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Purpose: We described population level trends in radical prostatectomy for pa-
tients with prostate cancer by hospitals with robotic surgery, and assessed
whether socioeconomic disparities exist in access to such hospitals.
Materials and Methods: After merging the NIS (Nationwide Inpatient Sample)
and the AHA (American Hospital Association) survey from 2006 to 2008, we
identified 29,837 patients with prostate cancer who underwent radical prostatec-
tomy. The primary outcome was treatment with radical prostatectomy at hospitals
that have adopted robotic surgery. Multivariate logistic regression was used to
identify patient and hospital characteristics associated with radical prostatectomy
performed at hospitals with robotic surgery.
Results: Overall 20,424 (68.5%) patients were surgically treated with radical
prostatectomy at hospitals with robotic surgery, while 9,413 (31.5%) underwent
radical prostatectomy at hospitals without robotic surgery. There was a marked
increase in radical prostatectomy at hospital adopters from 55.8% in 2006 and
70.7% in 2007 to 76.1% in 2008 (p �0.001 for trend). After adjusting for patient
and hospital features, lower odds of undergoing radical prostatectomy at hospi-
tals with robotic surgery were seen in black patients (OR 0.81, p �0.001) and
Hispanic patients (OR 0.77, p �0.001) vs white patients. Compared to having
private health insurance, being primarily insured with Medicaid (OR 0.70,
p �0.001) was also associated with lower odds of being treated at hospitals with
robotic surgery.
Conclusions: Although there was a rapid shift of patients who underwent radical
prostatectomy to hospitals with robotic surgery from 2006 to 2008, black and
Hispanic patients or those primarily insured by Medicaid were less likely to
undergo radical prostatectomy at such hospitals.
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PROSTATE cancer remains the most
commonly diagnosed noncutaneous ma-
lignancy in men with an estimated
241,740 incident cases and 28,170
cancer related deaths in 2012.1 Since

PC disproportionately affects minor-
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ity patient populations,1–4 racial dis-
parities are a well recognized health
policy concern in regard to access to
all forms of primary therapies and
variations in the treatment of this

prevalent malignancy. For example,
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black patients diagnosed with localized PC are less
likely to receive radiation therapy or to undergo
radical prostatectomy.5,6 Other studies have also
shown that black patients are less likely to undergo
concomitant lymph node dissection during RP,7 or
less likely to be treated surgically by high volume
urologists who have been shown to have better func-
tional and oncologic outcomes.8–10

During the last decade the rapid adoption of
health technology innovations such as robotic sur-
gery and intensity modulated radiation therapy has
led to significant changes in primary treatment al-
ternatives for localized PC.11 Since the Food and
Drug Administration approval of robotic assisted
radical prostatectomy in 2000, it has become the
predominant surgical approach.12,13 Commonly cited
benefits of RARP compared to conventional open
surgery include decreased blood loss and shorter
length of stay. However, these relative benefits are
largely based on observational studies without rig-
orous evaluation in randomized trials.14–16 Despite
the rapidly changing patterns of surgical care for PC
in the United States, access to new health technol-
ogy advances such as RARP in minority patient
populations remains poorly described. More critical
evaluation is needed to assess whether the adoption
and dissemination of such new health technology
has occurred equally across all patient populations.
Therefore, we assessed for disparities in access to
hospitals with robotic surgery for patients with PC
surgically treated with ORP or RARP using a popu-
lation based cohort.

MATERIALS AND METHODS

Study Population
Data for all patients who underwent RP for PC were
generated by merging data from the NIS and the AHA
Annual Survey Database. The NIS is maintained by the
Healthcare Cost and Utilization Project and represents
the largest all-payer inpatient database in the United
States, capturing approximately 20% of all hospital ad-
missions.17 The AHA conducts an annual survey of a
nationally representative sample of approximately 5,000
hospitals in the United States, in which data are collected
regarding diagnostic and treatment facilities, structural
features, costs and expenditures, and hospital person-
nel.18 Among the variables assessed in the AHA survey is
whether a hospital has acquired robotic surgery.

