. 
All matched cases were performed on an elective basis 
(Table 2). Contamination class was similar, the use of closed 
suction drains, tissue flaps was similar between groups.

Procedure durations were longer in the iNPWT group, 
with more patients undergoing posterior component sepa-
ration and extraperitoneal mesh placement. The creation of 
skin flaps was also more common in the iNPWT group. The 
distribution of MHGS was similar between groups, although 
VHRS for SSO differed between groups with a larger pro-
portion of patients receiving iNPWT in higher risk groups 
(Table 3).

At 30 days post-operatively, the crude incidence of the 
composite SSI outcome was 21.1% with no statistically 
significant difference between the iNPWT and SSD groups 
in the matched cohort (Table 4). The incidence of deep 
SSI, however, was significantly lower in the iNPWT group 
(2.9% vs. 17.6%, p = 0.045). Overall the incidence of non-
infectious SSOs were similar between groups, as were inter-
ventions for wound complications. Median length of stay 
was longer among patients receiving iNPWT (7 vs 5 days, 
p = 0.001). There was no difference in all complications, 
mortality, hospital readmissions, or emergency department 

Fig. 1  Flow diagram. aCases 
were excluded if they did not 
meet at least one criteria for 
“complex” abdominal wall 
hernia as per consensus defini-
tion by Slater et al. [13] (defect 
size and location, patient history 
and risk factors, contamination 
and soft tissue condition, and 
clinical scenario)
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visits. Results of multivariate logistic regression are shown 
in Table 3. After adjusting for the technique of component 
separation, VHRS for SSI, and smoking exposure, iNPWT 
predicted a lower incidence of composite SSI (RR 0.37 95% 
CI [0.15–0.87]).

The incidence of SSI beyond 30 days was 11.8% in the 
matched cohort (Table 4). There were no differences in late 
SSOs or hernia recurrence at 180 days. On Kaplan–Meier 
analysis, SSI did not significantly differ between groups in 
either the matched or unmatched cohorts with follow-up up 
to 180 days (Fig. 2). In multiple Cox proportional hazards 
regression, after adjusting for possible confounders, iNPWT 
was not significantly associated with SSI when late cases 
were included (Table 5). Among 18 patients with SSI at 
30 days, 1 patient (4.5%) had a sterile seroma drained prior 
to developing infection. Among those with SSI beyond 
30 days, 2 patients (16%) had a prior sterile intervention 
for seroma. 

Among 11 cases excluded due to less than 30 days of 
follow-up, 9 received SSD and 2 received iNPWT. After 
the inclusion of these cases in matching, survival analysis 
supported the association between iNPWT and decreased 
incidence of deep SSI at 30 days (Fig. 3). Sensitivity analy-
sis for the impact of missed SSIs in cases lost to follow-
up (Table 6) suggested a preserved association between 
iNPWT and decreased SSI incidence, even when assuming 
the maximal effect of this potential bias (RR 0.45, 95% CI 
[0.20–1.01]).

Discussion

iNPWT is a novel wound management strategy that has been 
used in complex IHR and other abdominal operations [10, 
22, 23]. However, evidence regarding its effectiveness in 
IHR remains equivocal and of low quality. This study evalu-
ated the effectiveness iNPWT among patients undergoing 
complex IHR at a university hospital, where iNPWT was 
used at the discretion of the operating surgeon. In this retro-
spective matched cohort analysis, we found a significantly 
decreased incidence of deep SSI among patients receiving 
iNPWT compared to SSD in matched historical controls at 
30 days.

NPWT has been widely adopted in the management of 
open wounds [8]. More recently, iNPWT has been proposed 
as an effective strategy in the prophylaxis of SSIs and wound 
complications for closed surgical wounds. The application 
of negative pressure is thought to stimulate wound healing 
through several mechanisms. Negative pressure may improve 
capillary circulation and oxygen delivery at the wound site 
[24] while removing excess exudate and debris from the 
wound. The iNPWT’s barrier may also promote sterility and 
a favorable environment for healing. Mechanical offloading 
of tension at the wound site may also promote apposition 
of the wound edges, and is of particular relevance in large 
abdominal incisions associated with complex IHR [25]. A 
role for iNPWT in preventing intraabdominal infection is not 
supported by these mechanisms. However, the abdominal 
wall fascia and the potential spaces created during IHR are 
continuous with more superficial layers of the wound. An 
effect of iNPWT at the level of the deep soft tissues of an 
incision is plausible. The reduction in deep SSI observed in 

