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Abstract

Introduction Negative pressure wound therapy (NPWT) may prevent subcutaneous fluid accumulation in a closed

wound and subsequently reduce surgical site infections (SSI). This meta-analysis aimed to determine the effect of

prophylactic NPWT on SSI incidence following abdominal surgery.

Methods A systematic search of MEDLINE and EMBASE databases was performed using PRISMA methodology.

All randomised trials reporting the use of NPWT in closed abdominal incisions were included, regardless of the type

of operation. The primary outcome measure was the incidence of SSI, stratified by superficial and deep and organ/

space infections. Secondary outcomes were wound dehiscence and length of hospital stay.

Results Ten randomised trials met the inclusion criteria (five Caesarean, five midline laparotomy). The use of NPWT

reduced overall SSI (11.6% vs. 16.7%, RR 0.67, 95% CI 0.48–0.95, p = 0.02). The rate of superficial SSI rate was

also reduced (6.3% vs. 11.3%, RR 0.57, 95% CI 0.35–0.94, p = 0.03). There was no effect on deep or organ/space

SSI (3.2% vs. 4.2%, RR 0.77, 95% CI 0.51–1.18, p = 0.23), wound dehiscence (9.7% vs. 10.9%, RR 0.92, 95% CI

0.69–1.21, p = 0.54), or length of hospital stay (MD 0.06 days, 95% CI–0.11 to 0.23, p = 0.51).

Conclusions Prophylactic use of NPWT may reduce the incidence of superficial SSI in closed abdominal incisions

but has no effect on deep or organ space SSI.

Introduction

Surgical site infections (SSIs) are a common complication

following intra-abdominal surgery, occurring in 5–15% of

patients [1–3]. SSIs are associated with considerable

morbidity including prolonged hospital stay, delays in

adjuvant chemotherapy in cancer patients, and reduced in

quality of life, in addition to increased health care costs

[4–6]. SSI and other wound complications represent a sig-

nificant burden to patients and healthcare systems, despite

ongoing efforts directed towards SSI prevention [7, 8].

Negative pressure wound therapy (NPWT) has tradi-

tionally been used for the management of open and chronic

wounds [9–11]. However, the development of portable,

single-use, battery-powered NPWT devices such as the

PICOTM (Smith and Nephew Healthcare, Hull, United

Kingdom) and PrevenaTM (KCI Medical Products, Wies-

baden, Germany) has led to the increasing use of this

technique for the prevention of SSI and other wound

complications in high-risk closed incisions [12–14]. The

use of NPWT in closed surgical incisions may reduce fluid
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accumulation in the avascular dead space, limiting the

development of collections and their sequelae [15, 16].

Biomechanical studies have demonstrated NPWT also

promotes increased blood flow around closed incisions

[17], reduced shear stress at suture lines [18], and increased

lymphatic drainage [19], thereby improving wound healing

and preventing associated complications.

Prophylactic incisional NPWT is currently recom-

mended by the World Health Organization SSI Guidelines

in patients with high-risk surgical wounds, though these

guidelines provide no specific comments on its use in

specific operations [20]. Previous studies have demon-

strated the efficacy of prophylactic NPWT in closed inci-

sions in orthopaedic, thoracic, and vascular surgery

[21–23]. However, the benefit of this technique in closed

abdominal incisions remains unclear. Several meta-analy-

ses have recently been published; however, these have

either included patients undergoing a wide range of oper-

ations, or have included observational studies as well as

randomised trials [23–27]. Therefore, the aim of this meta-

analysis was to determine the effect of prophylactic nega-

tive pressure wound therapy on the incidence of SSI and

other wound complications in closed abdominal incisions.

Methods

A meta-analysis was conducted in accordance with the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) statement [28]. The MEDLINE

and EMBASE databases were systematically searched in

December 2018 using a pre-defined strategy. The title,

abstract, and keyword fields were searched using the fol-

lowing terms, combined with Boolean OR operators:

‘‘negative pressure dressing’’, ‘‘negative pressure therapy’’,

‘‘negative pressure wound therapy’’, ‘‘subatmospheric

pressure dressing’’, ‘‘subatmospheric pressure therapy’’,

‘‘suction dressing’’, ‘‘topical negative pressure’’, ‘‘VAC’’,

‘‘vacuum assisted closure’’, and ‘‘vacuum therapy’’. No

date restriction was used, though non-English language and

animal articles were excluded.

