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(β = 12.3 mL/min/1.73 m2 loss per EUT, p = 0.008), with a sig-
nificant cutoff value of >1 EUTs. SRA did not affect renal func-
tion (β = 6.8 mL/min/1.73 m2 loss, p = 0.276). Conclusions: 
Although EUTs are less invasive, they have an inferior effi-
cacy to SRA. Our results suggest that a maximum of one EUT 
may be attempted without significantly compromising renal 
function. © 2017 S. Karger AG, Basel

Introduction

Radical cystectomy is the standard treatment for mus-
cle-invasive bladder cancer [1]. After the surgical remov-
al of the bladder, a urinary diversion (UD) is created by 
anastomosing the ureters to a bowel segment, usually the 
terminal ileum.

Challenging complications following UD are benign 
strictures of the uretero-enteric anastomosis (UES). UES 
occur in 2.6 to 14% of patients [2–4] with a median post-
operative time to diagnosis of 6–18 months [2, 5, 6]. UES 
can lead to infections and renal function loss [7]. Classi-
cally, therapy consisted of open surgical revision of the 
anastomosis (SRA). Although the procedure is effective 
[8], postoperative complications are of a serious nature 
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Abstract
Introduction: Uretero-ileal strictures (UES) following urinary 
diversion are therapeutically challenging. We compared the 
efficacy, safety and renal outcome following therapeutic en-
do-urological techniques (EUTs) and open surgical revision 
of the anastomosis (SRA) for UES. Material and Methods: We 
retrospectively analysed all EUTs and SRAs performed for 
UES in 2 hospitals between 1987 and 2015. Restenosis was 
defined as recurrent radiographically diagnosed hydrone-
phrosis and re-intervention. Renal function (estimated glo-
merular filtration rate [eGFR]) decrease was correlated with 
the number of EUTs per patient. Results: Eighty-five UES 
were treated with 105 EUTs and 31 open revisions. Due to 
total obstruction, 28 (27%) EUTs were aborted. During a me-
dian follow-up of 33 months, restenosis occurred following 
53 out of 77 (69%) completed EUTs and 4 out of 31 (13%) 
SRAs (p < 0.001 on univariable and multivariable analyses). 
No serious (Clavien ≥3b)  EUT-related complications oc-
curred vs. 5 (19%) related to SRA (p < 0.001). The number of 
finalised EUTs was independently associated with eGFR loss 
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[6, 9]. Over the years, less-invasive, endo-urological tech-
niques (EUTs) have been developed.

Although EUTs are commonly used, their efficacy is 
scarcely investigated. Small, single-modality studies re-
port success rates ranging from 16 to 88% [10, 11]. Com-
parative studies regarding EUT and SRA are limited. All 
report inferior efficacy for EUT [2, 6, 8, 9, 12–14]. How-
ever, it would be justified to consider EUT to delay or 
avoid open surgery, if the procedure is safe and does not 
compromise renal function.

In this 2-centre study, we compared long-term efficacy 
and safety of EUTs and SRA. Our secondary outcome was 
effective on renal function.

Material and Methods

Patients
We retrospectively screened 1,016 patients for UES. All pa-

tients had consecutively received a UD in either 1 of 2 hospitals 
(NCI: n = 834 and OLVG: n = 182) between June 1987 and January 
2015 because of bladder cancer or tumours of other origin invad-
ing the bladder. All surgeries were performed by one team of the 
same surgeons. Uretero-ileal anastomoses were performed ac-
cording to the refluxing Bricker technique [15]. From 1987 to 
2012, in case of ileal conduits and neobladders, the left ureter was 
anastomosed end-to-end and the right ureter end-to-side, whereas 
in pouch reservoirs, both anastomoses were end-to-side. Since 
2012, both anastomoses were implanted end-to-side for all UDs. 
UES incidence was unknown for 66 patients (follow-up [FU] else-
where or death <3 months FU). Of the remaining 950 patients, 111 
(11.7%) were diagnosed with 139 UES (53 left-sided, 30 right-sid-
ed, 28 bilateral).

