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Abstract

Ureteral injury may occur during abdominopelvic surgery given its anatomic path
and proximity to surrounding organs. We present a case in which a patient required
ureteral reimplantation following injury during a hysterectomy. The patient under-
went a seemingly uncomplicated robotic ureteral reimplantation with ureteral
stent placement. However, postoperative imaging demonstrated extension of the
stent from the bladder to the right atrium. It appeared that the gonadal vein was
reimplanted rather than the ureter. In a combined urology-vascular surgery case,
gonadal vein implantation into the bladder was confirmed. Through-and-through
access from the right internal jugular vein to the urethra was established. The uret-
eral stent was removed and the gonadal vein was embolized, with urology follow-
up for planning and scheduling of ureteral reimplantation. Vascular involvement by
ureteral stents has considerable risks and often requires further surgery. Ureteral
injury can occur even in the hands of experienced surgeons and has a considerable
impact on patients. Recognizing important anatomy and using operative techniques
to differentiate from nearby structures, such as the gonadal vein, may help in pre-
venting ureteral injury and assisting with repair of ureteral injury.
Patient summary: We describe a case in which a patient had an injury to her ureter,
the tube that transports urine from the kidney to the bladder. When trying to repair
this, a blood vessel (the gonadal vein) instead of the ureter was accidentally con-
nected to the bladder. We discuss the resulting complications and management,
similar cases, and important anatomy concepts and surgical techniques to prevent
this type of injury.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of

Urology. This is an open access article under the CC BY-NC-ND license (http://creative-
commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

the hands of experienced robotic surgeons [1,2]. Ureteral
reimplantation is commonly performed in the management

Robot-assisted ureteral reimplantation has comparable out- of ureteral strictures and after ureteral injuries. Historically
comes to those with open and laporoscopic approaches in performed as open or laparoscopic cases, the relatively new
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emergence of robotic ureteral reimplantation warrants fur-
ther discussion of possible complications.

Here we present a case in which an iatrogenic vesi-
covenous fistula was created between the gonadal vein
and urinary bladder during robot-assisted ureteral reim-
plantation. This led to migration of a double-] ureteral stent
into the inferior vena cava (IVC) and right atrium.

2. Complication event

A 47-yr-old female was transferred from an external hospi-
tal on postoperative day 2 following a robot-assisted laparo-
scopic right ureteroneocystostomy. She had undergone a
total abdominal hysterectomy 4 months earlier for surgical
treatment of uterine leiomyomatosis, which was compli-
cated by an unrecognized right ureteral injury. The patient
was readmitted thereafter with a urine leak and urinoma,
which were managed with a right percutaneous nephros-
tomy tube, intraperitoneal drain placement, and antibiotics.

After a period of convalescence, she underwent a seem-
ingly uncomplicated elective robotic ureteral reimplanta-
tion. An abdominal plain film was obtained in the
recovery area (Fig. 1), revealing the proximal loop of the
right double-] ureteral stent overlying the tenth vertebral
body. Computed tomography revealed a maldeployed uret-
eral stent with the proximal curl in the right atrium and the
distal curl in the bladder (Fig. 2). This was concerning for
iatrogenic vesicovenous fistula creation between the right
gonadal vein and bladder.

The patient was transferred to our institution for further
management. She was hemodynamically stable on arrival,
breathing comfortably on room air. Physical examination

revealed laparoscopic incisions sealed with Dermabond, a
right percutaneous nephrostomy tube with clear yellow
urine, a drain to bulb suction with serosanguinous output,
and a Foley catheter to gravity with clear yellow urine. A
vascular surgeon was consulted for co-management.

3. Complication management

The urology and vascular surgery teams proceeded to the
endovascular suite for ureteral stent removal and possible
vascular interventions. The vascular surgery team obtained
vascular access via the right internal jugular vein. A veno-
gram showed a patent IVC without concern for thrombosis.
The proximal curl was clearly seen in the superior IVC
(Fig. 3). The vascular surgery team made several attempts
to intubate the right gonadal vein in order to establish wire
access but were unsuccessful.

