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Abstract

that excellent aesthetic outcomes were achieved.

mulation of additional reports.

Purse-string closure (PSC), Stoma closure

Background The study introduces the application of negative pressure wound therapy (NPWT) in pediatric stoma
closure, emphasizing the importance of enhancing aesthetics and minimizing surgical site infections (SSI).

Case presentation The case series involves four infants undergoing non-umbilical stoma closure with a combi-
nation of purse-string closure (PSC) and NPWT, focusing on aesthetic outcomes and infection prevention. NPWT

was initiated immediately after surgery, and patients were monitored every 3—4 days. Notably, none of the four infants
experienced SSI or other complications. The patients adequately tolerated NPWT, with no significant adverse events.
Furthermore, Manchester Scar Scale (MSS) was 9 [7-10], and Patient and Observer Scar Assessment Scale (POSAS)
(observer) was 12.5 [12-19], POSAS (patient) was 12.5 [11-16] (all median values [minimum-maximum]), indicating

Discussion We emphasizes the significance of aesthetics in pediatric patients; in addition, our findings demonstrate
that four infants who received NPWT combined with PSC achieved superior outcomes that did the most recent four
infants who underwent PSC only at our institution. It also addresses the risk of SSI in stoma closure and discusses

the pros and potential cons of using NPWT in pediatric cases, underlining the need for further research and the accu-

Conclusions This is the inaugural report of prophylactic NPWT for pediatric stoma closure, emphasizing the effec-
tiveness of combining PSC and NPWT for SSI prevention and improved aesthetics. The study calls for additional
research and reports on NPWT in pediatric cases to further solidify its benefits in this patient population.

Keywords Case series, Pediatric ostomy, Negative Pressure Wound Therapy (NPWT), Surgical Site Infections (SSI),

Background

In adults, the combined use of purse-string closure
(PSC) and prophylactic negative pressure wound therapy
(NPWT) at ostomy closure has been reported to reduce
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surgical site infections (SSI) [1, 2] and improve aesthetic
outcomes [3], reducing the wound healing period [4].
However, there are currently no reports of such proce-
dures in the pediatric population.

Pediatric ostomy is frequently constructed for condi-
tions like anorectal malformations, Hirschsprung’s dis-
ease, and neonatal bowel perforations. These cases often
require temporary construction, easy management,
and closure, with minimal complications and a focus on
achieving optimal aesthetics. Additionally, reducing the
size and visibility of surgical incisions is essential, as it
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Fig. 1 The chronological evolution of the surgical incision. Over
time, the wound size decreased, and it developed into a clean

scar without any irregularities or indentations in the surrounding
skin. A Immediate postoperative circular suture; the peritoneum
and fascia are closed using absorbable interrupted sutures, followed
by a circular skin suture using monofilament absorbable sutures.

B There is minimal exudate present, but considering sufficient
formation of granulation tissue, NPWT is discontinued. C Further
development of granulation tissue has progressed, and the wound
has also flattened out. D Epithelialization of the wound has been
completed. E The wound has minimal irregularities, reduced in size,
and has become less conspicuous

can contribute to enhancing the Quality of Life (QOL)
during the child’s subsequent growth and development
[5].

Ishii et al. reported that, in the case of umbilical sto-
mas, the post-closure cosmetics were significantly
superior compared to non-umbilical stomas [6]. In
our practice, we often perform umbilical stomas due to
their ease of management and excellent closure cosmet-
ics. However, in cases of poor general conditions, low-
positioned umbilicus, umbilical infections, or multiple
stomas, the patients were constructed non-umbilical sto-
mas. Therefore, in an effort to enhance the aesthetics and
reduce the risk of SSI for non-umbilical stoma closures,
we attempted to combine PSC with prophylactic NPWT
and report our findings.

