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Background: Wound complications are a common cause of postoperative morbidity and incur significant
healthcare costs. Recent studies have shown that negative pressure wound dressings reduce wound
complication rates, particularly surgical site infections, after elective laparotomies. The clinical utility of
prophylactic negative pressure wound dressings for closed emergency laparotomy incisions remains
controversial. This meta-analysis investigated the rates of wound complications after emergency lapa-
rotomy when a negative pressure wound dressing was applied.
Methods: A systematic reviewandmeta-analysiswere performed according to Preferred Reporting Items for
Systematic Reviews andMeta-Analyses guidelines. PubMed, Embase, Cochrane Registry,Web of Science, and
Clinialtrials.govdatabaseswere searched fromJanuary1,2005, toApril 1, 2022.All studiescomparingnegative
pressure wound dressings to standard dressings on closed emergency laparotomy incisions were included.
Results: A total of 1,199 (negative pressure wound dressings: 566, standard dressing: 633) patients from 7
(prospective: 4, retrospective: 3) studies were identified. Overall, the surgical site infection (superficial/
deep) rate was 13.6% (77/566) vs 25.1% (159/633) in the negative pressure wound dressing versus standard
dressing groups, respectively (odds ratio 0.43, 95% confidence interval 0.30e0.62). Wound breakdown
(skin/fascial dehiscence) was significantly lower in the negative pressure wound dressing (7.7%) group
compared to the standard dressing (16.9%) group (odds ratio 0.36, 95% confidence interval 0.19e0.72). The
incidence of overall wound complications was significantly lower in the negative pressure wound dressing
(15.9%) group compared to the standard dressing (30.4%) group (odds ratio 0.41, 95% confidence interval
0.28e0.59). No significant differences were found in hospital length-of-stay and readmission rates.
Conclusion: Prophylactic negative pressure wound dressings for closed emergency laparotomy incisions
were associated with a significant reduction in surgical site infections, wound breakdown, and overall
wound complications, thus supporting its clinical use.
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Introduction

Surgical site infections (SSI) are common and incur significant
healthcare costs.1,2 Emergency surgery increases the risk of SSI by
500%.3 Wound complications include SSI (both deep and superfi-
cial), wound dehiscence, and hematoma and seroma formation.4

Despite the use of prophylactic antibiotics,5 wound lavage,6 and
novel strategies to reduce SSIdsuch as innovative closure tech-
niques and tissue repair stimulantsdthe rate of SSI has remained
high in emergency general surgery.7 Recently, evidence has
emerged suggesting that negative pressure wound dressings
(NPWD) applied prophylactically on closed incisions may signifi-
cantly reduce the risk of SSI after emergency and elective general
surgery.8 Whilst high-level evidence supports the use of NPWD in
the elective general surgical setting,8 there is a lack of consensus to
support its use in the emergency general surgery setting.9

Although randomized controlled trials (RCTs) report conflicting
evidence for the efficacy of prophylactic NPWD in reducing SSIs
after elective general surgery,10,11 recent meta-analyses of these
studies have shown that NPWD successfully reduces the risk of SSI
in this cohort.12,13 In general, NPWD applies 70 to 125 mmHg of
negative pressure to a closed wound. These devices are purported
to act by removing the excess fluid and affecting the inflammatory
milieu within the subcutaneous space.14 This is hypothesized to
promote wound healing and reduce the risk of wound complica-
tions by facilitating the formation of healthy granulation tissue,
promoting angiogenesis and fibroblast infiltration, whilst removing
any wound contaminants.14

Emerging literature suggests that prophylactic use of NPWD
after emergency laparotomies may also reduce SSI.4,15-17 This
finding, however, is not consistently seen across all studies.18-20

This discrepancy may be partly explained by studies being under-
powered and heterogenous in their patient population, particularly
with respect to the extent of wound contamination, underlying
pathology, and operative approach. Currently, several RCTs are
investigating the utility of prophylactic NPWD for closed emer-
gency laparotomy wounds.21,22 Moreover, all systematic reviews
and meta-analyses on this topic have so far reported on outcomes
after elective laparotomies or contain a mixture of elective and
emergency cases. No meta-analysis has specifically focused on the
emergency-only cohort.

