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Abstract
Purpose—Difference in the quality of care may contribute to the less optimal prostate cancer
treatment outcomes among Blacks compared with Whites. Our objective was to determine
whether a racial quality of care gap exists in surgical care for prostate cancer, as evidenced by
racial variation in the utilization of high-volume surgeons and facilities, and in certain outcome
measures of care quality.

Materials and Methods—We performed cross-sectional and cohort analyses of administrative
data from the Healthcare Cost and Utilization Project's all-payer State Inpatient Databases,
encompassing all non-Federal hospitals in Florida, Maryland and New York State (1996-2007).
Included were men 18 or older with a diagnosis of prostate cancer who underwent radical
prostatectomy. We compared use of surgeons and/or hospitals in the top quartile of annual volume
for this procedure, inpatient blood transfusion, complications, mortality and length of stay (LOS)
between Black and White patients.

Results—Among 105,972 cases, 81,112 (76.5%) were White, 14,006 (13.2%) were Black, 6,999
(6.6%) were Hispanic and 3,855 (3.6%) were All Other. In mixed effects multivariate models,
Blacks had markedly lower use of high-volume hospitals (Odds Ratio [OR] = 0.73, 95%
Confidence interval [0.70, 0.76]), and surgeons (0.67 [0.64, 0.70]) compared to Whites. Blacks
also had a higher odds of receiving a blood transfusion (1.08 [1.01, 1.14]), of longer LOS (1.07
[1.06, 1.07]) and of inpatient mortality (1.73 [1.02, 2.92]).

Conclusions—Using an all-payer dataset, we identified concerning potential quality of care
gaps between Blacks and Whites undergoing radical prostatectomy for prostate cancer.
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Introduction
Prostate cancer (PCa) is the most common non-cutaneous solid malignancy among men in
the United States, and is the second leading cause of cancer death1. Blacks bear a
disproportionate burden of PCa, with an age-adjusted relative risk of 1.59 for incidence and
2.41 for PCa-specific death relative to Whites2. Racial differences in PCa outcomes persist
even when controlling for clinical characteristics such as stage at presentation3, and
currently proposed biological mechanisms do not fully explain these differences. Racial
variation in the quality of care received may contribute to differences in PCa outcomes4, 5.
Quality variation can be studied using quality indicators,6 such as surgeon and hospital
volume, which are associated with downstream clinical outcomes after radical prostatectomy
(RP)7, 8.

The goal of this study was to determine whether a racial quality of care gap exists in surgical
care for PCa, as evidenced by racial variation in the utilization of high-volume surgeons
(HVHs) and hospitals (HVHs), and in certain outcome measures (transfusion, complications,
length of stay [LOS], and in-hospital mortality). Our hypothesis was that Black patients
undergoing RP would be less likely to use HVSs and HVHs than would Whites. We also
hypothesized that Black patients would experience more adverse events, perhaps in part
explained by differential use of HVSs and HVHs.

Methods
Prior to initiating the study, we obtained a review exemption from the local Institutional
Review Board and signed AHRQ's data-use agreement.

Dataset
We obtained encounter-level administrative data from specific State Inpatient Databases
(SIDs) compiled through the Agency for Healthcare Research and Quality (AHRQ)'s
Healthcare Cost and Utilization Project (HCUP). As described in detail elsewhere9, the SIDs
contain information on all patients discharged from non-Federal hospitals in HCUP-
participating States. Over 100 data elements are uniformly recorded for each SID discharge,
including principal and secondary discharge diagnoses and procedures, patient
demographics, expected payment source, and LOS. Some States also include elements such
as race and surgeon identifier.

In order to facilitate the collection of valid data, we restricted our analysis to States meeting
all of the following criteria: 1) race and Hispanic ethnicity coding was considered
sufficiently complete for the State to be included in HCUP's disparities analytic file10; 2)
surgeon identifier was uniform across hospitals within the State; 3) data were available
through HCUP's Central Distributor. Within the only three States (Florida , New York , and
Maryland) meeting these criteria, we excluded data from entire hospitals with potentially
suspect coding of race, using the following criteria which reflect methods used in AHRQ's
disparities analytic file10, to: 1) >30% of discharges had race reported as “other”; 2) race
was missing in >50% of discharges ; 3) all discharges had race coded as White, other, or
missing; or 4) 100% of discharges had race coded as White.
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Cohort Definition
We included all patients ≥ 18 years old with a diagnosis of PCa (International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] diagnosis code 185 or
198.82) who underwent RP (ICD-9-CM procedure code 60.5) from 1996 through 2007 by
open, laparoscopic or robotic approaches. In order to avoid including patients with
incidental PCa, we excluded all patients with cystectomies (ICD-9-CM procedure code
57.6-57.7) performed during the index admission, and those in whom RP was not coded as
the principal procedure.

Independent Variables
Using the uniformly coded ‘race’ variable from the SID, patients were classified into race/
ethnicity groups of ‘White,’ ‘Black,’ ‘Hispanic,’ ‘Asian/Pacific Islander,’ ‘Native
American,’ or ‘Other.’ Numbers of patients identified as ‘Asian/Pacific Islander’ or ‘Native
American’ were too small to permit meaningful separate analyses, so we categorized
patients as White, Black, Hispanic or All Other (which includes all remaining groups).

