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Introduction Simple cystectomy (SC) for radiation-induced bladder dysfunction (RIBD) is occasionally 
performed, yet data regarding perioperative outcomes are limited. This study aimed to compare periop-
erative complications following SC for RIBD with radical cystectomy (RC) for bladder cancer.
Material and methods We conducted a retrospective single-center analysis of patients who underwent 
laparoscopic cystectomy with ureterocutaneostomy between 2016 and 2024. Propensity score 
matching (PSM) was applied separately for cT1–cT2 stage tumors, cT3–cT4 stage tumors, and for SC 
group vesicoenteric fistula patients. Outcomes were assessed using the Clavien-Dindo (CD) classification 
at 30 and 90 days.
Results In total, 257 patients were included in the study: 25 SC for RIBD and 232 RC for BC. Prior to 
matching, SC patients had significantly higher rates of CD grade ≥3 complications at 30 days (44% vs 22.4%,  
p <0.001), higher reoperation rates (47.8% vs 11.6%, p <0.001), and prolonged hospital stays (15 vs 9 days, 
p = 0.002). After matching, SC patients continued to demonstrate more severe complications, especially 
compared to cT1–T2 RC patients (CD ≥3 complications: 47.1% vs 11.8%, p = 0.057; reoperations:  
56.2% vs 5.9%, p = 0.002). In patients with vesicoenteric fistula after matching, CD complication rates  
at 30 days did not differ significantly between groups (p = 0.130), 90-day complication rates were com-
parable (p = 0.968), and reoperations occurred significantly more often in the SC group (61.5% vs 6.7%; 
p = 0.004). Study limitations include the retrospective single-center design, small SC group size and 
urinary diversion type.
Conclusions Due to high morbidity, non-oncological cystectomy for RIBD should be limited to selected 
cases and managed in experienced, multidisciplinary centers. Urinary diversion without cystectomy may 
be a safer alternative.
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Introduction

Radiation-induced bladder dysfunction is a rare 
complication observed in patients who have un-
dergone pelvic radiotherapy [1]. Although often 
delayed, long-term complications following pelvic 
radiotherapy can be severe and commonly necessi-

tate surgical management, accounting for a notable 
share of emergency urological admissions in high-
volume centers [2]. For instance, radiation-induced 
hemorrhagic cystitis may affect more than 5%  
of patients at a median of 43.9 months following 
radiotherapy, with up to half of those cases requir-
ing invasive treatment [3]. Fistulas represent one 
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of the most severe and uncommon toxicities of ra-
diotherapy, occurring in approximately 0.2% of pa-
tients undergoing pelvic irradiation due to prostate 
cancer [4]. It constitutes a strong indication for de-
finitive surgical management [5].
Ionizing radiation initiates a cascade of biological 
responses including oxidative stress, endothelial 
dysfunction, and dysregulation of fibroblast activ-
ity. This results in persistent inflammation, vascu-
lar rarefaction, and excessive extracellular matrix 
deposition, which collectively impair tissue regen-
eration and contribute to late-onset complications 
such as fibrosis, impaired wound healing and tissue 
fragility [6].
Bladder cancer is managed according to tumor 
stage and risk stratification. Non-muscle-invasive 
bladder cancer (NMIBC) is typically treated with 
transurethral resection followed by intravesical 
immunotherapy such as Bacillus Calmette–Guérin 
(BCG) instillations, whereas muscle-invasive blad-
der cancer (MIBC) often requires radical cystec-
tomy or bladder-sparing approaches [5, 6]. While 
cystectomy is most commonly performed for onco-
logical indications, it may also be necessary in se-
lected cases of severe non-malignant bladder dys-
function, such as bladder fistulas, perforations,  
or treatment-resistant hematuria, which is the fo-
cus of the present study [9].
There is evidence that cystectomy performed for 
non-oncological reasons carries significant peri-
operative risks [10]. Additionally, procedures per-
formed in a previously irradiated surgical field may 
be associated with significant difficulties in wound 
healing and infections [9, 10].
Although simple cystectomy due to radiation-
induced changes is performed in clinical practice, 
available data on outcomes and complication risks 
of this procedure are limited. Most publications fo-
cus on radical cystectomies performed for oncologi-
cal indications or salvage procedures due to blad-
der cancer recurrence following prior radiotherapy 
[11–13].
The aim of this study was to compare postoperative 
complications between patients undergoing simple 
cystectomy for radiation-induced bladder dysfunc-
tion and patients undergoing radical cystectomy  
for bladder cancer.

MATERIAL AND METHODS

Population

A retrospective analysis was conducted on 257 pa-
tients who underwent laparoscopic cystectomy at 
a single center between 2016 and 2024. The study 

group included 25 patients who underwent simple 
cystectomy (SC) due to radiation-induced bladder 
dysfunction and 232 patients who underwent radi-
cal cystectomy (RC) for bladder cancer. In the SC 
group, radiotherapy had been performed for prior 
oncological indications such as prostate cancer, cer-
vical cancer, endometrial cancer, or rectal cancer.
All procedures were performed laparoscopically  
by one experienced surgeon. In the SC group, uni-
lateral right-side ureterocutaneostomy (UCS) was 
the standard method of urinary diversion; there-
fore, to ensure consistency and reduce selection 
bias, only patients from the RC group with UCS 
urinary diversion were included in the analysis. 
Patients who underwent salvage cystectomy were 
excluded from the study. Because many patients 
were treated in external institutions, radiothera-
py documentation was incomplete or unavailable  
in several cases. Therefore, standardized extraction 
of RT dose, field, and modality was not feasible.