The aim of this study is to systematically review and meta-
analyze the presently available data addressing the efficacy of
NPWD in reducing rates of SSI and other wound complications
amongst patients undergoing emergency laparotomy.

Methods

Study identification

A systematic review and meta-analysis according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines was performed.23 A comprehensive search
was conducted of PubMed, Web of Science, Cochrane Central
Registry of Controlled Trials, Embase, and Clinicaltrials.gov to
identify eligible studies published between January 1, 2005, and
April 1, 2022. The search commenced from 2005 since this was the
first recorded use of prophylactic NPWD. The search terms included
the following: ‘negative pressure wound therapy,’ ‘negative pres-
sure wound dressing,’ ‘npwt,’ ‘npwd,’ ‘npd,’ ‘npt,’ ‘pico,’ ‘prevena,’
‘laparotomy,’ ‘abdominal wound,’ and ‘abdominal incision.’ Publi-
cations titles, abstracts, and full-text articles were screened inde-
pendently by 2 authors (AL and WJ) using the Endnote version 8
(Clarivate) software, and duplicate reports were removed. Refer-
ence lists of included articles were also inspected to identify any
Downloaded for Anonymous User (n/a) at MAINE MEDICA
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additional studies. Any discrepancies were resolved by consultation
with senior authors (SS and DSL). Duplicate studies were erased,
and titles as well as abstracts were screened to identify the included
studies (Fig 1).

Eligibility criteria

Eligible studies included those published in all languages that
compared the use of NPWD to standard dressings on closed
emergency laparotomy incisions. Eligible studies must have re-
ported the rate of SSI. Exclusion criteria included the following:
noncomparative studies, elective laparotomies, nonlaparotomy
wounds, and absence of SSI as an endpoint. For studies that
included a mix of elective and emergency laparotomies, they were
included in the final meta-analysis if the emergency cohort and
their associated outcomes could be extracted from their overall
dataset. Human Research Ethics Committee approval was not
required.

Outcomes

The primary outcome of this meta-analysis was the rate of SSI.
Secondary outcomes included wound breakdown (superficial and
fascial dehiscence), wound collection (hematoma and seroma), all
wound complications, length-of-stay, 30-day reoperation rate,
Clavien-Dindo complication, frequency of dressing changes,
admission to high dependency or intensive care unit, wound-
related hospital readmission, and 30-day mortality.

Data extraction

Data were extracted independently by 2 authors (AL and WJ)
from selected studies using a data-entry spreadsheet created a
priori. Both authors cross-checked their data with the primary
source and then verified again by a third author (CC) before
committing to meta-analysis. Any discrepancies were resolved by
senior authors (SS and DL). Extracted data points included author,
country, year published, study design, number of patients in control
and treatment arms, intervention, follow-up duration, as well as
primary and secondary endpoints.

Statistical analysis

Statistical analysis was performed using Review Manager soft-
ware (version 5.4. The Cochrane Collaboration). The random effects
model was used to calculate pooled odds ratios (OR) for primary
and secondary outcomes. Study heterogeneity was assessed using
I2, and >50% was considered significant heterogeneity.

Assessment of bias

Included studies were assessed for bias by 2 authors (AL andWJ)
using the Methodological Index for NOn-Randomized Studies
(MINORS) score.24 TheMINORS tool allocates scores across a variety
of categories to assess study quality. The highest possible score is
24. Studies included in this meta-analysis achieved scores between
17 and 22 (Supplementary Table S1).

Results

Of the 8,314 abstracts and titled screened, 8,230 reports were
excluded based on these studies bearing no relevance to the use of
NPWD in patients undergoing emergency laparotomy. Of the
remaining 34 reports, 27 were not included in the final meta-
analysis. The reasons for this are detailed in Figure 1. In total, 7
L CENTER from ClinicalKey.com by Elsevier on July 03, 
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Fig 1. Prisma flowchart.
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studies met the inclusion criteria for the systematic review and
meta-analysis (Table I). Eligible studies included 2 RCTs,19,20 2
prospective cohorts,15,18 2 retrospective cohorts,4 and 1 retrospec-
tive case-control study.25 In total, 1,199 patients were
includedd566 patients received NPWD, and the remaining 633
received standard dressing only. The patient characteristics of each
study are detailed in Table II.

