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Abstract

Introduction: We sought to determine the effect of the presence of 
disseminated disease on perioperative outcomes following radical 
cystectomy for bladder cancer.
Methods: We identified 4108 eligible patients who underwent 
radical cystectomy for bladder cancer using the American College 
of Surgeons National Surgical Quality Improvement Program 
(NSQIP) database. We matched patients with disseminated cancer 
at the time of surgery to those without disseminated cancer using 
propensity scores. The primary outcome of interest was major 
complications (death, reoperation, cardiac or neurological event). 
Secondary outcomes included pulmonary, infectious thrombo-
embolic, and bleeding complications, in addition to prolonged 
length of stay. Generalized estimating equations were used to 
examine the association between disseminated cancer and the 
development of complications.
Results: Following propensity score matching and adjusting for 
the type of urinary diversion, radical cystectomy in patients with 
disseminated disease was associated with a significant increase 
in major complications (8.6% vs. 4.0%; odds ratio [OR] 2.50; 
95% confidence interval [CI] 1.02–6.11; p=0.045). The presence 
of disseminated disease was associated with an increase in pulmon-
ary complications (5.8% vs. 1.2%; OR 5.17. 95% CI 1.00‒26.66. 
p=0.049), but not infectious complications, venous thromboembol-
ism, bleeding requiring transfusion, and prolonged length of stay 
(p values 0.07–0.79).
Conclusions: Patients with disseminated cancer undergoing cyst-
ectomy are more likely to experience major and pulmonary com-
plications. The strength of these conclusions is limited by sample 
size, selection bias inherent in observational data, and a lack of 
specific oncological detail in the database.

Introduction

Metastatic bladder cancer portends a poor prognosis, with 
five-year survival less than 10%.1 Since the introduction of 
cisplatin-based combination chemotherapy more than 20 
years ago, there has been little improvement in mortality 
for patients with metastatic bladder cancer.2

There is growing interest in definitive local therapy for 
patients with metastatic cancer. The role of cytoreductive 
nephrectomy, in addition to cytokine therapy, has been well-
established in the management of appropriately selected 
patients with metastatic kidney cancer.3 Recently, there 
has been interested in a similar approach for patients with 
metastatic prostate cancer, motivated by population-based, 
administrative data from the U.S., which have shown a sur-
vival benefit to cytoreductive radical prostatectomy.4-6 Two 
large, multi-institutional trials have been initiated to evaluate 
this approach [NCT01751438, NCT00268476].

Recently, Seisen et al demonstrated that aggressive local 
therapy, in addition to chemotherapy, may improve over-
all survival among patients with metastatic bladder cancer 
as compared to conservative local therapy.7 While radical 
cystectomy represents the current gold standard for treat-
ment of muscle-invasive bladder cancer, it is a highly mor-
bid procedure with 30-day postoperative complications 
of approximately 50%.8,9 We sought to assess the morbid-
ity and mortality associated with radical cystectomy in 
patients with metastatic bladder cancer. To do so, we used 
the American College of Surgeons (ACS) National Surgical 
Quality Improvement Program (NSQIP) database, a large, 
multi-institutional, validated registry that has been shown 
to perform better than administrative databases or institu-
tional series in capturing intraoperative and postoperative 
complications.10-12
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Methods

The study was conducted and reported according to the 
recommendations of the RECORD statement.13

Study subjects

We used the participant use files of the ACS NSQIP to identify 
patients undergoing radical cystectomy (common procedural 
terminology codes 51590, 51595, 51596) with a postopera-
tive diagnosis of bladder cancer (ICD-9 code 188.x) between 
January 1, 2007 and December 31, 2014. We excluded 33 
patients for missing data on important covariates or out-
comes: American Society of Anesthesiologists (ASA) physical 
status classification (n=9), height (n=15), weight (n=11), and 
length of stay (n=4).

