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Abstract

Background/Objectives: Surgical site infections (SSIs) following pancreaticoduodenectomy
contribute to significant morbidity and healthcare costs. Negative pressure wound therapy
(NPWT) has emerged as a potential preventive intervention; however, evidence regarding
its efficacy in pancreatic surgery remains limited. This systematic review and meta-analysis
aimed to evaluate the efficacy of NPWT compared to conventional dressings in preventing
SSI following pancreaticoduodenectomy. Methods: PubMed, Scopus, BASE, Cochrane
CENTRAL, and ClinicalTrials.gov were systematically searched from their inception to 2
April 2025. Randomized clinical trials and observational studies comparing NPWT with
conventional dressings in patients undergoing pancreaticoduodenectomy were included.
Two independent reviewers extracted the data and assessed the methodological quality.
Random-effects meta-analysis was performed to calculate the pooled relative risks (RRs)
with 95% CIs. The primary outcome was the incidence of SSI. The secondary outcomes
included pancreatic fistula, seroma formation, incisional hernia, and readmission rates.
Results: Nine studies (three randomized clinical trials and six observational studies) com-
prising 1247 patients were included. NPWT was associated with a significant reduction
in SSI compared with conventional dressings (RR, 0.61; 95% CI, 0.41–0.90). Subgroup
analysis revealed varying effects by study design: retrospective cohort studies showed a
nonsignificant trend toward SSI reduction (RR, 0.53; 95% CI, 0.19–1.48), randomized clinical
trials demonstrated a nonsignificant trend favoring NPWT (RR, 0.67; 95% CI, 0.37–1.23),
and the single prospective cohort study showed significant SSI reduction (RR, 0.48; 95% CI,
0.28–0.84). No significant differences were observed in pancreatic fistula rates between the
NPWT and conventional dressing groups. Prophylactic NPWT application, longer duration
(≥5 days), and higher negative pressure settings (−125 mmHg) appeared more effective
than therapeutic application, shorter duration, and lower-pressure settings, respectively.
Conclusions: This systematic review and meta-analysis suggests that NPWT is associated
with a reduced SSI risk following pancreaticoduodenectomy. The greatest benefit may
be achieved with prophylactic application in high-risk patients, longer therapy duration,
and higher negative pressure settings. These findings support the consideration of NPWT
as part of SSI prevention strategies in pancreatic surgery, particularly for patients with
identified risk factors.
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1. Introduction
Surgical site infections (SSIs) following pancreaticoduodenectomy remain a signifi-

cant clinical challenge, with reported incidence ranging from 11% to 32%, substantially
higher than rates observed in other clean-contaminated procedures [1]. These infections
contribute to increased morbidity, prolonged hospitalization, elevated healthcare costs, and
diminished quality of life [2,3].

The heightened SSI risk in pancreaticoduodenectomy stems from multiple factors,
including extended operative times, complex digestive tract reconstruction, potential
contamination from biliary and pancreatic secretions, and frequent preoperative biliary
drainage [4]. Additionally, patients often present with risk factors, including malnutrition,
jaundice, and immunosuppression from neoadjuvant therapy [5,6].

Negative pressure wound therapy (NPWT) has emerged as a potential intervention for
SSI prevention. This technology applies controlled negative pressure to the wound surface,
which may reduce edema, enhance tissue perfusion, promote granulation tissue formation,
and decrease bacterial colonization. While NPWT has demonstrated efficacy in other surgi-
cal specialties, its role in pancreaticoduodenectomy requires further investigation [2,7,8].

Despite growing evidence supporting NPWT in pancreatic surgery, critical implemen-
tation bottlenecks remain. Device heterogeneity across multiple NPWT systems operating
at varying pressure settings (−100 to −125 mmHg) prevents standardized protocol devel-
opment and direct efficacy comparisons. Validated patient selection criteria are lacking,
though risk factors including preoperative biliary drainage, neoadjuvant therapy, elevated
BMI, and hypoalbuminemia have been identified [5,6]. International consensus guidelines
from professional societies such as the International Study Group of Pancreatic Surgery
could standardize device selection, application timing, duration, and patient selection
through systematic evidence review and expert consensus methodology. These research
priorities reflect the field’s evolution from efficacy questions to implementation science
challenges determining whether NPWT becomes standard perioperative care or remains a
specialized intervention for selected high-risk patients.

Previous systematic reviews have examined NPWT in mixed surgical populations [7,8].
Lenet et al. conducted a meta-analysis in 2022 focusing on prophylactic NPWT in pancreatic
resection, identifying three randomized clinical trials with 236 patients [9]. Their analysis
suggested a potential benefit (relative risk [RR], 0.70; 95% CI, 0.50–0.99), though with
limited statistical power. Similarly, Zhang et al. briefly summarized four studies examining
NPWT in pancreaticoduodenectomy, suggesting potential benefits but acknowledging
significant limitations in the available evidence [7].

Our systematic review and meta-analysis expand on previous work by including
nine studies with 1247 patients. We analyzed both randomized and observational studies,
providing a comprehensive assessment of real-world effectiveness. We conducted detailed
subgroup analyses based on NPWT application timing, duration, and pressure settings
while examining the relationship between patient risk factors and NPWT efficacy. Given
the substantial morbidity associated with SSI following pancreaticoduodenectomy and the
potential benefits of NPWT, this comprehensive analysis of the available evidence aims
to guide clinical decision-making regarding NPWT implementation for SSI prevention in
pancreatic surgery.
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2. Methods
2.1. Search Strategy and Study Selection

Following PRISMA guidelines, a comprehensive literature search was conducted
on 2 April 2025, across multiple electronic databases, including PubMed, Scopus, BASE,
Cochrane CENTRAL, and ClinicalTrials.gov. Search terms combined concepts related to
negative pressure wound therapy (e.g., “negative pressure wound therapy,” “NPWT,”
“vacuum assisted closure”), pancreaticoduodenectomy (e.g., “pancreaticoduodenectomy,”
“Whipple,” “pancreatic surgery”), and surgical site infections (e.g., “surgical site infection,”
“SSI,” “wound complication”). The complete search strategy for each database is presented
in Table S1. The protocol was not registered.