To identify our analytic cohort we used a methodology
previously described from ICD-9 codes from hospital
claims data in the NIS for 2006 to 2008.16,19 Eligible
patients were first identified by a primary diagnostic
ICD-9 code for PC (185) and concomitant primary or sec-
ondary procedure codes for RP (60.5). Next we merged the
NIS cohort with data from the AHA hospital survey for the
corresponding years by unique AHA hospital identifier.
Upon completion, using merged data from the NIS and the

AHA hospital survey, this approach resulted in 29,837
patients who underwent RP for prostate cancer after the
exclusion of 3 patients younger than age 40 years.

Patient and Hospital

Variables and Primary Outcome
Demographic information included as independent cova-
riates in our analysis was patient age, gender, race, pri-
mary health insurance, median zip code income by quar-
tile and year of surgery. With a quarter of individuals
missing a race designation, we created an indicator vari-
able for missing race to include these cases. Secondary
diagnostic codes were used to define an Elixhauser comor-
bidity index.20 We also evaluated hospital teaching status,
location and region as independent hospital level vari-
ables.

Statistical Analysis
The primary outcome of this study was treatment with
ORP or RARP at hospitals with robotic surgery capabili-
ties. Acquisition of robotic surgery by each hospital was
ascertained from the AHA survey from 2006 to 2008.
Descriptive statistics were used to summarize patient and
hospital characteristics. Bivariate associations of patient
and hospital variables with hospital adopters were tested
by the Pearson chi-square test. Temporal trends by year of
surgery for patients undergoing RP at hospital adopters
and nonadopters were evaluated by the Wilcoxon rank
sum test.

We then fit multivariate logistic regression models to
assess whether patient and hospital variables were asso-
ciated with the primary outcome. Post-estimations from
the multivariate regression models were used to enumer-
ate predicted probabilities of access to hospitals with ro-
botic surgery for race and primary health insurance by
year of surgery. A 2-sided p �0.05 was used to determine
statistical significance and Stata® MP version 11.0 was
used to perform all statistical analyses.

RESULTS

From the NIS-AHA merged data we identified
29,837 patients who underwent RP for prostate can-
cer at 605 hospitals from 2006 to 2008. Overall the
mean age in our analytic cohort was 60.94 years (SD
7.13). A total of 20,424 (68.5%) patients underwent
RP at a robotic hospital compared to 9,413 (31.5%)
who underwent RP at hospitals without robotic sur-
gery. Patients treated at hospitals with robotic sur-
gery were more likely to be younger, white and
healthier, with a lower Elixhauser comorbidity in-
dex (table 1). More patients also underwent RP at
hospitals with robotic surgery than at hospitals
without robotic surgery if they were privately in-
sured (67.6% vs 63.4%, p �0.001) or resided in the
highest zip code income areas (41.8% vs 31.5%,
p �0.001). Likewise, more patients underwent RP at
hospitals with robotic surgery if they were treated at
teaching hospitals (74.7 vs 47.4%, p �0.001) as well
as in hospitals located in urban regions (97.7% vs

90.1%, p �0.001). Over time there was also a
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marked increase in patients treated with RP at hos-
pitals with robotic surgery from 55.8% in 2006 to
76.1% in 2008 (p �0.001 for trend, fig. 1). Further-
more, the average number of RPs at hospitals with-
out robotic surgery was 26.1 (SD 30.7), which was
significantly less than the average of 115.3 RPs (SD
96.2) at hospitals with robotic surgery (p �0.001).

