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Abstract.
BACKGROUND: Many variables may affect the cost of open radical cystectomy (RC) care, including surgical approach,
diversion type, patient comorbidities, and postoperative complications.
OBJECTIVE: To determine factors associated with changes in cost of care following open radical cystectomy (ORC) for
bladder cancer using the National Inpatient Sample (NIS).
METHODS: Patients in the NIS with a diagnosis of bladder cancer who underwent ORC with ileal conduit from 2012–2017
using ICD-9-CM and ICD-10-CM codes were identified. Baseline demographics including age, race, region, postoperative
complications, and length of stay were obtained. Univariable and multivariable logistic regression were used to identify
factors associated with cost variation including demographics, clinical characteristics, surgical factors, and discharge quarter
(Q1-Q4).
RESULTS: 5,189 patients were included in the analysis, with 4,379 at urban teaching hospitals. On multivariable regression
analysis, female sex [$1,734 ($1,024–2,444) p < 0.001)], a greater Elixhauser comorbidity score [$93 ($62–124), p < 0.001],
presence of any inpatient complication [$1,531 ($894–2,168), p < 0.001], and greater length of stay [$1,665 ($1,536–1,793),
p < 0.001] were associated with a greater cost of hospitalization. Discharge in Q3 (July to September) relative to Q2 (April
to June) was associated with a higher cost [$1,113 ($292–1,933), p = 0.008. Trends were similar at urban non-teaching and
rural hospitals, except discharge quarter was not associated with a significant change in cost.
CONCLUSIONS: Significant differences in cost of ORC with ileal conduit exist with respect to patient sex, medical
comorbidities, and discharge timing. These differences may relate to greater disease burden in female patients, patient
complexity, and variation in postoperative care in academic programs.
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INTRODUCTION

The direct medical costs of cancer care in the
United States (US) alone were estimated at approx-
imately $125 billion in 2010 [1]. Accounting for
evolving population demographics and epidemiolog-
ical trends in cancer, this price tag is expected to
rise to over $155 billion within the next few years.
Bladder cancer imposes a significant financial bur-
den on the health care system and the individual, as it
is one of the costliest cancers to treat on a per patient
basis with an estimated cost of care of $6 billion
in 2020 and a majority of this cost is attributed to
non-muscle invasive cancer [1–3]. For patients with
muscle-invasive disease, the most expensive compo-
nent of this cost often comes from the hospitalization
event for radical cystectomy (RC) and urinary diver-
sion [4].

Many variables may affect the cost of RC care,
including surgical approach, diversion type, patient
comorbidities, and postoperative complications. Re-
gional variations in cost of RC have also been
reported, which suggests that cost of living and other
geographic differences in healthcare delivery may
also impact cost [5]. It is documented that minimally-
invasive techniques are costlier than open RC (ORC)
by nearly $4,000 [6]. Similarly, the cost of conti-
nent urinary diversions increases inpatient charges by
over $4,500 [7]. The primary purpose of this study is
to identify differences in cost of RC hospitalization
attributable to patient, hospital type, and temporal
characteristics. Specifically, our study aimed to char-
acterize differences in cost and complications across
teaching and non-teaching hospitals.

MATERIALS AND METHODS

Data source

Patients with bladder cancer undergoing ORC
were identified in the National Inpatient Sample
(NIS) of the Health Care Utilization Project (HCUP)
from 2012 to 2017 [8]. This was deemed IRB exempt
by our institution. The NIS dataset is the largest
national all-payer inpatient database in the US and
samples from hospitals comprising 97% of all dis-
charges in the US. NIS data is de-identified and does
not contain protected health information or specific
hospital identifiers, and qualified for exemption from
the institutional review board at our institution.