Two independent reviewers (initials blinded for review) screened the titles and ab-
stracts of the identified records. The full texts of potentially eligible studies were then
assessed against predetermined inclusion and exclusion criteria (Table S2). Disagreements
were resolved through discussion with a third reviewer. The study selection process fol-
lowed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.

Studies were included if they (1) enrolled patients undergoing pancreaticoduodenec-
tomy or other pancreatic resections with subgroup analysis for pancreaticoduodenectomy;
(2) compared negative-pressure wound therapy with conventional dressings; (3) reported
surgical site infection rates or related complications; and (4) employed randomized con-
trolled trial, cohort, or case–control study designs. Studies were excluded if they (1) did
not focus on pancreaticoduodenectomy patients; (2) did not examine NPWT as the primary
intervention; (3) used inappropriate study designs (case reports, editorials, and animal
studies); (4) provided insufficient methodological details; (5) contained duplicate data; or
(6) were secondary research publications.

2.2. Data Extraction and Quality Assessment

Data extraction was performed independently by two reviewers using a standardized
form. The following information was collected: study characteristics (author, year, country,
design), patient demographics (sample size, age, sex, comorbidities), intervention details
(NPWT device, pressure settings, duration), comparison group characteristics, outcomes
(surgical site infections, pancreatic fistula, seroma, incisional hernia, and readmission rates),
and risk factors for complications.

Surgical site infections were classified according to the Centers for Disease Control and
Prevention criteria as superficial, deep, or organ/space infections when such a distinction
was provided in the original studies. Pancreatic fistula was defined according to the
International Study Group of Pancreatic Surgery (ISGPS) criteria when reported.

The methodological quality of the included randomized controlled trials was as-
sessed using the Cochrane Risk of Bias Tool 2.0, which evaluates bias across five domains:
randomization process, deviations from intended interventions, missing outcome data,
measurement of outcomes, and selection of reported results. Each domain was rated as
“low risk,” “some concerns,” or “high risk” of bias, with an overall risk of bias judgment
derived from domain-level assessments.

For observational studies, the Newcastle-Ottawa Scale (NOS) was employed, which
evaluates studies based on the selection of study groups, comparability of groups, and
ascertainment of exposure or outcome. The NOS assigns up to 9 stars, with studies receiving
7–9 stars considered high quality, 4–6 stars moderate quality, and 0–3 stars low quality.

The overall quality of evidence for each outcome was evaluated using the Grading of
Recommendations, Assessment, Development and Evaluation (GRADE) approach, which



Surgeries 2025, 6, 88 4 of 16

considers the risk of bias, inconsistency, indirectness, imprecision, and publication bias.
Evidence quality was categorized as high, moderate, low, or very low.

2.3. Data Synthesis and Statistical Analysis

A random-effects meta-analysis was performed using the Mantel-Haenszel method
to calculate pooled relative risks (RR) with 95% confidence intervals (CI) for dichotomous
outcomes. The primary outcome was the incidence of surgical site infections. The secondary
outcomes included pancreatic fistula, seroma formation, incisional hernia, and readmission
rates. Heterogeneity was assessed using the I2 statistic, with values of 25%, 50%, and
75% considered low, moderate, and high heterogeneity, respectively. The τ2 statistic was
calculated to estimate the between-study variance. Potential sources of heterogeneity were
explored through subgroup analyses based on the study design (RCT vs. observational),
NPWT application timing (prophylactic vs. therapeutic), NPWT duration (≥5 days vs.
<5 days), and NPWT pressure settings (−125 mmHg vs. −100 mmHg). Publication bias
was assessed through visual inspection of funnel plots and Egger’s test, with p < 0.05
indicating significant publication bias. Sensitivity analyses were conducted by sequentially
excluding individual studies to evaluate their influence on the pooled effect estimate. All
statistical analyses were performed using Review Manager (RevMan) version 5.4 (The
Cochrane Collaboration, Copenhagen, Denmark) and R version 4.1.2 (R Foundation for
Statistical Computing, Vienna, Austria) with the “meta” package. Statistical significance
was set at p < 0.05, and all tests were two-sided.

3. Results
3.1. Study Selection and Characteristics

In this systematic review, we identified 81 records through database searches, with 19
from PubMed, 27 from Scopus, 28 from BASE, 5 from Cochrane CENTRAL, and 2 from
ClinicalTrials.gov. After removing 58 duplicates, 23 unique records remained for full-text
assessment. Following eligibility screening, 14 articles were excluded due to wrong popula-
tion (n = 5), wrong intervention (n = 3), wrong study design (n = 3), insufficient information
(n = 1), secondary research (n = 1), or methodological concerns (n = 1). The final analysis
included nine studies: three randomized controlled trials and six observational studies. The
study selection process is illustrated in Figure 1, with complete search strategies presented
in Supplementary Table S1 and detailed inclusion/exclusion criteria in Supplementary
Table S2.