Other independent variables included patient age; expected payer (Private Insurance,
Medicare, Medicaid, Self-pay, No Charge or Other); number of comorbidities (0, 1, 2, 3, or
4+) calculated from secondary diagnostic codes using the Elixhauser method11; State in
which the procedure was performed; patient location (large metropolitan, small
metropolitan, “micropolitan” or rural area); median household income (expressed in
quartiles of US household incomes, based on the ZIP code of patient residence); and marital
status (married, single, divorced, or widowed).

Outcome Definition
Annual procedure volume for each surgeon was calculated as the number of cases performed
in all hospitals in the State in each calendar year of the analysis. Hospital volume was
calculated similarly. HVSs and HVHs were defined as surgeons and hospitals in the top 25th

percentile for that State in that year.

In-hospital mortality and LOS were reported for all discharges in the SID. The
administration of homologous packed red blood cells was identified by ICD-9-CM
procedure code (99.04), and/or Uniform Billing (UB-92) codes. Based on previous studies
using administrative data to investigate complications after RP12, 13 we used the presence or
absence of specific secondary discharge diagnoses (Supplemental Table 1) to compose a
binary variable indicating whether or not the patient had any complications.

Statistical Considerations
Descriptive statistics were computed for patient demographics, and each of the outcome
variables: use of an HVH, use of an HVS, in-hospital mortality, administration of a blood
transfusion, any complications and LOS. Statistical significance testing was unnecessary for
these univariate comparisons, because we analyzed the entire population. Missing data were
considered missing at random.

Generalized linear mixed-effects regression models were used to model the outcomes of
interest. A logit link function was used for all outcomes except LOS, which was modeled
with a log link function. Random effects (REs) were specified for each hospital and for
some models the hospital RE was nested within State in order to account for similarity of
usage patterns (i.e., correlation) within hospital and State. Exponentiated coefficients from a
model with a logit link were interpreted as odds ratios (ORs), while those from the model
with a log link were interpreted as a ratio of median durations of LOS. Univariate models
were used to characterize the impact of a single covariate, while multivariate models were
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used to characterize the adjusted impact of a covariate after accounting for other factors.
Each multivariate model was fit twice - once with both HVH and HVS and once with
neither - in order to evaluate differences in each covariate that might be mediated by HVH
and HVS utilization. Categorical predictors were modeled using indicator functions.
Restricted cubic splines with 3 and 4 knots were used for LOS and age to capture potential
non-linear relationships14. Each model was adjusted for age, expected payer, number of
comorbidities, and year of surgery, and included State as an RE. HVH, HVS and LOS were
also used as predictors for other outcomes when appropriate. Predicted probabilities of in-
hospital mortality were computed for all possible combinations of HVS, HVH, expected
payer and number of comorbidities, while fixing age, LOS and year at reference values of 60
years, 3 days and 2007, respectively. All analyses were performed and all figures were
generated using R version 2.11.1 (R Development Core Team, Vienna, Austria).

Results
Application of our inclusion/exclusion criteria identified 108,331 cases (Supplemental
Figure). Excluding 2,331 cases (2.2%) where race was missing and 28 cases (0.03%)
missing other key variables left 105,972 cases for analysis. Some 81,112 (76.5%) were
White; 14,006 (13.2%) were Black; 6,999 (6.6%) were Hispanic; and 3,855 (3.6%) were All
Other (Table 1). At least 19% of the patients in each State were non-White.

For surgeons, the 75th percentile of annual case volume ranged between 7 and 12 cases,
depending on the year and State. Overall, 68.0% of procedures were performed by HVSs
(70.0% for Whites, 59.1% for Blacks, 63.1% for Hispanics, 68.7% for All Others, (p<0.001)
(Table 2). Although use of HVSs increased for all groups over the study period, Whites'
utilization of HVSs exceeded that of Blacks in each year by absolute values of 8.3-13.9%
(Figure 1A).

For hospitals, the 75th percentile of annual case volume ranged between 21 and 35 cases per
year. Some 73.1% of cases were performed at HVHs (74.3% for Whites, 66.1% for Blacks,
70.5% for Hispanics, 76.6% for All Others, p<0.001) (Table 2). Blacks utilized HVHs less
frequently than did Whites (2.7% vs. 12.2%), despite an overall increase in the proportion of
cases performed at HVHs over time (Figure 1B).

We performed several univariate analyses to assess the association between race/ethnicity
and inpatient outcomes (Table 2). Blacks had higher use of blood transfusion (13.2%) than
did Whites (9.7%) or Hispanics (11.4%). Blacks also had higher complication rates, longer
LOS and higher in-hospital mortality than other groups. Other univariate analyses examined
the associations between surgeon and hospital volumes and these clinical outcomes (Table
3). Use of higher-volume surgeons and hospitals was associated with improvements in
transfusion rate, complication rate, LOS and mortality.