NPWD reduced rates of SSI in closed emergency laparotomy
incisions

All included studies reported on their rates of SSI and were
included in the meta-analysis. NPWD use was associated with a
Table I
Summary of studies

Authors Region Year Study design Sample si
NPWD: co

Schurtz et al25 United States 2017 Retrospective case control 48:48
Garg et al19 India 2020 Randomized control trial 25:25
Andrade et al18 United States 2020 Prospective cohort 87:52
Liu et al4 Australia 2020 Retrospective cohort 70:157
Di Re et al20 Australia 2021 Randomized control trial 26*:35*

Chung et al15 United Kingdom 2021 Prospective cohort 237:237
Kabir et al17 United States 2022 Retrospective cohort 73:79

NPWD, negative pressure wound therapy.
* Emergency surgery patients only.
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significantly lower incidence of SSI (OR 0.43, 95% CI 0.30e0.62, P <
.001). Study heterogeneity for this category was 11% (Fig 2). We
performed further subgroup meta-analyses separating the 2 RCTs
from the 5 cohort studies (Supplementary Figs S1 and S2). These
analyses are consistent with the overall finding that NPWD
significantly reduces the risk of SSI after emergency laparotomy.

NPWD reduced rates of wound breakdown in closed emergency
laparotomy incisions

Three studies reported on wound breakdown and were meta-
analyzed.4,19 NPWD use was associated with a significantly lower
incidence of wound breakdown, including both superficial and
ze
ntrol

NPWD device (pressure
x intervention period)

Control Follow-up period

Prevena (125 mmhg � 4e8 d) Standard dressing 30 d
VAC (70 mmhg � 3 d) Standard dressing 30 d
VAC Standard dressing 30 d
Prevena (125 mmhg � 5e7 d) Standard dressing 30 d
Prevena (125 mmhg � 5e7 d) Standard dressing 30 d
VAC (70 mmhg � 7 d) Standard dressing 30 d
Prevena (125 mmhg � 5 d) Standard dressing 30 d

ENTER from ClinicalKey.com by Elsevier on July 03, 
. Copyright ©2023. Elsevier Inc. All rights reserved.



Ta
b
le

II
Pa

ti
en

t
ch

ar
ac
te
ri
st
ic
s

St
u
d
ie
s

Sc
h
u
rt
z
et

al
2
5

Li
u
et

al
4

A
n
d
ra
d
e
et

al
1
8

G
ar
g
et

al
1
9

C
h
u
n
g
et

al
1
5

D
i
R
e
et

al
2
0

K
ab

ir
et

al
1
7

N
PW

D
C
on

tr
ol

N
PW

D
C
on

tr
ol

N
PW

D
C
on

tr
ol

N
PW

D
C
on

tr
ol

N
PW

D
C
on

tr
ol

N
PW

D
C
on

tr
ol

N
PW

D
C
on

tr
ol

Pa
ti
en

ts
,n

48
48

70
15

7
87

52
25

25
23

7
23

7
26

35
73

79
A
ge

,m
ea

n
(S
D
),
y

61
.4

(2
0.
8)

61
.9

(1
5.
1)

61
.3

(1
6.
7)

63
.2

(1
7.
1)

58
.1

(1
6.
4)

57
.7

(1
5.
4)

46
.7
6
(1
2.
2)

41
.9
6
(8
.3
)

57
*

60
*

70
(2
2e

92
)y

66
(2
8e

92
)y

e
e

G
en

d
er
,n

(%
),
m
al
e

20
(4
1.
7)

26
(5
1.
4)

37
(5
2.
9)

79
(5
0.
3)

39
(4
4.
8)

23
(4
4.
2)

12
(4
8.
0)

16
(6
4.
0)

12
5
(5
2.
7)

10
6
(4
4.
7)

