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ABSTRACT
 

Purpose: To evaluate the perioperative mortality and contributing variables among 
patients who underwent radical cystectomy (RC) for bladder cancer in recent decades, 
with comparison between modern (after 2010) and premodern (before 2010) eras.
Materials and Methods: Using our institutional review board-approved database, we 
reviewed the records of patients who underwent RC for primary urothelial bladder 
carcinoma with curative intent from January 2003 to December 2019. The primary 
and secondary outcomes were 90- and 30-day mortality. Univariate and multivariable 
logistic regression models were applied to assess the impact of perioperative variables 
on 90-day mortality.
Results: A total of 2047 patients with a mean±SD age of 69.6±10.6 years were inclu-
ded. The 30- and 90-day mortality rates were 1.3% and 4.9%, respectively, and con-
sistent during the past two decades. Among 100 deaths within 90 days, 18 occurred 
during index hospitalization. Infectious, pulmonary, and cardiac complications were 
the leading mortality causes. Multivariable analysis showed that age (Odds Ratio: OR 
1.05), Charlson comorbidity index ≥ 2 (OR 1.82), blood transfusion (OR 1.95), and 
pathological node disease (OR 2.85) were independently associated with 90-day mor-
tality. Nevertheless, the surgical approach and enhanced recovery protocols had no 
significant effect on 90-day mortality. 
Conclusion: The 90-day mortality for RC is approaching five percent, with infectious, 
pulmonary, and cardiac complications as the leading mortality causes. Older age, hi-
gher comorbidity, blood transfusion, and pathological lymph node involvement are 
independently associated with 90-day mortality.
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INTRODUCTION

Bladder cancer is among the top 10 most 
diagnosed cancers worldwide, with approximately 
573,000 new cases and 213,000 deaths every year 
(1). It is also one of the most incident urologi-
cal malignancies in the United States, with over 

83,000 new cases and 17,200 deaths estimated in 
2021 (2). The primary treatment for muscle-inva-
sive and selected high-risk non-invasive urothe-
lial bladder carcinoma (UBC) is radical cystectomy 
(RC) which is required in about a third of bladder 
cancer patients (3). RC remains to be one of the 
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most complicated urological procedures, with a 
considerable rate of morbidity and postoperati-
ve complications (4, 5). There is a noteworthy 
rate of mortality for RC according to the Na-
tional Cancer Data Base (NCDB), reporting the 
30- and 90-day mortality rates to be 2.7% and 
7.2% overall, and 1.9% and 5.7% in high-volu-
me institutions, respectively (6).

Recent developments of minimally in-
vasive surgical approaches, including robot-
-assisted radical cystectomies (RARC), as well 
as advancements in perioperative care, parti-
cularly enhanced recovery after surgery (ERAS) 
protocols, have been reported to improve the 
experience for patients undergoing RC (7, 8). 
The use of RARC has significantly increased, 
including up to a third of all RC cases in recent 
years. The robotic approach has been associa-
ted with a reduced risk of perioperative blood 
transfusion, complications, and length of hos-
pital stay in older studies (9). However, some of 
the more recent randomized control trials and 
meta-analyses have reported no significant di-
fferences between open and RARCs in terms of 
complication rate and hospital stay (10). ERAS 
protocols are evidence-based multimodal pa-
thways that include optimizations of pre-, in-
tra-, and post-operative care to enhance the 
recovery following surgery. Our comprehensive 
institutional RC-ERAS protocol started off in 
2012 (7) and evidenced a shorter hospital stay, 
yet no changes in readmission or early postope-
rative complications (11). Moreover, the use of 
neoadjuvant chemotherapy (NAC) for muscle-
-invasive bladder cancer has been gradually in-
creasing, given its proven survival benefit from 
7.6% in 2006 to 34.1% in 2014, according to 
the NCDB (12). 

 Most of the studies pertaining to perio-
perative mortality from RC are older studies and 
from the premodern era (before 2010), when the 
surgical interventions and perioperative mana-
gement were performed traditionally (13, 14). 
Given the recent advancements in the mana-
gement of bladder cancer, we aimed to assess 
the perioperative mortality rates as well as their 
contributing variables among patients under-
going RC in the modern era compared to those 

in the premodern era to better understand the im-
pact of these improvements on patient outcomes.

