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IMPORTANCE Surgical site infections (SSIs) are common after laparotomy wounds and are
associated with a significant economic burden. The use of negative pressure wound therapy
(NPWT) has recently been broadened to closed surgical incisions.

OBJECTIVE To evaluate the association of prophylactic NPWT with SSI rates in closed
laparotomy incisions performed for general and colorectal surgery in elective and emergency
settings.

DATA SOURCES The PubMed, Embase, Cochrane Central Register of Controlled Trials, and
Google Scholar databases were searched without language restrictions for relevant articles
from inception until December 2017. The latest search was performed on December 31, 2017.
The bibliographies of retrieved studies were further screened for potential additional studies.

STUDY SELECTION Randomized clinical trials and nonrandomized studies were included.
Unpublished reports were excluded, as were studies that examined NPWT (or standard
nonpressure) dressings only without a comparator group. Studies that evaluated the use of
NPWT in open abdominal incisions were also excluded. Disagreement was resolved by
discussion, and if the question remained unsettled, the opinion of the senior author was
sought. A total of 198 citations were identified, and 189 were excluded.

DATA EXTRACTION AND SYNTHESIS This meta-analysis was conducted according to PRISMA
guidelines. Data were independently extracted by 2 authors. A random-effects model was
used for statistical analysis.

MAIN OUTCOMES AND MEASURES The primary outcome measure was SSI, and secondary
outcomes included seroma and wound dehiscence rates. These outcomes were chosen
before data collection.

RESULTS Nine unique studies (3 randomized trials and 2 prospective and 4 retrospective
studies) capturing 1266 unique patients were included. Of these, 1187 patients with 1189
incisions were included in the final analysis (52.3% male among 7 studies reporting data on
sex; mean [SD] age, 52 [15] years among 8 studies reporting data on age). Significant clinical
and methodologic heterogeneity existed among studies. On random-effects analysis, NPWT
was associated with a significantly lower rate of SSI compared with standard dressings
(pooled odds ratio [OR], 0.25; 95% CI, 0.12-0.52; P < .001). However, no difference in rates of
seroma (pooled OR, 0.38; 95% CI, 0.12-1.23; P = .11) or wound dehiscence (pooled OR, 2.03;
95% CI, 0.61-6.78; P = .25) was found. On sensitivity analysis, focusing solely on colorectal
procedures, NPWT significantly reduced SSI rates (pooled OR, 0.16; 95% CI, 0.07-0.36;
P < .001).

CONCLUSIONS AND RELEVANCE Application of NPWT on closed laparotomy wounds in general
and colorectal surgery is associated with reduced SSI rates but similar rates of seroma and
wound dehiscence compared with conventional nonpressure dressings.
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P ostoperative wound complications are a common oc-
currence after open abdominal surgery and include sur-
gical site infections (SSIs), seroma or hematoma forma-

tion, and wound dehiscence. Surgical site infections constitute
36% of all health care-associated infections in the United States
alone1 and are directly attributable to more than US $1.6 bil-
lion in costs and 1 million extra hospital days in affected
patients,2 thus representing a substantial health economic bur-
den. Colorectal surgery is associated with the highest rate of
SSI (≤45%)3 owing to the inherent contaminated nature of the
surgery. The net outcomes of SSI include prolonged hospital
stays, delay in adjuvant treatment, potential development of
incisional hernias, and ultimately a decrease in patient qual-
ity of life.4,5 The cause of SSI is multifactorial, resulting from
an interplay between patient-related, environmental, and sur-
gical factors. As such, traditional care bundles aim to target
these different components and include the use of preopera-
tive antibiotic prophylaxis and aseptic surgical technique,
maintenance of intraoperative normothermia, and preopera-
tive optimization of patient risk factors.6,7 However, these mea-
sures have failed to alter the incidence of SSI substantially.6,8

Laparoscopic surgery has been demonstrated to result in a
significantly lower incidence of SSI compared with open
surgery9,10; however, not all patients are suited for this ap-
proach. Therefore, novel preventive measures are needed to
abrogate the development of SSI after open surgery.

