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ABSTRACT
Introduction: Ureteroenteric stricture (UES) is the leading cause of renal function deterioration 
after radical cystectomy (RC) and urinary diversion (UD). The aim of the present review is to 
summarize studies that discussed the risk factors associated with UES development. Identifying 
the responsible factors is of importance to help surgeons to modify their treatment or follow- 
up strategies to reduce this serious complication.
Materials and Methods: A comprehensive search of the literature using the PubMed database 
was conducted. The target of the search was only studies that primarily aimed to identify risk 
factors of UES after RC and UD. References of searched papers were also checked for potential 
inclusion.
Results: The search originally yielded a total of 1357 articles, of which only 15 met our inclusion 
criteria, comprising 13, 481 patients. All the studies were observational, and retrospective 
published between 2013 and 2022. The natural history of UES and the reported risk factors 
varied widely across the studies. In 13 studies, a significant association between some risk 
factors and UES development was demonstrated. High body mass index (BMI) was the most 
frequently reported stricture risk factor, followed by perioperative urinary tract infection (UTI), 
robotic-assisted radical cystectomy (RARC), occurrence of post-operative Clavian grade ≥ 3 
complications and urinary leakage. Otherwise, many other risk factors were reported only once.
Conclusion: The literature is still lacking well-designed prospective studies investigating 
predisposing factors of UES. The available data suggest that the high BMI, RARC and compli
cated postoperative course are the main risk factors for stricture formation.
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Introduction

Despite major advances in health care and the availabil
ity of well-trained surgeons around the world, radical 
cystectomy (RC) remains one of the most risky urological 
procedures, with a high early complication rate of 25% 
to 64% and a mortality risk of up to 5.7%. In addition, up 
to 50% of patients still develop complications years 
later, mainly related to urinary diversion (UD) [1–5].

The most serious long-term consequence of UD is 
renal function deterioration, which affects 20–35% of 
patients [6,7]. Many factors are related to renal impair
ment including patient’s age, chronic hypertension, 
diabetes, baseline renal function and diversion- 
related factors. The group from Bern reported 
a deterioration of renal function after 10 years in 36% 
of patients with ileal conduit and 21% of patients with 
neobladder. They found that urinary tract obstruction 
at any level is an independent predictor of renal func
tion deterioration [7]. Gilbert et al reviewed data of 

1,565 patients who underwent different forms of diver
sion, Kaplan–Meier analysis at 5 years showed 16% 
incidence of renal impairment/failure. An ureteroen
teric stricture (UES) occurred in 13%, and it was the 
leading cause of renal function changes [8]. Eisenberg 
et al analyzed changes in renal function in 1.631 
patients, after 10 years follow-up; they found 
a decrease in renal function in most patients. In the 
multivariate analysis, risk factors contributing to renal 
function decline were patient age, preoperative renal 
function, chronic hypertension, postoperative hydro
nephrosis, pyelonephritis and the most important fac
tor was UES (HR 1.6, p < 0.0001) [9].

To date, there is no consensus in the literature 
on factors associated with the development of UES, 
despite the presence of many large studies. This can 
be attributed to the retrospective nature of these 
studies or the study design itself; some studies were 
either primarily based on assessing the influence of 
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one factor on the development of the stricture, e.g. 
the type of ureteroileal anastomosis or preoperative 
radiotherapy (RT), or they did not include all possi
ble contributing pre-operative and postoperative 
factors [10–26]

We tried in this systematic review to define the 
reported risk factors of UES in the literature, we 
focused only on studies that identified these factors 
through multivariate analysis including many possible 
contributing factors.

