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ABSTRACT
Objectives: Despite the rapid proliferation of robot-
assisted radical prostatectomy (RARP), little attention
has been paid to patient utilisation of this newest
surgical innovation and barriers that may result in
disparities in access to RARP. The goal of this study is
to identify demographic and economic factors that
decrease the likelihood of patients with prostate cancer
(PC) receiving RARP.
Design, setting and participants: A retrospective,
pooled, cross-sectional study was conducted using
2009–2011 California State Inpatient Data and
American Hospital Association data. Patients who were
diagnosed with PC and underwent radical
prostatectomy (RP) from 225 hospitals in California
were identified, using ICD-9-CM diagnosis and
procedure codes.
Primary outcome measures: Patients’ likelihood of
receiving RARP was associated with patient and
hospital characteristics using the two models:
(1) between-hospital and (2) within-hospital models.
Multivariate binomial logistic regression was used for
both models. The first model predicted patient access
to RARP-performing hospitals versus non-RARP-
performing hospitals, after adjusting for patient and
hospital-level covariates (between-hospital variation).
The second model examined the likelihood of patients
receiving RARP within RARP-performing hospitals
(within-hospital variation).
Results: Among 20 411 patients who received RP,
13 750 (67.4%) received RARP, while 6661 (32.6%)
received non-RARP. This study found significant
differences in access to RARP-performing hospitals
when race/ethnicity, income and insurance status were
compared, after controlling for selected confounding
factors (all p<0.001). For example, Hispanic, Medicare
and Medicaid patients were more likely to be treated at
non-RARP-performing hospitals versus RARP-
performing hospitals. Within RARP-performing hospitals,
Medicaid patients had 58% lower odds of receiving
RARP versus non-RARP (adjusted OR 0.42, p<0.001).
However, there were no significant differences by race/
ethnicity or income within RARP-performing hospitals.
Conclusions: Significant differences exist by race/
ethnicity and payer status in accessing RARP-performing

hospitals. Furthermore, payer status continues to be an
important predictor of receiving RARP within RARP-
performing hospitals.

INTRODUCTION
Robot-assisted radical prostatectomy (RARP)
has been widely accepted by the urological
society for the past 15 years. From 2005 to
2008, the number of RARPs increased from
9000 to 58 000.1 In 2010, it was estimated
that 69–85% of all radical prostatectomy
(RP) cases in the USA were performed
robotically.2 Robotic surgery has the potential
to improve processes and patient outcomes
by helping younger novice surgeons learn to
perform minimally invasive RP within a rela-
tively short period of time.3 Research sug-
gests that robotic surgery may improve
patient outcomes, such as reduced blood
loss, shorter length of hospital stay, lower risk
of mortality, lower surgical complications,

Strengths and limitations of this study

▪ The study captured both supply factors (hospital
capability of performing robotic surgery) and
demand factors (patient demographic and eco-
nomic characteristics) that may have differential
impacts on the utilisation of robot-assisted
radical prostatectomies, which were not previ-
ously examined.

▪ The study used a comprehensive database con-
taining all inpatient records in the State of
California (USA) from 2009 to 2011. However,
these study results should be generalised with
caution for other states within the USA or other
countries.

▪ This study used a cross-sectional design, and
lacked clinical history and biomarker data on
patients undergoing radical prostatectomies.
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and faster recovery.4–8 Thus, this advanced surgical tech-
nology (ie, RARP) has been widely utilised in US health-
care, in spite of its higher costs, compared with open RP
(ORP) and conventional laparoscopic RP (LRP).8

Racial and socioeconomic disparities have been well
documented in the field of prostate cancer (PC) man-
agement/treatment.9–12 To the best of our knowledge,
however, only one study has examined racial and socio-
economic disparities in access to an RARP-performing
hospital.13 The previous study was conducted in
between-hospital comparison, by examining RP patients’
access to hospitals with robotic technology versus hospi-
tals without robotic technology. This is a legitimate
approach because RARP is a highly equipment-intensive
procedure, meaning that patients will not undergo
RARP if they do not have access to the hospitals with
robotic technology. Several studies have confirmed that
the use of RARP is centralised within a few large, primar-
ily academic, hospitals that are located in urban areas
where racial and socioeconomic minorities have less
access to those facilities.14–16 Thus, we conducted
between-hospital analysis to identify demographic and
economic factors that influence patients’ access to
RARP-performing hospitals using all inpatient data relat-
ing to California.
However, patients with access to hospitals that have

