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1. Introduction

Abstract Objectives: To highlight critical preoperative and intraoperative considerations in
approaching fistula repair robotically.

Methods: A search of the literature was conducted to identify relevant articles pertaining to
robotic management of urinary fistulae.

Results: Fistulae of the genitourinary tract can be a challenging dilemma for urologists, as
definitive management may require surgical intervention. Pathogenesis of both enteric and
non-enteric fistulae are multifactorial, and successful repair hinges on the meticulous periop-
erative evaluation, planning, and execution. Traditional open techniques can subject patients
to increased morbidity and prolonged hospitalizations. Since its introduction, the robotic sur-
gical platform has continued to expand its indications. Its three-dimensional visualization and
tremor free wristed instrument movements have made the robotic platform an attractive op-
tion for genitourinary fistula reconstruction.

Conclusion: Robotic management of complex urinary fistulae is feasible in expert hands; more
studies are needed to define its role in the treatment algorithm of this devastating conditions.
© 2024 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

diabetes, malnutrition, infections, chronic inflammation,
malignancies, surgeries, trauma, radiation, and/or energy

A fistula is an abnormal communication between two hol-  treatments [2].
low organs or a hollow organ and the body surface [1]. Urological fistulae have a low incidence, with
Fistula formation can be driven by several factors such as 30 000—130 000 annual cases expected worldwide, and

* Corresponding author.

E-mail address: rene.sotelo@med.usc.edu (R. Sotelo).
Peer review under responsibility of Tongji University.

https://doi.org/10.1016/j.ajur.2023.11.002
2214-3882/© 2024 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:rene.sotelo@med.usc.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajur.2023.11.002&domain=pdf
https://doi.org/10.1016/j.ajur.2023.11.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/22143882
www.elsevier.com/locate/ajur
https://doi.org/10.1016/j.ajur.2023.11.002
https://doi.org/10.1016/j.ajur.2023.11.002

L.G. Medina, R.A. Lee, V. Celis et al.

more than 95% occur in developing countries [3]. Urological
fistulae in these regions are typically urogynecological,
while in developed countries, most common causes are
iatrogenic [4].

There are urinary fistula classifications in the literature;
for the purpose of this review, we will divide them into two
main groups: non-enteric urologic fistulae and uroenteric
fistulae.

1.1. Non-enteric urologic fistula

These abnormal communications between the urinary tract
and adjacent structures outside the gastrointestinal tract
can arise due to various etiologies, including iatrogenic
injuries, inflammatory processes, or malignancies [5]. This
group is comprised of vesicouterine fistula, vesicovaginal
fistula (VVF), ureterovaginal fistula (UVF), and
urinary-pubic symphysis (urosymphyseal) fistula. For the
purpose of this review, we will elaborate more on the ones
that we managed by means of robotic surgical repairs.

1.1.1. VVF

The worldwide incidence is estimated to be 0.3%—2% [6,7].
Of these, 90% are secondary to obstetric complications in
regions with limited access to obstetrical services [6—9].
During prolonged labors, the pressure caused by the fetal
head in the birth canal can lead to tissue necrosis of the
vesicovaginal septum, resulting in VVF formation.
Conversely, in places with readily available obstetric care,
the most common cause of VVF is iatrogenic injury or the
urinary tract during pelvic surgery, of which 75%—80% occur
during hysterectomies [6,7,10].

1.1.2. UVF

UVF incidence is very low (0.16%), often presenting iatro-
genically after unrecognized ureteral injury during pelvic
surgery [11,12].

1.1.3. Urinary-pubic symphysis (urosymphyseal) fistula
It is a rare but extremely debilitating complication that may
occur as a result of radiotherapy or energy ablation used in
the treatment of prostate cancer [13]. Chronic pelvic pain
that persists after surgery or radiotherapy for prostate cancer
is often misdiagnosed as other conditions, such as osteitis
pubis, osteonecrosis, or osteomyelitis [14,15]. If osteomye-
litis is resistant to treatment and progresses to severe pain,
urinary blockage, and urosepsis, it may be suspected that a
urinary-pubic symphysis fistula has developed [13,16].

1.2. Uroenteric fistula

Uroenteric fistulae present a complex subset of urological
disorders characterized by abnormal connections between
the urinary tract and the gastrointestinal tract. These
intricate conditions can arise from various causes, including
inflammatory bowel disease, radiation therapy, diverticular
disease, or malignancies [17—19]. Within this group, we
have the following fistulae: colovesical, ureterocolonic,
rectovesical, rectourethral, and pyeloenteric. Herein, we
will delve further into some of them.
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1.2.1. Colovesical fistula (CVF)

CVF accounts for 95% of all enterovesical fistulae; its inci-
dence hangs around <0.01% [20]. It is more common in
males than females (3:1 ratio) due to the presence of the
uterus between the bladder and the sigmoid [18]. The most
common etiology is diverticulitis, which accounts for
around 66% of cases. Other causes include pelvic malig-
nancies, Crohn’s disease, iatrogenic injuries, and radiation
therapy [17—19].

1.2.2. Rectovesical fistula (RVF)

RVF has been reported as a rare surgical complication with
an incidence of around 0.53% after radical prostatectomy
[21]. There is some association with inflammatory bowel
disease, colon cancer, and intraoperative rectal injuries
during prostatic procedures that involve the bladder
[22,23]. In cases where the RVF arises after radical pros-
tatectomy, which happens in 1% of patients who undergo
this procedure [24], physicians may sometimes misidentify
them as rectourethral fistulae (RUFs). However, in most
instances, these fistulae originate in the bladder neck,
specifically at the vesicourethral anastomosis (VUA),
rather than in the actual urethra as is the case with RUF.
An RVF is classified as such when the fistulous tract is
located proximal to the bladder neck, while an RUF occurs
when the tract is located distal to the bladder neck
[25,26].