On multivariate analysis specific patient and hos-
pital characteristics were significantly associated
with patients diagnosed with PC undergoing RP at
hospitals with robotic surgery (table 2). Although
age was not associated with the surgical approach to
RP, a higher Elixhauser comorbidity index corre-
lated with a lower likelihood of undergoing RP at a

Table 1. Characteristics of patients undergoing RP

Absence of Robotic
Surgery (%)

Presence of Robotic
Surgery (%)

Age:
Younger than 55 16.9 19.6
55–64 47.8 48.0
65–69 23.7 21.5
70–74 9.6 9.1
75 or Older 2.0 1.8

Race:
White 55.4 62.2
Black 6.9 7.8
Hispanic 4.8 4.1
Other 3.0 3.7
Missing 29.9 22.2

Elixhauser comorbidity index:
0 35.5 41.6
1 39.3 38.2
2 17.9 15.1
3 or Greater 7.2 5.1

Primary insurance:
Private 63.4 67.6
Medicare 30.3 27.5
Medicaid 2.0 1.7
Other 4.3 3.2

Annual household income:
1 (lowest quartile) 15.9 13.5
2 24.0 20.2
3 28.6 24.5
4 (highest) 31.5 41.8

Hospital teaching status:
Nonteaching 52.6 25.2
Teaching 47.4 74.7

Hospital location:
Rural 9.9 2.3
Urban 90.1 97.7

Hospital region:
Northeast 17.2 30.2
Midwest 22.8 16.8
South 21.6 26.1
West 38.4 26.9

Yr of surgery:
2006 40.0 23.3
2007 32.2 35.9
2008 27.8 40.8

All values p �0.001.
hospital with robotic surgery, while patients who
resided in zip codes with the highest median income
were 28% more likely to be treated at hospitals with
robotic surgery compared to those living in the low-
est median income zip code (OR 1.28, �0.001). We
also observed that teaching (OR 2.77, p �0.001) and

Figure 1. Proportion of patients who underwent RP at hospitals
by absence or presence of robotic surgery.

Table 2. Adjusted odds ratios of features associated with
patients undergoing RP at hospitals with presence of robotic
surgery

Feature (reference) OR (95% CI) p Value

Age (younger than 55):
55–64 0.94 (0.87–1.01) 0.12
65–69 0.93 (0.83–1.03) 0.17
70–74 1.05 (0.93–1.20) 0.42
75 or Older 1.19 (0.96–1.48) 0.11

Race (white):
Black 0.81 (0.73–0.91) �0.001
Hispanic 0.77 (0.67–0.87) �0.001
Other 0.88 (0.76–1.02) 0.10
Missing 0.84 (0.78–0.90) �0.001

Elixhauser comorbidity index (0):
1 0.84 (0.79–0.89) �0.001
2 0.74 (0.69–0.80) �0.001
3 or Greater 0.65 (0.58–0.73) �0.001

Primary insurance (private):
Medicare 1.03 (0.94–1.13) 0.51
Medicaid 0.70 (0.57–0.84) �0.001
Other 0.71 (0.62–0.82) �0.001

Annual household income
quartile (1, lowest):

2 1.08 (0.93–1.18) 1.06
3 0.96 (0.88–1.04) 0.37
4 (highest) 1.28 (1.17–1.39) �0.001

Hospital teaching status
(nonteaching):

Teaching 2.77 (2.62–2.93) �0.001
Hospital location (rural):

Urban 3.36 (2.97–3.82) �0.001
Hospital region (Northeast):

Midwest 0.57 (0.53–0.63) �0.001
South 1.06 (0.97–1.15) 0.16
West 0.55 (0.52–0.60) �0.001

Yr of surgery (2006):
2007 1.99 (1.87–2.13) �0.001

2008 2.53 (2.36–3.82) �0.001
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urban (OR 3.36, p �0.001) hospitals were strongly
associated with undergoing RP at hospitals with
robotic surgery compared to nonteaching and rural
hospitals, respectively. More importantly, our anal-
ysis demonstrated that racial disparities and pri-
mary health insurance influenced whether patients
had access to hospitals with robotic surgery. For
example, patients who were black (OR 0.81, p � 0.01) or
Hispanic (OR 0.77, p �0.001) were less likely to
undergo RP at hospitals with robotic surgery com-
pared to white patients after adjusting for patient
and hospital features. In addition, patients primar-
ily insured with Medicaid had a 30% lower likeli-
hood of undergoing RP at a hospital with robotic
surgery compared to those with private health in-
surance (OR 0.70, p �0.001).

