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ARTICLE INFO ABSTRACT

Keywords: Background: To investigate the efficacy of an alternative negative pressure treatment for the
Enteroatmospheric fistula treatment of enteroatmospheric fistula transformed from small intestinal leakage due to incision
Outcomes dehiscence after abdominal surgery.

g:i:t:r‘;em Methods: Patients with an enteroatmospheric fistula from small intestinal leakage owing to
Infections incision dehiscence following abdominal surgery between January 2010 and December 2019

were retrospectively reviewed.

Results: A total of 83 patients (mean age: 38.3 + 11.6 years; Body mass index: 19.9 + 2.2 kg/m?)
were enrolled. Of the 83 patients, 59 (71.1 %) achieved fistula closure. High-output fistula
(Hazard ratio = 0.48; 95 % Confidence interval: 0.29-0.81; P = 0.006) and abdominal wall
thickness >2 cm (Hazard ratio = 2.76; 95 % Confidence interval: 1.35-5.67; P = 0.006) were
identified as factors affecting fistula closure. Lastly, 11/83 (13.3 %) patients exhibited re-
dehiscence.

Conclusion: Appropriately applying the alternative negative pressure treatment may enable fistula
closure in patients with enteroatmospheric fistula resulting from small intestinal leakage caused
by incision dehiscence.

1. Introduction

Postoperative intestinal leakage can lead to organ/space surgical site infection (SSI) [1,2]. This type of SSI is characterized by high
morbidity and mortality [3,4], possibly requiring additional surgery [5] to control the infection and even prevent death [6]. Moreover,
intestinal leakage below the incision site may become exposed following incision dehiscence, creating a direct connection to the
external environment and facilitating easier fluid drainage from the incision site. In such cases, the initial intestinal leakage develops
into an enteroatmospheric fistula (EAF) [7]. EAFs are associated with risks such as septic abdomen, shock, malnutrition, and elec-
trolyte disorder, leading to a mortality rate of 20%-44 % [8].
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The management of EAF is a highly challenging situation for surgeons. In previous literature, EAF isolation from the exposed open
abdomen wound followed by the creation of a stoma analog has been indicated as an optimal approach to reduce the associated
mortality [9,10]. However, EAF cannot be closed spontaneously and must be resected with definitive surgery [11].

A double-lumen irrigation-suction tube (DLIST) is a negative pressure treatment device previously described in our studies [1,12,
13]. DLIST has been proven effective in treating SSIs [1], controlling intestinal fistula infection [12], and promoting intestinal fistula
closure [13]. Furthermore, the excellent irrigation ability of DLIST in controlling sources can be used to achieve closure of the separate
fascia at the early stage of incision dehiscence. This feature of DLIST can potentially re-transform the EAF into an intestinal fistula that
connects with the outside environment via the sinus, thereby increasing closure possibility. In this study, an alternative negative
pressure treatment for EAF intervention is described, and its effectiveness is evaluated.

2. Methods
2.1. Study design

This retrospective study was performed at two tertiary hospitals managed by the same chief surgeon, with the same EAF treatment
employed in the two hospitals. From January 2010 to December 2019, patients who underwent the alternative negative pressure
treatment for EAF resulting from small intestinal leakage caused by incision dehiscence after abdominal surgery were included. Pa-
tients fulfilling any of the following exclusion criteria were excluded: (1) more than one fistula, (2) inflammatory bowel disease (IBD),
and (3) incomplete data.

2.2. Outcomes

The primary outcome was fistula closure. Secondary outcomes included (1) incision healing, (2) changes in fistula output, and (3)
abdominal hernia incidence within 1 year post-discharge.

2.3. Procedure of the alternative negative pressure treatment

Each patient underwent a computed tomography (CT) scan on admission, and bedside exploration of the incision was performed.
Further, the purulent cavity under the split incision was evaluated. Next, gastroenterography was conducted, and the fistula location
was determined. The surgeon then advised the placement of a DLIST beneath the incision. However, the patient was allowed to decide
on receiving the treatment, and the intervention was administered after the patient provided signed informed consent. The patient lay
supine during the procedure. After local anesthesia, iodophor disinfection and paving sterile sheet, the location of the fistula was
explored and DLIST was placed near the fistula (distance <0.5 cm to fistula). Lastly, the incision fascia and skin was closed using
continuous stitching.

