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Background: To evaluate the outcome of kidney recipients with ureteral stenosis after treatment with open 
surgery under magnetic resonance urography (MRU) localization.
Methods: We assessed 2,256 consecutive kidney transplant recipients between October 2010 and December 
2018. Ureteral stenosis was detected by ultrasound, confirmed and positioned by Magnetic Resonance 
Urography. All patients underwent open ureteral reconstruction. The ureteral stenosis was located according 
to the location on the MRU during the operation. Surgical complications and recurrence rate were recorded 
in the stenosis group. Outcomes were compared with those of a matched control group of transplant 
recipients with no history of ureteric stenosis.
Results: The incidence of ureteral stenosis in our center was 3.1% (70/2,256). Sixty-four cases (91.4%) 
were confirmed to have distal stenosis and were reconstructed with ureterovesical re-implantation; six cases 
(8.6%) were confirmed to have mid-distal stenosis and were subjected to ureteroureterostomy with the use 
of native ureter. The overall success rate was 100% and the graft function was salvaged in all cases. There 
was no recurrence of stenosis after a mean follow-up of 38.9±26.3 months. The complication rate was 5.7%. 
The 110-month graft survival and patient survival were not significantly different between the stenosis and 
control groups.
Conclusions: MRU is an effective method for non-invasive and accurate diagnosis of ureteral stenosis in 
kidney transplant recipients. Open ureteral reconstruction surgery under MRU localization for treatment of 
ureter stenosis after kidney transplantation had a high success rate, low recurrence rate and high safety. 
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Introduction

Major ureteral complications following renal transplantation 
are a significant source of morbidity and mortality, ureteral 
stenosis is one of the most common urologic complications 
after renal transplant and has been reported in 0.6–12.5% 
of kidney recipients (1-3). The majority of ureteral stenosis 
occur within 3 months post- transplantation and are located 
in the distal ureter (4-7). Ureteral stenosis is thought 
to result from inadequate preparation of the transplant 
ureter, ischemia of the distal ureter, technical issues during 
implantation, episodes of rejection, infection (human 
polyoma BK virus nephropathy) or an external compression 
by a lymphocele or hematoma (4-8). 

The majority of ureteral stenosis require interventional 
management or open surgical re-construction. There are 
pros and cons in either endoscopic or surgical treatment. 
There is no consensus about the optimal treatment strategy 
for ureteral stenosis and there are no guidelines for the 
choice of interventional therapy or open surgery.

The adhesion caused by repeated operation, the location 
of ureteral stenosis segment and the possible damage 
of transplanted kidney and blood vessel were the main 
difficulties of the open reconstructive surgery. Magnetic 
resonance urography (MRU) can be used to diagnose 
ureteral obstruction and accurately locate the obstruction 
site. All the patients with ureteral stenosis in our center 
were relieved by open surgery under MRU localization. 
This study was to review the outcomes of kidney recipients 
with ureteral stenosis who had undergone open ureteral re-
construction under MRU localization and to compare the 
outcomes with those without ureteral stenosis.

We present the following article in accordance with the 
TREND reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1404).

Methods

Data collection

This retrospective matched cohort study was undertaken at a 
tertiary teaching hospital that provides a comprehensive renal 
service, including treatment of kidney diseases, dialysis and 
kidney transplantation. All kidney transplants in this study 
came from DCD donation or living donation, and no executed 
prisoner was used as a donor. The donor grafts of DCD 
were donated to the Red Cross Society of Zhejiang Province 
and allocated to our center by the China Organ Transplant 
Response System. The study was conducted in accordance 