30
(4
9.
2)

36
(5
7.
14

)
60

(8
2.
0)

66
(8
4.
0)

D
ia
be

te
s,
n
(%
),
ye

s
5
(1
0.
4)

16
(3
3.
3)

14
(2
0)

25
(1
5.
9)

25
(2
8.
7)

9
(1
7.
3)

e
e

e
e

16
(2
6.
2)

17
(2
7.
0)

3
(4
.0
)

2
(2
.5
)

B
od

y
m
as
s
in
d
ex

,m
ea

n
(S
D
),
kg

/m
2

28
(7
.3
)

28
.9

(6
.4
)

e
e

30
.6

(1
0.
0)

26
.6

(7
.1
)

e
e

e
e

27
(1
6e

60
.9
)y

26
.5

(1
6.
2e

43
.8
)y

e
e

Sm
ok

in
g,

n
(%
),
ye

s
28

(5
8.
3)

z
37

(7
7.
0)

z
21

(3
0)

33
(2
1)

19
(2
2.
6)

13
(2
6.
5)

e
e

40
(1
6.
9)

40
(1
6.
9)

15
(2
4.
6)

5
(8
.1
)

e
e

Im
m
u
n
os
u
p
p
re
ss
io
n
,

n
(%
)

17
(3
5.
4)

18
(3
7.
5)

9
(1
2.
9)

11
(7
.0
)

12
(1
3.
8)

5
(1
0.
2)

e
e

e
e

7
(1
1.
5)

9
(1
4.
3)

e
e

W
ou

n
d
cl
as
s,
n
(%
)

e
e

C
le
an

11
(2
2.
9)

14
(2
9.
2)

2
(2
.9
)

32
(2
0.
4)

11
(1
2.
6)

21
(4
0.
4)

e
e

e
e

7
(1
1.
5)

6
(9
.5
)

e
e

C
le
an

-c
on

ta
m
in
at
ed

19
(3
9.
6)

20
(4
1.
7)

15
(2
1.
4)

37
(2
3.
6)

15
(1
7.
2)

6
(1
1.
5)

e
e

e
e

12
(1
9.
7)

10
(1
5.
9)

e
e

C
on

ta
m
in
at
ed

18
(3
7.
5)

14
(2
9.
2)

36
(5
1.
4)

68
(4
3.
3)

22
(2
5.
3)

11
(2
1.
2)

e
e

e
e

42
(6
8.
9)

46
(7
3.
0)

e
e

D
ir
ty

0
(0
.0
)

0
(0
.0
)

17
(2
4.
3)

20
(1
2.
7)

39
(4
4.
8)

14
(2
6.
9)

e
e

e
e

0
(0
.0
)

1
(1
.6
)

e
e

e
,d

at
a
n
ot

av
ai
la
bl
e;

N
PW

D
,n

eg
at
iv
e
p
re
ss
u
re

w
ou

n
d
d
re
ss
in
g;

SD
,s
ta
n
d
ar
d
d
ev

ia
ti
on

.
*
N
o
st
an

d
ar
d
d
ev

ia
ti
on

re
co

rd
ed

.
y
D
at
a
re
p
or
te
d
as

(r
an

ge
).

z
In
cl
u
d
es

cu
rr
en

t
an

d
ex

-s
m
ok

er
s.

A. Lakhani et al. / Surgery 172 (2022) 949e954952

Downloaded for Anonymous User (n/a) at MAINE MEDICA
2023. For personal use only. No other uses without permis
fascial dehiscence (OR 0.36, 95% CI 0.19e0.72, P ¼ .003). Study
heterogeneity for this category was 0% (Fig 3).

NPWD reduced rates of all wound complications in closed
emergency laparotomy incisions

We also meta-analyzed outcomes of all wound complications
reported across all included studies. NPWD usewas associatedwith
a reduction in all wound complications (OR 0.41, 95% CI 0.28e0.59,
P < .001) (Fig 4). We performed further subgroup meta-analyses
separating the 2 RCTs from the 5 cohort studies (Supplementary
Figs S3 and S4). These analyses are consistent with the overall
finding that NPWD significantly reduces the risk of all wound
complications after emergency laparotomy.

