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Background: Up to one in ten patients undergoing cystectomy with urinary diversion develop a 
ureteroenteric stricture (UES). Despite unrecognized ureteral obstruction contributing to infection, 
nephrolithiasis, and/or progression of kidney disease, the long-term natural history and risk factors associated 
with UES remains understudied. Herein, we report our single institutional experience with the long-term 
incidence, clinical presentation, and risk factors associated with UES formation following urinary diversion. 
Methods: We reviewed 2,285 patients who underwent RC with urinary diversion between 1980–2008. UES 
was defined as radiographic evidence of ureteral obstruction at the level of the ureteroenteric anastomosis. 
The diagnosis of benign UES was confirmed by pathology. UES-free survival was estimated using the 
Kaplan-Meier method. The association between clinicopathologic features and the development of a UES 
were assessed using multivariable models.
Results: A total of 192 (8%) patients developed a benign UES, at a median of 7 months (IQR 4–24) 
following RC, with 5% occurring after 10 years. Seventy seven percent of patients exhibited signs and/
or symptoms of ureteral obstruction. Patients who developed a UES had a greater body mass index (BMI) 
(28 vs. 27), operative time (330 vs. 301 minutes) and were more likely to experience a <30-day Clavien 
≥3 complication (all P<0.05). Receipt of abdominal radiation and smoking history were not significantly 
associated with UES stricture risk. On multivariable analysis, only greater BMI (per 1-unit increase) (OR 
1.06, 95% CI: 1.02–1.09; P=0.0009) and <30-day Clavien ≥3 complication (OR 2.85, 95% CI: 1.90–4.28; 
P<0.0001) were associated with the development of a UES. Development of UES was associated with renal 
function deterioration. 
Conclusions: UES was identified in 8% of patients following RC with urinary diversion, with the majority 
presenting with symptoms. While the majority of these occur in the first 2 years after surgery, a patients’ risk 
for the development of this complication persists beyond 10 years. Due to the adverse sequelae of UES, long-
term functional and imaging surveillance following urinary diversion is warranted, and early reconstruction 
should be considered. 
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Introduction

In 2019, bladder cancer remains the fifth most common 
non-skin malignancy with an estimated 17,670 deaths 
annually (1). While radical cystectomy is the gold standard 
surgical treatment option for high-risk non-invasive and 
muscle invasive bladder cancer, it remains associated with 
significant postoperative morbidity (2-6). In fact, despite 
advancements in surgical technique and postoperative 
enhanced care pathways, it is estimated that up to 60% of 
patients experience early (<30 day) complications (5,6); 
and approximately 40% of patients experience long-term 
urinary reconstruction related adverse events requiring 
costly intervention including ureteroenteric anastomotic 
stricture (UES) (7).

Often patients with UES present with recurrent 
urinary tract infections, nephrolithiasis, or progressive 
impairment of renal function. Accordingly, the formation 
of a UES is one of the few long-term complications that 
may require aggressive surgical reconstruction (8). Of 
particular importance is the strong association between 
urinary diversion and progressive renal dysfunction, which 
is associated with an increased risk of all-cause mortality, 
cardiovascular events, and hospitalizations (9-13). Although 
renal deterioration within this population of patients may 
be multifactorial and related to advanced age, associated 
comorbidities, and nephrotoxic chemotherapy; urinary tract 
obstruction secondary to UES consistently remains the 
leading cause of end stage renal disease following radical 
cystectomy (11,12).

It is hypothesized that UES formation is the result of 
tissue ischemia and/or inflammation with subsequent scar 
formation. Nevertheless, despite a reported incidence of up 
to 13%, the etiology of UES remains unclear, as few studies 
have consistently demonstrated that any clinical or surgical 
feature is associated with stricture diagnosis (8,14-16). 
Furthermore, although the majority of UES are diagnosed 
early within 18 months of radical cystectomy, the attendant 
risk beyond this timeframe is poorly understood as the 
majority of current data lacks long-term follow-up (5,8,14). 
Therefore, given the potential for significant morbidity 
related to UES formation we sought to characterize 
the long-term natural history, clinical presentation, and 
associated risk factors among patients undergoing radical 
cystectomy with urinary diversion for bladder cancer. 