with the Declaration of Helsinki (as revised in 2013). The 
study was approved by the ethics committee of the First 
Affiliated Hospital, School of Medicine, Zhejiang University 
(NO. 2019-655: the registration number of ethics board) and 
individual consent for this retrospective analysis was waived. 
All patients who developed ureteral stenosis following renal 
transplantation and subsequently underwent small incision 
open surgical ureteral reconstruction under MRU localization 
between October 2010 and December 2018 were included in 
the stenosis group. Once the stenosis group was identified, a 
control group was selected from the remaining patients. The 
two groups were matched for age, sex, type of transplant (living 
donor or deceased donor), the year of kidney transplantation 
(to ensure that immunosuppressant therapy and surgical 
technique were similar), and presence of diabetes mellitus 
and hypertension factors known to influence both graft and 
patient survival. The donor and/or graft characteristics were 
collected included age, sex, cold ischemia time and number 
of arteries. Data regarding episodes of rejection and infection 
due to human polyoma BK virus were collated. Patients were 
followed up until December 2019. 

Immunosuppressive therapy and surgical technique

During the study period, standard triple immunosuppression 
protocols were implemented including prednisolone, 
mycophenolate mofetil and tacrolimus or cyclosporine after 
induction therapy with baliximab or rabbit anti-thymocyte 
globulin (rATG). Renal transplant was undertaken by dedicated 
transplant surgeons with more than 10 years of experience. 
The standard technique of renal transplantation included an 
extraperitoneal approach through an iliac fossa incision and 
vascular anastomoses of the external iliac vein, external iliac 
artery or internal iliac artery (living-kidney transplantation). An 
extravesical technique of ureteral implantation was routinely 
used for ureteroneocystostomy according to the Lich-Gregoir 
ureterovesical reimplantation technique. A double-J stent was 
used to bridge the anastomosis to the bladder in most patients. 
This stent was routinely removed about 4 weeks after surgery 
under local anesthesia.

Diagnosis of ureteral stenosis and emergency treatment

We monitored serum creatinine (Scr) levels daily for the 
first 7 days after transplantation, followed by weekly for  
3 months and then monthly during the 1st year. Thereafter, 
Scr levels were measured every 1–3 months. Any increase 
in Scr levels was promptly investigated and treated. New-
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onset hydronephrosis of the transplanted kidney was 
detected by ultrasound and confirmed by MRU, and the 
location of the ureteral stenosis was recorded. If the patient 
just had an increase in Scr, there was no need to do any 
intervention before the MRU examination and surgery. If 
the patient developed hyperkalemia or heart failure, the 
patient will undergo hemodialysis treatment before the 
MRU examination and surgery.

Technique of magnetic resonance urography localization

Knowledge of the location and length of the stricture 

according to MRU was helpful for planning operation. The 
ureteral stenosis segment was well positioned in the MRU 
image and marked on the patient’s body surface before 
surgery. One self-made and water-agent pill was placed 
at umbilicus before MRU examination for body surface 
positioning. We drew a horizontal line at the umbilical level 
and a vertical line under the T2-weighted image (Figure 1A), 
then measure the distance from the horizontal line vertically 
downward to the upper end of the obstruction section and 
the horizontal distance from the vertical line to the upper 
segment of the obstruction (Figure 1B). Finally, the distance 
from the upper part of the obstruction to the skin surface 

6.82 cm

8.16 cm

self−made and water agent pill

A B

C D

Figure 1 MRU positioning method and body surface marking. A horizontal line was drawn at the umbilical level and a vertical line under 
the T2-weighted image (A). The distance from the horizontal line vertically downward to the upper end of the obstruction section and the 
horizontal distance from the vertical line to the upper segment of the obstruction were measured (B). The distance from the upper part of 
the obstruction to the skin surface was measured in cross section (C). The upper point of the stenosis was marked on the body surface of the 
patient according to the measurements (D). MRU, magnetic resonance urography.
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was measured in cross section (Figure 1C). According to the 
measurements, we marked the upper point of the stenosis 
on the body surface of the patient (Figure 1D). We measured 
the distance from the upper end of the stenosis to the 
anastomotic stoma of the bladder in MRU. 