NPWD did not affect rates of wound collection in closed emergency
laparotomy incisions

Two studies were meta-analyzed to assess the efficacy of NPWD
in reducing wound collection.4,19 NPWD did not significantly
reduce the rate of wound collections (Supplementary Fig S5).

NPWD did not reduce hospital length of stay or other clinical
outcomes

We also investigated whether NPWD use was associated with a
significant improvement in other clinical outcomes, such as hos-
pital length-of-stay and 30-day readmission. We found no signifi-
cant reduction in these clinical outcomes in associationwith NPWD
(Supplementary Figs S6 and S7).

Discussion

SSI contributes to significant morbidity in patients and is costly
for healthcare providers. Whilst consensus has been established for
the use of prophylactic NPWD in the elective general surgical
setting,12,13 no consensus has been reached in the emergency
setting.9 Emergency surgery carries greater risk of postoperative
wound infection due to higher likelihood of both wound contam-
ination and impaired physiological condition.4,20 Therefore, the
scope for NPWD to reduce rates of SSI amongst patients undergoing
emergency surgery is significant. This is the first systematic review
and meta-analysis comparing the rate of SSI in patients undergoing
emergency laparotomieswhen treatedwith NPWD versus standard
dressing on closed wounds. This study showed that NPWD greatly
reduced the rate of SSI for patients undergoing emergency lapa-
rotomy. NPWD use was also associated with a significant reduction
in all wound complications, including wound breakdown.

Boland et al meta-analyzed the results of 931 patients in 5
randomized control trials examining the use of NPWD dressings in
patients undergoing both elective and emergency procedures.8

They reported that NPWD use was associated with a reduction in
the overall rate of SSI (OR 0.71). Whilst RCT-level evidence has
examined the role of NPWD in the elective setting, the same level
and extent of evidence was not available to us for meta-analysis in
the emergency-only setting. Therefore, our meta-analysis included
a range of comparative studies, ranging from retrospective cohort
studies to RCTs, and is not a meta-analysis of RCTs alone. Addi-
tionally, both included RCTs were considerably underpowered to
detect a significant difference in the rate of SSI.19,20 Despite this, 6 of
the 7 studies reported that NPWD reduced the risk of SSI by more
than half compared to standard dressing (6 out of 7 studies re-
ported an OR �0.4) and favored the use of NPWD. Studies by Liu
et al and Andrade et al were actually biased toward greater wound
contamination relative to the other studies, where approximately
L CENTER from ClinicalKey.com by Elsevier on July 03, 
sion. Copyright ©2023. Elsevier Inc. All rights reserved.



Fig 2. Forest plot meta-analysis for surgical site infections (superficial and deep) comparing negative pressure wound therapy to standard therapy. NPWD, negative pressure wound
therapy.

Fig 3. Forest plot meta-analysis for wound breakdown comparing negative pressure wound therapy to standard therapy. NPWD, negative pressure wound therapy.
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one-fourth of patients in both studies had dirty (Center for Disease
Control class 4) wounds.4,18 Despite this adverse factor, Liu et al
reported an OR of 0.35 in favor of the use of NPWD even when
compared to propensity score-matched controls.4

Whilst NPWD did significantly reduce the rate of SSI in this
meta-analysis, their use was not associated with a reduction in
length-of-stay or 30-day readmission. This is perhaps not surpris-
ing, given that in this cohort of acutely unwell patients who have
undergone an emergency laparotomy, it is likely that other factors
beyond those of wound complications determine each patient’s
length of stay and need for readmission. In this context, whether
NPWD leads to a reduction in overall health care cost per emer-
gency laparotomy admission requires further investigation.

