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ABSTRACT

Background: Obesity is associated with increased surgical site infection (SSI) following caesarean 

section (CS). 

Objective: To summarise the evidence on the effectiveness of negative pressure wound therapy 

(NPWT) for preventing SSI and other wound complications in obese women after CS.

Search Strategy: MEDLINE, Embase, CINAHL, Cochrane CENTRAL databases and Clinical 

Trials.gov.  were systematically searched in March 2021.

Selection Criteria: Randomised controlled trials (RCTs) of NPWT compared to standard dressings 

after CS birth. 

Data Collection and Analysis: Pooled effect sizes were calculated using either fixed or random 

effects models based on heterogeneity.  The Cochrane risk of bias and Grading of 

Recommendations Assessment, Development and Evaluation tools were used to assess the 

quality of studies and overall quality of evidence. 

Main Results: 10 RCTs with 5,583 patients were included; studies were published between 2012 

and 2021. Nine RCTs with 5,529 patients were pooled for the outcome SSI. Meta-analysis results 

suggest a significant difference favouring the NPWT group (RR 0.79, 95%CI 0.65-0.95, p< 0.01), 

indicating an absolute risk reduction of 1.8% among those receiving NPWT compared to usual 

care. The risk of blistering in the NPWT group was significantly higher (RR 4.13, 95%CI 1.53-11.18, 

p=0.005). 

All studies were high risk of bias relative to blinding of personnel/participants. Only 40% of 

studies reported blinding of outcome assessments and 50% had incomplete outcome data.

Conclusions: The decision to use NPWT should be considered both in terms of its potential 

benefits and limitations.  

Tweetable abstract: NPWT was associated with fewer SSI in women following CS birth but NPWT 

was not effective in reducing other wound complications.

Keywords: caesarean section, vacuum therapy; wound dressing; surgery, surgical site infection, 

wound complication, high-risk wound.A
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Introduction

Caesarean section (CS) is one of the most common obstetric procedures worldwide, with 

rates increasing over the last 30 years.1  While the overall incidence of surgical site infection (SSI) 

in the general population is somewhere between 1.9%2 and 40%3, after CS it ranges from 3% to 

15%.4  Current clinical practices for SSI prevention include use of defined procedures and 

standardised processes based on clinical practice guidelines (CGPs).5 Yet despite implementation 

of CPGs, SSI and other wound complications (e.g., seroma, bleeding, haematoma, dehiscence) 

persist, particularly in high risk groups such as obese women. Given the rising global prevalence 

of obesity, considering adjunctive therapies that may reduce postoperative SSI and other wound 

complications is important in high-risk populations such as obstetric patients.6

Negative pressure wound therapy (NPWT) is an adjunctive therapy that has increased in 

use over the last decade to prevent wound complications in women giving birth by CS.7  NPWT 

comprises a closed sealed system that applies negative pressure directly to the wound surface 

via tubing attached to a small pump that draws fluid away from the incision site.8 Application of 

NPWT to the surgical incision is believed to increase blood flow, decrease lateral and shear stress 

on suture lines, increase lymphatic clearance with reduced seroma formation and decrease the 

risk of wound dehiscence. 9, 10 There are also data to suggest that NPWT reduces the incidence of 

SSI after non-obstetric surgery.11 The use of NPWT as an adjunctive therapy in closed wounds is 

however considerably more expensive than traditional wound dressings.12

At least eight randomised controlled trials (RCTs) evaluating the clinical effectiveness of 

NPWT in relation to obese women after caesarean birth have been published. However, the 

evidence to support the effectiveness of NPWT in reducing the risk of SSI and other wound 

complications after CS remains equivocal. Moreover, the results of several recently published 

meta-analyses have also reported conflicting results7, 13, 14.  These inconsistencies are most likely 

due to differences in database search methods and data sources, variation in study designs, 

differences in outcomes assessment, and inadequate sample sizes. 

The objective of this systematic review and meta-analysis was to determine the effect of 

NPWT versus use of standard dressings to prevent SSI and wound complications in obese women A
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giving birth by CS. This review updates previous reviews 7, 13, 14 and includes data from two large 

recently published studies and unpublished trials (identified via trial registries).

METHODS

We were guided by the Cochrane Handbook of Systematic Reviews of Interventions15  and 

the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement16 

in the conduct of this review and reporting of results. Before undertaking this review, we 

identified, a priori, the review question and registered the review protocol with the international 

prospective register of systematic reviews (PROSPERO; registration CRD42021231201). There 

was no patient or public involvement in this study.

Eligibility criteria

We reviewed all studies for eligibility against PICO criteria (population, intervention, comparator, 

and outcome), as identified in Table S1. Only RCTs published in English were included.

Search strategy

With the assistance of a health librarian, we conducted systematic searches of Ovid 

MEDLINE, Ovid Embase, Ebsco CINAHL, and Cochrane CENTRAL to identify relevant studies 

published between 1 January 2000 to 30 March 2021. Medical subject headings (MeSH) or 

keywords included ‘negative pressure wound therapy’, ‘wound vacuum therapy’, ‘caesarean 

section’, ‘caesarean delivery’, ‘obesity’, ‘overweight’, ‘wound complication’, ‘surgical site 

infection’, ‘wound dehiscence’, ‘wound separation’, ‘seroma’, ‘haematoma’, ‘reoperation’, and 

‘readmission’ (see F S1). We tailored searches to each database and where appropriate used 

Boolean connectors AND, OR and NOT to combine search terms. As computerised searches 

potentially identify only 50% of eligible studies17, hand searching and ancestry searches were 

undertaken. We also searched the trials registry, Clinical Trials.gov. All database searches were 

imported into EndNote (X8, Claviate Analytics) reference manager program prior to screening 

titles and abstracts.A
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Study selection and data extraction

Two authors independently screened studies against the inclusion and exclusion criteria.  