Negative pressure wound therapy (NPWT) consists of the
continuous delivery of negative pressure to the wound bed via
avacuumdevice,therebyremovingexcesstissueedemaandpro-
moting granulation tissue formation.11 Although initially used
solelyinopenwounds,11 useofNPWThasrecentlybeenextended
to include closed surgical incisions. Numerous studies in
orthopedic12,13 and cardiothoracic14 surgery have demonstrated
decreased SSI rates with the use of NPWT in closed incisions.
CommerciallyavailableNPWTdevicesincludeavacuum-assisted
closure device (VAC; KCI) and the more recent disposable inci-
sion management system (PREVENA; KCI) and pocket-sized
NPWT device (PICO; Smith and Nephew). The PREVENA and
PICO devices have been simplified such that they consist of a
single-use battery-powered device and an easy-to-apply wound
dressing with or without a small portable canister to collect the
absorbed fluid. A recent meta-analysis15 showed that NPWT de-
creased wound infection rates and seroma formation compared
with nonpressure, standard wound dressings. However, most of
the studies included in the latter study evaluated orthopedic pro-
cedures,whereascolorectalprocedureswerenotassessed.There-
fore, we aimed to perform a systematic review and meta-analysis
to assess the association of prophylactic NPWT in closed lapa-
rotomy wounds in general and colorectal surgery, compared with
conventional surgical dressings.

Methods
This systematic review and meta-analysis were conducted ac-
cording to the Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA) guidelines.16 We did not publish a
prior protocol for this review.

Eligibility Criteria
We searched for all studies that directly compared NPWT with
standard dressings for closed laparotomy wounds in general
and/or colorectal surgery. Randomized clinical trials (RCTs) and
nonrandomized studies were eligible for inclusion. Patients un-
dergoing elective and emergency laparotomies were in-
cluded. We excluded unpublished reports and studies that ex-
amined NPWT (or standard nonpressure) dressings only,
without a comparator group. Studies that evaluated the use
of NPWT in open abdominal incisions were excluded, as were
studies that involved placement of foreign material (eg, mesh,
drain) in the subcutaneous space, owing to these factors being
confounding variables in the development of postoperative
wound complications.

Search Strategy
The online literature was searched using the following com-
bination of medical subject heading terms: “laparotomy inci-
sions” OR “closed laparotomy” AND “negative pressure wound
therapy” OR “negative pressure dressings.” Medline, Embase,
Cochrane Central Register of Controlled Trials, and Google
Scholar were searched without any language restrictions. The
search was performed from inception until December 2017,
with the last search performed on December 31. The titles and
abstracts of citations were individually reviewed by 2 au-
thors (S.M.S. and K.M.), and full texts of suitable studies were
retrieved. Disagreement was resolved by discussion, and if the
question remained unsettled, the opinion of the senior au-
thor was sought. The bibliographies of recovered studies were
further assessed for potential additional publications suit-
able for inclusion. The primary end point for this review was
SSI. Secondary end points included seroma formation and
wound dehiscence rates.

Data Analysis
The following data were extracted from the included studies
on an Excel spreadsheet (Microsoft Corporation): authors’
names, journal, year of publication, sex, mean age, sample size,
type of study, type of surgery, inclusion and exclusion crite-
ria, type of NPWT (or standard) dressing used, duration of treat-
ment, SSI rates, seroma formation rates, wound dehiscence
rates, and length of follow-up. A random-effects model was
used to define all pooled outcome measures, as previously

Key Points
Question Is there a role for prophylactic wound pressure
dressings in closed laparotomy incisions performed for general
and colorectal surgery?

Findings In this meta-analysis consisting of 9 studies with 1266
patients, the use of negative pressure wound therapy was
associated with a significantly lower rate of surgical site infections
compared with standard nonpressure dressings (12.4% vs 27.1%).

Meaning Prophylactic negative pressure dressings appear to be
superior to conventional nonpressure dressings in preventing
surgical site infections in closed laparotomy incisions in general
and colorectal surgery, and their use should be considered.
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described,17 and the odds ratio (OR) was estimated with its vari-
ance and 95% CI. The prevailing heterogeneity between ORs
for the comparable outcomes between different studies was
calculated using the I2 inconsistency test that depicts the per-
centage of total variation across studies and reflects hetero-
geneity rather than chance. The absence of statistical hetero-
geneity is indicated by a value of 0%, whereas larger values
indicate increasing heterogeneity. The methodologic robust-
ness of included studies was determined using the Downs and
Black scale,18 a validated tool for assessing randomized and
nonrandomized studies. The scale consists of 27 items evalu-
ating study reporting and external and internal validity and
power, with a maximum assigned score of 32 (highest assess-
ment). However, we were unable to assess publication bias, be-
cause we included fewer than 10 studies in the final analysis.
Analyses were performed using RevMan software (version 5.3;
The Nordic Cochrane Centre, The Cochrane Collaboration).

