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Abstract.
BACKGROUND AND OBJECTIVE: While radical cystectomy (RC) is the gold-standard treatment for patients with
muscle-invasive bladder cancer, it is associated with a significant rate of complications. We aim to develop a prediction model
to assess the risk of complications in the postoperative period using routinely collected data in the course of preoperative
evaluation in patients undergoing RC for bladder cancer.
METHODS: We retrospectively reviewed 508 patients who underwent RC for bladder cancer from January 2008 to October
2016. Potential preoperative risk predictors were collected. Postoperative complications were graded using the Clavien-Dindo
scale. Prediction models were developed using variables with the highest predictive value for postoperative complications.
The accuracy of the models was assessed using the area under the receiver operating characteristic curve (AUROC) and
cross-validation.
RESULTS: Variables achieved the highest prediction accuracy for major postoperative complications in the 31 to 90-day
postoperative period. In this period, 14 variables were predictive of major postoperative complications. The three most
predictive individual variables were BMI, neoadjuvant chemotherapy, and creatinine with AUROC/odds ratios of 0.643/1.09,
0.609/2.43, and 0.597/1.22, respectively. This postoperative period also had the best performing prediction model for major
complications, which utilized four variables to achieve an AUROC of 0.727.
CONCLUSION: Routinely collected preoperative variables may be useful for determining patient risk for short-term post-
operative complications after RC. Prediction models can help identify patients who may benefit from patient education,
counseling and development of risk reduction strategies. Interactions between individual variables should be evaluated to
further improve accuracy of the prediction models.
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INTRODUCTION

Bladder cancer is the seventh leading cause of can-
cer mortality in the United States with an estimated
17,600 deaths in 2019 [1]. The number of new blad-
der cancer cases is estimated to be over 80,000 in
2019, constituting 4.6% of all new cancer cases [1].
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Approximately 30% of incident cases will present as
muscle-invasive bladder cancer (MIBC) [2]. Radical
cystectomy (RC) based treatment remains the gold-
standard for patients with MIBC (T2-T4a N0M0) [3].
Additionally, RC is also indicated in patients with
recurrent or progressive non-muscle invasive bladder
cancer [4].

Although RC is the standard procedure for patients
with MIBC and is recommended for patients with
recurrent or progressive non-muscle invasive blad-
der cancer, it is associated with a significant rate of
complications, hospital readmission, and mortality.
The high frequency of complications associated with
RC likely result from performing a complex opera-
tion in an elderly patient population, typically with
significant comorbid conditions. While RC morbid-
ity and perioperative mortality rates have decreased
significantly in the last few decades [5], an estimated
30% of patients experience postoperative complica-
tions within 30 days of surgery and an estimated 60%
of patients experience complications within 90 days
of the procedure [6]. Common complications include
gastrointestinal (30%), infectious (25%), wound and
stoma (15%), upper urinary tract (11%), cardiovas-
cular (11%) and venous thromboembolism (8%) [7].
These complications prolong a patient’s length of
stay in the hospital, increase total cost of treatment,
and diminish quality of life [2]. Patient selection for
RC is difficult and we often use the “eye ball test”
as opposed to validated risk stratification tools that
anchor on a patient’s risk factors. This underscores
the need for preoperative tools to identify patients at
high risk of complications and develop interventions
that modify these factors. Currently, there is a lack
of tools to assess risk in bladder cancer, in particular,
utilizing only preoperative risk factors. Using patient
data, we have created prediction models to predict
major complications occurring in the time frames of
30-day following RC, 31 to 90-day following RC and
90-day following RC.

