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Abstract

Background Pediatric ureteral injuries can arise from trauma or surgical procedures, and urinary-enteral fistulas,
although rare, are both challenging to manage and repair. More information is needed regarding ureteral-enteral
fistulas in the general population, and successful treatment options are limited. This case report introduces an innova-
tive approach, treatment, and successful follow-up featuring a novel repair technique designed for pediatric patients.

Case presentation As a result of complicated appendicitis, a 2-year-old male developed a uretero-enteral fistula.

A right ureteral-enteral fistula was detected, and because of the persistent metabolic acidosis and deteriorating mal-
nourishment, a percutaneous nephrostomy tube was inserted with the closure of the fistula through a colonoscopy
clip. Three months later, with a better patient’s condition, corrective ureteral surgery was performed with total resec-
tion of the fistulized ileocolonic segment (an anastomosis previously made because of the ileocecal valve resection
secondary to appendiceal process) and total reconstruction of the urinary tract using a Boari vesical flap. The postop-
erative course was satisfactory.

Conclusion Managing the ureteral-enteral fistulas is a surgical challenge due to their diverse etiology and presenta-
tion. An effective surgical management plan requires a comprehensive understanding of ureteral injuries and associ-
ated conditions and an examination of the patient’s urological anatomy and function to tailor the best treatment

for each case.
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Background
Pediatric ureteral injuries most commonly can occur
because of penetrating or blunt trauma but also can be
due to surgical interventions. Ureteral injuries can be
classified by location, the injury’s onset, and the extent
of damage (Table 1). The overall incidence of iatrogenic
ureteral trauma shifts depending on the type of surgery
approach [1-3]. Urinary enteral fistulas are uncommon
anomalies and can be associated with ureteral trauma;
they are difficult to approach due to their diverse etiology.
The symptoms and clinical findings are often non-spe-
cific and variable, making establishing a clear suspicion of
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Table 1 AAST-based classification of ureteral trauma [4]
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Grade Characteristic

| Hematoma; contusion or hematoma without devascularization

Il Laceration; transection less than 50%

Il Laceration; transection equal to or greater than 50%

IV Laceration; complete transection with less than 2 cm of devascularization
V Laceration; avulsion with more than 2 cm of devascularization

the condition challenging [5, 6]. The diagnosis can be suc-
cessfully achieved by contrast-based imaging or endos-
copy [7]. The management of the condition is guided by
the patient’s clinical status, comorbidities, and nutritional
state, with options ranging from observation to surgical
reparation [8].

Currently, there are limited descriptions in the general
population about ureteral enteral fistulas and ureteral
injury together. The treatment success rates are relatively
scarce. This prompts us to present the following case,
which includes its innovative approach, treatment, and
successful follow-up, utilizing a novel repair technique
specifically designed for pediatric patients.

Case presentation

Because of complicated appendicitis, a 2-year-old male
with a right ureteral-enteral fistula and ureteral injury
received treatment at our tertiary care center. The patient
underwent laparoscopic appendectomy, followed by
three subsequent laparotomies due to recurrent intesti-
nal perforations and drainage of collections. These inter-
ventions comprised: 1) primary closure of the colon with
cavity irrigation, 2) closure of perforations at 10 and
45 cm from the ileocecal valve, along with the establish-
ment of an ileostomy, and 3) resection of the cecum and

terminal ileum with ileocolonic anastomosis, followed by
a redo of Double-barreled ileostomy.

The patient continued to experience chronic diarrhea
and, despite active management, developed malnutri-
tion and persistent metabolic acidosis with a pH of 7.25,
HCO3 of 13.2, and a base excess of -14.2. To address this,
we initiated the administration of sodium bicarbonate
through infusion at a rate of 3 mEq/kg/day to improve
the acid—base balance. A right ureteral-enteral fistula
was detected with urinary output through the distal
stoma, probably resulting from an unadvertised injury
of the right ureter during one of the last surgeries that
explains chronic diarrhea, metabolic acidosis, and the
urinary output through the stoma. Therefore, the patient
was ultimately referred to our hospital for advanced
treatment. The diagnosis was confirmed through excre-
tory urography (Fig. 1). During cystoscopy and ascend-
ing pyelography as part of the diagnostic approach, it
was impossible to pass a hydrophilic guidewire and con-
trast into the ipsilateral ureter through the right meatus,
revealing an amputated ureter at the junction of the distal
and middle portions.