Study design

The primary aim was to evaluate complications us-
ing the Clavien–Dindo (CD) scale at 30 and 90 days 
postoperatively. Additionally, demographic, clinical, 
and perioperative parameters, blood transfusions, 
and length of hospital stay were analyzed. 
To minimize differences between groups, propen-
sity score matching was applied. Three separate 
analyses were conducted. Patients in the SC group 
were matched with RC patients with clinical tumor 
stage cT1–cT2 to form the organ-confined disease 
group (17 vs 17 patients), and separately with RC 
patients with clinical tumor stage cT3–cT4 for form 
the advanced disease group (19 vs 19 patients). Ad-
ditionally, patients with vesicoenteric fistula from 
the SC group were matched with RC patients re-
gardless of tumor stage.

Statistical analysis

Statistical significance was set at a two-sided al-
pha level of 0.05. Propensity score matching was 
conducted using the cardinality matching method 
to optimize the matched sample size while ensur-
ing covariate balance. The Average Treatment Ef-
fect on the Control (ATC) estimand was employed 
to evaluate the effect of SC compared to RC in pa-
tients. Propensity scores were estimated via logistic 
regression, incorporating ten covariates selected  
for their clinical relevance as confounders influenc-
ing both cystectomy type and postoperative compli-
cations: sex, age, BMI, chemotherapy, hypertension, 
diabetes mellitus, chronic heart failure, chronic kid-
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ney disease, American Society of Anesthesiologists 
(ASA) Physical Status, and Charlson Comorbidity 
Index (CCI). The rationale and suitability of each 
covariate are detailed in Suppl. Table A.1. Covari-
ate balance was assessed using standardized mean 
differences (SMD), with SMD <0.1 indicating good 
balance, and empirical cumulative distribution 
function (eCDF) metrics. 
The matching procedure was performed separately 
for two RC subgroups based on clinical tumor stag-
es: cT1–cT2 (n = 73) and cT3–cT4 (n = 159), com-
pared to SC (n = 25). 
Continuous variables of matching were summarized 
using medians and interquartile ranges (IQR) due 
to non-normal distributions, as assessed by Shap-
iro-Wilk tests. Categorical variables were reported 
as counts and percentages. Descriptive statistics 
were calculated for the overall matched cohort and 
separately for SC and RC groups within each tumor 
stage subgroup (cT1–cT2 and cT3–cT4) to charac-
terize baseline, treatment, and outcome variables.
Group differences in clinical characteristics and 
CD grades were assessed using appropriate statis-
tical tests based on variable type and distribution. 
For continuous variables (e.g., age, BMI, operation 
time), the Wilcoxon rank-sum test was used due to 
non-normality. For categorical variables (e.g., sex, 
CD grades), Pearson’s χ2 test or Fisher’s exact test 
was applied, with the latter used when expected cell 
counts were less than 5 (e.g., for specific CD grades). 
Logistic regression with a logit link function was 
employed to estimate the effect of group (SC vs RC  
as reference) on CD 3+ incidence at 1-month and 
3-month follow-ups. The model effects were re-
ported as odds ratios (ORs) with 95% confidence 
intervals (CIs) and p-values. Model fit was evalu-
ated using Tjur’s R² to measure explained variation  
in binary outcomes.
The statistical analysis adheres to the STROBE 
(Strengthening the Reporting of Observational 
Studies in Epidemiology) guidelines for observa-
tional studies (von Elm et al. 2007 [16]) and the 
RECORD (Reporting of Studies Conducted Using 
Observational Routinely-Collected Data) guidelines 
for studies using observational data (Benchimol  
et al. 2015 [17]), ensuring transparency, reproduc-
ibility, and methodological rigor.
Analyses were conducted using R (v4.3.3) with pack-
ages for matching, regression, balance diagnostics, 
and visualization (details in Appendix F).

Bioethical standards

The study protocol was approved by the institution-
al review board at Nicolas Copernicus University  

in Torun Collegium Medicum in Bydgoszcz (num-
ber approval: KEWL 2/2025).

