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Abstract

Objective: To examine factors associated with radical cystectomy operative time among Medicare beneficiaries.
Material and methods: Using linked Surveillance, Epidemiology, and End Results-Medicare data, we identified 4,975 patients who

underwent a radical cystectomy during 1991 to 2007. Using a validated method of using anesthesia administrative data to quantify operative
time, we used generalized estimating equations to examine the association of patient, provider, and hospital factors on radical cystectomy
operative time.
Results: We found that mean operative time decreased by 5 minutes per year (Δ ¼ �5.3 min/y, P o 0.001). Longer operative times

were found in academic centers (Δ ¼ þ39.0 min vs. nonacademic), continent diversion (Δ ¼ þ34.9 min vs. ileal conduit), surgical
excision of Z11 lymph nodes (Δ ¼ þ24.9 min vs. 1–5), female (Δ ¼ þ32.3 min vs. male sex), and perioperative anesthesia procedures
such as placement of central venous catheters or arterial lines (Δ ¼ þ47.2 min vs. no procedures), respectively (all P o 0.01). In adjusted
analysis, higher surgeon volume (Δ ¼ �22.0 min vs. lowest volume) was associated with shorter operative times (P ¼ 0.002).
Conclusions: Operative times for cystectomy have been steadily decreasing annually. There is notable variation based on academic

affiliation, diversion type and extent of lymphadenectomy, surgeon and hospital volumes, as well as use of anesthetic procedures. Efforts to
improve operative time by selective referral to high-volume surgeons or hospitals or both, or judicious use of perioperative procedures may
have a positive effect on health care costs and overall quality of care for patients undergoing radical cystectomy for bladder cancer. r 2016
Published by Elsevier Inc.

Keywords: Bladder cancer; Operative time; Radical cystectomy; SEER-Medicare
1. Introduction

Radical cystectomy remains the gold standard treatment
for patients with muscle-invasive bladder cancer. The
procedure is time-consuming, as it requires extirpation of
the bladder and the surrounding organs, pelvic lymphade-
nectomy, bowel resection, and urinary diversion. Prolonged
operative time has been linked to more frequent complica-
tions and higher perioperative mortality among patients
undergoing reconstructive and orthopedic procedures [1–3],
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data, Lavallée et al. [4] demonstrated that cystectomy
operative times over 6 hours were associated with a higher
incidence of perioperative complications. Moreover, longer
operative times are associated with increased expenditures
—a 1 hour increment in operative suite time increases
overall hospital charges by $1,000 [5].

Most urologists perform this operation infrequently, with
half of radical cystectomies in the United States performed
by urologists doing only one of these operations annually [6].
With increasing pressure from policymakers and payers to
reduce complications and minimize health care costs, a
greater understanding of the association between patient,
surgeon, and hospital factors with radical cystectomy
operative times is important and timely. This is particularly
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relevant as we transition from fee-for-service payment
structures to accountable care organizations. However, there
is a dearth of information as to mutable factors that
contribute to radical cystectomy operative times. To this
end, we performed a population-based study to better
discern the various patient, provider, and clinical factors
that affect radical cystectomy operative time. We hypothe-
sized that operative time would be decreasing over time and
operative time would vary significantly based on selected
patient, surgeon, and hospital factors.
2. Material and methods

2.1. Data source and analytic cohort

We used Surveillance, Epidemiology, and End Results
(SEER) cancer registry data linked to Medicare claims for
our analyses. The data were drawn from 18 SEER registries,
which comprised approximately 26% of the United States
population [7]. In our initial step, we identified 86,606
patients over 65 years of age who were diagnosed with
bladder cancer from 1991 through 2007. Next, we restricted
this group to 62,746 patients who had both Medicare part A
and B coverage without additional health maintenance
organization coverage. Among this group, 5,124 patients
had claims for radical cystectomy with an appropriate
length of stay (i.e., Z2 days) and operative time (Z120
min). Finally, we excluded 149 patients without 12 months
of available claims data before diagnosis, leaving a final
analytic cohort of 4,975 patients with bladder cancer
patients who were treated with a radical cystectomy.