Ureteral Strictures
UES were diagnosed with antegrade pyelo-ureterography (n = 

107), intravenous pyelography-ureterography (n = 17), renal scin-
tigraphy (n = 9) or retrograde ileo-ureterography (n = 6). Because 
of oncological reasons or comorbidity, 54 UES were left untreated 
or a double J or percutaneous nephrostomy tube was immedi-
ately accepted as a definitive solution. These UES were excluded 
from analysis. The remaining 85 UES were treated with one or 
several EUTs and/or SRA. Seven UES were immediately treated 
with SRA because of a failed attempt of EUT for a contralateral 
stenosis. All other UES were primarily treated with EUT. The de-
cision to repeat EUT or switch to SRA was left to the discretion of 
the urologist.

Treatment
SRA comprised the resection of the affected distal ureter and 

reimplantation according to the Bricker technique (end-to-side) 
[15]. Used EUTs were antegrade or retrograde balloon dilation, 
sharp endo-ureterotomy or temporary stenting with a single J 
catheter. All procedures included subsequent temporary stenting 
with 8.5 Charriere single J catheters. The choice of EUT and dura-
tion of stenting was left to the discretion of the radiologist or urol-
ogist performing the procedure.

Treatment Outcome
FU of UES treatment included CT or ultra-sonography 2–6 weeks 

after stent removal. All patients subsequently had regular FU ac-
cording to EAU guidelines [1], unless symptoms of restenosis oc-
curred. Restenosis was defined as recurrent radiographically diag-
nosed hydronephrosis followed by re-intervention by means of at 
least nephrostomy tube replacement. Radioisotope renography was 
not performed if restenosis was obvious from hydronephrosis and 
renal function loss. We calculated stricture-free periods (SFP) from 
the date of stent removal to the date of the first sign of restenosis or 
the date of the last event-free FU. Renal function loss per patient was 
defined as the estimated glomerular filtration rate (eGFR) decrease 
from baseline (post-cystectomy) to the last cancer-free FU [16]. Pa-
tients for whom UES were left untreated following aborted EUTs 
were excluded from renal function analysis. Complications of com-
pleted procedures were scored according to the Clavien-Dindo 
Complication Classification system [17].

Statistical Analysis
Patient, stricture and treatment characteristics were compared 

using Mann-Whitney U test, 1-way ANOVA and Fisher’s exact 
test. SFPs following EUT and SRA were plotted with the Kaplan-
Meier method. A mixed effects Cox regression model was used 
with the treatment variables per stricture side as time-dependent 
covariates, and with a random intercept per patient to account for 
the fact that some patients developed 2 stricture locations (both left 
and right) [18]. The model included the following variables: pa-
tient American Society of Anesthesiologists score; history of pelvic 
radiotherapy; UD type; postoperative time to stricture diagnosis; 
side; presence of a contralateral stricture; stenting duration follow-
ing treatment and the number of previous therapeutic procedures. 
Complications following EUT and SRA were compared using the 
Fisher’s exact test. We investigated the association between the 
number of finalised EUTs per patient and eGFR loss using linear 
regression models, corrected for the presence of a contralateral 
stricture, adjuvant chemotherapy, time between the 2 eGFR mea-
surements and additional performance of SRA of the anastomosis. 
Finally, restenosis and complications were compared between dif-
ferent EUT types with the Fisher’s exact test. SPSS statistical soft-
ware version 20.0 (SPSS Inc., Chicago, IL, USA) and R with  package 
coxme (version 2.2-5) [18] were used for statistical analyses. p val-
ues were considered significant at <0.05 on 2-sided analysis.