Table 1  Patient demographics and pre-operative characteristics

Result presented as ‘Median (interquartile range)’ for continuous variables and ‘n (percent)’ for categorical variables
SSD standard sterile dressing, iNPWT incisional negative pressure wound therapy, BMI body mass index, ASA class American Society of Anes-
thesiologists classification, CCI Charlson comorbidity index

Total (N = 114) Full cohort Matched cohort

SSD (N = 73) iNPWT (N = 41) p value SSD (N = 51) iNPWT (N = 34) p value

Age, years 60 (52, 69) 59 (52, 69) 61 (49, 66) 0.658 57 (52, 69) 59 (48, 66) 0.574
Female 52 (45.6%) 36 (49.3%) 16 (39.0%) 0.331 29 (50.9%) 13 (41.9%) 0.505
BMI, kg/m2 31 (28, 37) 31 (28, 36) 31 (27, 38) 0.61 31 (28, 35) 31 (27, 38) 0.549
BMI > 30 kg/m2 64 (57.7%) 41 (58.6%) 23 (56.1%) 0.844 34 (59.6%) 17 (54.8%) 0.821
ASA class 3 (2, 3) 2 (2, 3) 3 (2, 3) 0.42 2 (2, 3) 3 (2, 3) 0.270
CCI 2 (1, 4) 2 (1, 3) 2 (1, 4) 0.837 2 (1, 3) 2 (1, 4) 0.771
Diabetes mellitus 22 (19.3%) 11 (15.1%) 11 (26.8%) 0.144 8 (14.0%) 9 (29.0%) 0.099
Smoking in year prior 16 (14.0%) 8 (11.0%) 8 (19.5%) 0.263 7 (12.3%) 7 (22.6%) 0.233
Immunosuppressed 8 (7.0%) 4 (5.5%) 4 (9.8%) 0.455 3 (5.3%) 4 (12.9%) 0.236
Prior hernia repair 33 (28.9%) 24 (32.9%) 9 (22.0%) 0.283 17 (29.8%) 4 (12.9%) 0.115
Prior wound infection 24 (21.1%) 10 (13.7%) 14 (34.1%) 0.016 8 (14.0%) 8 (25.8%) 0.247
Existing stoma 5 (4.4%) 2 (2.7%) 3 (7.3%) 0.349 1 (1.8%) 3 (9.7%) 0.123
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the study is consistent with these proposed mechanisms of 
action and supports a role for iNPWT in the prevention of 
SSI after complex IHR.

Our results were consistent with other published retro-
spective studies in this population. A recent meta-analysis 
of 11 studies evaluating iNPWT on wound complications in 
complex IHR reported a 50% reduction in SSI and wound 
separation in a pooled analysis [22]. The review included a 
predominance of small retrospective studies (9 retrospective 
studies) and two RCTs involving oncologic resections. The 
results of these two RCTs may not be applicable to complex 
IHR, as wounds associated with IHR differ importantly from 
midline laparotomy incisions used in oncologic resection, 
especially with regards to undermining and use of mesh. 
We identified eight studies that have specifically investi-
gated iNPWT in the context of IHR since 2012. Four studies 

supported an effect of iNPWT in reducing SSI [26–29]. With 
the exception of one case series of 199 cases, these were 
small retrospective studies that compared iNPWT to his-
torical controls. All but one reported consecutive cases by 
a single surgeon, which strengthened their internal validity. 
Only two provided estimates of effect size and measures of 
confidence. Four studies found no difference in SSI with 
iNPWT [30–33]. These include two studies with more than 
100 cases. All four used iNPWT at the surgeon’s discretion, 
and most included cases performed by different surgeons 
and using different approaches. This variability may have 
introduced bias but may also lend to the external validity 
of their results.

