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ABSTRACT

Objective: The incidence of benign ureteroenteric strictures following radical cystectomy (RC) for urin-
ary bladder cancer (UBC) is investigated mainly in single-centre studies from high-volume centres. The
aim of this study was to evaluate the cumulative incidence of strictures and risk factors in a popula-
tion-based cohort.

Patients and methods: Data was collected from Bladder Cancer Data Base Sweden (BladderBaSe). The
primary endpoint was stricture with intervention. Secondary endpoint included hydronephrosis both
with/without intervention.

Results: In total, 5816 patients were registered as having had RC due to UBC between 1997 and
2014. After a median follow-up of 23.5 months (IQR = 9.0-63.1 months; range = 0.0-214.0 months), we
found that 515 (8.9%) patients underwent intervention for stricture. Seven hundred and sixty-one
(13.1%) patients were diagnosed with hydronephrosis without intervention. The cumulative incidence
of strictures with intervention was 19.7% (95% Cl = 16.7-23.1%) during the 17 years of follow-up. In
the first year, the cumulative incidence of strictures was 5.6% (95% Cl = 5.0-6.2%), and in the first 2
years 8.4% (95% Cl = 7.6-9.3%). For the secondary endpoint, the cumulative incidence was 30.4%
(95% Cl = 26.7-33.1%) after 17 years. Only the year of RC was associated with stricture incidence in
Cox regression analysis, whereas hospital cystectomy volume, patient age and patient sex were not.
Conclusion: Ureteroenteric strictures requiring intervention may be more common than previously
reported, affecting nearly one fifth of patients who have undergone RC for UBC. The annual incidence
was highest in the first 2 years after surgery but the cumulative incidence increased continuously dur-
ing 17 years of follow-up.
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underestimated since previous reports mostly are single-
centre studies from high-volume centres. Previous studies
showed no difference or increases in the incidence of benign

Introduction

Radical cystectomy performed due to urinary bladder cancer

is associated with a high risk of complications. In most
reports the risk of any complication is >50%, depending on
the criteria and follow-up used. Most complications occur
during the first 90 days after surgery, but there are late com-
plications as well. Benign ureteroenteric stricture is a com-
mon late complication which occurs in 5-34% of patients
[1-5] at a median time of 7-13 months postoperatively [6,7].
However, the true incidence of strictures may have been

ureteroenteric strictures when robot-assisted radical cystec-
tomy (RARC) with extracorporal urinary diversion (ECUD) was
compared to open radical cystectomy (ORC), but it is pos-
sible that the increasing use of RARC with intracorporal urin-
ary diversion (ICUD) has led to a decreased incidence of
strictures [3,8]. Moreover, the reports so far are limited by a
relatively short follow-up time and cannot capture a possible
long-term rise in cumulative incidence.
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Bladder Cancer Data Base Sweden (BladderBaSe) is a
population-based nation-wide database created in 2014
which links data from the Swedish National Register of
Urinary Bladder Cancer (SNRUBC), started in 1997, to several
healthcare and demographic registers, amongst these the
National Patient Register which holds data on all diagnoses
and medical and surgical procedures performed for all
patients in Sweden [9].

We investigated the long-term cumulative incidence of
ureteroenteric strictures in a cohort based on data in
BladderBaSe. The hypothesis was that the cumulative inci-
dence in this large population-based cohort would be higher
than reported in single-centre studies from high-vol-
ume centres.

Patients and methods
BladderBaSe

Data was collected from BladderBaSe. All new cases of blad-
der cancer in Sweden among patients 18years or older are
requested to be reported in SNRUBC, which was started in
1997 and has a validated national coverage of 97% for the
period 1997 to 2014 [9]. It provides information on tumour
location, size, TNM classification, grade, and primary treat-
ment. Since 2011, SNRUBC also includes more detailed infor-
mation about radical cystectomy [10] including mode of
surgery, neoadjuvant chemotherapy and stage of the cystec-
tomy specimen (pT). BladderBaSe link data from the SNRUBC
with data from, amongst others, the Patient Register. The
Patient Register includes procedure codes, coded according
to the Classification of Healthcare Procedures (KVA), which is
a national classification of procedures defined by the
Swedish Board of Health and Welfare, and diagnosis codes,
coded according to the International Classification of
Diseases (ICD) 9th edition or ICD-10, and date of the proced-
ure/diagnosis for all patients in Sweden.

