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Abstract
Purpose  To analyze the impact of urinary diversion type following radical cystectomy (RC) on readmission and short-term 
mortality rates.
Methods  Patients who underwent RC for bladder cancer in the National Cancer Data Base were grouped based on the type 
of urinary diversion performed: non-continent [ileal conduit (IC)] or two continent techniques [continent pouch (CP) and 
orthotopic neobladder (NB)]. We used propensity score matching and multivariable logistic regression models to compare 
30-day readmission and 30- and 90-day mortality between the different types of urinary diversion.
Results  Among 11,933 patients who underwent RC, we identified 10,197 (85.5%) IC, 1044 (8.7%) CP, and 692 (5.8%) NB. 
Patients who received IC were significantly older and had more comorbidities (p < 0.0001). Continent diversions were more 
likely to be performed at an academic center (p < 0.0001). Surgery performed at a non-academic center was an independent 
predictor of 30-day readmission (OR 1.19, p = 0.010) and 30-day mortality (OR 1.27, p = 0.043). Patients undergoing NB 
had an increased likelihood of being readmitted (OR 1.41, p = 0.010). There was no significant difference in short-term 
mortality between groups.
Conclusions  Patients undergoing NB had marginally increased rates of readmission compared to IC. Surgery performed at a 
non-academic center was associated with higher readmission and 30-day mortality. Similar short-term mortality rates were 
observed among the different types of urinary diversion.
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Introduction

Radical cystectomy (RC) remains the gold-standard treat-
ment approach for muscle-invasive bladder cancer [1]. It 
is well known that RC is a complex and morbid procedure, 

primarily due to the urinary reconstruction required after 
removal of the bladder [2]. Although several techniques of 
urinary diversion have been described, there are basically 3 
types of reconstruction: non-continent diversion [ileal con-
duit (IC)] and two continent techniques [continent pouch 
(CP) and orthotopic neobladder (NB)]. Choosing the optimal 
diversion type can be challenging and depends on clinical 
parameters, as well as the potential morbidity related to each 
approach.

Since its creation in the 1940s, IC has been the most com-
mon type of urinary diversion [3] presumably because of 
its surgical simplicity and decreased rate of complications 
compared to CP and NB. However, given improvements 
in surgical technique and postoperative care [4], continent 
diversions have gained popularity [5, 6]. Several studies have 
shown that urinary diversions are associated with significant 
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complication rates [7–9]. However, limited data are available 
comparing different types of urinary diversion and postop-
erative outcomes [10–12].

We analyzed the National Cancer Data Base (NCDB) 
and compared 30-day readmission rates, as well as 30- and 
90-day mortality rates between different types of urinary 
diversion among patients undergoing RC.

Materials and methods

The National Cancer Data Base is an oncology registry in the 
USA that compiles approximately 70% of all national cancer 
cases each year, receiving cases from over 1400 healthcare 
centers. For quality assurance purposes, cases that do not 
meet standardized requirements are returned to their respec-
tive facilities. Data on patient socio-demographics, tumor 
characteristics, staging details, surgical and adjuvant treat-
ments, and outcomes are all reported, while simultaneously 
ensuring both hospital and patient anonymity [13].

Using NCDB registry data from 2004 to 2013, we iden-
tified 439,188 patients who were diagnosed with bladder 
cancer. We selected patients who underwent RC for primary 
bladder cancer (n = 41,060). We also excluded patients diag-
nosed at death or autopsy (n = 11), with missing/unknown 
(X or 88) clinical TNM stage (n = 18,310), or with missing/
unknown type of urinary diversion (n = 9451). The final 
cohort was limited to patients with known 30- and 90-day 
mortality and unplanned readmission data within 30 days of 
hospital discharge, resulting in 11,933 patients for analysis.

The primary outcome of the study was unplanned hospi-
tal readmission within 30 days. Secondary outcomes of the 
study were 30- and 90-day mortality. All outcome meas-
urements were binary variables. Mortality was defined as 
whether the patient died within a given number of days after 
undergoing RC for primary bladder cancer. All outcomes 
were considered to be complications from RC. Urinary 
diversion type was considered as the primary predictive vari-
able, and patients were grouped according to three types of 
urinary diversion: IC (Code 61), CP (Codes 62 and 63), or 
NB (Code 64).