RESULTS

A total of 257 patients were included in the analysis, 
comprising 25 patients undergoing simple cystec-
tomy (SC) for radiation-induced bladder dysfunc-
tion and 232 patients undergoing radical cystec-
tomy (RC) for bladder cancer. Demographic and 
clinical characteristics of both groups are presented  
in Table 1.
The SC group had a significantly higher proportion 
of females compared to the RC group (48% vs 22%, 
p = 0.004). There were no significant differences 
between groups in terms of age (p = 0.35) or body 
mass index (BMI). Both groups were comparable 
regarding comorbidities, including hypertension, 
diabetes mellitus, chronic kidney disease (defined 
as eGFR < 60 ml/min calculated using the Cock-
croft-Gault formula), and chronic heart failure  
(diagnosed by a cardiologist).
The Charlson Comorbidity Index was significantly 
higher in the RC group (median: 5 vs 3; p < 0.001), 
primarily due to the inclusion of malignancy in the 
scoring system. Patients in the RC group were also 
more frequently classified as malnourished accord-
ing to the Nutritional Risk Screening (NRS) scale 
(median: 3 vs 2; p < 0.001). Neoadjuvant chemo-
therapy was administered to 37 patients (15.9%)  
in the RC group.
In the SC group, the median time from completion 
of radiotherapy to cystectomy was 6 years. A vesi-
co-intestinal fistula was diagnosed in 17 patients 
(68%), 20 patients (75%) had bilateral nephrosto-
mies, and 11 patients (44%) had previously under-
gone creation of a single-barrel intestinal stoma. 
The most common indications for radiotherapy were 
prostate cancer (48%) and cervical cancer (36%).  
In the remaining patients, radiotherapy was admin-
istered due to endometrial cancer and rectal can-
cer (8% each). In the SC group, 11 patients (44%)  
received chemotherapy during primary cancer 
treatment.

Perioperative outcomes and complications before 
matching

Operation time, blood loss, and intraoperative blood 
transfusions did not differ significantly between 
groups (p = 0.075; p = 0.165; p = 0.175, respec-
tively).
The incidence of complications according to the 
Clavien-Dindo (CD) scale within 30 days reached 
statistical significance. Patients in the RC group 
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more frequently experienced mild Grade 1 compli-
cations (46.1% vs 12%, p <0.001), whereas severe 
Grade 3 complications occurred more frequently  
in the SC group (44% vs 22.4%, p <0.001). No differ-
ences were observed in complication rates between 
30 and 90 days after cystectomy. However, notably, 
three patients (12%) from the SC group died within 
90 days after surgery compared to eleven patients 
from RC group (4.7%).
Among patients in the SC group who experienced 
Clavien-Dindo grade 3 complications, gastrointes-
tinal complications were the most prevalent, re-
ported in 8 cases: adhesive small bowel obstruction  
(n = 3), enteric fistula or small bowel perforation  
(n = 6), and small bowel necrosis (n = 1). Addi-
tional complications included evisceration (n = 3), 

pelvic abscess (n = 4), and ureteral necrosis at the 
site of ureterocutaneostomy (n = 2). Some patients 
experienced a combination of those complications. 
In 7 cases, two or more reoperations were required 
to manage postoperative morbidity.
Patients in the RC group more often required post-
operative transfusions of packed red blood cells 
(77.5% vs 52%, p <0.001). Nonetheless, a higher 
percentage of SC patients required massive trans-
fusions (≥3 units RBC: 36% vs 6.1%, p <0.001).  
SC patients were more likely to require total paren-
teral nutrition (TPN) during hospitalization (36% 
vs 9.9%, p = 0.001). SC patients more frequently 
underwent reoperation defined as any subse-
quent surgical procedure performed in the operat-
ing room to address complications within 30 days  
(47.8% vs 11.6%, p <0.001). SC group patients more 

Table 1. Demographics and patient characteristics before 
matching

Characteristic SC 
(N = 25)

RC
(N = 232) p

Demographics

Sex, n (%)
Female
Male

12 (48)
13 (52)

51 (22)
181 (78) 0.004

Age, years, median (IQR) 67 (62, 72) 69 (64, 74) 0.354

BMI, kg/m², median (IQR) 25.3 
(22.7, 29.7)

26.7 
(24.2, 30.1) 0.219

Medical history

CCI, median (IQR) 3.0 (2, 5) 5.0 (4, 6) < 0.001

Hypertension, n (%) 20 (80) 156 (67.2) 0.192

Diabetes mellitus, n (%) 3 (12) 56 (24,1) 0.170

Heart failure, n (%) 4 (16) 45 (19.4) 0.795

Chronic kidney disease, n (%) 7 (28) 68 (29.3) 0.891

ASA score, median (IQR) 3 (3, 3) 3 (3, 3) 0.531

NRS score, median (IQR) 2 (2, 3) 3 (2.8, 3) <0.001

Treatment and clinical history

Chemotherapy, n (%) 11 (44) 37 (15.9) 0.002

Radiotherapy, n (%) 25 (100) – –

Time from radiotherapy  
to cystectomy, years, median (IQR) 6 (3, 16) – –

Presence of stoma, n (%) 11 (44) – –

Vesicoenteric fistula, n (%) 17 (68) 4 (1.7) <0.001

Primary diagnosis, n (%)
Rectal cancer
Cervical cancer
Uterine cancer
Prostate cancer
Bladder cancer

2 (8)
9 (36)
2 (8)

12 (48)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)

232 (100)

<0.001

P-values were calculated using Pearson’s χ2 test, Wilcoxon rank-sum test,  
or Fisher’s exact test, as appropriate. 
ASA – American Society of Anesthesiologists; BMI – body mass index;  
CCI – Charlson Comorbidity Index; NRS – Nutritional Risk Screening

Table 2. Clavien-Dindo complications and perioperative out-
comes before propensity score matching

Characteristic SC
(N = 25)

RC
(N = 232) p

Surgical details

Operation time, minutes, 
median (IQR) 215 (180, 245) 190 (165, 220) 0.075

Blood loss, ml, median (IQR) 220 (100, 300) 250 (150, 350) 0.165

Intraoperative RBC 
transfusion (%) 0(0) 17(7.3) 0.175

Postoperative outcomes

Postoperative red blood cell 
transfusion, units, n (%)ᵇ

0
1
2
≥3

13 (52)
2 (8)
1 (4)