Results
Study Selection and Characteristics
The initial search criteria captured 198 citations. After appli-
cation of inclusion and exclusion criteria, 20 full-text articles
were assessed for eligibility. Of these, 9 studies19-27 were sub-
sequently excluded; reasons for exclusion are outlined in
eTable 1 in the Supplement. Two articles (NEPTUNE [Nega-
tive Pressure Wound Therapy Use to Decrease Surgical Noso-
comial Events in Colorectal Resections]28 and PONIY [Post-
operative Negative-Pressure Incision Therapy Following Open
Colorectal Surgery]29 trials) were published protocols of RCTs
that were currently recruiting patients and were therefore also
excluded.

Therefore, 9 studies (3 randomized trials30-32 and 2
prospective33,34 and 4 retrospective35-38 studies [Table]) de-
scribing a total of 1266 unique patients were assessed. Of these,
50 patients underwent breast surgery34 and 29 patients un-
derwent delayed primary closure32 and were subsequently ex-
cluded from the analysis. As a result, 1187 patients and 1189
incisions were included in the final analysis. A total of 485 in-
cisions constituted the NPWT group and 704 constituted the
standard dressing group. A flow diagram of the selection pro-
cess is shown in eFigure 1 in the Supplement. The study char-
acteristics and their respective inclusion and exclusion crite-
ria are summarized in eTables 2 and 3 in the Supplement. After
excluding the studies by Zaidi and El-Masry38 and Blackham
et al,36 in which data on sex were not provided, 427 of 817 male
(52.3%) and 390 of 817 female (47.7%) patients were repre-
sented in the final analysis. Data on mean age of the study co-
hort was unavailable from Zaidi and El-Masry.38 Overall, the
mean (SD) age of the represented study population was 52 (15)
years.

Types of Surgery Assessed
Laparotomies were performed for purely colorectal indica-
tions in 3 studies.33,35,38 In addition, general (89%) and colo-
rectal (11%) procedures were examined by Lozano-Balderas et
al32; general (14%), colorectal (24%), and gynecologic (60%)

procedures, by O’Leary et al30; and general (46%), colorectal
(48%), and trauma (6%) laparotomies, by Schurtz et al.37 In the
study by Blackham et al,36 indications for laparotomies were
subdivided into colorectal (31%), cytoreductive and/or hyper-
thermic intraperitoneal chemotherapy (51%), and pancreatic
(23%) procedures, whereas in the study by Shen et al,31 colo-
rectal procedures constituted 11% of all laparotomies, with the
remainder including cytoreductive and/or hyperthermic in-
traperitoneal chemotherapy (51%), pancreatic (27%), and up-
per gastrointestinal tract (11%) procedures.

The study by Pellino et al34 included a mixture of colorec-
tal (50%) and breast (50%) procedures. Only the colorectal pro-
cedures were included in the quantitative data for the cur-
rent meta-analysis.

Details of Study Interventions
In the study by Bonds et al,35 the fascia was closed with 1-0
polydioxanone suture. In the NPWT group, the skin was closed
with staples before application of the NPWT device (VAC; pres-
sure setting, −75 mm Hg for 5-7 days), whereas it was closed
with a subcuticular suture (or stapled) before application of the
occlusive dressing in the standard dressing group. No men-
tion was made of antibiotic prophylaxis.

In the studies by Selvaggi et al33 and Pellino et al,34 the
wound edges were approximated using nonabsorbable, sub-
cuticular 3-0 polypropylene sutures in both study groups. In
the NPWT group, a PICO device (pressure setting, −80 mm Hg
for 7 days) was applied, whereas in the control group, basic
wound absorbent dressings were used and removed on post-
operative day two34 or three.33 All patients received 1 g of in-
travenous cefotaxime and 500 mg of intravenous metronida-
zole intraoperatively and continued therapy postoperatively
as required.