Case presentation
From June 2021 to present, we conducted a case series
involving four infant patients who underwent non-
umbilical stoma construction. During stoma closure, we
utilized PSC and NPWT. The isolated bowel segments
were anastomosed at both ends using absorbable sutures.
The peritoneum and fascia were closed using absorb-
able interrupted sutures, followed by a closure of the
subcutaneous tissues and dermis around the circumfer-
ence using monofilament absorbable sutures (Fig. 1A).
NPWT was applied immediately after the surgery (Fig. 2)
and implemented using the RENASYS® Wound Heal-
ing System (Smith and Nephew). Pressure setting and
wound filler (cotton or foam) were determined based
on the patients’ age and body weight. The wound was
assessed every 3—4 days, and discontinuation of NPW'T
was determined based on the absence of wound exu-
date, in collaboration with a certified Wound, Ostomy,
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and Continence Nurse. Postoperatively, cefmetazole was
administered at a dosage of 80 mg/kg/day for 72-96 h.
Approval was obtained from The Asahikawa Medi-
cal University Research Ethics Committee (Permit no.
21051). This study was carried out in accordance with the
principles of the Declaration of Helsinki.

In these four cases that involved PSC with NPWT
after stoma closure, we collected clinical data, including
the underlying condition, duration with stoma, opera-
tive time at stoma closure, and NPWT settings. The
outcomes were evaluated for the occurrence of SSI and
complications, and aesthetic appearance. SSI was defined
based on the Center for Disease Control guidelines for
superficial incisional SSI. Aesthetic assessment was per-
formed using the Manchester Scar Scale (MSS) and
Patient and Observer Scar Assessment Scale (POSAS)
scores, which were based on medical records and inter-
views. MSS evaluates parameters such as scar color, sur-
face appearance (matte or shiny), contour, distortion, and
texture [7]. POSAS comprises an observer scale (POSAS-
O) and a patient scale (POSAS-P), assessing vasculariza-
tion, pigmentation, thickness, surface roughness, surface
area on the observer side, pain, pruritus, color, thick-
ness, relief, and pliability from the patient’s perspective
[8]. Higher scores on these scales indicate more severe
scarring. Both scales are widely used for the quantitative
evaluation of aesthetic outcomes in pediatric patients
and wound assessment [9, 10].

Demographics are presented in Table 1. The four
patients who underwent NPWT included two boys and
two girls, with ages ranging from 3.3 months to 4 months.
The underlying conditions were as follows: two cases
of focal intestinal perforation, two cases of a congenital
intestinal obstruction. The intestinal segments included
the ileum in all cases. The median operative time of the
stoma closure was 82 min (range 64—83 min). Setting of
NPWT and results are in Table 2. The median number of
dressing changes during the period during NPWT was 0
(range 0-1). There were no cases of postoperative SSI or
other complications and no severe adverse events related
to NPWT were observed. In all patients, the postop-
erative course was uneventful. In terms of aesthetic out-
comes, MSS was 9 [7-10], POSAS(Observer) was 12.5
[12-19], POSAS(Patient) was 12.5 [11-16] (all median
values [minimum-maximum]). The chronological aes-
thetic evolution of the surgical incision is presented in
Fig. 1.

Discussion

This represents the world’s first report of the combined
use of PSC and NPWT for pediatric stoma closure
wounds. In all four cases, there were no occurrences
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Table 1 Demographics
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Fig. 2 The patient receiving NPWT. NPWT was applied immediately
after the surgery
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of SSI or any other complications, affirming the safety
and effectiveness of prophylactic NPWT for pediatric
stoma closure wounds. Notably, NPWT was found to
be highly valuable for improving the aesthetics of surgi-
cal wounds, which is crucial for enhancing the QOL of
pediatric patients [5]. The aesthetics of surgical wounds
in children have been reported to influence their overall
well-being. We conducted statistical analysis to deter-
mine if there were differences in aesthetic outcomes of
non-umbilical stoma closure wounds among the four
infants that received NPWT in combination with PSC
and the most recent four infants that underwent PSC
only at our institution (Table 3). Statistical significance
was set at P< 0.05. There was no significant difference in
surgical background and conditions. Regarding aesthetic
outcomes, both MSS and POSAS(P) showed significant
differences, indicating superior outcomes in the NPWT
group, although no significant difference was observed
in POSAS(O). This result may be because of the small