Results

In total, 85 UES were treated in 70 patients with 136 
procedures. Patient and stricture characteristics are 
shown in Table 1. The median postoperative time to di-
agnosis was 4.6 (range 0.2–85.1) months. UES were pre-
dominantly left-sided and 17 patients had bilateral UES. 
Procedures consisted of 31 SRAs and 105 EUTs. Twenty-
eight (27%) EUTs could not be completed due to total 
obstruction and were followed by immediate nephrosto-
my. These UES were subsequently treated with SRA (n = 
28) or resolved with a permanent single J catheter or 
nephrostomy tube (n = 15). The median number of final-
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ised EUTs was 1 (range 0–6) per patient. Characteristics 
for the 108 completed procedures are shown in Table 2. 
SRAs were more often performed after previously at-
tempted unsuccessful interventions and the duration 
from diagnosis to treatment was longer than that for 
EUT. Additionally, the duration of subsequent stenting 
was shorter following SRAs. Other characteristics were 
comparable for both therapies.

Median FU for the 108 completed procedures was 33 
(95% CI 19–46) months. Restenosis occurred following 4 
SRAs vs. 53 EUTs, resulting in intent-to-treat-based suc-
cess rates of 87% for SRA vs. 23% for EUT (p < 0.001). 
Fourteen (24%) restenoses were symptomatic (10% infec-

tion, 14% flank pain). SFP curves are displayed in Fig-
ure 1. Median SFP following EUT was 5 (95% CI 0–10) 
months, while median SFP following SRA was not reached 
within the FU period (p < 0.001). This difference was also 
significant on multivariable analysis (hazard ratio: SRA 
vs. EUT 0.10, p < 0.001). The risk of restenosis following 
EUT tended to be higher after pelvic radiotherapy (no 
radiotherapy vs. radiotherapy hazard ratio 0.57, 95% CI 
0.31–1.04, p = 0.068) on multivariable analysis. None of 
the other included variables were predictive of restenosis 
following EUT or SRA (data not shown).

Baseline eGFR did not differ between patients who had 
received a single EUT, multiple EUTs or SRA (Table 1). 

Table 1. Baseline characteristics of the entire cohort. Patients were treated with a single endo-urological procedure (single EUT), mul-
tiple EUTs or with surgical revision of the anastomosis (either following EUTs or as primary treatment)

All patients
(n = 70), %

Single EUT
(n = 32), %

Multiple EUTs
(n = 15), %

Open revision
(n = 23), %

p value*

Age, years, mean (SD) 65 (10) 66 (9) 65 (9) 62 (10) 0.387
Gender

Male 57 (81) 25 (78) 13 (87) 19 (83) 0.922
Female 13 (19) 7 (22) 2 (13) 4 (17)

ASA
1 33 (47) 13 (41) 8 (53) 12 (52) 0.711
2 31 (44) 16 (50) 5 (33) 10 (43)
3 6 (9) 3 (9) 2 (13) 1 (4)

CCI
0–2 28 (40) 12 (38) 6 (40) 10 (43) 0.870

≥3 34 (49) 16 (30) 8 (53) 10 (43)
Missing 8 (11) 4 (13) 1 (7) 3 (13)

BMI, kg/m2, median (IQR) 25.9 (4.1) 26.0 (3.6) 25.9 (3.8) 24.8 (2.8) 0.159
Diversion type

Neobladder 31 (44) 15 (47) 8 (53) 8 (35) 0.325
Continent reservoir 7 (10) 1 (3) 2 (13) 4 (17)
Conduit 32 (46) 16 (50) 5 (33) 11 (48)

Stricture side
Left 34 (49) 22 (69) 4 (27) 8 (35) <0.001
Right 19 (27) 9 (28) 3 (20) 7 (30)
Bilateral 17 (24) 1 (3) 8 (53) 8 (35)

Symptoms
Asymptomatic 44 (63) 19 (60) 9 (60) 16 (70) 0.902
Infection 17 (24) 8 (25) 4 (27) 5 (22)
Flank pain 9 (13) 5 (16) 2 (13) 2 (9)

History of pelvic radiotherapy
No 53 (76) 24 (75) 12 (80) 17 (74) >0.999
Yes 17 (24) 8 (25) 3 (20) 6 (26)