In the study by Lozano-Balderas et al,32 the fascia was
closed with a polyglycolic acid 0 running suture. In the NWPT
group, the VAC device was applied but the pressure and du-
ration of the treatment were not specified. In the control group,
the skin was closed with 2-0 polypropylene sutures. Dual ceph-
alosporin antibiotic and metronidazole therapy was used in all
patients.

In the study by O’Leary et al,30 the fascia was closed with
a 1-0 loop polydioxanone suture, and clips were applied to the
skin. In the NPWT cohort, a PICO device (pressure setting, −80
mm Hg for 4 days) was used, whereas in the control group, a
transparent waterproof dressing was applied. All patients re-
ceived 1.2 g of intravenous combined amoxicillin and clavu-
lanate potassium (Augmentin) at induction and thereafter 2
postoperative doses for clean contaminated or contaminated
wounds only. No mechanical bowel preparation was used.

In the study by Zaidi and El-Masry,38 no information was
provided on fascial or skin closure. In the NPWT cohort, a PRE-
VENA device (pressure setting, −125 mm Hg) was applied for
1 week. No details of the dressing used in the control group or
of antibiotic prophylaxis were provided.

In the study by Schurtz et al,37 the skin was closed using
staples or a running subcuticular suture. In the NPWT group,
a PREVENA device (pressure setting −125 mm Hg) was ap-
plied for 4 to 8 days; in the control group, an adhesive dress-
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ing (Primapore; Smith and Nephew) was applied. All
patients received preoperative antibiotics or were already
receiving antibiotics.

In the study by Blackham et al,36 mechanical bowel prepa-
ration was used in all colonic resections or cytoreductive sur-
gery. Prophylactic preoperative antibiotics were adminis-
tered to all patients. In the NPWT group, the skin was loosely
apposed with staples, and then a strip of nonadhesive dress-
ing (Adaptic; Johnson & Johnson) was applied between the skin
and NPWT foam before application of the VAC device
(pressure setting, −125 mm Hg for 4 days). In the control group,
the skin was closed with subcuticular monofilament sutures
(or staples), and the incision was dressed with a sterile
surgical dressing.

In the study by Shen et al,31 the fascia was closed with a
running loop polydioxanone suture, and clips were applied to
the skin. In the NPWT cohort, a strip of nonadhesive dressing
was applied between the skin and NPWT foam before appli-
cation of the device (pressure setting, −125 mm Hg for 4 days).
In the control group, an adhesive dressing was used. No infor-
mation was provided on mechanical bowel preparation or an-
tibiotic prophylaxis, however.

Study End Points
Overall, the rate of SSIs was lower with use of NPWT (60 of 485
incisions [12.4%]) compared with standard dressings (191 of 704
incisions [27.1%]). Most studies used the Centers for Disease
Control and Prevention (CDC) criteria39 to define SSI. In the
studies by Selvaggi et al33 and Pellino et al,34 wound compli-
cations were classified according to CDC criteria39 and the
Global ASEPSIS score.40 In the studies by O’Leary et al,30 Sch-
urtz et al,37 and Lozano-Balderas et al,32 SSIs were assessed
using the CDC criteria.39

Using the CDC criteria, Blackham et al36 provided explicit
definitions of SSI and classified them into superficial or deep
wound infections. Organ space infections were excluded by
these authors because they are unaffected by NPWT. Simi-
larly, Shen et al31 defined SSI using the CDC criteria. In addi-

tion, they defined wound dehiscence as any spontaneous sepa-
ration of the skin or fascia not associated with an SSI, seroma,
or hematoma.

Zaidi and El-Masry38 did not explicitly define SSIs but clas-
sified them into deep incisional wound infections or dehis-
cence. Finally, Bonds et al35 deemed SSIs to be present if any
portion of the surgical incision had to be opened during inpa-
tient or outpatient follow-up.

Primary Outcome
Data on SSIs were available in all 9 studies (1189 incisions).30-38

On random-effects analysis, NPWT was associated with a sta-
tistically significantly lower rate of SSI compared with stan-
dard dressings (pooled OR, 0.25; 95% CI, 0.12-0.52; P < .001)
(Figure 1). However, heterogeneity among the trials was sta-
tistically significant (τ2

8 = 0.68; P = .003; I2 = 66%).

