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The first Korean experience
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Purpose: Ureteral strictures are a common complication after kidney transplantation. Open reconstruction is preferred for long-
segment ureteral strictures that cannot be resolved endoscopically; however, it is known to have the potential to fail. We report 2
successful cases of robotic reconstruction surgery of a transplant ureter using the native ureter with the aid of intraoperative Indo-
cyanine green (ICG).

Materials and Methods: Patients were placed in semi-lateral position. Using Da Vinci Xi, the transplant ureter was dissected, and
the stricture site was identified. End-to-side anastomosis of the native ureter to the transplant ureter was performed. ICG was uti-
lized to identify the course of the transplant ureter and confirm the vascularity of the native ureter.

Results: Case 1: A 55-year-old female underwent renal transplantation at another hospital. She had recurrent febrile urinary tract
infections (UTIs) and a ureteral stricture requiring percutaneous nephrostomy (PCN). The PCN and ureteral stent were removed suc-
cessfully after surgery. The patient had only 1 febrile UTI episode after surgery. Case 2: A 56-year-old female underwent renal trans-
plantation at another hospital. She had acute pyelonephritis 1-month post-transplantation, and a long-segment ureteral stricture
was identified. She developed a UTI with anastomosis site leakage in the early postoperative period, which resolved with conserva-
tive treatment. The PCN and ureteral stent were removed 6 weeks after surgery.

Conclusions: Robotic surgery for managing long-segment ureteral stricture after kidney transplantation is safe and feasible. The
use of ICG during surgery to identify the ureter course and its viability can improve the success.
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INTRODUCTION pared with dialysis, KT provides improved 5year survival
rates (855% vs. 368%) and quality of life [23] Although KT

Kidney transplantation (KT) is the treatment of choice  has these benefits, it also has several potential complications,
for patients with end-stage renal disease (ESRD) [1] Com- including graft rejection and failure, infection, and surgical
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complications. A number of articles reported surgical compli-
cation rates after KT ranging from 3% to 14% [4]

Ureteral fistulae (also known as urinary leakage) are
an early complication of KT and may lead to graft loss or
patient death [4] Ischemic damage of the ureter is the most
common cause of these fistulae. Treatment of ureteral fis-
tulae involves secondary ureteroneocystostomy or end-to-
end anastomosis. Ureteral stricture of the transplant ureter
is another well-known complication of KT. In contrast to
the ureteral fistulae, ureteral strictures are considered as a
delayed complication [5] The etiology of ureteral strictures is
not well established, but some studies suggest that multiple
renal arteries and donor age older than 65 years increase
the risk of ureteral obstruction [6,7] A longer ischemic time
during KT may also be associated with ureteral stricture
development. The type of ureter reimplantation technique
during KT, such as the Lich—Gregoir or Politano—Leadbet-
ter procedure, does not related to a risk factor for ureteral
stricture [8] These ureteral strictures can lead to impaired
graft function if not promptly treated.

Although there are no clear guidelines regarding the
management of ureteral strictures in transplant kidneys,
endoscopic management is generally considered as the first-
line treatment for short ureteral strictures [9] With the de-
velopment of endoscopic instruments and techniques, many
patients have benefited from simple endoscopic management
instead of high-risk open revision surgery [10]. However,
when the length of stricture is long, open ureteral recon-
struction surgery is required instead of endoscopic manage-
ment. It is known that open revision surgery is technically
challenging because of severe adhesions around the bladder
and difficulties with identifying the transplant kidney. The
success rate of open revision surgery is 92%, with a compli-
cation rate of 16% [11].

Robotic systems provide better surgical outcomes and
less postoperative pain compared to conventional open or
laparoscopic surgery. However, reports of robotic reconstruc-
tion surgery for ureteral strictures in transplant kidneys are
limited. The previous reports have mainly focused on ma-
nipulating the bladder to manage ureteral strictures, such
as creating a Boari flap or performing ureteroneocystostomy
[12] However, in patients with a contracted bladder after
prolonged dialysis, there are limitations to using the bladder
for reconstruction. Herein, we report 2 cases of robotic re-
construction surgery using the native ureter to correct long-
segment ureteral strictures after KT.
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Fig. 1. (A) Diagram of port placement. Blue, camera port; orange,
8-mm robotic port; green, 12-mm port for the surgical assistant; grey,
5-mm port for liver traction and the surgical assistant. (B) Postopera-
tive wounds.