A DLIST consists of irrigation and suction catheters and an end-closed supporting pipe riddled with 3-mm diameter holes about 1
cm apart (Fig. 1A). In this procedure, the closed end of the supporting pipe is placed near the fistula (distance <0.5 cm) in abdomen,
while the suction catheter is inserted into the supporting pipe from the other opening end to supply the negative pressure. The diameter
of the suction catheter is half that of the end-closed supporting pipe.

Fig. 1B shows the working diagram of the DLIST. The supporting pipe, which is perforated with holes, is internally connected to the
outside atmosphere. Consequently, when the continuous saline was irrigated through the irrigation catheter at 100-150 mL/h, along

Fig. 1. A. Double-lumen irrigation—suction tube consist of irrigation catheter (.), suction catheter (marked by black arrow), and end-closed sup-
porting pipe which was riddled with holes with diameter of about 3 mm (the distance between each hole is about 1 cm, marked by white arrow).
B. The supporting pipe (Grey pipe), which is perforated with holes, is internally connected to the outside atmosphere. Consequently, when the
continuous saline was irrigated through the irrigation catheter at 100-150 mL/h, along with drainage from the suction catheter (Brown tube) under
continuous negative pressure of 110-150 mmHg, intestinal fluid (Show with brown arrows) is drained and the inside of the supporting pipe quickly
fills with air (Show with white arrows) and saline (Show with blue arrows).
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with drainage from the suction catheter under continuous negative pressure of 110-150 mmHg, intestinal fluid is drained and the
inside of the supporting pipe quickly fills with air and saline.

The alternative negative pressure treatment procedure in our study involved fascia closure and DLIST placement between the fascia
and the intestine for continuous negative pressure drainage. As illustrated in Fig. 2 (A - D), the technique is performed before the
development of a frozen abdomen. During this approach, the incision is explored, and the fistula is located. The fascia and skin are then
stitched, and the DLIST is placed between the viscera and fascia (Fig. 2 [B - D]), while the DLIST end is placed near the fistula (distance
<0.5 cm). Finally, the suture is removed at least 14 days later.

2.4. Nutrition strategy

Total parenteral nutrition (PN) was administered after DLIST placement. The basic energy supply was calculated according to
formula (30 kcal/kg/day), along with adjustments based on fistula output and nutritional indicators (e.g., albumin and prealbumin
levels, weight loss, and body mass index [BMI]). Additionally, somatostatin was used to reduce the output in patients with high-output
fistula [13] after DLIST placement. In principle, after incision suturing, DLIST placement, and the contraction of sinus granulation, the
fistula output gradually decreased and somatostatin was weaned off in most patients. Correspondingly, total EN was gradually
resumed for patients who could be tapered off somatostatin within 4 weeks of PN.

However, patients with continued high-output fistula who could not be withdrawn from somatostatin 4 weeks after DLIST
placement were administered chyme reinfusion (CR) using a Foley tube, which was inserted into the distal small intestine of the EAF
under X-ray guidance [14]. Next, total EN was resumed with CR, and somatostatin was gradually ceased. In such cases, fistula closure
was not expected, and a definitive surgery was planned.

2.5. Fistula monitoring

Before DLIST placement, gastroenterography was performed. The length from the ligament of Treitz to the fistula location was then
estimated. After DLIST placement, careful monitoring was crucial, including daily examination of the incision and the properties of the
flushing solution, along with biweekly CT and routine gastroenterography. Additionally, after 2-3 days with no detection of intestinal
fluid in the DLIST, CT and gastroenterography were conducted to determine the diagnosis of fistula closure.

During treatment, gastroenterography was performed to confirm closure. Subsequently, the DLIST was removed, and the patients
were discharged upon achieving closure. However, definitive surgery was planned for patients without closure even after at least 3
months of treatment. The criteria for this surgery included normal findings for at least 1 month, encompassing laboratory tests, BMI,
and physical strength.