The decision was made to proceed with cystoscopy. The
distal curl was visualized within the bladder. There was no
active bleeding through or around the ureteral stent. The
stent was grasped, brought to the level of the urethral mea-
tus, and cannulated with a hydrophilic guidewire. Under
live fluoroscopy, the guidewire was advanced into the
abdominal IVC, where the vascular surgeon was able to
grasp it with a Goose Neck (Amplatz, Minneapolis, MN,
USA) snare lasso. The guidewire was then brought out
through the right internal jugular vein, establishing
through-and-through access from the right internal jugular
vein to the urethra. At this point the stent was removed
while maintaining wire access. The cystoscope was
reintroduced into the bladder, and again there was no active
bleeding from the gonadal vein-bladder anastomosis

Fig. 1 - Abdominal X-ray in the immediate postoperative period at the external hospital, showing a medially placed ureteral stent with a proximal end (black

arrow) located in the right atrium.
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Fig. 2 - Computed tomography of the abdomen/pelvis (coronal slice) in the immediate postoperative period at the external hospital. A ureteral stent appears

to extend from the bladder to the right atrium within the inferior vena cava.

(Fig. 4). A joint decision between the vascular surgery and
urology teams was made to proceed with coil embolization
of the gonadal vein with future vessel ligation during right
ureteral reimplantation. Using the established internal
jugular-to-urethral access, the vascular surgery team suc-
cessfully performed coil embolization of the gonadal vein.
The wire was removed through the urethra. The patient’s
neck was dressed in standard sterile fashion. After 24 hours
of observation, she was discharged home on aspirin 81 mg
daily.

The patient was followed up in the urology clinic 1 mo
after the gonadal vein embolization. She reported that she
was doing well. Scheduling and workup for future ureteral
reimplantation were initiated.

4. Discussion

We present a rare complication in which the gonadal vein
was inadvertently reimplanted into the bladder during
robotic ureteral reimplantation. Using endoscopy and fluo-

roscopy, urology and vascular surgery teams brought the
distal end of the ureteral stent to the level of the urethral
meatus and established wire access from the urethra to
the internal jugular vein. This access facilitated additional
minimally invasive diagnostics and interventions by the
vascular surgeons, as prior attempts to establish wire
access into the gonadal vein ostium were unsuccessful
owing to the small vessel caliber that already housed a
6F ureteral stent. Ultimately, the gonadal vein was embo-
lized, with a reattempt at ureteral reimplantation sched-
uled for a later date.

We believe that this represents only the third case
reported in the literature describing inadvertent implanta-
tion of the gonadal vein into the bladder, followed by stent
placement into the gonadal vein, IVC, and right atrium.
Although rare, ureteral stent migration, misplacement, and
erosion into the vascular system have been reported. We
give a brief overview of cases of vascular involvement by
ureteral stents and their management, and then discuss
ureteral injury (UI) and important anatomical, surgical,
and clinical considerations for its prevention.
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Fig. 3 - Following patient transfer, a venogram demonstrated a patent
inferior vena cava without concern for thrombosis. The proximal curl of the
]JJ stent (black arrow) can be seen within the superior inferior vena cava.

Fig. 4 - Cystoscopic view of the gonadal vein-bladder anastomosis site
following JJ stent removal while maintaining wire access. Minimal bleeding
was noted from the site.

4.1. Review of vascular involvement by ureteral stents

Vascular involvement by ureteral stents has occurred via
migration, erosion, or maldeployment. We present these
events, categorized by context in which the ureteral stents
were introduced.

4.1.1. Involvement following ureteral reimplantation
Management of maldeployed ureteral stents in the vascular
system after ureteral reimplantation has previously been
reported. Two other case reports described gonadal vein
implantation into the bladder during open ureteroneocys-
tostomy. In both cases, the patients underwent reimplanta-
tion of the ureter into the bladder without complication
[3,4]. Kim et al. [5] described a case in which ureteral reim-
plantation was performed after a ureteral injury that
occurred during hysterectomy. A couple of weeks later,
the ureteral stent was identified with its proximal end in
the IVC and distal end in the gonadal vein, possibly because
of misplacement or migration of the stent. The distal end
could not be visualized in the bladder, so an endovascular
approach with vascular access via the right and left femoral
veins was performed. In tandem, the stent was brought out
from the gonadal vein into the IVC with an instrument
inserted via the left femoral vein, and then a vascular goose-
neck snare was used to encircle the stent and bring it out via
the right femoral vein. No interventions to the gonadal vein
were undertaken.