A third author arbitrated over discrepancies. One author extracted the data from eligible studies 

by screening titles and abstracts. Data from full text articles were extracted using a specifically 

developed tool and verified by a second author. We documented reasons for exclusion (Table 

S2). Extracted data included country, number of participants, age, average BMI, presence of SSI 

and other wound complications, type of intervention (i.e., NPWT devices and dressing and 

standard dressing), and follow-up period.

Risk of bias assessment in individual studies

Risk of bias (RoB) was assessed independently by two review authors using the Cochrane 

RoB tool according to the following criteria; adequacy of sequencing generation, concealment of 

allocation, blinding of outcome assessor(s), completeness of outcome data, and risk of reporting 

selective outcomes.15 Each domain was evaluated as low, unclear, or high risk of bias. Where 

there was a lack of consensus a third author would arbitrate, although this did not occur. 

Publication bias was assessed using a funnel plot for the primary outcome, SSI.

Data synthesis

The software package Review Manager (RevMan) 5.4.118 was used to calculate the overall 

pooled effect size with either fixed or random effects models for each outcome.  The decision to 

use a fixed or random effect model was based on the level of statistical heterogeneity, as 

recommended by the Cochrane guidelines. 19 The random effects model tends to give a more 

conservative estimate (i.e. with wider confidence intervals), but the results from the two models 

usually agree when there is no heterogeneity. When heterogeneity is present, the random 

effects model is the preferred model. 19 In terms of assessing statistical heterogeneity we used 

the Cochran Q test (i.e., chi-square test) with a level of significance set at p<.05. Amount of 

Heterogeneity among studies was quantified using I-squared (I2). When the  I2 ≥ 50% the 

heterogeneity was considered to be substantial.15 In such  cases  of high statistical heterogeneity, 

(i.e., when the I2 >50%), a random effect model was used for pooling the effect and when  I2 < 

50%, the fixed effect models were employed. A
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Results of the meta-analyses were presented using risk ratios (RR) and their 

corresponding 95% confidence interval (CI). For each patient outcome, the anticipated absolute 

effects were calculated from the pooled RR and event rates to put risk estimates into context. 

Forest plots were used for graphical display of results.   Publication bias was assessed by visual 

inspection of funnel plots and using Egger’s test. When the two-sided p-value (with a cut off 

value of significance =0.1) of the Egger’s test is lower, the presence of publication bias is 

indicated. Stata Statistical Software: Release 16 was used to generate the Egger’s  test results.20  

As the intervention was not amenable to blinding, we anticipated unclear or high risk of 

performance bias in relation to the domains of sequence generation, allocation concealment and 

detection bias.  We performed a pre-planned sensitivity analysis on the primary outcome to 

assess the influence of removing studies classified as being at high risk or unclear risk of bias 

from the meta-analysis. We excluded studies that were assessed as having high or unclear risk of 

bias in the three key domains of randomisation, allocation concealment and blinding of outcome 

assessment.

The quality of the body of evidence was assessed using the Grading of Assessment, 

Development, Recommendations, and Evaluation (GRADE) system21. GRADE defines the certainty 

of the body of evidence as the extent to which one can be confident that an estimate of effect or 

association is close to the true quantity of specific interest. The quality of the body of evidence 

involves consideration of within-trial risk of bias, directness of evidence, heterogeneity, precision 

of effect estimates, and risk of publication bias.21

RESULTS

Search process and study selection

Figure 1 illustrates the search process and study selection. A total of 121 results were 

identified in database searches and exported to Endnote. Following removal of 67 duplicates, 54 

articles remained.  After screening titles and abstracts, 12 studies were identified. Of these 12 

studies reviewed in full text, 10 were included in the systematic review 22-31 and of them, nine 

included in the meta-analysis.A
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<INSERT FIGURE 1 NEAR HERE>

Study characteristics

 The 10 RCT included 5,583 participants, and 8 were published as full text with 1 

published as a conference poster28 and the other, with findings presented in the U.S clinical trial 

registry (ClinicalTrial.gov; Identifier NCT0065464131). Characteristics of included studies are 

detailed in Table 1. Studies were published between 2013 and 2021, and most were conducted 

in the USA. Sample sizes ranged from 54 to 2035 participants. Baseline characteristics between 

intervention and control groups were similar. While all studies reported obesity, 2 studies did not 

include data on BMI.28, 31 The most reported comorbidity was diabetes mellitus. Most RCTs used 

either PICO™ or Prevena™. Treatment duration varied across studies, ranging from 3 to 7 days, 

and follow up periods ranged from 4 weeks to 8 weeks.

Risk of bias within studies

Figure S1 details the risk of bias assessments of individual studies. In all, 7 studies 

adequately reported random sequence generation and allocation concealment methods. 

Blinding of participants and personnel was either lacking or unclear in all 10 trials.  There was 

high risk of bias in all 10 studies in relation to blinding of personnel and participants and blinding 

of outcome assessments was only reported in 4 studies. Incomplete outcome data was reported 

in 5 trials. 