BladderBaSe was approved by the Research Ethics Board
in Uppsala (permit no. 2015/277) for studying, inter dlia, the
effects of treatment of urinary bladder cancer.

Study population and endpoints

The study population was defined as all patients with a reg-
istered procedure code for cystectomy (KCC*) or pelvic exen-
teration (LCE*) for urinary bladder cancer in the Patient
Register between 1997 and 2014.

To evaluate the cumulative incidence of benign ureter-
oenteric strictures we used a composite endpoint, defined as
intervention against obstruction of the upper urinary tract,
excluding events with a code indicating other causes than
benign ureteroenteric strictures. Specifically, events were
defined as procedure codes TKA10 (placement of percutan-
eous nephrostomy tube), KBV02 (placement of ureteral
stent), KBH40, 45, 62, 96, 97 or 98 (reconstruction or dilata-
tion of the ureter), KACOO (nephrectomy), KACO1 (percutan-
eous endoscopic nephrectomy), KAC20 (nephroureterectomy)
or KAC21 (percutaneous endoscopic nephroureteretomy), but

not in combination with ICD codes N20 (urolithiasis), C65
(malignant neoplasm of renal pelvis), C66 (malignant neo-
plasm of ureter) or C64 (malignant neoplasm of kidney,
except renal pelvis). Patients with such a code indicating
other causes were censored at the time of that diagnosis or
procedure, thus contributing healthy non-event years up to
that time to avoid overestimating the incidence of ureteroen-
teric strictures. An event was defined as the first time a
patient fulfilled the criteria described above, which implies
that each patient could only have an event once. Some
patients got an intervention in the immediate post-operative
period, which was likely due to other complications than ure-
terenteric strictures. Therefore, any intervention in the first
30 postoperative days was ignored.

To account for the possible cases of the normal
radiological finding of hydronephrosis post-cystectomy and
stricture that did not lead to an intervention, e.g. due to
co-morbidity or age, we also created a secondary definition
of the endpoint where, in addition to the above definition
of hydronephrosis with intervention, we included hydro-
nephrosis (ICD code N13) both with and without any
intervention.

Statistical analysis

Statistical calculations were performed with IBM SPSS
Statistics for Windows, Version 24.0 (IBM Corp., Armonk, NY).
Kaplan-Meier analysis was used to calculate the cumulative
incidence of strictures. Confidence intervals (Cl) for the
cumulative incidences were calculated according to Hosmer
and Lemeshow [11] . Start of follow-up in these analyses was
date of cystectomy, and end of follow-up was date of stric-
ture, date of death, date of censoring as described above, or
December 31, 2014, whichever occurred first. Time in months
from date of cystectomy was used as time scale in the calcu-
lations. To test for possible confounders that could affect the
risk of strictures and explain any differences in cumulative
incidence, Cox regression and Kaplan-Meier analyses were
performed. Hospital cystectomy volume, patient age, patient
sex, and year of cystectomy were included in the Cox model.
Descriptive statistics were used with median value, inter-
quartile range (IQR), and range.

Results

In total, 5816 patients in BladderBaSe were registered as
having had a cystectomy or pelvic exenteration due to urin-
ary bladder cancer. Three patients were excluded because
they lacked follow-up time, leaving 5,813 for analysis. The
clinical characteristics of the study cohort are detailed in
Table 1.

For the entire cohort, the median follow-up time was
23.5months (IQR = 9.0-63.1 months; range = 0-214.0 months).
The median follow-up time among those without stricture was
26.1 months (IQR = 9.9-66.9 months; range = 0-214.0 months).
Overall mortality during the follow-up period was 46.1%.