Materials and methods

Search strategy

A comprehensive search of the PubMed database 
has been conducted to identify studies that address 
the risk factors associated with the development of 
UES. The systematic review was performed accord
ing to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) checklist [27]. 
The computer search was conducted in 
December 2022 to find relevant studies that were 
published between 1966 and 2022. The search was 
performed using different combinations of the fol
lowing MeSH terms: ‘cancer, bladder’, ‘cystectomy’, 
‘cystectomy/adverse effects’, ‘urinary diversion’, 
‘urinary diversion/adverse effects’, ‘ureter’, ‘ureteral 
obstruction’, ‘anastomosis, surgical/adverse effects’ 
and ‘anastomosis, surgical’.

The titles were screened to identify the relevant 
articles. Results were deduplicated using EndNote 
program. For the relevant titles, the abstracts and 
then the articles were inspected for our inclusion 
criteria. The list of references in the finally selected 
papers were also evaluated for potentially relevant 
studies. We included only papers that investigated 
the risk factors of UES after RC and UD using multi
variate analysis across many possible contributing 
factors. Articles that studied the effect of one vari
able, e.g. the technique of anastomosis without 
adjusting it with the other possible contributing 
factors were excluded. Only papers that were writ
ten in English were included.

Data extraction

The following information were extracted from each 
eligible study: publication details (title, first author 
and publication year), number of the patients, 
operative parameters (approach, type of diversion 
and technique for ureteroenteric anastomosis), the 
median follow-up, natural history of UES (incidence, 
laterality of UES and mean time to diagnosis) and 
the independent predictors of UES development in 
the multivariate analysis, which are considered the 
main outcome of the review.

Results

The PRISMA flowchart is shown in Figure 1. The search 
using the previously mentioned mesh phrases yielded 
1357 articles in total. After the exclusion of duplicated 
and non-relevant ones based on the titles, 45 were 
selected for possible inclusion. The abstracts of these 
studies were reviewed, which results in exclusion of 
another 15 abstracts. After reviewing the manuscripts 
of the selected abstracts, only 12 articles were found to 
fit our inclusion criteria. Another three articles were 
found to be eligible through reviewing the references 
in the previously red manuscripts. Finally, 15 were 
included in the analysis.

Table 1 provides detailed information on the study 
characteristics and the results of multivariate analysis 
[12–26]. The included studies were observational, 
retrospective and published between 2013 and 
2022. Of the 15 articles, 6 were open radical cystect
omy (ORC) series, 7 contained both open and robotic- 
assisted (RARC) and 2 were RARC only. The sample 
size in the studies varied between 135 and 2,888 and 
included a total of 13, 481 patients. The type of 
ureteroenteric anastomosis was mentioned in 12 arti
cles, Bricker was the predominant choice (n = 7), fol
lowed by Wallace (n = 1) and both techniques were 
used in four studies. The median follow-up differed 
widely between the studies, ranging from 8.2 months 
to 12.4 years. There was a wide discrepancy in the 
stricture rates among the studies (2.6–17%). The 
median time to stricture diagnosis was similar across 
the studies lying between 3 and 10 months, only one 
study reported a later stricture diagnosis at the med
ian time of 15.8 months [13]. Left-sided ureteral stric
ture was the most predominant (42.2–66%), followed 
by right-sided stricture (9.5–44.7%) and bilateral 
involvement (5–42%). Patient presentation was 
reported in only six articles, 70–98% of patients 
were presented with symptoms in four studies, 
while in two studies most patients were asympto
matic and were diagnosed during routine follow-up.

Of 15 articles, a significant relationship between 
many factors and UES was demonstrated in 13 studies, 
on the other hand, no correlation between patient or 
disease factors specific and the development of UES 
could be found in two articles. The most frequently 
mentioned stricture risk factor was BMI that was 
reported in five articles, followed by postoperative peri
operative urinary tract infection (UTI) in four articles. The 
occurrence of major postoperative complications 
(Clavien-Dindo ≥3), urinary leakage and RARC each of 
which was reported three times. In two studies intracor
poreal UD (ICUD) with associated with higher stricture 
risk adjusted to extracorporeal UD (ECUD). Otherwise, 
the link between many other factors and UES was 
observed only one time: these factors were either 

62 O. MAHMOUD ET AL.



related to patient characteristics including the male 
gender, ASA score III-IV, prior abdominal surgery, history 
of RT, history of chemotherapy, preoperative hydrone
phrosis, postoperative renal function and node positive 
disease or related to the surgery including (ECUD), the 
use running sutures in creating the ureteroileal anasto
mosis the length of resected ureter, and blood transfu
sion (Table 1).