Inclusion criteria were published randomised controlled

trials (RCTs) comparing NPWT with standard wound

dressings in closed abdominal incisions, regardless of the

device used or operation performed. Exclusion criteria were

non-randomised, conference abstracts, use of NPWT in open

wounds, and studies including patients undergoing non-ab-

dominal operations. Articles reporting only cost-benefit

analyses without any clinical outcomes were also excluded.

Two reviewers (CW and CR) independently screened

titles and abstracts of records identified from database

searching, with mediation by a third reviewer (SP). Ref-

erence lists of relevant identified review articles were also

screened for further articles. Identified full-text articles

were then also screened by two reviewers (CW and CR),

and data were subsequently extracted from included arti-

cles. Data points extracted were study authors, year of

publication, dates of recruitment, journal, study sponsor,

country, number of centres, inclusion/exclusion criteria,

NPWT device used, duration of NPWT, number of par-

ticipants recruited/randomised, and all primary and sec-

ondary outcomes. The Cochrane risk of bias tool was used

to evaluate the quality of the included studies [29].

Outcome measures

The primary outcome was the occurrence of SSI. All def-

initions and grading systems were included, regardless of

duration of follow-up. Where SSI was further stratified into

superficial SSI (sSSI) and deep/organ–space SSI (dSSI),

these outcomes were also recorded. Secondary outcomes

included surgical site occurrence (SSO), defined as all

reported wound complications, wound dehiscence, and

collection (defined as seroma or haematoma) diagnosed

and evaluated clinically, in addition to length of hospital

stay, need for reoperation or readmission to hospital within

30 days. All adverse events related to NPWT reported were

also assessed, including allergic reactions, skin blisters, or

other adverse reactions. The reported rate of device mal-

function was also recorded.

Statistical analysis

The meta-package in R studio (Version 1.1.463) [30] was

employed to perform a random effects meta-analysis utilising

the DerSiMangrammonian and Laird method [31]. Subgroup

analyses were performed stratifying studies by incision type

(Caesarean vs. midline laparotomy), device used (PICOTM vs.

PrevenaTM), and funding source (industry vs. non-industry).

Data were presented using risk ratios (RR) for categorical

outcomes and mean difference (MD) for continuous out-

comes, with 95% confidence intervals (CI) calculated for all

estimates. A p value\ 0.05 was considered significant.

Heterogeneity was assessed using the I2 statistic. Publication

bias was assessed using visual inspection of funnel plots, and

the linear regression test of funnel plot asymmetry as descri-

bed by Schwarzer [30] and Egger et al. [32].

Results

A total of 1435 records were identified from database

searching (Fig. 1), of which ten RCTs met the inclusion

criteria (Table 1) [15, 33–41]. Amongst the ten RCTs, five
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trials were conducted in patients undergoing Caesarean

section, and five in patients undergoing a midline laparo-

tomy. A total of 2117 patients were included (Cae-

sarean = 1325, laparotomy = 792). The type of NPWT

device used varied between trials (PICOTM = 3, Pre-

venaTM = 4, not specified = 3). The duration of NPWT

dressing ranged from 3 to 7 days post-operatively. All

studies used a standard post-operative dressing for com-

parison, usually dry gauze-based dressings.

The Centres for Disease Control and Prevention (CDC)

definition of SSI [42] was used by seven studies

[15, 33, 37–41], whereas SSI was defined as by the need for

antibiotic therapy in two studies [35, 36]. One study did not

provide a definition of SSI [34]. Post-operative follow-up

ranged from 28 to 42 days, but was most commonly lim-

ited to a 30-day follow-up as advised by the CDC

guidelines.

Primary outcome measure

Surgical site infection

Overall SSI (both superficial and deep) was reported as an

outcome by nine of ten RCTs, while sSSI and dSSI data

were reported by eight and six RCTs, respectively. The

incidence of overall SSI was significantly reduced by

NPWT compared with standard surgical dressing (11.6%

vs. 16.7%, RR 0.65, 95% CI 0.46–0.92, p = 0.01, Fig. 2a).

Subgroup analysis demonstrated the effect of NPWT on

overall SSI rates was consistent across both Caesarean (RR

0.67, 95% CI 0.46–0.96, p = 0.03) and laparotomy (RR

0.56, 95% CI 0.30–1.03, p = 0.06) cohorts (Supplementary

Fig. 1a). There was moderate heterogeneity between

studies reporting overall SSI as a primary outcome

(I2 = 47%), and subgroup analysis revealed this was pre-

dominantly attributable to laparotomy trials (I2 = 67%),

rather than Caesarean section (I2 = 3%).

