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OBJECTIVE To present the technique, feasibility and results of minimally-invasive reconstruction of the trans-
Financial Disclosure: The autho
From the Lahey Hospital & Me
Address correspondence to: K

Center, Institute of Urology, 41
E-mail: kevinyg@gmail.com
Submitted: September 11, 2018

© 2019 Elsevier Inc.
All rights reserved.
planted ureter using the native ipsilateral ureter in post-transplant ureteral strictures and vesi-
coureteral reflux (VUR) causing graft pyelonephritis. Ureteral complications after kidney
transplantation represent a significant cause of morbidity potentially leading to graft dysfunction
or loss.
METHODS
 A prospective database from October 2011 to August 2018 identified renal transplant recipients
who underwent minimally-invasive pyeloureterostomies or ureteroureterostomies using the ipsilat-
eral ureter. Indications for either transplant ureteral stricture or VUR correction were assessed.
Preoperative evaluation included a technetium-99m mercaptoacetyltriglycine renal scan to assess
residual native renal function and either a video cysto-urethrogram or cystoscopy and retrograde
pyelography. Postoperative patency was evaluated with either cystograms or antegrade nephro-
grams in conjunction with a technetium-99m mercaptoacetyltriglycine study.
RESULTS
 Seven patients were followed with a mean follow-up time of 20.9 months (range 4.7-64.8 months).
Three cases of VUR causing graft pyelonephritis and 4 cases of transplant ureteral stricture were
identified. Five minimally-invasive transplant-to-native pyeloureterostomies and 2 transplant-to-
native ureteroureterostomies were performed. Six cases were performed robotically and 1 laparos-
copically. No recurrent episodes of pyelonephritis were observed for patients treated for VUR
causing graft pyelonephritis. Postoperative renal scans and contrast studies demonstrated no evi-
dence of obstruction or urinary leaks in all cases.
CONCLUSION
 Minimally-invasive reconstruction of the transplant ureter by pyeloureterostomy or ureteroureter-
ostomy using the ipsilateral native ureter is feasible and can be safely performed with graft survival
and acceptable complication rates. UROLOGY 126: 227−231, 2019. © 2019 Elsevier Inc.
Ureteral complications are the most common uro-
logical complications after kidney transplanta-
tion, representing a significant cause of morbidity

and potentially leading to graft dysfunction or loss. The
most common postrenal transplant ureteral complications
are ureteral strictures and vesicoureteral reflux (VUR).
The incidence of ureteral strictures has been reported to
range between 2% and 10.5%.1 While VUR after kidney
transplantation is common, reflux associated with graft
pyelonephritis is reportedly relatively rare in contemporary
series (1.4%-2.8%).2-3 Ureteral strictures are usually, ini-
tially managed by decompression with either retrograde
stenting, or percutaneous nephrostomy tube placement,
and endoscopic dilation. As these conservative methods
carry a recurrence rate of up to 45%, surgical ureteral
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reconstruction has been regarded the most definitive
method of treatment.4-5 Preferred ureteral reconstructive
techniques include transplant pelvis to native ipsilateral
ureter pyeloureterostomies (PU) and transplant ureter to
native ipsilateral ureter ureteroureterostomy (UU). These
procedures were traditionally performed with the open
approach. In anuric patients, end-to-end PU or UU can be
safely performed with ligation of the proximal native ure-
ter. The need for ipsilateral native nephrectomy prior or at
the time of the abovementioned procedures in kidney(s)
which still produce urine is not well established. To our
knowledge, we report the first series of minimally-invasive
ureteral reconstructions with PUs and UUs in kidney
transplant patients primarily utilizing the robotic-assisted
laparoscopic approach.
MATERIALS AND METHODS
Among 262 patients who received a kidney transplant at our insti-
tution between April 2009 and September 2016, 7 patients were
prospectively followed with the focus on ureteral complications.
Seven patients required surgical correction (2.6%). Type of donor
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Table 1. Patient characteristics and indications before ureteral reconstruction