<INSERT TABLE 1 NEAR HERE>

Table 2 reports the Summary of Findings results comparing the effect of NPWT with 

standard dressings for each reported outcome. Not all studies reported on all outcomes, 

however, all studies except for Stitely,31 reported on the outcome SSI.  We judged the body of 

evidence for the primary outcome SSI (RR 0.79, 95% CI 0.65-0.95, p<0.01), to be of moderate 

certainty, downgraded once for high risk of bias. This result suggests that NPWT likely results in 

fewer SSI than treatment with standard dressings. While there was a significant effect in relation A
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to blistering (RR 4.13, 95% CI 1.53-11.18, p=0.005), the level of certainty is very low, downgraded 

twice for serious bias and imprecision. For most other outcomes, the evidence was low certainty 

downgraded once for serious bias and twice for imprecision. 

<INSERT TABLE 2 NEAR HERE>
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Primary outcome

Surgical Site Infection

Nine studies22-30 including 5,529 patients reported on the incidence of SSI. Pooling of 

individual studies indicated that 178/2761 (6.4%) participants in the NPWT group and 229/2768 

(8.2%) in the standard dressing group developed a SSI, suggesting a significant   absolute risk 

reduction of 1.8%, favouring the NPWT group (RR 0.79, 95% CI 0.65-0.95, p<0.01). As there was 

no significant heterogeneity (I2 =12%) among studies, a fixed effect model was used (Figure 2).

<INSERT FIGURE 2 NEAR HERE>

Secondary outcomes

Wound complications (composite measure)

Five studies24, 28-31 with 3,848 patients reported overall incidence of wound complication 

(i.e., SSI, dehiscence, haematoma, seroma, bleeding, erythema, bruising, blisters). Pooling of 

individual studies indicated that 164/1934 (8.5%) participants in the NPWT group and 166/1914 

(8.7%) in the standard dressing group developed any wound complication, suggesting no 

difference in effect (RR 0.99, 95% CI 0.81-1.21, p=0.90) (Figure S2).  A fixed effect model was 

used as there was no heterogeneity (I2 =0%) among studies.

Dehiscence

Eight studies22, 23, 25-30, with 5,442 patients reported the incidence of wound dehiscence. 

Pooling of individual studies indicated that 205/2717 (7.5%) participants in the NPWT group and 

204/2725 (7.5%) in the standard dressing group developed wound dehiscence, showing no 

difference in effect (RR 1.01, 95% CI 0.84-1.22, p=0.90) (Figure S3). As there was no 

heterogeneity (I2 =0%) among studies, a fixed effect model was used.

HaematomaA
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Four studies23, 28-30 with 3,924 patients reported the incidence of haematoma. Pooling of 

individual studies indicated that 17/1963 (0.87%) participants in the NPWT group and 18/1961 

(0.9%) in the standard dressing group developed haematoma, suggesting no difference in effect 

(RR 0.95, 95% CI 0.47-1.89, p=0.88) (Figure S4). As there was no significant heterogeneity (I2 =0%) 

between studies, a fixed effect model was used.  

Seroma

Five studies 23, 25, 28-30 with 4,936 patients reported the incidence of seroma. Pooling of 

individual studies indicated that 40/2002 (2.0%) participants in the NPWT group and 43/2004 

(2.1%) in the standard dressing group developed seroma, suggesting no clear difference in effect 

(RR 0.79, 95% CI 0.65-0.96, p=0.27) (Figure S5).  As there was no significant heterogeneity (I2 

=0%) between studies, a fixed effect model was used.  

Bleeding

Three studies24, 29, 30 with 3,730 women reported the incidence of bleeding from the 

surgical wound. Pooling of individual studies indicated that 24/1867 (1.3%) participants in the 

NPWT group and 17/1863 (0.9%) in the standard dressing group developed bleeding, indicating 

no difference in effect (RR 1.78, 95% CI 0.33-9.65, p=0.50) (Figure S6). There was moderate 

heterogeneity (I2 =53%) between studies, therefore a random effect model was used. 

Reoperation

Five studies 22, 23, 25, 26, 30  with 2,838 women reported the incidence of reoperation from 

wound complications. Pooling of individual studies indicated that 23/1419 (1.6%) participants in 

the NPWT group and 24/1419 (1.7%) in the standard dressing group had reoperation because of 

wound complications, suggesting no difference in effect (RR 1.04, 95% CI 0.58-1.87, p=0.90) 

(Figure S7). A fixed effect model was used as there was no heterogeneity (I2 =0%) among studies.  A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Readmission

Five studies 22-24, 29, 30 with 4,332 patients reported 30-day hospital readmission from any 

type of wound complication. Pooling of individual studies indicated that 41/2169 (1.9%) 

participants in the NPWT group and 28/2163 (1.3%) in the standard dressing group were 

readmitted within 30 days because of any type of wound complication, suggesting no clear 

difference in effect (RR 1.43, 95% CI 0.89-2.31, p=0.14) (Figure S8). As there was no 

heterogeneity (I2 =0%) among studies, a fixed effect model was used.   

Blistering

Five studies24, 26, 28-30 with 3,913 patients reported on blistering. Pooling of individual 

studies indicated that 81/1967 (4.1%) participants in the NPWT group and 28/1946 (1.4%) in the 

standard dressing group developed, suggesting a significant increase in blistering of nearly 4 

times higher in women treated with NPWT (RR 4.13, 95% CI 1.53-11.18, p=0.005) (Figure S9). A 

random effect model was used because of moderate heterogeneity (I2 =53%) among studies.  