A percutaneous nephrostomy tube was inserted to
reduce the flow through the fistula. However, due to per-
sistent metabolic acidosis and worsening malnutrition,
we decided to perform a diagnostic colonoscopy. During

A

Fig. 1 Intravenous pyelography shows the uretero-enteral fistula exiting through the stoma (arrow)
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the procedure, methylene blue was infused through the
nephrostomy tube to identify the fistula site, which was
found to be 45 cm from the anal margin. We successfully
placed an endoscopic clip at this location (Fig. 2). As a
result, there was a significant reduction in fistula out-
put, leading to a decreased need for sodium bicarbonate
supplementation.

We implemented ambulatory care and provided coor-
dinated nutritional support to enhance the patient’s
nutritional status, preparing for corrective surgery under
improved conditions.

Three months later, treatment surgery was per-
formed, including ileostomy closure by end-to-end
anastomosis, total resection of the fistulized ileoco-
lonic segment with end-to-end ileocolonic anastomo-
sis, and total reconstruction of the urinary tract using
a Boari vesical flap with proximal anastomosis to the
renal pelvis. The proximal ureteral stump was excluded
from the procedure, as it necessitated resection during
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dissection due to intimate adherence to the fistula site.
Additionally, a trans anastomotic double-] stent was
carefully positioned (Fig. 3).

During the postoperative period, we proceeded sat-
isfactorily. For the following five days, the patient was
managed with fasting and an open nephrostomy, after
which the patient was discharged for outpatient care
with the nephrostomy closed. We removed the double-]
catheter four weeks later and conducted an antegrade
pyelography during the same session to confirm proper
contrast flow to the bladder. Consequently, we decided
to remove the nephrostomy tube. After three months,
we excluded the obstruction and confirmed satisfactory
flow through MAG 3 scintigraphy, indicating a split
function of 35.4% for the right kidney. Due to the blad-
der surgery, we performed a voiding cystourethrogram,
revealing adequate bladder capacity with ureteral reflux
(grade III) and clearance of the renal pelvis at the time
of voiding (Figs. 4 and 5).

Fig. 2 Ureteral-enteral fistula and its closure. (A) The ureteral-enteral fistula was observed through descending pyelography via nephrostomy
(arrow). (B) Uretero-enteral fistula located via endoscopy with methylene blue instillation through nephrostomy (arrow). (C) Fluoroscopic
confirmation of the endoscopic clip placement at the site of the fistula (arrow)

Fig. 3 Urinary reconstruction with a 'Boari' vesical flap technique. Through a Gibson-type approach and after the total resection of the fistula

to the ileocolonic anastomosis site, A Length measurement from the bladder to the ureteral stump (or renal pelvis, in this case (¥)), and the same
distance is measured on the bladder dome (arrow). B The incision in the bladder dome to take the pre-measured flap. C Completed ureteral
reconstruction
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Fig. 4 Outcomes. A Retrograde cystogram shows adequate bladder capacity and grade 3 reflux images. B Reflux becomes clear during bladder
emptying. C Renal scintigraphy with MAG 3 radiotracer, demonstrating adequate right renal perfusion with subsequent proper elimination

Fig. 5 Types of urinary reconstruction. A Ureteral reimplantation
with Boari vesical flap. B Cystoplasty with psoas anchoring

and vesicoureteral reimplantation. The diagram is the original
and intellectual property of one of the authors

Discussion

The incidence of ureteral injuries is generally low, with
only a few cases reported in the literature [4, 8, 9]. Ure-
tero-digestive fistulas are uncommon and typically asso-
ciated with urinary surgery or endourologic procedures
[10, 11] or resulting from trauma. During laparoscopic

surgery, ureteral injuries often go unnoticed, resulting in
insidious symptoms and delayed treatment [12]. They are
also related to recurrent infection, chronic inflammation,
and, in some cases, malignancies [13-15].