Secondary Outcomes
Seroma Formation
Four studies31,33,34,36 provided data on seroma formation (556
incisions). We found no significant difference between NPWT
and standard dressings (pooled OR, 0.38; 95% CI, 0.12-1.23;
P = .11) (Figure 2). However, heterogeneity among the trials was
statistically significant (τ2

3 = 0.86; P = .05; I2 = 62%).

Wound Dehiscence
Data on wound dehiscence were available in 7 studies30-34,36,38

(839 incisions). We found no significant difference between
NPWT and standard dressings (pooled OR, 2.03; 95% CI, 0.61-
6.78; P = .25) (Figure 3). Heterogeneity among the trials was
not significant (τ2

3 = 0.00; P = .58; I2 = 0%).

Sensitivity Analysis
A sensitivity analysis was performed to examine the role of
NPWT in colorectal surgery specifically. Four studies33-35,38 pro-
vided data for analysis. Data on individual colorectal proce-
dures were sought from other authors31,32,36,37 via correspon-
dence but were not available at the time of statistical analysis.

Figure 1. Meta-analysis of Surgical Site Infection (SSI) Rates Between Negative Pressure Wound Therapy (NPWT) and Standard Dressings

Weight,
%

Favors
NPWTSource

No. of
Events

No. of
Events

Total No. 
of Incisions

Total No. 
of Incisions

M-H Random 
OR (95% CI)

Favors
Control

0.01 10 10010.10

M-H Random OR (95% CI)

NPWT Group Control Group

Blackham et al,36 2013 19 104 22 87 0.66 (0.33-1.32) 16.6
Bonds et al,35 2013 4 32 65 222 0.35 (0.12-1.02) 13.5
Lozano-Balderas et al,32 2017 0 25 10 27 0.03 (0.00-0.59) 4.6
O’Leary et al,30 2017 2 25 8 25 0.18 (0.03-0.98) 9.5
Pellino et al,34 2014 2 25 11 25 0.11 (0.02-0.57) 9.6
Schurtz et al,37 2018 3 48 11 48 0.22 (0.06-0.86) 11.6
Selvaggi et al,33 2014 2 25 12 25 0.09 (0.02-0.49) 9.6
Shen et al,31 2017 27 132 29 133 0.92 (0.51-1.66) 17.3
Zaidi and El-Masry,38 2017

Heterogeneity: τ2 = 0.68; χ2 = 23.59; df = 8 (P = .003); I2 = 66%
Test for overall effect: z = 3.77 (P < .001)

1 69 23 112 0.06 (0.01-0.43) 7.6

Total 60 485 191 704 0.25 (0.12-0.52) 99.9

Different marker size indicates weight; diamond, pooled OR. M-H indicates Mantel-Haenszel; OR, odds ratio.
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Colorectal Surgery
Four studies33-35,38 provided data for analysis in colorectal sur-
gery specifically (535 incisions). Negative pressure wound
therapy was superior to conventional dressings and resulted
in fewer SSIs (pooled OR, 0.16; 95% CI, 0.07-0.36; P < .001)
(eFigure 2 in the Supplement). Heterogeneity among the trials
was not significant (τ2

3 = 0.11; P = .31; I2 = 15%).
Data for seroma in colorectal surgery were available from

2 studies33,34 only; hence, generating the summative out-
come from the available data was inappropriate. Although data
were available on wound dehiscence in colorectal surgery from
3 studies,33,34,38 we elected not to generate the summative out-
come from the data, because the respective studies reported
individually low events rates, and statistical heterogeneity
could not be assessed.

