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Abstract

Purpose NPWT has been tried in many surgical fields, including colorectal, thoracic, vascular, and non-healing wounds, for
the prevention of SSI. However, its efficacy in the prevention of SSI-grade IV closed abdominal wounds is yet to be explored.
Methods All patients with grade IV abdominal wounds were included in the study. They were randomized into the con-
ventional arm and the VAC arm after confirming the diagnosis intra-operatively. The sheath was closed, and the skin was
laid open in the postoperative period. In the VAC arm, the NPWT dressing was applied on postoperative day (POD)-1 and
removed on POD-5. In the conventional arm, only regular dressing was done postoperatively. The skin was closed with a
delayed primary intention on POD-5 in both arms. The sutures were removed after 7 to 10 days of skin closure.

Results The rate of SSI (10% in the VAC arm vs. 37.5% in the conventional arm, p-value =0.004) was significantly lower
in the VAC arm, as were the rates of seroma formation (2.4% in the VAC arm vs. 20% in the conventional arm, p =0.014)
and wound dehiscence (7.3% vs. 30%, p=0.011). The conventional arm had a significant delay in skin closure beyond
PODS due to an increased rate of SSI, which also led to a prolonged hospital stay (5 days in the VAC arm vs. 6.5 days in
the conventional arm, p-value =0.005).

Conclusion The VAC dressing can be used routinely in grade IV closed abdominal wounds to reduce the risk of SSI and
wound dehiscence.
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and mortality rates than patients without SSI [6]. This also
causes a significant economic burden to the patient [7], along
with the loss of disability-adjusted life years (DALYs) [8].
The recent development of novel Negative Pressure Wound
Therapy (NPWT) and its contribution to SSI prevention is
revolutionary and has drawn attention worldwide for a few
decades. It has been proposed that NPWT on closed surgi-
cal incisions may reduce infection in high-risk wounds and
also avoid the morbidity of an open abdominal wound [9].

Open wound management has traditionally been used to
treat contaminated and dirty wounds with a secondary or
delayed primary intention. Compared to typical open wound
management with wet-to-dry dressing changes, NPWT for
open wounds is related to improved patient comfort and
faster healing [10]. Due to the high risk of SSI in these two
categories of wounds, the efficacy of NPWT has not been
explored much in closed abdomen wounds.

This prompted us to do this study in India, where the SSI
rate is higher than in many other countries, and to explore
the efficacy of NPWT in preventing SSI in dirty abdominal
wounds.

Objectives

The study’s primary objective was to compare the rate of SSI
between NPWT-assisted skin closure and delayed primary
closure in class IV abdominal wounds. The secondary objec-
tives were to compare the postoperative wound complica-
tions, length of hospital stay, and skin closure after POD 5
between both arms.

Methods

Patients who presented to the emergency department (ED)
of All India Institute of Medical Sciences, Bhubaneswar,
with features of peritonitis, were initially resuscitated with
intravenous fluids. Broad-spectrum antibiotics (3rd genera-
tion Cephalosporin), proton pump inhibitors, and inject-
able analgesics were started immediately. The diagnosis of
peritonitis was based on clinical and/or radiological (USG
or X-ray chest) investigations, following which consent for
participation in the study was obtained in the emergency
department before shifting the patient to the operation room.

All patients older than 18 years included in this study
were undergoing emergency abdominal surgery with a mid-
line incision and were diagnosed with grade IV abdominal
wounds after opening the abdomen. Patients who were preg-
nant, undergoing laparoscopy surgeries, elective abdominal
surgeries, or allergic to adhesive dressing materials par-
ticipated in another study, and those who did not give con-
sent to participate were excluded. Patients with peritonitis
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undergoing re-exploration for complications of previous
surgery were also excluded.