The rate of sSSI was also reduced with NPWT (6.3% vs.

11.3%, RR 0.55, 95% CI 0.32–0.93, p = 0.03, Fig. 2b);

however, there was no effect on dSSI (3.2% vs. 4.2%, RR

0.80, 95% CI 0.48–1.33, p = 0.39, Fig. 2c). Subgroup

analysis showed a trend towards reduced sSSI with NPWT

in laparotomy (RR 0.38, 95% CI 0.14–1.05, p = 0.06), but

not Caesarean (RR 0.68, 95% CI 0.33–1.37, p = 0.29)

(Supplementary Fig. 1b). No effect on dSSI was observed

in either cohort (laparotomy p = 0.51, Caesarean p = 0.58)

(Supplementary Fig. 1c).

Fig. 1 PRISMA flow diagram

of screening process
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Stratification of studies by NPWT device demonstrated

a reduction of overall SSI with the use of PICOTM

dressings (RR 0.55, 95% CI 0.35–0.87, p = 0.01), and a

trend towards reduction with PrevenaTM (RR 0.53, 95% CI

0.25–1.15, p = 0.11) (Supplementary Fig. 2a). However,

both PICOTM (RR 0.44, 95% CI 0.26–0.74, p = 0.002) and

PrevenaTM (RR 0.28, 95% CI 0.12–0.68, p = 0.005)

demonstrated significant reductions in the incidence of

sSSI (Supplementary Fig. 2b).

Secondary outcome measures

NPWT had no significant effect on the rate of SSO (RR

0.89, 95% CI 0.68–1.15, p = 0.36), wound dehiscence (RR

0.92, 95% CI 0.69–1.21, p = 0.54), or wound collection

(RR 0.86, 95% CI 0.47–1.58, p = 0.63) (Fig. 3). NPWT

had no effect on the length of hospital stay (MD 0.06 days,

95% CI -0.11 to 0.23, p = 0.51), or need for reoperation

within 30 days (RR 0.76, 95% CI 0.30–1.92, p = 0.56), but

significantly reduced 30 day readmission rates (RR 0.50,

95% CI 0.25–0.97, p = 0.04).

Fig. 2 Forest plots for a overall

SSI, b superficial SSI, and

c deep and organ/space SSI
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Fig. 3 Forest plots for

secondary outcome measures:

a surgical site occurrence,

b wound dehiscence, c wound

collection, d length of stay,

e reoperation, f readmission
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Adverse events

Two studies reported events associated with NPWT

[15, 39]. Chaboyer et al. [33] reported skin blistering in 4

of 44 patients treated with NPWT (9%), versus 0 of 43

patients (0%) in the control group. Ruhstaller et al. [36]

reported 4 of 67 patients (6%) had discomfort with NPWT,

with one requesting removal. Wihbey et al. [37] reported

early removal of the NPWT device in 5 of 80 patients (6%)

for local skin irritation, and a further one patient at the

patients’ request. One study stated that patients were

monitored for adverse events, but this data were not

reported [34]. The remaining four studies did not report

adverse events from NPWT.

Most studies did not report the rate of NPWT device

malfunction post-operatively. Of the four studies that did,

this rate ranged from 0 to 7% of patients treated with

NPWT [15, 35–37].

Risk of bias

Identified bias in the included studies was predominantly

related to lack of blinding of participants, clinicians, and

outcome assessors (Supplementary Figs. 3 and 4). Only

two studies reported blinding of outcome assessors

[38, 39]; in all other studies, assessors were unblinded or

further information was not provided. In four studies,

randomisation was performed following skin closure

[34, 36, 38, 39]. Patients were randomised during skin

closure in one study [37], and prior to closure in two

[15, 41]. One study did not provide data regarding the

timing of randomisation [40].

Seven of the included trials reported industry funding in

their disclosures. On sub-analysis, industry-funded trials

demonstrated a significant reduction in overall SSI (RR

0.59, 95% CI 0.38–0.92, p = 0.02) and a near-significant

reduction in sSSI (RR 0.49, 95% CI 0.24–1.01, p = 0.054).