Patient ID Age (y) Sex BMI
Original Transplant

Indication Ureteral Complication Prior Interventions

1 32.9 F 31.6 Congenital dysgenesis,
preclampsia

VUR and pyelonephritis Ureteral orifice collagen
injection

2 73.5 F 28.0 Hemolytic uremic syndrome VUR and pyelonephritis None
3 78.2 M 24.4 FSGS, solitary R kidney Midureteral stricture Nephrostomy tube

placement, antegrade
dilation

4 40.5 F 44.6 Familial amyloidosis Ureterovesical junction
stricture

Nephrostomy tube
placement

5 43.8 F 26.4 Autosomal dominant
polycystic kidney disease

VUR and pyelonephritis None

6 55.3 M 33.3 Calcineurin toxicity Midureteral stricture Nephrostomy tube
placement

7 63.4 M 26.6 Medication side effect Midureteral stricture Ureteral stent,
nephrostomy tube
placement
allograft and time between original transplantation and ureteral
complications were recorded.

The surgical approach (laparoscopic vs robotic-assisted) was
recorded in addition to any incidence of conversion to an open
operation. Robotic-assisted laparoscopic surgery was carried out
using the Intuitive Surgical da Vinci Si or Xi surgical system.
Preoperative indications for surgical correction were: complete
ureteral obstruction, strictures longer than 2 cm and failure of
previous endoscopic treatment. Ureteral reconstruction was also
indicated in every case of graft pyelonephritis associated with
documented transplant VUR. For patients with ureteral stric-
tures, a nephrostogram and percutaneous nephrostomy tube
placement into the transplant kidney were performed for diagno-
sis and initial treatment. Retrograde or antegrade balloon dila-
tion and placement of JJ stent were performed in strictures
amenable to endoscopic treatment.

For patients with VUR and graft pyelonephritis, diagnostic
criteria was defined as at least one episode of fever >38°C, a
urine culture showing >50,000 colonies/mL and graft tender-
ness. Every patient with suspected VUR was evaluated with a
voiding cystourethrogram (VCUG), cystoscopy, retrograde
ureteropyelogram and selective urine culture from renal graft
and native kidneys. They were kept on prophylactic antibiotic
therapy until definitive surgery. Immediate postoperative hos-
pital stay was recorded. Serum creatine was followed at its
nadir post-transplant, at the diagnosis of post-transplant ure-
teral complication and at 1- and 6-months postureteral recon-
struction. Postoperative cystograms were performed to assess
Table 2. Operative details of ureteral reconstruction and outcom

Patient ID

Time Between Original
Transplant and Ureteral
Reconstruction (mo) Operati

1 29.9 Laparoscopic transplant
ureteroureterostomy, R

2 39.7 Robotic transplant to R n
3 11.7 Robotic transplant to R n
4 4.9 Robotic transplant to R n
5 32.7 Robotic transplant to L n
6 6.0 Robotic transplant to R n

Conversion to open
7 19.0 Robotic transplant to L n

228
for urinary leakage. Postoperative technetium-99m mercap-
toacetyltriglycine renal scans (MAG3) were obtained
4 months after surgery (8 weeks after removal of indwelling
ureteral stent) for all patients to ensure adequate drainage in
the reconstructed ureters. Complications were reported based
on the Clavien-Dindo classification system.
RESULTS
Between October 2011 and March 2018, 7 patients were identi-
fied to have undergone ureteral reconstructions following renal
transplantation in a single surgeon, single institution setting.
Four of the patients with ureteral complications following renal
transplantation were women and 3 were men (See Table 1).
Mean age at the time of ureteral reconstruction and body mass
index were 55.4 years (range 32.9-78.2 years) and 30.7, respec-
tively. Mean time between transplantation and ureteral recon-
struction was 20.5 months (range 4.9-39.7 months). There were
3 cases of VUR causing graft pyelonephritis and 4 cases of trans-
plant ureteral strictures (See Table 2).