Outcomes

Our primary outcome was major perioperative complica-
tions comprising mortality, reoperation, cardiac event, or 
neurological event.14 Secondary outcomes were pulmonary 
complications (re-intubation or prolonged ventilation), infec-
tious complications (surgical site infections, pneumonia, 
urinary tract infection, or sepsis), venous thromboembolism 
(deep vein thrombosis or pulmonary embolism), bleeding 
requiring transfusion, and prolonged length of stay com-
prising hospital stays greater than the median in this cohort 
(seven days from the date of surgery). 

Exposure

Our primary exposure was the presence of disseminated 
cancer at the time of surgery, a variable routinely collected 
in the NSQIP dataset. Previous work in colorectal cancer has 
shown that the disseminated cancer variable has fair-good 
agreement15 with metastatic stage (Cohen kappa coefficient, 
0.454).16 Previous research from NSQIP has shown that 
patients with disseminated cancer have worse outcomes, 
including perioperative complications14 and mortality.16

Covariates

We abstracted standard demographic and clinical informa-
tion for all patients, including age, race, body mass index 
(BMI), ASA physical status class (categorized as class 1‒2 
vs. class 3‒4), history of cardiac disease, history of neuro-
logical disease, history of chronic obstructive pulmonary 
disease (COPD), history of diabetes (requiring oral agent or 
insulin), end-stage renal disease (ESRD) requiring dialysis, 
current smoking status (active smoker within one year), use 
of preoperative chemotherapy (within 90 days of surgery), 
use of preoperative radiotherapy (within 90 days of surgery), 

chronic steroid use, and functional status prior to surgery 
(independent vs. partially or totally dependent). BMI was 
categorized in keeping with the World Health Organization 
stratification [<18.5, 18.5‒25, 25‒30, >30 (kg/m2)]. We fur-
ther characterized the type of urinary diversion using CPT 
codes (51590 and 51595=ileal conduit; 51596=continent).

Statistical analysis

Descriptive statistics were used to compare baseline demo-
graphic factors: frequencies and proportions for categorical 
variables and medians and interquartile ranges (IQR) for con-
tinuous variables. Because patients who have disseminated 
disease at the time of cystectomy may inherently differ from 
those with localized cancer, we used 1:1 propensity score 
matching with the greedy algorithm. The propensity score 
was calculated from a multivariable logistic regression model 
with independent variables comprising baseline demographic 
factors of age, race, BMI, ASA class, receipt of preoperative 
chemotherapy, history of cardiac disease, history of neuro-
logical disease, history of COPD, history of diabetes, smoking 
status, and functional status. Standardized differences were 
used to compare baseline characteristics of the two groups 
with differences less than or equal to 0.1 (10%) considered 
acceptable balance.17 We limited the propensity score to 
demographic factors and adjusted for the effect of differing 
urinary diversion types in regression models. We used bivari-
ate analysis to examine the proportion of patients experien-
cing a complication, with Fisher’s exact test used to compare 
those with and without disseminated disease at the time of 
cystectomy. Finally, we examined the association between 
the presence of disseminated cancer and complications using 
generalized estimating equations with a logit wing to account 
for the dependence created by matching, while accounting 
for the effect of urinary diversion type.

All statistical analyses were performed using SAS 9.4 (SAS 
Institute Inc., Cary, NC, U.S.).

Results

Baseline characteristics

During the study period, 4108 eligible patients underwent 
cystectomy for bladder cancer. Of these, 176 (4.3%) had 
disseminated disease at the time of surgery. While the pro-
portion of patients with disseminated disease varied over the 
study interval (2.5‒7.1%), no significant trend was identified 
(Cochran-Armitage test for trend p=0.95).

Patients with disseminated disease at the time of cystec-
tomy had lower BMI and higher ASA classification, were 
less likely to be Caucasian, were more likely to have ESRD 
requiring dialysis, and were more likely to be partially or 
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totally functionally dependent (Table 1). Following propensity 
score matching, the groups were acceptably balanced (Table 
1). Patients with disseminated disease were significantly less 
likely to receive a continent urinary diversion (Table 1).