MATERIALS AND METHODS

After Institutional Review Board approval
(STUDY00140149), a retrospective review of the
electronic medical record (EMR) was performed
to identify 508 patients who had undergone radical
cystectomy for bladder cancer at the University
of Kansas Medical Center (KUMC) from January
2008 to January 2016. The data was collected
retrospectively and entered into REDCap. The

data collected from each patient were categorized
into six categories: Demographic, Preoperative,
Operative, Postoperative, Pathology, and Clinical
Status. Demographics included a patient’s age,
gender, race, and date of surgery. Preoperative infor-
mation included date of diagnosis, smoking status,
comorbidities, laboratory values, chemotherapy or
radiation treatment, and clinical stage. Operative
information included surgical approach, type of
diversion, and estimated blood loss. Postoperative
information included major and minor complications
as defined by the Clavien-Dindo grading scale, need
for blood transfusions, postoperative radiation
or chemotherapy treatment, and postoperative
laboratory values.

Using R Statistical Programming Language, uni-
variable analysis of preoperative variables was
performed to determine each variable’s associ-
ation with postoperative complications in three
timeframes: 30-day postoperative period, 31 to
90-day postoperative period, and 90-day postoper-
ative period. Variables that were associated with an
increased risk for major complications were selected
in designing the prediction model for each postoper-
ative timeframe. Prediction models were developed
by testing all possible combinations of the selected
variables. The prediction performance of each model
is assessed by the average area under the receiver
operating characteristic curve (AUROC) utilizing 10-
fold cross-validation. This was repeated 100 times
and averaged to achieve more consistent results. The
variables with the highest predictive value for major
complications in each postoperative period were then
selected to develop prediction models for that post-
operative timeframe. The 20 best performing models,
along with the individual variables that make up each
model, were determined for each of the three postop-
erative timeframes.

RESULTS

Between January 2008 and January 2016, we
identified 508 patients, 408 males (80.5%) and 100
females (19.5%), who underwent radical cystectomy
for bladder cancer. Preoperative tumor biopsies-
demonstrated that 379 patients (74.6%) had disease
stage T2 or higher, 85 patients (16.7%) had stage
T1, 25 patients (4.9%) had stage Ta, and 19 patients
(3.7%) had stage Tis. Neoadjuvant chemotherapy was
administered to 198 patients (39%) (Table 1).
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Table 1
Preoperative and Intraoperative Patient Characteristics

Preoperative Patient Characteristics

Age median (range) 68 (33–91)
BMI average (range) 28.8 (16–59.8)

No. Pts (%)
Male 408 (80.3)
Female 100 (19.7)
Race

White/Caucasian not Hispanic 484 (95.2)
Other 24 (4.8)

Smoking Status
Current or Former Smoker 385 (75.8)
Never smoked 123 (24.2)

Comorbidities
Hypertension 293 (57.7)
Hyperlipidemia 214 (42.1)
Diabetes 117 (23.0)
Coronary Artery Disease 108 (21.3)
Asthma/COPD 79 (15.6)
Obstructive Sleep Apnea 25 (4.9)
Cerebrovascular Accident 20 (3.9)
Congestive Heart Failure 14 (2.8)

Preoperative Clinical Staging∗
Tis 19 (3.7)
Ta 25 (4.9)
T1 85 (16.7)
T2 or higher 379 (74.6)
CIS present (any stage) 101 (19.9)
Multifocal 44 (8.7)

Neoadjuvant Chemotherapy 198 (39.0)
Intraoperative Characteristics

Open Surgical Approach 387 (76.2)
Robotic Surgical Approach 121 (23.8)

Diversion Type
Ileal Conduit 345 (67.9)
Neobladder 157 (30.9)
Indiana Pouch 3 (0.6)
No Diversion 3 (0.6)

∗Preoperative clinical staging is determined by highest stage found
on pathology after TURBT/biopsy.

Complications within 90 days post-radical cystec-
tomy were classified using the Clavien-Dindo scale
with Clavien-Dindograde II or lower complications
considered minor complications and grade III or
higher complications classified as major complica-
tions. During the 90-day postoperative period, a total
of 336 patients (66.1%) had at least one complica-
tion of any grade for a total of 470 complications. Of
the total complications, 140 (29.8%) were major and
330 (70.2%) were minor complications. The Clavien-
Dindo grade for all complications were 70 (14.9%)
grade I, 260 (55.3%) grade II, 116 (24.7%) grade III,
17 (3.6%) grade IV and 7 (1.5%) grade V. We further
divided post operative complications to those occur-
ring within 30 days of surgery and those occurring 31
to 90-days after surgery. When assessing the number
of patients who experienced a major complication,