In contrast, non-industry-funded trials did not demonstrate

a significant reduction of SSI (RR 0.74, 95% CI 0.37–1.51,

p = 0.41) or sSSI (RR 0.65, 95% CI 0.27–1.58, p = 0.34)

rates; however, the test for subgroup differences was not

significant for either SSI (p = 0.59) or sSSI (p = 0.63).

Publication bias

Visual inspection of funnel plots demonstrated evidence of

publication bias in favour of positive results with NPWT

(Supplementary Fig. 5). The linear regression test of funnel

plot asymmetry was also consistent with this observation

(p = 0.055).

Discussion

This meta-analysis of RCTs has shown that prophylactic

use of NPWT in closed abdominal incisions reduces the

incidence of SSI, predominantly due to a reduction in

superficial infections. Sensitivity analysis indicated this

effect was present in patients undergoing Caesarean section

and midline laparotomy. Deep infections, wound collec-

tions, and rates of wound dehiscence were not affected by

NPWT. Although there was no effect on length of hospital

stay, readmissions within 30 days appeared to be reduced

by NPWT, presumably secondary to a reduction in SSI.

The overall quality of evidence was moderate, although

conclusions drawn from the data are limited by hetero-

geneity, and evidence of publication bias.

Previous studies from orthopaedic, thoracic, and vas-

cular surgery have demonstrated that prophylactic NPWT

in closed incisions reduces the incidence of SSI, but has

limited effect on other wound complications, in keeping

with the findings of this review [21–23]. While incisional

NPWT is thought to exert its effect by preventing fluid

accumulation in closed wounds, the lack of reduction in

deep SSI and wound collections (i.e. haematoma and ser-

oma) implies that this effect may be limited only to

superficial layers in a closed incision. One published ran-

domised trial has investigated the use of NPWT in patients

undergoing closure of ileostomy [43]; this study was not

included in the present meta-analysis as the wounds were

not closed completely with an 8 mm wound opening left to

allow the wound to drain. Uchino et al. [43] did not show a

benefit of NPWT following ileostomy closure; however,

further trials are required to confirm this finding.

Recent guidelines for closed incisional NPWT recom-

mend its use in patients with known risk factors for SSI,

including: obesity, diabetes mellitus, smoking, other

comorbidities, wound contamination, and prolonged sur-

gical time [20, 44]. Although prophylactic incisional

NPWT may have limited use in patients with a low SSI

risk, moderate–high risk groups may receive a greater

benefit [44, 45]. Further research is needed to determine

which patients are most likely to benefit from incisional

NPWT. Future trials should ensure the underlying risk

factors of the included patients are clearly stated and

consider stratification of participants (e.g. according to

wound contamination) in order to assess which are likely to

benefit most from NPWT [46]. Other interventions known

to influence SSI rates should also be standardised and

clearly reported, including use of sutures versus staples for

skin closure [47, 48], use of prophylactic antibiotics and/or

bowel preparation [49, 50], and wound edge protection

devices [51]. A combined preventative approach through a

‘‘SSI bundle’’ has been shown to significantly reduce SSI
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rates [1, 7], so NPWT may form part of a stratified man-

agement pathway for high-risk patients [46].

The use of prophylactic NPWT in closed abdominal

incisions appears safe, although 5–10% of patients may

experience local skin irritation from the device. Adverse

events were only reported in a minority of studies, similar

to previous meta-analyses on incisional NPWT [23, 26].

Chaboyer et al. [33] reported a higher rate of skin blistering

in the NPWT group (9% vs. 0%). This reaction has also

been observed in other trials from non-abdominal surgery,

particularly orthopaedics [52, 53], and should be reported

as a core safety outcome in future trials. Previous reports

have expressed concern regarding the development of

enteric fistula with NPWT after colorectal surgery

[9, 26, 46]; however, this is less likely to occur in the

setting of closed incisions and was not reported by any of

the studies in this review. Malfunction of the NPWT device

was poorly reported, though appears to occur in 0–7% of

patients [15, 35–37].

There were several limitations of this meta-analysis

primarily related to heterogeneity between the included

trials, potential bias related to selective reporting, and

industry funding and evidence of publication bias. For the

primary outcome of overall SSI, there was moderate

heterogeneity between included trials, predominantly

attributed to the studies conducted in patients undergoing

midline laparotomy. This was expected given the intra- and

inter-study variability regarding recruited patients (i.e.

colorectal vs. pancreatectomy vs. any laparotomy). Other

potential sources of variation include the definitions of SSI,

contamination of wounds, and the NPWT device used.