In multivariate analyses, Blacks had markedly lower use of HVHs (OR 0.73, 95% CI [0.70,
0.76], p<0.001) and HVSs (OR 0.67, 95% CI [0.64, 0.70], p<0.001) than Whites (Table 4).
Black race was also associated with higher use of blood transfusion, longer LOS, and higher
risk of inpatient mortality compared with White race. Hispanics had lower use of HVSs,
higher use of blood transfusion and longer LOS than Whites, but also had slightly lower
likelihood of complications. Including HVS or HVH in the model somewhat attenuated the
effect of race/ethnicity on these outcomes, although race remained statistically significant.
Patient location, income quartile and marital status were collected only in certain States
during certain years; there were too many missing values to permit their use in multivariate
analyses.
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There were 88 inpatient deaths among 105,972 cases (0.08%), including 59 (0.07%) in
Whites and 22 (0.16%) in Blacks. The OR for inpatient mortality among Blacks compared
to Whites was 1.73 (95% CI [1.02, 2.92]) in a fully adjusted model. Despite the higher risk
of inpatient mortality among Blacks, the model demonstrates that Blacks using HVSs or
HVHs had substantially lower relative risks of in-hospital death than Blacks using lower-
volume providers (Supplemental Table 2).

Discussion
In this study, we found evidence that Blacks with PCa received lower-quality surgical care
than did Whites, based on racial differences in use of HVSs and HVHs and on downstream
outcomes. The difference in use of HVSs and HVHs was consistent across years and
persisted in multivariate analysis that adjusted for age, comorbidity, payer, year and State.
Blacks had 33% lower odds of using a HVS and 27% lower odds of using a HVH than
Whites. Furthermore, Blacks had higher rates of blood transfusion, longer LOS and higher
risk of inpatient mortality. Although the increased risk of these adverse outcomes was
independent of hospital and surgeon volume, Blacks who used HVHs and HVSs faced
substantially reduced risk of adverse outcomes than did those using lower-volume providers.

Our findings of racial variation in outcomes of PCa are consistent with other population-
based studies and with national cancer statistics1-5, 15-18. Some variation can be attributed to
differences in stage at presentation2 and clinical management19-22, and possibly to
biological explanations23, 24. However, some studies that controlled for stage and treatment
type have shown that racial differences in outcomes persist3, thus implicating differences in
healthcare delivery and access. This hypothesis is supported by studies demonstrating that
the race-outcome association is attenuated in selected settings, such as an equal-access
Department of Veterans Affairs (VA) setting25 and in specialized NCI Cancer Centers26.
Furthermore, controlling tightly for education and other socioeconomic variables attenuates
observed racial variation in PCa outcomes27, 28.

A volume-outcome association has been identified for many complex procedures, including
RP8, 12. However, only two prior studies have evaluated the effect of surgeon and hospital
volume on racial differences in outcome after RP. Gooden et al evaluated 8,349 men from
the SEER-Medicare dataset from 1991-2002 and found that Blacks utilized lower-volume
surgeons more than did Whites, but actually used higher-volume hospitals29. Because they
identified similar differences in outcome across strata of procedure volumes, the authors
concluded that hospital and surgeon volumes did not contribute to disparities in outcome.
This study controlled for important potential confounders, including disease characteristics,
and evaluated an important endpoint, but did not capture complications, LOS or inpatient
mortality. A similar study using SEER-Medicare data showed racial variation in
complication rates and costs that differed across hospital and surgeon volume strata.30

In both studies, use of SEER-Medicare data restricted the cohort to men ≥ 65 years old. This
fails to consider the large population of younger RP patients, such as the 67.0% of patients
in our study who were below 65 years old. Indeed, Medicare patients may have more equal
access to care than younger patients, with potentially lower financial barriers to choices of
physician and facility. In all-payer populations such as those reflected in SID data,
differences in socio-economic status and payer may increase variability in access to high-
quality care. Taken together, these studies suggest that racial differences in PCa outcomes
may be partially explained by differences in access to high-quality care, which, in turn, may
reflect differences in patient resources. Our findings that Blacks with PCa received lower-
quality surgical care than Whites is consistent with prior studies demonstrating racial
differences in outcomes when access to high-quality care is variable.
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Our study has important limitations. The SIDs do not capture discharges from Federal
(military and VA) institutions. However, since such hospitals are generally considered
equal-access settings, not having included them may have enhanced our efforts to highlight
the impact of differential access to high-quality resources. The “race” variable provided in
the SIDs reflects variable coding conventions regarding provider-versus self-identification in
participating hospitals, and it conflates race and Hispanic ethnicity. It is likely that
unmeasured factors account for some or all of the observed differences between racial
groups. For example, patient-level socioeconomic status may have a significant impact on
healthcare access, and is known to be associated with race. Clinical disease characteristics
and severity of comorbidities are also unavailable in this administrative dataset and the
ability to adjust for these variables could have attenuated the observed racial variation. We
could not reliably distinguish conditions present on admission from those that developed
during hospitalization. Finally, while volume is a surrogate for quality, it is not itself a direct
measure of quality. Indeed, while hospital and surgical volumes were associated with certain
clinical outcomes, only a portion of the racial variation seen in these outcomes could be
attributed to hospital/surgeon volume.