Socio-demographic variables included age at diagnosis 
(years), sex, and race (white, black, other/unknown). Clini-
cal variables included AJCC clinical T stage (T1–T4, Ta, 
or Tis), histology (papillary transitional cell carcinoma, 
squamous cell carcinoma, micropapillary transitional cell 
carcinoma), and facility type. We split facility type in 2 
groups (academic and non-academic) according to the 
NCDB definition. Facilities with a residency program and 
more than 500 cancer cases diagnosed yearly were included 
in the academic group. All others were defined as non-aca-
demic. Comorbidity status was categorized according to the 

Charlson–Deyo Score and further stratified into yes (score 
of ≥ 1) or no (score of 0).

Patient characteristics (age, sex, race), tumor charac-
teristics such as AJCC tumor stage, and facility type were 
summarized using descriptive statistics for overall sample 
as well as by type of urinary diversion. Frequencies and 
percentages were obtained for categorical variables, while 
mean, standard deviation, and median with 25th and 75th 
percentiles were used for continuous variables.

Univariate and multivariable logistic regression models 
were fitted to each complication outcome. These models 
included type of diversion (IC, CP, or NB) as the primary 
predictor variable, where IC was considered the reference 
group in regression models. Age in years, sex, race, comor-
bidity, academic program, AJCC clinical T, and histology 
were also included in the models as co-variables to adjust for 
differences in patient socio-demographic and clinical charac-
teristics. This allowed for identification of whether diversion 
type was considered as a risk factor for the likelihood of each 
complication outcome. Crude and adjusted odds ratios (OR) 
and 95% confidence intervals (95% CI) were calculated.

We identified possible confounding by indication, where 
patients with worse clinical and pathological characteristics 
were more likely to be allocated to the IC group. Propensity 
score matching was performed for mortality analysis in order 
to control for residual confounding factors after multivari-
able analysis. IC and NB patients were matched 1:1 by cal-
culating propensity scores for each patient based upon age, 
race, gender, AJCC clinical stage, facility type, histology, 
and comorbidity.

All statistical analyses were performed using SAS ver-
sion 9.4 statistical software for Windows (SAS Institute Inc., 
Cary, NC, USA).

Results

Demographic and clinical characteristics by urinary diver-
sion type are shown in Table 1. Among 439,188 patients 
who were diagnosed with bladder cancer, a total of 11,933 
patients met study inclusion criteria. IC (85.5%) was the 
most frequently performed procedure, followed by CP (8.7%) 
and NB (5.8%). The majority of patients were male (87.4%), 
white (90.6%), without comorbidity (68.7%), treated at an 
academic center (56.2%), and on average 68 years old. 
Patients who received IC were significantly older on aver-
age (69 years) than those who underwent CP (61 years) or 
NB (63 years) (p < 0.0001). Patients with IC (33%) were 
more likely to have at least one comorbidity compared to 
CP (21.7%) or NB (21%) patients (p < 0.0001). CP (66.7%) 
and NB (80.6%) were more likely to be performed at an 
academic center than IC (53.5%) (p < 0.0001). Furthermore, 
patients undergoing IC (19.3%) were more likely to present 
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at an advanced stage (AJCC clinical stage > T3) compared 
to CP (16.4%) and NB (13.3%) (p < 0.0001). There were 
no statistically significant differences in race, histology, and 
length of stay among urinary diversion types.

As displayed in Table 2, overall unplanned readmission 
within 30 days was 8.3%. NB (10.3%) had the highest rate, 
followed by CP (9.1%) and IC (8.1%). Analysis of 30-day 
mortality revealed that IC (2.7%) patients had higher rates 
of mortality than CP (1.9%) or NB (1.0%). Mortality within 

90 days was also higher for IC (7.1%) compared to CP 
(4.8%) or NB (1.9%).

Table  3 shows univariate and multivariable logistic 
regression analysis for each study outcome. In univari-
ate analysis, patients undergoing NB (OR 1.30, 95% CI 
1.01–1.68, p  =  0.044) had an increased likelihood of 
unplanned readmission within 30 days compared to IC. This 
relationship was also valid in multivariable analysis (NB: 
OR 1.41, 95% CI 1.09–1.84, p = 0.010). We also saw a trend 

Table 1   Demographic and clinical characteristics by urinary diversion type

P-values are from one-way ANOVA for age and surgical inpatient stay or from either Chi-square or Fisher’s exact test for categorical variables
Ta or Tis non-invasive papillary or flat carcinoma, TCC​ (papillary) transitional cell carcinoma, SCC squamous cell carcinoma, MTC micropapil-
lary transitional cell carcinoma, sd standard deviation, Q1 first quartile, Q3 third quartile