Not all emergency laparotomies carry the same risk of SSI.
Studies have highlighted that SSI risk is greatest for patients un-
dergoing emergency laparotomy for colonic pathologies.12,26,27

Only 2 of the included studies analyzed procedural type accord-
ing to anatomical site.15,20 Due to the heterogeneity in this
parameter, we could not meta-analyze the rate of SSI according to
the organ system operated on at laparotomy. However, on a
Fig 4. Forest plot meta-analysis for all wound complications comparing negative press
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study-by-study analysis, Chung et al reported a significant increase
in the frequency of SSI (OR 2.38) for colorectal-type emergency
procedures.15 Di Ri et al also reported a higher rate of SSI (OR 3.07)
for patients undergoing similar procedures.20 Given that colorectal
pathologies frequently require emergency laparotomies and carry
an inherently high SSI risk, prophylactic NPWDmay be of particular
benefit in this subgroup of patients.12,15,20,26,27

We attempted to collect and compare outcomes data for reop-
eration rate, Clavien-Dindo complication grading, frequency of
dressing changes, intensive care admission, perioperative mortal-
ity, and the extent of wound contamination in NPWDversus control
groups. We also attempted to undertake subgroup analyses with
respect to procedural type, intrabdominal pathology, patient age,
sex, diabetes, body mass index, smoking, and immunosuppression
status for SSI. However, due to limited and heterogenous reporting
of these outcomes in our included studies, we could not mean-
ingfully proceed with a meta-analysis. We acknowledge that this is
a limitation in our study. In conclusion, emergency laparotomies
are associated with high rates of wound complications leading to
increased patient morbidity and healthcare cost. Until now, the
ure wound therapy to standard therapy. NPWD, negative pressure wound therapy.
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utility of prophylactic NPWD in patients undergoing emergency
laparotomy has been controversial. Our meta-analysis demon-
strates that NPWD has clinical utility by reducing the risk of post-
operative SSI and wound breakdowns. Our findings justify and
support the ongoing randomized trials in this area.21,22

Funding/Support

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflict of interest/Disclosure

The authors have no related conflicts of interest to declare.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at https://doi.org/10.1016/j.surg.2022.
05.020.

References

1. Allegranzi B, Bagheri Nejad S, Combescure C, et al. Burden of endemic health-
care-associated infection in developing countries: systematic review and meta-
analysis. Lancet. 2011;377:228e241.

2. GlobalSurg C. Surgical site infection after gastrointestinal surgery in high-
income, middle-income, and low-income countries: a prospective, interna-
tional, multicentre cohort study. Lancet Infect Dis. 2018;18:516e525.

3. Alkaaki A, Al-Radi OO, Khoja A, et al. Surgical site infection following abdominal
surgery: a prospective cohort study. Can J Surg. 2019;62:111e117.

4. Liu DS, Cheng C, Islam R, Tacey M, Sidhu A, Lam D, et al. Prophylactic negative-
pressure dressings reduce wound complications and resource burden after
emergency laparotomies. J Surg Res. 2021;257:22e31.

5. Hawn MT, Richman JS, Vick CC, et al. Timing of surgical antibiotic prophylaxis
and the risk of surgical site infection. JAMA Surg. 2013;148:649e657.

6. Mueller TC, Loos M, Haller B, et al. Intra-operative wound irrigation to reduce
surgical site infections after abdominal surgery: a systematic review and meta-
analysis. Langenbecks Arch Surg. 2015;400:167e181.

7. Sawyer RG, Evans HL. Surgical site infection-the next frontier in global surgery.
Lancet Infect Dis. 2018;18:477e478.

8. Boland PA, Kelly ME, Donlon NE, et al. Prophylactic negative pressure wound
therapy for closed laparotomy wounds: a systematic review and meta-analysis
of randomised controlled trials. Ir J Med Sci. 2021;190:261e267.

9. Cheng C, Strugnell N, Liu DS. Prophylactic negative pressure dressings for
closed emergency laparotomy incisions: where is the evidence? ANZ J Surg.
2020;90:1542e1544.

10. Murphy PB, Knowles S, Chadi SA, et al. Negative Pressure Wound Therapy Use
to Decrease Surgical Nosocomial Events in Colorectal Resections (NEPTUNE): a
randomized controlled trial. Ann Surg. 2019;270:38e42.
Downloaded for Anonymous User (n/a) at MAINE MEDICA
2023. For personal use only. No other uses without permis
11. O'Leary DP, Peirce C, Anglim B, et al. Prophylactic negative pressure dressing
use in closed laparotomy wounds following abdominal operations: a ran-
domized, controlled, open-label trial: the P.I.C.O. trial. Ann Surg. 2017;265:
1082e1086.