4.1.2. Involvement following retrograde stent placement
Urinary stents have also been maldeployed into the vascu-
lar system after retrograde placement. Falahatkar et al. [6]
described a case in which ureteral stent placement after
an unrecognized ureteral injury during a total abdominal
hysterectomy resulted in a stent with its proximal end
within the intrapericardial IVC and distal end within the left
external iliac vein. No endourologic approach was feasible,
so the stent was grasped and brought out via an endovascu-
lar approach through the left femoral vein. Notably, the
patient developed a deep venous thrombosis that was trea-
ted [6]. Similarly, ureteral stent placement for urolithiasis
resulted in bloody output in another case, with plain film
in the recovery area demonstrating a stent deployed in
the left iliac vein and IVC. Ureteroscopic stent removal
was unsuccessful and open removal via vascular surgery
was necessary [7]. In a case involving stent placement for
urolithiasis in a 12-wk pregnant woman, the stent could
no longer be identified after delivery during routine cys-
toscopy. Cross-sectional imaging identified the stent
extending from the right atrium to the abdominal IVC. It
was removed via the right common femoral vein using a
curved guide [8]. In another case, bilateral ureteral stent
placement resulted in left-sided stent placement into the
IVC. The authors elected for laparoscopic removal in this
case [9]. Finally, a patient requiring chronic ureteral stents
with routine exchange began experiencing hematuria from
the ureteral orifice. Imaging revealed that the stent was
within the right iliac vein, extending to the hepatic veins
inside the IVC. After cystoscopic removal, the authors noted
that bleeding into the urinary tract was unlikely given the
lower pressure within the venous system [10].
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In several cases, the stents remained in place for an
extended period of time. A patient requiring a stent for
nephrolithiasis had a stent involving the IVC in place for
more than 3 yr and ended up requiring cardiopulmonary
bypass to perform sharp dissection to free the stent from
the tricuspid leaflets and atriocaval junction [11]. In another
case, a stent placed after open left pyelolithotomy migrated
into the IVC. This was further complicated by the develop-
ment of thrombosis, probably because the stent migration
was not recognized until 5 mo after deployment. The stent
was removed via a percutaneous nephroscopic approach
and the patient was treated with anticoagulation and
antibiotics, with eventual resolution of the thrombus [12].

4.1.3. Involvement following antegrade stent placement
Urinary stent maldeployment in the vascular system has
also occurred after antegrade placement. In one case, ante-
grade stent placement after open renal calculus extraction
was confirmed intraoperatively. However, in the recovery
area the patient developed shortness of breath, pleuritic
pain, and expiratory wheezing. An echocardiogram and
plain film identified a stent within the right ventricle and
left pulmonary artery. The stent was removed through the
right femoral vein using vascular retrieval forceps. Antico-
agulation was started for a segmental pulmonary embolism
[13]. In another case, a stent was deployed after percuta-
neous nephrolithotomy, with subsequent development of
hemodynamically unstable atrial fibrillation. A stent in the
left pulmonary artery and right heart was identified and
removed via the right femoral vein [14]. Tang et al. [15] pre-
sented a case in which a stent placed following right percu-
taneous nephrolithotomy could not be identified during
cystoscopic removal. A plain film demonstrated the proxi-
mal aspect in the thoracic cavity and distal aspect within
the renal pelvis. The stent was removed via an endovascular
approach. Notably, the authors stated that urine flow into
the venous system is favored by pressure differences and
recommended antibiotic prophylaxis after stent removal if
there is suspicion of an iatrogenic fistula. Our group elected
to proceed without antibiotics since the fistula was closed
with an embolization coil.

4.2. Ureteral injury incidence, detection, presentation

Ul most often results iatrogenically from surgical proce-
dures. Hysterectomy, as in our case, accounts for >50% of
iatrogenic Ul cases, with incidence rates estimated at
0.03-1.5% [16-18]. Failure to recognize Ul intraoperatively,
as occurred in our case, has been reported at rates of 60—
90%, with considerable implications for patient outcomes
[19]. Patients presenting postoperatively may experience
signs and symptoms of renal obstruction, such as flank pain,
a febrile postoperative course, ileus, a urine leak, and a rise
in serum creatinine [20]. Delayed Ul detection is associated
with significantly higher rates of 90-d readmission, sepsis,
urinary fistula, acute renal injury, and death [19,21]. Fur-
thermore, postoperative Ul detection typically requires
temporary urinary diversion and multiple procedures or
operations for definitive management, which has a
considerable negative impact on patient mental health,

patient-partner relationships, employment, litigation, and
health care costs [17,20,21].