Despite these limitations, this all-payer dataset, including all RPs from non-Federal hospitals
in three diverse States, over a 12-year period provided sufficient detail to identify racial
differences in important quality indicators. This study identifies Black men as a population
at risk for receipt of lower-quality care, providing a potential target for interventions aimed
at improving the quality of surgical care, including increasing access to high-volume
providers.

Conclusions
We demonstrated that, compared to Whites, Blacks had substantially lower utilization of
HVHs and HVSs for RP, and less optimal inpatient clinical outcomes. This suggests that
there are gaps between Blacks and Whites in the quality of care for PCa, which may
contribute to observed racial variation in PCa outcomes. Efforts to improve quality of care
for RP should include increasing access to high-quality PCa treatment centers for all
patients.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Percent of Black vs. White Patients in NY, FL and MD Utilizing A) High-Volume Surgeons
and B) High-Volume Hospitals.
Error bars indicate 95% confidence interval.

Barocas et al. Page 9

J Urol. Author manuscript; available in PMC 2013 September 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Barocas et al. Page 10

Ta
bl

e 
1

P
at

ie
nt

 C
ha

ra
ct

er
is

ti
cs

C
ha

ra
ct

er
is

ti
c

A
na

ly
ti

c 
Se

t
W

hi
te

B
la

ck
H

is
pa

ni
c

A
ll 

O
th

er
s

N
 =

 1
05

,9
72

N
 =

 8
1,

11
2

N
 =

 1
4,

00
6

N
 =

 6
,9

99
N

 =
 3

,8
55

A
ge

 in
 y

ea
rs

60
.8

 (
7.

1)
61

.1
 (

7.
0)

59
.2

 (
7.

2)
60

.8
 (

7.
0)

60
.1

 (
6.

8)

M
ea

n 
(S

D
)

Pa
ye

r

 
M

ed
ic

ar
e

30
,1

52
 (

28
.5

)
24

,5
00

 (
30

.2
)

3,
01

4 
(2

1.
5)

1,
87

3 
(2

6.
8)

76
5 

(1
9.

8)

 
M

ed
ic

ai
d

2,
19

9 
(2

.1
)

73
9 

(0
.9

)
69

6 
(5

.0
)

60
1 

(8
.6

)
16

3 
(4

.2
)

 
Pr

iv
at

e 
In

s
68

,9
50

 (
65

.1
)

53
,0

43
 (

65
.4

)
9,

44
2 

(6
7.

4)
3,

85
9 

(5
5.

1)
2,

60
6 

(6
7.

6)

 
Se

lf
-p

ay
2,

55
0 

(2
.4

)
1,

51
1 

(1
.9

)
44

0 
(3

.1
)

37
5 

(5
.4

)
22

4 
(5

.8
)

 
N

o 
ch

ar
ge

34
3 

(0
.3

)
88

 (
0.

1)
95

 (
0.

7)
14

9 
(2

.1
)

11
 (

0.
3)

 
O

th
er

1,
77

8 
(1

.7
)

1,
23

1 
(1

.5
)

31
9 

(2
.3

)
14

2 
(2

.0
)

86
 (

2.
2)

C
om

or
bi

di
ty

 C
ou

nt

 
0

43
,2

44
 (

40
.8

)
34

,0
88

 (
42

.0
)

4,
47

7 
(3

2.
0)

2,
99

9 
(4

2.
8)

1,
68

0 
(4

3.
6)

 
1

39
,0

30
 (

36
.8

)
29

,6
56

 (
36

.6
)

5,
45

7 
(3

9.
0)

2,
52

3 
(3

6.
0)

1,
39

4 
(3

6.
2)

 
2

17
,4

74
 (

16
.5

)
12

,8
15

 (
15

.8
)

2,
93

9 
(2

1.
0)

1,
09

6 
(1

5.
7)

62
4 

(1
6.

2)

 
3

4,
89

0 
(4

.6
)

3,
57

1 
(4

.4
)

89
4 

(6
.4

)
30

1 
(4

.3
)

12
4 

(3
.2

)

 
4+

1,
33

4 
(1

.3
)

98
2 

(1
.2

)
23

9 
(1

.7
)

80
 (

1.
1)

33
 (

0.
9)

Pa
tie

nt
 L

oc
at

io
n*

 
L

ar
ge

 M
et

ro
28

,5
34

 (
63

.5
)

19
,5

08
 (

57
.9

)
4,

78
6 

(8
0.

1)
2,

76
0 

(8
2.

8)
1,

48
0 

(7
6.

3)

 
Sm

al
l M

et
ro

12
,1

33
 (

27
.0

)
10

,3
97

 (
30

.9
)

95
7 

(1
6.

0)
43

1 
(1

2.
9)

34
8 

(1
7.

9)

 
M

ic
ro

3,
16

8 
(7

.1
)

2,
82

1 
(8

.4
)

16
1 

(2
.7

)
10

6 
(3

.2
)

80
 (

4.
1)

 
R

ur
al

1,
09

1 
(2

.4
)

95
3 

(2
.8

)
70

 (
1.

2)
36

 (
1.

1)
32

 (
1.

6)

M
ed

ia
n 

ho
us

eh
ol

d 
in

co
m

e 
qu

ar
til

e*
*

 
1

3,
58

7 
(1

7.
9)

2,
07

0 
(1

3.
9)

89
3 

(3
5.