Case 1 2 3 4

Age (months) 4 33 39 4

Corrected age at SC 44w6d 52w0d 40w2d 54wéd

Sex F M M F

BW at SC (kg) 215 3.16 2.01 4.10

Primary disease Focal intestinal perforation ~ Congenital intestinal obstruc-  Focal intestinal perforation ~ Congenital

tion intestinal

obstruction

Duration with stoma (days) 110 98 105 118

OT at SC (min) 64 83 81 83

SC: Stoma closure; BW: Body weight; OT: Operative time

Table 2 Setting of NPWT and results

Case

1

2

3

4

Dressing changes
Pressure setting

Filler

SSI
Complication
MSS
POSAS(O)
POSAS(P)

0
—50 mmHg continuous

Cotton

10
13
14

0

—60 mmHg * 5 min/
—25mmHg * 2 min

1

—60 mmHg * 5 min/
—25 mmHg * 2 min

1

—70 mmHg * 5 min/
—25mmHg * 5 min
!

—80 mmHg * 5 min/
—25mmHg * 2 min

Cotton Cotton Foam — cotton
8 10 7

12 12 19

11 1" 16

NPWT: negative pressure wound therapy; SSI: surgical site infections; MSS: Manchester Scar Scale; POSAS: Patient and Observer Scar Assessment Scale; O: observer; P:

patient
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sample size; however, we recommend the accumulation
of additional cases to ensure a more accurate analysis.

Statistical analysis was conducted using respective
mean values. MSS and POSAS(P) showed significant dif-
ferences, although no significant difference was observed
in POSAS(O).

SSIs are known to occur more frequently in procedures
involving stoma closure due to the risk of contamination
by intestinal contents and its nature of being a second-
ary surgery [11]. Studies have reported a 17.3% incidence
of SSI in pediatric patients who underwent stoma clo-
sure using linear skin closure (LSC) [12]. Other studies
in low birth weight infants have shown a 37% incidence
of SSI when performing stoma closure by LSC [13]. In
an effort to reduce the rate of wound infections, the PSC
method was proposed by Sutton and colleagues in 2002
[14]. This technique involves closure of the subcutaneous
tissues and dermis around the circumference in a purse-
string manner, leaving a central aperture of skin open,
which provides excellent drainage and reduces the inci-
dence of SSI. Indeed, two systematic reviews and meta-
analyses have shown that PSC significantly reduces the
risk of SSI compared to traditional LSC [11, 15]. Some
reports have also noted improvements in aesthetic out-
comes [16]. On the other hand, PSC requires daily wound
cleaning and takes longer until complete wound closure
[17], which are its disadvantages. To further reduce the
incidence of SSI and shorten the healing period, as well
as decrease the number of interventions, there have
been increasing reports on combining PSC and NPWT
in recent years [1-4]. Recent guidelines also recommend
the use of prophylactic NPWT to prevent SSI in surgical
wounds [18]. However, there are limited reports on the

Table 3 Statistical analysis between the NPWT group and the
only PSC group

NPWT Only PSC p-value

n 4 4 -

Malefemale 4.0 2:2 043
Corrected age at SC (days) 336.00 369.50 0.59
Age at SC (months) 3.80 5.88 0.24
BW at SC (kg) 2.86 3.80 0.51
Duration with stoma (days) 107.75 172.50 0.22
OT at SC (min) 77.75 82.25 0.70
MSS 8.75 16.75 0.01
POSAS(O) 14.00 29.25 0.06
POSAS(P) 13.00 28.50 0.03

NPWT: negative pressure wound therapy; PSC: purse-string closure; BW: body
weight; SC: stoma closure; OT: operative time; MSS: Manchester Scar Scale;
POSAS: Patient and Observer Scar Assessment Scale; O: observer; P: patient
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use of prophylactic NPWT in pediatrics [19], and there
are currently no reports on its use in pediatric stoma clo-
sure wounds.

NPWT promotes wound healing by closing the wound
under a negative pressure environment and applying
negative pressure drainage. The mechanisms of action
for promoting wound healing include (D promoting con-
traction, @ reducing bacterial load, ) increasing wound
blood flow, @ removing excess exudate and reducing
edema, ® providing physical stimulation to cells and tis-
sues, among others [20].