1.2.3. RUF

It seems that in more recent years, with the implementa-
tion of new focal treatments for prostate cancer and the
use of neoadjuvant chemoradiation for rectal cancer, the
incidence of RUF has been increasing, with reported in-
cidences of 1% after external beam radiotherapy [27,28],
2% after high-intensity focused ultrasound and cryotherapy
[28], and 3% after brachytherapy [29].

2. Methods

A search of the literature was conducted to identify rele-
vant articles pertaining to robotic management of urinary
fistulae. The search was carried out in English-language
databases, including PubMed, Scopus, and Web of Science.

3. Clinical presentation and diagnosis

3.1. Clinical presentation

Vesicovaginal and UVFs classically present as continuous
leakage of urine per the vagina, vaginal pruritus, dysuria,
suprapubic pain, and recurrent urinary tract infections
(UTls) [5]. Around 10%—15% of VVF cases present with a
concomitant UVF [5,30].

Depending on the event that causes the fistula, the
timing of clinical presentation can vary. If it is secondary to
an iatrogenic injury during pelvic surgery, symptoms could
appear as early as 7—12 days postoperatively. In contrast, if
the fistula is caused by radiation therapy, the symptoms can
develop after months or years [5,30,31].
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Physical exam may not identify the fistulous opening in
acute cases; nevertheless, mucosal changes like erythema
and edema can be observed (Fig. 1) [30]. Clinical diagnosis
and differentiation of these fistulae can also be performed
with the dual-dye tampon test [5,30].

Fistulae between the urinary tract and the pubic bone
can promote the inflammation of the symphysis pubis and
surrounding tissue, osteomyelitis presenting as pubic or
suprapubic pain, as well as refractory UTIs and urinary in-
continence [32,33].

Uroenteric fistulae are linked with recurrent UTIs lead-
ing to suprapubic pain, tenesmus, frequency, and dysuria,
which are known as the Gouverneur syndrome and have
been described as the hallmark presentation of enter-
ovesical fistulae [31]. Nevertheless, recurrent UTls, pneu-
maturia, and fecaluria are more specific findings associated
with enterovesical fistulae, and they are present in 46.6%,
50.1%, and 40.9% of cases, respectively [17,32,33]. The
passage of urine into the rectum is a rare symptom seen in
RVF and RUF in around 15% of patients [18].

3.2. Diagnosis

3.2.1. Imaging
Urinary fistulae diagnosis requires a multimodal and
multidisciplinary approach, combining the results obtained
from a thorough clinical evaluation and appropriate diag-
nostic studies.

Voiding cystourethrography is an imaging technique
classically used to diagnose lower urinary tract fistulae;
however, CT cystography has been gaining popularity as it
allows for three-dimensional reconstruction [34].

The presence of contrast or air in the vagina can be
indicative of a vesicovaginal or vesicouterine fistula [30].
Likewise, indirect signs of enterovesical fistula can also be
observed with CT imaging, encompassing intravesical or
intramural air, adherence of the intestine to the bladder,
and localized bladder wall thickening [5,34]. CT with rectal
contrast has also been described to have an accuracy of 90%
for the diagnosis of CVF [31].

Intravenous pyelogram, retrograde pyelography, and CT
urogram are imaging studies that provide visualization of
the upper urinary tract and are essential in the diagnostic
workup when ureteral involvement is suspected.

Fistulography has been described as the study of choice
for cutaneous fistulae when the fistulous orifice is identifi-
able [34].
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Figure 1  Cystoscopic view of a vesicovaginal fistula tract.
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MRI arguably represents the best imaging modality to
evaluate pelvic and perineal structures. It has a higher
soft-tissue contrast than CT, making it an excellent
alternative for diagnosing urovaginal and enterovaginal
fistulae [35,36].

3.2.2. Endoscopic study

Cystoscopy has a low sensitivity for the diagnosis of
enterovesical fistula, being able to correctly identify it in
35%—46% of cases [17,31]. Likewise, colonoscopy can
accurately diagnose CVF in up to 55% of patients; regard-
less, it is an integral step in the diagnostic workup as it may
be able to determine the underlying pathology that causes
the fistula, as most CVFs are secondary to diverticular dis-
ease, malignancy or inflammatory bowel disease [17].

When a urinary fistula is identified, its relationship be-
tween the urinary sphincter, bladder neck, and ureteral
orifices should be established to determine their involve-
ment for preoperative planning and counseling patients on
postoperative expectations [5].

Cystoscopy or vaginoscopy are especially useful in VVF to
better characterize the location, size, complexity, and
number of fistulous openings in both the urinary tract and
vaginal canal; this is a procedure that is easily performed
and well tolerated by most patients. Additionally, it allows
for the biopsy of fistulous borders or suspicious tissue in
patients with previous or suspected malignancy and fistulae
secondary to radiation [30,37].

4. Management

4.1. Conservative management

The goal of conservative management is minimization of
transit through the fistulous tract, allowing spontaneously
closure [26]. Diversion away from the fistulous tract
initially begins with the placement of a urethral foley
catheter, while more complex fistulae involving the
digestive tract may require colostomy diversion. The
optimal trial for conservative management should last
about 6—12 weeks [38].

The conservative management for uroenteric fistula has
poor outcomes, with >80% failure rate, but at least 68% of
enterovesical fistula patients get a colostomy as the initial
form of treatment [26,39].

4.2. Surgical management

One of the main challenges in managing urinary fistulae is
that every case has its own peculiarities, which has limited
comparative studies. Despite these differences, key prin-
ciples should be followed for every case for successful
reconstruction [40].

- The two organs should be properly dissected apart from
each other with adequate exposure of the fistulous
tract.

- Suture lines should be perpendicular to each other to
avoid re-fistulization.

- Tissue interposition should be used to avoid the
recurrences.
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- Edges of the fistulous tract are resected to viable tissue
with adequate blood supply.

- Organ closures have to be watertight with no overlapping
suture lines.