Together, these studies had several limitations, including 
a heterogeneity in surgical approach, patient characteristics, 
and iNPWT design and duration. However, these limitations 

Table 2  Surgical details

Results presented as ‘n (percent)’ for categorical variables, ‘median (interquartile range)’ for continous variables
SSD standard sterile dressing, iNPWT incisional negative wound pressure therapy
a Contamination class ≥ 2 indicates clean-contaminated, contaminated, or dirty procedures following Centers for Disease Control definitions
b Intraoperative complications include aspiration of gastric contents, bowel injury, cardio-respiratory complications, hemorrhage requiring trans-
fusion, urinary injury, vascular injury, and others

Full cohort Matched cohort

Total (N = 114) SSD (N = 73) iNPWT (N = 41) p value SSD (N = 51) iNPWT (N = 34) p value

Emergency surgery 9 (7.9%) 6 (8.2%) 3 (7.3%) 1.000 0 (0.0%) 0 (0.0%) –
Procedure duration, minutes 218 (136, 328) 159 (110, 310) 305 (232, 377)  < 0.001 187 (133, 318) 304 (240, 362)  < 0.001
Contamination class ≥ 2a 38 (33.3%) 22 (30.1%) 16 (39.0%) 0.409 11 (21.6%) 11 (32.4%) 0.316
Intraoperative  complicationsb 7 (6.1%) 4 (5.5%) 3 (7.3%) 0.701 3 (5.9%) 2 (5.9%) 1.000
Estimated blood loss, mL 200 (100, 350) 200 (75, 300) 200 (200, 500) 0.012 200 (100, 350) 200 (200, 500) 0.154
Component separation 0.023 0.302
 Posterior 33 (28.9%) 15 (20.5%) 18 (43.9%) 14 (27.5%) 15 (44.1%)
 Anterior 16 (14.0%) 10 (13.7%) 6 (14.6%) 7 (13.7%) 4 (11.8%)
 None 65 (57.0%) 48 (65.8%) 17 (41.5%) 30 (58.8%) 15 (44.1%)

Mesh used 107 (93.9%) 69 (94.5%) 38 (92.7%) 0.701 49 (96.1%) 32 (94.1%) 1.000
Mesh material 0.865 0.639
 Parietex Progrip™ 68 (59.6%) 43 (58.9%) 25 (61.0%) 30 (58.8%) 22 (64.7%)
 Parietex™ Composite 30 (26.3%) 20 (27.4%) 10 (24.4%) 14 (27.5%) 8 (23.5%)
 Gore® Bio-A® 4 (3.5%) 3 (4.1%) 1 (2.4%) 3 (5.9%) 0 (0.0%)
 Mixed 1 (0.9%) 0 (0.0%) 1 (2.4%) 0 (0.0%) 1 (2.9%)
 Vycril® 4 (3.5%) 3 (4.1%) 1 (2.4%) 2 (3.9%) 1 (2.9%)

Mesh position 0.460 0.896
 Intraperitoneal 30 (26.3%) 18 (24.7%) 12 (29.3%) 12 (23.5%) 9 (26.5%)
 Extraperitoneal 49 (43.0%) 29 (39.7%) 20 (48.8%) 25 (49.0%) 17 (50.0%)
 Onlay 26 (22.8%) 20 (27.4%) 6 (14.6%) 10 (19.6%) 6 (17.6%)
 Mixed 2 (1.8%) 2 (2.7%) 0 (0.0%) 2 (3.9%) 0 (0.0%)

New stoma 1 (0.9%) 0 (0.0%) 1 (2.4%) 0.36 0 (0.0%) 1 (2.9%) 0.400
Use of closed suction drains 91 (79.8%) 55 (75.3%) 36 (87.8%) 0.146 42 (82.4%) 30 (88.2%) 0.549
Creating of skin flap 46 (40.4%) 22 (30.1%) 24 (58.5%) 0.005 15 (29.4%) 22 (64.7%) 0.002
Plastic surgeon 24 (21.1%) 14 (19.2%) 10 (24.4%) 0.633 11 (21.6%) 10 (29.4%) 0.449
Tissue flaps 7 (6.1%) 5 (6.8%) 2 (4.9%) 1.000 2 (3.9%) 2 (5.9%) 1.000
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reflect real-world challenges in the implementation and eval-
uation of surgical interventions. Confounding and selection 
bias are limitations in several of these studies. In a resource 
conscious setting, iNPWT may be targeted to patients who 
are thought to benefit most—that is, patients with risk fac-
tors for SSI. In this context, the use of iNPWT at the discre-
tion of the surgeon precludes a direct before-and-after com-
parison. Several studies have avoided this source of bias by 
reporting consecutive series performed by a single surgeon 
[28, 29, 34, 35]. Others, however, make no explicit attempt 
to account for this.