Methods

After Institutional Review Board approval we evaluated 

the Mayo Clinic Cystectomy Registry to identify patients 
undergoing radical cystectomy and urinary diversion 
for bladder cancer between 1980 and 2008. Patients 
subsequently diagnosed with benign UES were identified 
while those with a history of extrinsic compression or 
malignant ureteral obstruction were excluded. 

RC was performed by various surgeons at our institution, 
using standard techniques, during the study timeframe. All 
RC cases were done through an open surgical approach. 
Management of the ureteroenteric anastomosis was 
per individual surgeon discretion and not standardized; 
that is, some surgeons routinely performed a running 
anastomosis, whereas others utilized an interrupted suture 
technique. Similarly, the choice to anastomose each ureter 
individually (Bricker), or in a combined fashion (Wallace), 
was at the discretion of the treating surgeon. For all cases, 
the ureteroenteric anastomosis was formed using a freely 
refluxing technique with a temporary ureteral stent for a 
period of 2–4 weeks.

Clinicopathologic features evaluated included age, race, 
gender, body mass index (BMI), smoking history, Eastern 
Cooperative Oncology Group (ECOG) performance status, 
and pathologic tumor stage. Operative features assessed 
included type of urinary diversion, estimated blood loss 
(EBL), and operative time. We also evaluated postoperative 
complications associated with urinary diversion including 
<30-day Clavien-Dindo classification, urine leak, urinary 
tract infection, and intraabdominal abscess.

The retrospective nature of our study precluded 
standardized postoperative surveillance in all patients. 
However, follow-up after RC at our institution is 
recommended quarterly for the first 2 years after surgery, 
semiannually for the next 2 years and annually thereafter 
in patients without evidence of recurrence. Functional 
surveillance includes history, physical examination, 
urinalysis, serum electrolyte panel, and anatomical imaging 
of the upper urinary tract. For patients followed elsewhere 
the cystectomy registry monitors outcomes annually by 
correspondence with the patient and treating physician. 

UES was defined as the presence of ipsilateral upper 
urinary tract dilation as identified on abdominal imaging, 
combined with evidence of anatomical obstruction via 
fluoroscopic, endoscopic, or nuclear imaging techniques. 
Patients were defined as presenting with asymptomatic 
obstruction if there were no identifiable sequelae as a result 
of UES and this was identified incidentally on surveillance 
imaging. Acute kidney injury was defined by an increase in 
creatinine of 0.3 mg/dL or greater (17). The diagnosis of 



144 Yang et al. UES following cystectomy

  Transl Androl Urol 2020;9(1):142-150 | http://dx.doi.org/10.21037/tau.2019.09.05© Translational Andrology and Urology. All rights reserved.

benign UES was confirmed by pathology and/or cytology. 
The management of UES was at the discretion of the 
treating surgeon, but most commonly managed with 
temporizing stent exchange.

Time to UES presentation was defined as the time to 
diagnosis of UES from the date of urinary diversion. Manner 
of presentation (symptomatology) and management after 
diagnosis was additionally assessed. Continuous variables 
were summarized with medians/inter-quartile ranges 
(IQR) and compared using t-test. Categorical variables 
were summarized using frequencies/percentages and were 
compared using Fisher’s exact test and chi-square tests. UES-
free survival was estimated using the Kaplan-Meier method. 
Cox proportional hazard regression models were used to 
evaluate the association of clinicopathologic factors with the 
diagnosis of benign UES. All tests were 2-sided with P<0.05 
considered statistically significant. Statistical analyses were 
done with SAS Version 9.4 (Cary, NC). 

Results

Of the 2,285 eligible patients who underwent radical 
cystectomy with urinary diversion at our institution 
between 1980 and 2008, 192 (8%) developed a benign 
UES. Clinicopathological characteristics are presented in  
Table 1. Patients who developed a UES had significantly 
greater BMI (median 28.3 vs. 26.9; P=0.0001) and operative 
times (330 vs. 301 minutes; P=0.011) relative to those 
without UES diagnosis. There was no difference in gender, 
age, smoking history, receipt of radiation, chemotherapy, 
or BCG treatment between cohorts. While the majority of 
patients underwent ileal conduit urinary diversion (77%), 
there was no difference in the incidence of UES based 
upon diversion type (P=0.08). Postoperatively, those with a 
UES were more likely to experience a UTI within 30 days 
of surgery (15% vs. 7%; P=0.02) and a maximum 30-day 
Clavien-Dindo complication grade of ≥3 (24% vs. 11%; 
P<0.0001).