- Any concerns for malignancy should be confirmed with
intraoperative frozen sections.

- Surgical repair should not be performed in the setting of
active inflammatory processes or malignancy, poor
nutritional status, or obstruction of the urinary or
gastrointestinal tract distal to the repair.

Proper counseling on the added difficulties of these
cases should be discussed extensively with the patient and
the surgical team. Urinary fistulae secondary to prior
abdominal surgeries, energy treatments, urinomas, in-
flammatory conditions, or malignancies are often accom-
panied with significant bowel adhesions and fibrotic
changes. The incidence of major complications during
salvage prostatectomies for prostate cancer hangs between
0% and 33%, with rectal injury contributing up to 9% of the
cases [41]. In patients undergoing robotic fistula repair for
RUF and RVF, complications are reported in 12%—60% of the
patients with a readmission rate of up to 13% [38,40]. These
complications are primarily low-grade (i.e., UTI and ileus).
The most common complication is UTI, and its incidence is
between 8% and 33% [38,40,42]. Lastly, we recommend
preoperative mechanical bowel preparation in our practice
to all patients with uroenteric fistulae to decrease com-
plications associated with stool spillage in the surgical field.

Patient-related situations that could discourage robotic
repair include a history of extensive intra-abdominal in-
terventions and comorbidities that decrease a patient’s
fitness for prolonged pneumoperitoneum or Trendelenburg.
The location of the fistula is another determinant (i.e.,
fistulae involving the perineum or anterior urethra are not
candidates for robotic surgery). Likewise, this approach
requires a multidisciplinary team that has all been trained
in robotic surgery including urologists along with colorectal
surgeons and gynecologists, according to each case [8,43].
Finally, there are no randomized data showing the superi-
ority of robotics over open repairs; hence, the selection of
the surgical approach is based on the surgeon’s preference.

Endoscopic management, such as fibrin glue or transanal
approach, can be considered in patients who are poor
surgical candidates [43].

4.2.1. Port placement
Access to the abdomen is achieved using an open approach
(Hasson’s technique). If the concern for abdominal adhe-
sions is high, we recommend obtaining access at Palmer’s
spot or location away from previous abdominal incisions.
In most cases, we use a six-port transperitoneal configu-
ration with the camera port at the level of the umbilicus, two
8-mm ports at the level of the pararectal lines, one more
8-mm port at the level of the right iliac crest, and a 5-mm
assistant port at the level of the leftiliac crest (Fig. 2). Theda
Vinci Xi surgical system (Intuitive Surgical, Sunnyvale, CA,
USA) should be docked from the patient’s side, given the
possibility of performing an intraoperative cystoscopy or a
digital rectal exam (Fig. 3). In patients with prior co-
lostomies, the port configuration should be shifted away
from it to avoid injuries to the colostomy.

360

/

Assistant port:

¥

5 mm

8 mm
(camera port)

8/mm éin&

.

Figure 2  Port placement configuration.
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Figure 3 Illustration showing the robotic system docked with
the patient in Trendelenburg’s position and another surgeon
performing a cystoscopy for cases in which cannulation of the
ureters or the fistulous tract is needed.

4.2.2. Genitourinary fistula

For all genitourinary fistula repair procedures, the fistulous
tract should be cannulated with a 5-Fr open-ended catheter
for intraoperative tract identification and access for po-
tential instillation of irrigation or indocyanine green
(Akorn, Lake Forest, IL, USA) (Fig. 4).

For VVF, different approaches to dissect the fistulous
tract have been described. A retrovesical approach entails
the dissection of the space between the bladder and the
vagina (vesicouterine pouch) [57]. A handheld vaginal
retractor manipulated by the bedside assistant as trans-
illumination of the bladder with a cystoscope can aid in
fistula identification and guide the dissection [29]. In
contrast, the retrovesical approach may be accompanied
with fibrotic changes which carry increased risk of rectal
and cervical injuries (Fig. 5A). Lastly, a transvesical
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Figure 4 Cannulation of the fistulous tract and both ureters
in preparation for a robotic surgical repair to aid with the
intraoperative identification of these structures.

approach involves performing a modified O’Connor incision
in the bladder (Fig. 5B). Once the longitudinal incision is
made, the dissection towards the fistulous tract is easier as
it is done under direct vision of the tract and the ureteral
orifices while avoiding injuries to nearby structures. Finally,
it is worth noting that robotic VVF repair has been sug-
gested to result in minimal voiding dysfunction and a sig-
nificant improvement in overall quality of life [44].

UVF evaluation should focus on identifying the location
and iatrogenic injury (i.e., ureteral ligation vs. transec-
tion). Once identified, successful fistula repair entails
reinforcing the vaginal closure and a ureteric reimplant
using an end-to-end anastomosis if there is good tissue
quality versus a Boari flap or a psoas hitch. Indocyanine
green can be utilized to ensure proper vascularity of the
ureter, which has shown to decrease stricture rates.

Omentum is our preferred choice for interposition, but
peritoneum or vaginal flaps can also be used. Omentum is
maybe harvested laparoscopically prior to docking the
robot or robotically. Finally, both structures, the bladder

Figure 5 Retrovesical and transvesical approaches for ves-
icovaginal fistula repairs. (A) Retrovesical approach (between
bladder and vagina); (B) Transvesical approach (cystotomy).
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and vagina, are closed separately with barbed absorbable
sutures in a running fashion after which the omentum is
fixed in place between suture lines.

4.2.3. Enterourinary fistula

The surgical management of a CVF normally entails a par-
tial cystectomy with posterior closure of the bladder with
V-Loc sutures (Covidien, Dublin, Ireland) in a running
fashion, followed by a partial colectomy or hemicolectomy
by the colorectal surgery team.