MATERIALS AND METHODS

Patient Population and Management
Using our institutional review board-ap-

proved bladder cancer database (# HS-01B014), 
we retrospectively reviewed the records of con-
secutive patients who underwent RC for primary 
urothelial bladder carcinoma with curative intent 
from January 2003 to December 2019. Patients 
underwent RC and urinary diversion either by 
the robotic or open approach, depending on the 
surgeon’s and/or patient’s preference. All patients 
underwent extended pelvic lymphadenectomy gi-
ven our institutional standards (14). The patients 
were also enrolled in our previously described 
enhanced recovery pathway during the modern 
era (7). The year of operation was classified as 
modern era (Jan 2010 to Dec 2019) and premo-
dern era (Jan 2003 to Dec 2010).

Data Variables 
The demographic, clinical, pathological, 

and operative variables included the year of 
surgery, age, sex, Charlson comorbidity index 
(CCI), body mass index (BMI), use of neoadju-
vant systemic therapy, surgical approach, type 
of urinary diversion, use of ERAS, estimated 
blood loss, transfusion, operative time, patho-
logic stage, histology, and positive margin.

The primary outcome variable of this 
study was 90-day mortality and the secondary 
outcome variables included 30-day mortality 
and the leading causes of death.

Data Analysis
Associations between clinicopathological 

characteristics and outcomes were assessed by 
univariate models using Chi-squared and Wilco-
xon rank sum tests for categorical and continuous 
variables, respectively. Logistic regression models 
were applied for multivariable analysis.

SAS Version 9.4 (SAS Institute Inc., 
Cary, NC, USA) was used for all data analyses. 
All p-values are 2-sided, and p < 0.05 was con-
sidered statistically significant.
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RESULTS

Patients’ Features
A total of 2047 patients (1654 males and 

393 females) with a mean(±SD) age of 69.6±10.6 
years were included in this study. Open and ro-
botic approaches were performed in 1666 (81.4%) 
and 381 (18.6%) patients, respectively. Among all 
patients, 469 (22.9%) had NAC, and 781 (38.2%) 
were enrolled in our institutional enhanced reco-
very pathway. 

Mortality Rates and Causes
The 30- and 90-day mortality rates were 

1.3% and 4.9%, respectively. Moreover, during our 
study period, 90-day mortality rates were 5.3% 
(2003-2009) and 4.7% (2010-2019), and 30-day 
mortality rates were 0.9% (2003-2009) and 1.5% 
(2010-2019); however, these differences were not 
significant. Table-1 demonstrates the univariate 
analysis of the impact of perioperative variables 
on 90-day mortality.

Among the 100 deaths within 90 days, 18 
(18%) occurred during index hospitalization, and 
27 (27%) deaths happened within 30 days. The le-
ading causes of 90-day mortality were determined 
to be infectious/septic, pulmonary, and cardiac 
complications (Table-2).

 On univariate analysis, higher CCI and he-
terotopic urinary diversion were associated with 
30-day mortality. Given the small number of de-
aths within 30 days, a multivariable analysis was 
not performed. Independent predictors of 90-day 
mortality included age (Odds Ratio: OR 1.05, p < 
0.001), CCI ≥ 2 (OR 1.82, p = 0.02), blood trans-
fusion (OR 1.95, p = 0.01), and pathological nodal 
disease (OR 2.85, p = 0.002) (Figure-1). Althou-
gh BMI, type of urinary diversion, and positive 
surgical margin showed statistical significance in 
univariate analysis of factors affecting the 90-day 
mortality (Table-1), they lost their significance in 
the multivariable model (Figure-1).

DISCUSSION

In the current study, the perioperative mor-
tality rate and its contributing variables for RC 
patients in the modern and premodern era (past 

two decades) in a tertiary referral center are com-
pared. We found that the perioperative mortality 
rate following RC was consistent throughout the 
periods prior to and after 2010, despite increased 
use of neoadjuvant therapies, minimally invasi-
ve approaches, and implementation of enhanced 
recovery pathways. We report that infectious and 
pulmonary complications were the leading cau-
ses of mortality, while age (OR 1.05), Charlson co-
morbidity index ≥ 2 (OR 1.82), blood transfusion 
(OR 1.95), and pathological node disease (OR 2.85) 
were independent predictors of 90-day mortality. 