Table 2
Post-Radical Cystectomy Complications by Postoperative Period

and Clavien-Dindo Classification

0–90 d <30 d 31–90 d
n (%) n (%) n (%)

Total Complications 470 100 407 100 63 100

Total Minor 330 70.2 300 73.7 30 47.6
Grade I 70 14.9 66 16.2 4 6.3
Grade II 260 55.3 234 57.5 26 41.3
Total Major 140 29.8 107 26.3 33 52.4
Grade III 116 24.7 86 21.1 30 47.6
Grade IV 17 3.6 15 3.7 2 3.2
Grade V 7 1.5 6 1.5 1 1.6

we found 94 patients had a major complication within
30 days of surgery, 32 patients within 31 to 90 days,
and 121 patients within 90 days. When evaluating
the total number of complications that occurred in
the 90-day postoperative period, we found that 407
complications occurred within 30 days of surgery
and 63 complications occurred during the 31 to 90-
day postoperative period. The Clavien-Dindo grade
breakdown for complications occurring during these
postoperative periods can be found in Table 2.

Eight of the 28 variables were associated with
increased risk for major complication in the 30-day
postoperative period, 14 of the 28 variables were
associated increased risk for major complication in
the 31 to 90-day postoperative period, and 10 of the
28 were associated increased risk for major compli-
cation in the 90-day postoperative period. Variables
achieved the highest prediction accuracy for major
complications within the 31 to 90-day postopera-
tive period. In this postoperative period, the three
mostpredictive variables were BMI, neoadjuvant
chemotherapy, and creatinine with AUROC/odds
ratios of 0.643/1.09, 0.609/2.43, and 0.597/1.22,
respectively. The most predictive variables in the
30-day postoperative window were COPD, neoblad-
der diversion, and neoadjuvant chemotherapy with
AUROC/odds ratios of 0.529/1.49, 0.522/1.22, and
0.522/1.20, respectively. The most predictive vari-
ables in the 90-day postoperative period were BMI,
neoadjuvant chemotherapy, and smoking pack years
with AUROC/odds ratios of 0.552/1.04, 0.537/1.36,
and 0.531/1.26, respectively. The results from the
univariate analysis can be found in Tables 3–5.

Variables associated with increased risk for
major complications were selected in designing the
prediction modelin that postoperative timeframe.
Therefore, eight variables were used forthe 30-day
postoperative period, 14 forthe 31 to 90-day postop-
erative period, and 10 for the 90-day postoperative
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Table 3
Univariable Analysis for High Grade Postoperative Complications

within 90 Days

Preoperative Variable Odds Ratio p-value AUC

BMI 1.04 0.03 0.552
Neoadjuvant Chemotherapy 1.36 0.14 0.537
Smoking (≤20 pack years) 1.26 0.43 0.531
Coronary Artery Disease 1.31 0.28 0.523
Robotic Approach 1.27 0.31 0.523
Chronic Obstructive Pulmonary
Disease

1.29 0.36 0.517

Neobladder Diversion 1.15 0.52 0.516
Obstructive Sleep Apnea 1.54 0.33 0.511
CIS Presence 1.14 0.61 0.511
Cerebrovascular Accident 1.07 0.90 0.501

Table 4
Univariable Analysis for High Grade Postoperative Complications

within 30 Days

Preoperative Variable Odds Ratio p-value AUC

Chronic Obstructive Pulmonary
Disease

1.49 0.17 0.529

Neobladder Diversion 1.22 0.40 0.522
Neoadjuvant Chemotherapy 1.20 0.43 0.522
BMI 1.02 0.44 0.522
Obstructive Sleep Apnea 1.77 0.22 0.515
CIS Presence 1.20 0.51 0.515
Coronary Artery Disease 1.08 0.78 0.507
Male 1.04 0.88 0.503

