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Abstract
Introduction: Enterocutaneous fistula (ECF) is a hazardous postoperative complication in abdominal surgeries that demand costly
treatment and can reach a mortality incidence as high as 30%. There is a lack of animal models of ECF to test new strategies treatment. In this study we describe in detail an efficient and simplified model of ECF.

Methods: After general anesthesia, thirteen male Lewis rats were submitted to a midline incision. The cecum was identified and ex-

teriorized through a small incision in the right flank to create the enterocutaneous fistula. The animals were observed twice a week

searching for clinical signs of complications (abdominal distention, piloerection, infection, herniation, necrosis or fistula) and body
weight assessment. At the 30th post-operative day (POD), the animals were euthanized to perform autopsy, evaluating abdominal

cavity and collecting fistula samples for histology (HE).

Results: One animal was sacrificed at the 2nd POD because intestinal prolapse. The remaining 12 animals lost around 10% of the
original weight, presented signs of moderate clinical stress but survived untill 30th POD with a steady stercoral fistula and continu-

ous feces output. Histological analysis confirmed the diagnosis of fistula, observing an important lymphomononuclear component in
subserous layer and ulceration of squamous epithelium in the fistula border.

Conclusion: This simplified model was effective to create a consistent enterocutaneous fistula with continuous output during 30
days.
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Introduction
Enterocutaneous fistula (ECF) is an abnormal connection be-

tween the gastrointestinal (GI) tract and the skin. Any surgical in-

tervention creating an anastomosis in the digestive tract may cause

leakage resulting in an ECF [1,2]. Indeed, gastrointestinal surgery
is responsible for 80% of all ECF cases, achieving a mortality rate
ranging from 6% to 33%. Spontaneous fistula in non-trauma and

non-emergency surgeries occur more commonly in inflammatory
bowel disease (IBD), but also in malignancy, appendicitis, diverticulitis, radiation, tuberculosis/actinomycosis, and ischemia [1-3].
Trauma victims also represent a group of patients that can

07

Faculdade de Medicina da Universidade de São Paulo (HCFMUSP)
is the reference service in Brazil to treat complex GI fistulas using
advanced procedures such intestinal and multivisceral transplan-

tation [10,11]. Our laboratory performs rat models to develop new
strategies to treat GI fistula, including intestinal and multivisceral

transplantation [12-16]. The idea is to perform intestinal transplantation in rats with fistula to simulate a genuine clinical situa-

tion (translational research). The aim of this study was to describe
in detail a simplified and efficient model of ECF.

Material and Methods

Thirteen isogenic SPF Lewis rats weighting 200 to 250 grams

develop post-operative ECF with an incidence around 2%. In this

were maintained in the controlled laboratory of medical investi-

2,224 patients with abdominal trauma. The incidence of ECF was

periments containing standard atmosphere parameters (silent,

situation, ECF etiology is related to damage control strategies and

hemodynamic instability. Fisher., et al. [4]. showed 1.9% of ECF in

higher in open (8%) than closed (0.5%) abdomen trauma. Low rate
of spontaneous closure was observed in both groups. Hatchimonji.,

et al. [5]. reported that 135,595 patients submitted to emergency

general surgery reached 1.1% of ECF incidence with high mortality
rate (10.1%).

ECF usually arises 7 to 10 days after surgery, initiating with a

wound infection, followed by leakage of enteric contents through
the abdominal wall. The leakage arises through the prior surgical

wound incision or nearby. The main clinical signs of ECF include

cutaneous rash around the fistula, malnutrition, electrolyte dis-

turbances, dehydration, metabolic instabilities, infection and prolonged hospital stays. Most deaths are related to sepsis (77%), malnutrition and fluid/electrolyte loss [1,2]. The closure rate without

surgery ranges from 20 to 30% and 90% of them occurs in the first
month after resolution of infection or sepsis [2].