The trial was ethically approved on 15th July 2019 by
the institutional ethical committee with the ref. no. IEC/
AIIMS BBSR/ PG Thesis/2019-20/58. The study was regis-
tered prospectively with the Clinical Trials Registry — India
(CTRI) on 23/09/2019 with the CTRI registration number
— CTRI1/2019/09/021388 (https://ctri.nic.in/Clinicaltrials/
showallp.php?mid1=36514&EncHid=10300.19720&userN
ame=Dr%20Pradeep%20Kumar%20Singh) [11].

The recruitment of the first patient was done in November
2019, and the recruitment ended in June 2021. In a simi-
lar previous study [12], with SSI rates of 32% and 8.3% in
the control and intervention groups, respectively, p-value =
0.043, power = 80%, and alpha error = 5%, the sample size
was calculated to be 88, 44 patients in each arm. The eligible
patients were allocated randomly to both groups through a
computer-generated sequence using a simple randomization
online tool. The random numbers were generated by using
online tools. The allocation sequence is concealed from
the operating surgeon by using the sequentially numbered
opaque closed envelope technique (SNOCE). The random
number was disclosed to the surgeon intra-operatively once
the grade IV abdominal wound was confirmed after opening
the abdomen. Part preparation was done on the table before
the procedure. All cases were performed with the patient in
the supine position. The abdominal skin was painted from
nipple to mid-thigh before the incision with a 10% aqueous
povidone-iodine solution. After opening the abdomen, the
peritoneal fluid sample was sent for culture and sensitivity.
The cause of peritonitis was noted, and then around a 6-L
normal saline lavage was given. After treating the under-
lying disease, the drain was placed as decided by the sur-
geon based on the requirements, and closure of the rectus
sheath was done using polydioxanone suture (PDS) loop no.
1 suture in a continuous fashion with full-thickness bites.
After the closure of the rectus, the skin was left open. The
time duration of surgery was measured as the interval of
minutes between the time of incision and closure of the skin,
and the intra-operative blood loss was also noted in millilit-
ers. The patient was extubated and shifted to the surgery
ward. For those who could not get extubated, the patient was
shifted to an ICU ventilator bed. On postoperative day 1, the
vacuum-assisted closure (VAC) dressing was applied with
intermittent setting and a negative pressure of —125 mmHg.
The VAC dressing was checked regularly for any leakage.
The treating surgeon removed the VAC dressing on POD 5
and assessed the feasibility of delayed primary wound clo-
sure. Delayed primary closure of the skin was done on POD
5 in the absence of any signs of SSI (Figs. 1, 2, 3, 4, and 5).

In the conventional arm, daily dressing was done using
sterile gauge pieces and normal saline. Delayed primary clo-
sure of the skin was done on POD 5 in the absence of SSI.
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Fig.2 VAC machine settings

The postoperative wound assessment was done by the treat-
ing surgeon, and SSI was diagnosed based on local signs.

The Centers for Disease Control and Prevention(CDC)
defined SSI as “a surgical site infection that occurs after sur-
gery in the part of the body where the surgery took place.”
It is classified as superficial, deep, or organ- or space-inci-
sional SSI [13].

The patients were discharged on POD 5 after skin
closure if they were fit hemodynamically and taking an
oral diet. If there are any signs of SSI or other surgical
site-related complications, the length of hospital stay is

Fig.3 POD 5 after VAC removal

Fig.4 POD 10

prolonged, and the complications are managed by the
hospital. The patient is being followed up until POD 30
in OPD (outpatient door). The midline wound sutures
were removed after 7 to 10 days of skin closure (on POD
12 to 15) on the outpatient door (OPD) follow-up visit.
The primary outcome of the study was to see the rate of
SSI, and the secondary outcomes were to see the dif-
ference in postoperative wound complications, length
of hospital stays, and skin closure after POD 5 between
both arms.
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Fig.5 POD 30