2.2. Exposures and covariates of interest

Patient age and sex were abstracted from the Medicare
file. SEER registry data were used to define tumor stage,
tumor grade, race, geographic region, and marital status.
We used ZIP code of residence and SEER data to define
socioeconomic covariates (e.g., median household income,
percentage with high school education, and rural/urban
status). Patient comorbidity was defined using the Klabunde
et al. [8] method of administrative claims from 12 months
before diagnosis.

Surgeon characteristics were assessed using American
Medical Association Masterfile data, which were linked to
physician identifiers available in Medicare data. Surgeon
age, employment type (e.g., solo/2-person, group practice,
and medical school), and annual cystectomy volume were
included. Surgeon and hospital volume was calculated by
aggregating all radical cystectomy cases by each unique
surgeon or hospital identifier over the course of the study
time frame. We split surgeon and hospital volume variables
into evenly divided quartiles. Other hospital factors of
interest included ownership status, academic affiliation,
hospital size, and annual cystectomy volume. Additional
anesthesia procedures were identified using the following
Current Procedural Terminology (CPT)-4 codes: placement
of epidural (62318, 62319, 62310, 62311, and 62350);
arterial line (36620); and central venous catheter (93593).

2.3. Outcomes

We used administrative claims by anesthesiologists to
define operative time, consistent with our prior work [9] and
reported elsewhere [10]. We assumed that the anesthesiol-
ogist claims encompass the time from induction to reversal
of general anesthesia. We evaluated operative time as a
continuous variable in minutes.

2.4. Statistical analysis

For unadjusted analyses, we employed Wilcoxon rank-
sum, chi-square, Fisher exact, and t tests to evaluate the
association between operative time and pertinent covariates
of interest. We fit our multivariate linear regression model
and estimated the change in operative time based on
significant factors identified with stepwise selection using
cutoffs of 0.15 for both significance level to enter and
significance level to stay. Generalized estimating equations
were used to adjust for clustering at the surgeon level [11].
After fitting this model, we generated predicted mean
operative time based on quartiles of surgeon and hospital
case volume.

All analyses were performed using SAS (version 9.2;
Cary, NC) and STATA software (version 13.1; College
Station, TX). All statistical tests were 2-tailed, and the
probability of a type I error was set at o0.05. The institu-
tional review board at the University of California, Los
Angeles, exempted our study protocol.
3. Results

Across the time frame of interest, we noted a gradual
decrease in operative times for patients treated with radical
cystectomy, where the shortest operative times were noted
among patients treated with cystectomy from 2004 through
2007. Patient characteristics of the analytic cohort are seen
in Table 1. Table 2 demonstrates the other unadjusted
associations between surgeon and hospital factors and
operative time. The shortest operative time was noted
among solo/2-person (median: 376 min) and group practi-
ces (median: 385 min) (P o 0.001). Regarding hospital
factors, the longest operative times were noted among
hospitals with NCI Cancer Center affiliation, government
hospitals, large hospitals (i.e., 669þ beds), and those with
academic affiliation (all P o 0.01). Regarding operative
factors, performance of radical cystectomy with continent
diversion took 65 minutes longer than radical cystectomy
with an ileal conduit diversion (449 vs. 384 min, P o 0.001)
(Table 3).



Table 1
Characteristic of patients with bladder cancer treated with radical cystectomy

Covariate n Median operative
time, min (IQR)

P

Age at diagnosis, y
66–70 1,654 406 (324–509) o0.001
71–75 1,513 405 (320–509)
76–80 1,144 384 (303–475)
81þ 664 379 (307–483)

Sex
Female 899 415 (328–512) o0.001
Male 4,076 393 (314–495)

Race
White 4,630 397 (315–496) 0.429
Black 180 405 (326–495)
Other 165 406 (321–539)

Marital status
No 1,510 385 (312–494) o0.001
Yes 3,465 403 (319–503)