For the 3 VUR patients, diagnoses were confirmed with
VCUG and reflux was Grade 3 for all patients. One patient
underwent a cystoscopy and submucosal injection of collagen at
the transplant ureteral orifice, which was unsuccessful. For the 4
ureteral stricture patients, initial diagnoses of obstruction was
suspected due to increased serum creatinine in association with
evidence of hydronephrosis with renal allograft ultrasonography.
es for all 7 patients

ve Details Outcomes

to R native
native nephrectomy

No recurrent pyelonephritis,
developed chronic rejection

ative pyeloureterostomy No recurrent pyelonephritis
ative pyeloureterostomy Normal drainage on MAG3
ative pyeloureterostomy Normal drainage on MAG3
ative ureteroureterostomy No recurrent pyelonephritis
ative pyeloureterostomy. Normal drainage on MAG3

ative pyeloureterostomy Normal drainage on MAG3
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Figure 1. Transabdominal view of Patient #7’s native-to-
transplant pyeloureterostomy. NU, native ureter; TRP, trans-
plant renal pelvis. (Color version available online.)
The presence of obstruction was confirmed with antegrade neph-
rostograms and/or a MAG3 renal scan.

Five transplant-to-native PUs and 2 transplant-to-native UUs
were performed. Exposure of the dissection for a PU is shown in
Figure 1. For the 2 cases, in which a UU was performed, the trans-
plant renal pelvis was difficult to identify due to fibrosis in one case
and a left sided transplant allograft placed in the ipsilateral iliac fossa
with the renal pelvis posterior to allograft hilum in the other case.
Both cases of UUs were performed for VUR with graft pyelonephri-
tis. Mean operative time was 236 minutes (range 150-353 minutes).

Patient #6 required conversion to an open approach due to
difficulty identifying the transplanted renal pelvis. In this case,
the transplant allograft was placed in the ipsilateral (right) iliac
fossa as well.

Double-J ureteral stents were placed in all reconstructed ure-
ters. For all patients, except for Patient #7, cystograms were per-
formed 2-4 weeks postoperatively for patients. Cystograms did
not show urinary leakage and the ureteral stents were removed
thereafter. For Patient #7, an antegrade nephrostogram was per-
formed showing no urinary leakage prior to nephrostomy tube
removal. Median hospital stay was 3 days (range 2-4). For the
3 VUR patients, there was no evidence of recurrent pyelonephri-
tis after their ureteral reconstruction. For the 4 ureteral stricture
patients, postoperative MAG3 studies of the reconstructive ure-
ter demonstrated no obstructive parameters (t1/2 <20 minutes).
There was no difference in serum creatinine between preopera-
tive levels and postoperative levels at 1 month and 6 months
(preoperative mean 1.6 mg/dL, 1 month postoperative mean
1.5 mg/dL and 6 month postoperative mean of 1.6 mg/dL).

Patient #1 experienced biopsy-confirmed chronic rejection
5 years after her ureteral reconstruction and required a new allo-
graft transplant. Patient #2 experienced a Clavien Grade IIIa
complication during her immediate postoperative course caused
by kinking of her JJ ureteral stent. After transient decompression
with a nephrostomy tube, both the ureteral stent and nephros-
tomy tube were removed. Patient #7 was readmitted on postop-
erative day #9 for a febrile urinary tract infection that resolved
with antibiotics.

No other immediate postoperative complications were noted.
There was no graft loss related to ureteral reconstructions.
UROLOGY 126, 2019
DISCUSSION
Ureteral complications after kidney transplantation are
relatively rare, but are significant causes of morbidity and
potential graft loss. Surgical alternatives to endoscopic
treatment of ureteral stricture after transplantation are
direct reanastomosis of transplanted ureter, if enough ure-
teral length is available, ureteral reconstruction with
native ipsilateral ureter with PU or UU or direct anasto-
mosis between bladder and renal pelvis in cases of ureteral
strictures, if the bladder capacity allows it.

Using the native ureter provides several advantages, obvi-
ating the need of a more intensive, often difficult, dissection
of the distal transplant ureter and bladder and preventing a
potentially refluxing anastomosis by incorporating the anti-
reflux mechanism of the native intramural ureter. Further-
more the native ureteral orifice provides excellent access for
potential future endoscopic procedures.