Table 5
Univariable Analysis for High Grade Postoperative Complications

within 31 to 90-Days

Preoperative Variable Odds Ratio p-value AUC

BMI 1.09 <0.01 0.643
Neoadjuvant Chemotherapy 2.43 0.02 0.609
Creatinine 1.22 0.41 0.597
Robotic Approach 2.33 0.02 0.590
Smoking (≤20 pack years) 1.87 0.24 0.588
Coronary Artery Disease 1.75 0.16 0.553
Diabetes 1.57 0.26 0.544
Hyperlipidemia 1.40 0.35 0.542
Number of Comorbidities 1.09 0.49 0.517
Neobladder Diversion 1.15 0.72 0.515
Cerebrovascular Accident 1.70 0.49 0.512
Obstructive Sleep Apnea 1.31 0.72 0.507
Male 1.07 0.89 0.505
Congestive Heart Failure 1.15 0.90 0.502

period. All combinations of the selected variables
were used to design twenty of the best perform-
ing prediction models in each postoperative period.
The AUROCs of the prediction models ranged from
0.551 to 0.563 in the 90-day postoperative period,
0.532 to 0.551 in the 30-day postoperative period,
and 0.715 to 0.727 in the 31 to 90-day postopera-
tive period. The best performing prediction model for

major complications in the 31 to 90-day postopera-
tive period utilized the variables of BMI, neoadjuvant
chemotherapy, creatinine and robotic approach to
achieve an AUROC of 0.727. Figures 1–3 illus-
trate the prediction models using a heatmap, while
Tables 6–8 demonstrate the odds ratios and associated
p-values for individual variables within the five top
performing models in each postoperative timeframe.
A small degree of variability exists in the values of the
odds ratio and p-value across the models due to differ-
ent composition of each model, though these values
remain largely consistent across prediction models.

DISCUSSION

Radical cystectomy has been the standard treat-
ment for muscle-invasive bladder cancer for decades
but is often associated with highly variable risks
of potential complications and perioperative mor-
tality [8–10]. Shabsigh et al. reported that 64%
(735/1142) of patients experienced a complication
within 90 days of surgery [7]. Furthermore, Clavien-
Dindo Grade V complication, perioperative mortality
in radical cystectomy patients ranges from 0.3% to
4.5% [11–14]. However, some studies have suggested
that complication rates after radical cystectomy may
be significantly underestimated compared to reality
[7, 15]. A model capable of estimating postopera-
tive morbidity and mortality would provide valuable
information to both the patient and the surgeon in
making an informed decision regarding whether or
not to pursue surgical treatment with a next step of
working to modify risk factors.

Our study is one of the first attempts to develop a
predictive model based on preoperative risk factors.
We examined numerous preoperative risk factors and
selected the most predictive factors to be included
in the development of an individualized preopera-
tive assessment tool. Previous studies have shown
variables such as patient age, comorbidities, albu-
min level, diversion choice, pathological information
(stage, grade and histology), ASA score, surgeon
experience, and hospital volume are associated with
postoperative mortality based on multivariate analy-
sis [9, 16–19]. This is consistent with the variables we
found to be the most predictive of postoperative com-
plications in our study, though our emphasis was on
preoperative patient factors in order to develop a use-
ful preoperative assessment tool. Since our prediction
models are developed using the Clavien-Dindo grad-
ing system for complications, they inherently predict
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Fig. 1. Prediction Models for High Grade Post-Op Complications within 90 Days.

Fig. 2. Prediction Models for High Grade Post-Op Complications within 30 Days.
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Fig. 3. Prediction Models for High Grade Post-Op Complications within 31 to 90-Days.