Ureteral involvement can lead to a range of comorbidi-
ties, including stenosis, fistulas, hydronephrosis, chronic
pain, recurrent infections, and loss of renal function [16].
Clinical presentations often emphasize the potential for
cross-contamination of colonic and urinary tract con-
tents, which can lead to electrolyte abnormalities, diar-
rhea, recurrent urinary tract infections, pneumaturia,
and, in some cases, fecaluria. Digestive symptoms and
flank pain are reported less frequently, ultimately con-
tributing to malnourishment. Metabolic acidosis result-
ing from electrolyte imbalance can be life-threatening in
pediatric patients, requiring an urgent repair of the uri-
nary connection to the digestive tract [17].

Postoperative fistulas result in increased morbidity and
a more extended hospital stay. Treatment options for
these conditions may include nephrostomy tube place-
ment, ureteral stenting, intestinal resection, and urinary
tract reconstruction [18]. While surgery is the most com-
mon treatment, the endoscopic approach is an increas-
ingly utilized alternative, predominantly in adult patients
and often involving stent placement instead of clipping
[19].

The approach to urinary tract reconstruction depends
on the location and length of the injury. Minor defects
can be effectively addressed through endoscopic proce-
dures, such as temporarily placing a ureteral stent for a
few weeks. Additionally, a technique involving endo-
scopic realignment, combining antegrade and retrograde
ureteroscopy, is applicable in cases of wholly transected
ureters [20]. However, for injuries resulting in longer
strictures, these minimally invasive approaches exhibit
limited long-term success rates [21].

In open approaches for tuberculous stricture, uro-
genital malignancy, and strictures post-pelvic surgery,
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radiation, or trauma, various attempts have been made to
utilize different bowel segments, such as ileal, colonic, or
appendiceal segments, for open ureteral reconstructions
[22, 23]. These segments are opened anti-mesenterically
and reconfigured after rotation, resembling the Yang-
Monti procedure [24]. However, severe postoperative
complications, including metabolic acidosis secondary
to renal failure, stenosis, and fistulas, have been reported
after bowel interposition [25].

Full-length ureteral defects can also be reconstructed
using only the urinary bladder. One method involves
creating a spiral bladder muscle flap while preserving
branches of the superior vesical artery. This flap demar-
cated slightly longer than the ureteral defect, is spirally
wrapped around a stent and anastomosed to the proxi-
mal end of the ureter. Other successful operative tech-
niques include ureteroureterostomy, ureter cystostomy
with psoas hitch, and Boari flap [25-27].

Another proven technique involves injecting indocya-
nine green into the stricture ureter via nephrostomy and
ureteral catheter. Visualization of indocyanine green with
near-infrared fluorescence allows for the clear identifica-
tion of the ureter, stricture length, and localization [28].
The most successful outcomes are observed when these
techniques are combined and tailored to individual cases,
and all the methods are now used in laparoscopic and
robot-assisted approaches [11, 29].

Distal injuries are often successfully managed with
vesicoureteral reimplantation only or psoas hitch proce-
dure. In cases of long ureteral loss, procedures like Boari
vesical flap reconstruction can achieve success rates
exceeding 80% [30] (Fig. 5).

This case highlights the patient’s improved condition,
achieved through the successful closure of the ureteroco-
lonic fistula using an endoscopic clip with a nephrostomy.
This approach allowed for the planning of subsequent fis-
tula resection and ureteral reconstruction with a vesical
flap. The follow-up confirmed patency from the bladder
to the renal pelvis during a retrograde cystogram.

Conclusion

Ureteral-enteral fistulas pose a surgical challenge due
to their diverse etiology and presentation. An effective
surgical management plan necessitates a comprehensive
understanding of ureteral injuries and their associated
conditions and a thorough examination of the patient’s
urological anatomy and function to tailor the best treat-
ment for each case.
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