9 (36)

179 (77.5)
10 (4.3)

28 (12.1)
14 (6.1)

<0.001

TPN, n (%) 9 (36) 23 (9.9) 0.001

Reoperation, n (%) 11 (47.8) 27 (11.6) <0.001

Intensive care unit admission, 
n (%) 7 (30.4) 10 (4.3) <0.001

Length of hospital stay, days, 
median (IQR) 15 (9, 27) 9 (8, 13) 0.002

Clavien-Dindo complications 
at 30 days, n (%)

Grade 1
Grade 2
Grade 3
Grade 4

3 (12)
5 (20)

11 (44)
0 (0)

107 (46.1)
60 (25.9)
52 (22.4)

6 (2.6)

<0.001

Clavien-Dindo complications 
at 90 days, n (%)

Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

3 (12)
2 (8)
2 (8)
0 (0)

3 (12)

42 (18.1)
60 (25.9)
24 (10.3)

1 (0.4)
(4.7)

0.119

p-values were calculated using Pearson’s χ2 test, the Wilcoxon rank-sum test,  
or Fisher’s exact test, as appropriate. 
RBC – red blood cell; TPN – total parenteral nutrition
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Outcomes after propensity score matching  
for cT1–cT2 tumors

Cardinality matching resulted in 17 matched pairs. 
The groups were well balanced in all clinical vari-
ables (SMD <0.05). Suppl. Table B1 and Suppl. 
Figure B1 in the Supplementary Materials section 
summarize balance before and after matching.
The primary outcome, Clavien-Dindo grades, re-
vealed significant differences in postoperative 
complication severity between SC and RC patients  
at 30 days (p <0.001). Patients from the SC group 
more often experienced severe Grade 3 compli-
cations (47.1% vs 11.8%, p = 0.057). Differences  
in complications at 90 days were not statistically 
significant (p = 0.805).
Patients from the SC group more frequently re-
quired reoperation (56.2% vs 5.9%, p = 0.002) and 
more commonly received total parenteral nutri-
tion (TPN) (41.2% vs 5.9%, p = 0.039). RC patients 
more frequently required packed red blood cell 
transfusions (88.2% vs 44.1%, p = 0.026), although 
SC patients received massive transfusions (≥3 units 
RBC) more frequently (41.2% vs 5.9%, p = 0.039). 
Patients in the SC group required significantly lon-
ger hospitalization (18 days vs 8 days, p <0.001). 
Detailed data are presented in Table 3. Figure 1 
illustrates transitions in Clavien-Dindo categories 
(0–5) at 1-month and 3-month follow-ups.

Outcomes after propensity score matching  
for cT3–cT4 tumors

Cardinality matching resulted in 19 matched pairs. 
The groups were well balanced for all clinical vari-
ables (SMD <0.05). Suppl. Table C1 and Suppl. 
Figure C1 in the Supplementary Materials section 
summarize the balance before and after matching.
No statistically significant differences in complica-

often required admission to the Intensive Care Unit 
(30.4% vs 4.3%, p <0.001). Hospital length of stay 
was significantly longer in the SC group (median: 
15 days vs 9 days, p = 0.002). A detailed comparison 
of perioperative outcomes and complication rates 
between SC and RC groups is presented in Table 2.
Between 90 and 180 days of follow-up in the RC 
group, no new complications were observed in 86% 
of patients. Clavien–Dindo grade II complications 
occurred in 8.4% of cases, and no grade III or IV 
events were recorded. Ten patients died during this 
period (4.3%). In the SC group, no new complica-
tions were observed in 57.9% of patients. Three pa-
tients experienced grade II complications (13.6%), 
and two patients experienced grade III compli-
cations (9%). One patient died between 90 and  
180 days of follow-up.

Table 3. Perioperative outcomes and Clavien-Dindo compli-
cations after propensity score matching (SC vs RC, cT1–cT2 
cohort)

Characteristic SC (N = 17) RC (N = 17) p

Surgical details 

Operation time, median (IQR), 
minutes 220 (180, 245) 180 (170, 220) 0.105

Blood loss, median (IQR), ml 250 (100, 300) 200 (150, 350) 0.626

Intraoperative RBC 
transfusion, n (%) 0(0) 3(18.6) 0.227

Postoperative outcomes

Postoperative RBC 
transfusion, n (%)

0 units
1 unit
2 units
≥3 units

8 (47.1)
1 (5.9)
1 (5.9)

7 (41.2)

15 (88.2)
1 (5.9)
0 (0)

1 (5.9)

0.020
0.026
1.000
1.000
0.039

TPN, n (%) 7 (41.2) 1 (5.9) 0.039

Reoperation, n (%) 9 (56.2) 1 (5.9) 0.002

Intensive care unit admission, 
n (%) 5 (33.3) 1 (5.9) 0.076

Length of hospital stay, 
median (IQR), days 18 (12, 33) 8.0 (7, 9) <0.001

Clavien-Dindo complications 
at 30 days, n (%)

Grade 1
Grade 2
Grade 3

0 (0,0)
4 (23.5)
8 (47.1)