Surgical management for RUF involving the prostatic
urethra is often prostatectomy [55]. A posterior approach is
performed, starting with dissection of the posterior plane
of the prostate until the proximal edge of the fistulous tract
is visualized. Then, the Retzius space is dissected distally
towards the prostate’s apex. Following this, the urethra is
incised and the distal border of the fistulous tract is found
(that is RUF), completing the prostatectomy. Once the
specimen is removed, the rectum is closed transversely to
preserve its diameter with V-Loc sutures. Finally, the
omentum is interposed, and a VUA is performed.

For RVF, our approach is based on the presence of the
prostate. In cases when the prostate is absent, repair in-
volves a vertical cystotomy towards the fistulous defect,
excision of the fistulous tract, interposition of omentum
between the two organs, and closure of the bladder and
rectum with V-Loc sutures in a single layer running fashion.
If there is a concomitant bladder neck contracture, the
bladder neck is dissected circumferentially until healthy
tissue and patent urethra are identified. Finally, a VUA
anastomosis is done in our standard fashion.

In patients with a prostate in place who suffer from an
RVF, the approach includes a prostatectomy mirroring the
RUF approach, removing the prostate aids with the bladder
neck mobilization, allowing adequate organ separation,
and allowing for easier interposition of tissue.

At times, the urethra needs to be resected until a
healthy urethral margin is seen; this can hamper the sur-
geon’s ability to achieve a tension-free anastomosis.
Several maneuvers have been described when this situation
is encountered.

- The lateral edges of the bladder neck are released to
facilitate approximation of the bladder distally.

- A posterior reconstruction of the bladder neck is per-
formed. This maneuver reduces the space between the
bladder neck and the urethra.

- The bladder neck closure can be closed, and a cys-
totomy is done at the most dependent aspect of the
bladder; then a neo-urethral anastomosis can be
performed.

- A transperineal urethral mobilization can be done as a
last resource. A second surgeon at the bedside performs
a perineal dissection of the urethra circumferentially
until the level of the bulbospongiosus muscle, and it is
advanced proximally towards the pelvis so it can be
anastomosed to the bladder (Fig. 6).

If performing a VUA is not possible, urinary drainage
options are the continent catheterizable conduit, supra-
pubic tube or a simple cystectomy with an ileal conduit.
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(A N

Figure 6 Transperineal urethral mobilization. (A) Perineal
midline incision; (B) Urethral dissection and exposure; (C)
Retrograde advancement of the urethra; (D) Vesicourethral
anastomosis.

In our experience, we have managed one urethropubic
fistula complicated by osteomyelitis. The only feasible op-
tion was an ileal conduit given the severe tissue reaction
found and one urethroperineal fistula that healed after
conservative management.

5. Consultation

Urinary fistulae may involve other organs outside the
genitourinary system. Therefore, multidisciplinary man-
agement is often required.

5.1. Pubovesical fistula (PVF) and orthopedic
surgery

Because pubic symphysis osteomyelitis is a frequent
complication of the PVF, treatment options such as local or
systemic antibiotics, surgical debridement, dead-space
management, or pubectomy should all be considered [45].

Most cases will benefit from pubic bone debridement
while considering placement of topical antibiotic beads.
Arguably, the biggest downside of inserting antibiotic beads
is the need to remove them in a second surgery [46].
However, for some cases, bone debridement may not be
sufficient, and pubectomy is indicated when the infection
has extended throughout the pubic bone [47]. On the other
hand, although non-surgical or conservative management
of pubic osteomyelitis with intravenous and oral antibiotics
has been described, this approach is usually reserved for
patients with contraindications to surgery, as bone
debridement has shown to be superior [48].

Shu et al. [49] retrospectively described six patients
with PVF that underwent bone debridement and antibiotic
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bead placement. Similarly, Ambrosini et al. [46] reported
four patients, of which one refused surgery. This case was
treated with bilateral nephrostomy and a prolonged
antibiotic course for 12 weeks, achieving complete reso-
lution at 6 months. Notably, all participants who under-
went bone debridement received antibiotics for less than
4 weeks.

Consequential to its rarity, PVF lack clear management
guidelines; hence, the importance of a multidisciplinary
decision-making process between urology and orthopedic
surgery that allows a tailored approach for each patient is
primordial.

5.2. RUF and colorectal surgery

Colorectal surgery is normally consulted when an RUF is
encountered to consider a fecal diversion and whether to
preform it either prior to or during the fistula repair itself.
Although alike outcomes have been described when
comparing patients with RUF who did and did not under-
went fecal diversion, this procedure was done in most cases
because it likely decreases fistula and/or pelvic infection
risk, inflammation, rectal wall tension, and therefore,
failure of the fistula repair [40]. Moreover, a fecal diversion
yields symptom relieve regarding fecaluria, pneumaturia,
and urinary leakage through the rectum until the fistula
repair is completed, which is usually recommended at least
6 weeks from presentation [40,50,51].

A substantial argument behind performing a fecal
diversion first is based on a potential spontaneous reso-
lution of the fistula that avoids surgical intervention of the
urinary tract [5,52]. Despite still being an option, the
conservative approach remains controversial since success
rates greatly vary from 7% to up to 100% [5,40]. For
example, cases with an important infection and larger
fistulae, almost always require surgical closure, so per-
forming both procedures at the same operative time will
prevent a second surgery and delayed fistula repair [50].
In these cases, a transabdominal approach is optimal for
creating a simultaneous fecal and urinary diversion, along
with the fistula repair and omentum interposition [40].

Once the fistula has been successfully managed, most
patients undergo stoma closure and restitution of the lower
intestinal tract. Notably, a Hartmann’s reversal procedure
constitutes itself a risk factor for future developing CVF in
up to 4.08% of the cases [53,54]. Regardless, 22% of the
patients end up with permanent diversion [52], suggesting
that certain cases may benefit from planning this procedure
as the primary treatment, especially among those with risk
factors for permanent diversion such as previous radiation
and/or energy-ablation treatments [55].