Sensitivity analysis

A post hoc sensitivity analysis of 6 studies22-24, 27, 29, 30 with 5,208 participants reporting 

the primary outcome SSI were judged to be at low risk of bias in the key domains (i.e., 

randomisation, allocation concealment and blinding of outcome assessment). Pooled estimates 

suggest a significant effect relative to SSI favouring the NPWT group (RR 0.78, 95% CI 0.68-0.89, 

p=0.0003) (Figure S10). 

Publication bias
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Visual inspection of the funnel plot for the primary outcome SSI, appears symmetrical, 

suggesting no indication of publication bias (Figure S11). Egger test (slope -0.332, t -1.04, 

p=0.994) did not support publication bias.

DISCUSSION

Main findings

Our systematic review of 10 RCTs and meta-analysis evaluated the effectiveness of NPWT 

in preventing SSI and other wound complications in obese women after caesarean birth. Included 

studies were reasonably homogeneous relative to demographic and clinical characteristics of 

included women, study design and measured outcomes. Nevertheless, there were differences 

across studies regarding the NPWT device and comparator dressings used, treatment duration, 

and follow up periods.  Our meta-analysis of nine studies suggests that prophylactic NPWT was 

associated with a statistically significant reduction in SSI following caesarean birth. This result is 

based on moderate certainty evidence, and therefore may be clinically important. Our findings 

are consistent with two previous meta-analyses showing a reduction in infection rates with the 

use of NPWT in obese women giving birth by CS7, 14, as well as in other patient cohorts.32 

Our meta-analysis results suggest that NPWT was not associated with a statistically 

significant reduction in composite wound complications in obese women after caesarean birth.  

Although our results support others published in this field,7, 13, 14 they should be considered in 

light of other non-significant differences in the individual outcomes of haematoma, seroma, 

dehiscence, and bleeding. Across the primary studies, there was inconsistency in the definitions 

and types of wound complications included in the composite measure. For instance, one study31 

included SSI in their composite measure, while another included blistering.24 Wound 

complications were reported in only a subset of included studies that had low or no event rates. 

Clearly, larger numbers of event rates for individual wound complications are needed to detect 

any differences.  Composite outcome measures often lack transparency and can be problematic 

to interpret due to a lack of consistency in definitions across studies.33 The extent to which each 

component of a composite measure occurs with similar frequencies, shares similar relative risk A
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reductions, with confidence intervals that are sufficiently narrow has important implications for 

clinical decision making.34 

For individual secondary wound outcomes including haematoma, seroma, bleeding, and 

dehiscence, we found no evidence that NPWT was of benefit. Although our results are consistent 

with other reviews focussing on caesarean section,7, 14, 35 the effectiveness of NPWT in reducing 

individual wound complications seems more promising in other surgical specialties. For instance, 

the results of a meta-analyses of general surgery patients found significant reductions in 

seroma.36 

We also found no association in the prophylactic use of NPWT and reoperation or 30-day 

readmission rates in obese women post caesarean procedure. These results are not surprising, 

and reflect the findings reported in earlier meta-analyses.7, 35 The evidence of the effectiveness 

of NPWT on these outcomes is low to very low certainty, downgraded twice for imprecision, with 

low numbers of events resulting in wide confidence intervals, and also suggests the potential for 

harm (30-day readmission).

Our meta-analysis results suggest a fourfold increase in the risk of blistering in the NWPT 

group. Notably, the combined evidence from the five studies included in this analysis is of very 

low certainty, downgraded once for risk of bias and inconsistency, and twice for imprecision. 

Blistering and other side effects such as erythema and wound bleeding were not consistently 

reported across studies. In some studies, high rates of device-related adverse events of blistering 

and bleeding when using NPWT have been reported,24, 28 and in serious cases, has led to some 

studies being stopped prematurely.37 The possibility of skin blistering needs to be considered if 

NPWT is used in obese women after CS.

Strengths and limitations 

Review methods

Strengths of this review include the rigorous methods in which it was undertaken, and 

only RCTs, the highest level of evidence, were included in this review. Still, there is a possibility 

that we may have missed studies despite that our search covered all indexed literature and A
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clinical trials databases. Further, there may be the risk of selection and language biases as we 

only included trials that were published in English. In the conduct of this review, we used the 

original Cochrane RoB tool, launched in 2008. This may be a potential limitation. Since then, 

development and pilot testing of the Rob 2 tool has been undertaken, and although not yet 

mandated, will replace the original tool as the recommend tool.38 As two included studies24, 30  

were undertaken by some members of the author team, assessment of the risk of bias was 

undertaken by an independent researcher to mitigate any potential conflict of interest.  Where 

appropriate, we used random effects models to pool data considering heterogeneity among 

studies. We did not focus on cost effectiveness and quality of life, other factors which may 

inform clinical decision-making. Clearly, cost-effectiveness estimates should be interpreted in the 

context of the certainty of the clinical evidence.

Limitations of included studies 

Practice variations in surgical care known to affect wound complication risk in this 

population, including skin antisepsis, incision type, skin closure technique, and prophylactic 

antibiotic timing and dose, were not always reported in included studies. Moreover, we note 

inconsistencies in the description of the ‘standard’ dressings used in the review studies. The 

criteria on which outcomes (e.g., SSI diagnosis) were defined and measured varied, for instance 

some included studies 22-25, 29, 30used the US CDC definition of SSI, while in other studies, 26-28, 31 

this information was not reported.  Across studies, the reliability and validity of measures used to 

ascertain SSI was based on more subjective judgements, thus carry risk of being false-positive. 