In this study, we attempt to mitigate the effect of selec-
tion and confounding bias by employing a matched cohort 
analysis, selecting controls from a cohort whose surgery was 
performed prior to the availability of a proprietary iNPWT 
device at our institution. Residual difference between the 
iNPWT and SSD groups after matching appeared to favor a 
lower risk of SSI among the controls, thereby underestimat-
ing the effect of iNPWT. In other words, patients in whom 
iNPWT was selected were at higher risk of SSI compared to 
patients who received SSD. Based on clinical judgement and 
salient differences between groups, we performed regression 
analysis adjusting for technique of component separation, 
VHRS for SSI and smoking exposure. Even after accounting 
for these variables, iNPWT was associated with an 11.4% 
absolute reduction in SSI incidence compared to SSD, cor-
responding to a number needed to treat of 7.

Our regression analysis suggests that iNPWT may be 
effective across all MHGS grades, however, we were lim-
ited by sample size and number of events to meaningfully 
estimate effects across strata of hernia grade. Other stud-
ies, including a case comparative study of 199 consecutive 
cases by Soares et al., found that iNPWT reduced SSI only 
in higher grade hernias (MHGS Grade 2 and 3) [29]. This 
group has subsequently published two case series demon-
strating dramatic reductions in SSI (5.2%) and SSO (12.9%) 
using their HVAC system in high-risk patients [34, 35]. 
Large comparative studies are needed to evaluate the effect 
of iNPWT across different risk profiles in order to identify 
patients who benefit the most from this intervention.

Duration of follow-up ranges from 30 days [26, 28, 30, 
34] to a median of 190 days [33] among studies evaluat-
ing iNPWT in complex IHR. Although follow-up does not 
discernibly influence the distribution of outcomes across 
studies, few discuss the timing of SSI and SSO occurrence. 
Soares et al. noted that 90-day follow-up was a particular 
strength of their study [29], and Vargo et al. noted that all 
wound complications requiring intervention in their series 
occurred more than 4 weeks post-operatively [26]. In our 
study, 35% of all SSIs occurred beyond 30 days, and the 
differences in SSI incidence between groups were no longer 
significant on Kaplan–Meier and regression analysis after 
extending follow-up from 30 to 180 days. Non-infectious 
SSOs, wound-related interventions, and readmissions were 
similar between groups in both analyses. These results may 

Table 3  Risk classification and risk scores

Results presented as ‘n (percent)’ for categorical variables, ‘median (interquartile range)’ for continuous variables
MHGS Modified Hernia Grading Scale, VHRS ventral hernia risk score, SSO surgical site occurrence, SSI surgical site infection, SSD standard 
sterile dressing, iNPWT incisional negative pressure wound therapy
a VHRS for SSO
b VHRS for SSI are categorized into 3 and 5 risk groups, representing increasing risk, as per Berger et al. 2013 [14]

Total (N = 114) Full cohort Matched cohort

SSD (N = 73) iNPWT (N = 41) p value SSD (N = 51) iNPWT (N = 34) p value

MHGS grade 0.196 0.695
 Grade 1 37 (32.5%) 26 (35.6%) 11 (26.8%) 18 (35.3%) 10 (29.4%)
 Grade 2 54 (47.4%) 36 (49.3%) 18 (43.9%) 26 (51.0%) 17 (50.0%)
 Grade 3 23 (20.2%) 11 (15.1%) 12 (29.3%) 7 (13.7%) 7 (20.6%)

VHRS for  SSOa  < 0.001  < 0.001
 I (0–1 points) 51 (44.7%) 42 (57.5%) 9 (22.0%) 30 (58.8%) 6 (17.6%)
 II (2–4 points) 49 (43.0%) 24 (32.9%) 25 (61.0%) 17 (33.3%) 24 (48.2%)
 III (4–15 points) 14 (12.3%) 7 (9.6%) 7 (17.1%) 4 (7.8%) 4 (11.8%)