From the colorectal standpoint, another surgical option
for the management of RUF is an anorectal pull-through
[40,51]. This technique has been mostly described for the
management of fistulae associated with anorectal malfor-
mations in children [56]. After the repair of the fistula
through an endorectal approach, the proximal colonic
stump is anastomosed with the anal canal. This is a rela-
tively straightforward technique that can be done in a
minimally invasive fashion [56,57].
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6. Postoperative management

General measures should be done to prevent postoperative
complications, including deep venous thrombosis
prophylaxis, and continued antibiotic therapy according to
each case. The Foley catheter aids in the permanent
drainage of the bladder, which is fundamental in the
postoperative period. Trial of void can be considered 10—14
days after a cystogram, which confirms the closure of the
fistula with no contrast leakage from the anastomosis
[40,51]. Each case may vary, and some patients could
require prolonged catheterization of up to 1 month. More-
over, pericatheter removal antibiotics are given and urine
cultures should be collected at that time and 2 weeks later
[5,40]. Most cases will also require a Jackson Pratt drain
placement, which should be monitored and removed once
the output is under 50 mL per day.

To increase the likelihood of a successful surgery
outcome, one needs to optimize the local tissue and
environment. Hyperbaric oxygen (HO) has long been used
for conditions like radiation cystitis, burns, and wound
healing, but its application for urinary fistulae is less
common [58—60]. HO stimulates the immune system to kill
microbes, promotes cell growth and tissue repair, and
improves blood supply to damaged areas, which is
particularly beneficial for radiated tissue [61]. Its potential
in preoperative and postoperative settings shows promise
for flaps, grafts, and poorly healing radiated tissue after
surgery [62—64]. By significantly increasing tissue oxygen
levels, HO can make ischemic radiated tissue more suitable
for split-thickness skin grafts after 20—30 treatments. In
irradiated patients, it is recommended to undergo 30
treatments before surgery and 10 treatments afterward to
achieve optimal outcomes. While robust scientific evidence
is still lacking, HO holds great promise and should be
considered to aid urinary fistula repair in radiated tissue
when multiple procedures have failed or when
postoperative flaps or grafts are compromised.

All patients should be encouraged to resume daily ac-
tivities as tolerated. As for PVF, patients should begin to
bear weight as early as possible, as tolerated [49].

Finally, adequate follow-up must be ensured during
months 1, 3, and 6 up to 12 months [49], although some
recurrences and complications could present in 2 years [65].

7. Conclusion

The surgical management of complicated urinary fistulae
using minimally invasive approaches is feasible in centers of
expertise and typically requires a multidisciplinary effort.
Nonetheless, more studies are needed to define the role of
this approaches in the treatment algorithm of this condi-
tion. Ultimately, surgeons should opt for the approach with
which they are most comfortable.

Author contributions

Study concept and design: Luis G. Medina, Randall A. Lee,
Rene Sotelo.

363

Data acquisition: Luis G. Medina, Randall A. Lee, Rene
Sotelo, Valeria Celis, Veronica Rodriguez, Jaime Poncel,
Aref S. Sayegh.

Data analysis: Luis G. Medina, Randall A. Lee, Rene Sotelo,
Valeria Celis, Veronica Rodriguez, Jaime Poncel, Aref S.
Sayegh.

Drafting of manuscript: Luis G. Medina, Randall A. Lee,
Rene Sotelo, Valeria Celis, Veronica Rodriguez, Jaime
Poncel, Aref S. Sayegh.

Critical revision of the manuscript: Luis G. Medina, Randall
A. Lee, Rene Sotelo.

Conflicts of interest

The authors declare no conflict of interest.

References

[1] Fistula. Merriam-webster. https://www.merriam-webster.
com/dictionary/fistula. [Accessed 1 June 2023].

[2] Angioli R, Penalver M, Muzii L, Mendez L, Mirhashemi R,
Bellati F, et al. Guidelines of how to manage vesicovaginal
fistula. Crit Rev Oncol Hematol 2003;48:295—304.

[3] Vangeenderhuysen C, Prual A, Ould el Joud D. Obstetric

fistulae: incidence estimates for sub-Saharan Africa. Int J

Gynecol Obstet 2001;73:65—6.

Cromwell D, Hilton P. Retrospective cohort study on patterns

of care and outcomes of surgical treatment for lower urinary-

genital tract fistula among English National Health Service
hospitals between 2000 and 2009. BJU Int 2013;111:E257—62.
https://doi.org/10.1111/j.1464-410X.2012.11483.x.

Rangel E, Perez LC, Polotti CF. General considerations. In:

Sotelo R, Polotti CF, Arriaga J, editors. Urinary fistula.

Switzerland: Springer International Publishing; 2022. p3.

[6] Harkki-Siréen P, Sjoberg J, Tiitinen A. Urinary tract injuries
after hysterectomy. Obstet Gynecol 1998;92:113—8.

[7] Stamatakos M, Sargedi C, Stasinou T, Kontzoglou K. Ves-
icovaginal fistula: diagnosis and management. Indian J Surg
2014;76:131—6.

[8] Rajaian S, Pragatheeswarane M, Panda A. Vesicovaginal fis-
tula: review and recent trends. Indian J Urol 2019;35:250—8.

[9] Bodner-Adler B, Hanzal E, Pablik E, Koelbl H, Bodner K.

Management of vesicovaginal fistulas (VVFs) in women

following benign gynaecologic surgery: a systematic review

and meta-analysis. PLoS One 2017;12:e0171554. https:

//doi.org/10.1371/journal.pone.0171554.

Hillary CJ, Chapple CR. The choice of surgical approach in the

treatment of vesico-vaginal fistulae. Asian J Urol 2018;5:

155-9.

Boateng AA, Eltahawy EA, Mahdy A. Vaginal repair of ureter-

ovaginal fistula may be suitable for selected cases. Int Uro-

gynecol J 2013;24:921—4.