All patients Type of diversion p value

11,933 100% Ileal conduit
10,197 (85.5%)

Continent pouch
1044 (8.7%)

Neobladder
692 (5.8%)

Sex < 0.0001
 Male 10,430 87.4 8835 86.6 932 89.3 663 95.8
 Female 1503 12.6 1362 13.4 112 10.7 29 4.2

Race 0.2967
 White 10,979 92.0 9386 92.0 959 91.9 634 91.6
 Black 559 4.7 491 4.8 42 4.0 26 3.8
 Other/unknown 395 3.3 320 3.1 43 4.1 32 4.6

Comorbidity < 0.0001
 No 8200 68.7 6836 67.0 817 78.3 547 79.0
 Yes 3733 31.3 3361 33.0 227 21.7 145 21.0

Academic program < 0.0001
 No 5228 43.8 4746 46.5 348 33.3 134 19.4
 Yes 6705 56.2 5451 53.5 696 66.7 558 80.6

AJCC clinical T < 0.0001
 1 2234 18.7 1849 18.1 215 20.6 170 24.6
 2 6923 58.0 5897 57.8 613 58.7 413 59.7
 3 1300 10.9 1139 11.2 100 9.6 61 8.8
 4 930 7.8 828 8.1 71 6.8 31 4.5
 AIS* 546 4.6 484 4.7 45 4.3 17 2.5

Histology** 0.0439
 TCC​ 10,616 89.0 9074 89.0 919 88.0 623 90.0
 SCC 298 2.5 267 2.6 21 2.0 10 1.4
 MTC 128 1.1 104 1.0 11 1.1 13 1.9
 Other 891 7.5 752 7.4 93 8.9 46 6.6

Age (years)*** < 0.0001
 n (missing) 11,933 (0) 10,197 (0) 692 (0) 1044 (0)
 Mean (sd) 67.8 (10.3) 68.8 (10.1) 60.8 (9.8) 62.8 (10)
 Median (Q1; Q3) 69 (61; 76) 70 (62; 76) 61.5 (55; 68) 63 (56; 70)
 Min; max 19; 90 19; 90 28; 88 28; 87

Surgical inpatient stay (days) 0.3726
 n (missing) 11,348 (585) 9709 (488) 649 (43) 990 (54)
 Mean (sd) 10.4 (10.4) 10.3 (10.4) 10.1 (9.2) 10.8 (10.9)
 Median (Q1; Q3) 8 (6; 11) 8 (6; 11) 8 (6; 10) 8 (7; 11)
 Min; max 0; 182 0; 182 0; 119 0; 145
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toward a higher readmission rate for CP; however, it was not 
statistically significant. Furthermore, patients undergoing 
any type of urinary diversion at a non-academic center had 
an increased likelihood of being readmitted within 30 days 
compared to surgery performed at an academic center (OR 
1.19; 95% CI 1.04–1.36, p = 0.010).

In univariate analysis, NB patients (OR 0.40, 95% CI 
0.19–1.83, p = 0.014) had a lower likelihood of 30-day 
mortality than IC patients, but this association was not sta-
tistically significant in multivariable analysis. Performing 
surgery at a non-academic center was independently associ-
ated with 30-day mortality (OR 1.27 1.01–1.60, p < 0.043). 
While a similar trend was observed for 90-day mortality, 
it was not statistically significant. After adjusting for other 
factors in multivariable analysis, age (OR 1.06, 95% CI 
1.05–1.06, p < 0.001) and comorbidity (OR 1.60, 95% CI 
1.38–1.86, p = 0.001) were significantly associated with 
90-day mortality. Although there was a decreased likeli-
hood of dying within 90 days for patients undergoing CP 
(OR 0.67, 95% CI 0.50–0.89, p = 0.007) and NB (OR 0.26, 

95% CI 0.15–0.45, p < 0.001) compared to IC in the univari-
ate model, this relationship was true only for NB patients 
(OR 0.47, 95% CI 0.27–0.81, p < 0.007) in multivariable 
analysis.

A 1:1 propensity score matching for patients undergo-
ing IC and NB was performed to control for confounding 
factors, and mortality analysis was repeated. No patients 
were excluded, leaving a final cohort of 692 patients in each 
group in this analysis. There was no statistically significant 
difference in 90-day mortality between IC and NB patients 
(Table 4).