Discussion

Demographic and clinicopathological factors

The patient demographic and clinical features are 
important determinants for the perioperative outcome 
of RC and UD [28,29]. These factors are static and 
cannot be changed. However, their identification is 
important to characterize high-risk patients who 
should be treated in high-volume centers with experi
enced surgeons. Increasing patient age and comorbid
ities were associated with early postoperative 
complications in many studies, in addition, their nega
tive influence on the long-term renal function is known 
[9,29]. None of the published studies showed an 

association between age and UES development; never
theless, the poor physical condition of the patient, 
represented by an increase in the ASA (American 
Society of Anesthesiologists) score, was associated 
with two times stricture risk in one study [16]. In the 
same study, Katherine et al. found a link between male 
gender and UES, however, this association may be 
influenced by the high proportion of men in the 
study, which represents 75% of their cohort [16].

It is obvious that the high BMI is a main risk factor for 
UES among the patient characteristics. Five studies in our 
review reported the associated hazardous effect 
[12,16,17,25,26]. Moreover, some studies that did not 
observe this association either consisted of a relatively 
small sample size [15,21] or did not include the BMI in 
the analysis at all [14]. The left ureter is usually brought to 
the right side under the sigmoid mesentery before the 
ureteroenteric anastomosis; therefore, enough ureteral 
length is required, which is difficult to achieve in obese 
patients due to high abdominal obesity. Consequently, 
the left ureter may be exposed to extensive dissection or 
tension during anastomosis, factors which increase the 
incidence of UES. This explains also the well-known pre
dominance of left-sided stricture. In addition to previous 

Figure 1. PRISMA flow diagram.
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surgical problems, the healing process in obese patients is 
not optimal and impaired by associated morbidities (e.g. 
diabetes mellitus) or some mediators that detach from 
the mesenteric fat tissue [30].

Other factors that increase surgical difficulty and 
predispose to intra- and posoperative complications 
include previous exposure to major abdominal surgery 
and RT. In the largest series in our review: the risk of 
developing a stricture within 10 years was 1.9% in 
patients without prior abdominal surgery compared 
to 9.3% in patients with prior surgery [16]. Prior 
abdominal surgery is associated with adhesions, 
which in turn distorts the tissue planes and conse
quently predisposes to high incidence of perioperative 
complications like anastomotic leak and abdominal 
infections, factors which increase the risk of inflamma
tory stricture. Also, the distortion of the tissue planes 
increases the possibility of ureteral devascularization 
during dissection and subsequently the incidence of 
ischemic stricture. Radiation induces tissue ischemia 
and fibrosis, which could affect the healing process of 
the ureteral anastomosis. This theory seemed logical, 
but the data in the literature are still contradictory. 
Bensen et al found that preoperative RT is associated 
nearly with 11 times higher risk for stricture formation 
[13]; however, only 2% of the patients received the 
preoperative therapy, which is small proportion that 
could affects the results. Yang et al, examined 2,285 
patients, with 12.5% of patients receiving RT, which is 
considered an appropriate number; in the univariate 
analysis, RT was not a risk factor (OR 1.25, CI: 0.80–1.87, 
p = 0.35) [12]. Despite the lack of clear evidence from 
the literature, surgeons should be careful and try to 
select a viable ileal and ureteral segment to be used for 
diversion outside the irradiation field or to use directly 
a transverse colonic segment for diversion.