robotic technology may undergo different options of
surgical treatment, including ORP, LRP and RARP.
Current studies have not addressed whether the racial
and socioeconomic differences exist in the use of RARP
once the hospital-level access barrier is removed.
Therefore, we extended current research by also exam-
ining within-hospital differences in the receipt of RARP
versus non-RARP. Furthermore, we examined other
patient-level characteristics, such as payer type, that may
be important predictors of the receipt of RARP. Our
study used a comprehensive database containing nearly
all inpatient records for the State of California in order
to assess whether there were systematic, between-hospital
differences as well as within-hospital differences by race/
ethnicity and socioeconomic status in patients’ access to
RARP.

MATERIALS AND METHODS
Data source
We used the 2009–2011 California State Inpatient
Database (SID) and the 2009 American Hospital
Association Annual Survey Database. The SID is a com-
ponent of the Healthcare Cost and Utilization Project
sponsored by the Agency for Healthcare Research and
Quality, and provides comprehensive data on hospital
inpatient stays in each state.17 The AHA Annual Survey
Database is a comprehensive hospital database of over
6500 hospitals in the USA and contains up to 1000 fields
of information, including facility size, teaching status,
service lines, inpatient and outpatient utilisation, and
expenses.18

Study population
The study population included all patients who received
RP for PC from 2009 to 2011 in California. To determine
our analytic cohort, we first identified patients who had a
primary diagnostic International Classification of Disease, 9th
revision, Clinical Modification (ICD-9-CM) code for PC
(185). We then identified patients with a primary proced-
ure code for RP (60.5) and secondary procedure codes
for any type of robotic intervention (17.41, 17.42, 17.43,
17.44, 17.45 and 17.49). To identify hospital character-
istics, the California SID was merged with the 2009 AHA
database. This approach identified 20 411 patients who
were diagnosed with PC and who received RP in 225 hos-
pitals in California for the study period 2009–2011. Of
these, 18 101 patients had non-missing information on
age, race/ethnicity, primary payer, patients’ place of resi-
dence and median ZIP code income.

Primary outcome
We used two dependent variables: (1) a hospital-level
binary variable of RARP-performing versus non-RARP-
performing and (2) an individual-level binary variable of
receiving or not receiving RARP. Thus, the first model
examines availability of RARP across hospitals, and the
second model examines determinants of patient receipt
of RARP within RARP-performing hospitals.

Patient and hospital characteristics
Patient demographic information included age, race/
ethnicity, primary payer, patients’ place of residence
(metro vs non-metro), and median ZIP code income by
quartile. Age was categorised as one of four groups:
younger than 55, 55–64, 65–74, and 75 years and older.
Race/ethnicity was categorised as non-Hispanic white,
black or African-American, Hispanic and other (Asian
or Pacific Islander, Native American and other). The
patients’ primary payer was grouped into four main cat-
egories: private insurance, Medicare, Medicaid, and
other (self-pay, no charge, worker’s compensation, or
other government and/or county indigent pro-
grammes). We used the 2003 version of the Rural-Urban
Continuum Codes to classify metro and non-metro
areas. Metro areas were defined as counties in metropol-
itan areas with the size of 1 million people or more,
250 000 to 1 million people, and below 250 000.
Non-metro areas were defined as counties with urban
population of 20 000 or more, 2500–19 999, and com-
pletely rural areas or less than 2500 urban populations.
Median household income based on patient’s ZIP code
was separated into four quartiles. Quartiles were identi-
fied by values of 1 (the lowest quartile) to 4 (the highest
quartile), indicating the poorest to wealthiest popula-
tions, respectively. The cut-offs for the quartile designa-
tion are determined using ZIP code demographic data
obtained from Claritas.19

The study also included the Elixhauser comorbidity
index, consisting of 29 coexisting medical conditions.20

Medical conditions were coded 1 if the comorbidity was
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present, or 0 if not present. We used the sum of all the
comorbidity measures for the analysis. The three cat-
egories were added in the model: 0 (zero) comorbid-
ities, 1 comorbidity and 2 or more comorbidities.
Three hospital characteristics were selected and added to

the model based on previous studies.4 13 Ownership status
was divided into three groups: for-profit (investor-owned),
not-for-profit (religious or non-religious not-for-profit) and
public/government (federal-owned or state/county-owned
hospitals). Hospital teaching status (teaching and non-
teaching) and bed size (0–399 and 400 or more beds) were
also added to the model.