 The 30- and 90-day mortality rates have 
commonly been used as outcome measures for 
perioperative death for RC patients (13, 15). In 
our study, we found the 30- and 90-day mortali-
ty rates to be 1.3% and 4.9%, respectively, which 
was on par with the current literature on the con-
temporary cystectomy series (15, 16). During our 
study period, the mortality rates were consistent 
in the past two decades, too. A recent systematic 
review of 66 articles reports the weighted morta-
lity rate to be 2.1% (0.0–3.7) for 30-day and 4.7% 
(0.0–7.0) for 90-day mortality following RC (16). 
Additionally, our 1.3% 30-day mortality rate over 
our study period (2003-2019) was comparable to 
the mortality rates in our institution for patients 
treated from 1971 to 2001, which was 2% (13). 
Historically, ever since the dramatic reduction in 
early surgical mortality rates for RC from 33% in 
the first cystectomy series in 1949 to 11% in the 
1970s and 2.5% in 1978-1985, the postoperative 
survival rates have remained fairly consistent in 
the past few decades (13, 15, 16). Similar to our 
findings, Zhang et al. found no difference in 90-
day mortality between patients with or without 
enhanced recovery following RC (17). While ERAS 
has been shown to improve postoperative reco-
very, other studies have confirmed that ERAS does 
not affect cancer-specific or overall survival (3, 18, 
19). Moreover, our results showed that the surgical 
approach was not a predictor of 90-day mortality, 
which was on par with the current literature sho-
wing comparability for recurrence-free-, progres-
sion-free-, cancer-specific-, and overall-survival 
rates among open and RARC cohorts (20, 21).

 In our study, infectious/sepsis, pulmonary, 
and cardiac complications were the leading causes 
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Table 1 - Univariate analysis of the impact of perioperative variables on 90-day mortality following radical cystectomy.

Variable 90-day Mortality
(n=100)

Alive > 90 days
(n=1947)

p-value

Year of Surgery, n (%)
2003-2009 39 (5.3) 703 (94.7)

0.59
2010-2019 61 (4.7) 1244 (95.3)

Age (year), n (%)
≤ 65 13 (1.9) 661 (98.1)

< 0.001
> 65 87 (6.3) 1286 (93.7)

Gender, n (%)
Male 80 (4.8) 1574 (95.2)

0.80
Female 20 (5.1) 373 (94.9)

CCI, n (%)
0 23 (2.7) 817 (97.3)

< 0.0011 18 (4) 437 (96)
≥ 2 59 (7.8) 693 (92.2)

BMI, mean+SD (Kg/m2) 26±5.8 27.5±5.1 0.006

NAC, n (%)
No 80 (5.1) 1498 (94.9)

0.54
Yes 20 (4.3) 449 (95.7)

Surgical approach, n (%)
Robotic 21 (5.5) 360 (94.5)

0.51
Open 79 (4.7) 1587 (95.3)

Diversion, n (%)
Orthotopic 36 (2.9) 1216 (97.1)

< 0.001
Heterotopic 64 (8.1) 731 (91.9)

ERAS, n (%)
No 58 (4.6) 1208 (95.4)

0.46
Yes 42 (5.4) 739 (94.6)

Transfusion, n (%)
No 26 (2.7) 928 (97.3)

< 0.001
Yes 74 (6.8) 1019 (93.2)

Operative Time, mean+SD (hour) 5.8±1.5 6.0±1.5 0.5
Pathologic Stage, n (%)

≤ T2, N0 31 (2.6) 1176 (97.4)
< 0.001> T2, N0 29 (7.5) 359 (92.5)

Any T, N+ 40 (8.8) 412 (91.2)
Histology, n (%)

Pure UC 77 (4.5) 1620 (95.5) 0.13
Variant 23 (6.6) 327 (93.4)

Positive margin, n (%)
No 86 (4.5) 1815 (95.5)

0.01
Yes 14 (9.6) 132 (90.4)

CCI = Charlson Comorbidity Index; BMI = body mass index; NAC = neoadjuvant chemotherapy; UC = urothelial carcinoma; ERAS = enhanced recovery after surgery; EBL = 
estimated blood loss
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of death which were consistent with Maibom et 
al.’s systematic review, containing 17 studies, that 
reports the leading causes of death to be 30% for 
cardiopulmonary events, 11% for sepsis, and 15% 
for bladder cancer progression (16). It should be 
noted that there is limited data on the leading cau-
ses of mortality following RC as larger databases 
such as SEER lack the details needed to determine 

the underlying cause of death, and most of the 
data comes from studies with a smaller sample size 
(22). Various studies have reported gastrointesti-
nal and infectious to be common complications 
following RC (16, 23). The aforementioned syste-
matic review also showed the weighted average 
complication to be 29.0% for GI, 26.4% for infec-
tious, 5.0% for respiratory, and 6.1% for cardiac 

Table 2 - Leading cause of death in 100 patients who died within 90 days following RC.