Natural history

At a median postoperative follow up of 10.7 years (IQR 
7.3–15.5), the cumulative UES-free survival at 1, 3, 5, and 
10 years was 94%, 93%, 91%, and 90% (Figure 1). The 
diagnosis of a UES tended to occur early (median 7 months) 
with 75% diagnosed within 2 years following surgery. After 
2 years, there remained a 0.4%/year UES incidence with 
5% (N=10) developing UES beyond 10 years. The most 

common site of UES was left (N=102; 53%) followed by 
right (N=54; 28%) and lastly bilateral (N=36; 18%). 

Clinical presentation and risk factors

At the time of diagnosis 77% (N=147) exhibited signs and/
or symptoms of ureteral obstruction (Table 2) including 
acute kidney injury 62% (N=115), recurrent symptomatic 
UTI 36% (N=69), pain 26% (N=50), and hematuria 6% 
(N=12). The incidence of postoperative stage 3 chronic 
kidney disease or greater among patients with UES and 
those without UES was 77.2% and 57.9% respectively 
(P<0.0001, Figure 2).

We next assessed for clinical characteristics associated 
with UES diagnosis (Table 3). On multivariable analysis 
after adjusting for preoperative hydronephrosis, operative 
time, and pathologic stage, only greater BMI (per 1-unit 
increase) (OR 1.06, 95% CI: 1.02–1.09; P=0.0009) and 
<30 day Clavien ≥3 complication (OR 2.85, 95% CI: 
1.90–4.28; P<0.0001) were independently associated with 
UES diagnosis. Smoking (OR 0.87; P=0.62), receipt of 
chemotherapy (OR 1.17; P=0.35), radiation treatment (OR 
1.25; P=0.35), and postoperative ureteroenteric urine leak 
(OR 1.56; P=0.18) were not associated with risk of UES.

Discussion

In a large cohort of patients undergoing radical cystectomy 
and urinary diversion with extended follow-up, we found 
that only greater BMI and <30-day Clavien complication 
≥ 3 were independently associated with UES diagnosis. 
Accordingly, there was no association with receipt of 
radiation therapy, type of urinary diversion, or postoperative 
urine leak. While the 75% of UES where diagnosed within 
2 years following radical cystectomy, subsequent risk 
extended beyond 10 years.

The natural history of UES has historically developed 
within 18 months following radical cystectomy (5,8,14). 
While the majority of UES developed within 2 years in 
our cohort, we saw continued stricture formation up to 
10 years post-operatively. Importantly, 77% presented 
with symptoms (acute kidney injury, UTI, pain, and 
hematuria) suggesting upper tract urinary obstruction. 
In this setting, the treating urologist should have a low 
suspicion for obtaining functional imaging to rule out upper 
tract obstruction in patients with urinary diversion. Our 
findings also demonstrate that one in four patients may 
develop silent obstruction which can only be diagnosed 
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radiographically. These findings highlight the necessity of 
lifelong follow up with serum electrolyte assessment and 
anatomical imaging (CT urogram, MR urogram, renal 
ultrasound and/or loopogram). We recommend following 
the guidelines put forth by the NCCN and EAU for 
bladder cancer surveillance, which stress the need for early 

frequent (every 3–6 months) imaging for the first 2 years 
and then spacing the follow up to yearly (3,4). However, as 
the guidelines describe, follow up should be lifelong as we 
have shown obstruction can occur in a delayed fashion.