Percentage with high
school educationa

90þ 1,664 404 (321–497) 0.014
85–89.9 992 404 (319–503)
75–84.9 1,328 388 (315–490)
o75 940 389 (304–494)

Median incomea

o$35,000 1,705 385 (304–490) 0.002
$35,000–o$45,000 1,221 394 (315–494)
$45,000–o$60,000 1,115 406 (327–505)
$60,000þ 883 409 (330–498)

Geographic region
Northeast 1,147 391 (320–479) o0.001
South 698 359 (280–492)
Midwest 1,047 381 (305–465)
West 2,083 418 (334–535)

Comorbidity
0 3,507 398 (316–496) 0.424
1 1,059 397 (318–498)
2 247 384 (302–506)
3þ 162 407 (308–501)

Rural/urban status
Rural 504 369 (295–480) 0.002
Urban 4,471 400 (319–499)

AJCC stageb

Stage I or in situ 1,658 396 (315–502) 0.181
Stage II 1,132 391 (314–483)
Stage III 1,092 396 (309–495)
Stage IV 996 406 (323–521)

TNM: N stage
Nx 536 406 (323–521) o0.001
N0 2,624 389 (311–481)
Nþ 1,815 322 (409–516)

TNM: T stage
Ta 512 392 (306–506) 0.839
Tis 177 399 (344–506)
T1 1,000 396 (316–497)
T2 1,520 399 (318–496)
T3 1,010 393 (310–489)
T4 651 404 (322–502)
Unknown 105 411 (335–535)

TNM: M stage
M0/Mx 4,239 394 (314–494) 0.005
Mþ 736 415 (330–529)

Bold values signifies po0.05.
AJCC ¼ American Joint Committee on Cancer; IQR ¼ interquartile range.

aMissing in 51 cases.
bMissing in 97 cases.

Table 2
Surgeon and hospital factors among patients with bladder cancer treated
with radical cystectomy

Covariate n Median operative
time, min (IQR)

P

Quartiles of surgeon
volume (annual cases)
Lowest (1–3) 1,137 404 (314–525) 0.012
Moderate (4–8) 1,381 390 (309–490)
High (9–24) 1,212 380 (301–479)
Highest (25þ) 1,245 412 (340–505)

Surgeon age
o50 y 1,698 388 (304–480) 0.210
50þ years 2,143 399 (322–498)
Unknown 1,134 407 (321–524)

Surgeon employment
1–2 Physicians 562 376 (299–475) o0.001
Group 2,266 385 (304–479)
Medical school 399 437 (357–563)
Nongovernment 151 437 (359–530)
Government 160 407 (342–482)
Not classified 1,437 405 (329–525)

Quartiles of hospital
volume (annual cases)
Lowest (1–8) 1,233 375 (299–484) o0.001
Moderate (9–18) 1,273 379 (303–480)
High (18–54) 1,274 399 (318–499)
Highest (55þ) 1,195 428 (355–523)

NCI Cancer Center
affiliation
No 3,774 385 (305–487) o0.001
Yes 1,201 427 (355–534)

Hospital setting
Nonprofit 3,724 389 (310–484) o0.001
Proprietary 399 419 (344–536)
Government 852 429 (330–539)

Hospital size (beds)
Lowest (1–269) 1,261 388 (317–479) 0.005
Moderate (270–450) 1,280 385 (304–494)
High (451–668) 1,254 402 (316–517)
Highest (669þ) 1,180 415 (332–509)

Academic affiliation
No 1,798 378 (304–475) o0.001
Yes 3,177 406 (324–510)

Bold values signifies po0.05.
IQR ¼ interquartile range; NCI ¼ National Cancer Institute.
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The estimates from our multivariable analysis are shown
in Table 4. Over time, we observed a 5-minute decrease in
operative time per year (P o 0.001). Regarding patient
factors, longer operative time was noted with female sex
(adjusted Δ ¼ þ32.3 minutes, P o 0.001) and increasing
patient comorbidity (adjusted Δ ¼ þ7.8 min per point of
Charlson Comorbidity Score, P o 0.001). Shorter operative
time was seen with patients of increasing age (adjusted Δ
¼ �2.0 min/y, Po0.001) and those who were unmarried
(vs. married patients, adjusted Δ ¼ �15.9 min,
P o 0.001). We also noted significant geographic variation,