Additionally, there was variability in follow-up periods, ranging from 5 days to 60 days. Thus, the 

true comparability of wound related complications between trials is uncertain.  In the included 

studies, the lack of blinding of study participants and treating clinicians is likely to be impossible; 

the lack of blinding of outcome assessors to group allocation has the potential to introduce 

detection bias. Finally, industry sponsorship in six trials heightens the need for trialists to disclose 

the role of the sponsor in relation to any identified conflicts of interest. 

Interpretation
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The results of our review  generally parallel  other reviews.7, 13, 14 However, our findings 

have important implications for clinical practice with the addition of two large trials.29, 30 The 

treatment of NPWT does appear to have a significant reduction in the risk of SSI as compared 

with standard dressing in obese women following caesarean birth. However, NPWT is not 

effective in decreasing other important complications associated with caesarean birth, including 

wound complications, readmission, or reoperations. Further, despite the potential benefits of 

NPWT, a clear side effect reported was increased skin blistering rates compared to standard 

dressing. The association between the use of NPWT and blistering is also supported in previous 

reviews in other surgical specialties32, 39, 40. With a small but significant increase in blisters in the 

NPWT group, decision-making around its use in this population must consider the potential for 

harm.  

CONCLUSION

Our results suggest that NPWT may be beneficial in reducing SSI in obese women after 

caesarean birth. There was no difference in the occurrence of other important wound 

complications such as dehiscence, seroma, bleeding and haematoma.  Moreover, there is also 

the potential for harm given the increased risk of blistering associated with its use. Clinicians 

should consider both the potential benefits and limitations of choosing an expensive and more 

complex dressing.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Author’s contributions

BG and LT conceived the study. LT provided methodological expertise and led the statistical 

analyses. BG drafted the manuscript; all authors contributed to revisions and approved the final 

version.

Conflict of Interest Statement

Two studies in this review were undertaken by the members of the author team. These studies 

were critically appraised by an experienced researcher independent of the author team. None of 

the authors of this review has any conflict of interest or associations with manufacturers of 

products included in this review.

Acknowledgements

We thank Zena Moore, Professor and Head of the School of Nursing and Midwifery, the Royal 

College of Surgeons, Ireland for undertaking a critical appraisal of the studies by Chaboyer et al. 

(2014) and Gillespie et al. (2021), included in this review.

Data Sharing Statement

Data sharing not applicable – no new data generated. The data used in this paper were accessed 

from previously published research. 

Funding

No funding sources.

Ethics Approval

Not applicable.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

References 

1. Boerma T, Ronsmans C, Melesse DY, Barros AJD, Barros FC, Juan L, et al. Global epidemiology of 

use of and disparities in caesarean sections. Lancet. 2018;392(10155):1341-8.

2. Berríos-Torres SI, Umscheid CA, Bratzler DW, Leas B, Stone EC, Kelz RR, et al. Centers for disease 

control and prevention guideline for the prevention of surgical site infection, 2017. JAMA Surgery. 

2017;152(8):784-91.

3. Maehara Y, Shirabe K, Kohnoe S, Emi Y, Oki E, Kakeji Y, et al. Impact of intra-abdominal absorbable 

sutures on surgical site infection in gastrointestinal and hepato-biliary-pancreatic surgery: results of a 

multicenter, randomized, prospective, phase II clinical trial. Surg Today. 2017 Sep;47(9):1060-71.

4. Zuarez-Easton S, Zafran N, Garmi G, Salim R. Postcesarean wound infection: Prevalence, impact, 

prevention, and management challenges. Int J Womens Health. 2017;9:81-8.

5. Gillespie BM, Bull C, Walker R, Lin F, Roberts S, Chaboyer W. Quality appraisal of clinical guidelines 

for surgical site infection prevention: A systematic review. PLoS One. 2018;13(9):e0203354.

6. Heslehurst N, Simpson H, Ells LJ, Rankin J, Wilkinson J, Lang R, et al. The impact of maternal BMI 

status on pregnancy outcomes with immediate short-term obstetric resource implications: a meta-

analysis. Obes Rev. 2008 Nov;9(6):635—83.

7. Yu L, Kronen RJ, Simon LE, Stoll CRT, Colditz GA, Tuuli MG. Prophylactic negative-pressure wound 

therapy after cesarean is associated with reduced risk of surgical site infection: a systematic review and 

meta-analysis. Am J Obstet Gynecol. 2018;218(2):200—10.e1.

8. Malmsjö M, Huddleston E, Martin R. Biological effects of a disposable, canisterless negative 

pressure wound therapy system. Eplasty. 2014;14:e15-e.

9. Kilpadi DV, Cunningham MR. Evaluation of closed incision management with negative pressure 

wound therapy (CIM): Hematoma/seroma and involvement of the lymphatic system. Wound Repair 

Regen. 2011;19(5):588-96.

10. Wilkes RP, Kilpad DV, Zhao Y, Kazala R, McNulty A. Closed incision management with negative 

pressure wound therapy (CIM): Biomechanics. Surg Innov. 2012;19(1):67-75.

11. Stannard JP, Volgas DA, McGwin G, 3rd, Stewart RL, Obremskey W, Moore T, et al. Incisional 

negative pressure wound therapy after high-risk lower extremity fractures. J Orthop Trauma. 2012 

Jan;26(1):37-42.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

12. Gillespie BM, Rickard CM, Thalib L, Kang E, Finigan T, Homer A, et al. Use of negative-pressure 

wound dressings to prevent surgical site complications after primary hip arthroplasty: a pilot RCT. Surg 

Innov. 2015;22(5):488—95.