MATERIALS AND METHODS

1. Surgical technique

This study was approved by the Institutional Review
Board of the Yonsei University College of Medicine (IRB no.
2022-0331-001). All the study protocols were performed in ac-
cordance with the principles of the Declaration of Helsinki.
Written informed patient consent was waived owing to the
retrospective nature of study. The patients were placed in a
semi-lateral position similar to the position used for robotic
nephrectomy. Pneumoperitoneum was established using the
Veress needle technique. The port configuration is shown
in Fig. 1. All ports were inserted under direct vision using
a laparoscopic camera. The Da Vinci Xi system was docked
after port insertion. The 12-mm trocar for the surgical as-
sistant in the lower abdomen was used as a port for robotic
instruments (using the piggy-back method) when an ad-
ditional robotic arm was required [13] In this situation, the
5mm trocar in the subxyphoid area for liver traction was
used as a port for the surgical assistant.

After docking the robot, the transplant ureter was dis-
sected, and the stricture site was identified. Nephrectomy
of the right native kidney was performed, and the native
ureter was harvested. After trimming the native ureter to
the appropriate length, the native ureter was attached to
the transplant ureter by end-to-side anastomosis. Interrupted
suture with 4-0 Vicryl was used for the anastomosis, and a
double J ureteral stent was inserted.

2, Use of Indocyanine green

Indocyanine green (ICG) was applied in 2 ways. First,
ICG was injected through a percutaneous nephrostomy (PCN)
which was previously placed in the transplant kidney. This
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procedure enables to identify the course of the transplant

ureter (Fig. 2). Second, ICG was injected intravenously to
confirm the vascularity of the dissected native ureter. A
weak ICG signal area indicates a low vascularity of the ure-
ter, which should be excised prior to anastomosis (Fig. 3).

RESULTS

1.Case 1

A 55-year-old female underwent deceased donor KT
(DDKT) at an outside hospital. She developed ureteral stric-
ture of the transplant kidney, which was managed with
PCN placement 5 months after transplantation. She also had
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Fig. 2. The transplanted ureter is iden-
tified by Indocyanine green injected
through the percutaneous nephrostomy
tube. The dissected transplant ureter
(arrow) is seen on direct visualization (A)
and fluorescence imaging (B).

Fig. 3. Intravenous Indocyanine green
is used to confirm the vascularity of the
dissected native ureter. (A) Dissected
native ureter on fluorescence imaging
after intravenous Indocyanine green
injection. (B) Color representation of
the imaging results, with blue portion
reflecting a segment with a strong sig-
nal and good vascularity and gold por-
tion reflecting a segment with a weak
signal and poor vascularity which was
trimmed before anastomosis.

Fig. 4. Case 1. Antegrade pyelography
images before surgery (A) and 2 weeks
after surgery (B). (C) Sonography of the
transplant kidney at 4-month follow-up
showed no sign of hydronephrosis.

recurrent febrile urinary tract infections (UTIs) and was re-
ferred to our hospital 16 months after KT. At that time, her
serum creatinine was 3.01 mg/dL. Preoperative antegrade
pyelography showed total obstruction of the transplanted
ureter. The length of stricture was 85 cm (Fig. 4). The goals
of the surgery were to remove the PCN and prevent further
UTI episodes, despite the possibility of graft failure progres-
sion.

ICG injected through the PCN was unable to identify
the renal pelvis, because of thickening of the renal pelvis
wall probably caused by recurrent episodes of UTL Sub-
sequent instillation of normal saline through the PCN re-
vealed a dilated renal pelvis on intraoperative sonography.

https://doi.org/10.4111/icu.20220364
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Fig. 5. Case 2. Antegrade pyelography images before surgery (A) and 6 days after surgery (B). Initially, the anastomosis site was intact (arrow). (C)
Leakage of the anastomosis site occurred (arrow) when the patient developed a carbapenem-resistant urinary tract infection, as seen on the 10-
day postoperative antegrade pyelography image. (D) The leakage healed with conservative treatment, as shown on the 6-week postoperative
image. The tail-like contrast-filled structure is the remnant transplant ureter distal to the anastomosis site (arrow).