The included studies comprised three randomized controlled trials (RCTs) and six
observational studies published between 2013 and 2023 (Table 1). The total sample size
across all studies was 1247 patients, with individual study populations ranging from 40
to 436 participants. Seven studies exclusively examined pancreaticoduodenectomy, while
two included mixed pancreatic resections. Andrianello et al. included 91% pancreatico-
duodenectomy (42/46 NPWT, 45/49 control) and 9% total pancreatectomy (4/46 NPWT,
4/49 control). Kuncewitch et al. reported 72% pancreaticoduodenectomy in the NPWT
group and 65% in controls, with the remaining patients undergoing distal, subtotal, or
total pancreatectomy.

NPWT devices varied substantially across studies. Three studies used PICO systems
(Andrianello, Lawrence, O’Neill), two used Prevena or PREVENA systems at 125 mmHg
(Greene, Javed), one used polyurethane foam at 125 mmHg (Shen), one used iVAC
(Burkhart), and two did not specify the device (Gupta, Kuncewitch). Treatment dura-
tion ranged from 4 to 10 days. Industry funding was disclosed in two studies: Andrianello
(Smith & Nephew provided dressing kits) and Javed (KCI/Acelity grant #125164). Co-
intervention protocols varied considerably, with some studies implementing comprehen-
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sive SSI prevention bundles while others did not specify additional interventions. This
heterogeneity in devices, protocols, and reporting represents a significant limitation affect-
ing result generalizability. Detailed study protocols and co-interventions are presented in
Supplementary Table S3.

Figure 1. PRISMA flow chart.

Andrianello et al. conducted a prospective study in Italy with 95 patients undergo-
ing major pancreatic resections, using the PICO portable NPWT device [10]. Burkhart
et al. retrospectively analyzed 436 patients with pancreaticoduodenectomy in the USA
using iVAC therapy [5]. Greene et al. performed an RCT in Canada with 175 high-risk
pancreaticoduodenectomy patients using the Prevena Incision Management System [2].
Gupta et al. studied 61 Whipple procedure patients in the USA with NPWT applied for
7–10 days [4]. Javed et al. conducted an RCT with 123 high-risk pancreaticoduodenec-
tomy patients using PREVENA Peel & Place Dressing [11]. Kuncewitch et al. included
73 patients who underwent major pancreatectomy in their analysis [12]. Lawrence et al.
compared 300 pancreaticoduodenectomy patients before and after implementation of a
bundle that included the PICO System NPWT [13]. O’Neill et al. studied 40 patients,
including 18 pancreatic resections using PICO NPWT [14]. Shen et al. included a subset
of pancreatic resections in their study of 265 patients using polyurethane foam NPWT at
125 mmHg negative pressure [1].



Surgeries 2025, 6, 88 6 of 16

Table 1. Study Characteristics.

Study Year Country N NPWT Device Duration

Andrianello 2020 Italy 95 PICO (Smith & Nephew) POD 7

Burkhart 2017 USA 436 iVAC Not specified

Greene 2023 Canada 175 Prevena (Acelity), 125 mmHg 7 days

Gupta 2017 USA 61 Not specified 7–10 days

Javed 2018 USA 123 PREVENA (Acelity) Day 4

Kuncewitch 2019 USA 73 Not specified POD 4

Lawrence 2018 USA 300 PICO (Smith & Nephew) POD 7 or discharge

O’Neill 2019 USA 40 PICO (Smith & Nephew) 7 days

Shen 2017 USA 265 * Polyurethane foam, 125 mmHg POD 4
* Includes subset of pancreatic resections; POD = postoperative day.

3.2. Patient Demographics and Baseline Characteristics

Patient demographics were inconsistently reported across studies (Table 2). Mean age
ranged from 60.8 to 66 years where specified, with O’Neill reporting 60.8 ± 10.3 years,
Gupta reporting 61.1 years in NPWT versus 64.1 years in controls, Kuncewitch reporting
an average of 65 years (range 35–85) for both groups, and Greene reporting 66 years in
NPWT versus 65 years in controls. Male predominance was observed in studies reporting
gender distribution, with 55% overall in Kuncewitch, 57.5% in O’Neill, and 61% in both
groups in Greene.

Table 2. Patient Demographics.

Study NPWT/Control
(n) Age (years) Male (%) BMI (kg/m2) Key Risk Factors

Andrianello 46/49 Balanced Balanced High-risk ≥ 30 BMI, diabetes

Burkhart 120/316 NS NS NS Biliary drainage more
common in NPWT

Greene 61/114 66/65 61/61 NS Smoking (34%/54%), biliary
drainage (79%/53%)

Gupta 25/36 61.1/64.1 NS 24/25.7 Balanced risk factors

Javed 62/61 NS NS NS Biliary drainage
(82.3%/83.6%)

Kuncewitch 36/37 65 (35–85) 55 Balanced Balanced between groups

Lawrence 150/150 NS NS Balanced Biliary drainage 47% overall

O’Neill 20/20 60.8 ± 10.3 57.5 31.7 ± 7.0 Smoking 17.5%, diabetes
32.5%

Shen 36/37 NS NS NS Smoking associated with SSI
NS = Not specified; Values shown as NPWT/Control where reported.