Patients undergoing UD can present with unilateral 
or bilateral hydronephrosis due to tumor obstruction or 
a defunctionalized bladder. Preoperative hydronephro
sis is an independent predictor of UES in one study [14]. 
This could be explained by the pathological changes 
that occur in the ureteral wall following long-standing 
obstruction and the associated toxic effect of recurrent 
infection. These changes could impair ureteral elasticity 
and the healing process. Hautmann et al published an 
important report that is not included in our review, as 
the hydronephrosis was not adjusted to the other pos
sible confounding factors. The authors reviewed the 
data of 953 patients with neobladder. They reported 
19.3% stricture rate at 10 years in patients with preo
peratively obstructed ureters versus only 6.4% for 
patients with non-dilated ureters [10].

Only one study showed a correlation between 
pathological features and UES development: patients 
with node positive disease were more likely to develop 
stricture. The authors explained that neovasculariza
tion associated with nodal metastasis can alter the 

blood supply to the ureters and lead to scarring. 
Another explanation, which was not investigated in 
the study, is that aggressive disease and lymphadeno
pathy increase the difficulty of ureteral dissection and 
the possibility of devascularization [16].

Surgery related factors

Both ORC and RARC are comparable in the literature 
with regard to the oncological outcome and periopera
tive surgical complications [31]. Whether the surgical 
approach influences the long-term functional outcome 
or not is still questionable. Some urologists suggested 
that RARC would be associated with higher incidence 
of UES. Seven studies in our review have included both 
open and RARC cohorts, three of them showed high 
stricture rate among in the robotic group [14,24,26]. 
This higher stricture rate in RARC may be related to the 
inclusion of cases operated on early in the surgeon’s 
experience, as the lack of tactile sense and higher 
magnification may increase devascularization of the 
ureter. For example, Goh et al. found that a high hos
pital volume in the adjusted analysis was protective 
against stricture, which means that with increasing 
experience of the surgeon the result would be com
parable (Goh et al., 2020). A promising technique to 
reduce the incidence of UES is the use of indocyanine 
green (ICG) with near-infrared fluorescence to identify 
ureteral blood supply during distal ureterectomy. 
Ahmadi et al used ICG in 47 patients and compared 
them with 132 patients without ICG. The length of 
excised ureter was significantly higher in the ICG 
group than in the other group, and no UES developed 
in the ICG group at one year compared to 10% in the 
non-ICG group (p = 0.020) [32]. Long-term follow-up 
studies comparing both open and robotic techniques 
and evaluating the effects of using near-infrared fluor
escence are still needed.

The best technique for ureteroenteric anastomosis 
has been a question in many studies over the last 30  
years, currently there is consensus that antireflux ana
stomosis is associated with a higher incidence of UES 
without having a positive effect on long-term renal 
function [5,33]. With respect to the refluxing techni
ques, the only published meta-analysis showed 
a comparable stricture rate between Bricker (2.9%) 
and Wallace (1.9%) (p = 0.57) [34]. In the present 
review, the effect of the technique on the outcome of 
the anastomosis was not proved. Regardless of the 
technique, anastomosis can be performed either with 
running or interrupted sutures, this was investigated in 
two studies of our search: Large et al. evaluated 258 
patients who underwent various diversions. The inter
rupted anastomosis was performed with 4–0 polyglac
tin sutures in 149 patients and with the same suture in 
109 patients with running anastomosis. No significant 
difference in surgical time was found between the two 
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groups. In the multivariate analysis, the running suture 
technique was associated with stricture formation [21]. 
In a later study with a larger number of patients and 
longer follow-up time, the running suture technique 
did not appear to affect the incidence of UES [19].