Fig. 2. A. EAF resulting from small intestinal leakage (incision dehiscence area was about 10*4 cm), the fistula was marked with black arrow.
B.The DLIST was placed under the fascia layer, and the end of DLIST was placed near the fistula. C. The fascia and skin were closed. D. Three days
after intervention, the acute inflammatory reaction around the incision subsided.
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2.6. Definition

The following definitions were used in our study. First, SIRS (systemic inflammatory response syndrome) was established when two
of the following criteria were met: 1. Body temperature >38 °C or <36 °C; 2. Heart rate >90 beats/min; 3. Breathing rate >20 times/
min or pCOy <32 mmHg; and 4. White blood cell count >12 x 10°/L or <4 x 10°/L. Second, a high-output fistula was defined ac-
cording to the American Association for Parenteral and Enteral Nutrition guidelines [15]. Accordingly, high-output fistula was
diagnosed when the output reached >500 mL/day, which can in turn increase the difficulty of infection source control, nutritional
support, fistula skin care, and organ function maintenance [15]. Third, hernia was easily diagnosed in our study based on its clinical
manifestations. Fourth, SSIs are infections directly resulting from surgical interventions and can be categorized as superficial incisional
SSI, deep incisional SSI, and organ/space SSI [4]. Organ/space SSI was defined as clinical symptoms of intraperitoneal infection
without evidence of intestinal leakage [4]. Lastly, sepsis was defined as a life-threatening organ dysfunction attributed to a dysre-
gulated host response to infection. The clinical criteria for sepsis included suspected or documented infection and an acute increase of
two or more Sequential Organ Failure Assessment points as a proxy for organ dysfunction [16].

Table 1
Patients characteristics.

Clinical variables Overall patients (n = 83)

Demographic data

Female,No. (%) 28 (33.7)
Age, years; (mean + SD) 38.3+11.6
BMI, kg/m2, (mean =+ SD) 19.9 + 2.2
General condition of patients on admission

Peritoneal effusion,No. (%) 26 (31.3)
Pleural effusion,No. (%) 39 (46.9)
SIRS,No. (%) 60 (72.2)
Bilirubin>20 pmol / L,No. (%) 41 (49.3)
Creatinine>106 pmol / L,No. (%) 8 (9.6)
Sepsis,No. (%) 36 (43.4)
Fistula characteristics

Interval from Resection of small intestine to admission, day, (median,IQR) 21 (16-28)
Interval from incision dehiscence to admission, day, (median,IQR) 10 (8-12)
Width of incision dehiscence, No. (%)

<5cm 50 (60.2)
>5cm 33 (39.8)
Abdominal wall thickness greater than 2 cm,No. (%)

Yes 58 (69.9)
No 25 (30.1)
Length from treitz to fistula,No. (%)

<100 cm 11 (13.2)
>100 and < 200 cm 20 (24.1)
>200 and < 300 cm 42 (50.6)
>300 cm 10 (12.1)
High output,No. (%)

Yes 51 (61.5)
No 32 (38.5)
Etiology of leakage,No. (%)

Trauma 47 (56.6)
Obstruction 30 (36.1)
Mesenteric thrombosis 6(7.2)

Laboratory results
Hemoglobin,No. (%)

<90 g/L 11 (13.3)
>90 g/L and <120 g/L 66 (79.5)
>120 g/L 6(7.2)
Albumin, No. (%)

<35 g/L 51 (61.5)
>35 g/L 32 (38.5)
WBC, No. (%)

<10"9/L 21 (25.3)
>10"9/L and <2*10"9/L 56 (67.5)
>2*10"9/L 6(7.2)
CRP, No. (%)

<50 pg/mL 38 (45.8)
>50 pg/mL and <100 pg/mL 32 (38.5)
>100 pg/mL 13 (15.7)
Comorbidity, No. (%)

Hypertensio 1(1.2)
Diabetes mellitus 2(2.4)
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Fig. 3. A. The closure rate of the overall patients at different time nodes.
B.The closure rate in patients with and without high output fistula. C. The closure rate in patients with and without abdominal wall thickness more
than 2 cm.
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2.7. Data collection and statistical analysis

Patient characteristics were collected from their clinical records. Additionally, the sex, age, time interval from fistula occurrence to
admission, and etiology of the patients were recorded. Moreover, hemoglobin and albumin levels and BMI were measured on
admission. Further, fistula output was calculated by weighing daily. Lastly, skin and fascia thickness were calculated using CT scans.

All statistical analyses were performed using Statistical Package for Social Science version 26.0 for Windows (IBM, Analytics,
Armonk, NY, USA). The Student’s t-test and Mann-Whitney U test were used to compare the continuous variables across groups, while
the Fisher’s exact test was applied to compare the categorical variables. Finally, multivariate Cox and logistic regressions were used to
adjust for the confounding variables. A P value of <0.05 was considered statistically significant.