The number of patients with an event suggesting stricture
with intervention was 515 (8.9%). For the secondary



Table 1. Descriptive statistics of the clinical characteristics of all patients who
had a cystectomy done in Sweden in 1997-2014.

SCANDINAVIAN JOURNAL OF UROLOGY 363

Table 2. Procedures and diagnoses that caused an event or censoring during
follow-up of the 5,813 patients included in the study.

n 5,813
Age, years, median (IQR) 68 (62-74)
Sex, n (%)
Male 4,416 (76.0)
Female 1,397 (24.0)
Stage at diagnosis, n (%)
T
Tis 155 (2.7)
Ta 543 (9.3)
T 1,278 (22.0)
T2 2,639 (45.4)
T3 727 (12.5)
T4 296 (5.1)
Missing 175 (3.0)
cN
NO 2,996 (51.5)
N-+ 472 (8.1)
NX 2,236 (38.5)
Missing 109 (1.9)
™M
Mo 3,414 (58.7)
M1 117 (2.0)
MX 2,150 (37.0)
Missing 132 (2.3)
Type of diversion, n (%)
lleal conduit 4,322 (74.4)
Neo-bladder 868 (14.9)
Continent cutaneous reservoir 429 (7.4)
Missing 194 (3.3)

Mode of surgery,®n (%)

Open surgery 1,162 (20.0)
Robot-assisted 290 (5.0)
Missing 4,361 (75.0)
Neo-adjuvant chemotherapy,®n (%)
Yes 591 (10.2)
No 1,263 (21.7)
Missing 3,963 (68.2)
Stage cystectomy specimen,®n (%)
pTO 278 (4.8)
pTis 132 (2.3)
pTa 54 (0.9)
pT1 130 (2.2)
pT2 290 (5.0)
pT3 375 (6.5)
pT4 183 (3.1)
Missing 4,371 (75.2)
Hospital cystectomy volume preceding year, n (%)
<10 1,678 (28.9)
10-24 2,256 (38.8)
25-86 1,831 (31.5)
Missing 48 (0.8)
Time from diagnosis to cystectomy, n (%)
0-6 months 4,304 (74.0)
6—12 months 477 (8.2)
>12 months 960 (16.5)
Missing 72 (1.2)
Year of cystectomy, n (%)
1997-2002 1,228 (21.1)
2003-2008 2,040 (35.1)
2009-2014 2,548 (43.8)

“Data from the Cystectomy Register, only available from 2011.

definition, 761 (13.1%) patients were registered with codes
suggesting stricture with or without intervention.

The most common procedure leading to an event was
placement of percutaneous nephrostomy tube in 431 (83.7%)
patients and placement of ureteral stent in 48 (9.3%) patients.
Of the patients undergoing placement of percutaneous neph-
rostomy tube or ureteral stent, 34 patients later underwent
nephrectomy or nephroureterectomy and 62 underwent

Cause n %
Event
Percutaneous nephrostomy tube 431 74
Ureteral stent 48 0.8
Nephrectomy 18 0.3
Reconstruction or dilatation of the ureter 18 0.3
Censoring
Urolithiasis 135 23
Malignant neoplasm of ureter/kidney 135 23
Death 2,679 46.1
End of study 2,349 40.4
Total 5813 100

secondary surgery of the ureter, most commonly endoluminal
dilatation (n =46). In the first 30 postoperative days, 76 patients
received a nephrostomy tube, 47 of which later fulfilled the pri-
mary endpoint definition. The most common cause of censor-
ing in patients with an intervention was urolithiasis in 46
patients followed by malignant neoplasm of the renal pelvis,
ureter or kidney in 36 patients. The details are listed in Table 2.