Furthermore, while preoperative renal function was 
comparable between patients with and without UES, at last 

Table 1 Comparisons of clinicopathologic features by ureteroenteric stricture status

Variable No UES (N=2,093) UES (N=192) Total (N=2,285) P value

Male gender, no. [%] 1,701 [81]  158 [82] 1,859 [81] 0.73

Age, yr. [median; IQR] 68.0 [61.0–75.0] 69.0 [63.0–75.0]  68.0 [62.0–75.0]  0.21

BMI, median [IQR] 26.9 [24.3–30.0] 28.3 [25.6–31.6] 27.0 [24.4–30.1] 0.0001

ECOG, no. [%]       0.24

0 1,652 [80] 158 [83] 1,810 [80]  

1 309 [15] 28 [15] 337 [15]  

2+ 112 [5] 5 [3] 117 [5]  

Smoking history, no. [%] 1,672 [81]  150 [79] 1,821 [81] 0.43

Preop GFR, median [IQR] 61.3 [48.0-72.6]  60.7 [49.0-71.3] 61.2 [48.1-72.5] 0.80

Type of Diversion, no. [%]       0.08

Ileal Conduit 1,522 [77] 150 [82] 1,672 [77]  

Neobladder 461 [23] 32 [18] 493 [23]  

Operative time, min; median [IQR] 301 [255–355] 330 [262–365] 304 [256–356]  0.011

EBL, cc, median [IQR] 700 [450–1,000] 750 [500–1,100] 700 [450–1,000]  0.09

Perioperative chemotherapy, no. [%] 556 [27]  57 [30]  613 [27]  0.35

Preop BCG treatment, no. [%] 418 [20] 39 [20] 457 [20]  0.91

Pelvic radiation, no. [%] 256 [12] 28 [15] 284 [12] 0.34

Pathologic T-stage, no. [%]       0.12

<pT2 955 [46] 99 [52] 1,054 [46]  

pT2 361 [17] 36 [19] 397 [18]  

pT3/4 766 [37] 56 [29] 822 [36]  

Pathologic N-stage, no. [%]       0.11

pN0/X 1,738 [84] 168 [88] 1,906 [84]  

pN+ 331 [16] 22 [12] 353 [16]  

<30-day urine leak, no. [%] 78 [4] 11 [6]  89 [4] 0.18

<30-day UTI, no. [%; N=896] 61 [7] 11 [15] 72 [8] 0.02

<30-day abdominal abscess, no. [%] 52 [3]  1 [0] 53 [2] 0.08

Max Clavien ≥3, no. [%]  239 [11] 46 [24] 285 [13]  <0.0001

IQR, interquartile range; UES, ureteroenteric stricture; BMI, body mass index; BCG, Bacillus Calmette-Guerin; ECOG, Eastern Cooperative 
Oncology Group; EBL, estimated blood loss; GFR, glomerular filtration rate; UTI, urinary tract infection.
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follow up, UES was associated with higher stages of chronic 
kidney disease. These findings are consistent with Eisenberg 
et al., who demonstrated that UES was the strongest risk 
factor for developing worsened renal function after urinary 
diversion (12). Similarly, Makino and colleagues found 
UES to be the sole risk factor for early renal function 
deterioration (18). While there is limited data regarding 
renal function following UES reconstruction, Wenske et al. 
reviewed 100 patients undergoing ureteral reconstruction 
for ureteral obstruction/injury (19). They found that 
patients with CKD stage 3 or worse, were more likely to 
have continued renal deterioration after repair whereas 
those with eGFR >60 mL/min/1.73 m2 were more likely to 
have stable or improved renal function following surgical 
correction. Our study and these reports stress the potential 
benefit of early reconstruction prior to development of 

permanent renal deterioration and the need for future 
research into outcomes following reconstruction.

The etiology of benign UES formation following 
urinary diversion remains unclear. While several studies 
have evaluated multiple potential contributing factors (i.e., 
radiation, BMI, surgical technique), there remains a large 
discrepancy between author conclusions (8,14,20-22). Despite 
this uncertainty, the underlying mechanism predisposing 
to benign UES disease has remained consistent—tissue 
ischemia and/or chronic inflammation with resultant scar 
formation and upper tract obstruction. With this hypothesis 
in mind, contributing factors to the development of UES 
are multifactorial and may be divided into preoperative, 
intraoperative, and postoperative risk factors. 