Technique of open ureteral reconstruction

Open ureteral reconstruction utilized an extraperitoneal 
approach in all cases. The incision was made through 
the distal of the existing transplant scar (Figure 2A). The 
strictured section of the ureter was further identified 
according to the location marked on the body surface. The 
stenosis was often difficult to identify and always in the most 
severe adhesion area. The strictured section of the ureter 
was excised and a small section of healthy ureter was isolated 
(Figure 2B). If the proximal nonstrictured healthy ureter was 
long enough to reach the bladder, a simple re-implantation 
technique was used over a double-J stent. This approach 
occasionally required mobilization of the urinary bladder 
and hitching stitches to the psoas muscle and adjacent 
adventitia to avoid tension on the anastomosis (Figure 2C). 
If re-implantation of the transplant ureter was not feasible, 
anastomosis to the native ureter was performed. The 
placement of double-J stent in the ipsilateral autogenous 
ureter before operation can help to locate the ureter during 
operation. Both reconstruction techniques need a double-J 
stent, which was removed after 4–6 weeks. The surgical 

complications were recorded according to Clavien-Dindo 
classification.

Statistical analysis

All data were analyzed by using SPSS 23 and STATA 16. 
Quantitative and qualitative variables were compared by 
using the t test, McNemar test and Fisher’s exact test. We 
evaluated graft and patient survival with the Kaplan-Meier 
method, and the groups were compared by using log-rank 
testing. P<0.05 was considered statistically significant.

Results

Seventy patients developed a ureteral stricture that required 
intervention, yielding an overall incidence of 3.1%. The 
incidence of living donor kidney transplantation was 
3.8%, while the incidence of DCD kidney transplantation 
was 2.6%. A total of 70 patients were included in the 
stenosis group. The patient and graft characteristics of the 
two groups are listed in Tables 1 and 2. The underlying 
causes of end-stage renal disease, the number of rejection 
episodes, the incidence of delayed graft function (DGF), the 
development of human polyoma BK virus infection, and the 
graft characteristics, particularly intraoperative factors (cold 
ischemia time and vascular anatomy), were similar in the 
two groups. 

The median time to develop stenosis was 3 months 

A B C

Figure 2 The procedure of open ureteral reconstruction surgery. The incision was made through the distal of the existing transplant scar (A). 
The strictured section of the ureter was excised and a small section of healthy ureter was isolated (B). A re-implantation technique was used 
over a double-J stent (C).
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[range 1 week–36 months] from transplant, and the mean 
follow-up time was 43.6 months (range, 12–108 months). 
Ultrasonography showed that the mean hydronephrosis of 
the renal collecting system was 1.7±0.6cm. MRU showed 
64 cases of distal and 6 mid-distal ureteral strictures. The 

average time from the diagnosis of the stenosis to the 
operation of the patients was 1.4±0.5 days. All patients 
with ureteral stenosis were relieved by open surgery under 
MRU localization. The results seen during the operation 
are basically consistent with the results of MRU. Sixty-

Table 1 Demographic and clinical data from patients with ureteral stenosis and matched control subjects

Characteristic Study group (n=70) Control group (n=70) P value

Sex 0.999

M 49 49

F 21 21

Age (years) 37.5±12.4 38.2±11.7 0.737

Cause of end-stage renal 

Glomerulonephritis 59 (84.3%) 61 (87.1%) 0.629

Hypertensive nephropathy 1 (1.4%) 1 (1.4%) 0.999

Polycystic kidney disease 2 (2.9%) 1 (1.4%) 0.999

Focal sclerosis 1 (1.4%) 1 (1.4%) 0.999

Systemic autoimmune disease 5 (7.1%) 3 (4.3%) 0.441

uncertain 2 (2.9%) 3 (4.3%) 0.649

Type transplant 0.999

Deceased donor 33 (47.1%) 33 (47.1%)

Living donor 37 (52.6%) 37 (52.6%)

Immunosuppression (CNI)