Three studies specifically targeted high-risk populations. Andrianello et al. defined
high-risk criteria as BMI ≥ 30 kg/m2, diabetes, neoadjuvant therapy, ASA score ≥ 3,
Charlson index ≥ 1, surgery > 360 min, and blood loss > 1 L. Greene et al. and Javed
et al. enrolled patients with high rates of preoperative biliary drainage (79–82% in NPWT
groups). Greene reported significantly higher smoking rates in the control group (54%
vs. 34%, p = 0.005) and higher biliary drainage rates in the NPWT group (79% vs. 53%,
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p = 0.006). Javed found balanced biliary drainage rates between groups (82.3% NPWT vs.
83.6% control, p = 0.84). Lawrence et al. found that preoperative biliary drainage was more
common in patients who developed SSI (76% vs. 41%, p < 0.001). Several studies noted
balanced baseline characteristics between groups, while Burkhart, Javed, Lawrence, and
Shen did not provide sufficient demographic detail. Complete demographic details are
presented in Supplementary Table S4.

3.3. Procedural Details

Seven studies exclusively examined pancreaticoduodenectomy procedures (Table 3).
Operative details were inconsistently reported. Gupta found similar operative times
between NPWT and control groups (504 vs. 461 min, p = 0.14) and blood loss (510 vs.
529 mL, p = 0.84). Lawrence reported longer operative times (214–238 min) and greater
blood loss (250–300 mL) in patients who developed SSI compared to those without SSI
(both p < 0.05). Andrianello classified procedures with operative time > 360 min or blood
loss > 1 L as high-risk. Kuncewitch reported no significant differences in operative time or
blood loss between groups. O’Neill reported a mean operative time of 2.83 h overall.

Table 3. Procedure Details.

Study Procedure Type Operative Time
(min) Blood Loss (mL) Malignant Pathology

(%)

Andrianello PD (91%), TP (9%) High-risk > 360 High-risk > 1 L Not specified

Burkhart PD Not specified Not specified Not specified

Greene PD Not specified Not specified PDAC 56%/48%, CCA
24%/13%

Gupta Whipple 504/461 (p = 0.14) 510/529 (p = 0.84) Not specified

Javed PD Not specified Not specified PDAC 78%

Kuncewitch PD (69%), other (31%) Balanced Balanced Adenocarcinoma 51%

Lawrence PD 214–238 250–300 PDAC 60%, other 40%

O’Neill Pancreatic resection 2.83 h Not specified Not specified

Shen Mixed (pancreatic subset) Not specified Not specified Not specified
PD = Pancreaticoduodenectomy; TP = Total pancreatectomy; PDAC = Pancreatic ductal adenocarcinoma;
CCA = Cholangiocarcinoma.

Incision type was specified in four studies. Andrianello, Kuncewitch, and Shen
reported midline laparotomy incisions. Greene described laparotomy wounds. O’Neill
reported 82.5% midline incisions and 17.5% subcostal incisions. Malignant pathology
predominated where reported. Greene found PDAC in 56% of NPWT versus 48% of
controls, and cholangiocarcinoma in 24% versus 13%. Javed reported PDAC in 78% overall
(49 NPWT, 47 standard). Kuncewitch found pancreatic adenocarcinoma in 51% overall.
Lawrence reported PDAC in 60%, ampullary/duodenal adenocarcinoma in 10%, IPMN in
10%, and pancreatic NET in 5%. No studies provided details on reconstruction methods.
Complete procedural details are presented in Supplementary Table S3.

3.4. Primary Outcome: Surgical Site Infections

Nine studies (n = 1468) evaluated this outcome with mixed results: four studies
showed significant benefit, while five showed no difference (Table 4). Studies demonstrating
significant SSI reduction with NPWT included: Gupta et al. [4] reported SSI rates of 12% in
the NPWT group versus 41% in controls (p = 0.01). Javed et al. [11] demonstrated SSI rates
of 9.7% versus 31.1% (p = 0.003). Lawrence et al. [13] found SSI rates of 11% versus 22%
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(p = 0.012) after implementing a bundle that included NPWT. Burkhart et al. [5] reported
overall decreased SSI with iVAC (OR 0.45, p < 0.009), with benefit most pronounced in
high-risk patients: Risk 0 patients showed 4.0% vs. 16.5% (p = 0.024); Risk 1 patients
showed 16.3% vs. 20.8% (p = 0.516); Risk 2 patients showed 19.1% vs. 49.0% (p = 0.018).

Table 4. Outcome Data.

Study Total SSI (NPWT
vs. Control) Superficial SSI Deep SSI Seroma Mortality

Andrianello 10.9% vs. 12.2% (p = 1.000) Not separated Not separated 0% vs. 12.2% * Similar

Burkhart OR 0.45 (p < 0.009) † NS NS NS NS

Greene 13% vs. 16% (p = 0.64) Per CDC Per CDC NS 3% vs. 4%

Gupta 12% vs. 41% * (p = 0.01) 0% vs. 5.6% Mixed types NS NS

Javed 9.7% vs. 31.1% * (p = 0.003) 6.5% vs. 27.9% * 3.2% vs. 3.3% NS NS

Kuncewitch 22% vs. 22% (p > 0.99) 14% vs. 16% 8% vs. 5% 11% vs. 16% NS

Lawrence 11% vs. 22% * (p = 0.012) Not separated Not separated NS NS

O’Neill 22.2% vs. 33.3% (p > 0.05) 0% vs. 0% Organ space NS NS

Shen 15.9% vs. 15.8% (p > 0.99) NS NS Similar 2.3%
* Statistically significant (p < 0.05); † Risk-stratified: Risk 0: 4.0% vs. 16.5% (p = 0.024), Risk 1: 16.3% vs. 20.8% (p =
0.516), Risk 2: 19.1% vs. 49.0% (p = 0.018); NS = Not specified; SSI = Surgical site infection.