Taking advantage of minimally invasive platforms such
as laparoscopy and robotics may furthermore reduce mor-
bidity and time of convalescence. Our first case was per-
formed laparoscopically and the following cases robotically.
In a pilot case report of a 35-year-old female undergoing a
robotic PU for a long segment ureteral stricture, Orvieto et
al showed initial feasibility with this technique.6 Our series
provided reproducibility among 7 patients and expanded
the technique to UUs. There are several, specific points of
interest in ureteral reconstructions for renal transplantation
allografts worth to be discussed.
Ureteral Strictures
Ureteral strictures are the most common urologic compli-
cations after renal transplantation. The etiology of the
strictures is usually related to either ureteral ischemia, or
technical error in performing the anastomosis. Most of
these strictures present within the first 3 months after
transplantation and are the result of ureteral ischemia.7

Late strictures (>6 months) are likely the result of chronic
vascular insufficiency or retroperitoneal fibrosis. Delayed
graft function, donor age, creation of antireflux anastomo-
sis and not utilizing double J ureteral stents at the time of
transplantation have been associated with an increased
incidence of strictures.

Usually the initial treatment for ureteral strictures is an
endoscopic approach with nephrostomy tube placement,
antegrade or, less commonly, retrograde balloon dilation
and stent placement. The estimated long-term success rate
of the endoscopic treatment of ureteral strictures after kid-
ney transplant has been reported to be up to 64.3% in mod-
ern series.5 Strictures caused by ischemia are more likely to
be long and less likely to respond to endoscopic treatment.

Surgical approaches to ureteral stricture after transplan-
tation include ureteroneocystostomy of the transplanted
ureter if enough ureteral length is available. Adjunct tech-
niques such as a Boari flap for extra length have been
described.7 Abdul-Mushsin et al report a series of 5
patients who have undergone robotic-assisted transplant
ureteral reimplantations or pyelovesicostomies for ureteral
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strictures.8 The authors highlight the benefits of a mini-
mally invasive approach with a median length of stay of
1 day. However, concerns exist with reimplantations for
transplant ureteral strictures. Most salient, the ability of
reimplanting the ureter is limited by to length of the stric-
ture. If, as in most cases, the stricture is secondary to ische-
mia, it is often difficult to establish the proper length of
ureter to excise to avoid recurrence and additional dissec-
tion of the transplanted ureter could cause further ische-
mia. Our preferred technique of transplant-to-native PU
allows drainage of the transplanted kidney even in cases
of complete obliteration of the entire length of the ureter.
The use of the native ureter to reconstruct the stric-

tured transplant ureter has been well-described in the
transplant literature as an open technique.9 In our series,
we attempted to confer the benefits of a minimally inva-
sive approach by adopting the laparoscopic and subse-
quently robotic technique.

VUR and Graft Pyelonephritis
The need to construct an antireflux anastomosis at the time
of renal transplantation is still an open debate. Creation of
antireflux anastomosis is associated with an increased inci-
dence of ureteral obstruction and a high antireflux failure
rate.10 Thus, most transplant surgeons make no attempt to
create an antireflux mechanism for fear of ureteral obstruc-
tion. For this reason, VUR after renal transplantation is
very common. In spite of that, the incidence of graft pyelo-
nephritis secondary to VUR is relatively low.2-3

Initial treatment of VUR after transplantation may be
endoscopic with submucosal injection of bulking agents.
Results are commonly temporary and multiple injections
are usually necessary. Eventual progression to surgical inter-
vention as with Patient #1 is often necessary. Direct reim-
plantation of the transplant ureter has the same potential
for failure with VUR recurrence and is often limited by the
difficulty to preserve an adequate length of ureter. Further-
more in these cases, one should be cautioned on the risk of
stricture due to ischemia after repeated ureteral reimplanta-
tions. Finally, the selection of ureteral length that needs to
be resected in order to cut back to vascularized tissue is often
unclear. The utilization of native ureter for ureteral recon-
struction provides a reliable native antireflux mechanism
and allows an excellent access should endoscopic treatment
be necessary for de-novo ureteral strictures.