Statistical analysis
We obtained descriptive statistics of patient and hospital
characteristics among all hospitals and for
RARP-performing hospitals. Pearson’s χ2 test was used to
examine associations across different subgroups. This
analysis was followed by multivariate logistic regression
analyses examining whether patient and hospital
characteristics were associated with (1) adjusted odds of
accessing a RARP-performing hospital, and (2) adjusted
odds of patients with PC receiving RARP within an
RARP-performing hospital. A p value <0.05 denoted stat-
istical significance. SAS V.9.3 was used to perform all
statistical analyses.

RESULTS
Table 1 summarises 20 411 RP patient and hospital
characteristics by RARP-performing versus non-RARP-
performing hospitals. The number and trend of RARP
cases during the study period are illustrated in the
online supplementary table S1. Among 225 hospitals
that performed at least one RP during the 3-year study
period, 73 performed RARP and 152 did not perform
RARP. RARP-performing hospitals had a higher propor-
tion of patients who were non-Hispanic whites (71.0% vs
57.7%, p<0.001), private payers (62.5% vs 53.7%,
p<0.001), and resided in the highest ZIP code income
areas (37.3% vs 23.5%, p<0.001). More RP patients in
RARP-performing hospitals had zero comorbidities
(40.3% vs 32.7%, p<0.001) and lived in metro areas
(97.8% vs 96.4%, p<0.001) compared with RP patients
in non-RARP-performing hospitals. RARP-performing
hospitals were more likely to have not-for-profit owner-
ship (71.2% vs 60.9%, p=0.01), larger bed size (30.1% vs
5.3%, p<0.001) and teaching status (20.5% vs 3.3%,
p<0.001).
Table 2 summarises 16 421 RP patient characteristics

by receipt of RARP versus receipt of non-RARP within
the 73 RARP-performing hospitals. No significant
between-group differences were found by age (p=0.15),
race/ethnicity (p=0.36), median household income
(p=0.80), Elixhauser comorbidity index (p=0.36) or
metro/non-metro category (p=0.78). However, signifi-
cant differences were found by insurance status between
patients who did versus those who did not receive RARP

(63.1% vs 59.8% for private insurance; 1.4% vs 2.7% for
Medicaid, respectively; p<0.001).
Table 3 shows results from the multivariate logistic

regression analysis for both models. Model 1 examined
the association of patient and hospital characteristics and
the likelihood of accessing an RARP-performing hospital.
The final sample for model 1 included 18 101 RP patients
from 225 hospitals in California during the 3-year time
period. Patients’ race/ethnicity, socioeconomic status
and payer type were associated with the likelihood of
accessing an RARP-performing hospital, after adjusting
for selected confounding factors. More specifically,
Hispanics (adjusted OR (AOR) 0.63; p<0.001), Medicare
and Medicaid beneficiaries, as well as other self-paid or
government subsidy dependents (AOR 0.71, 0.14, and
0.09, respectively; p<0.001 for all) were less likely to
access an RARP-performing hospital, compared with pri-
vately paid patients. Additionally, compared with patients
who lived in the lowest median household income area,
those residing in a higher income area were more likely
to access a RARP-performing hospital (AOR 1.17, 1.26,
and 1.90 by ascending order of income quartile; p=0.02,
<0.001 and <0.001, respectively). Compared with patients
without comorbidities, patients who had a higher
number of comorbidities were less likely to access a
RARP-performing hospital (AOR 0.54, p<0.001). Relative
to metro residence, non-metro residence was associated
with lower odds of accessing an RARP-performing hos-
pital (AOR 0.28, p<0.001). At the hospital level, govern-
ment hospitals (AOR 1.23, p=0.003), teaching hospitals
(AOR 4.75, p<0.001), and larger hospitals with 400 beds
or more (AOR 7.06, p<0.001) were more likely to be an
RARP-performing hospital compared with not-for-profit,
non-teaching, and smaller hospitals with 399 beds or less.
Whereas model 1 analysed the likelihood of patients