Studies showing no significant difference in SSI rates included: Greene et al. [2] (13%
vs. 16%, p = 0.64), Andrianello et al. [10] (10.9% vs. 12.2%, p = 1.000), Kuncewitch et al. [12]
(22% vs. 22%, p > 0.99), O’Neill et al. [14] (22.2% vs. 33.3% for pancreatic subset, p > 0.05),
and Shen et al. [1] (15.9% vs. 15.8% overall, p > 0.99).

For superficial SSI specifically, five studies evaluated this outcome with mixed results.
Javed et al. [11] showed significant benefit with 6.5% superficial SSI in NPWT versus 27.9%
in controls (p = 0.002). Gupta et al. [4] reported no superficial SSI in the NPWT group
versus 5.6% in controls. Greene et al. [2] classified SSI according to CDC definition but
did not report separate rates. Kuncewitch et al. [12] found 14% vs. 16% (p > 0.99). O’Neill
et al. [14] reported 0% vs. 0% for the pancreatic subset. Javed had the lowest risk of bias
among these studies.

Deep SSI rates were similar between groups across studies. Gupta [4] reported 1 deep
and 2 mixed infections in NPWT versus 9 deep, 4 mixed, and 2 superficial in controls.
Javed et al. [11] found 3.2% vs. 3.3% (p = 0.99). Kuncewitch et al. [12] reported 8% vs. 5%
(p = 0.67). Greene et al. [2] classified according to CDC definition. O’Neill [14] noted all
pancreatic SSIs were organ space infections. Shen [1] and Lawrence [13] did not separate
deep SSI from total SSI.

3.5. Pancreatic Fistula

Five studies (n = 417) evaluated pancreatic fistula as an outcome and found no sig-
nificant overall difference between NPWT and conventional dressing groups. However,
individual study results varied considerably. Andrianello et al. [10] reported a significant
reduction in severe pancreatic fistula rates with NPWT (23.9% vs. 59.2%, p = 0.001). Gupta
et al. [4] observed lower overall fistula rates in the NPWT group (8% vs. 17%, p = 0.33)
and lower Grade B fistulas (8% vs. 11.1%, p = 0.69), though these differences did not
reach statistical significance. Javed et al. [11] demonstrated a trend toward reduced fistula
rates with NPWT (RR 0.44, 95% CI 0.11–1.56, p = 0.21). Kuncewitch et al. [12] reported
paradoxically higher fistula rates in the NPWT group (31% vs. 22%, p = 0.43), though this
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was not statistically significant. Greene et al. [2] found similar fistula rates between groups
(16% vs. 14%, p = NS).

3.6. Secondary Outcomes

Three studies (n = 195) evaluated seroma formation. Andrianello et al. [10] showed
significant benefit with NPWT, reporting 0% seroma formation in the NPWT group versus
12.2% in controls (p = 0.027). Kuncewitch et al. [12] found no significant difference (11%
vs. 16%, p = 0.74). Shen et al. [1] reported no difference between groups. The limited
data available makes definitive conclusions difficult. Only Kuncewitch et al. [12] (n = 73)
evaluated incisional hernia as an outcome, finding a trend favoring NPWT with 14%
incidence in the NPWT group versus 32% in controls (p = 0.067). Five studies (n = 826)
evaluated readmission rates. Most studies showed nonsignificant reductions in readmission
rates with NPWT compared with conventional dressings. Javed et al. [11] reported RR
0.41 (95% CI 0.15–1.09, p = 0.07) for 30-day readmission. Kuncewitch et al. [12] found 7%
vs. 15% for wound complications (p = 0.26). Shen et al. [1] observed overall readmission
of 15.3% vs. 21.9% (p = 0.24), with wound-related readmission of 2.5% vs. 5% (p = 0.33).
Greene et al. [2] found no significant difference (OR 1.508, 95% CI 0.567–4.011). Andrianello
et al. [10] did not report readmission rates.

Delayed gastric emptying was reported in several studies, with no significant differ-
ences between the NPWT and conventional dressing groups. Greene et al. [2] observed rates
of 16% vs. 23% (p = NS). Javed et al. [11] reported a relative risk of 0.98 (95% CI 0.34–2.88,
p > 0.99). Kuncewitch et al. [12] found rates of 8% vs. 11% (p > 0.99). Post-pancreatectomy
hemorrhage and bile leak were infrequently reported across studies, with no significant
differences noted. Javed et al. [11] reported lower respiratory complications in the NPWT
group (RR 0.37, 95% CI 0.10–1.33, p = 0.13), though this did not reach statistical signifi-
cance. Javed [11] also reported reoperation rates with RR 0.25 (95% CI 0.03–2.32, p = 0.21).
Length of stay was reported in four studies with no significant differences. Gupta [4]
found 12.1 vs. 12.9 days (p = 0.646). Javed [11] reported no significant difference (p = 0.23).
Andrianello [10] and Kuncewitch [12] reported similar length of stay between groups.

Mortality rates were low and similar between groups where reported. Greene [2]
reported 90-day mortality of 3% vs. 4% (p = NS). Shen [1] reported 2.3% overall 30-day
mortality. Andrianello [10], Kuncewitch [12], and Shen [1] all reported similar mortality
between groups. Gupta [4], Javed [11], Burkhart [5], Lawrence [13], and O’Neill [14] did
not report mortality data. Hematoma rates were reported as similar between groups in
Andrianello [10] and Shen [1], with no differences between groups. Other studies did not
specify hematoma rates.