12. Sahebally SM, McKevitt K, Stephens I, et al. Negative pressure wound therapy
for closed laparotomy incisions in general and colorectal surgery: a systematic
review and meta-analysis. JAMA Surg. 2018;153:e183467.

13. Norman G, Goh EL, Dumville JC, et al. Negative pressure wound therapy for
surgical wounds healing by primary closure. Cochrane Database Syst Rev.
2020;5:CD009261.

14. Moues CM, Heule F, Hovius SE. A review of topical negative pressure therapy in
wound healing: sufficient evidence? Am J Surg. 2011;201:544e556.

15. Cheong Chung JN, Ali O, Hawthornthwaite E, et al. Closed incision negative
pressure wound therapy is associated with reduced surgical site infection after
emergency laparotomy: a propensity matched-cohort analysis. Surgery.
2021;170:1568e1573.

16. Hall C, Regner J, Abernathy S, et al. Surgical site infection after primary
closure of high-risk surgical wounds in emergency general surgery laparot-
omy and closed negative-pressure wound therapy. J Am Coll Surg. 2019;228:
393e397.

17. Kabir I, Nguyen T, Heaton J, Peterson K, Martyak M. Incisional negative pressure
wound therapy to decrease the incidence of surgical site infections in trauma
laparotomy wounds. Am Surg. 2022:31348211054529.

18. Andrade EG, Guerra JJ, Punch L. A multi-modal approach to closing exploratory
laparotomies including high-risk wounds. Cureus. 2020;12:e9087.

19. Garg A, Jayant S, Gupta AK, Bansal LK, Wani A, Chaudhary P. Comparison of
closed incision negative pressure wound therapy with conventional dressing
for reducing wound complications in emergency laparotomy. Pol Przegl Chir.
2021;93:1e5.

20. Di Re AM, Wright D, Toh JWT, et al. Surgical wound infection prevention using
topical negative pressure therapy on closed abdominal incisions - the 'SWIPE
IT' randomized clinical trial. J Hosp Infect. 2021;110:76e83.

21. SUNRISE Study Group on behalf of the Northwest Research Collaborative and
the West Midlands Research Collaborative. An international pragmatic rand-
omised controlled trial to compare a single use negative pressure dressing
versus a surgeon’s preference of dressing to reduce the incidence of surgical
site infection following emergency laparotomy: the SUNRRISE trial protocol [e-
pub ahead of print]. Colorectal Dis. 2020. https://doi.org/10.1111/cod.15474.
Accessed 3 June 2022.

22. Donlon NE, Boland PA, Kelly ME, et al. Prophylactic negative wound therapy in
laparotomy wounds (PROPEL trial): randomized controlled trial. Int J Colorectal
Dis. 2019;34:2003e2010.

23. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. BMJ.
2009;339:b2535.

24. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological
index for non-randomized studies (minors): development and validation of a
new instrument. ANZ J Surg. 2003;73:712e716.

25. Schurtz E, Differding J, Jacobson E, Maki C, Ahmeti M. Evaluation of negative
pressure wound therapy to closed laparotomy incisions in acute care surgery.
Am J Surg. 2018;215:113e115.

26. Abadia P, Ocana J, Ramos D, et al. Prophylactic use of negative pressure wound
therapy reduces surgical site infections in elective colorectal surgery: a pro-
spective cohort study. Surg Infect (Larchmt). 2021;22:234e239.

27. Leon Arellano M, Barragan Serrano C, Guedea M, et al. Surgical wound com-
plications after colorectal surgery with single-use negative-pressure wound
therapy versus surgical dressing over closed incisions: a randomized controlled
trial. Adv Skin Wound Care. 2021;34:657e661.
L CENTER from ClinicalKey.com by Elsevier on July 03, 
sion. Copyright ©2023. Elsevier Inc. All rights reserved.