Bivariate analyses

Among the matched cohort, major complications were more 
common among patients with disseminated disease (n=15, 
8.6%) than those without (n=7, 4.0%), although this was 
not statistically significant (p=0.08; Table 2). Similarly, there 
were higher rates of pulmonary complications (5.8% vs. 
1.2%; p=0.04; Table 2). There were no significant differ-
ences in infectious complications (p=0.12), venous throm-
boembolic events (p=0.42), bleeding requiring a transfusion 
(p=0.59), or prolonged length of stay (p=0.91).

Regression analyses

In logistic regression analyses accounting for the clustering 
created by matching and the effect of the type of urinary 

diversion, patients with disseminated disease were more 
likely to experience a major complication (odds ratio [OR] 
2.50; 95% confidence interval [CI] 1.02–6.11; p=0.045). 
There was a statistically significantly increased odds of pul-
monary complications for those with disseminated cancer 
(OR 5.17; 95% CI 1.00‒26.66; p=0.049). There was no 
association between the presence of disseminated disease 
and infectious complications, venous thromboembolism, 
bleeding requiring transfusion, and prolonged length of 
stay (Table 3). The type of urinary diversion (continent vs. 
ileal conduit) did not significantly affect the occurrence of 
measured complications (p values 0.18–0.92).

Discussion

There is growing interest in the use of aggressive, definitive 
local therapy (cytoreduction) for patients with metastatic 
solid organ malignancies. Recently, such an approach has 
been proposed for metastatic bladder cancer;7 however, 
there are key differences between cystectomy for bladder 
cancer and cytoreductive nephrectomy for kidney cancer or 

Table 1. Baseline characteristics of patients undergoing radical cystectomy, before and after propensity score matching

Before propensity score matching After propensity score matching

No disseminated 
cancer (n=3932)

Disseminated 
cancer (n=176)

Std diff
No disseminated 

cancer (n=174)
Disseminated 
cancer (n=174)

Std diff

Age, median (IQR) 69 (62–76) 70 (62–77) 0.00 71 (63–77) 70 (62–77) -0.05

Sex, n (%)
Male
Female
Missing

3241 (82.4)
689 (17.5)

2 (0.1)

141 (80.1)
35 (19.9)

0

0.07
136 (78.2)
38 (21.8)

0

141 (81.0)
33 (19.0)

0

0.00

Race, n (%)
Caucasian
African-American
Other/unknown

3376 (85.9)
152 (3.9)
404 (10.3)

140 (79.6)
12 (6.8)
24 (13.6)

0.18
137 (78.7)
11 (6.3)
26 (14.9)

139 (79.9)
11 (6.3)
24 (13.8)

0.03

BMI, median (IQR) 28.0 (24.8–31.6) 27.3 (23.6–31.3) -0.14 27.4 (23.4–31.2) 27.3 (23.6–31.2) 0.02

ASA category, n (%)
1–2
3–4

1010 (25.7)
2992 (74.3)

34 (19.3)
142 (80.7)

-0.15 34 (19.5)
140 (80.5)

33 (19.0)
141 (81.0)