The distal end of the ureter is usually compromised 
during dissection and should be resected. Surgeons 
want also to adjust the length to avoid redundancy 
of the ureter or anastomosis under tension. Two stu
dies have investigated whether the length of the 
resected ureter affects the outcome of anastomosis 
or not. Richards et al added the length of the ureter 
in cystectomy specimens plus the separately resected 
distal ureter in 463 patients of whom 12.5% developed 
UES. They found no significant correlation between 
resected length and stricture formation [19]. In con
trast, the other study demonstrated the presence of 
this association. The study included 440 patients 
undergoing RARC and 13% had UES. The stricture 
group had a significantly shorter length of resected 
ureters (left side 15 vs. 20 mm, p = 0.02, and right side 
15 vs. 22, p < 0.001). In multivariate analysis, the asso
ciation was significant only on the right side. Finally, 
the authors concluded that further studies are needed 
as the length of resected ureter only not enough due 
to the variations between the patients as regard their 
height and the original ureteral length [17].

In most of the included studies, ureteral stents were 
routinely used for a period of 1 to 2 weeks postopera
tively, whereas three studies did not mention whether 
or not diversions were stented. Therefore, the effect of 
stent use on the outcome of ureteroenteric anastomo
sis was not examined in the analysis of these studies. 
Few studies compared stricture rates in stented and 
nonstented patients, and the results were summarized 
in a recently published meta-analysis. There was no 
statistically significant difference in the rate of urinary 
leakage or development of strictures between the two 
groups. Future prospective randomized studies on this 
topic are still needed [35].

3 Postoperative complications

Some early postoperative complications may predis
pose to UES development, such as urinary or intest
inal leakage, abdominal abscess and UTI. These 
factors can trigger an inflammatory process at the 
anastomotic site and predispose to scar and UES 
formation. The occurrence of Clavian grade complica
tion ≥ 3 was associated with a three times higher risk 
of stricture formation in one study and four times in 
another one [12,23], while in one study it was 
a predictor for stricture on the left side only [19]. 
Katherine et al in the largest study observed also 
this relationship, but only in the univariate analysis 
[16]. Urinary leakage alone was seen to be an inde
pendent predictor for UES in three studies. The first 

was conducted by Richards et al. 2014 in patients 
undergoing ORC and UD. All anastomoses were 
Bricker, stented and the anastomoses were tested 
for water tightness. Twenty percent of patients who 
developed later right UES had a history of urinary 
leakage postoperative vs. 6.3% in those free from 
strictures (p = 0.01). In the adjusted analysis, urinary 
leak was associated with an almost triple risk of 
developing a right-sided stricture [19]. This signifi
cant association was demonstrated also in two 
robotic series with ICUD [15,17]. The authors of 
both studies recommended great efforts to ensure 
adequate watertight anastomosis to minimize the 
risk of postoperative urinary leakage. Early occur
rence of UTI had an almost three times higher risk 
of stricture in four studies [13,15,17,22]. In addition, 
Hosseini et al. found that recurrent UTI over a long 
period of time carry a risk of developing a stricture 
twice as high as one attack of perioperative UTI, but 
the authors could not determine if the recurrent UTIs 
are possible cause of stricture or are the results of 
pre-existing UES [15].

Conclusion

Although risk factors of UES development have 
been discussed in many studies, the exact cause is 
still unclear. This is due to the presence of some 
non-measurable factors, mainly surgical and techni
cal that could directly influence the outcome of the 
anastomosis. Ischemic strictures are the most com
mon form resulting from excessive dissection or RT. 
Great efforts should be made to maintain the blood 
supply to the ureter by gentle handling, avoiding 
unnecessary dissections and minimizing the use of 
electrocautery. Obese patients are considered 
a high-risk group for ischemic stricture and should 
be operated on by experienced surgeons. 
Inflammatory strictures are less common and 
resulted mainly from a complicated postoperative 
course. Special attention should be paid to meticu
lous surgical technique to avoid urinary and intest
inal leakage. Wide spatulation of the ureter, 
mucosal-to-mucosal suturing and watertight stented 
anastomosis are basic principles for minimizing the 
urinary leakage and stricture. Preoperative UTI in 
patients undergoing UD should be treated, careful 
follow-up, early detection and treating new epi
sodes of UTI are mandatory in the early postopera
tive course.
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