Perioperative chemotherapy
No 54 (77) 24 (75) 11 (73) 19 (83) 0.862
Yes 16 (23) 8 (25) 4 (27) 4 (17)

eGFR at baseline, mean (SD) 82.5 (18.7) 77.5 (19.7) 83.6 (16.7) 89.0 (17.0) 0.101

* p value for comparison of all 3 groups. 
EUT, endo-urological technique; ASA, American Society of Anesthesiologists score; CCI, age adjusted Charlson Comorbidity Index; 

BMI, body mass index; eGFR, estimated glomerular filtration rate.
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Table 2. Stricture and treatment characteristics of completed procedures

Total
(n = 108), %

EUT
(n = 77), %

Open
(n = 31), %

p value*

Stricture side
Left 66 (66) 49 (64) 17 (55) 0.263
Right 42 (39) 28 (36) 14 (45)

Contralateral stricture present
Yes 46 (42.6) 30 (39) 16 (52) 0.162
No 62 (57.4) 47 (61) 15 (48)

Previous procedures
0 69 (64) 62 (81) 7 (23) <0.001
1 27 (25) 9 (12) 18 (58)
2 6 (6) 4 (5) 2 (7)
3 6 (6) 2 (3) 4 (13)

Previous radiotherapy
Yes 32 (30) 21 (27) 11 (36) 0.268
No 76 (70) 56 (73) 20 (65)

Diversion type
Neobladder 41 (38.0) 32 (41.6) 9 (29) 0.468
Continent reservoir 17 (15.7) 11 (14.3) 6 (19)
Conduit 50 (46.3) 34 (44.2) 16 (52)

Year of treatment
1995–1999 14 (13.0) 12 (15.6) 2 (6.5) 0.175
2000–2004 22 (20.4) 12 (15.6) 10 (32.3)
2005–2009 28 (25.9) 22 (28.6) 6 (19.4)
2010–2015 44 (40.7) 31 (40.3) 13 (41.9)

Postoperative time to diagnosis, months, median (IQR) 5.0 (8) 5.3 (9) 4.6 (8) 0.783
Time from diagnosis to treatment, months, median (IQR) 3.2 (5) 2.1 (4) 6.1 (17) <0.001
Temporary stenting duration, weeks, median (IQR) 6.9 (9) 8.7 (8) 1.9 (2) <0.001

* p value for comparison of EUTs with open surgical revision. Previous procedures were all EUTs apart from 2 open surgical revi-
sions of the anastomosis (1 prior to EUT and 1 prior to both EUT and open surgical revision).

EUT, endo-urological technique (endo-ureterotomy n = 3, balloon dilation n = 61, temporary stent n = 13); IQR, interquartile range.

Fig. 1. Stricture-free periods (SFPs) follow-
ing endo-urological techniques (EUTs) 
and open surgical revision of the anasto-
mosis for benign uretero-ileal anastomotic 
strictures (n = 108, log rank test p < 0.001).
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Renal function during the last disease-free FU (median 
37  months, range 3–230) was available for 59 patients 
with finalized procedures. The mean eGFR decreased by 
28.1 (SD 23.0) mL/min/1.73 m2 for the entire cohort. The 
number of completed EUTs per patient was significantly 
associated with eGFR decrease on univariable (coeffi-
cient estimate [β] = 7.8 mL/min/1.73 m2 per EUT, SE 3.5, 
p = 0.028) and on multivariable analysis (β = 12.3 mL/
min/1.73 m2 per EUT, SE 4.5, p = 0.008). Cutoff values of 
>1 EUT per patient were associated with a significant 
eGFR decrease (Table 3). SRA, either following EUT or as 
a primary solution, did not affect renal function (β = 12.9, 
SE 7.5, p = 0.090).