9 (52,9)
6 (35.3)
2 (11.8)

<0.001
0.001
0.708
0.057

Clavien-Dindo complications  
at 90 days, n (%)

Grade 1
Grade 2
Grade 3
Grade 5

2 (11.8)
2 (11.8)
2 (11.8)
2 (11.8)

3 (17.6)
2 (11.8)
2 (11.8)

0 (0)

0.805

p-values were calculated using Pearson’s χ2 test, the Wilcoxon rank-sum test,  
or Fisher’s exact test, as appropriate.
RBC – red blood cell; TPN – total parenteral nutrition

Figure 1. Transitions in Clavien-Dindo categories (0–5)  
at 1-month and 3-month follow-ups in SC and RC patients 
(cT1–cT2) after propensity score matching.
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Outcomes after propensity score matching  
for patients with vesicoenteric fistula

Cardinality matching resulted in 15 matched pairs. 
The groups were well balanced in all clinical vari-
ables (SMD range: -0.04 to 0.01). Suppl. Table D1 
and Suppl. Figure D1 in the Supplementary Mate-
rials section summarize balance before and after 
matching.
The primary outcome, Clavien-Dindo grades  
at 30 days, showed no significant overall differ-
ence (p = 0.130). However, the SC group had  
a higher proportion of Grade 3 complications (53.3% 
vs 40.0%). Differences in complications at 90 days 
were not statistically significant (p = 0.968).
Reoperation rates were significantly higher  
in the SC group (61.5% vs 6.7%; p = 0.004), and 
intensive care unit (ICU) admission rates were 
higher but not significantly (30.8% vs 6.7%;  
p = 0.153). Total parenteral nutrition (TPN) 
use was higher in the SC group (40.0% vs 13.3%;  
p = 0.215), though not statistically significant. Post-
operative RBC transfusion rates were significantly 
higher in the SC group (60% vs 20% p = 0.027).  
The median length of hospital stay was longer  
in the SC group (18.0 days vs 10.0 days), though 
this difference was not significant (p = 0.244).

DISCUSSION

Radical cystectomy remains the gold standard  
of muscle invasive bladder cancer treatment. De-
spite the development of minimally invasive tech-
niques (laparoscopic, robotic-assisted), RC is as-
sociated with many complications (18). The most 
common complications were gastrointestinal com-
plications (20%), infectious complications (17%), 
and ileus (14%). The majority of complications oc-
curring were Clavien-Dindo I–II (45%) [19].

tions between groups were noted at either 30 days 
(p = 0.06) or 90 days (p = 0.773) postoperatively.
However, operation time was significantly longer  
in the SC group (220 min vs 180 min, p = 0.039). 
Patients in the SC group underwent reopera-
tion more frequently (50% vs 10.5%, p = 0.009), 
and hospital length of stay was significantly lon-
ger (17 days vs 8 days, p = 0.013). There were 
no statistically significant differences regarding 
the use of TPN (p = 0.141) or blood transfusions  
(p = 0.592). Detailed data are presented in Table 4.  
Figure 2 illustrates transitions in Clavien-Dindo 
categories (0–5) at 1-month and 3-month follow-
ups.

Table 4. Perioperative outcomes and Clavien-Dindo compli-
cations after propensity score matching (SC vs RC, cT3–cT4 
cohort)

Characteristic SC (N = 19) RC (N = 19) p

Surgical details

Operation time, median 
(IQR), minutes 220 (182.5, 242.5) 180 (167.5, 190) 0.039

Blood loss, median (IQR), 
ml 250 (125, 300) 200 (150, 275) 0.667

Intraoperative RBC 
transfusion, n (%) 0(0) 4(21.1) 0.105

Postoperative outcomes

Postoperative RBC 
transfusion, n (%)

0 units
1 unit
2 units
≥3 units

10 (52.6)
1 (5.3)
1 (5.3)

7 (36.8)

13 (68.4)
1 (5.3)

3 (15.8)
2 (10.5)

0.203
0.508
1.000
0.340
0055

TPN, n (%) 7 (36.8) 3 (15.8) 0.141

Reoperation, n (%) 9 (50.0) 2 (10.5) 0.009

Intensive care unit 
admission, n (%) 5 (29.4) 1 (5.3) 0.081

Length of hospital stay, 
median (IQR), days 17 (11, 28) 8 (8, 11) 0.013

Postoperative outcomes

Clavien-Dindo grade  
at 30 days, n (%)

1
2
3
4

2 (10.5)
4 (21.1)
8 (42.1)

0 (0)

8 (42.1)
5 (26.3)
4 (21.1)
1 (5.3)

0.060

Clavien-Dindo grade  
at 90 days, n (%)

1
2
3
5

2 (10.5)
2 (10.5)
2 (10.5)
2 (10.5)

4 (21.1)
3 (15.8)
2 (10.5)
3 (15.8)

0.773

p-values were calculated using Pearson’s χ2 test, the Wilcoxon rank-sum test,  
or Fisher’s exact test, as appropriate.
RBC – red blood cell; TPN – total parenteral nutrition