with PC receiving RP at an RARP-performing versus a
non-RARP performing hospital, model 2 examined
patients’ likelihood of receiving robotic surgery within
RARP-performing hospitals. Thus, model 2 identifies
socioeconomic, payer status and other factors that may
predict receiving RARP versus ORP or LRP. The sample
for model 2 consisted of 14 679 patients from 73 hospi-
tals. Hospitals included in model 2 performed at least
one RARP during the study period. After controlling for
selected patient demographics and hospital character-
istics, within-hospital analysis revealed that age, race/eth-
nicity and income (except for the third quartile, ie, the
middle-high income group) were no longer significant
predictors of receiving RARP. However, we found that sig-
nificantly and consistently, Medicaid beneficiaries had
58% lower adjusted odds of receiving RARP, compared
with those with private insurance (AOR 0.42; p<0.001).
Having two or more comorbidities was associated with
a lower likelihood of receiving RARP relative to
patients with no comorbidities (AOR 0.80, p<0.001).
Investor-owned and government-owned hospitals were 60%
and 49% less likely, respectively, to perform RARP com-
pared with not-for-profit hospitals (AOR 0.40 and 0.51,
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respectively, p<0.001 for both). Teaching hospitals were
more likely than non-teaching hospitals to employ
robotic surgery in treating patients with PC (OR 1.65,
p<0.001). Interestingly, we found that larger hospitals
(400 and more beds), relative to their smaller counter-
parts, were negatively associated with the likelihood of
performing RARP (OR 0.53, p<0.001).

We performed sensitivity analysis by hospital surgery
volume to test whether results systematically varied
between high-volume and low-volume hospitals (table 4).
Seventy-three RARP-performing hospitals were cate-
gorised into high volume if they performed more than
500 RARPs, medium volume if they performed between
200 and 499 RARPs, and low-volume if they performed

Table 1 Patient and hospital characteristics (model 1)

Variables

All

hospitals

Non-RARP-performing

hospitals

RARP-performing

hospitals

p

Value*

Number of hospitals 225 152 73

Number of patients (%) 20 411 3990 (19.5) 16 421 (80.5)

Patient characteristics

Age (%) 0.007

Younger than 55 3308 (16.4) 595 (15.1) 2713 (16.8)

55–64 8564 (42.5) 1747 (44.4) 6817 (42.1)

65–74 7628 (37.9) 1491 (37.9) 6137 (37.9)

75 or older 631 (3.1) 106 (2.7) 525 (3.2)

Race (%) <0.001

Non-Hispanic white 12 746 (62.5) 2020 (57.7) 10 726 (71.0)

Non-Hispanic black 1537 (7.5) 316 (9.0) 1221 (8.0)

Hispanic 2790 (13.7) 888 (25.4) 2790 (12.6)

Other 1529 (7.5) 278 (7.9) 1251 (8.3)

Primary insurance (%) <0.001

Private 12 411 (60.8) 2142 (53.7) 10 269 (62.5)

Medicare 6995 (34.3) 1397 (35.0) 5598 (34.1)

Medicaid 473 (2.3) 216 (5.4) 257 (1.6)

Other† 532 (2.6) 235 (5.9) 297 (1.8)

Median household income (%) <0.001

Lowest quartile 3252 (15.9) 866 (22.2) 2386 (14.9)

Middle-low quartile 4269 (20.9) 1009 (25.9) 3260 (20.4)

Middle-high quartile 5487 (26.9) 1105 (28.4) 4382 (27.4)

Highest quartile 6877 (33.7) 915 (23.5) 5962 (37.3)

Comorbidity index (%) <0.001

0 7917 (38.8) 1305 (32.7) 6612 (40.3)

1 6909 (33.9) 1326 (33.2) 5583 (34.0)

2 or Greater 5585 (27.4) 1359 (34.1) 4226 (25.7)

Place of residence (%) <0.001

Metro 19 818 (97.3) 3803 (96.4) 16 015 (97.8)

Non-metro 549 (2.7) 180 (3.6) 369 (2.2)

Year <0.001

2009 6667 (32.7) 1593 (39.9) 5074 (30.9)

2010 6590 (32.3) 1271 (31.9) 5319 (32.4)

2011 7154 (35.1) 1126 (28.2) 6028 (36.7)

Hospital characteristics

Ownership (%) 0.01

Not-for-profit 144 (64.3) 92 (60.9) 52 (71.2)

For-profit 40 (17.9) 35 (23.2) 5 (6.8)

Government 40 (17.9) 24 (15.9) 16 (21.9)

Teaching status‡ (%) <0.001

Non-teaching 204 (91.1) 147 (96.7) 58 (79.5)

Teaching 20 (8.9) 5 (3.3) 15 (20.5)

Hospital bed size (%) <0.001

0–399 194 (86.6) 144 (94.7) 51 (69.9)