Given the significant negative impact on patient out-
comes for intraoperative versus postoperative detection of
Ul, emphasis should be placed on intraoperative assessment
of the urinary tract before surgical closure. Intraoperative
detection of UI allows for same-surgery intervention and
correction by a urologist or urogynecologist. The two most
common methods for assessment for intraoperative detec-
tion include preoperative stent placement and end-of-case
intraoperative cystoscopy [19]. Although routine use of
stents during gynecologic surgery does not reduce the inci-
dence of Ul, it may improve intraoperative detection and
repair [19,22]. Routine use of intraoperative cystoscopy is
intriguing, as it has been demonstrated that Ul detection
is five times greater with intraoperative cystoscopy than
without it (~95% of Uls vs 18%) [18]. However, its universal
use is limited by cost effectiveness, physician availability,
training limitations, and low specificity. Furthermore, injury
secondary to vascular or thermal injury may be missed
intraoperatively [ 18]. Until more evidence is presented, rou-
tine cystoscopy is probably more appropriate in cases of
higher risk and complexity, or with suspicion of UI [19].

4.3. Anatomic and operative considerations for Ul
prevention

The ureteral anatomic path and its proximity to abdomino-
pelvic structures are the main reasons for injury during
abdominopelvic operations. The ureter retroperitoneally
traverses distally from the ureteropelvic junction along
the anterior surface of the psoas muscle, across the sacroil-
iac joint, along the bony pelvis and iliac vessels, and into the
bladder. As they extend from the kidney to the posterior
wall of the bladder, the ureters travel under the gonadal
vessels, over the common iliac arteries near their bifurca-
tion, and under the uterine artery or vas deferens [23].

Recognition of the relationship of the ureter to the gona-
dal vasculature has important implications in urologic and
gynecologic surgery, especially in our case, in which the
gonadal vein was inadvertently implanted into the bladder
instead of the ureter. The gonadal veins arise from the
pampiniform plexus (ovarian veins for women, testicular
veins for men) and then ascend anterior to the psoas major
muscle and lateral to the ureter before crossing the ureter
anteriorly and entering the anterolateral IVC. On the left
side, the left gonadal vein ascends similarly but enters the
left renal vein rather than the IVC [24].

In females, the ureter has additional important anatomic
relationships with the uterus, making it particularly vulner-
able to injury. The ureter lies posterior to the ovaries, uter-
ine arteries, and broad ligament; lateral to the uterus and
infundibulopelvic ligament; and medial to the anterior ves-
sels [16]. Most commonly, Ul occurs where the ureter
passes posteriorly to the uterine vessels and at the level of
the infundibulopelvic ligament [25]. Other important struc-
tures near the ureter and targeted in common surgeries
include the right-side ascending colon, cecum, and appen-
dix, and the left-side descending and sigmoid colon [23].

One might expect that cutting of the gonadal vein is
associated with bleeding, but this is not always the case
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owing to pneumoperitoneum. Lack of bleeding on gonadal
vein injury complicates discrimination of the ureter from
the gonadal vein discrimination. Therefore, in addition to
understanding the general anatomy of the ureter and its
path, a solid understanding of how to differentiate the
ureter from other structures is key for injury prevention.
Intraoperatively, the ureter presents as a white, tubular,
muscular structure that exhibits peristalsis. In comparison,
the gonadal vein has a blue color and does not exhibit peri-
stalsis. Furthermore, the gonadal vein is thin-walled in com-
parison to the ureter. This may help with identification
during open surgery. However, lack of haptic feedback in
robotics may make it more difficult to differentiate the
two tubular structures, especially in a previously operated
field. For patients with an indwelling nephrostomy tube,
injection of fluid can also help to confirm ureter identifica-
tion before reimplantation.

An adequate understanding of these important anatomic
relationships and intraoperative considerations are essen-
tial for Ul prevention during abdominopelvic surgery.

44. Patient perspective

The patient provided written consent for inclusion in this
report. The patient has reported frustration following this
unfortunate series of events, but has expressed gratitude
that it was caught before serious associated complications.
Furthermore, she is hopeful that her case will serve as a
teaching opportunity so that others can avoid similar
mistakes.

5. Conclusions

Unintended gonadal vein-to-bladder anastomosis during
ureteral reimplantation is a devastating complication that
requires further interventions to remove a maldeployed
stent, treat an iatrogenic fistula, and ultimately complete
the ureteral reimplantation. Identification of the ureter
can be challenging, even for expert surgeons, and under-
standing the ureteral anatomy and its course through the
abdominal cavity is important for Ul prevention and correc-
tion. It is not known whether clinically significant hema-
turia would develop, but angiographic vessel embolization
after stent removal can be considered. Stents in the venous
system can precipitate thrombus formation, especially if
they are placed in pulmonary arteries or are in place long-
term. Prompt recognition, swift action, and continued learn-
ing are crucial to managing and ultimately preventing such
a devastating complication.

Conflicts of interest: The authors have nothing to disclose.
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