Tacrolimus 65 (92.9%) 66 (94.3%) 0.730

Cyclosporine 5 (7.1%) 4 (5.7%) 0.730

Indwelling double-J stent 58 (82.6%) 58 (82.6%) 0.999

Medical history

Diabetes 10 (14.3%) 10 (14.3%) 0.999

Hypertension 57 (81.4%) 57 (81.4%) 0.999

DGF 3 3 0.999

BKV infection 2 (2.9%) 1 (1.4%) 0.559

Mean serum creatinine level (mg/dL)

At 3 years (n=49) 1.30±0.40 1.19±0.27 0.144

At 5 years (n=31) 1.31±0.34 1.17±0.29 0.133

No. of rejection episodes 

1 6 (8.6%) 4 (5.7%) 0.746

>1 0 0

The two groups were matched for age, sex, history of diabetes mellitus and hypertension, and year of transplantation. DGF, delayed graft 
function; CNI, calcineurin Inhibitor; BKV, BK virus.
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four cases (91.4%) with distal ureteral stricture were 
reconstructed by re-implantation of the ureter to the 
bladder, and six cases (8.6%) with mid-distal stenosis 
underwent anastomosis to the native ureter (Figure 3). 
The overall success was 100%, with graft function being 
salvaged in all cases and with no stricture recurrence after a 
mean follow-up of 38.9±26.3 months.

Allograft function

In stenosis group, the Scr was significantly elevated after 
ureteral stenosis (1.32±0.42 mg/dL before, 3.92±2.98 mg/dL  
peak post ureteral stenosis, P<0.01). One week after the 
reconstruction of the ureter, the Scr was quickly decreased 
to 1.39±0.38 mg/dL, 1 year later the mean Scr was  
1.44±0.52 mg/dL (P>0.05, compared with Scr before ureteral 
stenosis).

In stenosis group, there were 49 patients with a 3-year 
follow-up and 31 patients with a 5-year follow-up after the 
reconstruction of the stenosis. The mean Scr of 3 years 
and 5 years after the transplantation was 1.30±0.340 and 
1.31±0.34 mg/dL, and in control group, the mean Scr of 
3 years and 5 years after the transplantation was 1.19±0.27 
and 1.17±0.29 mg/dL, and there were no significantly 
differences between two groups (P>0.05).

Surgical time and complications

The reconstructed open surgeries under MRU localization 
were undertaken by the same experienced transplant 
surgeon. The mean surgical time was 129.9±45.4 min. The 

total complication rate was 5.7% (4/70), and there was no 
perioperative mortality (Table 3). Two patients suffered 
acute kidney injury after the operation. The renal vein was 
injured in one patient in the process of separating the ureter 
(NO.5), and renal function was impaired due to long-term 
interruption when repairing the renal vein. After one week of 
dialysis, urine volume increased to about 2,000 mL per day 
and the Scr gradually decreased to 1.46 mg/dL. A 6.1×3.0 cm 
subcapsular hematoma of the transplanted kidney occurred 
in one patient (NO. 19), and the Scr level increased from 1.45 
to 4.2 mg/dL. Without special treatment, the Scr gradually 
decreased to 1.42 mg/dL within 2 weeks and the subcapsular 
hematoma was gradually absorbed in one month. Urinary 
leakage occurred in 2 patients (NO. 50 and NO. 61) after re-
implantation of the ureter to the bladder. It was successfully 
alleviated by urinary catheterization and the urine effusion 
drainage within 2 weeks. The two patients were on dialysis 
for more than 8 years and both had diabetes. 

All patients with ureteral stenosis routinely undergo 
ultrasonography after the ureteral reconstruction. Five 
patients still existed a mild hydronephrosis of the renal 
collecting system (0.76±0.19 cm) after surgery, however, 
the Scr had dropped from 2.20±0.95 to 1.23±0.27 mg/dL. 
Native kidney hydronephrosis (2.36±0.36 cm) occurred in 5 
of 6 patients who had anastomosis with native ureter, they 
all had no symptoms and no infection. 

