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The CABG Surgery Volume–Outcome
Relationship: Temporal Trends and
Selection Effects in California,
1998–2004
James P. Marcin, Zhongmin Li, Richard L. Kravitz, Jian J. Dai,
David M. Rocke, and Patrick S. Romano
Objective. To investigate the temporal trends in the volume–outcome relationship in
coronary artery bypass graft (CABG) surgery in California from 1998 to 2004, and to
assess the selection effects on this relationship by using data from periods of voluntary
and mandatory hospital reporting.
Data Sources. We used patient-level clinical data collected for the California CABG
Mortality Reporting Program (CCMRP, a voluntary reporting program with between
68 and 81 hospitals) from 1998 to 2002 and the California CABG Outcomes Reporting
Program (CCORP, a mandatory reporting program with 121 and 120 hospitals) from
2003 to 2004.
Study Design. The patient was the primary unit of analysis, and in-hospital mortality was the primary outcome. We used hierarchical logistic regression models (generalized linear mixed models) to assess the association of hospital annual volume with hospital mortality while controlling for detailed patient-level covariates in each of the 7 years.
Data Collection Methods. All data were systematically collected, reviewed for accuracy, and validated by the State of California’s Office of Statewide Health Planning
and Development (OSHPD).
Principal Findings. We found that during the period of voluntary hospital reporting
(1998–2002), with the exception of 1998, higher volume hospitals had significantly
lower risk-adjusted in-hospital mortality rates, on average, than lower volume hospitals
(1998 odds ratio [OR] per 100 operations performed 5 0.962, 95 percent confidence
interval [CI]: 0.912–1.015; 1999 OR 5 0.955, 95 percent CI: 0.920–0.991; 2000
OR 5 0.942, 95 percent CI: 0.897–0.989; 2001 OR 5 0.935, 95 percent CI: 0.887–
0.986; 2002 OR 5 0.946, 95 percent CI: 0.899–0.997). We also found that in the period
of mandatory reporting (2003 and 2004) there was no volume–outcome relationship
(2003 OR 5 0.997, 95 percent CI: 0.939–1.058; 2004 OR 5 0.984, 95 percent CI:
0.915–1.058) and that this lack of association was not due to a reporting bias from the
addition of data from hospitals that did not originally contribute during the voluntary
program.
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Conclusions. In California, where no state regulations support regionalization of
CABG surgeries, a weak volume–outcome relationship was present from 1998 to 2002,
but was absent in 2003 and 2004. The disappearance of the volume–outcome association was temporally related to the implementation of a statewide mandatory CABG
surgery reporting program.
Key Words. Volume–outcome relationship, coronary artery bypass graft surgery,
regionalization of services, risk adjustment, multilevel modeling