VHRS for  SSIb 0.010 0.056
 I (0 points) 69 (60.5%) 51 (69.9%) 18 (43.9%) 32(67.2%) 14 (41.2%)
 II (2–3 points) 25 (21.9%) 11 (15.1%) 14 (34.1%) 9 (17.6%) 12 (35.3%)
 III (4 points) 5 (4.4%) 4 (5.5%) 1 (2.4%) 4 (7.8%) 1 (2.9%)
 IV (5–10 points) 13 (11.4%) 5 (6.8%) 8 (19.5%) 4 (7.8%) 7 (20.6%)
 V (11–16 points) 2 (1.8%) 2 (2.7%) 0 (0.0%) 2 (3.9%) 0 (0.0%)
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suggest that iNPWT improves short-term SSI incidence, but 
may not translate into better long-term outcomes. Ensuring 
follow-up beyond 30 days should be considered in subse-
quent evaluations of iNPWT in IHR.

Our study was limited by its retrospective and observa-
tional design. Despite the promising results of prior retro-
spective studies of iNPWT in other abdominal operations, 
subsequent large RCTs have failed to demonstrate that benefit 
[36–38]. Another important limitation of our study included 
the change in surgical technique over time. Similar to Pauli 
et al. [30], we observed a shift in surgical technique over the 
course of the study period. Early in the study period, EOR 
and TAR each accounted for 50% of component separations 
performed, whereas the proportion of TAR increased to 80% 

of all component separations by 2019. EOR, which requires 
extensive skin flaps, has been excluded from some studies of 
iNPWT [30], while being the primary focus of others [29, 
35]. Our study was neither designed nor powered to detect 
differences between component separation techniques. How-
ever, EOR was equivalent between groups, while TAR was 
performed significantly more often in the iNPWT group. This 
distribution of component separations between the matched 
groups would likely favor a higher incidence of SSI in the 
iNPWT group, thus negatively biasing the effect of iNPWT. 
Indeed, adjusting for component separation in regression anal-
ysis only strengthened the association between iNPWT and 
lower SSI incidence. Loss to follow-up is another potential 
limitation of this study. While most patients with a wound 

Table 4  30-Day outcomes

Result presented as ‘n (percent)’ for categorical variables, ‘median (interquartile range)’ for continuous variables, and ‘relative risk (95% confi-
dence interval)’
RR = relative risk of outcome between matched groups, adjusted for technique of component separation and smoking within the year prior to 
surgery and ventral hernia risk score for SSI. Relative risks estimated from logistic regression using the delta method
RR relative risk, CI confidence interval, SSD standard sterile dressing, iNPWT incisional negative pressure wound therapy, SSI surgical site 
infection, SSO surgical site occurrence, EC fistula enterocutaneous fistula, IR interventional radiology, ED emergency department

Full cohort Matched cohort

Total (N = 114) SSD (N = 73) iNPWT (N = 41) p value SSD (N = 51) iNPWT (N = 34) p value Adjusted RR (95% 
CI)

Surgical site infection
 Superficial/deep 22 (19.3%) 18 (24.7%) 4 (9.8%) 0.082 14 (27.5%) 4 (11.8%) 0.107 0.36 (0.16–0.87)
 Superficial 15 (13.2%) 11 (15.1%) 4 (9.8%) 0.567 9 (17.6%) 4 (11.8%) 0.549 0.52 (0.18–1.45)
 Deep 12 (10.5%) 11 (15.1%) 1 (2.4%) 0.053 9 (17.6%) 1 (2.9%) 0.045 0.19 ( 0.03–1.38)
 Organ space 2 (1.8%) 0 (0.0%) 2 (4.9%) 0.127 0 (0.0%) 2 (5.9%) 0.157 –
 Any SSI 22 (19.3%) 17 (23.3%) 5 (12.2%) 0.216 14 (27.5%) 5 (14.7%) 0.194 0.45 (0.20–1.00)