Patient selection and outcomes

Each NIS dataset from 2012 to 2017 was queried
for the International Classification of Disease (ICD)-
9 or ICD-10 diagnosis codes for bladder cancer as
defined in Supplemental Table 1 (N = 94,242). ICD-9
and ICD-10 procedure codes were used to identify
patients over the age of 18 years who had undergone
ORC (N = 11,011) with ileal conduit (N = 8,435).
Because of the known increases in cost with continent
urinary diversion (N = 2,576) and minimally-invasive
surgeries (N = 2,231), these groups were excluded to
standardize operative costs and focus on identifying
clinical factors affecting cost. We excluded patients
with a length of stay greater than 14 days or who
fell outside the ± 2.5 the median absolute deviation
(MAD) from the median (median = 7, MAD = 2.965;
N = 1,110) as recommended by Leys et al. to assess
the typical cost of hospitalization following ORC [9].
Patients with missing information were excluded. A
total of 4,379 patients were in the primary analysis
based on inclusion criteria (Fig. 1). A secondary anal-
ysis was performed on an additional group of patients
discharged from an urban nonacademic center or rural
teaching institution (N = 810) as these centers were
less likely to consistently perform more than ten RCs
per year [10, 11].

Our primary outcome was the adjusted total cost
per hospitalization, calculated by multiplying the
charges that hospitals billed for services in the NIS
data by the cost-to-charge ratio (CCR), a validated
method by the Agency for Healthcare Research and
Quality and used by previous studies to estimate to
estimate actual hospitalization cost [6–8]. Adjusted
hospital cost and hospital charges were rounded to
the nearest dollar.

Covariables

The following clinically relevant variables were
identified from the NIS data. Patient demographic
information, including age (years; continuous), sex
(male, female), race (white, African American,
Other/Unknown) and insurance type (Medicaid,
Medicare, private, self-pay, unknown) was obtained.
Similarly, length of stay (days; continuous) and hos-
pital region in the US (East North Central, East
South Central, Mid-Atlantic, Mountain, New Eng-
land, Pacific, South Atlantic, West North Central,
West South Central) were identified. The Elixhauser
comorbidity score, a method developed by Elixhauser
et al. in 1998 used to estimate the burden of a patient’s
comorbidities using ICD-9 and ICD-10 codes, was
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Fig. 1. Patient selection flowchart from the NIS data from 2012–2017.

utilized as a measure of patient medical complexity
[8, 12]. Discharge quarter was defined as date of dis-
charge and categorized as: Q1 – January to March,
Q2 – April to June, Q3 – July to September, and Q4
– October to December. Finally, ICD-9 and ICD-10
diagnosis and procedure codes were used to identify
patients who experienced any inpatient complications
(yes/no).

Statistical analysis

Descriptive statistics were reported as medians
(interquartile range) for continuous variables and

numbers (percentages) for categorical variables. Q2
was used as the reference discharge quarter as it was
the closest to the median adjusted total cost. Uni-
variable and multivariable logistic regression of all
previously described features were used to identify
predictors associated with greater adjusted hospital
cost. As an additional sensitivity analysis, we also
conducted a linear regression analysis for patients
at urban non-teaching or rural hospitals. All statisti-
cal analyses were performed using R (version 3.6.3,
The R Foundation, Vienna, Austria). P ≤ 0.05 was
considered to be statistically significant.
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RESULTS

Of the 4,379 patients analyzed in the primary study
population, the median age was 70 years with 80.0%
White and 78.6% male patients, and there was a rel-
atively equal distribution of patients by teaching vs
non-teaching hospitals. (Table 1, Supplemental Fig-
ure 1). The median cost of ORC hospitalization in
this population was $25,276. There was a wide range
of median ORC cost across different regions of the
US, ranging from $19,916 in the East South Cen-
tral region to $38,519 in the Pacific region. Results
of univariable and multivariable linear regression

Table 1
Patient demographics at urban teaching hospitals

N Median
Adjusted

Cost, $ (IQR)

Total Population 4,379
Age in Years, median

(IQR)
70 (63–76) 25,276 (13,513)

Race, N (%)
White 3,502 (80.0) 24,876 (13,363)
African American 242 (5.5) 26,537 (15,251)
Other/Unknown 635 (14.5) 26,296 (14,022)

Sex, N (%)
Male 3,441 (78.6) 24,871 (12,976)

Female 938 (21.4) 26,655 (14,684)
Discharge quarter, N (%)