13. Smid MC, Dotters-Katz SK, Grace M, Wright ST, Villers MS, Hardy-Fairbanks A, et al. Prophylactic 

negative pressure wound therapy for obese women after cesarean delivery: a systematic review and 

meta-analysis. Obstet Gynecol. 2017;130(5):969—78.

14. Huang H-P, Zhao W-J, Pu J, He F. Prophylactic negative pressure wound therapy for surgical site 

infection in obese women undergoing cesarean section: an evidence synthesis with trial sequential 

analysis. J Matern Fetal Neonatal Med. 2019:1-8.

15. Higgins JPT TJ, Chandler J, Cumpston M, Li T, Page MJ, Welch VA. Cochrane Handbook for 

Systematic Reviews of Interventions version 6.2 (updated February 2021). The Cochrane Collaboration

2021.

16. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and 

meta-analyses: the PRISMA statement. BMJ. 2009;339:b2535.

17. Whittemore R, Knafl K. The integrative review: updated methodology. J Adv Nurs. 2005 

Dec;52(5):546-53.

18. Review Manager (RevMan) [Computer program]. 5.4.1 ed: The Cochrane Collaboration; 2020.

19. Deeks JJ, Higgins JP, Altman DG, on behalf of the Cochrane Statistical Methods Group. Analysing 

data and undertaking meta-analyses.  Cochrane Handbook for Systematic Reviews of Interventions; 2019. 

p. 241-84.

20. StataCorp. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC.; 2019.

21. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging 

consensus on rating quality of evidence and strength of recommendations. BMJ. 2008;336(7650):924.

22. Hussamy DJ, Wortman AC, McIntire DD, Leveno KJ, Casey BM, Roberts SW. Closed incision 

negative pressure therapy in morbidly obese women undergoing cesarean delivery: a randomized 

controlled trial. Obstet Gynecol. 2019;134(4):781—9.

23. Wihbey KA, Joyce EM, Spalding ZT, Jones HJ, MacKenzie TA, Evans RH, et al. Prophylactic negative 

pressure wound therapy and wound complication after cesarean delivery in women with class II or III 

obesity: A randomized controlled trial. Obstet Gynecol. 2018;132(2):377-84.

24. Chaboyer W, Anderson V, Webster J, Sneddon A, Thalib L, Gillespie BM. Negative pressure wound 

therapy on surgical site infections in women undergoing elective caesarean sections: a pilot RCT. 

Healthcare. 2014;2(4):417—28.A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

25. Gunatilake RP, Swamy GK, Brancazio LR, Smrtka MP, Thompson JL, Gilner JB, et al. Closed-incision 

negative-pressure therapy in obese patients undergoing cesarean delivery: A randomized controlled trial. 

Am J Perinatol. 2017;7(3):e151-e7.

26. Ruhstaller K, Downes KL, Chandrasekaran S, Srinivas S, Durnwald C. Prophylactic wound vacuum 

therapy after cesarean section to prevent wound complications in the obese population: a randomized 

controlled trial (the ProVac Study). Am J Perinatol. 2017;34(11):1125—30.

27. Hyldig N, Vinter CA, Kruse M, Mogensen O, Bille C, Sorensen JA, et al. Prophylactic incisional 

negative pressure wound therapy reduces the risk of surgical site infection after caesarean section in 

obese women: a pragmatic randomised clinical trial. BJOG. 2018;126(5):628—35.

28. Tuuli MG, Martin S, Stout MJ, Steiner HL, Harper LM, Longo S, et al. Pilot randomized trial of 

prophylactic negative pressure wound therapy in obese women after cesarean delivery.  Am J Obstet 

Gynecol: Elsevier Inc; 2017. p. S245—S.

29. Tuuli MG, Liu J, Tita ATN, Longo S, Trudell A, Carter EB, et al. Effect of prophylactic negative 

pressure wound Therapy vs standard wound dressing on surgical-site infection in obese women after 

cesarean delivery: A randomized clinical trial. JAMA. 2020;324(12):1180-9.

30. Gillespie BM, Webster J, Ellwood D, Thalib L, Whitty JA, Mahomed K, et al. Closed incision 

negative pressure wound therapy versus standard dressings in obese women undergoing caesarean 

section: multicentre parallel group randomised controlled trial. BMJ. 2021;373:n893.

31. Stitely M. Prevention of wound complications after cesarean delivery in obese women utilizing 

negative pressure wound therapy.  2013  [cited 2021 March]; Available from: 

https://clinicaltrials.gov/ct2/show/NCT00654641

32. Norman G, Goh EL, Dumville JC, Shi C, Liu Z, Chiverton L, et al. Negative pressure wound therapy 

for surgical wounds healing by primary closure. Cochrane Database Syst Rev. 2020 May 1;5:Cd009261.

33. Scott IA, Guyatt GH. Cautionary tales in the interpretation of clinical studies involving older 

persons. Arch Intern Med. 2010 Apr 12;170(7):587-95.

34. Guyatt G, Rennie D, Meade MO, Cook DJ. Users' guides to the mdical lterature: Essentials of 

evidence-based clinical pactice, 2nd Edition: McGraw-Hill Education; 2008.

35. Webster J, Lui Z, Chiverton L, Scuffham P, Stankiewicz M, Chaboyer WP. Negative pressure wound 

therapy for surgical wounds healing by primary intention. Cochrane Database Syst Rev. 2019(3):170.

36. Hyldig N, Birke-Sorensen H, Kruse M, Vinter C, Joergensen JS, Sorensen JA, et al. Meta-analysis of 

negative-pressure wound therapy for closed surgical incisions. Br J Surg. 2016 Apr;103(5):477-86.