Surgical site occurrences
 Hematoma 0 (0.0%) 0 (0.0%) 0 (0.0%) – 0 (0.0%) 0 (0.0%) – –
 EC fistula 2 (1.8%) 2 (2.7%) 0 (0.0%) 0.535 2 (3.9%) 0 (0.0%) 0.514 –
 Wound dehis-

cence
18 (15.8%) 10 (13.7%) 8 (19.5%) 0.433 8 (15.7%) 7 (20.6%) 0.575 1.21 ( 0.54–2.68)

 Seroma 28 (24.6%) 17 (23.3%) 11 (26.8%) 0.821 12 (23.5%) 8 (23.5%) 1.000 0.90 (0.41–1.97)
 Any SSO 44 (38.6%) 26 (35.6%) 18 (43.9%) 0.426 19 (37.3%) 14 (41.2%) 0.821 0.92 ( 0.56–1.52)

Wound interventions
 Antibiotic 

therapy
23 (20.2%) 17 (23.3%) 6 (14.6%) 0.335 14 (27.5%) 5 (14.7%) 0.194 0.49 (0.21–1.14)

 IR drainage 12 (10.5%) 8 (11.0%) 4 (9.8%) 1.000 7 (13.7%) 3 (8.8%) 0.733 0.49 (0.13–1.76)
 Wound opened 14 (12.3%) 9 (12.3%) 5 (12.2%) 1.000 7 (13.7%) 4 (11.8%) 1.000 0.81 (0.32–2.04)
 Reoperation 5 (4.3%) 5 (6.6%) 0 (0.0%) 0.093 4 (7.5%) 0 (0.0%) 0.101 –

Other complications and outcomes
 All complications 48 (42.1%) 30 (41.1%) 18 (43.9%) 0.844 24 (47.1%) 14 (41.2%) 0.659 0.77 (0.48–1.23)
 Length of stay, 

days
6 (3, 8) 4 (3, 7) 7 (6, 10) 0.443 5 (3, 8) 7 (6, 10) 0.001 –

 ED visit 20 (17.5%) 12 (16.4%) 8 (19.5%) 0.798 9 (17.6%) 5 (14.7%) 0.775 0.72 (0.28–1.89)
 30-Day readmis-

sion
22 (19.3%) 15 (20.5%) 7 (17.1%) 0.806 13 (25.5%) 5 (14.7%) 0.286 0.51 (0.21–1.24)

 30-Day mortality 0 (0.0%) 0 (0.0%) 0 (0.0%) – 0 (0.0%) 0 (0.0%) – –
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complication are likely to seek care, it is possible that cer-
tain patients from distant referral sites were treated for SSI 
at another institution. The impact of this potential bias was 
unlikely to influence the conclusions of this study however, 
as a sensitivity analysis supported the association between 
iNPWT and the decreased incidence of SSI at 30 days. Cost 
remains an important limitation to the use of iNPWT and 
evidence from cost evaluation studies of this intervention is 

limited [10]. Chopra et al. estimated that iNPWT may be cost-
effective and potentially cost-saving when SSI incidence is 
greater than 16% in the context of IHR [12]. Furthermore, cost 
analyses may only be relevant to the specific healthcare system 

Fig. 2  Kaplan–Meier curves for late surgical site infection. Kaplan–
Meier curves showing cumulative probability of follow-up without 
surgical site infections (SSI) vs time in days in the full cohort (FC) 
and in the matched cohort (MC). Follow-up is limited to 180  days. 

Cumulative probabilities are compared using the Log-rank test and 
p values are reported below the curves. A Composite SSI in FC. B 
Composite SSI in MC. C Superficial SSI in FC. D Superficial SSI in 
MC. E Deep SSI in FC. F Deep SSI in MC
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or institution (both based on purchase cost of the device as well 
as the baseline incidence of SSIs), and therefore may not be 
widely generalizable.