Kim JH, Moore C, Jones JS, Rackley R, Daneshgari F,

Goldman H, et al. Management of ureteral injuries associated

with vaginal surgery for pelvic organ prolapse. Int Urogynec J

2006;17:531-5.

Kahokehr AA, Peterson AC. Unmasking of urinary-pubic sym-

physis fistula after implantation of artificial urinary sphincter

in prostate cancer survivors—user beware. Urology 2018;114:

202—6.

Bugeja S, Andrich DE, Mundy AR. Fistulation into the pubic

symphysis after treatment of prostate cancer: an important

[4]

[5

—_

[10]

(1]

[12]

[13]

[14]


https://www.merriam-webster.com/dictionary/fistula
https://www.merriam-webster.com/dictionary/fistula
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref2
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref2
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref2
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref2
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref3
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref3
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref3
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref3
https://doi.org/10.1111/j.1464-410X.2012.11483.x
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref5
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref5
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref5
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref6
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref6
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref6
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref7
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref7
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref7
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref7
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref8
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref8
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref8
https://doi.org/10.1371/journal.pone.0171554
https://doi.org/10.1371/journal.pone.0171554
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref10
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref10
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref10
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref10
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref11
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref11
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref11
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref11
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref12
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref12
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref12
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref12
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref12
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref13
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref13
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref13
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref13
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref13
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref13
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref14
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref14

L.G. Medina, R.A. Lee, V. Celis et al.

and surgically correctable complication. J Urol 2016;195:

391-8.

Knoeller SM, Uhl M, Herget GW. Osteitis or osteomyelitis of the

pubis? A diagnostic and therapeutic challenge: report of 9

cases and review of the literature. Acta Orthop Belg 2006;72:

541-8.

Sexton SJ, Lavien G, Said N, Eward W, Peterson AC, Gupta RT.

Magnetic resonance imaging features of pubic symphysis uri-

nary fistula with pubic bone osteomyelitis in the treated

prostate cancer patient. Abdom Radiol 2019;44:1453—60.

Zizzo M, Tumiati D, Bassi MC, Zanelli M, Sanguedolce F,

Porpiglia F, et al. Management of colovesical fistula: a sys-

tematic review. Minerva Urol Nephrol 2021;74:400—8.

[18] Scozzari G, Arezzo A, Morino M. Enterovesical fistulas: diag-
nosis and management. Tech Coloproctol 2010;14:293—300.

[19] Golabek T, Szymanska A, Szopinski T, Bukowczan J,

Furmanek M, Powroznik J, et al. Enterovesical fistulae: aeti-

ology, imaging, and management. Gastroenterol Res Pract

2013;2013:617967. https://doi.org/10.1155/2013/617967.

Cochetti G, Del Zingaro M, Boni A, Cocca D, Panciarola M,

Tiezzi A, et al. Colovesical fistula: review on conservative

management, surgical techniques and minimally invasive ap-

proaches. Geka Chiryo 2018;39:195-207.

Thomas C, Jones J, Jager W, Hampel C, Thiiroff JW, Gillitzer R.

Incidence, clinical symptoms and management of rectourethral

fistulas after radical prostatectomy. J Urol 2010;183:608—12.

Keady C, Hechtl D, Joyce M. When the bowel meets the

bladder: optimal management of colorectal pathology with

urological involvement. World J Gastrointest Surg 2020;12:

208—25.

[23] Venn S, Mundy T. Bladder reconstruction: urothelial augmen-
tation, trauma, fistula. Curr Opin Urol 2002;12:201-3.

[24] Mundy AR, Andrich DE. Posterior urethral complications of the
treatment of prostate cancer. BJU Int 2012;110:304—25.

[25] Bragayrac LAN, Azhar RA, Sotelo R. Minimally invasive man-
agement of urological fistulas. Curr Opin Urol 2015;25:136—42.

[26] Medina LG, Rangel E, Fuchs I, Silva M, Hernandez A,
Cacciamani G, et al. Rectourethral fistula: operative technique
and outcomes. Curr Bladder Dysfunct Rep 2019;14:151—6.

[27] Chetty R, McCarthy AJ. Neoadjuvant chemoradiation and
rectal cancer. J Clin Pathol 2019;72:97—101.

[28] Ramirez-Martin D, Jara-Rascon J, Renedo-Villar T, Hernandez-
Fernandez C, Lledo6-Garcia E. Rectourethral fistula manage-
ment. Curr Urol Rep 2016;17:1—6.

[29] Lane BR, Stein DE, Remzi FH, Strong SA, Fazio VW,
Angermeier KW. Management of radiotherapy induced rec-
tourethral fistula. J Urol 2006;175:1382—8.

[30] El-Azab AS, Abolella HA, Farouk M. Update on vesicovaginal
fistula: a systematic review. Arab J Urol 2019;17:61—8.

[31] Golabek T, Szymanska A, Szopinski T, Bukowczan J,
Furmanek M, Powroznik J, et al. Enterovesical fistulae: aeti-
ology, imaging, and management. Gastroenterol Res Pract
2013;2013:617967. https://doi.org/10.1155/2013/617967.

[32] Sturgess G, Lane G. Vesicocutaneous fistula presenting as a
thigh abscess. Urol Case Rep 2022;45:102261. https:
//doi.org/10.1016/j.eucr.2022.102261.

[33] Matsushita K, Ginsburg L, Mian BM, De E, Chughtai BI,
Bernstein M, et al. Pubovesical fistula: a rare complication
after treatment of prostate cancer. Urology 2012;80:446—51.

[34] Fouladi DF, Shayesteh S, Fishman EK, Chu LC. Urinary bladder
fistulae and the role of CT cystography: a pictorial review.
Abdom Radiol 2020;45:1883—95.