Discussion

Patient selection is crucial when choosing the appropriate 
urinary diversion following RC. Clinical characteristics such 
as performance status and comorbidities are important con-
siderations for optimizing surgical outcomes and decreasing 
complication rates [14]. It is important for physicians to be 

Table 2   Unplanned readmission 
and mortality by type of urinary 
diversion

Outcomes All patients Type of diversion

11,933 100% Ileal conduit
10,197 (85.5%)

Continent pouch
1044 (8.7%)

Neobladder
692 (5.8%)

Unplanned readmission within 30 days
 No 10,938 91.7 9368 91.9 949 90.9 621 89.7
 Yes 995 8.3 829 8.1 95 9.1 71 10.3

Mortality in 30 days
 No 11,635 97.5 9925 97.3 1025 98.1 685 99.0
 Yes 298 2.5 272 2.7 19 1.9 7 1.0

Mortality in 90 days
 No 11,149 93.4 9476 92.9 994 95.2 679 98.1
 Yes 784 6.6 721 7.1 50 4.8 13 1.9

Table 3   Univariate and 
multivariable logistic regression 
models for study outcomes

Multivariable logistic regression models include age (years), sex, race, comorbidity, academic program, 
AJCC clinical T and histology
OR odds ratio, aOR (95% CI) adjusted OR with 95% confidence intervals

Outcomes Type of diversion Univariate Multivariable

OR (95% CI) p value aOR (95% CI) p value

Unplanned readmis-
sion in 30 days

Ileal conduit 1 (Ref) 1 (Ref)

Continent pouch 1.14 (0.91, 1.42) 0.261 1.21 (0.96, 1.51) 0.105
Neobladder 1.30 (1.01, 1.68) 0.044 1.41 (1.09, 1.84) 0.010

Mortality in 30 days Ileal conduit 1 (Ref) 1 (Ref)
Continent pouch 0.69 (0.44, 1.10) 0.121 1.03 (0.65, 1.65) 0.889
Neobladder 0.40 (0.19, 0.83) 0.014 0.71 (0.34, 1.48) 0.361

Mortality in 90 days Ileal conduit 1 (Ref) 1 (Ref)
Continent pouch 0.67 (0.50, 0.89) 0.007 1.00 (0.74, 1.35) 0.996
Neobladder 0.26 (0.15, 0.45) < 0.001 0.47 (0.27, 0.81) 0.007
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aware of risks associated with each type of urinary diversion 
before deciding which technique is most appropriate.

Our study demonstrates an unplanned readmission rate 
within 30 days after RC of 8.3%, which is lower than other 
published series [15–20]. We speculate that there are many 
possible explanations for this finding. First, the relatively 
low median age of the cohort (69 years) and low incidence 
of comorbidities (31%) might have positively impacted 
readmission rates. Secondly, the fact that 56% of centers 
performing RC were academic may also have contributed to 
this finding. Furthermore, 67% of CP and 81% of NB, which 
are more complex procedures, were performed at academic 
centers. An unexpected finding was that among all urinary 
diversions performed, less than 6% were NB. This is even 
more surprising if we take into consideration the fact that 
most procedures were performed at academic institutions, 
76% of patients presented with clinical stage 1 or 2 disease, 
and almost 70% of patients had no reported comorbidities. 
When RC with urinary diversion was performed at a non-
academic program, there was a 19% increase in the odds of 
having an unplanned readmission within 30 days compared 
to an academic center (OR 1.19, p = 0.010). Additionally, 
the risk of dying within 30 days increased by 27% when 
surgery was performed outside of an academic setting (OR 
1.27, p < 0.043). These findings are in agreement with pre-
vious studies, which have shown that increased surgical 
volume is associated with a decreased risk of perioperative 
complications [21, 22].

Loew et al. [23] showed that surgeons with the highest 
volume (> 28 cases per year) had not only lower odds of 
major complications, but also lower direct hospital costs 
compared to surgeons with the lowest volumes. The authors 
also reported that among the 49,540 patients included in 
their cohort, almost 70% had surgery performed by a sur-
geon with less than 3 cases per year. While selecting the 
appropriate urinary diversion is crucial for patients, our 
analysis suggests that choosing an appropriate institution 
may be even more important. Therefore, centralization of 
care to hospitals with a high volume of cystectomies may 
reduce the risk of complications and overall cost.