Severa l  s tudies  have examined pat ient  re lated 
characteristics and their association with subsequent UES 
formation (8,14). Multiple studies, including our own, have 
not been able to reliably demonstrate that radiation is a 
poor prognosticator towards stricture formation. Katkoori 
and colleagues retrospectively evaluated 526 patients 
undergoing radical cystectomy and urinary diversion with 
a median follow up of 28 months (14). In their study, they 
found no difference in patients with and without prior 
radiation treatment (1.5% vs. 1.3%). Likewise, in the largest 
retrospective analysis to date of 1,964 patients treated from 
1971 to 2008, Shah and colleagues found no significant 
association with pretreatment clinical characteristics 
including receipt of preoperative radiation or chemotherapy 
and subsequent UES formation (23). Radiation causes 
progressive and obliterative microvascular tissue damage 
within, and surrounding, the treatment field resulting 
in compromised vascularity of the tenuous pelvic ureter. 
Once transected and mobilized, terminal perfusion of the 
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Figure 1 Ureteroenteric stricture free survival following radical 
cystectomy and urinary diversion.

Table 2 Presenting symptoms at diagnosis of ureteroenteric 
stricture

Variable No. [%]

Asymptomatic at presentation 45 [23]

Symptomatic at presentation 147 [77]

Pain 50 [26]

Hematuria 12 [6]

Urinary tract infection 69 [36]

Sepsis 11 [6]

Acute kidney injury 115 [62]

Other 41 [22]

60.00%

50.00%
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0.00%

P<0.001

Glomerular filtration rate

90+
5.40%
3.60%

60–89
36.70%
19.30%

30–59
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56.30%

15–29
8.00%
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<15
2.70%
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Figure 2 Renal function at last follow up stratified by UES status. 
UES, ureteroenteric stricture.
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distal ureter is dependent upon proximal blood supply 
from accessory branches arising from the aorta, gonadal, 
and renal arteries. As a result, ureter arising below the iliac 
vasculature is often compromised in patients with pelvic 
irradiation. To minimize UES risk in this population, 
we recommend the judicious use of the healthy well 
vascularized non-pelvic ureter for ureteral reconstruction. 
To facilitate the objective assessment of ureteral viability, 
promising new adjuvant techniques have been described to 
evaluate tissue perfusion intraoperatively through the use of 
fluorescent chromophores (24).

In our study, increasing BMI was associated with UES. 
That is, for every 1-unit increase in BMI, we noted an 
independent 9% increased risk of UES formation. This 
has been previously reported in the robotic cystectomy 
literature by Ahmed and colleagues (20). This finding 
highlights the complexity of urinary diversion and its 
susceptibility to both systemic factors and anatomic 

challenges. Obesity is associated with increasing operative 
complexity, blood loss, and complications (25,26). 
Increasing intraabdominal adiposity may predispose to 
insufficient ureteral mobilization and external compression 
with ischemia, especially when passing the ureter under 
the bulky sigmoid mesentery root. To further complicate 
urinary reconstruction in obese patients, the subcutaneous 
distance that a conduit must traverse to achieve satisfactory 
stoma formation is often substantial and may place undue 
tension on the conduit mesentery and ureteroenteric 
anastomosis, both risk factors for ischemia. Lastly, 
increasing BMI is a surrogate for metabolic syndrome and 
insulin resistance, both associated with impaired wound 
healing and microvascular disease (27).

The impact of operative technique on functional 
outcomes following radical cystectomy cannot be 
understated. This includes an emphasis on meticulous 
and judicious ureteral dissection and a no-touch tension 

Table 3 Risk factors for ureteroenteric stricture development

Variable 
Univariable Multivariable

OR 95% CI P value OR 95% CI P value

Age at surgery (continuous) 1.01 0.99–1.02 0.35

Gender (ref. female) 1.07 0.73–1.58 0.73

BMI (continuous) 1.06 1.03–1.09 <0.0001 1.05 1.02–1.09 0.038

Preoperative GFR (continuous) 1.00 0.99–1.01 0.95

ECOG (ref. ≤1) 0.47 0.19–1.16 0.12

Chemotherapy 1.17 0.84–1.62 0.35

Radiation therapy 1.25 0.80–1.87 0.35

Smoking 0.87 0.60–1.24 0.62

BCG treatment 1.02 0.71–1.48 0.91

Preoperative hydronephrosis 0.67 0.47–0.97 0.03 0.79 0.45–1.39 0.41

Operative time, min. (continuous) 1.01 1.00–1.01 0.01 1.01 0.96–1.05 0.83

EBL, cc (continuous) 1.00 1.00–1.00 0.21

Pathologic stage (pT3/4 vs. ≤T2) 0.71 0.50–0.99 0.06 0.95 0.54–1.66 0.83

≤30–day urine leak 1.56 0.82–2.97 0.18

≤30–day UTI 2.18 1.09–4.35 0.03 1.64 0.78–3.46 0.19

≤30–day abscess 0.21 0.03–1.49 0.12

Max Clavien complication (grade ≥3 vs. <3) 2.44 1.71–3.50 <0.0001 2.07 1.18–3.63 0.01