-0.01

Cardiac history, n (%) 182 (4.6) 8 (4.6) 0.00 5 (2.9) 8 (4.6) 0.09

Neurological history, n (%) 47 (1.2) 4 (2.3) 0.08 7 (4.0) 4 (2.3) 0.09

History of COPD, n (%) 337 (8.6) 18 (10.2) 0.06 15 (8.6) 18 (10.3) 0.06

Diabetes, n (%) 792 (20.1) 35 (19.9) -0.01 29 (16.7) 35 (20.1) 0.09

Dialysis, n (%) 8 (0.2) 1 (0.6) -0.13 0 1 (0.6) -0.06

Active smoking, n (%) 971 (24.7) 48 (27.3) 0.06 43 (24.7) 47 (27.0) 0.05

Preoperative chemotherapy, n (%) 121 (3.1) 4 (2.3) -0.05 4 (2.3) 4 (2.3) 0.00

Preoperative radiotherapy, n (%) 4 (0.1) 1 (0.6) 0.08 2 (1.1) 1 (0.6) -0.06

Chronic steroid use, n (%) 129 (3.3) 13 (7.4) 0.06 12 (6.9) 13 (7.5) 0.06

Functional status, n (%)
Independent
Partially/totally dependent

3863 (98.3)
69 (1.8)

169 (96.0)
7 (4.0)

-0.13 170 (97.7)
4 (2.3)

167 (96.0)
7 (4.0)

-0.09

Urinary diversion
Ileal conduit
Continent diversion

3107 (79.0)
825 (21.0)

164 (93.2)
12 (6.8)

-0.42 140 (80.5)
34 (19.5)

162 (93.1)
12 (6.9)

-0.38

ASA:  American Society of Anesthesiologists; BMI: body mass index; COPD: chronic obstructive pulmonary disease; IQR: interquartile range; Std diff: standardized difference. 
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radical prostatectomy for prostate cancer. First, metastatic 
bladder cancer is associated with a poor overall prognosis 
— even among those who received aggressive local therapy 
(younger and healthier patients), median overall survival is 
less than 15 months.7 Second, cystectomy is known to be a 
morbid operation with significant perioperative morbidity 
and mortality.9 Thus, the role of aggressive local therapy 
with significant morbidity in patients with relatively limited 
life expectancy should be scrutinized. In order to further 
inform this discussion, we sought to examine the periopera-
tive complications of patients undergoing cystectomy for 
bladder cancer in the setting of disseminated disease. We 
found an increase in major complications among patients 
with disseminated disease as compared to those with local-
ized disease (OR 2.50; 95% CI 1.02–6.11; p=0.045). We 
found an increase in pulmonary complications, although no 
association with infectious, thromboembolic, or bleeding 
complications, nor prolonged length of stay.

Patients with disseminated disease who are selected for 
aggressive local therapy almost certainly differ from those 
who are not selected and also from patients who undergo 
local therapy without disseminated disease. In quantifiable 
terms, they are likely to be younger and healthier;7 however, 
they likely also differ in unmeasurable ways and residual 
bias in observational studies of these patients is probably 
significant, even after adjustments, including propensity 
score matching or inverse probability of treatment weight-
ing. We found an increased occurrence of major and pul-
monary complications (together comprising death, reoper-

ation, cardiac event, neurological event, reintubation, or 
prolonged ventilation) among a group of patients who would 
be favoured by residual bias.

Despite the large, multi-institutional nature of the NSQIP 
registry, we were limited by the small number of patients with 
disseminated disease undergoing cystectomy. We used pro-
pensity score matching in order to be able to provide multi-
variable adjusted estimates, as there were insufficient events 
to allow for conventional multivariable logistic regression. 

There are many, well-described advantages to the use 
of NSQIP data, including the contemporary cohort, gener-
alizability of results, and validated outcome and exposure 
measures; however, there are significant limitations, par-
ticularly with respect to oncological surgery. First, NSQIP 
lacks important oncological information, including stage, 
histology, and symptomatic burden of disease. Further, the 
capture of other oncological therapies, including chemo-