Allograft and patient survival

There was no graft loss or patient death in the first 90 days 
after ureteral reconstruction. Long-term patient and graft 

Table 2 Donor and graft characteristics of the study population

Characteristic Study Group (n=70) Control Group (n=70) P value

Donor (M/F) 0.496

M 41 (58.6%) 37 (52.9%)

F 29 (41.4%) 33 (47.1%)

Mean age of donor (years) 48.4±10.7 46.7±12.8 0.409

Mean cold ischemia time (h) 

Deceased donor (n=33) 6.1±2.5 6.9±2.5 0.199

Living donor (n=37) 1.9±0.8 2.1±0.9 0.333

No. of arteries 0.353

One artery 61 57

Two or more arteries 9 13
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survivals in the stenosis group and matched control group 
were not significantly different (Figures 4,5). The survival 
rate of patient in stenosis group at 110 months was 98.6% 
(95% CI: 99.8%, 90.3%), in control group was 95.3% 
(95% CI: 98.8%, 81.8%, P>0.05); the allograft survival rate 
was 90.4% (95% CI: 96.6%, 74.4%) in stenosis group and 
85.1% (95% CI: 95.2%, 59.1%) in controls (P>0.05).

Renal allograft loss occurred in 4 of 70 patients with 
ureteral stenosis. One patient died of pulmonary infection 
6 months after ureteral reconstruction; two patients lost 
the renal allograft due to acute antibody-mediated rejection  
1.5 and 3 years after ureteral reconstruction; one patient 
suffered graft failure due to acute cellular rejection  
19 months after ureteral reconstruction, and the three 

survivors returned to dialysis. Four of the 70 patients lost 
their renal allograft in the control group. One patient died of 
pulmonary infection 3 years after transplant; one patient died 
of severe hepatitis 15 months after transplant; one patient lost 
the renal allograft due to acute antibody-mediated rejection 
6 years after transplant; and one patient suffered graft failure 
due to acute cellular rejection 40 months after transplant. 
There was no significant difference in the rate of mortality 
and allograft losses between the 2 groups.

Discussion

To the best of our knowledge, this study has the largest 
sample size on open reconstruction under MRU localization 

All kidney-only transplants  
October 1, 2010 to December 31, 2018

(n=2,256, deceased donor: 1,169; living donor: 1,087)

Patients with stenosis (n=70)

Distal ureteral 
stenosis (n=64)

Mid-distal ureteral 
stenosis (n=−6)

Undergoing 
ureteroureterostomy 

(n=6)

Follow–up until December 31, 2019

Undergoing 
ureterov esicostomy 

(n=64)

Matched cases (1:1) (n=70)

Figure 3 Outcome after treatment with open ureteral reconstruction surgery of ureteric stenosis in 70 renal allografts.

Table 3 The surgical complications according to Clavien-Dindo classification

Patient The surgical complication Intervention method Clavien-Dindo classification

NO. 5 The renal vein injury Repairing and hemodialysis Grade III

NO. 19 Subcapsular hematoma Self absorption Grade II

NO. 50 Urinary leakage Urine effusion drainage Grade III

NO. 61 Urinary leakage Urine effusion drainage Grade III
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for ureteral stenosis after renal transplantation. Open 
surgery under MRU localization was considered and 
offered to all recipients with ureteral stenosis in our study. 
The incision was one-third to half the length of the original 
incision. The ureteral obstruction site can be quickly 
located according to the preoperative MRU positioning. 
The overall success rate was 100% and the graft function 
was salvaged in all cases. There was no recurrence of 
stenosis after a mean follow-up of 38.9±26.3 months. 
The complication rate was 5.7%. All complications were 
controllable with conservative treatment, and no surgical 
intervention was needed. The results showed that the 

prognosis of the renal recipients with ureteral stenosis after 
ureteral reconstruction was similar to those without ureteral 
stenosis. 