Figure 2. Transitions in Clavien-Dindo categories (0–5)  
at 1-month and 3-month follow-ups in SC and RC patients 
(cT3–cT4) after propensity score matching.
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This difference remained evident after apply-
ing propensity score matching, particularly when 
compared with patients diagnosed with cT1–cT2 
bladder cancer. Although the difference in Cla-
vien-Dindo grade ≥3 complications for this group 
did not reach statistical significance (p = 0.057),  
the markedly higher reoperation rate in the SC 
group (p = 0.002) suggests that the lack of sig-
nificance was likely due to the limited sample size 
rather than the absence of a true clinical difference. 
The vesicoenteric fistula subgroup showed similar 
30- and 90-day Clavien-Dindo distributions and 
markedly higher reoperation rates (p = 0.0004).
Available literature presents conflicting findings; 
however, direct comparisons with our results are 
limited due to differences in study populations.
Ramani et al. [14] did not observe differences  
in complication rates between patients undergoing 
radical cystectomy and those undergoing salvage 
cystectomy after radiotherapy. However, all pa-
tients in that study underwent surgery for oncologi-
cal indications. Moreover, the median time from ra-
diotherapy to cystectomy was significantly shorter 
(483 days), which may have influenced the degree  
of tissue fibrosis and healing capacity.
Nguyen et al. [21] analyzed patients who under-
went radical cystectomy for bladder cancer follow-
ing prior radiotherapy. The median interval be-
tween radiotherapy and cystectomy was 8.6 years. 
This study found no difference in 30-day complica-
tions compared to patients who had not received ra-
diotherapy. As in the previous study, it is important  
to note that the indication for surgery was oncologi-
cal, rather than functional damage caused by radia-
tion, which may imply a lesser degree of radiation-
related tissue injury in that population.
In a large ACS-NSQIP database analysis using pro-
pensity score matching, Titus et al. [13] found that 
patients with a history of radiotherapy undergoing 
radical cystectomy had an increased risk of intraop-
erative rectal injury, 30-day readmissions, and infec-
tious complications. While this study included over 
5,000 patients and is methodologically comparable, 
the procedures were likewise performed for oncolog-
ical rather than functional indications.
Similar observations have also been confirmed  
in other surgical disciplines. For example, Onoda 
et al. [11] found that radiation-induced changes 
increased complication rates and impaired wound 
healing in head and neck reconstructive procedures, 
while Potkrajcic et al. [12] reported that prior radio-
therapy was associated with higher rates of wound 
infections after soft tissue carcinoma resection.
According to meta-analytic data, surgery for vesicoen-
teric fistulas is associated with a 22.2% complication  

Non-surgical therapies remain the first-line man-
agement for radiation-induced bladder dysfunction 
(RIBD), particularly in cases of chronic radiation 
cystitis. Available interventions such as bladder ir-
rigation, intravesical instillations, hyperbaric oxy-
gen therapy, and arterial embolization have demon-
strated varying degrees of efficacy and safety [20]. 
However, when conservative measures fail, surgical 
intervention in the form of simple cystectomy (SC) 
may be required.
The results of this study demonstrate that sim-
ple cystectomy performed for radiation-induced 
bladder dysfunction is associated with a higher 
risk of severe postoperative complications within  
30 days compared to radical cystectomy performed 
for bladder cancer. This observation is likely at-
tributable to the profound tissue damage caused  
by prior radiotherapy – namely fibrosis, vascular 
rarefaction, and impaired regenerative capacity [6]. 
Patients in the SC group more frequently required 
reoperation and experienced longer hospital stays. 

Table 5. Perioperative outcomes and Clavien-Dindo compli-
cations after propensity score matching for patients with 
viesocenteric fistula

Characteristic SC
(N = 15)

RC
(N = 15) pa

Intraoperative parameters

Operation time, median (IQR), 
minutes 230 (200, 250) 185 (165, 195) 0.017

Blood loss, median (IQR), ml 200 (100, 300) 200 (100, 300) 0.949

Intraoperative RBC transfusion, 
n (%) 0 (0%) 4 (27.7%) 0.100

Postoperative outcomes

Postoperative RBC transfusion, 
units 9 (60%) 3 (20%) 0.027

TPN, n (%) 6 (40%) 2 (13.3%) 0.215

Reoperation, n (%) 8 (61.5%) 1 (6.7%) 0.004

Intensive care unit admission, 
n (%) 4 (30.8%) 1 (6.7%) 0.153

Length of hospital stay, days 18 (8, 33) 10 (8, 17) 0.244

Clavien-Dindo grade  
at 30 days, n (%)

1
2
3
4

1 (6.7%)
4 (26.7%)
8 (53.3%)
0 (0.0%)

6 (40%)
1 (6.7%)
6 (40%)
1 (6.7%)

0.130

Clavien-Dindo grade  
at 90 days, n (%)

1
2
3
5

2 (13.3%)
2 (13.3%)
2 (13.3%)
1 (6.7%)

2 (13.3%)
4 (26.7%)
2 (13.3%)
1 (6.7%)

0.968

a p-values were calculated using Pearson’s chi-squared test or Fisher’s exact test 
for categorical variables and the Wilcoxon rank-sum test for continuous variables.
RBC – red blood cell; TPN – total parenteral nutrition
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nificance. A power calculation was not performed 
because the study included all available SC and 
RIBD patients treated during the study period. De-
tailed radiotherapy parameters (dose, field, modal-
ity) were inconsistently documented in historical 
records and therefore could not be analyzed. Fur-
thermore, we included only patients undergoing  
a single type of urinary diversion and a single sur-
gical approach, which limits the generalizability  
of our findings.