The association between the quantity of care that a physician or hospital
provides and the quality of care that patients receive has been rigorously
studied by clinicians and health services researchers (Luft, Bunker, and Enthoven 1979; Birkmeyer et al. 2003; Gandjour, Bannenberg, and Lauterbach
2003). This ‘‘volume–outcome’’ relationship has been documented for a wide
variety of medical conditions and surgical procedures at the physician, clinical
team, and hospital level of care (Halm, Lee, and Chassin 2002; Elixhauser,
Steiner, and Fraser 2003). In a report reviewing the volume–outcome relationship published by the Institute of Medicine, the authors noted that
77 percent of the published volume–outcome studies had demonstrated a
significant relationship between higher physician and hospital volumes and
better health outcomes (Hewitt et al. 2001).
The volume–outcome relationship has been most intensely studied for
patients receiving coronary artery bypass grafting (CABG) surgery, perhaps
because regionalization is a particularly promising policy strategy to improve
care for high-risk elective surgery. Although many studies have found that
hospitals performing relatively more CABG surgeries have better outcomes
(Luft, Bunker, and Enthoven 1979; Birkmeyer et al. 2002, 2003; Hannan et al.
2003; Peterson et al. 2004), the importance of this relationship for health policy
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remains controversial. First, several recent studies using robust statistical
methods and careful risk adjustment have found either minor or insignificant
hospital CABG volume–outcome relationships, or no relationship at all
(Christiansen and Morris 1997; Shahian et al. 2001; Kalant and Shrier 2004;
Peterson et al. 2004). Second, studies of regionalization policies have been
inconclusive regarding their impact on improving care (Vaughan-Sarrazin
et al. 2002; Nobilio and Ugolini 2003). Third, there is some evidence that the
observed volume–outcome association may reflect selective referral of patients to high-quality surgeons and hospitals, rather than greater experience
leading to improved skills (Luft et al. 1990; Escarce et al. 1999).
In addition, the effect of public reporting of CABG surgery performance
on the volume–outcome relationship is unknown. In several studies, the publication of CABG surgery quality reports has been associated with reduced
CABG mortality (Hannan et al. 1995; Rosenthal, Quinn, and Harper 1997;
Romano and Zhou 2004) and enhanced quality improvement efforts, particularly for low-quality and low-volume outliers (Bentley and Nash 1998; Rainwater, Romano, and Antonius 1998; Chassin 2002). Therefore, public
performance data may help stimulate standardization of procedures, improved training, acquisition of better equipment, and diffusion of innovation,
thereby improving outcomes among low-quality and low-volume outliers and
attenuating the volume–outcome relationship. Further, as some of the studies
that have reported a significant volume–outcome relationship used data from
voluntary reporting programs, selection bias could have contributed to misestimation of the volume effect (Clark 1996; Christian et al. 2003; Peterson et
al. 2004). For example, the volume–outcome relationship could be overestimated if nonparticipating low-volume hospitals had better than average
outcomes or if nonparticipating high-volume hospitals had worse than average
outcomes.
The goal of this study was to investigate the volume–outcome relationship for CABG surgery in California from 1998 to 2004, a period during which
public reporting of CABG outcomes transitioned from a voluntary basis to a
state-mandated program. We analyze data from the California CABG Mortality Reporting Program (CCMRP), a voluntary reporting program with
between 68 and 81 participating nonfederal hospitals from 1998 to 2002, and
from the California CABG Outcomes Reporting Program (CCORP), a mandatory reporting program with 121 and 120 nonfederal hospitals from 2003 to
2004, respectively. Our objectives were (1) to use hierarchical logistic regression to determine whether hospitals performing more CABG surgeries have
lower risk-adjusted mortality than hospitals performing fewer cases, and (2) to
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assess potential explanations for any change in the magnitude of the volume–
outcome association between the voluntary reporting period (1998–2002) and
the mandatory reporting period (2003 and 2004).

METHODS
The CCMRP was established in 1995 as a joint activity between the California
Office of Statewide Health Planning and Development (OSHPD) and the
Pacific Business Group on Health (PBGH). This voluntary program collected
data from 1997 through 2002. The first CCMRP report was publicly released
in July 2001 and presented data from 1997 to 1998 (Damberg, Chung, and
Steimle 2001). The second report was released in August 2003 and presented
data from 1999 (Damberg et al. 2003). The third report was released in February 2005 and presented data from 2000 to 2002 (Parker et al. 2005a). Beginning in 2003, data reporting became mandatory for all licensed nonfederal
hospitals performing CABG surgery in California. The mandatory reporting
program, referred to as the CCORP, published its first report in February
2006, based on data collected during 2003 (Parker et al. 2005b). The second
CCORP report, to be published in 2007, will include physician-level data
from 2003 to 2004.
The data used in this article include 5 years of data from the voluntary
CCMRP (1998–2002) plus the first 2 years of data from the mandatory
CCORP program (2003 and 2004). The data from 1997, the first year of the
CCMRP, only included 34 hospitals and were therefore not included in these
analyses. Further details on the CCMRP and CCORP reports including specifics on data collection, validation procedures, and statistical methods have
been published (Parker et al. 2005a, b) and are available online (http://
www.oshpd.ca.gov/hqad/outcomes/clinical.htm).
Data Elements
CCMRP and CCORP collect patient-level data elements defined by the Society of Thoracic Surgeons (STS) in its National Adult Cardiac Surgery database (Welke et al. 2004) as well as other state programs (Table 1) (Shroyer
et al. 2003; Massachusetts Data Analysis Center [MASS-DAC] 2004; New
York State Department of Health 2004; New Jersey Department of Health and
Senior Services 2005; Pennsylvania Health Care Cost Containment Council
2005). To ensure the quality and comparability of data submitted, OSHPD

Race
Gender
Age
Body mass index
Status of procedure
Creatinine (mg/dl)
Hypertension
Dialysis
Peripheral vascular disease
Cerebrovascular disease
Cerebrovascular accident
Diabetes
Chronic lung disease
Immunosuppressive treatment
Hepatic failure
Arrhythmia type
Myocardial infarction
Cardiogenic shock
Congestive heart failure
NYHA Class IV
Prior cardiac surgery
PTCA
Ejection fraction