NPWT dressing

This NPWT system is manufactured by Meditech Devices
Pvt. Ltd. and was fully sponsored by the hospital. This
was available freely for the patients, and the machine was
reusable. This system of wound dressing contains wound
dressing materials (foam, gauze), wound adjunct (protective
adhesive transparent barrier, gauge piece), canister, and con-
necting tubes (one tube has a porous adhesive end that will
be attached to the wound site, and another tube is connected
to the NPWT machine canister). Both tubes will be inter-
connected for the negative suction to act. Each device has a
specific design and manufacturer’s instructions for use that
should be reviewed. After removing the prior dressing very
carefully to avoid pain and bleeding, the wound is cleaned
with normal saline, and wound size and depth are assessed.
With proper measurement, foam dressing material is cut
to the appropriate size and placed over the wound without
extending onto the surrounding skin. After that, take the
protective adhesive transparent barrier and place it over the
sponge and surrounding skin. This is typically made of pol-
yurethane. This dressing is thin and creates an airtight seal
around the wound. Cut a hole into the protective adhesive
transparent barrier about the size of a quarter (2.5 cm) in
the middle of the wound site. Attach the wound side tube at
this hole site and connect it to the other tube, which is con-
nected to the machine cannister, and be sure the tube clamps
are open. Turn on power to the vacuum device, set the pre-
scribed pressure settings, and confirm that the dressing and
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foam shrink down. The canister attached to the pump col-
lects the drainage and stores it. The pressure is maintained
at— 125 mmHg, with the interrupted setting turned off for
30 min every 4 h. This dressing will be removed on PODS5.

Results

A total of 88 patients were included in this study, out of 168
patients. A total of 81 patients were analyzed after 5 deaths
and 2 lost to follow-up due to the COVID-19 pandemic dur-
ing the study period, which included 41 in the VAC arm and
40 in the conventional arm.

Continuous variables are represented as the mean (stand-
ard deviation) unless otherwise specified.

The skew-continuous variable is represented as the
median (interquartile range).

Nominal variables are expressed in frequency (propor-
tion) Fig. 6.

Clinicopathological characteristics

Pre-operative baseline characteristics of the patients between
the groups were compared in Table 1. The mean age of the
participants in this study was 39.59 +15.15 years in the VAC
group and 41 +16.55 years in the conventional arm.

In the VAC arm, out of 41, 35 (85%) were male, and 6
(15%) were female. And in the conventional arm, 32 (80%)
out of 40 were male, and 8 (20%) were female, which was
evenly distributed between the two groups.

The other baseline characteristics showed no significant
difference between the groups. Two patients in the conven-
tional arm had an active tuberculosis infection. 1 in the VAC
arm and 2 in the conventional arm had malignancies.

Operative characteristics

The median blood loss in the VAC arm was 150 ml + 100
ml, and that in the conventional arm was 120 ml + 60
ml, without making any significant difference in outcome
between the two groups (Fig. 9). A total of 30 patients had to
make a stoma based on intra-operative findings, including 15
(36.5%) in the VAC arm and 15 (37.5%) in the conventional
arm. Table 2 summarizes the intra-operative parameters.

Postoperative outcomes

In contrast to the conventional arm, there was a statistically
significant shorter length of postoperative hospital stay in
the VAC arm (5 + 1 days vs. 6.5+ 5 days, respectively) with
a p-value of 0.005 (Figs. 7 and 8).

Out of 81, we were able to close the skin in 64 patients
on POD 5 (79%). 38 patients from the VAC arm (92.6%)



Langenbeck's Archives of Surgery (2024) 409:19

Page50f10 19

Fig. fl i
ig.6 Consort flow diagram [ Enrolment ]

Assessed for eligibility(n=168)

Excluded (n=80)

» a) Not meeting inclusion=73

d) Didn’t give consent=7

Randomised (n=88)

!

Allocated to NPWT arm (n=44)

+ Received allocated intervention (n=44)
+ Did not receive allocated intervention (n=0)

L

Allocation ] v
Allocated to conventional arm (n=44)

+ Received allocated intervention (n=44)

+ Did not receive allocated intervention (n=0)

A 4

Lost to follow-up (n=1)

Deaths (n=2)

[ Follow-Up ] v
Lost to follow-up (n=1)

Deaths (n=3)

[ Analysis ]

Analysed (n= 41)
+ (2 eexcluded from analysis)

Analysed (n=40)
+ (3 excluded from analysis)

and 26 from the conventional arm (65%) delayed primary
closure, which was successful. The difference was statisti-
cally significant, with a p-value of 0.003. Table 3 shows the
differences in postoperative parameters between both arms.