Table 3
Operative factors among patients with bladder cancer treated with radical
cystectomy

Covariate n Median operative
time, min (IQR)

P

Lymphadenectomy
No 1,583 409 (320–524) o0.001
Yes 3,392 390 (314–488)

Lymph nodes examined
0 2,454 396 (315–494) o0.001
1–5 704 369 (297–475)
6–10 577 404 (324–506)
11þ 909 420 (340–517)
Unknown 331 381 (295–503)

Type of urinary diversion
Continent 869 449 (369–565) o0.001
Ileal conduit 3,968 384 (307–480)
Ureterosigmoidostomy 50 405 (320–537)
Unknown 88 434 (362–480)

Epidural placement
No 3,534 402 (315–510) 0.061
Yes 1,441 388 (317–472)

Arterial line placement
No 1,871 359 (284–454) o0.001
Yes 3,104 420 (340–524)

Central venous catheter placement
No 3,586 390 (309–495) o0.001
Yes 1,389 412 (334–505)

Any perioperative procedure
No 1,238 363 (284–465) o0.001
Yes 3,737 408 (329–509)

Bold values signifies po0.05.
IQR ¼ interquartile range.
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with cases in the South (adjusted Δ ¼ �50.6 min,
P o 0.001) and Midwest (adjusted Δ ¼ �56.7 min,
P o 0.001) approximately 1 hour shorter, than those in
the West.

Operative factors had arguably the most significant
effect on operative times. Performance of a continent
diversion added an estimated 35 minutes to a case
(P o 0.001), compared with cases involving an ileal
conduit diversion. When patients had 1 or more perioper-
ative anesthetic procedure (e.g., epidural or arterial line
placement or both), the estimated case duration was over
47 minutes longer than patients who did not receive any
(P o 0.001). Finally, we noted a stepwise increase in
operative times associated with extent of lymph node
dissection. Compared with patients with 1 to 5 nodes
removed, patients with 6 to 10 nodes (adjusted
Δ ¼ þ14.8 min, P o 0.001), and Z11 nodes (adjusted
Δ ¼ þ24.9 min, P o 0.001) excised experienced longer
cystectomy operative times.

After adjustment for other covariates, the only surgeon
factor associated with change in operative time was non-
government practice type (adjusted Δ ¼ þ32.3 min/case,
0.02) (Table 4). Hospital factors associated with increased
operative time included hospital ownership status (e.g., for
profit vs. nonprofit), with proprietary (adjusted Δ ¼ þ33.6
min/case, P ¼ 0.003) and government hospitals (adjusted
Δ ¼ þ33.5 min/case, P ¼ 0.002) being associated with
increased operative time compared with nonprofit hospitals.
Furthermore, cases performed at hospitals without an
academic affiliation had operative times that were nearly
40 minutes shorter (P o 0.001) than academic hospitals.
Fig., shows the relationship between cystectomy operative
time and quartiles of surgeon and hospital case volume—
where the highest volume surgeons (P ¼ 0.002) and
hospitals (P ¼ 0.06) had the shortest mean operative times.
4. Discussion

Among Medicare-eligible patients with bladder cancer
treated with a radical cystectomy, we found 4 important
findings. First, potentially modifiable operative factors (e.g.,
perioperative procedures, lymph node dissections, and
diversion type) had the greatest effect on time in the
operating room. Second, nonmodifiable patient factors such
as age and sex were associated with significant variation in
operative time. Third, we noted longer operative times in
academic settings. Finally, there was a significant surgeon
volume-operative time relationship, whereby higher-volume
surgeons had shorter operative times.