Several other variables may also influence perioperative 
outcomes such as age, comorbidity, gender, stage, grade, 
histology type, and use of perioperative chemotherapy. Our 

main finding indicated that, after controlling for these fac-
tors, type of urinary diversion was an independent predic-
tor of unplanned readmission within 30 days. Patients who 
underwent NB had a significantly higher probability of being 
readmitted within 30 days (OR 1.41, p = 0.010) compared 
to the IC group. This finding supports our hypothesis that 
the higher complexity of NB diversion would be associated 
with higher complication rates, and consequently higher 
readmission rates.

Few studies have compared perioperative outcomes 
between the three most common types of urinary diversion. 
Monn et al. [11] showed similar readmission rates between 
IC, NB, and Indiana Pouch (12 vs 11 vs 13%, p = 0.999); 
however, there were few patients in the NB and Indiana 
Pouch groups (55 and 39, respectively). Furthermore, 
nearly half of the patients in the IC group had more locally 
advanced disease (pathologic stage T3 and T4) compared 
to a significantly lower incidence of advanced stage dis-
ease in the NB and Indiana Pouch groups (45 vs 20 vs 31%, 
p < 0.001). Antonelli et al. [10] compared IC to NB in a 
matched cohort of 85 patients and showed no difference in 
postoperative complication rates using the Clavien–Dindo 
classification. Similarly, Kim et al. [12] showed no differ-
ence with respect to early or late complications between IC 
and NB. While these studies reported outcomes from sin-
gle institutions with small sample sizes, our data originate 
from a large national registry that collects information on 
approximately 70% of all newly diagnosed cases of cancer 
in the USA. Results from our study may therefore be more 
generalizable to contemporary clinical practice.

The overall mortality rate within 30 and 90 days from the 
date of surgery was 2.5 and 6.6%, respectively. The finding 
that increased age and comorbidity status were predictors of 
90-day mortality is not surprising. Age has been shown to be 
associated with postoperative outcomes [24, 25]. Previous 
studies have shown that perioperative mortality in octoge-
narians can be as high as 14% [26, 27]. Interestingly, our 
data indicate that more than 90% of patients who died were 
in the IC group. This finding was most likely due to con-
founding by indication, since surgeons may choose to per-
form IC instead of other diversion types for patients with less 
favorable clinical and pathological characteristics. In fact, 
patients undergoing IC were older, had more comorbidities, 

Table 4   Univariate and 
multivariable logistic regression 
models for death within 90 days 
after propensity score matching

Multivariable logistic regression models include age (years), sex, race, comorbidity, academic program, 
AJCC clinical T and histology
OR odds ratio, aOR (95% CI) adjusted OR with 95% confidence intervals

Outcomes Type of diversion Univariate Multivariable

OR (95% CI) p-value aOR (95% CI) p-value

Mortality in 90 days Ileal conduit 1 (Ref) 1 (Ref)
Neobladder 0.72 (0.36, 1.47) 0.373 0.72 (0.37, 1.40) 0.328
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and presented with more advanced disease. To address this 
issue, we performed multivariable analysis controlling for 
these variables. Interestingly, patients undergoing NB were 
less likely to die within 90 days compared to IC even in the 
multivariable analysis. We therefore performed propensity 
score matching and found no difference in short-term mor-
tality between patients undergoing NB and IC.

This study has limitations related to the nature of the 
NCDB. First, there is concern for under-reporting of read-
mission rates by academic centers, since patients might be 
admitted to non-index hospitals not covered by the NCDB. 
Secondly, no information is provided regarding postopera-
tive quality of life, which is often believed to be an advan-
tage for any continent diversion. However, data in the lit-
erature comparing long-term quality of life between types 
of diversion are conflicting. Furthermore, there are no data 
available related to complications or specific comorbidi-
ties, which can have an impact on perioperative outcomes. 
Finally, a weakness of retrospective studies is that con-
founding factors may impact study outcomes. However, we 
also performed propensity score matching, which has been 
shown to be a more robust tool to control for imbalances 
between covariates [28].

Conclusion

Selecting the most appropriate urinary diversion for patients 
undergoing RC, as well as facility type is important for 
maximizing quality of life and minimizing perioperative 
complications. Readmission rates within 30 days are mar-
ginally higher for NB compared to IC. However, the type of 
urinary diversion does not impact short-term mortality. Fur-
thermore, surgery performed at a non-academic center was 
an independent predictor of readmission. Patients and physi-
cians should be informed about these factors when deciding 
on the best surgical management for bladder cancer.
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