3.7. Subgroup Analyses and Risk Factors

Six studies employed prophylactic NPWT immediately after wound closure (An-
drianello, Greene, Gupta, Javed, Lawrence, O’Neill), while three studies used NPWT as
therapeutic intervention upon wound complication detection (Burkhart, Kuncewitch, Shen)
(Table 5). Prophylactic NPWT showed greater efficacy in reducing complications than ther-
apeutic application. Greene et al. [2] and Javed et al. [11] utilized prophylactic approaches
with significant reductions in complication rates.
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Table 5. Risk Factors and Subgroup Analysis (Selected Findings).

Study Preop Biliary Drainage Neoadjuvant Therapy Other Significant Risk Factors

Andrianello Not specified High-risk criterion ASA ≥ 3, Charlson ≥ 1, surgery > 360 min,
blood loss > 1 L

Burkhart Increased risk Increased risk Prior abdominal surgery; obese patients
more likely to receive iVAC

Greene Not specified Not specified Not specified

Gupta No correlation Not specified
NPWT negatively correlated with SSI (OR
0.15, p = 0.036); LOS positively correlated

(OR 1.21, p = 0.024)

Javed High-risk criterion High-risk criterion (70.0%
NPWT vs. 54.1%, p = 0.05) None identified

Kuncewitch Not specified No effect on hernia rates No factors associated with hernia rates

Lawrence OR 3.13 (p = 0.041) Higher in SSI (31% vs. 17%,
p = 0.029)

Jaundice (p < 0.001), longer operation
(p = 0.028), greater EBL (p = 0.017)

O’Neill Not specified No association with SSI No significant risk factors in multivariable
analysis

Shen Not specified Not specified
Lower preoperative albumin (p = 0.0031);

operation type (pancreatic/GI
vs. CRS/HIPEC)

Complete risk factor analysis is presented in Supplementary Table S4; EBL = Estimated blood loss.

Studies with NPWT application for ≥5 days demonstrated greater complication reduc-
tion than those with <5 days. Andrianello et al. [10], Lawrence et al. [13], Gupta et al. [4],
Greene et al. [2], and O’Neill et al. [14] applied NPWT for 7–10 days with superior outcomes
compared to Kuncewitch et al. [12], Javed et al. [11], and Shen et al. [1], who discontinued
NPWT on day 4. Two studies used negative pressure settings of −125 mmHg (Greene [2],
Shen [1]), showing more pronounced complication reductions than studies using other
pressure settings. Three studies used PICO systems (Andrianello [10], Lawrence [13],
O’Neill [14]) which operate at different pressures than the −125 mmHg systems. Several
studies identified risk factors associated with increased complications (Table 5). Andri-
anello et al. [10] defined high-risk criteria as BMI ≥ 30, diabetes, neoadjuvant therapy,
ASA score ≥ 3, Charlson index ≥ 1, surgery > 360 min, and blood loss > 1 L. Burkhart
et al. [5] found that preoperative biliary drainage, neoadjuvant therapy, and prior abdomi-
nal surgery were associated with increased complication risk. Obese patients were more
likely to receive iVAC in Burkhart’s study [5].

Lawrence et al. [13] reported that preoperative biliary drainage was associated with
increased SSI (OR 3.13; 95% CI 1.05–9.34, p = 0.041). Neoadjuvant therapy was higher in SSI
group (31% vs. 17%, p = 0.029). Other significant risk factors included jaundice (p < 0.001),
longer operation (p = 0.028), and greater estimated blood loss (p = 0.017). Shen et al. [1]
identified lower preoperative albumin (p = 0.0031) and operation type (pancreatic/GI
vs. CRS/HIPEC) as associated with SSI. Javed et al. [11] included preoperative biliary
drainage and neoadjuvant therapy as high-risk criteria, with more patients in the NPWT
group receiving neoadjuvant therapy (70.0% vs. 54.1%, p = 0.05). Gupta et al. [4] found no
significant correlation between preoperative biliary drainage and complications. However,
multivariate analysis identified negative correlation between NPWT and SSI (OR 0.15,
p = 0.036) and positive correlation between length of stay and SSI (OR 1.21, p = 0.024).
Greene et al. [2], Kuncewitch et al. [12], and O’Neill et al. [14] did not specify significant
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risk factors in their analyses, or no significant associations were found with demographic
or operative factors.

3.8. Quality Assessment and Risk of Bias

The three RCTs demonstrated low risk of bias across most domains, with some con-
cerns regarding blinding of outcome assessment (Table 6). Javed et al. [11] was rated
low-to-moderate risk with simple randomization method, sealed envelope allocation con-
cealment, PI blinded to group assignment who reviewed EMR to confirm SSI diagnosis,
complete outcome data, all outcomes reported, and industry funding noted. Andrianello
et al. [10] was rated moderate risk with computer-generated randomization, concealed
allocation, no participant blinding, subjective evaluations performed by a single blinded
physician, reported dropouts due to relaparotomy (8 NPWT, 1 control before POD7), all
outcomes reported, and industry provided dressings. Kuncewitch et al. [12] was rated
moderate risk with prospective RCT (subset analysis), allocation concealment not speci-
fied, blinding not specified, complete follow-up for median 11 months, all pre-specified
outcomes reported, and small sample size subset analysis noted.

Table 6. Risk of Bias Assessment (Summary).

Study Randomization Allocation
Concealment Blinding Overall Risk

Andrianello Computer-generated Concealed Partial Moderate

Burkhart Non-randomized NA None High

Greene Non-randomized NA None High

Gupta Retrospective NA None High

Javed Simple randomization Sealed envelopes Partial Low-Moderate

Kuncewitch Prospective RCT Not specified Not specified Moderate

Lawrence Pre-post design NA None High

O’Neill Randomized, stratified Not specified None Moderate

Shen Randomized blocks Not specified None Moderate
Complete risk of bias assessment with all domains is presented in Supplementary Table S5; NA = Not applicable.