Table 2. Crude rates of complications during radical cystectomy

Before propensity score matching After propensity score matching

n (%)
No disseminated 

cancer
Disseminated 

cancer
p

No disseminated 
cancer

Disseminated 
cancer

p

Major complication 354 (9.0) 16 (9.1) 0.97 7 (4.0) 15 (8.6) 0.08

Mortality 77 (2.0) 5 (2.8) 0.41 1 (0.6) 5 (2.9) 0.21

Reoperation 225 (5.7) 11 (6.3) 0.77 5 (2.9) 11 (6.3) 0.20

Cardiac complication 94 (2.4) 3 (1.7) 0.56 1 (0.6) 3 (1.7) 0.62

Neurological complication 22 (0.6) 1 (0.6) 0.99 1 (0.6) 1 (0.6) 1.00

Pulmonary complication 152 (3.9) 10 (5.7) 0.23 2 (1.2) 10 (5.8) 0.04

Infectious complication 1001 (25.5) 59 (33.5) 0.02 43 (24.7) 57 (32.8) 0.12

Sepsis 503 (12.8) 35 (19.9) 0.006 22 (12.6) 33 (19.0) 0.14

Pneumonia 131 (3.3) 10 (5.7) 0.09 2 (1.2) 10 (5.8) 0.04

Urinary tract infection 360 (9.2) 26 (14.8) 0.01 12 (6.9) 24 (13.8) 0.04

Surgical site infection (SSI) 500 (12.7) 25 (14.2) 0.56 25 (14.4) 24 (13.8) 0.88

Organ space SSI 206 (5.2) 15 (8.5) 0.06 6 (3.5) 15 (8.6) 0.04

Deep incisional SSI 80 (2.0) 2 (1.1) 0.40 5 (2.9) 2 (1.2) 0.45

Superficial SSI 239 (6.1) 10 (5.7) 0.83 14 (8.1) 9 (5.2) 0.28

Venous thromboembolism 194 (4.9) 16 (9.1) 0.01 11 (6.3) 16 (9.2) 0.42

Deep vein thrombosis 125 (3.2) 13 (7.4) 0.002 7 (4.0) 13 (7.5) 0.25

Pulmonary embolism 95 (2.4) 9 (5.1) 0.03 6 (3.5) 9 (5.2) 0.60

Bleeding needing transfusion 1529 (38.9) 87 (49.4) 0.005 80 (46.0) 86 (49.4) 0.59

Prolonged length of stay 1949 (49.6) 94 (53.4) 0.32 94 (54.0) 93 (53.5) 0.91

Table 3. Odds ratios of complications following radical 
cystectomy for patients with disseminated disease as 
compared to those without disseminated disease

Odds ratio 95% CI p
Major complications 2.50 1.02–6.11 0.045

Pulmonary complications 5.17 1.00–26.66 0.049

Infectious complications 1.55 0.97–2.48 0.065

Venous thromboembolism 1.35 0.59–3.08 0.48

Bleeding needing transfusion 1.10 0.70–1.72 0.68

Prolonged length of stay 0.94 0.61–1.45 0.79
CI: confidence interval.
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therapy and radiotherapy, is limited to the 90 days pre-
ceding the operative date. Despite the intuitive importance 
of this information, previous work has shown that they do 
not significantly improve risk prediction for short-term out-
comes, such as those we examined here.16 Further, as with 
an administrative data source, we are unable to ascertain 
treatment intent. Therefore, we cannot distinguish between 
cystectomies undertaken for oncological benefit and those 
undertaken in a palliative setting for symptom control. There 
are some data of interest that are not available in NSQIP 
data, including hospital and surgeon volume, academic 
status, or fellowship training. Finally, there is no accepted 
or validated methodology to assign Clavien-Dindo grading 
to complications within NSQIP. Therefore, we provided 
complications categorized according to severity and organ 
system.

Conclusion  

The stagnant survival rates for patients with metastatic blad-
der cancer have prompted efforts to identify novel treat-
ments for these patients. Aggressive local therapy is one 
option; however, given the relatively short life expectancy 
for patients with metastatic bladder cancer and the morbidity 
of cystectomy, caution is warranted. Thus, such treatment 
may best be reserved for a clinical trial in which morbid-
ity, as well as functional and oncological outcomes can be 
closely monitored.  
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