Treatment safety was evaluable for 74 out of 77 com-
pleted EUTs and 27 out of 31 SRAs. EUTs induced 8 (11%) 
Clavien 1–2 complications, while no Clavien ≥3b compli-
cations occurred. Thirteen (48%) complications occurred 
following SRAs (EUT vs. SRA, p < 0.001), 8 were Clavien 
1–2, 3 were Clavien 3b (1 sigmoid perforation, 1 fascial 
dehiscence, 1 ileal anastomotic leakage) and 1 patient 
died of intestinal ischemia following bilateral SRA 
 (Clavien 5).

Completed EUTs comprised 61 balloon dilations, 
3  sharp endo-ureterotomies and 13 temporary stenting 
procedures. Strictures recurred after 42 (69%) balloon di-
lations, 3 (100%) endo-ureterotomies and 8 (62%) tem-
porary stenting procedures (p = 0.451). Neither the num-
ber of complications nor the loss in renal function dif-
fered significantly between EUT techniques (data not 
shown).

Discussion

EUTs are often performed as less invasive alternatives 
to SRA for UES. However, their therapeutic value has 
only been scarcely investigated. To our knowledge, this is 
the largest study to compare the efficacy, safety and renal 
outcome for both procedures. We found a 23% success 
rate for EUT (on intention-to-treat-based analysis) and 
87% success rate for SRA of the anastomosis at a median 
FU of 33 months. These results are in line with efficacy 
reported in previous comparative studies (success-rate 
EUT 0–50%, SRA 76–93%) and confirm a significantly 
inferior efficacy for EUT [2, 6, 8, 9, 12–14]. Moreover, the 
short median SFP following EUT and the significant 
eGFR loss in case of restenosis indicate the necessity of 
careful FU and swift re-intervention.

Serious complications (Clavien ≥3b) occurred after 
19% of SRAs. This high complication rate is not surpris-

ing because of the invasive nature of the procedure and 
likelihood of the occurrence of intra-abdominal adhe-
sions due to prior surgery, but it is higher than the re-
ported rate in previous studies (7–13%) [6, 8, 9, 13, 14]. 
This might be explained by a relatively high number of 
patients with a history of pelvic radiotherapy [6]. How-
ever, small sample sizes and the absence of baseline pa-
tient characteristics in other reports prevent further com-
parison. We observed no serious adverse events following 
EUT. This suggests that, although less efficient, EUT is a 
safe initial option for UES. Moreover, neither SRA nor 
EUT efficacy was affected by the number of previously 
failed procedures.

However, the mean eGFR decreased by 28 mL/
min/1.73 m2 from baseline (post-cystectomy) to the last 
disease-free FU. Jin et al. [19] have previously investigat-

Table 3.
a Association between estimated glomerular filtration rate (eGFR) 
decrease and the number of finalised endo-urological techniques 
(EUTs) as a continuous variable on multivariable analysis

Variable β (SE) p value

Number of EUTs 12.3 (4.5) 0.008
Adjuvant chemotherapy (yes vs. no) 17.0 (21.8) 0.440
Months between measurements 

(continuous) 0.12 (0.06) 0.069
Contralateral stricture present (yes vs. no) –8.4 (8.3) 0.315
Open surgical revision performed (yes vs. 

no) 12.9 (7.5) 0.090

The coefficient estimate (β) 12.3 indicates that, each EUT is as-
sociated with a mean eGFR decrease of 12.3 mL/min/1.73 m2 after 
correction for the variables included in the table.

b Association between estimated glomerular filtration rate (eGFR) 
decrease and the number of finalised endo-urological techniques 
(EUTs) for different cut-off values on multivariable analysis*