Table 6
Odds Ratios and p-values for the top 5 Performing Models for High Grade Post-Op Complications within 90 Days

Model 1 Model 2 Model 3 Model 4 Model 5

BMI 1.0 | 0.02 1.0 | 0.03 1.0 | 0.02 1.0 | 0.02 1.0 | 0.03
Robotic Approach 1.3 | 0.24 1.3 | 0.25 1.3 | 0.21 1.4 | 0.20 1.3 | 0.26
Neoadjuvant Chemotherapy – 1.3 | 0.18 1.3 | 0.22 – 1.4 | 0.15
Chronic Obstructive Pulmonary Disease – – 1.4 | 0.26 1.4 | 0.21 –
Coronary Artery Disease – – – – 1.3 | 0.3
AUC 0.562 0.561 0.56 0.559 0.558

x | y = odds ratio | p-value.

Table 7
Odds Ratios and p-values for the top 5 Performing Models for High Grade Post-Op Complications within 30 Days

Model 1 Model 2 Model 3 Model 4 Model 5

Chronic Obstructive Pulmonary Disease 1.5 | 0.15 1.6 | 0.13 1.6 | 0.10 1.6 | 0.13 1.4 | 0.22
Neobladder Diversion 1.3 | 0.27 1.3 | 0.29 1.3 | 0.25 1.3 | 0.25 –
Obstructive Sleep Apnea 1.7 | 0.25 – – 1.6 | 0.34 1.7 | 0.27
BMI – – 1.0 | 0.31 1.0 | 0.43 –
Neoadjuvant Chemotherapy – – – – 1.2 | 0.53
AUC 0.551 0.55 0.548 0.545 0.544

x | y = odds ratio | p-value.

for morbidity and mortality. We wanted to target risk
factors that are potentially modifiable during our vari-
able selection so that there was a greater benefit for
physician counseling and preoperative interventions.

While neoadjuvant chemotherapy was found to be
predictive of post-operative complications in the 31
to 90-day postoperative period, robust level one evi-
dence supports the use of neoadjuvant chemotherapy
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Table 8
Odds Ratios and p-values for the top 5 Performing Models for High Grade Post-Op Complications within 31 to 90-Days

Model 1 Model 2 Model 3 Model 4 Model 5

BMI 1.1 | <0.01 1.1 | <0.01 1.1 | <0.01 1.1 | <0.01 1.1 | <0.01
Neoadjuvant Chemotherapy 2.5 | 0.02 2.8 | <0.01 2.7 | 0.01 2.5 | 0.02 2.7 | 0.01
Creatinine 1.5 | 0.15 1.4 | 0.20 – – 1.4 | 0.17
Robotic Approach 3.1 | <0.01 3.0 | <0.01 2.8 | <0.01 2.9 | <0.01 3.1 | <0.01
Coronary Artery Disease – 1.8 | 0.17 1.9 | 0.14 – –
Diabetes – – – – 1.5 | 0.35
AUC 0.727 0.727 0.725 0.720 0.720

x | y = odds ratio | p-value.

and it should be considered in eligible patients [20].
Our results suggest that neoadjuvant chemotherapy
may contribute to postoperative complication and this
should be discussed in the preoperative counseling
with patients pursuing radical cystectomy. In cases
when there are several non-modifiable preoperative
factors present in a patient, the prediction models can
still play an important role in the decision-making
process by revealing the higher risks of surgery
and the potential need for an alternative treatment
approach. Furthermore, a surgeon can elect closer
postoperative surveillance of patients identified with
possible higher risks for later complications, resulting
in decreased costs, morbidity and mortality.

Our study demonstrated that prediction models can
be created for major complications following rad-
ical cystectomy using a combination of individual
preoperative variables. The 20 best performing mod-
els in each postoperative period were created using
different combinations of the best performing indi-
vidual variables from univariable analysis. In some
cases, an individual variable did not appear in the
final model design because it did not contribute to
the 20 best performing models for that postopera-
tive period. Interestingly, we saw an improved AUC
and fitting of our prediction models in the 31 to 90-
day postoperative period when compared to the two
other postoperative periods. We speculate that this
is because complications occurring in the 31 to 90-
day period are more dependent upon intrinsic patient
factors as opposed to surgical factors in the first 30
days immediate after surgery. Several studies have
reported that most issues within the first 30 days
of surgery are associated gastrointestinal and sep-
tic complications related to bowel or urine leakage
[10, 21]. It is possible that complications such as
bowel leaks, urine leaks, and the need for postop-
erative transfusions are more likely due to surgeon or
intraoperative factors and therefore occur in an earlier
time period.