Predicted probabilities enumerated from multi-
variate regression models were used to assess whether
racial disparities and other socioeconomic determi-
nants of performance of RP at hospitals with robotic
surgery improved with time. Predicted probabilities
of undergoing RP at hospitals with robotic surgery
remained consistently higher for white patients
than for nonwhite patients for each year and overall
(p �0.001), although predicted probabilities in-
creased each year across all races (fig. 2). Compared
to patients with Medicare and private health insur-
ance, the predicted probability of undergoing RP at
hospitals with robotic surgery remained consistently
lower among patients primarily insured with Med-
icaid over time (fig. 3). In our study hospital teach-
ing status also yielded statistically significant differ-
ences in the predicted probabilities of undergoing
RP at hospitals with robotic surgery, with teaching

Figure 2. Predicted probability of access to hospitals with ro-
botic surgery for race by year, adjusting for patient age, Elix-
hauser comorbidity index, primary health insurance and annual
household income, and hospital teaching status, location and

region.
hospitals having predicted probabilities of 65.03% in
2006 to 81.85% in 2008, and nonteaching hospitals
having predicted probabilities of only 41.34% in
2006 and 63.03% in 2008.

DISCUSSION

In this study we describe contemporary trends in RP
by the presence of robotic surgery at the hospital
level, and ascertain whether racial disparities and
other socioeconomic determinants are associated
with access to such hospitals using NIS-AHA merged
population based data from 2006 to 2008. Our study
reveals that more than a majority of patients with
prostate cancer undergo RP at hospitals that have
acquired robotic surgery and that this trend has
been markedly increasing over time. This expected
finding was previously reported in population based
studies using data from the NIS and the state of
Wisconsin, suggesting that hospital acquisition of
robotic surgery resulted in significant increases in
market share and hospital RP case volume as well as
increased rates of RP in Wisconsin.19,21 Makarov et al
demonstrated that the acquisition of robotic surgery
also increased the mean adjusted number of RPs at
a hospital by approximately 30 cases a year com-
pared to a decrease in that number of approximately
5 cases per year among nonadopting hospitals.19

Neuner et al also reported a similar association of
robot acquisition and greater market share with a
higher RP volume using inpatient data from the
state of Wisconsin.21 Although the relationship of
robotic surgery and market share of RP has been

Figure 3. Predicted probability of access to hospitals with ro-
botic surgery for primary health insurance by year, adjusting for
patient age, race, Elixhauser comorbidity index and annual
household income, and hospital teaching status, location and
region.
well described, our study is striking in that more



DISPARITIES IN ACCESS TO HOSPITALS WITH ROBOT-ASSISTED RADICAL PROSTATECTOMY518
than three-quarters of patients ended up undergo-
ing RP at hospitals with a presence of robotic sur-
gery by 2008. One inference is that hospitals may be
facing market pressure to offer RARP to urologists
and patients to remain competitive for RP cases.

Another finding of our study is that in the face of
the rapid uptake of robotic surgery for RP in the
United States,11–13 racial disparities remain a per-
sistent policy concern in the diffusion of RARP and
in access to hospitals performing robotic surgery.
Although clinical trials to test the relative benefits
and harm of RARP and ORP are currently lacking,
an increasing number of observational studies sug-
gest that RARP offers decreased risks of surgical
morbidity, complications, blood loss and associated
need for blood transfusions compared to ORP.14,15