However, it was not possible to further stratify the

laparotomy studies according to the specific operation

performed, or the contamination of wounds (i.e. clean vs.

clean contaminated vs. contaminated) due to a lack of

individual level patient data and the relatively small

number of published studies.

The overall quality of evidence for included studies was

moderate; however, the majority of RCTs in this meta-

analysis were industry funded. Pooled analysis of the

industry-funded trials demonstrated a significant benefit

with NPWT, which was not present for the non-industry-

funded trials. It is unclear whether this relates to biases in

the design and reporting of these studies, the small sample

size of the non-industry-funded trials, or publication bias

towards studies with positive results [54]. Concerns

regarding random sequence generation and allocation

concealment in NPWT trials have been expressed [55],

although these were not identified in the present meta-

analysis.

Further high-quality, adequately powered RCTs are

needed to clarify the benefit of prophylactic NPWT in

closed abdominal surgery. In order to identify patients in

whom NPWT may be most beneficial, studies should

clearly describe baseline risk factors, and consider strati-

fication according to wound contamination. Prior work has

highlighted inconsistencies in the definitions of SSI used in

the literature [56, 57], and it is evident that there is a need

for consistent reporting of well-defined outcomes in studies

of incisional NPWT. Development of a consensus ‘‘core

outcome set’’ may standardise reporting and minimise bias

in future trials. Cost-effectiveness assessment was limited

to two trials [58, 59], preventing its assessment in this

meta-analysis. Therefore, the economic benefit may only

be confirmed on quantitative analysis with the addition of

future studies. In addition to the CONSORT statement [60],

specific guidelines for the reporting of RCTs in wound care

are available; these should be followed in future publica-

tions [61]. There are multiple ongoing RCTs of prophy-

lactic NPWT in abdominal surgery still to be reported

[62–64]; therefore, further meta-analyses are likely to be

needed.

Conclusion

Prophylactic use of NPWT may reduce the incidence of

superficial SSI in closed abdominal incisions but appears to

have no effect on deep or organ space SSI. Further high-

quality, appropriately powered randomised trials are nee-

ded, with clearly defined cohorts and outcomes measures,

in order to confirm their benefits and assess cost-

effectiveness.
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17. Malmsjö M, Huddleston E, Martin R (2014) Biological effects of

a disposable, canisterless negative pressure wound therapy sys-

tem. Eplasty 14:e15

18. Wilkes RP, Kilpad DV, Zhao Y et al (2012) Closed incision

management with negative pressure wound therapy (CIM):

biomechanics. Surg Innov 19:67–75

19. Kilpadi DV, Cunningham MR (2011) Evaluation of closed inci-

sion management with negative pressure wound therapy (CIM):

hematoma/seroma and involvement of the lymphatic system.

Wound Repair Regen 19:588–596

20. Allegranzi B, Zayed B, Bischoff P et al (2016) New WHO rec-

ommendations on intraoperative and postoperative measures for

surgical site infection prevention: an evidence-based global per-

spective. Lancet Infect Dis 16:e288–e303

21. Witt-Majchrzak A, _Zelazny P, Snarska J (2015) Preliminary

outcome of treatment of postoperative primarily closed ster-

notomy wounds treated using negative pressure wound therapy.

Pol Przegl Chir 86:456–465

22. Karlakki SL, Hamad AK, Whittall C et al (2016) Incisional

negative pressure wound therapy dressings (iNPWTd) in routine

primary hip and knee arthroplasties: a randomised controlled

trial. Bone Joint Res 5:328–337

23. Svensson-Björk R, Zarrouk M, Asciutto G et al (2019) Meta-

analysis of negative pressure wound therapy of closed groin

incisions in arterial surgery. Br J Surg 13:e20

24. Sahebally SM, McKevitt K, Stephens I et al (2018) Negative

pressure wound therapy for closed laparotomy incisions in gen-

eral and colorectal surgery: a systematic review and meta-anal-

ysis. JAMA Surg 153:e183467

25. Ge D (2018) The safety of negative-pressure wound therapy on

surgical wounds: an updated meta-analysis of 17 randomized

controlled trials. Adv Skin Wound Care 31:421–428

26. Hyldig N, Birke-Sorensen H, Kruse M et al (2016) Meta-analysis

of negative-pressure wound therapy for closed surgical incisions.