For prophylactic NPWT use in stoma closure in
adults, reports have shown a reduction in SSI [1, 2],
improved aesthetics [3], and shorter wound healing
periods [4]. In pediatric cases, the prophylactic NPWT
on contaminated laparotomy incisions has resulted
in significantly better outcomes compared to classic
dressings, with improvements in SSI rates, stay peri-
ods at hospital and postoperative incision dehiscence
[19]. Other advantages of NPWT include the ability
to accurately measure fluid loss, enabling strict fluid
management [21], as well as the need for fewer dress-
ing changes compared to classic dressings [21]. Par-
ticularly in pediatrics, the reduction in the frequency
of dressing changes is a significant benefit, as children
often experience fear, anxiety, and pain associated with
these changes, which is of greater concern compared to
adults [22]. On the other hand, a major adverse event
following NPW'T placement, such as bleeding, is an
extremely rare complication in pediatric patients, with
a reported incidence of less than 1% [23]. Systemic
infections like sepsis are also serious complications fol-
lowing NPWT placement, with reports of sepsis occur-
ring in adult patients after sponge placement [24]. In
pediatrics, the risk of sepsis due to bacterial prolifera-
tion in the wound is high, as their skin barrier is imma-
ture [23]. Nevertheless, a review of pediatric NPWT
cases has revealed that the occurrence of sepsis is
extremely rare [23].

As previously mentioned, the safety and efficacy of
NPWT usage in pediatrics are being demonstrated.
However, there is no consensus regarding the settings
for suction pressure, foam selection, the duration of
usage, and the frequency of dressing changes. The
RENASYS® system offers two types of fillers: cotton and
form fillers. The choice of a filler was based on factors
such as age, weight, and corrected age at stoma closure,
which we considered factors that contribute to deter-
mining the skin condition. In this study, we selected
variable pressure therapy (VPT) mode as the suction
mode. Unlike the intermittent mode, the distinctive
feature of VPT mode is that it never turns off com-
pletely. In many cases of NPWT usage in pediatrics,
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continuous mode is often employed. Nonetheless,
studies targeting adults have reported the superior-
ity of intermittent or VPT modes in terms of granula-
tion tissue formation [24], contraction rates [24], and
increased blood flow [25]. On the other hand, the inter-
mittent mode has been criticized for issues such as exu-
date leakage when reducing the negative pressure and
pain during negative pressure application [26]. Owing
to these drawbacks of the VPT mode, the continuous
mode is the most used mode currently and is believed
to be adequately effective. However, VPT mode, which
doesn’t completely turn off the negative pressure, has
been reported to reduce pain compared to the intermit-
tent mode, and it also has a high potential of preventing
leakage. In the 4 cases we experienced, pain and leak-
age were not issues, and although further experience
and research are needed, we believe that VPT mode is
effective. Furthermore, when configuring NPW'T usage
in pediatric cases, various factors need to be consid-
ered, such as age, gestational age, weight, wound type
and size, wound location, skin fragility, responsiveness
to treatment, and pain tolerance. To establish guide-
lines for safe and effective NPW'T usage in pediatrics,
further research is required, including prospective ran-
domized trials.

Conclusion

This report is the world’s first to present prophylactic
NPWT for stoma closure wounds in infants. The use of
NPWT in combination with PSC effectively prevents SSI
and statistically improves postoperative aesthetics. We
intend to continue using NPWT in all cases of non-umbili-
cal stoma closure wounds.

However, the use of NPWT for other abdominal surgi-
cal wounds, considering the varying frequency of SSI based
on the wound contamination levels would be essential.
Expanding the sample size for further investigation seems
necessary. Our future research will involve exploring the
use of NPWT for primary wound healing. Furthermore,
our study is significant, because it establishes the safe and
effective use of NPWT for extremely low birth weight
infants.

Abbreviations

PSC Purse-string closure

NPWT  Negative pressure wound therapy

SS Surgical site infections

MSS Manchester Scar Scale

POSAS  Patient and Observer Scar Assessment Scale
LSC Linear skin closure

VPT Variable pressure therapy
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