There was no statistically significant difference between
the groups in terms of passing first flatus in postoperative
periods, POD to allow oral liquids, POD of drain removal,
POD ambulation, and rate of paralytic ileus. This shows the
effectiveness of VAC, which does not affect the postopera-
tive hospital stay or recovery, as the patient can ambulate
while carrying the machine and can carry out his or her
routine activities.

Wound complications

The most common wound complication in this study was
found to be SSI, which was present in 19 patients out of §1
(23.4%). This shows a greater rate of SSI in the conventional
arm as compared to the VAC arm, with a statistically signifi-
cant difference (4 in the VAC arm vs. 15 in the conventional
arm, p-value=0.004) (Fig. 9).

This study also concluded that VAC also prevents seroma
formation, which was evident by the significant difference in
the rate of seroma formation in both arms with a p-value of
0.014 (2.4% in the VAC arm vs. 20% in the conventional arm).

Table 4 shows the differences in wound complications between
both arms.

Added to this, there was a statistically significant smaller
number of wound dehiscence in the VAC arm (3 out of 41 in
the VAC arm vs. 12 out of 40 in the conventional arm) with a
p-value of 0.011. Overall wound dehiscence was 18.5%. Out of
15 wound dehiscence, four patients were managed with VAC
re-application in the conventional arm. There was only one
reported case of hematoma in this study in the conventional
arm.

A total of 5 out of 81 (6%) patients had to undergo re-explo-
ration, three in the VAC arm and two in the conventional arm,
but without any statistically significant difference.

Skin closure was not possible in a total of 11 patients;
nine of them had burst abdomens, and two were expired.
Nine patients with burst abdomens were managed with sec-
ondary intention healing, consisting of two (5%) patients in
the VAC arm and seven (16%) patients in the conventional
arm.

Discussion
The overall rate of SSI in this study was 23.4% (19 patients

out of 81), which was also the most common wound com-
plication in this study. This was found to be much higher
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Table 1 Clinicopathological characters

1=VAC arm (n=41) 2=con-
ventional
arm
(n=40)
Age (years) (mean, SD) 39.59 (15.15) 41 (16.55)
Sex
Male (%) 35 (85) 32 (80)
Female (%) 6 (15) 8 (20)
BMI (Kg/m?) (mean, IQR) 23.1(24) 22.5(2.8)
ASA grade
| 0 0
1T 20 21
1 21 18
v 0 1
KP score (median, IQR) 70 (10) 70 (10)
Diabetes (%) 2(4.8) 6 (15)
Chemotherapy (%) 0 0
Radiotherapy (%) 0 0
History of abdominal surgery 2(4.8) 2(5)
(%)
Smoking (%) 15 (36.5) 14 (35)
Alcohol (%) 13 (31.7) 11 (27.5)
Chewing tobacco (%) 9(22) 9(22.5)
Steroid use (%) 0 0
Jaundice (%) 0 0
History of acid peptic disease 3(7.3) 3(7.5)
(%)
History of Tb (%) 0 2(5)
Diagnosed for malignancy (%) 1 (2.4) 2(5)

than the SSI rate in clean and clean-contaminated surger-
ies, which is in the range of 6 to 15% [3, 14, 15]. These
high rates were attributable to the cases being taken exclu-
sively from the emergency setting, and only class IV wounds
were included [16—19]. Similarly, a high rate of SSI was
also found in a study on patients who underwent emer-
gency appendicectomy and had an SSI rate of 22.12% [20].
Allegranzi et al., in their review of SSI rates in developing
countries, found 38.8% of SSI in contaminated and dirty
wounds [21]. Similarly, in a study of emergency colorectal
surgery published by Watanabe et al., the incisional SSI rate

was 32.1%, and they concluded that the rates were greatly
influenced by the degree of contamination of the wound
[22].