Risk Factor
Dependent Variable

p
p
p
p
p
p nn
p
p
p

p
p

CCMRP 1998–
2002
Inpatient Mortality
p
p
p
p
p
p
p
p
p
p

p
p

CCORP 2003–2004n
Inpatient and Operative
Mortality
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p

p
p

p
p
p
p
p

p

p

p
p
p

p

p

p

p
p

p

RF

p

NJ
Operative
Mortality

RF

p
p

NYz
Inpatient
Mortality

p
p

RF
p
p
p
p
p
p
p
p

STSw
30-Day
Mortality
p
p
p
pz
p
k

p

p

p
p

p

RF

p

p
p

PA
30-Day
Mortality

p

p

p
p

p

p

RF
p

p

p
p

MA§
30-Day
Mortality

Table 1: Risk Factors Included in the CCMRP and CCORP CABG Risk-Adjustment Models Compared with Other
Risk-Adjustment Models
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p
p
0.854ww

p
p

0.828
0.78

p
0.803

p
0.765

0.772

Not available

Note :
n
Although the CCORP public reports use operative (inpatient or 30-day) mortality as the outcome measure, for this manuscript we used only inpatient
mortality and kept all risk factors unchanged for a fair comparison across years.
w
STS model also includes ‘‘PTCA with 6 hours.’’
z
NY model also includes ‘‘unstable hemodynamic state’’ and ‘‘extensively calcified aorta.’’
§
MA uses a multilevel, hierarchical model and includes ‘‘prior PTCA.’’
z
Body surface area.
k
MediQual measure.
nn
On bypass pump only.
ww
c-statistic reported for inpatient mortality.
CCMRP, California Coronary Artery Bypass Graft Mortality Reporting Program; CCORP, California CABG Outcomes Reporting Program; STS,
Society of Thoracic Surgeons; NY, New York; NJ, New Jersey; PA, Pennsylvania; MA, Massachusetts; RF, renal failure; NYHA, New York Heart
Association; PTCA, percutaneous transluminal coronary angioplasty.

Left main disease
(% stenosis)
Number of diseased vessels
Mitral insufficiency
c-statistic
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provided hospitals with training sessions and written guidance in the form of a
data collection handbook.
Data Quality Review and Verification
The data submitted by each hospital for both the CCMRP and CCORP were
systematically reviewed for completeness, data errors, and data discrepancies.
The first step was to compare each hospital’s specific rates for each data
element to the state average. Invalid, missing, and abnormally high- or lowrisk mean values and prevalences were identified. Reports were then generated for each hospital with discrepancies and each of these hospitals was asked
to check for possible coding errors. The second step was to link the CCMRP
and CCORP data with the State of California’s Patient Discharge Data (PDD)
to conduct further validation. This matched data set was used to generate
additional reports to alert hospitals with apparent discrepancies in the number
of isolated CABG surgeries performed or the number of in-hospital deaths.
The relevant hospitals were contacted and asked to check the cases by reviewing medical records.
The PDD-CCMRP and PDD-CCORP linkages were also used to verify
selected risk factors. Although the selected risk factors reviewed varied between years, they generally included the prevalence of cardiogenic shock, the
use of percutaneous transluminal coronary angioplasty, the need for dialysis,
myocardial infraction, and whether the surgery was considered a ‘‘salvage’’
case. The specific findings of these discrepancy reports and the hospital reconciliations are summarized in the CCMRP and CCORP reports (Parker et al.
2005a, b). Finally, independent medical record audits were undertaken for the
CCORP data, but not the CCMRP data. Details of the audit, the audit results,
and subsequent interventions are available in the CCORP report (Parker et al.
2005b).
Risk Adjustment Model
Multivariable logistic regression models were used to determine the relationship between each of the demographic and preoperative risk factors and the
likelihood of in-hospital mortality. Details regarding risk model development
are available elsewhere (Parker et al. 2005a, b). Briefly, the risk models were
developed for the CCMRP and CCORP data separately. Table 1 lists the
factors used in the risk adjustment compared with the factors included in the
STS model and models used by the states of New York, New Jersey, Pennsylvania, and Massachusetts. The coefficients were developed on the patients
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included in the data sets without any missing variables (more than 89 percent
of the cases in both data sets) to ensure that the effects of risk factors were
estimated based on the most complete data available. Then, for all patient
fields that were incomplete, parameters were imputed using the lowest risk
category, so that there were no missing data in any of the seven final data sets
(one for each year).
Volume–Outcome Models
To assess the association between annual hospital volume of isolated CABGs
and risk-adjusted mortality, annual hospital volume (the only fixed effects
hospital-level variable) was specified in three ways. First, we entered annual
volume as a continuous variable for each year-specific model. Second, we
entered annual volume as a quadratic (linear plus squared term) for each yearspecific model to evaluate a possible curvilinear relation between mortality
and volume. Third, we dichotomized volume using two volume thresholds
that we selected before any analyses. By this method, hospitals were
dichotomized as performing fewer than 250 or at least 250 CABG cases/
year, as well as hospitals performing fewer than 450 or at least 450 cases/year,
consistent with previously used volume thresholds (Birkmeyer et al. 2003;
Parker et al. 2005a, b). Of note, a hospital could therefore be categorized as low
volume in one year and high volume in another year if the number of CABG
procedures crossed the specified volume threshold. Finally, to assess whether
other transformations should be considered, for each year as well as for all
years combined, we generated scatterplots of observed mortality versus volume and of risk-adjusted mortality versus volume, and produced locally
weighted least squares (LOWESS) curves for visual inspection (Cleveland
1979; Royston 1991).
For data collected during the mandatory reporting program in 2003 and
2004, we conducted separate analyses on the 86 and 85 hospitals, respectively,
that had previously reported data during any of the 5 years of the voluntary
reporting period (CCMRP). This was done to assess potential explanations for
any change in the magnitude of the volume–outcome association between the
voluntary reporting period (1998–2002) and the mandatory reporting period
(2003 and 2004).
Statistical Methods
The CABG volume–outcome relationship was analyzed with a hierarchical
logistic regression model (PROC GLIMMIX, SAS, version 9.1) with hospital-
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specific random intercepts. These models are increasingly used in health services research to analyze multilevel data, such as patient data that are aggregated by hospital (Christiansen and Morris 1997; Shahian et al. 2001), and
provide several theoretical and statistical advantages. These models are more
appropriate for using patient data to make inferences at the hospital level by
adjusting for the ‘‘clustering’’ of patients with similar characteristics (Christiansen and Morris 1997; Shahian et al. 2001). To aid in the visual inspection of
the volume–mortality scatterplots, LOWESS curves were fitted to the data
using Stata, version 9.2 (Cleveland 1979; Royston 1991).