Needle puncture was performed to confirm the location of
the renal pelvis of the transplant kidney. Pelvico-ureteral
anastomosis was performed and test irrigation of the renal
pelvis through the PCN confirmed the absence of anastomo-
sis site leakage.

The PCN was removed 2 weeks later, and the ureteral
stent was removed 1 month after surgery. The patient had
1 episode of febrile UTI during the first 3 months after sur-
gery but none since. Her serum creatinine 1 year after sur-
gery was 242 mg/dL (Fig. 4).

2.Case 2

A 56-year-old female underwent DDKT at an outside
hospital and developed acute pyelonephritis 1 month af-
ter transplantation. A long-segment ureteral stricture was
detected, which was managed with PCN placement. The
patient was referred to our hospital 3 months after KT for
ureteral reconstruction. Her serum creatinine was 120 mg/
dL at that time. Antegrade pyelography identified a ureteral
stricture 48 cm in length (Fig. 5). Because of the long length
of this stricture, robotic reconstruction surgery using the na-
tive ureter was performed rather than endoscopic surgery or
open ureteroneocystostomy.

Despite preoperative prophylaxis with broad-spectrum
antibiotics, the patient developed a carbapenem-resistant
Kilebsiella pneumoniae UTI immediately after the surgery,
with concomitant leakage at the anastomosis site. The leak-
age resolved after conservative management. The PCN and
ureteral stent were removed 6 weeks after surgery. The
patient’s serum creatinine was 131 mg/dL at her 9-month
follow-up visit (Fig. 5).
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DISCUSSION

We report 2 cases of robotic reconstruction surgery using
the native ureter in long-segment ureteral strictures after
KT. The use of intraoperative ICG can aid increase the suc-
cess rate of this procedure compared to open surgery. An-
tegrade injection of ICG to the collecting system can aid in
identification of the transplant ureter which is challenging
due to severe adhesion and lack of anatomical landmarks.
Moreover, intravenous injection of ICG can reveal the vas-
cularity of the native ureter when planning the proper
anastomosis site. The native ureter is anticipated to lose its
blood supply after dissection from its surrounding structure
to reach to the point of anastomosis. We found that the ure-
ter which appeared to be viable in the naked eye was not
a truly viable ureter upon injection of ICG and additional
trimming was required in both cases.

Ureteral strictures have been reported in 26%—15% of
patients after KT and are the most common long-term uro-
logic complication. In their study of 1,787 patients, Karam et
al. [6] identified 74 patients (4.1%) who developed a ureteral
stricture after KT. The mean time of stricture occurrence
was 54 months after transplantation, and the presence of
more than 2 renal arteries was a risk factor for stricture
formation (p=0.009). There was no significant difference in
rate of ureteral strictures between patients with or without
double J stent insertion. Mah et al. [14] reported ureteral
complications in 1,072 patients who underwent KT with
different types of donor kidneys: 494 kidneys were donated
after circulatory death, 305 were donated after brain death,
and 273 were received from a living donor. The risk of ure-
teral complications was similar in patients who received
living donor and donation after brain death kidneys (haz-
ard ratio [HR], 046; 95% confidence interval [CI], 016-135;

www.icurology.org 157



Kim et al

p=0160), but the risk was higher in patients who received a
kidney donated after circulatory death than in those receiv-
ing a kidney donated after brain death (HR, 2.77; 95% CI,
1.05-7.31; p=0.040).

Since the introduction of endoscopic treatments in the
early 1980s, endoscopic techniques have been commonly
used for the management of ureteral strictures. Frequently
performed procedures include balloon dilation or endoure-
terotomy using cold knife or holmium laser [15] The most
commonly reported endoscopic treatment is antegrade or
retrograde balloon dilation to the ureter. The success rate of
balloon dilation is 51% for the first treatment but decreases
to 25% on the second attempt [16-18]. Kristo et al. [19] re-
ported the results of 9 patients with short ureteral strictures
managed by balloon dilation with or without holmium laser
endoureterotomy. The mean stricture length was 0.28 cm
(025-05 cm). No postoperative complications were observed
during a median follow-up period of 24 months. For short
ureteral strictures less than 05 cm, endoscopic treatment
may be considered as the first-choice of treatment.