3. Results
3.1. Baseline characteristics

From January 2010 to December 2019, 105 patients underwent negative pressure treatment at one of the two study hospitals.
However, 22 patients were excluded (17 had more than one fistula, three had IBD, and two had incomplete data) based on the study

Table 2
Cox-regression analysis of factors associated with closure of fistula.
Clinical variables Univariate regression p Multivariate regression p
HR 95%CI HR 95%CI
Female 1.091 0.637-1.872 0.750
Age 0.998 0.997-0.019 0.819
BMI 1.086 1.002-1.213 0.014 0.969 0.839-1.118 0.666
Peritoneal effusion 0.875 0.556-1.365 0.854
Pleural effusion 0.941 0.658-1.297 0.899
SIRS 0.708 0.929-1.069 0.604
Bilirubin>20 pmol / L 0.942 0.687-1.489 0.801
Creatinine>100 pmol / L 0.959 0.905-1.069 0.419
Interval from abdominal surgery to admission 0.988 0.946-1.032 0.592
Interval from incision dehiscence to admission 0.962 0.871-1.063 0.448
Width of incision dehiscence
<5cm Ref
>5cm 1.486 0.865-2.551 0.151
Abdominal wall thickness
<2cm Ref
>2 cm 2.426 1.319-4.462 0.004 2.761 1.347-5.663 0.006
Length from treitz to fistula
<100 cm Ref
>100 and < 200 cm 2.152 0.787-5.884 .0.135
>200 and < 300 cm 2.023 0.784-5.219 0.145
>300 cm 2.286 0.745-7.013 0.148
High output
No Ref
Yes 0.512 0.305-0.858 0.011 0.482 0.286-0.812 0.006
Etiology of leakage
Trauma Ref
Obstruction 0.999 0.581-1.717 0.996
Mesenteric thrombosis 0.604 0.186-1.968 0.403
Hemoglobin
<90 g/L Ref
>90 g/L and <120 g/L 1.271 0.599-2.695 0.532
>120 g/L 1.355 0.407-4.505 0.620
Albumin
<35 ¢g/L Ref
>35g/L 1.111 0.651-1.894 0.700
WBC
<10"9/L Ref
>10"9/L and <2*10"9/L 1.090 0.603-1.970 0.777
>2%10"9/L 0.662 0.191-2.287 0.514
CRP
<50 pg/mL Ref
>50 pg/mL and <100 pg/mL 0.659 0.378-1.149 0.141
>100 pg/mL 0.558 0.245-1.269 0.164
Comorbidity
Hypertensio 0.864 0.119-6.249 0.884
Diabetes mellitus 0.268 0.037-1.941 0.192
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exclusion criteria. Eventually, 83 patients were enrolled. The baseline characteristics of the included patients are presented in Table 1.
The mean age of the patients was 38.3 + 11.6 years, and their average BMI was 19.9 & 2.2 kg/m?. Of the 83 patients, 55 (66.3 %) were
males, and 28 were (33.7 %) females. The median interval from the previous abdomen surgery to admission was 21 days (interquartile
range [IQR] = 16-28 days), and the median interval from incision dehiscence to admission was 10 days (IQR = 8-12 days). Lastly, 60
(72.2 %) and 36 (43.4 %) patients were diagnosed with SIRS and sepsis, respectively, on admission.

3.2. Closure of fistula

Of the total 83 patients, 59 patients achieved fistula closure, yielding a closure rate of 71.1 %. The median time for closure was 24
days (IQR = 18-28 days). Of the 59 patients with fistula closure, 19 (32.2 %) attained closure within 20 days after DLIST placement.
Moreover, 48 of the 59 patients (81.4 %) achieved closure within 1 month of the alternative negative pressure treatment. In the
remaining 11 patients who experienced fistula closure after >30 days following DLIST placement, the longest time for closure was 41
days (Fig. 3A). Furthermore, six of the 24 patients without fistula closure received CR due to uncontrollable flow up to 3 weeks after
admission.

In terms of the factors affecting fistula closure, an adjusted Cox regression analysis showed that high-output fistula had a negative
effect on closure (hazard ratio [HR] = 0.48; 95 % confidence interval [CI]: 0.29-0.81; P = 0.006; Table 2 and Fig. 3B). In contrast,
abdominal wall thickness >2 cm exhibited a positive effect on closure (HR = 2.76; 95 % CI: 1.35-5.67; P = 0.006; Table 2 and Fig. 3C).
Moreover, in the 60 patients diagnosed with SIRS on admission, the median time required for becoming free of SIRS was 6 days (IQR =
5-9 days). In the case of the 36 patients detected with sepsis on admission, the median time to become sepsis-free was 11 days (IQR =
8-15 days).