[35] Medlen H, Barbier H. Vesicovaginal fistula. February 6. Avail-
able at: StatPearls; 2023. https://www.ncbi.nlm.nih.gov/
books/NBK564389/. [Accessed 1 June 2023].

[36] Tonolini M. Elucidating vaginal fistulas on CT and MRI. Insights
Imaging 2019;10:123. https://doi.org/10.1186/s13244-019-
0812-9.

[13]

[16]

[17]

[20]

[21]

[22]

364

[37] Andreoni C, Bruschini H, Truzzi JC, Simonetti R, Srougi M.
Combined vaginoscopy-cystoscopy: a novel simultaneous
approach improving vesicovaginal fistula evaluation. J Urol
2003;170:2330—-2.

Medina LG, Riva AL, Perez LC, Sayegh AS, Ortega DG,

Rangel E, et al. Minimally invasive management of post-

treatment rectovesical fistulae. J Endourol 2023;37:185—90.

Widia F, Firman M, Irdam GA, Syaiful RA. Asix years’ experience

with 41 cases of enterovesical fistula in a tertiary national

hospital in Indonesia: a retrospective study. Ann Med Surg 2021;

73:103102. https://doi.org/10.1016/j.amsu.2021.103102.

Medina LG, Sayegh AS, La Riva A, Perez LC, Ortega DG,

Rangel E, et al. Minimally invasive management of rectoure-

thral fistulae. Urology 2022;169:102—9.

Chade DC, Eastham J, Graefen M, Hu JC, Karnes RJ, Klotz L, et al.

Cancer control and functional outcomes of salvage radical

prostatectomy for radiation-recurrent prostate cancer: a sys-

tematic review of the literature. Eur Urol 2012;61:961—71.

Kidd LC, Lee M, Lee Z, Epstein M, Liu S, Rangel E, et al. A

multi-institutional experience with robotic vesicovaginal and

ureterovaginal fistula repair after iatrogenic injury. J Endourol
2021;35:1659—64.

Watts A, Kocher NJ, Pauli E, Raman JD. Endoscopic closure of

a large rectovesical fistula following robotic prostatectomy. J

Endourol Case Rep 2020;6:139—42.

Kaundal P, Mavuduru RS, Bora GS, Mete UK, Singh SK. Quality

of life, voiding & sexual dysfunction following robot-assisted

vesicovaginal fistula repair: a tertiary care centre experi-
ence. J Robot Surg 2023;17:1769—76.

Nosé BD, Boysen WR, Kahokehr AA, Inouye BM, Eward WC,

Hendershot EF, et al. Extirpative cultures reveal infectious pubic

bone osteomyelitis in prostate cancer survivors with urinary-

pubic symphysis fistulae (UPF). Urology 2020;142:221-5.

Ambrosini F, Zegna L, Testino N, Vecchio E, Mantica G,

Suardi N, et al. Management of osteomyelitis of the pubic

symphysis following urinary fistula in patients with radiation-

induced urethral strictures after prostate cancer treatment.

Cent Eur J Urol 2022;75:284—9.

[47] Inouye BM, Krischak MK, Krughoff K, Boysen WR, Peterson AC.
Resection of pubic symphysis and cystectomy significantly
improves short-term patient-reported physical functioning
among patients with pubovesical fistula and pubic bone
osteomyelitis. Urology 2022;167:218—23.

[48] del Busto R, Quinn EL, Fisher EJ, Madhavan T. Osteomyelitis of
the pubis: report of seven cases. JAMA 1982;248:1498—500.

[49] Shu HT, Elhessy AH, Conway JD, Burnett AL, Shafig B. Ortho-
pedic management of pubic symphysis osteomyelitis: a case
series. J Bone Jt Infect 2021;6:273—81.

[50] Chen S, Gao R, Li H, Wang K. Management of acquired rec-
tourethral fistulas in adults. Asian J Urol 2018;5:149—54.

[51] Sayegh AS, La Riva A, Perez LC, Medina LG, Poncel J,
Ortega DG, et al. Robotic simultaneous repair of rectovesical
fistula with vesicourethral anastomotic stricture after radical
prostatectomy: step-by-step technique and outcomes. Urol-
ogy 2023;175:107—13.

[52] Keller DS, Aboseif SR, Lesser T, Abbass MA, Tsay AT, Abbas MA.
Algorithm-based multidisciplinary treatment approach for
rectourethral fistula. Int J Colorectal Dis 2015;30:631—8.

[53] Poncel J, Sayegh AS, Ko O, Sotelo R. Robotic-assisted repair of

colovesical anastomosis after Hartmann’s reversal procedure.

Int Braz J Urol 2023;49:271-2.

Sotelo R, Medina LG, Husain FZ, Khazaeli M, Nikkhou K,

Cacciamani GE, et al. Robotic-assisted laparoscopic repair of

rectovesical fistula after Hartmann’s reversal procedure. J

Robot Surg 2019;13:339—-43.

[55] Martins FE, Felicio J, Oliveira TR, Martins N, Oliveira V,
Palmas A. Adverse features of rectourethral fistula requiring
extirpative surgery and permanent dual diversion: our