37. Howell R, Hadley S, Strauss E, Pelham F. Blister formation with negative pressure dressings after 

total knee arthroplasty. Curr Orthop Pract. 2011 03/01;22:176–9.A
cc

ep
te

d 
A

rt
ic

le

https://clinicaltrials.gov/ct2/show/NCT00654641


This article is protected by copyright. All rights reserved

38. Methods C. Risk of Bias 2 (RoB 2) tool.  2021  [cited; Available from: 

https://methods.cochrane.org/risk-bias-2

39. Karlakki S, Brem M, Giannini S, Khanduja V, Stannard J, Martin R. Negative pressure wound 

therapy for managementof the surgical incision in orthopaedic surgery: A review of evidence and 

mechanisms for an emerging indication. Bone Joint Res. 2013;2(12):276-84.

40. Webster J, Scuffham P, Stankiewicz M, Chaboyer WP. Negative pressure wound therapy for skin 

grafts and surgical wounds healing by primary intention. Cochrane Database Syst Rev. 2014;10(10):1—52.

A
cc

ep
te

d 
A

rt
ic

le

https://methods.cochrane.org/risk-bias-2


 

This article is protected by copyright. All rights reserved 

Table 1: Characteristic of included studies 

Author, 

year 

Country 

 

Sample 

size  

Agea 

 

BMI/ kg/2ma 

 

Pre-

pregnancy 

Diabetes 

n (%) 

Gestational 

Diabetes  

n (%) 

Smoker 

n (%) 

NPWT 

device  

Standard 

dressing 

Treat

ment 

durati

on 

(days)

† 

Follow

-up 

period 

Outcomes 

included 

Chaboyer, 

2014 23 

Australia Total: 87 

NPWT: 44 

Standard: 

43 

Median 

(IQR) 

30.6 (5.5) 

30.7 (5.0) 

Median (IQR) 

35.7 (4.5) 

36.8 (5.8) 

 

13 (29.5) 

12 (27.9) 

 

NR  

3 (6.8) 

10 (23.3) 

PICO™ Comfeel 

Plus® 

4 28 days SSI 

Wound 

complications 

Bleeding 

Readmission 

Blistering 

Gillespie, 

2021 29 

Australia Total: 2035 

NPWT: 1017 

Standard: 

1018 

 

Mean (SD) 

31± 5.5 

31± 5.4 

BMI NPWT    n 

(%) 

Standard 

n (%) 

 

38 (3.7) 

39 (3.8) 

 

292 (28.7) 

288 (28.3) 

 

101 (10.0) 

117 (12.0) 

PICO™ Hydrocolloi

d; 

transparent 

films, or 

foam 

5-7  30 days SSI 

Wound 

complications 

Dehiscence 

Haematoma 

Seroma 

Bleeding 

Reoperation 

Readmission 

Blistering 

 

30-34.9 488 (48) 524 (52) 

35-39.9 268 (26) 247 (24) 

40-49.9 218 (21) 211 (21 

≥ 50 43 (4) 117 (12) 
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Hyldig, 2018 

26 

Denmark Total: 876 

NPWT: 432 

Standard:44

4 

Mean (SD) 

32± 5.0 

32± 5.0 

Median (IQR) 

34.7 (31.5–38.2) 

34.2 (31.6–38.1) 

 

11 (2.6) 

11 (2.5) 

 

65 (15.1) 

69 (15.5) 

 

 

30 (6.9%) 

37 (8.3%) 

PICO™ Standard 

postoperati

ve dressing 

5 

 

30 days 

 

SSI 

Dehiscence 

Gunatilake, 

2017 24 

USA Total: 92 

NPWT: 46 

Standard: 

46 

 

Mean (SD) 

30.4 ± 5.7 

29.7 ± 5.0 

Mean (SD) 

46.3 (7.3) 

46.8 (5.6) 

 

8 (17.4%) 

8 (17.4%) 

NR NR Prevena™ Tegaderm 5-7  42 SSI 

Dehiscence 

Seroma 

Reoperation 

Hussamy, 

2018 21  

USA Total: 441 

NPWT: 222 

Standard: 

219 

 

Mean (SD) 

29.1 ± 6.1 

30.3 ± 6.1 

Mean (SD) 

46.6 ± 6.0 

45.8 ± 5.8 

 

36 (16) 

24 (11) 

NR  

18 (8) 

15 (7) 

Prevena™ Telfa 

Adhesive 

Island 

Dressing 

Upon 

discharg

e 

60 days SSI 

Dehiscence 

Reoperation 

Readmission 

Stitely, 2013 

30 

USA Total: 54 

NPWT: 28 

Standard: 

26 

NR NR≠ NR NR NR NR NR NR 6 weeks Wound 

complications 

Ruhstaller, 

2017 
25

 

USA Total: 136 

NPWT: 67 

Standard: 

69 

Median 

(Range) 

27 (24–32) 

29 (24–34) 

Median (Range) 

36.1 (33.2–41.8) 

35.1(32.6–42.1) 

NR  

5 (8.2) 

4 (7.0) 

 

5 (8.2) 

3 (5.2) 

Prevena™ Telfa 

bandage 

 

 

 

 

3  30 days SSI 

Dehiscence 

Reoperation 

Blistering 

Tuuli, 

201727 

USA Total: 120 

NPWT: 60 

NR NR§ NR NR NR PICO™ Standard 

postoperati

Upon 

discharg

NR SSI 

Wound A
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Standard: 