3.3. Incision healing

In this study population, 11 of the 83 patients experienced re-dehiscence. In these patients, the incomplete healing was due to
noninfectious incision dehiscence induced by excessive tension. After the edema was relieved, the fascia and skin on both sides of the
incision could not completely close, resulting in final re-dehiscence. Furthermore, the suture-out interval in these 11 patients was 24
days (IQR = 21-28 days). An adjusted logistics regression analysis suggested that abdominal wall thickness <2 cm was the only factor
for re-dehiscence (OR = 4.83; 95 % CI: 1.09-21.49; p = 0.039). Additionally, in eight of the 11 patients, the EAF persisted after re-
dehiscence. Among these eight patients, two had a low-output fistula, and six received CR.

The remaining three of the 11 patients achieved fistula closure before re-dehiscence (Fig. 4 [A - C]). In these three patients, the
initial fistula output before DLIST placement was 210, 240, and 220 mL/day, respectively, whereas the output on the 10th day after
DLIST placement was 30, 60, and 40 mL/day, respectively. Fistula closure was confirmed under gastrointestinal radiography (Fig. 4
[D, E]) within 20 days in all three patients (17, 18, and 18 days, respectively), and the suture was removed 21, 21, and 22 days after
DLIST placement, respectively.

Fig. 4. A. during the intervention, edema around the incision was still obvious.

B. Three days after intervention, after the edema subsided, the incision could not be completely closed (marked in blue circle).

C. 17 days after intervention, the closure was detected while the incision was split again and the suture was removed on the 21st day after
intervention. On the 26th day, the incision granulation grows further.

D. On the second day after the intervention, the contrast medium was injected through naso intestinal tube, and the leakage of contrast medium was
observed (marked by white arrow).

E. 17 days after intervention, the closure was detected under X ray.
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3.4. Output of fistula

The average fistula output was 598.3 + 242.7 mL/day on the day before DLIST placement, which decreased significantly within 1
month (Fig. 5A). Furthermore, the number of patients requiring somatostatin treatment decreased over time. In particular, somato-
statin was administered in 72 (86.8 %) of the total 83 patients before DLIST placement, with 52 (62.7 %) demonstrating high-output
fistula after somatostatin treatment. Moreover, on the 10th day after DLIST placement, the number of patients with somatostatin
treatment decreased to 42 (50.6 %), while the number of patients with high-output fistula after somatostatin use also decreased to 24
(28.9 %) (Fig. 5B). Somatostatin was stopped within 30 days after DLIST placement in all patients. However, six patients had a high-
output fistula and received CR to maintain nutritional status and an internal environment.
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Fig. 5. A. The change of amount of output at different time nodes.
B. Number of patients with non-high output fistula, high output fistula, and closure at different time nodes.
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3.5. Abdominal hernia after fistula closure

Patients were followed up for 1 year after discharge to investigate abdominal hernia incidence. No patients died during the follow-
up period. Among the 59 patients with closure, only four (6.8 %; all four were male) had abdominal hernia within 1 year post-
discharge. Additionally, these four patients exhibited a weight gain of 6, 8, 8, and 9 kg, respectively. In the case of the remaining
55 patients, a mean weight gain of 4.6 + 2.1 kg was observed. The characteristics of the four patients with abdominal hernia are shown
in Table 3.

4. Discussion

EAF is a unique type of enterocutaneous fistula (ECF) that connects to the outside environment without a sinus. In negative pressure
wound therapy (NPWT), the EAF is isolated from the exposed open abdomen wound to form a stoma analog.17 Although this strategy
can effectively reduce abdominal cavity pollution caused by the EAF, the treatment procedure is lengthy. Additionally, most studies [9,
10,17-21] have indicated an extremely slim possibility of fistula closure, with a reported global ECF closure rate of 19%-92 %
[22-28]. The main reason for the difficulty in attaining EAF closure may be the ineffectiveness of granulation accumulation in blocking
the fistula, thereby allowing the mucosa to grow out from the fistula eventually. Therefore, a definitive surgery with a challenging
process is ultimately required.