Congruent with other analyses, we noted longer oper-
ative times with continent neobladder diversion [12]. We
noted an excess of 30 to 45 minutes of operative time
associated with more extensive lymphadenectomies and
with additional perioperative anesthesia procedures (e.g.,
central venous catheter placement). We acknowledge that
there are cases where performance of extended lymph node
dissection or central venous catheter placement is absolutely
indicated, and not modifiable. However, our findings
emphasize the importance of understanding the true value
and potential benefit of these components of the perform-
ance of radical cystectomy. For instance, in a patient with a
borderline indication for central venous catheter placement,
the marginal benefit of this procedure must be weighed
against the potential detriment of prolonged operative time,
in cost and risk of postoperative complications. Further,
data from the S1011 study on the marginal benefit of an
extended pelvic lymphadenectomy, compared with a stand-
ard lymphadenectomy, would shed additional light on the
morbidity and cost of extending the lymphadenectomy [13].

Nonmodifiable patient factors were associated with con-
siderable variation in operative times. First, at a patient-level,
performance of cystectomy was 20 minutes shorter for every
decade of increasing patient age. This finding may be related
to surgeons’ impetus to get older patients “off the table”
because of a theoretical risk of complications from prolonged
general anesthesia. On the contrary, we noted increased
operative time for radical cystectomy performed for sicker
bladder patient with cancer, which may suggest that surgeons
are considering a patient’s age much more strongly when
trying to optimize operative time. This relationship is similar



Table 4
Multivariable analysis for radical cystectomy operative time

Covariate Reference group Estimated difference in operative time, min (95% CI) P

Patient and tumor factors
Year of surgery N/A �5.32 (�6.78 to 3.86) o0.001
Age at cystectomy (per year) N/A �1.98 (�2.86 to 1.09) o0.001
Female sex Male 32.27 (20.32–44.23) o0.001
Patient race
Black White 7.57 (�16.16 to 31.31) 0.532
Other �33.49 (�54.68 to 12.3) 0.002

Not married Married �15.85 (�25.08 to 6.62) o0.001
Charlson comorbidity score (per point) N/A 7.83 (2.14 –13.52) 0.007
Region
Northeast West �15.36 (�34.05 to 3.33) 0.107
South �50.55 (�69.97 to 31.13) o0.001
Midwest �56.73 (�75.62 to 37.84) o0.001

Rural residence Urban �3.63 (�24.94 to 17.68) 0.739
High school education
1:o75 90þ �3.13 (�20.29 to 14.03) 0.721
2:75–84.99 �2.11 (�14.32 to 10.11) 0.735
3:85–89.99 4.23 (�8.73 to 17.19) 0.522

Median income
1 ¼ o$35,000 $60,000þ 10.47 (�5.48 to 26.42) 0.198
2 ¼ $35,000–o$45,000 13.38 (�1.77 to 28.54) 0.084
3 ¼ $45,000–o$60,000 6.12 (�6.07 to 18.31) 0.325

AJCC tumor stage
Stage I or in situ Stage IV 2.63 (�18.35 to 23.61) 0.806
Stage II 3.41 (�18.8 to 25.62) 0.763
Stage III 5.07 (�14.7 to 24.83) 0.615

TNM: N stage
Nx Nþ �15.23 (�35.83 to 5.37) 0.147
N0 �21.47 (�36.08 to 6.85) 0.004

TNM: Mþ stage Mx/M0 13.03 (�8.42 to 34.48) 0.234
Tumor grade
Well/moderately differentiated Poorly or un-differentiated �9.4 (�21.63 to 2.82) 0.132
Other �3.65 (�11.49 to 4.19) 0.361

Surgeon factors
Surgeon age (per year) N/A �0.71 (�1.48 to 0.06) 0.070

Practice type
1–2 Physicians Group 0.31 (�21.28 to 21.91) 0.978
Medical school 14.91 (�14 to 43.82) 0.312
Nongovernment 32.29 (5.32–59.26) 0.019
Government 5.94 (�30.91 to 42.78) 0.752
Not classified 18.02 (�2.6 to 38.64) 0.087