60 

 

ve dressing e complications 

Dehiscence 

Haematoma 

Seroma 

Blistering 

Wihbey, 

201822 

USA Total:166 

NPWT: 80 

Standard: 

86  

Mean (SD) 

31.0 ± 6.0 

30.2 ± 5.0 

Mean (SD) 

44.9 ± 8.0 

43.4 ± 7.0 

 

10 (10) 

5 (6) 

 

11 (15) 

20 (25) 

 

14 (18) 

13 (15) 

Prevena™ Telfa 

dressing 

and 

Tagederm 

5-7 5-7 SSI 

Dehiscence 

Haematoma 

Seroma 

Reoperation 

Readmission 

Tuuli 202028 USA Total: 1624 

NPWT: 806 

Standard: 

802 

Mean (SD) 

30.2 ± 5.6 

30.5 ± 6.1 

Mean (SD) 

39.6 ± 7.7 

39.5 ± 8.1 

 

72 (8.9) 

66 (8.2) 

 

 

96 (11.9) 

99 (12.3) 

 

87 (10.8) 

90 (11.2) 

 

Prevena™ Standard 

postoperati

ve dressing 

4-7 30 days SSI  

Wound 

complications 

Dehiscence 

Haematoma 

Seroma 

Bleeding 

Readmission 

Blistering 

Abbreviations: USA=United States of America; NR=not reported; SSI=Surgical site infection a is presented as mean ± standard deviation or median (IQR). 

Notes: †Duration of therapy for NPWT group:  

≠ Stitely 2013 did not report BMI summary of women. However, women weighing 199 pounds and above or depth of subcutaneous tissue of greater than or equal to 4 centimetres were 

included. 

§Tuuli 2017 did not report a BMI summary of women. However, obese women (BMI 30kg/m2) were included.  
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Table 2: Summary of findings NPWT versus standard dressing for prevention of postoperative wound complications 

Outcomes 

№ of participants  

(studies) 

Follow up  

Relative effect 

(95% CI) 

Anticipated absolute effects 
Certainty of the 

evidence 

(GRADE) 

Risk with 

Standard dressing 

Risk difference with 

Negative pressure 

wound therapy (NPWT) 

Surgical site infection (SSI) 

follow up: 30 days  

5529 

(9 RCTs)  

RR 0.79 

(0.65 to 0.95)  
83 per 1,000  

17 fewer per 1,000 

(29 fewer to 4 fewer)  

⨁⨁⨁◯ 

MODERATE a 

Wound complications 

follow up: 30 days  

3438 

(5 RCTs)  

RR 0.99 

(0.81 to 1.21)  
87 per 1,000  

1 fewer per 1,000 

(16 fewer to 18 more)  

⨁⨁◯◯ 

LOW a,b 

Dehiscence 

follow up: 30 days  

5442 

(8 RCTs)  

RR 1.01 

(0.84 to 1.22)  
75 per 1,000  

1 more per 1,000 

(12 fewer to 16 more) 

⨁⨁◯◯ 

LOW a,b 

Seroma 

follow up: 30 days  

4006 

(5 RCTs)  

RR 0.96 

(0.63 to 1.47)  
21 per 1,000  

1 fewer per 1,000 

(8 fewer to 10 more) 

⨁⨁⨁◯ 

MODERATE a 

Haematoma 

follow up: 30 days  

3924 

(4 RCTs)  

RR 0.95 

(0.47 to 1.89)  
9 per 1,000  

0 fewer per 1,000 

(5 fewer to 8 more) 

⨁⨁◯◯ 

LOW a,b,c 

Bleeding 

follow up: 30 days  

3730 

(3 RCTs)  

RR 1.78 

(0.33 to 9.65)  
9 per 1,000  

7 more per 1,000 

(6 fewer to 79 more)  

⨁⨁◯◯ 

LOW a,b 
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Outcomes 

№ of participants  

(studies) 

Follow up  

Relative effect 

(95% CI) 

Anticipated absolute effects 
Certainty of the 

evidence 

(GRADE) 

Risk with 

Standard dressing 

Risk difference with 

Negative pressure 

wound therapy (NPWT) 

Reoperation 

follow up: 30 days  

2838 

(5 RCTs)  

RR 1.04 

(0.58 to 1.87)  
17 per 1,000  

1 more per 1,000 

(7 fewer to 15 more)  

⨁⨁◯◯ 

LOW a,b 

Readmission 

follow up: 30 days  

4332 

(5 RCTs)  

RR 1.43 

(0.89 to 2.31)  
13 per 1,000  

6 more per 1,000 

(1 fewer to 17 more)  

⨁◯◯◯ 

VERY LOW a,b 

Blistering 

follow up: 30 days  

3913 

(5 RCTs)  

RR 4.13 

(1.53 to 11.18)  
14 per 1,000  

43 more per 1,000 

(7 more to 141 more)  

⨁◯◯◯ 

VERY LOW a,b 

 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the 

intervention (and its 95% CI).  

CI: Confidence interval; RR: Risk ratio 

GRADE Working Group grades of evidence 

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different 

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect                   A
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Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect 

a Downgraded for high risk of bias due to the lack of blinding 

b  Downgraded for imprecision producing wide confidence interval around the effect estimate 

c Downgraded for insufficient reporting of attrition and /or exclusions 
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Figure 1: PRISMA flow diagram of included studies 
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Figure 2: Forest plot including 9 studies comparing NPWT and standard dressing after 

caesarean section for obese women; outcome surgical site infection. NPWT, negative 

pressure wound therapy; IV, Inverse Variance test; df, degrees of freedom 
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