EUTs β (SE) p value

0 vs. >0 9.1 (13.2) 0.493
≤1 vs. >1 18.4 (8.1) 0.027
≤2 vs. >2 36.0 (13.6) 0.011

*  Corrected for: administration of adjuvant chemotherapy, 
time between eGFR measurements, presence of a contralateral 
stricture and performance of open surgical revision of the anasto-
mosis yes/no. The coefficient estimate (β) indicates the eGFR de-
crease in mL/min/1.73 m2 for each EUT cut-off value.
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ed renal function loss for 161 patients with UD. The me-
dian eGFR decrease was 8.5 mL/min for conduit diver-
sions and 2.0 mL/min/1.73 m2 for neobladders at 10 years 
FU. Urinary tract obstruction was an independent risk 
factor for renal function deterioration (eGFR decrease 
>10 mL/min/1.73 m2) [19]. The relatively large eGFR de-
crease in our cohort confirms this finding. Furthermore, 
it reflects the consequences of poor EUT efficacy, as the 
number of completed EUTs per patient was independent-
ly associated with eGFR loss. The threshold for significant 
eGFR decrease was >1 EUT. This indicates that a maxi-
mum of 1 EUT per patient could be performed without 
compromising renal function. However, the actual num-
ber of EUTs that can be attempted should depend not 
only on statistical significance but also on the level of re-
nal function that is acceptable to jeopardize for each pa-
tient.

We did not detect a difference in terms of efficacy be-
tween EUTs. The procedure most often performed in 
our cohort was balloon dilation, followed by temporary 
stenting without prior dilation. The largest series of bal-
loon dilations thus far are reported by Schöndorf et al. 
[6] with a similar success rate of 25%. The therapeutic 
value of temporary stenting without prior balloon dila-
tion or incision can be disputed and has not been de-
scribed in any previous report. Notably, in our cohort, 
treatment outcomes for temporary stenting were similar 
to those of balloon dilation. The question arises whether 
all diagnosed UES were true strictures, despite the fact 
that all were visualized by contrast imaging. We do not 
advocate the use of temporary stenting as a therapeutic 
measure based on these results. Rather, the similarly 
high re-stricture rate reflects the low efficacy of balloon 
dilation. Endo-ureterotomy has been described in a few 
reports as a slightly more effective procedure, especially 
when using a holmium:YAG laser (success rates 33–
56%) [6, 13, 20]. However, cohorts sizes were small (3–
24 patients). In our series, only sharp endo-ureterotomy 
was applied. Although none of the endo-ureterotomy 
procedures was successful, the numbers in our series 
were too low to draw any conclusions regarding this 
procedure.

We did not identify predictive factors for treatment 
success, apart from a near-significant association be-
tween a history of pelvic radiotherapy and restenosis fol-
lowing EUT. Several retrospective studies suggest that a 
stricture length >1 cm reduces the change of a successful 
EUT [6, 9, 14]. None had reported how stricture length 
was measured and whether this was done at the time of 
treatment or whether it was done retrospectively. We 

could not investigate stricture length, as it was docu-
mented only for a few patients at the time of treatment. 
Due to lack of a scale, retrospective measurement of 
stricture length is unreliable on contrast pyelo-ureterg-
raphy.

Although a predictive role for stricture length seems 
plausible, prospective studies with uniform measure-
ments are warranted to confirm this hypothesis.

Our study has several limitations. Due to the retro-
spective nature, a multitude of possible procedure-relat-
ed issues, including surgeon and surgical techniques, 
could not be assessed. Also, the choice between repeating 
EUT and SRA was left to the discretion of the urologist. 
We acknowledge that this likely induced a selection bias. 
The fact that SRAs were more often performed after mul-
tiple previous interventions indicates that urologists 
were hesitant to perform open surgery. Although this 
was not associated with treatment outcome on multivari-
able analysis, a higher complexity of UES could have de-
creased SRA success rates. Likewise, EUT might be effec-
tive in a small subset of less severe UES. However, no 
definitive criteria to select these UES can be identified 
based on our results, nor on results in previous literature. 
Notwithstanding the above-mentioned limitations, the 
low EUT efficacy and their negative effect on renal func-
tion indicate that a more effective and safe therapy for 
UES is desirable. A maximum of 1 EUT can be performed 
per patient without significantly affecting their renal 
function.
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