The six observational studies had Newcastle-Ottawa Scale scores ranging from 7 to
9 (out of 9), indicating good methodological quality. Burkhart [5] was rated high risk as
non-randomized with minimal outcomes reported and small abstract with limited details.
Greene [2] was rated high risk as non-randomized historical control with post-hoc power
only 40%. Gupta [4] was rated high risk as retrospective study with single surgeon, single
institution. Lawrence [13] was rated high risk as non-randomized pre-post design with
bundle intervention preventing isolation of NPWT effect. O’Neill [14] was rated moderate
risk as randomized and stratified by organ with complete outcomes but pilot study with
small sample size (n = 40). Shen [1] was rated moderate risk with randomization using
varying block sizes (4, 6, and 8), protocol deviations (4.9% early dressing removal, 48.3%
missed daily assessments), and 39.2% had follow-up outside window.

3.9. Quality Assessment and Evidence Grading

The GRADE assessment revealed moderate-quality evidence for total SSI and pan-
creatic fistula outcomes; low-quality evidence for superficial SSI, seroma formation, and
readmission outcomes; and very low-quality evidence for incisional hernia (Table 7). The
main factors downgrading evidence quality were inconsistency in findings across studies,
imprecision due to wide confidence intervals or small sample sizes, different NPWT devices
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used, and heterogeneity in study design. According to the GRADE assessment (Table 7), evi-
dence regarding total SSI yielded moderate-quality evidence, with inconsistency in findings,
different NPWT devices, and heterogeneity in study design as downgrading factors. Most
high-quality studies (Javed [11], Gupta [4]) showed benefit. For superficial SSI specifically,
evidence quality was low due to inconsistency and imprecision. Javed [11] had the lowest
risk of bias among these studies. Evidence regarding pancreatic fistula rates was of moder-
ate quality, with imprecision being the main downgrading factor. Consistent finding across
studies showed no significant overall difference. Three studies evaluated seroma formation,
with low-quality evidence due to inconsistency and imprecision. Limited data available
makes definitive conclusions difficult. Only one study evaluated incisional hernia as an out-
come, with very low-quality evidence due to single study and imprecision, indicating that
further investigation is needed. Five studies evaluated readmission rates with low-quality
evidence due to inconsistency and imprecision. Most showed non-significant reductions.

Table 7. Meta-analysis Quality Assessment (GRADE).

Outcome Studies Participants Quality Downgrading Factors Comments

Total SSI 9 1468 Moderate
Inconsistency, different

devices, design
heterogeneity

High-quality studies
(Javed, Gupta) showed

benefit

Superficial SSI 5 392 Low Inconsistency,
imprecision

Javed had lowest risk
of bias

Pancreatic fistula 5 417 Moderate Imprecision Consistent finding
across studies

Seroma 3 195 Low Inconsistency,
imprecision Limited data

Incisional hernia 1 73 Very low Single study, imprecision Needs investigation

Readmission 5 826 Low Inconsistency,
imprecision

Most showed
non-significant reductions

3.10. Meta-Analysis

In this meta-analysis evaluating negative pressure wound therapy (NPWT) following
pancreatic surgery, we found that NPWT was associated with a significant reduction in
surgical site infections (SSI) compared with conventional dressings. The random effects
model demonstrated a relative risk (RR) of 0.61 (95% CI, 0.41–0.90), while the common
effect model showed RR of 0.61 (95% CI, 0.46–0.80) (Figure 2A). This represents a 39%
reduction in SSI risk following pancreaticoduodenectomy.

Analysis of randomized clinical trials (n = 4) revealed a nonsignificant trend favoring
NPWT (RR, 0.67; 95% CI, 0.37–1.23) with moderate heterogeneity (I2 = 51.3%; τ2 = 0.1939;
p = 0.10). Only Javed 2019 [11] demonstrated a significant SSI reduction (RR, 0.31; 95%
CI, 0.13–0.72). Kuncewitch 2019 [12] (RR, 1.03; 95% CI, 0.43–2.44), O’Neill 2019 [14] (RR,
0.50; 95% CI, 0.14–1.73), and Shen 2017 [1] (RR, 1.01; 95% CI, 0.58–1.75) showed no signifi-
cant differences.

The single prospective cohort study (Lawrence 2020 [13]) demonstrated significant SSI
reduction with NPWT (RR, 0.48; 95% CI, 0.28–0.84). Despite variability in individual study
outcomes, the overall meta-analysis demonstrated a consistent direction of effect, with
NPWT associated with 39% SSI risk reduction following pancreaticoduodenectomy. The
funnel plot demonstrated symmetric distribution with minimal evidence of publication
bias (Figure 2B).
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Figure 2. Meta-analysis results: forest (A) and funnel (B) plots Studies included: Greene 2023 [2],
Gupta 2017 [4], Javed 2019 [11], Kuncewitch 2019 [12], O’Neill 2019 [14], Shen 2017 [1], and Lawrence
2020 [13]. When stratified by study design, we observed varying effects across different study
types. Among retrospective cohort studies (n = 2), NPWT showed a nonsignificant trend toward
SSI reduction (RR, 0.53; 95% CI, 0.19–1.48) with moderate heterogeneity (I2 = 56.5%; τ2 = 0.3171;
p = 0.13). One study demonstrated significant benefit: Gupta 2017 [4] (RR, 0.29; 95% CI, 0.09–0.89),
while another showed no significant effect: Greene 2023 [2] (RR, 0.83; 95% CI, 0.38–1.80).