Our study is the first to focus on the early stages of EAF formation, proposing an alternative method to improve the prognosis by
transforming EAF into an ordinary ECF (with a sinus tract). The core component of this treatment method was the draining and su-
turing of the fascia before the dehisced fascia atrophied and adhered to the granulation tissue. This strategy promoted sinus tract
formation and consequently fistula closure. After treatment, EAF closure could be detected, demonstrating a substantial overall rate of
fistula closure of 71.1 %. This approach was noteworthy because it shortened the entire treatment process and decreased procedure
difficulty in patients with early incision dehiscence and EAF. Compared with NPWT with equal-diameter micro-pores,17,30 DLIST has
lateral holes with a larger diameter. Due to the difference in structures, the effect of NPWT on the micro-deformation of granulation
tissue and angiogenesis is relatively stronger, while DLIST is more helpful in removing large amounts of viscous and thick fluid.
Moreover, adequately draining viscous fluid contributes to the following effects: (1) direct reduction of peripheral inflammation and
tension at the re-sutured incision, facilitating incision healing and sinus formation and (2) indirect provision of conditions for the
growth of granulation tissue and sinus formation. Furthermore, the development of granulation tissue around the fistula leads to sinus
narrowing, resulting in reduced output and fistula closure. In one of our earlier studies [13], drainage of >2000 mL of colonic fluid and
pus was performed within 48 h using DLIST. Additionally, another of our previous studies [12] obtained an closure rate as high as 86 %
under good nutritional conditions by leveraging the continuous flush and drain capability of DLIST. Moreover, the hazards linked to
intra-abdominal catheters with negative pressure and new fistula formation should be considered during this treatment. However, no
new fistulas were observed after DLIST placement in our study. This outcome could be because the suction catheter supplying the
negative pressure was not in direct tissue contact. Further, the supporting pipe, which was covered with holes, was internally con-
nected to the ambient atmosphere. Thus, when the suction catheter provided a negative pressure of 110-150 mmHg, intestinal fluid
was drained out, quickly filling the inside of the supporting pipe with air and saline. Thus, this working mechanism of DLIST does not
lead to progressive negative pressure on the tissue and avoids sustained tissue damage and the formation of new intestinal fistulas.

In this study, our negative pressure strategy was associated with an abdominal hernia incidence rate of 6.8 % in patients with fistula
closure. Many risk factors are linked to abdominal incision hernia, particularly relating to abdominal pressure [29], the strength of
abdominal wall incision [30], and healing ability [31]. Based on the above risk factors, we believe that the leading cause of abdominal
hernia may be a rapid body weight increase over a short duration. Although the incision and fascia were re-sutured in our study, severe
incision infection and weaker than normal integrity and tensile capacity of the fascia were observed. Consequently, incision healing
was mainly due to the formation of granulation tissue.

Our study has several limitations that should be considered. First, this study was a single-arm observation with no controls.
However, previous research suggests that the possibility of closure without intestinal fistula excision is highly slim in EAF. Therefore,
the high closure rate of over 70 % in our study illustrates the advantages of the proposed treatment method. Second, our sample size
was relatively small, potentially leading to bias. However, EAF from small intestinal leakage due to incision dehiscence following
abdominal surgery has a low incidence rate. Moreover, the present study is the first to explore methods to achieve fistula closure in this
condition. Third, our study findings may not be generalizable to other populations because specific characteristics in our patients differ
from those of international populations. For example, the relatively young population, lack of patients with obesity, and low rate of
diabetes and IBD in our study represent a distinct subset. Finally, the application of DLIST is not relatively broad. Our study patients

Table 3
Characteristics of patients who achieved the closure but had incisional hernia within one year after discharged.
Patients Age  Initial BMI Abdominal wall width of the incision gained weight one BMI (kg/m?) one Incisional hernia
number (kg/mz) thickness > 2 cm dehiscence > 5 cm year after discharge year after discharge size (cm*cm)
1 34 17.71 No Yes 8 21.01 3*8
2 41 19.28 Yes Yes 8 21.39 3*10
3 28 17.48 No Yes 9 20.72 3*10
4 35 18.87 Yes No 6 21.95 3*6
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were in the early stage of EAF formation. Thus, frozen abdomen formation had not yet occurred, enabling a split incision that was not
excessively wide to allow the fascia to be stitched and pulled together. Nonetheless, the present study aimed to shed light on our
experience, presenting an alternative method for treating EAF before the stage requiring additional staff and material resources.
Therefore, the current study results suggest that our alternative negative pressure approach may serve as a treatment modality for EAF
management, warranting future research on this aspect.

5. Conclusion

The appropriate application of our alternative negative pressure treatment may help achieve fistula closure in patients with EAF
resulting from small intestinal leakage caused by incision dehiscence.
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