400 and more 30 (13.4) 8 (5.3) 22 (30.1)

*Pearson’s χ2 test was conducted to test the proportional difference between RARP-performing hospitals and non-RARP-performing hospitals
for each subpopulation.
†Other insurance includes self-pay, no charge, worker’s compensation, or other government and/or county indigent programmes.
‡Teaching status was obtained from the AHA annual survey 2009 (member of the Council of Teaching Hospitals of the Association of
American Medical Colleges.
RARP, Robot-assisted radical prostatectomy.
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fewer than 200 RARPs during the study period. We found
a significantly lower likelihood of undergoing RARP by
Medicaid beneficiaries compared with those privately
insured, only within high-volume hospitals and medium-
volume hospitals (AOR 0.09 and 0.51, p<0.001 and
p<0.03, respectively).

DISCUSSION
By using SID-AHA merged data from 2009 to 2011 in
California, we examined patient and hospital character-
istics associated with (1) accessing an RARP-performing
versus non-RARP-performing hospital and (2) patient
receipt of RARP within hospitals performing RARP.
Despite the rapid increase in the use of RARP during
the last decade, our analysis showed that potential bene-
fits from this advanced surgical technology were not
equally distributed among patient subgroups in
California at either the hospital level or the individual

patient level. For example, Hispanic ethnicity,
Medicare/Medicaid insurance, low socioeconomic status
and non-metro residence status were negatively asso-
ciated with access to an RARP-performing hospital. An
analysis of RARP-performing hospitals further suggested
that Medicaid patients were less likely to receive RARP
than were privately insured patients, even after adjusting
for selected confounding factors.
Our study findings highlight that racial and socio-

economic disparities exist in accessing an
RARP-performing hospital, after controlling for selected
patient and hospital characteristics. We defined an
RARP-performing hospital as a hospital which per-
formed at least one RARP from 2009 to 2011, using all
inpatient data available in the California SID database.
In our study, RARP-performing hospitals compared with
non-RARP-performing hospitals were generally larger,
more likely to be not-for-profit, have teaching status, and
be located in an urban area. These findings are

Table 2 Patient characteristics within RARP-performing hospitals (model 2)*

Variables Non-RARP patients RARP patients p Value†

Number of patients (%) 2671 (16.3) 13 750 (84.7)

Age (%) 0.154

Younger than 55 429 (16.5) 2284 (16.8)

55–64 1051 (40.5) 5766 (42.4)

65–74 1020 (39.3) 5117 (37.6)

75 or older 95 (3.7) 430 (3.2)

Race (%) 0.362

Non-Hispanic white 1692 (72.5) 9034 (70.8)

Non-Hispanic black 173 (7.4) 1048 (8.2)

Hispanic 283 (12.1) 1619 (12.7)

Other 186 (8.0) 1065 (8.3)

Primary insurance (%) <0.001

Private 1596 (59.8) 8673 (63.1)

Medicare 943 (35.3) 5598 (33.9)

Medicaid 72 (2.7) 185 (1.4)

Other‡ 60 (2.3) 237 (1.7)

Median household income (%) 0.798

Lowest quartile 372 (14.3) 2014 (15.1)

Middle-low quartile 536 (20.6) 2724 (20.4)

Middle-high quartile 716 (27.5) 3666 (27.4)

Highest quartile 980 (37.6) 4982 (37.2)

Comorbidity index (%) 0.355

0 1068 (40.0) 5544 (40.3)

1 887 (33.2) 4696 (34.2)

2 or greater 716 (26.8) 3510 (25.5)

Place of residence (%) 0.780

Metro 2604 (97.7) 13 411 (97.8)

Non-metro 62 (2.3) 307 (2.2)

Year <0.001

2009 1006 (37.7) 4068 (29.6)

2010 960 (35.9) 4359 (31.7)

2011 705 (26.4) 5323 (38.7)

*For model 2, patient characteristics of robotic versus non-robotic surgery groups were compared within RARP-performing hospitals (n=73)
during the study period. Total patient sample size is 16 421 for this model.
†Pearson’s χ2 test was conducted to test the proportional difference between robotic and non-robotic surgery groups within RARP-performing
hospitals.
‡Other insurance includes self-pay, no charge, worker’s compensation or other government and/or county indigent programmes.
RARP, Robot-assisted radical prostatectomy.
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consistent with previous cancer care studies of the
characteristics of high surgical volume hospitals.13–14 21–23