While tools like the American College of Sur-
geons’ National Surgical Quality Improvement
Program (ACS NSQIP) Surgical Risk Calculator have
been designed to estimate patients’ risk of postoper-
ative complications, these calculators are not specific
to radical cystectomy and their prediction algorithms
include a large variety of risk factors without certainty
in which variables are most strongly associated with
postoperative complications. This makes these cal-
culators too cumbersome to navigate, and the results
generated may become too extensive to be clinically
useful. Furthermore, studies have shown that the level
of standardization in reporting of outcomes differs
between expert series and NSQIP, making compar-
isons difficult [21]. In this study, we have developed
accessible radical cystectomy prediction models with
a reasonable number of inputs for preoperative risk
factors in order to help physicians identify patients
with an increased risk for radical cystectomy post-
operative complications and provide a tool for risk
stratifying patients.

Our study is not without limitations and we
acknowledge the limited nature of retrospective
cohort reviews. Selection bias is likely present as we
inherently selected patients who were healthy enough
to receive radical cystectomy based on their overall
health status, which is not applicable to all patients
who present with bladder cancer requiring surgical
treatment. As with many studies of this type, our data
comes from a large single-institution series, which
is less generalizable when compared to population-
based representative data. We acknowledge that the
robotic approach learning curve occurred during
the timeframe of the study cohort, and this may
have contributed to the variable’s ability to predict
postoperative complications during certain postop-
erative periods. Several investigators were involved
in the retrospective chart review, which is more
prone to data acquisition errors when compared to a
standardized prospective data abstraction approach.
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However, we tried to minimize this limitation by
assigning each investigator with reviewing a spe-
cific portion of patients’ charts so that data collection
and interpretation were less variable. In develop-
ing the prediction model, we realized that some risk
factors are interconnected with others (e.g. hyperten-
sion, hyperlipidemia, diabetes) and may contribute
to a cumulative comorbidity status instead of being
an individual specific predictive factor. This may
weaken the prediction power of the model and more
effort needs to be put towards identifying unique,
unrelated preoperative variables.

To reduce the computation burden during statis-
tical analysis, promising univariate variables were
initially selected to be considered in the model build-
ing process. However, it is possible that univariate
variables with negligible individual effects can poten-
tially result in a strong prediction performance when
combined. Therefore, the exclusion of variables from
the model building process involves a risk of failing
to identify an optimal set of variables. An addi-
tional limitation of the feature selection approach is
the consideration of main effects solely. Including
interactions between variables can possibly further
enhance the ability to correctly predict complications.

Our models provide a novel framework to design
an individualized assessment tool focusing on selec-
tive preoperative patient factors. This provides the
foundation for developing future radical cystectomy
nomograms with higher predictive powers. Future
designs can improve the strength of prediction by
incorporating frailty score and other predictive fac-
tors not included in our study and minimize data
acquisition discrepanciesby utilizing standardized
prospective data abstraction. By bridging the gap
between statistical analysis and clinical practice, a
preoperative assessment tool can inform patients of
post-cystectomy risks on an individual basis and offer
tailored advice based on a patient’s unique medical
composition.

Our findings suggest routinely collected preoper-
ative patient-level clinical variables may be useful
for determining patient risk for short-term postop-
erative complications, especially in a postoperative
period that reflects a patient’s intrinsic factors which
may contribute to the development of a complica-
tion. Our prediction models have flexible number
of predictor inputs, allowing users to tailor the
degree of risk assessment based on a patient’s
baseline heath status. A simple and accessible pre-
diction model with selective predictors may help risk
stratify patients, allowing a surgeon to identify at

risk patients who may benefit from patient educa-
tion, counseling and development of risk reduction
strategies. Furthermore, the prediction model may
give patients additional information to assist in the
shared decision-making process of whether to pur-
sue surgical treatment given their preoperative risk
factors.
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