Br J Surg 103:477–486

27. De Vries FEE, Wallert ED, Solomkin JS et al (2016) A sys-

tematic review and meta-analysis including GRADE qualification

of the risk of surgical site infections after prophylactic negative

pressure wound therapy compared with conventional dressings in

clean and contaminated surgery. Medicine 95:e4673

28. Liberati A, Altman DG, Tetzlaff J et al (2009) The PRISMA

statement for reporting systematic reviews and meta-analyses of

studies that evaluate health care interventions: explanation and

elaboration. J Clin Epidemiol 62:e1–34

29. Higgins JPT, Altman DG, Gøtzsche PC et al (2011) The

Cochrane Collaboration’s tool for assessing risk of bias in ran-

domised trials. BMJ 343:d5928

30. Schwarzer G (2007) Meta: an R package for meta-analysis. R

news 7:40–45

31. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials.

Control Clin Trials 7:177–188

32. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in

meta-analysis detected by a simple, graphical test. BMJ

315:629–634

33. Chaboyer W, Anderson V, Webster J et al (2014) Negative

Pressure wound therapy on surgical site infections in women

undergoing elective caesarean sections: a pilot RCT. Healthcare

(Basel) 2:417–428

34. Gunatilake RP, Swamy GK, Brancazio LR et al (2017) Closed-

incision negative-pressure therapy in obese patients undergoing

cesarean delivery: a randomized controlled trial. AJP Rep

7:e151–e157

35. Hyldig N, Vinter CA, Kruse M et al (2018) Prophylactic inci-

sional negative pressure wound therapy reduces the risk of sur-

gical site infection after caesarean section in obese women: a

pragmatic randomised clinical trial. BJOG 01:01

36. Ruhstaller K, Downes KL, Chandrasekaran S et al (2017) Pro-

phylactic wound vacuum therapy after cesarean section to pre-

vent wound complications in the obese population: a randomized

controlled trial (the ProVac study). Am J Perinatol 34:1125–1130

37. Wihbey KA, Joyce EM, Spalding ZT et al (2018) Prophylactic

negative pressure wound therapy and wound complication after

cesarean delivery in women with class II or III obesity: a ran-

domized controlled trial. Obstet Gynecol 132:377–384

38. Li P-Y, Yang D, Liu D et al (2017) Reducing surgical site

infection with negative-pressure wound therapy after open

abdominal surgery: a prospective randomized controlled study.

Scand J Surg 106:189–195

39. Murphy PB, Knowles S, Chadi SA et al (2018) Negative pressure

wound therapy use to decrease surgical nosocomial events in

colorectal resections (NEPTUNE): a randomized controlled trial.

Ann Surg 29:29

40. O’Leary DP, Peirce C, Anglim B et al (2017) Prophylactic neg-

ative pressure dressing use in closed laparotomy wounds fol-

lowing abdominal operations: a randomized, controlled, open-

label trial: the P.I.C.O Trial. Ann Surg 265:1082–1086

41. Shen P, Blackham AU, Lewis S et al (2017) Phase II randomized

trial of negative-pressure wound therapy to decrease surgical site

infection in patients undergoing laparotomy for gastrointestinal,

pancreatic, and peritoneal surface malignancies. J Am Coll Surg

224:726–737

World J Surg (2019) 43:2779–2788 2787

123

https://doi.org/10.1007/s00268-014-2883-6


42. Mangram AJ, Horan TC, Pearson ML et al (1999) Guideline for

prevention of surgical site infection. Centers for disease control

and prevention (CDC) hospital infection control practices advi-

sory committee. Am J Infect Control 27(2):97–132

43. Uchino M, Hirose K, Bando T et al (2016) randomized controlled

trial of prophylactic negative-pressure wound therapy at ostomy

closure for the prevention of delayed wound healing and surgical

site infection in patients with ulcerative colitis. Dig Surg

33:449–454

44. Willy C, Agarwal A, Andersen CA et al (2017) Closed incision

negative pressure therapy: international multidisciplinary con-

sensus recommendations. Int Wound J 14:385–398

45. Willy C, Engelhardt M, Stichling M, Grauhan O (2016) The

impact of surgical site occurrences and the role of closed incision

negative pressure therapy. Int Wound J 13(Suppl 3):35–46

46. Pellino G, Sciaudone G, Selvaggi F, Canonico S (2015) Pro-

phylactic negative pressure wound therapy in colorectal surgery.