In the Kaplan Meier analysis, the 17 years’ cumulative inci-
dence of strictures with intervention was 19.7% (95% Cl =
16.7-23.1%) (Figure 1). The median time to a stricture
event was 10.7months (IQR = 5.1-24.6 months; range =
1.0-178.1 months). During the first and second years after sur-
gery, the cumulative incidence of strictures was 5.6% (95% Cl
= 5.0-6.2%) and 8.4% (95% Cl = 7.6-9.3%), respectively.

For the secondary definition, stricture with or without inter-
vention, the 17 years’ cumulative incidence was 30.4% (95% ClI
= 26.7-33.1%). The median time to event was 10.1 months
(IQR = 4.5-26.8 months; range = 1.0-184.4 months).

Kaplan-Meier diagrams and Cox regression analysis of poten-
tial factors affecting the cumulative incidence are shown in
Supplementary Tables S1 and S2 and Figure S1. Cox regression
analysis on stricture with intervention did not show any differ-
ences in stricture incidence in high vs low volume centres,
when adjusting for year of cystectomy, patient age and gender.
Only year of cystectomy was associated with an increasing stric-
ture incidence with a higher risk of stricture when surgery was
performed late in the study period.

Discussion

In this Swedish population-based cohort of 5813 patients
treated with cystectomy for urinary bladder cancer, the 17
years' cumulative incidence of strictures with intervention was
19.7%, which is higher than previously reported in single-centre
studies from high-volume centres, with shorter follow-up. Most
strictures occurred during the first 2 post-operative years, but
thereafter we found a continued increase in cumulative inci-
dence during the entire follow-up period.

The results in the present study imply that the cumulative
incidence is higher than what has been previously reported
[1-5]. Similarly, in a multi-centre population-based study, a
total incidence of ureteroenteric strictures 2 years postopera-
tively was found to be 14.6% vs 11.4% for RARC with ECUD
vs ORC [5]. In comparison, the 2-year cumulative stricture
rate in the present study was 8.4%, with the difference pos-
sibly due to different definitions of strictures. For example, in
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Figure 1. Cumulative incidence of strictures. Strictures requiring intervention (primary endpoint) in blue and strictures including hydronephrosis both with and
without intervention (secondary endpoint) in red. The annual incidence is highest in the first 2 years, but there is a continued increasing cumulative incidence dur-

ing the entire study period.

the study by Goh et al. [5], placement of nephrostomy tube
without further intervention did not qualify as a stricture,
whereas in our study it did. The main reason for including it
in the present study was that not all cases of endoluminal
dilatation are registered in the Patient Register when the
procedure is performed in a Radiology department. When
we, in addition to hydronephrosis with intervention, also
included hydronephrosis without any further intervention,
the 17 years’ cumulative incidence was 30.4%. This is pos-
sibly an overestimate, but among these cases there could
also be a significant number of patients with stricture forma-
tion, but for whom intervention was not done due to co-
morbidity or progression of disease.

Time to diagnosis of stricture is depending on follow-up rou-
tines, and in this cohort the routines likely varied over time and
between centres. Most of the strictures were diagnosed within
the first 2 years postoperatively, just as in previous reports [6-7].
Interestingly, the present results indicate that the formation of
strictures continues even after 10 years postoperatively. This
may reflect late diagnosis and indicates the possible need for
long and individualised follow-up but it could also be explained
by causes unrelated of the cystectomy. Similarly, Yang et al. [12]
found 8% strictures with a median postoperative follow-up of
10.7 years, in a large single-centre study from a high-volume
centre. In that study, 75% were diagnosed within 2 years post-
operatively but, even after 2 years, there remained a 0.4% per
year incidence of strictures with 5% of all the strictures develop-
ing beyond 10 years. In a single-centre study with 12.4years
median follow-up the incidence of strictures was only 2.6%,
with a median time to diagnosis of a stricture of 10 months
[13]. The radical cystectomy in that study was performed
between 1971 and 2008 with a rigorous follow-up protocol

including imaging studies with either computed tomography or
intravenous urography, implying that lack of radiographic imag-
ing was not the reason for the low rate of strictures, although
there may be false negative cases because of follow-up being
done at local hospitals instead of the tertiary centre.