Open revision surgery is considered for long ureteral
strictures or strictures that have failed endoscopic treat-
ment. If the ureteral stricture length is short or if the blad-
der capacity is abundant, the bladder can be used to perform
ureteroneocystostomy, pyelovesicostomy or Boari flap after
removing the stricture segment. However, contraction of the
bladder is commonly seen in patients with ESRD after a
prolonged duration of dialysis. When the size of the bladder
is not available to reach the graft ureter or renal pelvis, the
native ureter is used to perform a ureteroureterostomy or
pyeloureterostomy to the graft kidney. In a study reported
by Salomon et al. [20], 19 of 570 patients (3.3%) who developed
urologic complications after KT underwent open pyeloure-
terostomy with the native ureter. The reported complications
after KT were 10 cases (1.7%) of ureteral stenosis, 6 cases
(11%) of urinary leakage, and 3 cases (05%) of vesicoureteral
reflux. The surgery involved cutting and mobilizing the na-
tive ureter 3—4 cm above the iliac vessels and anastomosis
of ureter to the renal pelvis of the transplant kidney. No
further ureteral complications occurred after surgery. Schult
et al. [21] reported 48 patients who underwent open pyelo-
ureterostomy with the native ureter after KT for ureteral
stricture, necrosis, or bleeding. Six patients (125%) developed
complications after surgery, including 4 cases of anastomosis
site leakage and 2 cases of stenosis of the native ureter. Two
of the 4 patients with urinary leakage underwent additional
revision surgery. Other complications, such as sepsis, py-
elonecrosis, and acute graft rejection, were also reported. In a
study reported by Decurtins et al.[22], 7 of 25 patients (280%)
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who underwent open secondary pyeloureterostomy for ure-
teral necrosis developed urologic complications, including 4
cases of anastomosis site leakage and 3 cases of ureteral ste-
nosis. Three of the 4 urinary leakage cases (75.0%) resolved
with nephrostomy catheter insertion, whereas 1 required
additional surgery for redo-anastomosis. Of the 3 stenosis
cases, 2 (666%) were managed with temporary ureteral stent
insertion, and 1 was treated with pyeloureterostomy using
the contralateral ureter.

The benefits of robotic surgical systems are well estab-
lished. A few previous reports described the management
of long-segment transplant ureteral strictures using robotic
systems. Abdul-Muhsin et al. [9] reported 5 patients who
underwent robotic reconstruction surgery for transplant
ureteral strictures after failed endoscopic treatment. The pa-
tients were placed in the lithotomy position, with port place-
ment similar to that used for robotic radical prostatectomy.
The reconstruction technique was pyelovesicostomy with a
Boari flap in 2 patients and the Lich—Gregoir reimplanta-
tion technique in 3 patients. A Foley catheter was main-
tained for 7-14 days. The authors found no early or delayed
urinary leakage. Kim et al [12] also reported the results of
reconstruction using a robotic system in 5 patients with
long transplant ureteral strictures. Their mean stricture
length was 25 cm. Port placement was similar to that used
for robotic radical prostatectomy, and the procedure was
pyelovesicostomy in 3 patients and ureteroneocystostomy
in 2 patients. Three techniques were used to identify the
transplant kidney and ureter: instillation of normal saline
through the nephrostomy tube, injection of ICG through the
nephrostomy tube, or direct visualization using a flexible
ureteroscope. No patient required hospital readmission dur-
ing the first 30 days after surgery.

Robotic surgery for ureteral reconstruction using the na-
tive ureter has been performed less commonly. Benamran et
al. [23] described robot-assisted ureteral reconstruction sur-
gery using the native ureter in 10 patients. A ureteral cath-
eter was inserted at the beginning of surgery to distinguish
the native ureter from the graft ureter. Uretero-ureteral
or ureteropyelic anastomosis was performed. 4 patients re-
quired conversion to open surgery because of severe fibrosis
around the graft kidney (2 patients) or failure to identify
the graft ureter (2 patients). These authors discussed the
difficulties of identifying graft kidneys and ureters because
they were usually covered by thick fibrotic tissue.