OR, odds ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; BMI, body mass index; BCG, Bacillus Calmette-
Guerin; EBL, estimated blood loss; GFR, glomerular filtration rate; UTI, urinary tract infection.
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free anastomosis. Nevertheless, several nuances exist 
including type of anastomosis (Bricker vs. Wallace), suture 
technique (running vs. interrupted), and operative approach 
(open vs. robotic) (20-22). While previous studies have 
demonstrated conflicting results regarding the most optimal 
reconstructive technique, consistently the left ureter has 
been more likely to develop a UES than the right (23). 
It is hypothesized to be the result of additional ureteral 
length and dissection necessary and the need to tunnel the 
ureter under the sigmoid mesentery (15). While we were 
unable to determine any difference in UES outcomes based 
upon operative technique, at our institution we heavily 
emphasize minimal ureteral manipulation during dissection, 
preservation of existing periureteral vasculature, excision 
of all pelvic ureter when feasible, particularly in the setting 
of prior radiation, and complete dissection of the sigmoid 
mesentery to the level of the inferior mesenteric artery to allow 
for a tension-free, compression-free course of the left ureter.

In the post-operative setting, tissue inflammation may 
predispose to impaired healing and risk of ureteral scar 
formation. We observed that severe complications (Clavien 
classification ≥3) were independently associated with 
UES. Consistent with the reported literature (16,20,28), 
post-operative UTI was associated with UES formation. 
This process may result as a consequence of the profound 
tissue reaction, edema, and inflammation associated with 
symptomatic urinary tract infection. Alternatively, early 
urinary tract infection following diversion may be the 
sequelae of rapid and early stricture formation with acute 
urinary obstruction. A complicated post-operative course 
including anastomotic urine leak, intraabdominal abscess, 
and complicated urinary tract infection should raise 
suspicion for evolving UES formation and warrant close 
postoperative functional surveillance due to the elevated 
risk of ureteral scar formation. 

The current study has several notable limitations. This 
is a retrospective study at a tertiary referral center, and 
therefore the distribution of clinicopathologic factors 
may not be applicable to all settings. In addition, multiple 
urologists at our institution perform cystectomy with 
urinary diversion, and therefore we cannot reliably discern 
differences in operative technique, such as the course 
of the left ureter under the sigmoid mesentery, and its 
influence on UES formation. Given the referral nature 
of our practice, follow up visits and imaging often occurs 
locally, and therefore, our database is partially reliant 
on correspondence from local providers and patients. 

Without long-term follow up, we cannot comment 
on stricture rates with robotic techniques as robotic 
cystectomy and intracorporeal diversion has only become 
increasingly common in our department over the last 
few years. Furthermore, we have recently moved towards 
reconstructing UES with robotic-assistance which we 
hope to report on soon. Anecdotally, we have found several 
advantages including precise stricture identification with 
the utilization of combined antegrade ureteroscopy and 
in console imaging overlay (TilePro®), and the ability to 
assess tissue perfusion using near infrared fluorescence 
and indocyanine green. In spite of these limitations, we 
believe our findings further the understanding of benign 
UES following radical cystectomy and highlight the need 
for continued contemporary studies assessing the effect of 
robotic assistance and the utility of adjuvant maneuvers to 
assess intraoperative ureteral perfusion and viability. 

Conclusions

UES was identified in 8% of patients following RC 
with urinary diversion, with the majority presenting 
with symptoms. While 75% of these occur in the first 2 
years after surgery, a patients’ risk for the development 
of this complication persists beyond 10 years following 
RC. Development of UES was associated with renal 
deterioration and only greater BMI and <30-day Clavien 
≥ 3 complication were associated with stricture formation. 
Due to the adverse sequelae of UES, long-term functional 
and imaging surveillance following urinary diversion is 
warranted, and early reconstruction should be considered.
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