Effects on surgical site events: current status and call to action.

Updates Surg 67:235–245

47. Imamura K, Adachi K, Sasaki R et al (2016) randomized com-

parison of subcuticular sutures versus staples for skin closure

after open abdominal surgery: a multicenter open-label random-

ized controlled trial. J Gastrointest Surg 20:2083–2092

48. Okubo S, Gotohda N, Sugimoto M et al (2018) Abdominal skin

closure using subcuticular sutures prevents incisional surgical site

infection in hepatopancreatobiliary surgery. Surgery

164:251–256

49. de Jonge SW, Gans SL, Atema JJ et al (2017) Timing of pre-

operative antibiotic prophylaxis in 54,552 patients and the risk of

surgical site infection: a systematic review and meta-analysis.

Medicine 96:e6903

50. Toh JWT, Phan K, Hitos K et al (2018) Association of

mechanical bowel preparation and oral antibiotics before elective

colorectal surgery with surgical site infection: a network meta-

analysis. JAMA Netw Open 1:e183226

51. Kang SI, Oh H-K, Kim MH et al (2018) Systematic review and

meta-analysis of randomized controlled trials of the clinical

effectiveness of impervious plastic wound protectors in reducing

surgical site infections in patients undergoing abdominal surgery.

Surgery 164:939–945

52. Howell RD, Hadley S, Strauss E, Pelham FR (2011) Blister

formation with negative pressure dressings after total knee

arthroplasty. Curr Orthop Pract 22:176

53. Karlakki S, Brem M, Giannini S et al (2013) Negative pressure

wound therapy for management of the surgical incision in

orthopaedic surgery: a review of evidence and mechanisms for an

emerging indication. Bone Joint Res 2:276–284

54. Peinemann F, McGauran N, Sauerland S, Lange S (2008)

Negative pressure wound therapy: potential publication bias

caused by lack of access to unpublished study results data. BMC

Med Res Methodol 8:4

55. Peinemann F, Labeit A (2018) Negative pressure wound therapy:

a systematic review of randomized controlled trials from 2000 to

2017. J Evid Based Med 20:20

56. Alexander HC, Bartlett AS, Wells CI et al (2018) Reporting of

complications after laparoscopic cholecystectomy: a systematic

review. HPB 20:786–794

57. Bruce J, Russell EM, Mollison J, Krukowski ZH (2001) The

quality of measurement of surgical wound infection as the basis

for monitoring: a systematic review. J Hosp Infect 49:99–108

58. Hyldig N, Joergensen JS, Wu C et al (2018) Cost-effectiveness of

incisional negative pressure wound therapy compared with

standard care after caesarean section in obese women: a trial-

based economic evaluation. BJOG 03:03

59. Heard C, Chaboyer W, Anderson V et al (2017) Cost-effective-

ness analysis alongside a pilot study of prophylactic negative

pressure wound therapy. J Tissue Viability 26:79–84

60. Schulz KF, Altman DG, Moher D, CONSORT Group (2011)

CONSORT 2010 statement: updated guidelines for reporting

parallel group randomised trials. Int J Surg 9:672–677

61. Brölmann FE, Eskes AM, Sumpio BE et al (2013) Fundamentals

of randomized clinical trials in wound care: reporting standards.

Wound Repair Regen 21:641–647

62. Gillespie BM, Webster J, Ellwood D et al (2016) ADding neg-

ative pRESSure to improve healING (the DRESSING trial): a

RCT protocol. BMJ Open 6:e010287

63. Mihaljevic AL, Schirren R, Müller TC et al (2015) Postoperative

negative-pressure incision therapy following open colorectal

surgery (Poniy): study protocol for a randomized controlled trial.

Trials 16:471

64. Sandy-Hodgetts K, Leslie GD, Parsons R et al (2017) Prevention

of postsurgical wound dehiscence after abdominal surgery with

NPWT: a multicentre randomised controlled trial protocol.

J Wound Care 26:S23–S26

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

2788 World J Surg (2019) 43:2779–2788

123


	Prophylactic Negative Pressure Wound Therapy in Closed Abdominal Incisions: A Meta-analysis of Randomised Controlled Trials
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Outcome measures
	Statistical analysis
	Results
	Primary outcome measure
	Surgical site infection

	Secondary outcome measures
	Adverse events
	Risk of bias
	Publication bias

	Discussion
	Conclusion
	References