For example, Trinh et al recently used the NIS from
late 2008 through 2009, suggesting that RARP was
associated with 14% and 66% lower odds of postop-
erative complications overall and with blood trans-
fusions, respectively, compared to ORP.16 If the ex-
isting evidence is sufficient to conclude that RARP is
a superior operation for PC with better convales-
cence and lower morbidity, then our findings are
concerning in that minority patients may be facing
barriers to high quality hospitals with robotic sur-
gery and better outcomes. Indeed, differences in sur-
vival as well as variation in primary and adjuvant
treatments for black patients diagnosed with PC
have been well documented.2,4,6,7,22 In particular,
recent studies using Surveillance, Epidemiology and
End Results-Medicare data from 1995 to 2005 re-
ported that black patients were associated with
lower rates of active treatment, in particular with
greater disparities for RP overall and access to high
volume urological surgeons.8,22

This study also focused on the relationship of
primary health insurance coverage and the perfor-
mance of RP at hospital adopters of RARP. Our
results illuminate the association of patients pri-
marily insured by Medicaid and the lower rates of
RP at such hospitals. In our study being insured
with Medicaid represented one of the most reliable
and strongest variables associated with lower rates
of possible RARP. A plausible explanation for this
finding may be the economics of robotic surgery,
which requires a large capital investment for the
initial purchase of the robot, and subsequent annual
maintenance fees and equipment costs for each
case.23 While previous studies have suggested that
the cost difference between RARP and ORP is small
for Medicare beneficiaries,11 the cost differential
may, in fact, be larger for different types of health
insurance coverage. Since Medicare and Medicaid
are unlikely to reimburse for RARP at substantially
higher rates than ORP, hospitals may be allowing

for greater access to privately insured patients due
to the greater reimbursement to cover the costs of
robotic surgery.24

It is also important to acknowledge the limita-
tions of this study. The NIS does not provide path-
ological information such as tumor stage, Gleason
score or other key determinants of treatment such
as patient and clinician preference. It is possible
that these factors may partially explain the relation-
ship between patient characteristics and choice of
hospital for RP. However, several studies have con-
sistently demonstrated that black patients more
commonly present with more aggressive disease,
have worse outcomes and, thus, are more likely to
benefit from RP.2–4,6 These data only capture infor-
mation about treatment that occurs during hospital-
ization, namely RP. With the lack of level I evidence
comparing RP to other forms of definitive therapy
such as brachytherapy or intensity modulated radi-
ation therapy,25 minority patients or those primarily
insured by Medicaid may have been appropriately
treated with radiation therapy, thereby mitigating
the disparities in access to primary therapy for PC.
We acknowledge that there is no level I evidence to
support long-term benefits or improved oncologic or
functional outcomes for RARP compared to ORP.
Finally, although our study describes socioeconomic
disparities in access to hospitals with robotic sur-
gery, these disparities may not exist for minorities
or patients primarily insured by Medicaid who are
surgically treated at such hospitals.

Nonetheless, our findings highlight the racial and
socioeconomic disparities for patients with prostate
cancer undergoing radical prostatectomy at hospi-
tals with robotic surgery. Efforts to improve access
for minority patients may decrease the variation in
primary definitive therapy attributed to racial dis-
parities. Another inference is the cost implication of
the rapid adoption of these new treatments.11,12,26

With greater attention placed on decreasing health
care costs, changes to reimbursement by third-party
payers may place greater constraints on hospitals in
providing RARP to patients insured by Medicaid.
For example, bundled payment models for the treat-
ment of common malignancies have been proposed
as a mechanism to help control health care costs.27

It will be important to continue to examine how the
higher costs attributable to RARP and policy changes to
reimbursement may affect access to hospitals with
robotic surgery for minority patients or for those
primarily insured by Medicaid.28–30 Lastly, al-
though the relationship of the rapid uptake of ro-
botic surgery and surgeon volume is an important
issue, our results suggest that disparities in access
to hospitals with robotic surgery may also limit ac-

cess to high volume hospitals.
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CONCLUSIONS

Although there has been a rapid shift of patients
treated surgically with RP to hospitals that have
adopted RARP, black or Hispanic patients or those

primarily insured by Medicaid experience decreased
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