For those that fail to close spontaneously, the treatment de-

mands prolonged hospitalization and individualized approaches.
Actually, the treatment of severe ECF is costly and challenging. It

gation 37 animal’s facility from HCFMUSP. The animals were kept
in a meticulously controlled environment specific for SPF rats ex-

temperature of 22 ± 2, humidity of 55 ± 5%, 12/12h day/night
cycles, absolute filtered air flow, constant natural barometric pres-

sure) water and food was accessible ad libidum and the surgeries
performed in the microsurgical room. This study was approved by

our institutional animal ethics committee (# 1278/19). The study
followed ethical principles of animal research according to the National Council of Animal Experimentation
Experimental design

The rats were submitted to the surgical procedure to create the

ECF and observed twice a week for body weight and clinical exami-

nation. The experimental end point was survival at 30th POD, when

the animal was euthanized for autopsy. Animals presenting complex complication such loss of more than 25% of the initial body

weight stress posture and/or moribund state were euthanized prematurely for diagnosis.
Surgical procedures

Under inhaled anesthesia with isoflurane (isoflorano, Cristália®,

demands intestinal rehabilitation services with multidisciplinary

Sao Paulo, Brazil )100ml/min, the rats were submitted to a midline

structions and/or transplantation [2,6-9].

sion (Figure 1 A), the cecum was identified and its proximal part

attendance, including wound care, home parenteral nutrition and

eventually complex surgical procedures such as intestinal reconThe rat is a crucial model to study ECF and start therapeutic

strategies aiming clinical applications. Hospital das Clinicas da

incision of 50 mm and a small right flank incision, 15 mm far from
de midline. The intestine was exposed through the midline inci-

brought out by the flank incision through the subcutis (figure 1B).
The external cecum layer was sutured in the intraperitoneal ab-

dominal layer by five stitches using polipropilene 5-0 (Prolene Eth-
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Post-operative evaluation
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The animals were observed twice a week searching for clinical

signs of complications (abdominal distention, piloerection, fistula

aspect and debit, local infection, dehiscence, necrosis, prolapses,
and herniation) and body weight measurement.
Histological analysis

Samples of the fistula segment were prepared for microscopic

analysis. The samples were immersed in a fixative solution of 4%
phosphate-buffered paraformaldehyde for 12 hours and then submitted for processing with hematoxylin-eosin (HE) staining.

Results

The surgical procedure was quite simple for basic residents

Figure 1: Details of the surgical technique. 1A- Midline incision of
50 mm and a small right flank incision of 15 mm. 1B- The cecum
was identified and its proximal part was pulled throughout the

flank abdominal incision. 1C- The upper extremity of the cecum,

and the external border was fixed by five stitches in the subcutis

layer using mono nylon 5-0 (Ethicon, USA) and finally fixed in the

skin. 1D- Abdominal wall closure using a continuous suture in the
muscular layer and skin.

icon, USA). Additionally, we cut the upper extremity of the cecum,
and the external border was fixed by five stitches in the subcutis

layer using mono poliamide 5-0 (nylon, Ethicon, USA). After a circular incision of the exteriorized cecum, its border was finally fixed
in the skin (figure 1C). Subsequently, we closed the abdominal wall

using a continuous suture of nylon 4-0 (poliamide, Ethicon, Cincinnati, OH, USA) in the muscular layer and skin (Figure 1D).

At the experimental end point, the animals were anesthetized

by intraperitoneal injection of ketamine 100 mg/kg (Ketamin, Cristalia, Sao Paulo, Brazil) combined with xylazine 10 mg/kg (Rom-

of surgery and could be totally performed within a period of 15
minutes by a single surgeon. One animal was sacrificed in the 2nd