Conclusion

In patients undergoing complex IHR, the use of iNPWT 
was associated with a lower incidence of deep SSI at 
30 days. After adjusting for residual differences between 
groups, a significant association between iNPWT and 

Table 5  Outcomes beyond 30 days

Result presented as ‘n (percent)’ for categorical variables, ‘median (interquartile range)’ for continuous variables, and adjusted hazard ratios and 
95% confidence intervals. Hazard ratios for iNPWT vs. SSD calculated using Cox Proportional Hazards Model adjusting for technique of com-
ponent separation, smoking exposure 1 year prior to surgery, and body mass index
CI confidence, MHGS Modified Hernia Grading Scale, SSD standard sterile dressing, iNPWT incisional negative pressure wound therapy, SSI 
surgical site infection, IR interventional radiology, ED emergency department

Full cohort Matched cohort Adjusted HR (95 
CI%)

Total (N = 114) SSD (N = 73) iNPWT (N = 41) p value SSD (N = 51) iNPWT (N = 34) p value

Any SSI 12 (10.5%) 7 (9.6%) 5 (12.2%) 0.754 6 (11.8%) 4 (11.8%) 1.000 0.75 (0.30–1.85)
 Superficial 1 (0.9%) 0 (0.0%) 1 (2.4%) 0.36 0 (0.0%) 1 (2.9%) 0.4 0.81 (0.27–2.44)
 Deep 11 (9.6%) 7 (9.6%) 4 (9.8%) 1.000 6 (11.8%) 3 (8.8%) 0.735 0.34 ( 0.10– 1.2)
 Organ space 0 (0.0%) 0 (0.0%) 0 (0.0%) – 0 (0.0%) 0 (0.0%) – –

Any intervention 11 (9.6%) 7 (9.6%) 4 (9.8%) 1.000 6 (11.8%) 3 (8.8%) 0.735 –
 Wound opened 7 (6.1%) 3 (4.1%) 4 (9.8%) 0.249 2 (3.9%) 3 (8.8%) 0.385 1.17 (0.38–3.61)
 Antibiotics 9 (7.9%) 6 (8.2%) 3 (7.3%) 1.000 5 (9.8%) 2 (5.9%) 0.697 0.49 (0.19–1.27)
 IR drainage 5 (4.4%) 4 (5.5%) 1 (2.4%) 0.653 3 (5.9%) 1 (2.9%) 0.647 0.17 (0.02–1.43)
 Reoperation 5 (4.4%) 4 (5.5%) 1 (2.4%) 0.653 4 (7.8%) 1 (2.9%) 0.644 0.20 (0.02–1.68)

ED visit 11 (9.6%) 8 (11.0%) 3 (7.3%) 0.744 7 (13.7%) 2 (5.9%) 0.305 0.39 (0.11–1.43)
Readmission 13 (11.4%) 8 (11.0%) 5 (12.2%) 1.000 6 (11.8%) 4 (11.8%) 1.000 0.53 (0.17–1.72)
Hernia recurrence 7 (6.1%) 2 (2.7%) 5 (12.2%) 0.096 2 (3.9%) 4 (11.8%) 0.212 4.61 (0.63–33.5)

Table 6  Sensitivity analysis 
for the effect of missed SSI in 
iNPWT cases lost to follow-up

Results of a sensitivity analysis to evaluate the effect of missed SSI in iNPWT cases lost to follow-up on 
30-day SSI outcomes. No SSIs were recorded in the group of 11 cases lost to follow-up, and only of these 
cases 2 received iNPWT. To simulate the maximal bias from missed SSIs among iNPWT cases, SSI out-
comes were reclassified for these iNPWT cases. RR = relative risk of SSI associated with iNPWT, adjusted 
for procedure duration, VHRS for SSI, and smoking exposure

30-Day outcomes Adjusted RR and 95% CI

No missed SSI 1 missed SSI (superficial) 2 missed 
SSIs (superfi-
cial + deep)

Superficial/deep SSI 0.30 (0.12–0.78) 0.36 (0.15–0.85) 0.45 (0.20–1.01)
Superficial SSI 0.51 (0.18–1.50) 0.60 (0.23–1.62) 0.60 (0.23–1.62)
Deep SSI 0.14 (0.02–1.10) 0.14 (0.02–1.10) 0.32 (0.07–1.41)
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a composite outcome of deep and superficial SSI was 
observed. Our results support the pursuit of further pro-
spective evaluations of this intervention, including ran-
domized trials where feasible. The incidence of late SSI 
beyond 30 days in this cohort underscores the need to 
include long-term follow-up in subsequent studies. Future 
studies should focus on the cost effectiveness of iNPWT in 
this population, and the identification of patient selection 
criteria for its use.
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