Moreover, RP markets are becoming more centralised, by
regionalising RP treatments within limited geographic

Table 3 Adjusted ORs (AORs) of receiving RARP versus Non-RARP by patient and hospital characteristics

Model 1 (all hospitals*)

Model 2 (RARP-performing

hospitals†)

AOR (95% CI) p Value AOR (95% CI) p Value

Independent variables

Age (years)

Less than 55 (ref.) – – – –

55–64 0.83 (0.72 to 0.94)** 0.004 0.94 (0.81 to 1.08) 0.361

65–74 1.01 (0.85 to 1.20) 0.933 0.90 (0.75 to 1.08) 0.250

75 and older 1.50 (1.08 to 2.07)* 0.015 0.93 (0.67 to 1.29) 0.643

Race/ethnicity

Non-Hispanic white (ref.) – – – –

Non-Hispanic black 1.14 (0.98 to 1.33) 0.091 1.08 (0.90 to 1.29) 0.431

Hispanic 0.63 (0.56 to 0.70)** <0.001 1.01 (0.87 to 1.17) 0.929

Other 0.93 (0.79 to 1.09) 0.353 1.12 (0.94 to 1.33) 0.197

Insurance

Private (ref.) – – – –

Medicare 0.71 (0.62 to 0.82)** <0.001 0.93 (0.80 to 1.08) 0.342

Medicaid 0.14 (0.11 to 0.19)** <0.001 0.42 (0.31 to 0.58)** <0.0001

Other‡ 0.09 (0.07 to 0.12)** <0.001 0.75 (0.53 to 1.06) 0.107

Median household income

1, lowest (ref.) – – – –

2, middle-low 1.17 (1.03 to 1.33)* 0.018 0.93 (0.79 to 1.09) 0.346

3, middle-high 1.26 (1.11 to 1.43)** 0.0004 0.84 (0.72 to 0.98)* 0.025

4, highest 1.90 (1.67 to 2.17)** <0.001 0.89 (0.77 to 1.04) 0.137

Comorbidity index

0 (ref.) – – – –

1 0.71 (0.64 to 0.79)** <0.001 0.89 (0.79 to 0.99)* 0.028

2 or greater 0.54 (0.49 to 0.60)** <0.001 0.80 (0.71 to 0.90)** 0.001

Place of residence

Metro (ref.) – – – –

Non-metro 0.28 (0.22 to 0.36)** <0.001 1.15 (0.82 to 1.62) 0.404

Hospital ownership

Not-for-profit (ref.) – – – –

For-profit 0.32 (0.27 to 0.38)** <0.001 0.40 (0.31 to 0.52)** <0.0001

Government 1.23 (1.07 to 1.41)** 0.003 0.51 (0.46 to 0.58)** <0.0001

Teaching status

Non-teaching (ref.) – – – –

Teaching§ 4.75 (4.16 to 5.41)** <0.001 1.65 (1.49 to 1.83)** <0.0001

Hospital bed size

0–399 (ref.) – – – –

400 and more 7.06 (6.03 to 8.27)** <0.001 0.53 (0.48 to 0.59)** <0.0001

Year

2009 (ref.) – – – –

2010 1.30 (1.18 to 1.44)** <0.001 1.16 (1.05 to 1.30)** 0.006

2011 1.87 (1.68 to 2.08)** <0.001 2.03 (1.82 to 2.28)** <0.001

Sample size

Hospital 225 73

Patient 18 101 14 679

*Dependent variable for model 1 (all hospital model) was a hospital-level robotic surgery binary code (=1 if a hospital performed at least one
RARP).
†Dependent variable for model 2 (RARP-performing hospital model) was a patient-level robotic surgery binary code (=1 if a patient underwent
RARP).
‡Other insurance includes self-pay, no charge, worker’s compensation, or other government and/or county indigent programmes.
§Teaching status was obtained from the AHA annual survey 2009 (member of the Council of Teaching Hospitals of the Association of
American Medical Colleges.
*p<0.05; **p<0.01.
RARP, Robot-assisted radical prostatectomy.
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areas.24 The regionalisation of RP hospitals has increased
patient’s mean travel time to health facilities,15 which
may further exacerbate disparities in access to care for
minorities and lower income patients, who may have
transportation limitations. To the best of our knowledge,
previous studies have not examined the centralisation of
care in California. Our sensitivity analysis by volume
showed that only six hospitals were providing more than
500 RARP cases during the 3-year study period. More
detailed studies are needed to understand the impact of
centralisation of RP services and the association with
access issues for minority populations.
Different patterns of patient referral among racial and