CONCLUSIONS

Despite its limitations, this study clearly demon-
strates that simple cystectomy performed for radia-
tion-induced bladder dysfunction carries a substan-
tial risk of perioperative complications, including 
severe adverse events. This risk is either greater 
than or at least comparable to that observed in pa-
tients undergoing radical cystectomy for bladder 
cancer. The findings highlight the need for careful 
patient selection and comprehensive multidisci-
plinary perioperative care. Multicenter studies are 
needed to generate higher-quality evidence.
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rate and a 4.9% mortality rate [22]. However, evi-
dence on bladder resection for radiation-induced 
fistulas remains very limited. Some reports suggest 
that prior radiotherapy does not significantly affect 
surgical outcomes of cystectomy with urinary diver-
sion compared to urinary diversion alone in a high-
volume center [23]. It should be noted, however, 
that data on reoperation rates in this subgroup may 
be biased due to the small sample sizes of available 
cohorts.
Our cohort did not include patients treated with 
urinary diversion alone, as this procedure was 
not performed in our center during the study pe-
riod. Therefore, direct comparison was not feasible. 
However, published data suggest that diversion 
alone may carry lower morbidity in selected benign 
conditions, which supports considering it as an al-
ternative in RIBD [23].
Our findings suggest that patients with radiation-
induced bladder dysfunction should be carefully se-
lected for non-oncological cystectomy. They should 
be explicitly informed about the high risk of postop-
erative complications. If surgery is deemed neces-
sary, it should be performed in a high-volume center 
with access to multidisciplinary support, including 
an experienced clinical nutrition team. Whenever 
feasible, isolated urinary diversion without the ab-
lative component should be considered.
It must be acknowledged that this is a single-center, 
retrospective study, which introduces the potential 
for systematic bias. Secondly, the small number  
of patients in the SC group, further reduced  
by propensity score matching, raises the risk of 
type II error. Consequently, some clinically relevant  
differences may not have reached statistical sig-
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SUPPLEMENTARY MATERIALS

Appendix A. List and justification of covariate selection for matching procedure

Suppl. Table A.1. Rationale and suitability of covariates for matching

Covariate Rationale Suitability

Sex Influences surgical choice (e.g., anatomical differences) and complication risk  
(e.g., infection) Appropriate; baseline demographic confounder

Age Affects surgical candidacy and complication risk due to physiological reserve Highly appropriate; strong confounder

BMI Impacts surgical complexity and complication risk (e.g., wound infections) Appropriate; surgical risk indicator

Chemotherapy Pre-treatment history affects tissue healing and complication risk Appropriate; pre-exposure oncologic factor

HT Common comorbidity increasing cardiovascular and surgical risks Appropriate; baseline comorbidity

DM Increases infection and healing complications Appropriate; baseline comorbidity

HF Elevates perioperative morbidity and mortality risk Appropriate; baseline comorbidity

CKD Common in urological patients, affecting surgical outcomes Appropriate; baseline comorbidity

ASA Standardized measure of preoperative health, predicting complications Highly appropriate; surgical risk indicator

CCI Quantifies comorbidity burden, influencing surgical choice and outcomes Highly appropriate; comprehensive confounder

ASA – American Society of Anesthesiologists; BMI – body mass index; CCI – Charlson Comorbidity Index; CKD – chronic kidney disease; DM – diabetes mellitus; HF – heart 
failure; HT – hypertension

Appendix B. Results of propensity score matching procedure for SC and RC in patients with 
clinical stages cT1–cT2

Suppl. Table B.1. Balance of covariates before and after cardinality matching for SC vs RC (cT1–cT2)

Covariate Type Means Treated (SC) Means Control (RC) SMD (Unmatched) SMD (Matched) eCDF Max (Matched)

Sex (Female) Binary 0.48 0.27 0.54 0 0

Sex (Male) Binary 0.52 0.75 –0.54 0 0

Age Continuous 67.52 69.21 –0.22 0.02 0.18

BMI Continuous 25.71 28.12 –0.51 –0.02 0.18

Chemotherapy (yes) Binary 0.44 0.12 0.96 0 0

Chemotherapy (no) Binary 0.56 0.88 –0.96 0 0

HT (yes) Binary 0.80 0.71 0.19 0 0

HT (no) Binary 0.20 0.29 –0.19 0 0

DM (yes) Binary 0.12 0.22 –0.21 0 0

DM (no) Binary 0.88 0.79 0.21 0 0

HF (yes) Binary 0.16 0.22 –0.14 0 0

HF (no) Binary 0.84 0.78 0.14 0 0

CKD (yes) Binary 0.28 0.23 0.11 0 0

CKD (no) Binary 0.72 0.77 –0.11 0 0

ASA Continuous 2.76 2.78 –0.05 0 0

CCI Continuous 3.64 5.07 –1.00 –0.04 0.18

ASA – American Society of Anesthesiologists; BMI – body mass index; CCI – Charlson Comorbidity Index; CKD – chronic kidney disease; DM – diabetes mellitus;  
HF – heart failure; HT – hypertension
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Appendix C. Results of propensity score matching procedure for SC and RC in patients with 
clinical stages cT3–cT4