Hospital factors
Hospital bed count N/A 0.00 (�0.02 to 0.02) 0.709
No academic affiliation Academic affiliation �38.98 (�53.09 to 24.86) o0.001
Hospital ownership
Proprietary Nonprofit 33.56 (11.8–55.31) 0.003
Government 33.52 (12.87–54.17) 0.002

NCI Cancer Center affiliation No cancer center 16.85 (�5.79 to 39.50) 0.145
Operative factors
Diversion
Continent Ileal conduit 34.86 (21.62–48.10) o0.001
Ureterosigmoidostomy 39.85 (�34.23 to 113.93) 0.292
Unknown 16.92 (�8.7 to 42.54) 0.196

No perioperative procedures Any perioperative procedure �47.23 (�58.47 to 35.99) o0.001
Lymph nodes examined
0 1–5 24.68 (9.6–39.76) 0.001
6–10 14.79 (0.05–29.52) 0.049
11þ 24.94 (8.67–41.21) 0.003
Unknown 10.14 (�9.72 to 30.00) 0.317

Bold values signifies po0.05.
AJCC ¼ American Joint Committee on Cancer; NCI ¼ National Cancer Institute.
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Fig. Relationship between surgeon and hospital volume and radical
cystectomy operative time. This figure depicts the predicted mean operative
times for individual quartiles of surgeon and hospital volume based on
estimates from our multivariable regression models. The 4 columns on the
left are quartiles of annual surgeon volume and the 4 columns on the right
represent quartiles of annual hospital volume. Quartiles of volume increase
from left to right. The y-axis represents the mean operative time in minutes.
There was a notable and statistically downtrend in operative time as
surgeon volume increased across the 4 quartiles (P ¼ 0.002). Though
there was a similar trend for hospital volume, this did not reach statistical
significance (P ¼ 0.064).
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to what we see when urologists weigh age and comorbidity
during decision-making for prostate cancer, where comorbid
disease burden falls far short of the effect that patient age
confers [14]. However, as our operating time algorithm also
included induction time, sicker patients (particularly those
with cardiovascular and pulmonary disease) may have
required more attention during initiation of general anesthesia.
Second, female patients required longer operative times
(possibly because of performance of hysterectomy and
vaginal reconstruction), which stands in contrast to the results
from prior institutional cohort studies showing no significant
difference in operative time based on patient sex [15].

In addition, at a hospital level, we noted that patients with
bladder cancer treated with radical cystectomy at academic
centers had procedures that were nearly 40 minutes longer
compared with those treated at nonacademic centers. Hospi-
tals associated with academic centers typically involve
postgraduate trainees (i.e., residents and fellows in anesthesia
and urology) to assist during both anesthesia and surgery.
Broadly, prior reports looking at the association between
resident involvement and operative time are conflicting;
though single institution studies did not show any differences
in operative time [16], other population-based reports have
demonstrated increased operative time for procedures with
resident participation [17,18]. We acknowledge that some of
the differences between hospitals could reflect differences in
operational efficiency or workplace culture that are beyond
the scope of our dataset.

We also observed a significant decrease in operative time
associated with increasing surgeon volume—as has been noted
elsewhere with performance of hysterectomy among gyneco-
logic surgeons and laparoscopic/robotic-assisted procedures in
other specialties (including radical prostatectomy performed
by urologists) [19,20]. Radical cystectomy is one of the most
complex procedures in urologic oncology and—like its
correlate in surgical oncology, pancreaticoduodenectomy—
requires extirpation, lymph node dissection, and a complex
reconstruction (biliary vs. urinary diversion). Single institution
reports suggest that the “learning curve” for pancreaticoduo-
denectomy requires 60 cases before improvements in operative
time are observed [21]. If radical cystectomy has a similar
learning curve, this cutoff may be difficult to reach for most
urologists practicing in the United States, where the median
cystectomy volume is estimated at 2 cases per year [6]. Studies
assessing the radical cystectomy learning curve are limited to
those performed from a minimally invasive approach, where
21 robotic-assisted laparoscopic radical cystectomies were
required to reach operative times less than 6.5 hours [22].
Of note, dividing this complex operation between 2 providers
(i.e., 1 performing extirpation and 1 completing diversion) has
been considered. In fact, small studies suggest that this
approach can result in decreasing operative time by as much
as 2 hours, on average [23].