Ureteral Reconstructions for Ipsilateral Iliac Fossa
Grafts
In our series, 3 renal allografts were transplanted into the
ipsilateral iliac fossa (2 in the left recipient iliac fossa, one
in the right right). In these cases, access to the renal pelvis
was very difficult as it lay behind the graft hilum. In theory,
exposure of the pelvis could have been obtained by dissect-
ing the graft off the psoas muscle fascia. For Patient #5, we
thought that this maneuver was too morbid with potential
harm to the transplanted kidney in the setting of a scarred
renal pelvis. Thus, a robotic-assisted transplant-to-native
UU was performed with minimal manipulation to the
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allograft kidney. The indication to reconstruct the ureter in
this patient was graft pyelonephritis secondary to VUR and
a UU provided an excellent correction to the reflux.
Patient #6 required a conversion to an open technique in
order to adequately expose the renal pelvis through the sec-
ondary branches of the renal hilum. Patient #7 required the
utilization of indocyanine green injection with near-infra-
red fluorescence technology via the nephrostomy tube in
order to identify the lower third of the renal pelvis behind
the lower pole of the graft (Supplemental Figure 1). The
presence of a renal allograft transplanted in the ipsilateral
iliac fossa represented a marked increase in the complexity
of the procedure.

Native Nephrectomy
The need for native nephrectomy at the time of ureteral
reconstruction with ipsilateral native ureter has been
debated in the literature.11 The performance of native
nephrectomy at the time of ureteral reconstruction adds a
significant time to the procedure, with need of a larger inci-
sion in open cases and need for repositioning and an
extraction incision in minimally invasive cases. In one
series, native nephrectomy was eventually performed in
patients who developed symptomatic hydronephrosis or
sepsis.12 A careful history was taken as to ascertain if the
patient was anuric before his or her original renal transplan-
tation. We have adopted the use of preoperative MAG3
renal scan to assess residual native renal function for all
patients undergoing a ureteral reconstruction using the
native ureter. In our series, Patient #1 underwent a planned
native nephrectomy at the time of ureteral reconstruction
and 2 patients developed asymptomatic native kidney
hydronephrosis without symptoms. Patient #5 required
bilateral native nephrectomies 20 months after ureteral
reconstruction because of symptoms caused by the presence
of large polycystic kidneys. No patients in our series
required a subsequent native nephrectomy due to symp-
tomatic hydronephrosis after their ureteral reconstruction.
However, close monitoring for symptoms is imperative.

Robotic-Assisted Laparoscopic Technical
Considerations
For the latter 6 cases in our series, a robotic-assisted lapa-
roscopic approach was utilized for UU and PU repairs.
Trocar placement was in a fan disposition with the camera
port approximately 4-5 cm cranial to the umbilicus. A
representative port setup for a left-sided PU with an Xi
surgical system is shown in Supplemental Figure 2. The
transabdominal portion of the operation is performed in a
moderate Trendelenburg position.

Identification of the transplant renal pelvis may pose sig-
nificant difficulties in the setting of prior surgery and infec-
tion. If technically feasible, we recommend cystoscopic
placement of open-ended ureteral catheters into the ipsilat-
eral native ureter and ipsilateral transplant ureter if the indi-
cation is for transplant ureter VUR or partial obstruction.
This allows for retrograde injection of saline to dilate the
transplant renal pelvis for easier identification. If there is a
UROLOGY 126, 2019



complete obstruction, then preoperative placement of a
nephrostomy tube into the transplant kidney followed by
saline instillation may be of use. As discussed in our most
recent case, Patient #7, we used a near-infrared fluorescence
filter in conjunction with indocyanine green injected via
the nephrostomy tube to easily identify the renal pelvis
(Supplemental Figure 1). The feature is available in select Si
cameras and all Xi robotic platforms and has been reported
in multiple series for ureteral reconstructions 13. The PU or
UU anastomosis was performed with color-coded interrupted
4-0 Vicryl with the insertion of a double-J ureteral stent prior
to the closure of the anterior plate. Patient #2 is shown as a
demonstrative technical video in Supplementary Video 1.
CONCLUSION
Minimally invasive ureteral reconstruction of the trans-
planted ureter or renal pelvis with native ureter by PU or
UU is feasible and safe for post-transplant ureteral strictures
or symptomatic VUR. Our series demonstrate outcomes
comparable to the open technique with potential advan-
tages of the minimally invasive approach.
SUPPLEMENTARY MATERIALS
Supplementary material associated with this article can

be found, in the online version, at https://doi.org/
10.1016/j.urology.2019.01.002.
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