7)
46

8 
(2

9.
1)

15
6 

(1
5.

2)

 
2

4,
38

6 
(2

1.
9)

3,
28

4 
(2

2.
1)

52
6 

(2
1.

0)
35

6 
(2

2.
1)

22
0 

(2
1.

4)

 
3

4,
84

5 
(2

4.
2)

3,
64

6 
(2

4.
5)

51
0 

(2
0.

4)
46

1 
(2

8.
6)

22
8 

(2
2.

2)

 
4

7,
20

0 
(3

6.
0)

5,
88

2 
(3

9.
5)

57
0 

(2
2.

8)
32

6 
(2

0.
2)

42
2 

(4
1.

1)

M
ar

ita
l S

ta
tu

s*
**

 
M

ar
ri

ed
5,

85
3 

(8
4.

6)
4,

83
9 

(8
6.

1)
76

8 
(7

5.
9)

71
 (

84
.5

)
17

5 
(8

6.
2)

J Urol. Author manuscript; available in PMC 2013 September 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Barocas et al. Page 11

C
ha

ra
ct

er
is

ti
c

A
na

ly
ti

c 
Se

t
W

hi
te

B
la

ck
H

is
pa

ni
c

A
ll 

O
th

er
s

 
Si

ng
le

63
2 

(9
.1

)
45

4 
(8

.1
)

15
3 

(1
5.

1)
<

10
 (

<
10

)
18

 (
8.

9)

 
D

iv
or

ce
d

32
4 

(4
.7

)
24

3 
(4

.3
)

70
 (

6.
9)

<
10

 (
<

10
)

<
10

 (
<

5)

 
W

id
ow

ed
11

0 
(1

.6
)

84
 (

1.
5)

21
 (

2.
1)

<
10

 (
<

10
)

<
10

 (
<

5)

C
el

ls
 r

ep
re

se
nt

 n
um

be
r 

(p
er

ce
nt

).
 P

er
ce

nt
ag

es
 m

ay
 n

ot
 s

um
 to

 1
00

%
 d

ue
 to

 r
ou

nd
in

g.
 A

H
R

Q
's

 d
at

a 
us

e 
ag

re
em

en
t p

ro
hi

bi
ts

 p
ub

lic
at

io
n 

of
 c

el
l v

al
ue

s 
sm

al
le

r 
th

an
 1

0.

* A
ll 

St
at

es
, 2

00
3-

20
07

**
A

ll 
St

at
es

, 2
00

6-
20

07

**
* M

ar
yl

an
d 

20
04

-2
00

7

J Urol. Author manuscript; available in PMC 2013 September 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Barocas et al. Page 12

Ta
bl

e 
2

O
ut

co
m

e 
M

ea
su

re
s 

by
 R

ac
ia

l G
ro

up

O
ut

co
m

e
A

na
ly

ti
c 

Se
t

W
hi

te
B

la
ck

H
is

pa
ni

c
A

ll 
O

th
er

s

N
 =

 1
05

,9
72

N
 =

 8
1,

11
2

N
 =

 1
4,

00
6

N
 =

 6
,9

99
N

 =
 3

,8
55

Su
rg

eo
n 

V
ol

um
e 

Q
ua

rt
ile

 
1

4,
76

8 
(4

.5
)

3,
22

8 
(4

.0
)

89
9 

(6
.4

)
41

6 
(5

.9
)

22
5 

(5
.8

)

 
2

9,
21

2 
(8

.7
)

6,
53

1 
(8

.1
)

1,
63

7 
(1

1.
7)

70
6 

(1
0.

1)
33

8 
(8

.8
)

 
3

19
,9

05
 (

18
.8

)
14

,6
14

 (
18

.0
)

3,
18

9 
(2

2.
8)

1,
45

9 
(2

0.
8)

64
3 

(1
6.

7)

 
4

72
,0

87
 (

68
.0

)
56

,7
39

 (
70

.0
)

8,
28

1 
(5

9.
1)

4,
41

8 
(6

3.
1)

2,
64

9 
(6

8.
7)

H
os

pi
ta

l V
ol

um
e 

Q
ua

rt
ile

 
1

3,
16

5 
(3

.0
)

20
72

 (
2.

6)
67

7 
(4

.8
)

30
8 

(4
.4

)
10

8 
(2

.8
)

 
2

7,
45

3 
(7

.0
)

5,
31

8 
(6

.6
)

1,
25

0 
(8

.9
)

63
5 

(9
.1

)
25

0 
(6

.5
)

 
3

17
,9

06
 (

16
.9

)
13

,4
16

 (
16

.5
)

2,
82

3 
(2

0.
2)

1,
12

4 
(1

6.
1)

54
3 

(1
4.

1)

 
4

77
,4

48
 (

73
.1

)
60

,3
06

 (
74

.3
)

9,
25

6 
(6

6.
1)

4,
93

2 
(7

0.
5)

2,
95

4 
(7

6.
6)

T
ra

ns
fu

si
on

11
,0

77
 (

10
.5

)
7,

89
3 

(9
.7

)
1,

85
3 

(1
3.

2)
79

7 
(1

1.
4)

53
4 

(1
3.