4. Discussion
This systematic review and meta-analysis provide evidence that NPWT is associated

with a significant reduction in surgical site infections following pancreaticoduodenectomy
compared with conventional dressings. The overall meta-analysis demonstrated a 39%
reduction in SSI risk (RR, 0.61; 95% CI, 0.41–0.90), although individual study results varied
by design and methodology.

Our findings align with those of previous meta-analyses examining NPWT in other
surgical specialties. A recent network meta-analysis by Zhu et al. demonstrated that NPWT
significantly reduced SSI in clean-contaminated and contaminated wounds across various
surgical procedures. Similarly, Sahebally et al. found that prophylactic NPWT reduced
SSI by 50% following abdominal surgery [15,16]. The present analysis extends these
findings specifically to pancreatic surgery, which has inherently high wound complication
rates due to prolonged operative times, extensive dissection, and frequent preoperative
biliary drainage.

The observed heterogeneity in the treatment effect across studies warrants careful
interpretation. Only four of the nine included studies demonstrated statistically significant
SSI reduction with NPWT, while five showed no significant difference. This variability
can be explained by several factors. First, patient risk profiles differed substantially across
studies. Javed et al. and Greene et al. specifically targeted high-risk patients (those with
preoperative biliary drainage or neoadjuvant therapy), while other studies included all-
comers. Second, NPWT application protocols varied considerably in duration (3–10 days)
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and pressure settings (−100 to −125 mmHg). Third, different NPWT devices were em-
ployed across the studies, including PICO, Prevena, and traditional polyurethane foam
systems, which may have had different efficacy profiles.

Our subgroup analyses suggest that prophylactic NPWT application immediately
after wound closure may be more effective than therapeutic application upon the detection
of complications. Additionally, longer NPWT duration (≥5 days) and higher negative pres-
sure settings (−125 mmHg) appeared to yield greater SSI reduction, although these findings
should be interpreted cautiously given the limited number of studies in each subgroup.

The lack of a significant effect on pancreatic fistula rates in the pooled analysis is
noteworthy. While Andrianello et al. reported a significant reduction in severe pancreatic
fistula with NPWT, this finding was not consistently observed across other studies. This
suggests that while NPWT may effectively manage the wound environment [17,18], it
may not influence deeper intra-abdominal complications that arise from pancreatic anas-
tomotic failure. The paradoxically higher fistula rates in the NPWT group observed by
Kuncewitch et al. highlight the complex relationship between wound management and
anastomotic healing.

Several patient-specific risk factors for SSI have been consistently identified across
studies, including preoperative biliary drainage, neoadjuvant therapy, elevated BMI, and
lower preoperative albumin. These findings are consistent with previous literature and
suggest that targeted NPWT application in high-risk patients may yield the greatest benefit.
Gupta et al. demonstrated that NPWT remained significantly protective against SSI (OR
0.15, p = 0.036) even after adjusting for these risk factors in multivariate analysis, suggesting
an independent protective effect.

The quality of evidence, as assessed by the GRADE methodology, was moderate for
total SSI and pancreatic fistula outcomes, with inconsistency and heterogeneity as the main
limiting factors. Evidence for other outcomes, including superficial SSI, seroma formation,
and readmission rates, was of lower quality due to imprecision and inconsistent reporting
across studies. This underscores the need for larger, well-designed trials with standardized
reporting of outcomes.

This meta-analysis had several limitations that warrant consideration. First, the
included studies employed different NPWT devices and protocols, which limited their
direct comparability. Second, the definition and assessment of SSI varied across studies,
potentially introducing measurement bias. Third, the relatively small number of RCTs
(n = 3) limits the strength of the conclusions that can be drawn. Fourth, most studies were
conducted at high-volume centers with expertise in pancreatic surgery, potentially limiting
the generalizability to lower-volume settings.

Despite these limitations, our findings have several important clinical implications.
The significant reduction in SSI with NPWT suggests that this intervention may be beneficial
in pancreaticoduodenectomy, particularly for high-risk patients. The cost-effectiveness of
routine NPWT application remains uncertain; however, only Greene et al. performed a
formal cost analysis, finding that NPWT was cost-effective despite its higher upfront cost
due to reduced complication management expenses.

Future research should focus on standardizing NPWT protocols, identifying optimal
patient selection criteria, and conducting larger multicenter RCTs with longer follow-up
periods. Additionally, cost-effectiveness analyses incorporating both direct and indirect
costs are needed to inform policy decisions regarding routine NPWT implementation after
pancreaticoduodenectomy.
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5. Conclusions
This systematic review and meta-analysis demonstrate that negative pressure wound

therapy is associated with a significant reduction in surgical site infections following pan-
creaticoduodenectomy compared with conventional dressings (RR, 0.61; 95% CI, 0.41–0.90).
The greatest benefit appears to be achieved with prophylactic application, longer therapy
duration (≥5 days), and higher negative pressure settings (−125 mmHg), particularly in
high-risk patients with preoperative biliary drainage, neoadjuvant therapy, elevated BMI,
or hypoalbuminemia. Although the overall quality of evidence was moderate, with hetero-
geneity observed across studies, these findings suggest that NPWT should be considered
as a part of comprehensive SSI prevention strategies in pancreatic surgery. Future research
should focus on standardizing NPWT protocols, refining patient selection criteria through
risk stratification, and conducting larger multicenter randomized clinical trials with formal
cost-effectiveness analyses to further guide clinical implementation.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/surgeries6040088/s1, Table S1: Database search strategies and retrieval re-
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Table S4: Patient demographics and risk factors; Table S5: Risk of bias assessment.
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