Q2 (Apr-Jun) 1,088 (24.8) 24,919 (12,193)
Q3 (Jul-Sep) 1,083 (24.7) 25,616 (14,170)
Q4 (Oct-Dec) 1,143 (26.1) 25,423 (13,242)
Q1 (Jan-Mar) 1,065 (24.3) 25,134 (14,137)

Insurance, N (%)
Medicaid 219 (5.0) 26,614 (14,524)
Medicare 2,877 (65.7) 25,475 (13,611)
Private 1,104 (25.2) 24,630 (12,869)
Self-Pay 63 (1.4) 24,852 (10,535)
Unknown 116 (2.6) 25,040 (12,188)

AHRQ Elixhauser Score,
median (IQR)

6 (0–14)

Length of Stay in Days,
median (IQR)

7 (6–9)

Inpatient Complication, N
(%)
No Inpatient

Complication
2,190 (50.0) 23,420 (11,230)

Any Inpatient
Complication

2,189 (50.0) 27,407 (15,093)

Region, N (%)
East North Central 679 (15.5) 25,788 (11,300)
East South Central 370 (8.4) 19,916 (9,955)
Mid-Atlantic 680 (15.5) 25,090 (14,457)
Mountain 215 (4.9) 24,468 (9,746)
New England 278 (6.3) 31,944 (15,071)
Pacific 440 (10.0) 38,519 (20,392)
South Atlantic 831 (19.0) 23,473 (10,506)
West North Central 407 (9.3) 22,692 (10,066)
West South Central 479 (10.9) 23,734 (10,210)

are shown in Figure 2 and Table 2. Using multi-
variable regression analysis to compare the effect
of each variable, female sex was associated with a
$1,734 increase in cost for ORC care compared to
male sex [($1,024–2,444), p < 0.001], and patients
identified as Other race compared with White had
a $2,728 increase in cost [($1,870–3,586), p < 0.001]
(Figure 2). Patients with a greater Elixhauser comor-
bidity score [$93 ($62–124), p < 0.001], any inpatient
complication [$1,531 ($894–2,168), p < 0.001], and
longer length of stay [$1,665 per day ($1,536–1,793),
p < 0.001] were also associated with a higher ORC
cost (Fig. 2). Patients discharged in Q3 [$1,113
($292–1,933), p = 0.026] had a higher ORC cost com-
pared with patients discharged in Q2. There was no
association between cost and discharge in Q1 com-
pared with Q2. Increasing age was associated with a
small decrease in ORC cost [–$75 per year (–$114 to
–36), p < 0.001].

Among the 810 additional patients who underwent
ORC at an urban non-teaching or rural hospital, the
median age was 71 years with 85.1% White and
79.1% male patients (Supplemental Table 2). Uni-
variable and multivariable regression analyses are
shown in Supplemental Table 3. The median cost of
ORC hospitalization was $22,808 in this population.
Again on multivariable analysis, the East South Cen-
tral region had the lowest median ORC cost ($17,844)
and the Pacific region had the highest median cost
($30,240). Female gender [$2,172 ($551–3,792), p =
0.009], Other race [$2,165 ($120–4,170), p = 0.034],
greater Elixhauser comorbidity score [$139 ($69–
209), p < 0.001], presence of inpatient complication
[$2,096 ($644–3,548), p = 0.005], and greater length
of stay [$1,475 per day ($1,168–1,762), p < 0.001]
were similarly associated with a greater cost of ORC
care (Fig. 2). However, no significant difference was
found in adjusted cost based on discharge quarter. Of
note, there was a higher incidence of inpatient compli-
cations in ORC performed at urban non-teaching and
rural hospitals (57.4%) compared to urban teaching
hospitals (50.0%).