socioeconomic subgroups can be another factor affect-
ing differential access. Selective referral to high-volume
urologists or hospitals has been advocated to improve
quality of surgical care.16 However, recent studies found
that racial minorities and patients with lower socio-
economic status were less likely to have access to
high-volume facilities23 or hospitals with advanced tech-
nology.25 A recent study revealed that African-American
men with PC were less likely to be treated by high-
volume urologists even though both African-American
and Caucasian men had an equal chance of being diag-
nosed by high-volume urologists.14 More research is
needed to understand mechanisms of referral patterns
of Hispanics and their association with lower socio-
economic status in accessing an RARP-performing
hospital.

We further examined within-hospital variation in the
utilisation of RARP across patient subgroups to identify
factors that are predictive of use of RARP versus
non-RARP procedures. Compared to privately insured
patients, we found Medicaid patients to have substantially
lower adjusted odds of receiving RARP within an
RARP-performing hospital. This disparity was further mag-
nified in that Medicaid beneficiaries were less likely to
have access to an RARP-performing hospital in the first
place. Furthermore, the differential likelihood of receiving
RARP by payer type was largest in high-RARP-volume hos-
pitals. Our results have important implications in the
context of the Affordable Care Act (ACA) because many
states, including California, have expanded the eligibility
for Medicaid under the ACA. Consequently, we expect
that disparities in both access to an RARP-performing hos-
pital and receipt of RARP within an RARP-performing
hospital may increase further as the number of Medicaid
enrollees grows over time.
Differential use of RARP by payer type could be

related to quality of care for patients unable to access
RARP. A recent study investigating 61 167 RP cases in
the USA during 2003–2007 showed that patients with
Medicaid and Medicare had higher rates of blood trans-
fusion, greater overall postoperative complications,
longer hospital stays, and higher in-hospital mortality
compared to those with private insurance.12 Although
the authors did not distinguish between robotic versus
non-robotic surgery in their study, our study found that

Table 4 Adjusted ORs (AORs) of RARP versus non-RARP by patient characteristics stratified by hospital RARP surgery

volume

High-RARP-volume

(≥500 cases)

Medium-RARP-volume

(200–499 cases)

Low-RARP-volume

(≤199 cases)

AOR (95% CI) p Value AOR (95% CI) p Value AOR (95% CI) p Value

Independent variables

Race/ethnicity (ref.=non-Hispanic white)

Non-Hispanic black 0.87 (0.560 to 1.358) 0.545 0.94 (0.643 to 1.381) 0.760 0.86 (0.654 to 1.129) 0.277

Hispanic 0.96 (0.611 to 1.517) 0.871 1.04 (0.794 to 1.367) 0.767 0.93 (0.752 to 1.152) 0.509

Other 1.47 (0.873 to 2.484) 0.147 1.02 (0.777 to 1.340) 0.885 1.21 (0.916 to 1.595) 0.180

Insurance (ref.=private)

Medicare 0.78 (0.505 to 1.205) 0.264 0.85 (0.649 to 1.119) 0.250 0.97 (0.775 to 1.204) 0.755

Medicaid 0.09 (0.050 to 0.163)** <0.001 0.51 (0.280 to 0.915)* 0.024 1.27 (0.759 to 2.116) 0.365

Other† 0.38 (0.176 to 0.840)* 0.017 0.64 (0.395 to 1.049) 0.077 1.28 (0.631 to 2.597) 0.493

Median household Income (ref.=1, lowest)

2, middle-low 0.79 (0.510 to 1.227) 0.295 0.90 (0.657 to 1.228) 0.500 0.99 (0.787 to 1.253) 0.053

3, middle-high 0.96 (0.634 to 1.450) 0.843 0.69 (0.506 to 0.927)* 0.014 0.81 (0.642 to 1.018) 0.071

4, highest 1.07 (0.710 to 1.614) 0.744 0.53 (0.393 to 0.707)** <0.001 0.72 (0.572 to 0.913)** 0.007