Discussion
Our study demonstrates that the use of NPWT in closed lapa-
rotomy incisions for general and colorectal surgery is associ-
ated with a reduced incidence of SSI, with no difference in se-
roma or wound dehiscence rates, compared with nonpressure
surgical dressings. On sensitivity analysis, focusing purely on
colorectal procedures and excluding general surgery proce-

dures, the results still favored NPWT in regard to SSI develop-
ment. Our findings must be construed with caution, how-
ever, bec ause the studies have signific ant clinic al
heterogeneity. Most important, different NPWT devices with
different pressure settings (range, −75 to −125 mm Hg) and dis-
similar duration of application (4-7 days) were used across stud-
ies. Although no evidence yet suggests that longer duration of
NPWT therapy is superior with regard to wound outcomes, fur-
ther research is warranted to investigate this possibility. The
use of perioperative antibiotic therapy also differed among
studies, with some studies continuing therapy postopera-
tively when required30,33 and others36 only administering a pro-
phylactic dose at induction. Other studies34,35,38 did not ex-
plicitly report use of antibiotics. Mechanical bowel preparation
was used in 1 study only36 and may also have positively swayed
the subsequent SSI rates. Finally, in the study by Bonds et al,35

significantly fewer patients receiving NPWT underwent emer-
gency surgical procedures compared with the control group.
Emergency surgery, together with immunosuppression, obe-
sity, malnutrition, and malignant disease are associated with
a higher risk of SSI41 and a higher likelihood of stoma forma-
tion.

Inclusion and exclusion criteria also varied among stud-
ies, with some incorporating contaminated and dirty
wounds32,35 and others31,36 excluding these wound catego-

Figure 2. Meta-analysis of Seroma Rates Between Negative Pressure Wound Therapy (NPWT) and Standard Dressings

Weight,
%

Favors
NPWTSource

No. of
Events

No. of
Events

Total No. 
of Incisions

Total No. 
of Incisions

M-H Random 
OR (95% CI)

Favors
Control

0.01 10 10010.10

M-H Random OR (95% CI)

NPWT Group Control Group

Blackham et al,36 2013 4 104 3 87 1.12 (0.24-5.15) 24.1
Pellino et al,34 2014 2 25 10 25 0.13 (0.03-0.68) 22.5
Selvaggi et al,33 2014 2 25 11 25 0.11 (0.02-0.57) 22.6
Shen et al,31 2017 7 132 8 133 0.88 (0.31-2.49) 30.8

Heterogeneity: τ2 = 0.86; χ2 = 7.95; df = 3 (P = .05); I2 = 62%
Test for overall effect: z = 1.62 (P = .11)

Total 15 286 32 270 0.38 (0.12-1.23) 100

Different marker size indicates weight; diamond, pooled OR. M-H indicates Mantel-Haenszel; OR, odds ratio.

Figure 3. Meta-analysis of Wound Dehiscence Rates Between Negative Pressure Wound Therapy (NPWT) and Standard Dressings

Weight,
%

Favors
NPWTSource

No. of
Events

No. of
Events

Total No. 
of Incisions

Total No. 
of Incisions

M-H Random 
OR (95% CI)

Favors
Control

0.01 10 10010.10

M-H Random OR (95% CI)

NPWT Group Control Group

Blackham et al,36 2013 1 104 0 87 2.54 (0.10-63.05) 14.1
Lozano-Balderas et al,32 2017 3 25 0 27 8.56 (0.42-174.46) 16.1
O’Leary et al,30 2017 0 25 0 25 Not estimable
Pellino et al,34 2014 0 25 0 25 Not estimable
Selvaggi et al,33 2014 0 25 0 25 Not estimable
Shen et al,31 2017 3 132 3 133 1.01 (0.20-5.09) 55.7
Zaidi and El-Masry,38 2017 1 69 0 112 4.93 (0.20-122.66) 14.1

Heterogeneity: τ2 = 0.00; χ2 = 1.94; df = 3 (P = .58); I2 = 0%
Test for overall effect: z = 1.14 (P = .25)

Total 8 405 3 434 2.03 (0.61-6.78) 100

Different marker size indicates weight; diamond, pooled OR. M-H indicates Mantel-Haenszel; OR, odds ratio.
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ries. We found no statistically significant differences in the dis-
tribution of wound categories between NPWT and control
groups in 5 studies.30-32,35,37 However, in the nonrandomized
study by Blackham et al,36 significantly fewer clean wounds
and more clean contaminated wounds were included in the
NPWT cohort than in the control group because the authors
used NPWT in patients who were at high risk for SSI, thus re-
flecting selection bias.