In this study, we can conclude that NPWT significantly
reduces SSI, which was evident by the difference in the rate
of SSI between the two groups (4 out of 41 in the VAC arm,
15 out of 40 in the conventional arm, p-value=0.004). A
NEPTUNE study by Sami et al. in 2015 showed a significant
decrease in the SSI rate with NPWT in colorectal surger-
ies. Also, there is a decrease in cost associated with SSI
[23]. Similarly, another prospective randomized pilot study
showed that contaminated and dirty surgical wounds benefit
from closed NPWT with significantly faster healing rates
[24]. There is much other published literature reporting that
NPWT decreases wound complications in closed abdominal
incisions. On the contrary, there are other studies too, which
showed that NPWT does not make any difference in rates of
SSI significantly [25].

Out of 81 cases, 15 developed wound dehiscence in this
study: 3 in the VAC arm (7.3%) and 12 in the conventional
arm (30%), which was statistically significant with p value
of 0.011. The overall rate was 18.5%. Hegazy et al. noted
12.4% of burst abdomen in emergency abdominal midline
laparotomies and concluded that wound infections were the
most common risk factor for its development [26]. Similarly,
another prospective study was done on 50 wound dehis-
cences by Ramneesh et al. and found that 88% were associ-
ated with contaminated or dirty laparotomy wounds [27].
Some studies also concluded the opposite of our result. A
study by Sahani et al. noted wound dehiscence in 6% of
cases, and another study by Bonds et al. showed a similar
incidence of wound dehiscence in elective and emergency
settings [28]. Eleven cases of partial wound dehiscence were
managed with a sterile dressing daily until healthy granula-
tion tissue covered the defect, followed by skin closure. Total
wound dehiscence occurred in four patients. They managed
with Bogota bag repair of the abdominal wall, daily sterile
dressing, and a high-protein diet. Out of these four patients
with total wound dehiscence, two patients managed with
split skin grafting (SSG) of the midline wound once the
healthy granulation tissue covered the defect. The other two
were managed with daily dressing with NS with the second-
ary intention of healing without skin grafting.

Table 2 Intra-operative
parameters

1=VAC arm (n=41) 2 =conventional P-value
arm (n=40)
Blood loss (ml) (median, IQR) 150 (100) 120 (60) 0.9%*
Duration of surgery (min) (median, IQR) 100 (58) 120 (30) 0.89%*
Stoma present (%) 15 (36.5) 15 (37.5) 1.0F

*Mann Whitney U test

Pearson’s chi-square test
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Overall, in most of the patients in the VAC arm, we were
able to close the skin on POD 5 (92.6% in the VAC arm vs.
65% in the conventional arm, p-value =0.003). The mean
POD on which skin closure was done in the VAC arm was
5.39+3.12. This was significantly shorter than the conven-
tional arm, where the patient had skin closure on a mean
POD of 6+2.08. A similar study was conducted in 2019,
which included Grade II-1V wounds, and shows there is no
significant difference in skin closure on NPWT [29].

The median postoperative hospital stay was 5+ 1 days
in the VAC arm and 6.5 + 5 days in the conventional arm

(p-value =0.005). One previous study in groin wounds
showed a similar result of shorter hospital stays with NPWT
and without any difference in readmission or reoperation for
SSI or mortality between the two groups [30].

The rate of seroma formation after skin closure was sig-
nificantly decreased in the VAC arm, which was only 2.4%,
against 20% in the conventional arm. NPWT has been used
on many different types of traumatic and non-traumatic
wounds. The study by Pachowsky et al. in patients who
underwent total hip arthroplasty showed a decrease in
the postoperative seroma formation in the wound [31].