POD due to intestinal prolapse. This complication, motivate a slight
modification in the original surgical procedure by adding three internal stiches to fix it between the abdominal internal aponeuro-

sis adjacent to the right flank incision and the intestine. After this
modification there was no longer prolapse in any animals. The remaining 12 animals survived until the experimental end point. All

animals lost around 10% of its original weight within the fourth
POD and did not recovery it, keeping the same weight until the

experiment end point. All animals presented progressive signs of
clinical stress due to its filth condition with piloerection, conjunc-

tivitis, and aggressive posture. There was a continuous leakage of

intestinal contents by the fistula causing animal’s filth condition
and promoting a progressive cutaneous rushes and fur loss around
the fistula and upper abdomen (Figure 2). The histological analy-

sis confirmed the diagnosis of fistula observing transmural edema,
involving the structures of the intestinal wall, associated with an
exuberant inflammatory reaction of lymphomononuclear cells,

forming lymphoid wall aggregates, ulcerations of the squamous
epithelium, associated with the underlying inflammatory and vascular reaction, similar to the finds of fistula in clinical patients (Figure 3).

pun, Bayer, Sao Paulo, Brazil) and placed in a euthanasia chamber

Discussion

tologic assessment.

there are few articles in the literature demonstrating convenient

with CO2. During the autopsy we investigated the macroscopic ab-

dominal cavity condition and removed the fistula segment for his-

Surgical models in animals are frequently needed; however,

Citation: Galvão FH., et al. “Simplified Model of Enterocutaneous Fistula in the Rat". Acta Scientific Gastrointestinal Disorders 5.1 (2022): 06-10.

Simplified Model of Enterocutaneous Fistula in the Rat
09

ECF simulations. Rats are very sensitive to gastrointestinal fistula

or stomas. In an experiment of our group using anorectal resec-

tion and colostomy, we observed high rate of weight loss, diarrhea,

cachexia, with a high mortality rate (58.3%), compared to the good
post-operative evolution of rats submitted to anorectal autotrans-

plantation, even when the graft was submitted to a heterotopic
anal implantation [13]. Wittig., et al. [18] also observed bad evolu-

tion in a rat model of loop colostomy with a 30% postoperative
mortality rate. Rat models of gastric and small intestine fistula

have also been proposed; however, the rats presented spontaneous
fistula closure [17] or high mortality rate related to hydroelectro-

lytic and metabolic disturbances caused by high fistula output and
infections [18,19].

The ideals characteristics for an ECF model are: one-stage and

Figure 2: Pictures of the animal’s evolution showing animal clini-

straightforward procedure, low postoperative mortality rate, no

30 (2D) POD.

Considering all these requirements and based on previous animal

cal condition (piloerection) and the progressive cutaneous rush

around the fistula and abdomen at 7th (2A), 14th (2B), 21th (3C) and
th

spontaneous fistula closure, direct access to the fistula, low costs,
controlled discomfort for animals and long-term survival rate.
models in rats, our group suggest in this experiment the use of the
cecum for ECF, because its natural mobility and the convenient controlled output of intestinal content throughout the fistula that can
be placed in the upper abdominal flank, out of rat’s mouth reach.

This surgical fistula model is relatively simple to be performed

even by elementary residents. Furthermore, the fistula debit is not

high to cause animal mortality, but consistent enough to keep it

opened over time. Therefore, in this experiment the animals survived with a functional fistula until the experimental end point,
with a low rate of surgical failure (8.3%).

Conclusion

In this experiment we showed in details an effective, simple and

steady model of enterocutaneous fistula, similar to that observed
in clinical trials.
Figure 3: Panoramic micrograph of the histological section (HE
100 X), showing an ulcerated area of the mucosa with submucosal
edema, discontinuity of mucosal epithelial layer, edema and an
exuberant inflammatory reaction. 1b: High magnification micrograph (HE 400 X) showing, in detail, an inflammatory infiltrate
in the ulcerated area. 1c: Panoramic micrograph of histological
section showing the fistulous path with edema and an exuberant
inflammatory reaction and involvement in muscular and submucosal structures by inflammatory process. Figure 1d. Micrograph
of the fistulous path in high magnification (HE 400 X), showing in
detail the infiltrate involving submucosal structures.

This model may be a good tool to test innovative fistula treat-

ments including reconstructive surgeries, wound care devices such
percutaneous aspiration and drainage curatives and stem cells
therapy.
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