Wound complications remain common after laparotomy
incisions, especially after emergency surgery.42 Various meth-
ods of wound closure techniques43 (eg, delayed primary clo-
sure) have been described in an attempt to decrease SSI rates.
However, healing by secondary intention is labor intensive and
costly. Prophylactic NPWT has proved to have a positive as-
sociation in open incisions but may also confer benefits in
closed surgical incisions. Negative pressure wound therapy pro-
vides stability to the closed incision by redistributing lateral
tension and increasing the amount of force required for wound
disruption.44 In addition, porcine models of incisional NPWT
have demonstrated enhanced lymphatic clearance from the
subcutaneous dead space and an associated reduction in he-
matoma and seroma formation.45 Although standard occlu-
sive wound dressings effectively separate the incision from the
hospital environment, they lack the additional benefits of
wound stability and improved lymphatic clearance. Animal
models of NPWT have demonstrated an enhanced microvas-
cular blood flow and an improved partial pressure of oxygen
in the wound environment.46 Furthermore, the distinct mo-
lecular mechanisms through which NPWT improves wound
healing are also being unraveled. Local concentrations of the
proinflammatory cytokines tumor necrosis factor and inter-
leukin-1β are significantly reduced with NPWT application,47

whereas concentrations of interleukin-8, a proangiogenic fac-
tor, as well as vascular endothelial growth factor are
increased.48 Negative pressure wound therapy appears to pro-
mote a shift to an anti-inflammatory phenotype at the mo-
lecular level, culminating in neovascularization, extracellu-
lar matrix regeneration, and deposition of granulation tissue.49

The optimal duration of therapy for NPWT as well as the op-
timal suction pressure on a closed incision has yet to be de-
termined. Different devices harbor varying recommenda-
tions regarding duration of application and pressure settings
(eg, VAC and PREVENA recommend a pressure setting of
−125 mm Hg, whereas that of PICO is −80 mm Hg). Further re-
search is required to investigate these factors.

The major drawback associated with NPWT use is cost.
These costs could be justified if NPWT use reduced SSI rates
by at least 15%, according to Heard et al.50 With regard to length

of hospital stay, the new disposable, user-friendly, pocket-
size devices allow patients to be safely discharged home with
the device, without the cumbersomeness associated with con-
ventional NPWT canisters. Although not reported as an end
point in our study, length of stay was significantly shorter in
the NPWT cohort on pooled analysis of data from 4 studies
(mean, −0.76 days; 95% CI, −1.16 to −0.37 days; P < .001). Al-
though NPWT application to closed wounds is largely associ-
ated with minimal unwanted effects, minor skin irritation, dis-
coloration, and/or ecchymosis may be sometimes encountered.
However, these effects resolve with discontinuation of the
treatment. Polyurethane foam, which forms part of the VAC
and PREVENA systems, may cause excoriation and blistering
if applied directly to the skin; however, the NPWT dressings
come with a nonadherent layer for application between the
foam and the skin to abrogate these adverse effects.51,52

Limitations
Our study is not without limitations. Most studies assessed
were nonrandomized, with an inherent risk of bias. Different
NPWT devices were used, each with varying recommenda-
tions regarding optimal pressure settings and duration of ap-
plication. However, all of them were included together in this
quantitative meta-analysis. Also, we did not perform an eco-
nomic evaluation to determine the cost-effectiveness of NPWT
compared with standard surgical dressings. In addition, we
were unable to evaluate elective and emergency surgery
outcomes separately owing to insufficient data reported in
the studies.

Conclusions
Colorectal surgical procedures endure the highest rates of SSI,
reported to be as high as 45%,3,6 despite established prophy-
lactic measures such as wound protectors, maintenance of nor-
moglycemia perioperatively, and appropriate antibiotic selec-
tion. Moreover, the presence of a stoma has been shown to be
an independent risk factor for postoperative SSI development.53

Therefore, NPWT use in the colorectal surgical population may
be beneficial in the setting of a stoma, not only by isolating the
wound but also by promoting effective wound healing. Two
RCTs28,29 are currently investigating the role of NPWT in elec-
tive, open colorectal surgery but have not been published yet.
Further research is required to determine the wound cat-
egory (clean vs clean contaminated vs contaminated vs dirty)
in which NPWT has the greatest benefits before recommend-
ing its routine use in surgical practice.
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