For the diagnosis of ureteral stricture, ultrasound first 
indicated hydronephrosis of the transplanted kidney, 
which was confirmed by MRU. In MRU imaging, narrow 
regions and lengths were clearly seen without the use of 
any contrast agent. The self-made and water-agent pill 
placed at the umbilicus was clearly displayed on the T2-
weighted image, which can help accurately positioning, 
so that ureteral obstruction segment would be precisely 
marked on the patient’s body before surgery. The ureteral 
obstruction site can be quickly located according to the 
mark on the body surface during the operation. Six of  
70 patients were confirmed to have mid-distal stenosis, and 
all of them underwent anastomosis with the native ureter 
during the operation, suggesting the reliability of MRU 
diagnosis. Computed tomography urography (CTU) can 
also clearly show the obstruction site, but CTU requires the 
use of contrast agents, which may cause kidney injury. The 
antegrade needle pyelogram and Whitaker test can also 
clearly show the obstruction site, however, this procedure 
requires a puncture of the kidney and the use of contrast 
agents, which are harmful to the kidney. The advantage of 
MRU is that MRU does not need contrast agents, while the 
images are equally good to CTU and Whitaker test.

The percutaneous endoscopic stenting, with or without 
dilatation, and surgical re-construction are the two most 
common therapeutic options currently employed to manage 
kidney recipients with ureteral strictures. Open surgery is 
associated with a greater morbidity, longer hospitalization, 
prolonged recovery and a higher risk for more serious 
complications, including graft loss and perioperative 
mortality compared with interventional treatment (9-11). 
The endoscopic techniques are more expensive but less 
invasive with lower rates of morbidity, and shorter hospital 
stay compared with open surgery. However, the successful 
rate of endoscopic treatment is lower and recurrence rate 
is higher compared with open surgery, sometimes multiple 
interventions are required or surgical treatment is needed 
in case of failure of interventional method. Moreover, 
stent implantation requires a regular stent replacement 
and it is prone to urinary tract infection (12-16). Kwong 
et al. reported that ureteral dilatation is the most common 
primary endoscopic treatment, with a success rate of 58.6% 
(95% CI: 50.1-66.7, n=133) (17). The range of restenosis 
rate in the literature is 10–45% (18-20). Patients with 
refractory ureteral stricture still need to be treated by open 

Figure 4 Age-censored Kaplan-Meier curves of patient survival in 
70 patients with ureteric stenosis of renal allografts compared with 
a matched control group. 110-month patient survival: 98.6% (95% 
CI: 99.8%, 90.3%) in stenosis group vs. 95.3% (95% CI: 98.8%, 
81.8%) in control group, P=0.758; log-rank test.

Figure 5 Age-censored Kaplan-Meier curves of graft survival in 
70 patients with ureteric stenosis of renal allografts compared with 
a matched control group. 110-month graft survival: 90.4% (95% 
CI: 96.6%, 74.4%) in stenosis group vs. 85.1% (95% CI: 95.2%, 
59.1%) in control group, P=0.546; log-rank test.
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surgery after intervention failure. The result of our study 
showed that open reconstruction under MRU localization 
for ureteral stenosis after renal transplantation was safe and 
effective in the management of transplant ureteral stricture.

Although the result of our study was excellent, there 
are also shortcomings. The limitations of our study are the 
retrospective design and the long study period, which may 
have introduced unrecognized biases. We attempted to 
reduce such biases by matching for year of transplantation, 
but we cannot discount the possibility that biases may 
have been introduced by improved medical and surgical 
management. We only used two reconstruction techniques 
and Boari flap reconstruction was not normally carried out 
in our center (21).

Conclusions

MRU is an effective method for non-invasive and accurate 
diagnosis of ureteral stenosis in kidney transplant recipients. 
Open ureteral reconstruction surgery under MRU 
localization for treatment of ureter stenosis after kidney 
transplantation had a high success rate, low recurrence rate 
and high safety. This approach ensures long-term allograft 
and patient survivals, which is statistically comparable 
with those without the complication of ureteral stenosis. 
In general, our study suggests that kidney recipients with 
ureteral stenosis could be initially managed with open 
ureteral reconstruction under MRU localization before the 
innovation of minimally invasive technology. 
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