Type of complication (n) Total number (%)

Infectious/sepsis

25 (25%)

Urinary tract infection (7)

Bowel leak/fistula (6)

Pneumonia (non-aspiration) (4)

Sepsis of unknown origin (4)

Small bowel obstruction/infection (3)

Surgical site infection (1)

Pulmonary

19 (19%)
Aspiration (±pneumonia) (8)

Pulmonary embolus (6)

Respiratory failure/ARDS (5)

Cardiac 

12 (12%)Myocardial infarction (8)

Cardiac arrythmia (4)

Disease progression 

5 (5%)
Brain metastasis (2)

Peritoneal carcinomatosis (2)

Liver and bone metastases (1)

Renal
4 (4%)

Acute kidney injury (4)

Neurologic (including stroke) 2 (2%)

Gastrointestinal 
1 (1%)

Acute colonic pseudo-obstruction (1)

Unknown (including FTT) 32 (32%)

ARDS = acute respiratory distress syndrome; FTT = failure to thrive 
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following RC (16). The previous report of 1,359 
patients undergoing RC at our institution (1971-
2001) reported cardiovascular and infectious/sep-
tic complications as primary and secondary causes 
of death (13). However, the current study demons-
trated infectious followed by pulmonary and car-
diovascular complications as the leading causes of 
early mortality following RC, respectively. 

 Like similar studies, our findings demons-
trated age to be an independent predictor of pe-
rioperative mortality; in this study, older patients 
had about a 5% higher chance of 90-day mor-
tality following RC with every additional year. 
Older age cohorts have consistently been repor-
ted to have a higher perioperative mortality rate 
(15, 24). A study of over 24,000 patients, using 
the National Cancer Database, also reported sig-
nificantly increased postoperative mortality for 
older age groups (25).

 In line with most of the current literature, 
our study showed that comorbidity status inde-
pendently predicts postoperative mortality rates. 
Comorbidities have been reported to be strong 
predictors of cancer survival not just for UBC 
but for other types of cancer, either by increasing 
surgery-related complications, limiting treatment 
options, or directly leading to death (26).

 Our study also showed blood transfu-
sions to be a predictor of postoperative mor-
tality, which is supported by the literature. 
Multiple studies report that perioperative trans-
fusions are associated with an increased risk of 

mortality, however, there is still debate as to 
what degree this is due to blood transfusions ser-
ving as a marker for perioperative complications 
versus blood transfusion being an absolute risk 
for mortality (27).

 This study also showed pathological lym-
ph node involvement was associated with 90-
day mortality by almost tripling the chances of 
90-mortality. Other studies have confirmed the 
association of lymph node involvement with a hi-
gher rate of mortality for RC patients (28). It has 
been shown that the lower number of positive 
lymph nodes is a predictor of overall survival as 
well as disease-specific survival (29), while a stu-
dy of over 2,000 patients found lymph-node in-
volvement did not affect overall or cancer-specific 
survival (30). In a study reporting perioperative 
mortality of RC in our institution between 1971 
and 2001, Quek et al. found no difference in blood 
transfusions or lymph node involvement between 
patients with and without 90-day mortality; this 
could be due to the limited number of patients 
who died post-surgery in the study period (13). 

 This study examined the mortality rates 
following RC and associated variables for our ins-
titution between 2003-2019. Some of the strengths 
of our study included having homogenous patients 
that had surgery in a similar fashion with the same-
-trained surgical team reducing surgeon bias. Howe-
ver, our study was not without limitations. Given the 
retrospective nature of our study and our sample size 
being confined to a single center, our results should 

Figure 1 - Forest plot for independent predictors of 90-day mortality in patients undergoing radical cystectomy.
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be interpreted with caution. Despite reviewing a high 
volume of RC patients between 2003-2019, the num-
ber of patients who died within 30 or 90 days was 
still small. In addition, the primary cause of morta-
lity was not accurately identifiable for a third of our 
patients who died within 90 days.

CONCLUSIONS

Despite the recent advancements, the 30- 
and 90-day mortality rates following radical cys-
tectomy have remained consistent in the past two 
decades. The 90-day mortality rate is close to 5%, 
while infectious/sepsis, pulmonary, and cardiac 
complications are the leading causes of death. The 
90-day mortality was independently predicted by 
older age, higher comorbidity, blood transfusion, 
and pathological lymph node involvement.
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