Although open pyeloureterostomy or ureteroureteros-
tomy using the native ureter has been commonly used as a
salvage operation to treat ureteral complications after KT, it
is a procedure known to have possibility of failure. Consid-
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ering that anastomosis of the ureter-ureter or ureter-renal
pelvis is nearly a failfree procedure when operated for vari-
ous causes such as iatrogenic injury during gynecological or
colorectal surgery, it seems unusual that the same procedure
applied on a transplant ureter or renal pelvis can result in
anastomosis site leakage or stenosis. One of the causes may
come from the graft versus host immunologic reaction be-
tween the transplant ureter/renal pelvis and the native ure-
ter. The maintenance of immunosuppressants may also im-
pair wound healing. These are factors which are not easily
controllable by the surgeon. The authors speculated that the
vascularity of the anastomosis site may be a crucial factor
leading to anastomosis site leakage or stenosis, and hypoth-
esized that intraoperative ICG can confirm the vascularity
of the native ureter to be used. In both cases we found that
although the native ureter seems to be pinkish and viable
to the naked eye it was not true on injection of ICG and ad-
ditional trimming of the native ureter was required while
taking caution to maintain adequate length for a tension
free anastomosis.

Using the native ureter for KT ureter reconstruction
has been described by Benamran et al. [23] However, they
reported a high rate of open conversion of 40%. Salvage
operation after KT is a difficult procedure as there is no
anatomical landmark to identify the artery, vein and ureter
of the transplant kidney. Even after thorough review of the
imaging study the typically severe anastomosis of the sur-
rounding tissues makes the procedure difficult. The authors
have utilized antegrade injection of ICG through a preplaced
PCN to facilitate identification of the transplant ureter.
During the second case initial investigation of the expected
area failed to reveal the ureter. However, after administra-
tion of ICG we found that the ureter was only 1-2 cm away
from the previous dissected area. Also using intraoperative
sonography can help identify the artery and vein of the
graft kidney, and prevent injury of the vessels which can
lead to loss of the graft kidney.

Our method also differs in the port placement with pre-
vious reports. In most reports, patients were placed in the
lithotomy position combined with Trendelenburg position,
whereas we placed patients in a semi-lateral position. The
lithotomy position is more suitable to approach the uretero-
vesical junction and lower ureter, and should be chosen if re-
construction using the bladder such as ureteroneocystostomy
or pelvicovesicostomy is considered. However, the semi-later-
al position is more suitable to approach the graft kidney and
pelvic area as it facilitates exposure by dropping the bowels
in the contralateral direction as in our case. Also, in our
cases nephrectomy of the native kidney was planned, which

Investig Clin Urol 2023;64:154-160.
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can be done in the semi-lateral position without changing
the position of the patient. The semi-lateral position is also
known to be associated with less cardiopulmonary impair-
ment than the lithotomy/Trendelenburg position [24]

The native ureter can be used to perform ureteroure-
terostomy or ureteropyelostomy to the graft kidney when
urologic complication occurs after KT. It should especially
be considered if the ureter stricture segment is long or if
the bladder is contracted and cannot be used for reconstruc-
tion. The presence of the ipsilateral native ureter should be
checked before planning surgery, as patients with ESRD
often undergo nephrectomy for various reasons. However,
the procedure is known to have a complication rate ranging
from 0%—28%. It is challenging as it is hard to identify the
target anatomy because there is no anatomical landmark
to identify the graft ureter and is normally associated with
severe adhesion and surrounded with dense fibrotic tissues.
The native ureter is often contracted after prolonged ESRD
and its narrow diameter requires fine handling during
anastomosis. Using the robot can make the procedure more
feasible as it provides a magnified 3D vision and fine han-
dling of instruments. In this study we suggest that the suc-
cess rate can also be improved by utilizing ICG when find-
ing the native ureter and also confirming vascularity of the
anastomosis site. Although our cases were successful further
experience with more patients is required.

CONCLUSIONS

In this report, we described 2 patients who underwent
robotic surgery using the native ureter for reconstruction of
a long-segment ureteral stricture in the transplanted kidney.
While our general technique has been widely used dur-
ing open surgery it is a procedure known to have a risk of
failure. Also, while it can be reproduced by robotic surgery,
it has been reported to have a high rate of open conversion.
We propose that using the robotic system and utilizing ICG
can increase the success rate of anastomosis and decrease
the rate of open conversion. Further studies and a larger
number of cases is needed to confirm our speculation.
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