Furthermore, we also noted that, after adjusting for other
potential confounders, the highest volume hospitals had the
shortest operative times for patients undergoing radical
cystectomy. This may reflect clustering of high-volume
surgeons to high-volume hospitals, or streamlining of
intraoperative pathways to optimize performance in the
operating room. Taken collectively, these findings highlight
potential cost savings and improving quality of care (by
decreasing postoperative complications) with referral to
high-volume individuals and centers. However, regionaliza-
tion of patients requiring complex care may have associated
costs, such as delayed access to care [24] or impaired
recovery from complications after readmission to secondary
hospitals [25]. Alternatively, lower-volume surgeons may
be able to find means to elevate their skills through
mentoring or other educational mechanisms.

Our findings must be interpreted within the context of
the study design. First, we restricted our analysis to
Medicare beneficiaries, and results may not be generalizable
to other populations (e.g., age less than 65 years, those with
Health Maintenance Organization benefits). Nevertheless,
SEER-Medicare analyses are representative of the United
States population, Moreover, the age distribution of a
diagnosis of muscle-invasive bladder cancer highlights the
potential importance of these findings for the Medicare-
eligible population in the United States. Second, we did not
assess the association between surgical approach (i.e.,
laparoscopic/robotic-assisted vs. open radical cystectomy)
and operative times. However, the introduction and pur-
suant diffusion of minimally invasive approaches in per-
forming radical cystectomy were incorporated were far later
than our current cohort and incorporating those factors is
unlikely to change our overall findings. Furthermore, we
would have found that the introduction of robotic surgery in
the recent era would likely be associated with longer
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operative times, not shorter times. Third, there are unmeas-
ured factors outside the scope of the SEER-Medicare
dataset that we could not adjust for in our analysis.
However, this issue of confounding is present in any
nonrandomized study, and allows for additional investiga-
tion in the future. In particular, there has been increased
focus on surgeons “double booking” multiple rooms at the
same time; it remains unknown how long patients remain
under anesthesia whereas urologists tend to cases starting
concurrently in another room. Fourth, we cannot evaluate
the clinical effect of the incremental change in operative
time with this analysis. Further research would have to
assess to what degree absolute differences in operative
time influence outcomes. Finally, though validated previ-
ously [10], our measurement of operative time also includes
induction time for general anesthesia, and would likely be
influenced by a number of factors specific to the anesthesi-
ologists associated with each case (e.g., provider age and
experience.) that we could not measure. Furthermore, actual
operative time “under the knife” would likely be shorter
than our claims-based operative time, based on the vali-
dation study by Silber et al. [10].

In summary, we demonstrate the first population-based
analyses to explore factors associated with operative time for
radical cystectomy, which has relevance in the era of value-
based care. A clearer sense of how patient, surgeon, and
hospital factors are related to operative time is crucial for 2
reasons. On the contrary, prolonged operative times are
directly associated with increased health care costs, where
each minute in the operating room, on average, adds $15 to
overall charges [5]. On the contrary, outside of underlying
comorbidity and more advanced disease, extended operative
times may put patients at risk for postoperative complica-
tions and has been shown to be associated with wound
infections or venous thromboembolic events [1–4].
5. Conclusion

Operative times for cystectomy have been steadily
decreasing annually. There is notable variation based on
academic affiliation, diversion type and extent of lymphade-
nectomy, surgeon and hospital volumes, as well as use of
anesthetic procedures. Efforts to improve operative time by
selective referral to high-volume surgeons or hospitals, or
judicious use of perioperative procedures may have a positive
effect on health care costs and overall quality of care for
patients undergoing radical cystectomy for bladder cancer.
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