9)

A
ny

 C
om

pl
ic

at
io

n

10
,9

43
 (

10
.3

)
8,

08
3 

(1
0.

0)
1,

77
0 

(1
2.

6)
74

5 
(1

0.
6)

34
5 

(8
.9

)

L
O

S 
(d

ay
s)

 
M

ea
n

3.
3

3.
2

3.
7

3.
4

3.
1

 
M

ed
ia

n
3

3
3

3
3

 
R

an
ge

0-
12

4
0-

12
2

0-
12

4
0-

43
0-

25

In
-H

os
pi

ta
l M

or
ta

lit
y

88
 (

8.
3 

pe
r 

10
,0

00
)

59
 (

7.
3 

pe
r 

10
,0

00
)

22
 (

15
.7

 p
er

 1
0,

00
0)

<
10

 (
<

10
 p

er
 1

0,
00

0)
<

10
 (

<
10

 p
er

 1
0,

00
0)

C
el

ls
 r

ep
re

se
nt

 n
um

be
r 

(p
er

ce
nt

),
 e

xc
ep

t f
or

 L
O

S,
 w

hi
ch

 is
 in

 d
ay

s.
 P

er
ce

nt
ag

es
 m

ay
 n

ot
 s

um
 to

 1
00

%
 d

ue
 to

 r
ou

nd
in

g.
 A

H
R

Q
's

 d
at

a 
us

e 
ag

re
em

en
t p

ro
hi

bi
ts

 p
ub

lic
at

io
n 

of
 c

el
l v

al
ue

s 
sm

al
le

r 
th

an
 1

0.
St

at
is

tic
al

 s
ig

ni
fi

ca
nc

e 
of

 c
om

pa
ri

so
ns

 a
cr

os
s 

ra
ce

 w
as

 n
ot

 a
ss

es
se

d 
si

nc
e 

w
e 

an
al

yz
ed

 th
e 

en
tir

e 
po

pu
la

tio
n 

an
d 

th
er

e 
is

 n
o 

la
rg

er
 g

ro
up

 a
bo

ut
 w

hi
ch

 w
e 

w
ou

ld
 b

e 
m

ak
in

g 
st

at
is

tic
al

 in
fe

re
nc

es
.

J Urol. Author manuscript; available in PMC 2013 September 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Barocas et al. Page 13

Ta
bl

e 
3

O
ut

co
m

es
 b

y 
Su

rg
eo

n 
V

ol
um

e 
Q

ua
rt

ile
 (

SV
Q

) 
an

d 
H

os
pi

ta
l V

ol
um

e 
Q

ua
rt

ile
 (

H
V

Q
)

O
ut

co
m

e
A

na
ly

ti
c 

Se
t

SV
Q

 1
SV

Q
 2

SV
Q

 3
SV

Q
 4

N
 =

 1
05

,9
72

N
 =

 4
,7

68
N

 =
 9

,2
12

N
 =

 1
9,

90
5

N
 =

 7
2,

08
7

T
ra

ns
fu

si
on

11
,0

77
 (

10
.5

)
87

2 
(1

8.
3)

1,
34

1 
(1

4.
6)

2,
51

8 
(1

2.
7)

6,
34

6 
(8

.8
)

A
ny

 C
om

pl
ic

at
io

n

10
,9

43
 (

10
.3

)
70

9 
(1

4.
9)

1,
34

7 
(1

4.
6)

2,
59

4 
(1

3.
0)

6,
29

3 
(8

.7
)

L
O

S 
(d

ay
s)

 
M

ea
n

3.
3

4.
4

4.
2

3.
9

3.
0

 
M

ed
ia

n
3.

0
4.

0
4.

0
3.

0
3.

0

 
R

an
ge

0-
12

4
0-

77
1-

40
0-

79
0-

12
4

In
-H

os
pi

ta
l M

or
ta

lit
y

88
 (

8.
3 

pe
r 

10
,0

00
)

<
10

 (
～

20
 p

er
 1

0,
00

0)
16

 (
17

.4
 p

er
 1

0,
00

0)
23

 (
11

.6
 p

er
 1

0,
00

0)
40

 (
5.

5 
pe

r 
10

,0
00

)

O
ut

co
m

e
A

na
ly

tic
 S

et
H

V
Q

 1
H

V
Q

 2
H

V
Q

 3
H

V
Q

 4

N
 =

 1
05

,9
72

N
 =

 3
,1

65
N

 =
 7

,4
53

N
 =

 1
7,

90
6

N
 =

 7
7,

44
8

T
ra

ns
fu

si
on

11
,0

77
 (

10
.5

)
63

1 
(1

9.
9)

1,
15

9 
(1

5.
6)

2,
30

2 
(1

2.
9)

6,
98

5 
(9

.0
)

A
ny

 C
om

pl
ic

at
io

n

10
,9

43
 (

10
.3

)
51

1 
(1

6.
1)

1,
04

3 
(1

4.
0)

2,
38

7 
(1

3.
3)

7,
00

2 
(9

.0
)

L
O

S 
(d

ay
s)

 
M

ea
n

3.
3

4.
6

4.
2

3.
9

3.
0

 
M

ed
ia

n
3.