COMMENT

RC is the gold standard for treatment of non-
metastatic muscle-invasive bladder cancer and select
patients with high risk non-muscle invasive bladder
cancer [13]. Proposed factors affecting cost of RC
can be attributed to patient, surgeon, and hospital
characteristics [10, 14, 15]. Higher volume surgeons
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Fig. 2. Patient Characteristics (A) Teaching (B) Non-Teaching Hospitals
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Table 2
Linear regression analysis of patient and hospital factors associated with cost variation at urban teaching hospitals

Univariable Analysis Multivariable Analysis

Coefficient ($) 95% CI p Coefficient ($) 95% CI p

Age (Years)
14 –23 to 51 0.464 –75 –114 to –36 < 0.001

Race
White Reference Reference
African American 1469 –98 to 3037 0.066 1202 –98 to 2501 0.07
Other race 2719 1702 to 3736 < 0.001 2728 1870 to 3586 < 0.001

Gender
Male Reference Reference
Female 2224 1355 to 3092 < 0.001 1734 1024 to 2444 < 0.001

Discharge Quarter
Q2 (Apr-Jun) Reference Reference
Q3 (Jul-Sep) 1252 237 to 2267 0.016 1113 292 to 1933 0.008
Q4 (Oct-Dec) 1081 79 to 2082 0.034 775 –108 to 1657 0.49
Q1 (Jan-Mar) 690 –330 to 1709 0.185 144 –682 to 970 0.732

Insurance
Medicaid Reference Reference
Medicare –1301 –2958 to 356 0.124 1513 17 to 3010 0.047
Private Insurance –2149 –3898 to –400 0.016 1193 –244 to 2630 0.104
Self-Pay –2641 –6021 to 739 0.126 –375 –3116 to 2366 0.789
Unknown –2475 –5190 to 240 0.074 42 –2182 to 2266 0.97

AHRQ Elixhauser Score
200 164 to 236 < 0.001 93 62 to 124 < 0.001

Inpatient Complications
4844 4144 to 5545 < 0.001 1531 894 to 2168 < 0.001

Length of Stay (Days)
1866 1732 to 2001 < 0.001 1665 1536 to 1793 < 0.001

Region
East North Central Reference Reference
East South Central –6213 –7592 to –4833 < 0.001 –6064 –7301 to –4827 < 0.001
Mid-Atlantic –656 –1814 to 502 0.266 –923 –1963 to 116 0.082
Mountain –1761 –3431 to –90 0.039 –1130 –2630 to 369 0.139
New England 6289 4769 to 7809 < 0.001 6399 5037 to 7760 < 0.001
Pacific 13157 11850 to 14463 < 0.001 13242 12062 to 14422 < 0.001
South Atlantic –3115 –4219 to –2010 < 0.001 –2771 –3761 to –1780 < 0.001
West North Central –3603 –4941 to –2265 < 0.001 –3844 –5072 to –2617 < 0.001
West South Central –2799 –4073 to –1525 < 0.001 –2347 –3495 to –1200 < 0.001

and hospitals, generally defined as those with greater
than ten RC per year, have better outcomes post-
operatively and report lower rates of mortality and
complications [11, 14, 15]. Though these outcomes
can be attributed to surgical technique and hospital
resources, the greatest variability in index hospital-
ization cost of RC has been ascribed to postoperative
complications.

Interestingly, this study found disparities between
cost of ORC based on patient sex with a $1,734
increase in cost per hospitalization at urban teach-
ing facilities and $2,172 increase at non-teaching and
rural facilities for female compared to male patients.
The increased cost may stem from differences in the
actual surgery performed, such as need for anterior
exenteration. Prior research by Cárdenas-Turanzas
et al. showed similar findings to our study, but

gender-based differences in bladder cancer care
appear to extend beyond cost [16]. Though the preva-
lence of bladder cancer is three to four times lower in
females, which is reflected in the number of cystec-
tomies for males and females in the NIS data, female
patients appear to have worse survival when matched
with male patients of the same stage, particularly
with advanced stage disease [17, 18]. Previous stud-
ies show that women tend to have greater delays in
referral to a urologist and to RC, present more often
with advanced disease, and have worse survival out-
comes [18–20]. Postoperative outcomes for females
after ORC have a similarly poor trend, with greater
complications including longer operative times, sur-
gical site infections, blood transfusion requirements,
longer length of stay, and higher readmission rate
[16, 20]. It is plausible that advanced disease and
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higher postoperative complication rates correlate to
the nearly $2,000 higher cost of hospitalization for
female patients undergoing RC.