The crude incidence of strictures has been reported in several
single-centre studies. Hosseini et al. [3] reported a rate of 6.5% in
patients who underwent RARC with ICUD. In a further high-vol-
ume single-centre study, the risk of strictures after open radical
cystectomy was 4.3% [4]. In comparison, the crude stricture inci-
dence was higher at 89% in the present population-
based study.

In our study, patients with a code indicating stricture
within the first 30days postoperatively were not excluded
(but their events not counted) since this group may include
placement of a nephrostomy tube due to postoperative
urine leakage which is a known risk factor for later develop-
ing a stricture [4,14]. The true incidence of post-operative
urinary leakage is not known, since, e.g. drains have not
been registered, but among the 1.3% of patients who
received a nephrostomy tube in the early post-operative
period, 62% later developed a stricture which is consistent
with earlier results [4]. Other known risk factors for stricture
formation are high BMI, ASA score >2, lymph node positive
disease, 30-day post-operative Clavien-Dindo complications
grade 34, male sex [4], preoperative hydronephrosis, RARC
with ECUD [5], postoperative urinary tract infection and run-
ning suture technique on the anastomosis [15].

In this study, there was no association between the hos-
pital cystectomy volume and risk of strictures, after adjusting
for year of cystectomy. Neither patient sex nor age were
associated with strictures. Changing follow-up routines is one



likely explanation for the increasing incidence during the
study period, with a HR of 2.07 for the last period compared
to the first. It is also possible that improved registration of
procedure codes has influenced the results. Another contri-
buting cause to the increase could be cystectomies per-
formed on older and more comorbid patients late in the
study period. However, the high number of cystectomies
performed in low-volume centres does not seem to explain
the higher cumulative incidence of strictures in this study.

Data regarding mode of surgery, neoadjuvant chemother-
apy and stage of the cystectomy specimen (pT) was collected
from the Cystectomy Register which started in 2011. This
results in missing data regarding these potential risk factors
for stricture formation when the cystectomy was performed
before 2011. For this reason, we did not include these poten-
tial risk factors in the Cox regression analysis. However, this
does not affect the conclusion of this study.

The main strengths of this study are the multi-centre
design and the large nation-based study-population. To our
knowledge, there are no previously published studies which
have evaluated the incidence of ureteroenteric strictures in a
similarly large study-population and long follow-up period.

A weakness is the composite endpoint which may lead to
both false positive events, e.g. in the case of placing a neph-
rostomy tube due to normal post-cystectomy CT-findings
with hydronephrosis, and false negative results, e.g. if a
patient was censored due to urolithiasis before a stricture
occurred. Furthermore, there is no procedure code for
removal of a nephrostomy tube, so whether this was a per-
manent or temporary procedure could not be determined.
To adjust for the risk of overestimating or underestimating
the incidence of strictures we separately analysed the sub-
group with codes indicating stricture and intervention and
the subgroup diagnosed with hydronephrosis but not fol-
lowed by an intervention. In most other series the endpoint
is intervention for stricture but this might lead to underesti-
mating the incidence of strictures since some patients do
not undergo intervention due to co-morbidity or high age.

It is also a weakness that there is no common code in the
Swedish Classification of Healthcare Procedures for re-implant-
ation of the ureters to a urinary diversion, leading to possible
missing data when this procedure has occurred. Also, because
dilatation of strictures is sometimes performed by a radiology
department as an out-patient procedure in Sweden, there is a
possibility that the code is not registered in the Patient Register
and therefore does not lead to an event. However, this should
lead to underestimation of the true incidence of strictures and
would therefore not affect the conclusion of this study.

Conclusions

The present study indicates that ureteroenteric strictures
requiring intervention are more common than previously
reported, affecting nearly one fifth of patients who have
undergone radical cystectomy for urinary bladder cancer.
The incidence is highest in the first 2 years after surgery but
continues during the whole 17 years of follow-up. This find-
ing indicates the need for long follow-up routines.
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