0
4.

0
4.

0
4.

0
3.

0

 
R

an
ge

0-
12

4
0-

79
0-

40
1-

12
4

0-
12

2

In
-H

os
pi

ta
l M

or
ta

lit
y

88
 (

8.
3 

pe
r 

10
,0

00
)

<
10

 (
～

25
 p

er
 1

0,
00

0)
15

 (
20

.1
 p

er
 1

0,
00

0)
19

 (
10

.6
 p

er
 1

0,
00

0)
46

 (
5.

9 
pe

r 
10

,0
00

)

C
el

ls
 r

ep
re

se
nt

 n
um

be
r 

(p
er

ce
nt

),
 e

xc
ep

t f
or

 L
O

S,
 w

hi
ch

 is
 in

 d
ay

s.
 P

er
ce

nt
ag

es
 m

ay
 n

ot
 s

um
 to

 1
00

%
 d

ue
 to

 r
ou

nd
in

g.
 A

H
R

Q
's

 d
at

a 
us

e 
ag

re
em

en
t p

ro
hi

bi
ts

 p
ub

lic
at

io
n 

of
 c

el
l v

al
ue

s 
sm

al
le

r 
th

an
 1

0.
St

at
is

tic
al

 s
ig

ni
fi

ca
nc

e 
of

 c
om

pa
ri

so
ns

 a
cr

os
s 

ra
ce

 w
as

 n
ot

 a
ss

es
se

d 
si

nc
e 

w
e 

an
al

yz
ed

 th
e 

en
tir

e 
po

pu
la

tio
n 

an
d 

th
er

e 
is

 n
o 

la
rg

er
 g

ro
up

 a
bo

ut
 w

hi
ch

 w
e 

w
ou

ld
 b

e 
m

ak
in

g 
st

at
is

tic
al

 in
fe

re
nc

es
.

J Urol. Author manuscript; available in PMC 2013 September 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Barocas et al. Page 14

Ta
bl

e 
4

G
en

er
al

iz
ed

 L
in

ea
r 

M
ix

ed
 E

ff
ec

ts
 M

od
el

s

Q
ua

lit
y 

In
di

ca
to

r
U

ni
va

ri
at

e 
M

od
el

s
P

-v
al

ue
M

ul
ti

va
ri

ab
le

 M
od

el
s

P
-v

al
ue

M
ul

ti
va

ri
ab

le
 M

od
el

s 
w

/ H
V

H
, H

V
S

P
-v

al
ue

O
R

95
%

 C
I

O
R

95
%

 C
I

O
R

95
%

 C
I

U
se

 o
f 

H
V

H

 
B

la
ck

 v
s 

W
hi

te
0.

65
0.

63
 –

 0
.6

8
<

0.
01

0.
73

0.
70

 –
 0

.7
6

<
0.

01
--

-
--

-
--

-

 
H

is
pa

ni
c 

vs
 W

hi
te

0.
94

0.
89

 –
 0

.9
9

0.
01

7
0.

98
0.

93
 –

 1
.0

4
0.

51
3

--
-

--
-

--
-

 
A

ll 
O

th
er

s 
vs

 W
hi

te
1.

07
0.

99
 –

 1
.1

6
0.

06
9

1.
01

0.
93

 –
 1

.1
0

0.
80

6
--

-
--

-
--

-

U
se

 o
f 

H
V

S
--

-
--

-
--

-

 
B

la
ck

 v
s 

W
hi

te
0.

60
0.

58
 –

 0
.6

2
<

0.
01

0.
67

0.
64

 –
 0

.7
0

<
0.

01
--

-
--

-
--

-

 
H

is
pa

ni
c 

vs
 W

hi
te

0.
83

0.
79

 –
 0

.8
8

<
0.

01
0.

84
0.

80
 –

 0
.8

9
<

0.
01

--
-

--
-

--
-

 
A

ll 
O

th
er

s 
vs

 W
hi

te
0.

90
0.

84
 –

 0
.9

7
0.

00
4

0.
82

0.
76

 –
 0

.8
9

<
0.

01
--

-
--

-
--

-

In
-h

os
pi

ta
l M

or
ta

lit
y

 
B

la
ck

 v
s 

W
hi

te
2.

16
1.

32
 –

 3
.5

3
0.

00
2

1.
93

1.
15

 –
 3

.2
6

0.
01

3
1.

73
1.

02
 –

 2
.9

2
0.

04
2

 
H

is
pa

ni
c 

vs
 W

hi
te

0.
79

0.
29

 –
 2

.1
6

0.
64

1
0.

83
0.

30
 –

 2
.3

2
0.

72
0

0.
82

0.
29

 –
 2

.2
8

0.
69

7

 
A

ll 
O

th
er

s 
vs

 W
hi

te
1.

07
0.

34
 –

 3
.4

2
0.

90
9

1.
31

0.
41

 –
 4

.2
3

0.
65

0
1.

28
0.

40
 –

 4
.1

3
0.

68
4

 
H

V
H

: Y
es

 v
s 

N
o

0.
40

0.
27

 –
 0

.6
1

<
0.

01
--

-
--

-
--

-
0.

62
0.

39
 –

 1
.0

0
0.