Sample size

Hospital 6 15 52

Patient 6322 5649 4450

Dependent variable is a binary code of receiving RARP (=1) versus not receiving RARP (=0).
High-volume hospitals are those that performed more than 500 RARPs during the study period, medium-volume-hospitals are those that
performed between 200 and 499 RARPs during the study period, and low-volume-hospitals are those that performed fewer than 200 RARPs
during the study period. Results are also adjusted for patient’s age, geographic location, comorbidity, year of the procedure, and hospital
characteristics (ownership, teaching status, bed size).
†Dependent variables for model 2 (RARP-performing hospital model) was a patient-level robotic surgery binary code (=1 if a patient
underwent RARP).
*p<0.05; **p<0.01.
RARP, Robot-assisted radical prostatectomy.
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private insurance status is associated with higher levels of
utilisation of robotic surgery for RP patients, consistent
with the previous study.14 Therefore, Medicaid patients,
who had relatively lower odds of receiving RARP in our
study, may have worse post-treatment outcomes than
those with private insurance. Of course, Medicaid or
uninsured patients may have higher risks of in-hospital
mortality/morbidity and longer hospital stays.12 To
answer this question—that is, whether Medicaid patients
who receive robotic surgery have better or worse out-
comes than Medicaid patients who receive non-robotic
surgery—future research should compare outcomes of
RARP versus non-RARP stratified by patients’ insurance
status, adjusting for confounding factors.
Our study does have a few limitations. First, the study

used administrative records of all RP patients for the
State of California. Our data lacks preoperative patient
characteristics, as well as long-term oncological or func-
tional outcomes, which may partially explain the rela-
tionship between patient characteristics and the decision
to use RARP versus ORP or LRP. Second, our study did
not consider cultural factors associated with different
racial/ethnic groups. It is possible that Hispanic patients
may have lower preference of seeking ‘high-tech’ care
and ended up with having less travel to ‘high-tech’ hos-
pitals when the nearest hospitals do not offer robotic
surgery. However, these measures (ie, individual prefer-
ence or home-to-hospital distance) are not available in
our current data, but remains to be explored in future
studies. Finally, the generalisability of the study findings
may be limited to a single state. California has more
than twice the Hispanic population (38%) when com-
pared with the US average (17%).26 This factor may
have an effect on our findings of significant racial differ-
ences between Hispanics and non-Hispanic whites. Our
study findings should be generalised with caution, par-
ticularly for those states with higher African-American
populations or lower Hispanic populations.
Nevertheless, given that California is the most populous
state (38 million by a 2014 estimate)26 with a sizable RP
population (20 411 cases for a 3-year study period), and
a representative RARP rate (67% for 3-year study
period), it provided our research team with a very large
sample to conduct our analysis. Additionally, to the
extent that health disparities in California are presum-
ably more substantial than the national average,27 our
data containing all the population-level inpatient
records in California may yield more robust inference
for local decision-makers. Further research focusing on
racial/ethnic disparities in the use of RARP needs to be
conducted in other states to improve the generalisability
of these study findings.
Our study findings have significant clinical implica-

tions. The lack of access to an RARP hospital or RARP
procedures within RARP-performing hospital may imply
less ideal care for the Hispanic minority and patients
with lower socioeconomic status, if benefit of RARP
exceeds LRP or ORP. Currently, no definitive evidence

supports a clinical advantage of the use of RARP com-
pared with open or laparoscopic surgery. Recent studies
have shown that RARP has similar or only marginal
improvements in outcomes.6 7 28–30 Additionally,
research findings about the cost-effectiveness of RARP
are inconclusive.30–33 Randomised clinical trials (RCT)
are often recommended as powerful tools to provide the
highest level of scientific evidence of cause-and-effect
relationship between an intervention and outcomes.
However, conducting RCTs can be challenging given
that at least 85% of the RP cases are now robotic in the
USA.2 Diverse, innovative approaches with advanced stat-
istical methodologies and longitudinal functional out-
comes will be needed to provide more robust evidence
of the potential benefits of RARP versus ORP or LRP.

CONCLUSIONS
Despite the rapid increase in the use of RARP in the past
decade, our analysis showed that this growth may not
have been equally distributed throughout the patient
population. Hispanic ethnicity, Medicare/Medicaid
insurance, low socioeconomic status and non-metro loca-
tion were negatively associated with access to an RARP-
performing hospital. Even within RARP-performing hos-
pitals, Medicaid patients are less likely to receive RARP
versus other non-robotic procedures than are privately
insured patients, after adjusting for selected confounding
factors. Our study results suggest that both access to an
RARP-performing hospital and differential access to
RARP within an RARP-performing hospital are important
sources of potential future disparities, particularly for
Medicaid patients in high-RARP-volume hospitals.
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