The current study also showed increased adjusted
cost of ORC in patients with greater medical com-
plexity, as measured by the Elixhauser comorbidity
score, and patients with any complication during
admission for ORC. This is congruent with existing
literature that found patients with greater comor-
bidities tend to have greater morbidity, higher rates
of readmission, and higher 90-day costs following
RC [21, 22]. Though the difference in cost on mul-
tivariable regression was marginal for each single
point increase in score ($93 for urban teaching hos-
pitals and $139 for urban non-teaching and rural
hospitals), a patient with several comorbidities may
easily increase the cost of ORC care by several hun-
dred dollars. Managing complex patients may pose a
challenge to trainees and lead to greater use of con-
sulting services and diagnostic tests. Complication
rates following cystectomy remain high at around
50% following RC regardless of surgical route [6,
15, 23]. However, enhanced recovery after surgery
(ERAS) protocols can limit reactive measures and
over-management of patients by reducing variance in
the perioperative period and lower complication rates
[23–25]. Its effect on overall costs appears mixed
however, with an average cost savings of $4,488 per
RC hospitalization compared with standard manage-
ment reported by some groups, and no difference in
cost reported at another single specialty cancer center
[23, 24, 26].

Our results also showed a borderline statistically
significant difference in cost of ORC between Q2
and Q3 at urban academic centers. While it is dif-
ficult to pinpoint all factors influencing this result
without additional study, one possibility relates to
trainee experience as there is frequently a large of
trainees at academic hospitals during Q3. Our analy-
sis of non-teaching and rural hospitals, where fewer
trainees are present, did not show a significant cost
difference between discharges in Q3 compared to
Q2. The “July Effect” has been used to describe the
transition period at the start of each academic year
when the average experience level of a teaching hos-
pital declines suddenly [27]. Little data exists on how
trainee involvement affects perioperative manage-
ment, but overutilization of laboratory and imaging
tests by trainees can increase cost of care [28, 29].
Interventions such as cost reminders within the elec-
tronic health system, teaching, and audit/feedback
can reduce avoidable testing. ERAS protocols may be

another method of reducing variability in diagnostic
testing.

Our data showed a statistically significant decrease
in cost by $75 with each single year increase in
age in the primary analysis population. This change
appears counterintuitive when taken in isolation, but
may not capture the variability in patient health status
at different ages and seems less clinically signifi-
cant compared to other factors previously mentioned.
Finally, there was a wide range of ORC care costs
across different regions of the US. It is beyond the
scope of this study to identify regional practice pat-
terns and patient populations that may account for
these differences and NIS data does not link patients
to specific hospitals, but this may be an interesting
basis for future study.

This study has several limitations, including retro-
spective design and the use of NIS data. The NIS is
a cross-sectional dataset and does not divulge differ-
ences in operative technique (such as organ-sparing,
lymph node dissection, or trainee involvement),
whether ERAS protocols were utilized, or severity of
disease. This data does not include long-term compli-
cations following the index hospitalization. Though
we limited the primary analysis to urban teaching hos-
pitals, the NIS does not link patient data to specific
surgeons or hospitals which may affect cost depend-
ing on surgical volume. Other factors may account
for temporal differences in adjusted cost such as
timing of initial presentation and seasonal referral
patterns by primary care providers. Different hos-
pitals may also have different coding practices that
do not allow direct comparison of costs involved,
and coding errors may cause discrepancies in data.
However, we also consider NIS data to be a strength
of this study as it is the largest all-payer inpatient
observational database, which provides reliable cost
information and is used to guide healthcare policy.

CONCLUSIONS

We conducted an analysis of over 5,000 represen-
tative patients in the US to identify clinical predictors
of cost variation during hospitalization for ORC and
ileal conduit. This study demonstrates that mean
adjusted total cost following ORC at urban academic
institutions is significantly higher in patients who are
female, have greater comorbid conditions, have any
inpatient complication following ORC, and those dis-
charged in July to December. Female patients appear
to be disproportionately affected by medical compli-
cations following ORC which may increase cost of
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care by nearly $2,000. Implementation of and train-
ing on ERAS protocols may help reduce variability
in costs while preserving high quality care.
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