04
9

 
H

V
S:

 Y
es

 v
s 

N
o

0.
39

0.
26

 –
 0

.6
0

<
0.

01
--

-
--

-
--

-
0.

44
0.

27
 –

 0
.7

2
0.

00
1

T
ra

ns
fu

si
on

 
B

la
ck

 v
s 

W
hi

te
1.

38
1.

30
 –

 1
.4

5
<

0.
01

1.
11

1.
05

 –
 1

.1
8

<
0.

01
1.

08
1.

01
 –

 1
.1

4
0.

01
6

 
H

is
pa

ni
c 

vs
 W

hi
te

1.
40

1.
29

 –
 1

.5
1

<
0.

01
1.

17
1.

07
 –

 1
.2

8
<

0.
01

1.
16

1.
07

 –
 1

.2
7

0.
01

 
A

ll 
O

th
er

s 
vs

 W
hi

te
1.

29
1.

17
 –

 1
.4

2
<

0.
01

1.
27

1.
15

 –
 1

.4
0

<
0.

01
1.

25
1.

13
 –

 1
.3

8
<

0.
01

 
H

V
H

: Y
es

 v
s 

N
o

0.
50

0.
48

 –
 0

.5
2

<
0.

01
--

-
--

-
--

-
0.

76
0.

72
 –

 0
.8

0
<

0.
01

 
H

V
S:

 Y
es

 v
s 

N
o

0.
51

0.
49

 –
 0

.5
3

<
0.

01
--

-
--

-
--

-
0.

78
0.

74
 –

 0
.8

1
<

0.
01

A
ny

 C
om

pl
ic

at
io

ns

 
B

la
ck

 v
s 

W
hi

te
1.

33
1.

25
 –

 1
.4

0
<

0.
01

0.
95

0.
90

 –
 1

.0
1

0.
12

5
0.

96
0.

90
 –

 1
.0

2
0.

22
3

 
H

is
pa

ni
c 

vs
 W

hi
te

1.
04

0.
96

 –
 1

.1
3

0.
35

4
0.

89
0.

81
 –

 0
.9

7
0.

01
0

0.
90

0.
82

 –
 0

.9
8

0.
01

9

 
A

ll 
O

th
er

s 
vs

 W
hi

te
0.

96
0.

85
 –

 1
.0

7
0.

42
9

0.
95

0.
84

 –
 1

.0
8

0.
44

9
0.

94
0.

83
 –

 1
.0

6
0.

29
1

 
H

V
H

: Y
es

 v
s 

N
o

0.
64

0.
62

 –
 0

.6
7

<
0.

01
--

-
--

-
--

-
1.

08
1.

03
 –

 1
.1

4
0.

00
3

 
H

V
S:

 Y
es

 v
s 

N
o

0.
62

0.
59

 –
 0

.6
4

<
0.

01
--

-
--

-
--

-
1.

04
0.

99
 –

 1
.0

9
0.

11
7

L
O

S*

J Urol. Author manuscript; available in PMC 2013 September 11.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Barocas et al. Page 15

Q
ua

lit
y 

In
di

ca
to

r
U

ni
va

ri
at

e 
M

od
el

s
P

-v
al

ue
M

ul
ti

va
ri

ab
le

 M
od

el
s

P
-v

al
ue

M
ul

ti
va

ri
ab

le
 M

od
el

s 
w

/ H
V

H
, H

V
S

P
-v

al
ue

 
B

la
ck

 v
s 

W
hi

te
1.

10
1.

09
 –

 1
.1

1
<

0.
01

1.
09

1.
09

 –
 1

.1
0

<
0.

01
1.

07
1.

06
 –

 1
.0

7
<

0.
01

 
H

is
pa

ni
c 

vs
 W

hi
te

1.
03

1.
02

 –
 1

.0
4

<
0.

01
1.

06
1.

05
 –

 1
.0

7
<

0.
01

1.
05

1.
04

 –
 1

.0
6

<
0.

01

 
A

ll 
O

th
er

s 
vs

 W
hi

te
0.

96
0.

95
 –

 0
.9

8
<

0.
01

1.
01

1.
00

 –
 1

.0
2

0.
01

4
1.

00
1.

00
 –

 1
.0

2
0.

17
0

 
H

V
H

: Y
es

 v
s 

N
o

0.
79

0.
79

 –
 0

.7
9

<
0.

01
--

-
--

-
--

-
0.

90
0.

89
 –

 0
.9

0
<

0.
01

 
H

V
S:

 Y
es

 v
s 

N
o

0.
78

0.
78

 –
 0

.7
9

<
0.

01
--

-
--

-
--

-
0.

87
0.

87
 –

 0
.8

8
<

0.
01

* In
st

ea
d 

of
 o

dd
s 

ra
tio

s,
 e

st
im

at
es

 f
or

 L
O

S 
de

no
te

 th
e 

ra
tio

 o
f 

ge
om

et
ri

c 
m

ea
ns

. T
he

se
 m

ay
 a

ls
o 

be
 in

te
rp

re
te

d 
as

 th
e 

ra
tio

 o
f 

m
ed

ia
ns

.

J Urol. Author manuscript; available in PMC 2013 September 11.