Suppl. Table C.1. Balance of covariates before and after cardinality matching for SC vs RC (cT3–cT4)

Covariate Type Means Treated (SC) Means Control (RC) SMD (Unmatched) SMD (Matched) eCDF Max (Matched)

Sex (Female) Binary 0.48 0.21 0.55 0 0

Sex (Male) Binary 0.52 0.79 –0.55 0 0

Age Continuous 67.52 68.44 –0.12 0.04 0.26

BMI Continuous 25.71 26.65 –0.21 0.01 0.16

Chemotherapy (yes) Binary 0.44 0.18 0.53 0 0

Chemotherapy (no) Binary 0.56 0.82 –0.53 0 0

HT (yes) Binary 0.8 0.65 0.36 0 0

HT (no) Binary 0.2 0.35 –0.36 0 0

DM (yes) Binary 0.12 0.26 –0.42 0 0

DM (no) Binary 0.88 0.74 0.42 0 0

HF (yes) Binary 0.16 0.18 –0.06 0 0

HF (no) Binary 0.84 0.82 0.06 0 0

CKD (yes) Binary 0.28 0.32 –0.09 0 0

CKD (no) Binary 0.72 0.68 0.09 0 0

ASA Continuous 2.76 2.84 –0.18 0 0

CCI Continuous 3.64 5.13 –0.86 –0.03 0.16

ASA – American Society of Anesthesiologists; BMI – body mass index; CCI – Charlson Comorbidity Index; CKD – chronic kidney disease; DM – diabetes mellitus; HF – heart 
failure; HT – hypertension

Suppl. Figure B.1. Covariate balance for unadjusted (SC, n = 25 vs RC, n = 73)  
and adjusted (SC, n = 17 vs RC, n = 17) samples.
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Appendix D. Results of propensity score matching procedure for SC group patients with vesico-
enteric fistula and RC group

Suppl. Table D1. Covariate balance in unmatched and matched cohorts

Covariate
Unmatched Matched 

Means 
Treated

Means 
Control SMD Var. 

Ratio
eCDF 
Mean

eCDF 
Max

Means 
Treated

Means 
Control SMD Var. 

Ratio
eCDF 
Mean

eCDF 
Max

Adj. 
Diff.

Sex (male) 0.41 0.78 –0.89 . 0.37 0.37 0.47 0.47 0.00 . 0.00 0.00 0.00

Age 65.35 68.68 –0.38 0.55 0.09 0.26 66.13 66.07 0.01 0.28 0.09 0.20 0.01

BMI 24.84 27.11 –0.51 1.19 0.13 0.25 24.91 25.06 –0.03 1.97 0.12 0.27 –0.03

Chemotherapy (yes) 0.53 0.16 1.01 . 0.37 0.37 0.47 0.47 0.00 . 0.00 0.00 0.00

HT (yes) 0.76 0.67 0.20 . 0.09 0.09 0.80 0.80 0.00 . 0.00 0.00 0.00

DM (yes) 0.12 0.24 –0.29 . 0.12 0.12 0.13 0.13 0.00 . 0.00 0.00 0.00

HF (yes) 0.18 0.19 –0.04 . 0.02 0.02 0.20 0.20 0.00 . 0.00 0.00 0.00

CKD (yes) 0.24 0.29 –0.13 . 0.06 0.06 0.27 0.27 0.00 . 0.00 0.00 0.00

ASA 2.82 2.82 0.01 0.84 0.01 0.02 2.80 2.80 0.00 1.00 0.00 0.00 0.00

CCI 3.65 5.11 –0.90 1.39 0.15 0.39 3.93 4.00 –0.04 2.13 0.06 0.13 –0.04

Adj. Diff. – adjusted difference (Treated – Control); ASA – American Society of Anesthesiologists; BMI – body mass index; CCI – Charlson Comorbidity Index; CKD – chronic 
kidney disease; DM – diabetes mellitus; eCDF – empirical cumulative distribution function (mean and maximum differences; lower values indicate better distributional 
balance); HF – heart failure; HT – hypertension; SMD – standardized mean difference (values below 0.1 indicate adequate balance); Var. Ratio – variance ratio (values 
close to 1 indicate similar variability)

Suppl. Figure C.1. Covariate balance for unadjusted (SC, n = 25 vs RC, n = 140)  
and adjusted (SC, n = 19 vs RC, n = 19) samples.
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Appendix F. Statistical software and packages used

Analyses were conducted using the R statistical programming language (version 4.3.3) on Windows 11 Pro 64 
(build 26100), using the packages ggalluvial (version 0.12.5), rio (version 1.2.1), cobalt (version 4.5.5), MatchIt 
(version 4.5.5), sjPlot (version 2.8.15), report (version 0.5.8), gtsummary (version 1.7.2), glmtoolbox (version 
0.1.12), ggplot2 (version 3.5.0), Rglpk (version 0.6.5.1), Rsymphony (version 0.1.33), and dplyr (version 1.1.4).

Suppl. Figure D1. Covariate balance for unadjusted (SC, n = 17 vs RC, n = 232,  
red color) and adjusted (SC, n = 15 vs RC, n = 15, blue color) samples.
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