@ Springer



19 Page 8 of 10

Langenbeck's Archives of Surgery (2024) 409:19

Table 3 Postoperative outcomes

1=VAC arm 2 =conventional P-value
(n=41) arm (n=40)
First flatus on POD (median, IQR) 2(1) 2(1) 0.06*
Time to oral liquids on POD (median, IQR) 2(1) 2(1) 0.06%*
Drain removed on POD (median, IQR) 4(2) 4(2) 0.7*
POD of ambulation (median, IQR) 2 (1) 3() 0.26%*
Postoperative hospital stays (days) (median, IQR) 5() 6.5(5) 0.005*
Paralytic ileus (iv fluids > 7 days) (%) 4 (10) 6 (15) 0.5%
Skin closed on POD 5 (%) 38 (92.6) 26 (65) 0.003*
Note: Values in the bold indicate a significant difference between the two groups
*Mann Whitney U test
TFischer’s exact test
Pearson’s chi-square test
Fig.9 Bar chart showing the ss|
number of SSI in both arms 40 -
W2
(1=YES, 2=NO)
30
€
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S »

Table 4 Wound complications

1=VAC 2 =conven- P-value

arm tional arm

(n=41) (n=40)
SSI (%) 4(10) 15 (37.5) 0.004*
Seroma after skin closure (%) 1 (2.4) 8 (20) 0.014"
Hematoma (%) 0 1(2.5) 0.47
Wound dehiscence (%) 3(7.3) 12 (30) 0.011*

Note: Values in the bold indicate a significant difference between the
two groups

*Mann Whitney U test
TFischer’s exact test

Pearson’s chi-square test
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2
INTERVENTION (1=VAC arm, 2=Conventional arm)

Previously, a similar result was shown in an animal study
by Suh et al. (2011), which demonstrated the use of NPWT
in wounds with dead space significantly reduces seroma
formation, thereby reducing SSI and further wound-related
complications [32]. Also, similar results were concluded
from human studies, where seroma and hematoma for-
mation were significantly reduced with the use of NPWT
[33]. The effect of NPWT has also been tried in breast
surgeries, which shows a significant decrease in wound
seroma formation and wound necrosis [34].

Reiping et al., in their prospective study of 3809
patients, concluded that the creation of an ostomy is a
risk factor for future SSI, similar to how the presence of
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a drainage tube also contributes to developing SSI after
elective colorectal surgeries [35]. A similar result was also
found in this study, where the presence of stoma caused a
significant increase in the SSI rate. Out of thirty patients
with a stoma, thirteen developed SSI (43.3%), and only
seven developed SSI out of 51 patients without a stoma
(13.7%), with a p-value of 0.03.

In this study, appendicular perforation was the most com-
mon cause of peritonitis in patients undergoing laparotomy,
contributing to 32% of cases. This was followed by peptic
perforation (26%) and traumatic bowel perforation (16%).
In one study by Bali et al., gastroduodenal perforation due
to acid peptic disease accounted for 45% of cases, and 16%
of cases due to appendicular perforation were the second
most common cause [36]. In a study by Gebremedhn et al.,
trauma was the commonest cause of emergency laparoto-
mies [37], and in a study by Sahani et al., ileal perforation
was the commonest (28%), followed by gastric (20%), duo-
denal (20%), jejunal (10%), and appendicular (10%) [38].
Overall, appendicular perforation and peptic perforation
contributed the most to peritonitis in this study, accounting
for approximately 60%.

The major limitations of the study were the patients’
poor compliance with the machine, as it had to be carried
by the patient all along. The machine had continuous noise
and an alarm that disturbed the sleep of the patient. The
observer bias could not be excluded in this study as the SSI
was diagnosed by the treating surgeon. Two patients were
lost to follow-up due to the COVID-19 pandemic during the
study period.

Conclusion

SSIs are one of the most important causes of healthcare-
associated infections, causing considerable morbidity and
mortality, particularly in grossly contaminated surgeries.
This study concludes that NPWT-assisted delayed primary
skin closure results in a significant reduction in the rate of
SSI as compared to conventional delayed primary skin clo-
sure in grossly contaminated emergency surgeries. There is
also a significant reduction in wound dehiscence and length
of postoperative hospital stay in the NPWT group.
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