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[54]


http://refhub.elsevier.com/S2214-3882(24)00023-7/sref14
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref14
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref14
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref15
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref15
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref15
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref15
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref15
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref16
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref16
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref16
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref16
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref16
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref17
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref17
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref17
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref17
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref18
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref18
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref18
https://doi.org/10.1155/2013/617967
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref20
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref20
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref20
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref20
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref20
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref21
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref21
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref21
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref21
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref22
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref22
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref22
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref22
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref22
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref23
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref23
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref23
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref24
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref24
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref24
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref25
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref25
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref25
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref26
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref26
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref26
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref26
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref27
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref27
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref27
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref28
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref28
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref28
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref28
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref29
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref29
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref29
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref29
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref30
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref30
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref30
https://doi.org/10.1155/2013/617967
https://doi.org/10.1016/j.eucr.2022.102261
https://doi.org/10.1016/j.eucr.2022.102261
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref33
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref33
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref33
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref33
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref34
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref34
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref34
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref34
https://www.ncbi.nlm.nih.gov/books/NBK564389/
https://www.ncbi.nlm.nih.gov/books/NBK564389/
https://doi.org/10.1186/s13244-019-0812-9
https://doi.org/10.1186/s13244-019-0812-9
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref37
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref37
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref37
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref37
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref37
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref38
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref38
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref38
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref38
https://doi.org/10.1016/j.amsu.2021.103102
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref40
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref40
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref40
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref40
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref41
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref41
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref41
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref41
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref41
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref42
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref42
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref42
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref42
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref42
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref43
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref43
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref43
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref43
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref44
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref44
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref44
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref44
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref44
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref45
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref45
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref45
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref45
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref45
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref46
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref46
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref46
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref46
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref46
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref46
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref47
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref47
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref47
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref47
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref47
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref47
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref48
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref48
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref48
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref49
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref49
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref49
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref49
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref50
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref50
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref50
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref51
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref51
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref51
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref51
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref51
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref51
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref52
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref52
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref52
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref52
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref53
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref53
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref53
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref53
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref54
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref54
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref54
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref54
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref54

Asian Journal of Urology 11 (2024) 357—365

[56]

[57]

[58]

[59]

experience and recommendations. J Clin Med 2021;10:4014.
https://doi.org/10.3390/jcm10174014.

Chang X, Cao G, Pu J, Li S, Zhang X, Tang ST. Robot-assisted
anorectal pull-through for anorectal malformations with rec-
tourethral and rectovesical fistula: feasibility and short-term
outcome. Surg Endosc 2022;36:1910-5.

Tang S, Dong N, Tong Q, Wang Y, Mao Y. Laparoscopic assisted
endorectal pull-through with posterior sagittal approach to
the repair of postoperative rectourethral and rectovaginal
fistula. Pediatr Surg Int 2007;23:1077—80.

Marguet C, Raj GV, Brashears JH, Anscher MS, Ludwig K,
Mouraviev V, et al. Rectourethral fistula after combination
radiotherapy for prostate cancer. Urology 2007;69:898—901.
Kashihara T, Inaba K, Komiyama M, Nakayama H, lijima K,
Nishioka S, et al. The use of hyperbaric oxygen to treat actinic
rectal fistula after SpaceOAR use and radiotherapy for pros-
tate cancer: a case report. BMC Urol 2020;20:196. https:
//doi.org/10.1186/s12894-020-00767-3.

365

[60]

[61]

[62]

[63]

[64]

[65]

Francis A, Baynosa RC. Hyperbaric oxygen therapy for the
compromised graft or flap. Adv Wound Care 2017;6:23—32.
Kindwall EP, Gottlieb LJ, Larson DL. Hyperbaric oxygen ther-
apy in plastic surgery: a review article. Plast Reconstr Surg
1991;88:898—908.

Harl MJ. Defining the role of hyperbaric oxygen therapy as an
adjunct to reconstructive surgery. Surg Clin 2020;100:777—85.
Phillips JC. Understanding hyperbaric oxygen therapy and its
use in the treatment of compromised skin grafts and flaps.
Plast Aesthetic Nurs 2005;25:72—80.

Bassetto F, Bosco G, Brambullo T, Kohlscheen E, Tocco
Tussardi I, Vindigni V, et al. Hyperbaric oxygen therapy in
plastic surgery practice: case series and literature overview.
Geka Chiryo 2019;40:257—-75.

Panaiyadiyan S, Nayyar BU, Nayyar R, Kumar N, Seth A,
Kumar R, et al. Impact of vesicovaginal fistula repair on urinary
and sexual function: patient-reported outcomes over long-term
follow-up. Int Urogynecol J 2021;32:2521—8.


https://doi.org/10.3390/jcm10174014
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref56
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref56
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref56
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref56
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref56
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref57
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref57
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref57
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref57
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref57
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref58
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref58
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref58
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref58
https://doi.org/10.1186/s12894-020-00767-3
https://doi.org/10.1186/s12894-020-00767-3
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref60
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref60
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref60
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref61
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref61
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref61
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref61
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref62
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref62
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref62
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref63
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref63
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref63
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref63
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref64
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref64
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref64
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref64
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref64
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref65
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref65
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref65
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref65
http://refhub.elsevier.com/S2214-3882(24)00023-7/sref65

	Robotic management of urinary fistula
	1. Introduction
	1.1. Non-enteric urologic fistula
	1.1.1. VVF
	1.1.2. UVF
	1.1.3. Urinary-pubic symphysis (urosymphyseal) fistula

	1.2. Uroenteric fistula
	1.2.1. Colovesical fistula (CVF)
	1.2.2. Rectovesical fistula (RVF)
	1.2.3. RUF


	2. Methods
	3. Clinical presentation and diagnosis
	3.1. Clinical presentation
	3.2. Diagnosis
	3.2.1. Imaging
	3.2.2. Endoscopic study


	4. Management
	4.1. Conservative management
	4.2. Surgical management
	4.2.1. Port placement
	4.2.2. Genitourinary fistula
	4.2.3. Enterourinary fistula


	5. Consultation
	5.1. Pubovesical fistula (PVF) and orthopedic surgery
	5.2. RUF and colorectal surgery

	6. Postoperative management
	7. Conclusion
	Author contributions
	Conflicts of interest
	Conflicts of interest
	References