RESULTS
Overall hospital volume and mortality data are presented in Table 2. During
the voluntary reporting program years of 1998, 1999, 2000, 2001, and 2002,
the number of hospitals contributing data were 68, 81, 76, 71, and 70, respectively. During the mandatory program years of 2003 and 2004, the number of hospitals performing CABG surgeries was 121 and 120, respectively. Of
these hospitals, 86 and 85, respectively, had previously participated in at least
one of the years during the prior voluntary program. The median annual
hospital CABG volume generally decreased over the years studied; from its
peak in 2000, the median annual hospital CABG volume fell to 120 for all
Table 2: Overall Volume, Mortality, Hospital Volume, and Hospital
Mortality Rates, by Year

Year

Overall
Hospital Volume (n)
Patients Hospitals Mortality
(n)
(n)
(%)
Median Mean
Range

1998
1999
2000
2001
2002
2003 (v)n
2003 (m)w
2004 (v)n
2004 (m)w

17,459
21,973
21,109
18,550
17,728
16,420
21,272
14,562
19,133

68
81
76
71
70
81
121
80
120

2.70
2.83
2.63
2.84
2.66
2.25
2.34
2.77
2.73

178
196
217
197
187
151
140
128
120

257
271
278
261
253
203
176
182
159

45–1,289
58–1,597
50–1,531
38–1,237
29–1,062
25–992
25–992
4–975
4–975

Hospital Mortality Rate (%)
Median Mean
3.02
3.03
2.88
2.94
2.76
2.29
2.50
2.76
2.58

3.19
3.32
3.23
3.37
3.16
2.49
2.58
3.02
2.94

Range
0.00–8.05
0.00–8.28
0.00–10.48
0.60–15.00
0.00–10.34
0.00–5.71
0.00–10.34
0.00–9.62
0.00–11.54

n
2003 (v) and 2004 (v) 5 2003 and 2004 data from the hospitals that participated at least 1 year in
the voluntary reporting program.
w
2003 (m) and 2004 (m) 5 2003 and 2004 data from the hospitals that participated in the mandatory reporting program.
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hospitals, and 121 for those 85 hospitals that had previously reported during
the voluntary reporting program.
Table 3 shows that when hospital volume was entered as a continuous
variable, there was a statistically significant association between higher

Table 3: Results of Hierarchical Multivariable Regression, Assessing
Association between In-Hospital Mortality and Hospital Annual Volume
Year

Volume Effect

SE

p-Value

Annual volume as a continuous variable (per 100 patients per year)
1998
 0.039
0.027
0.154
1999
 0.046
0.019
0.017
2000
 0.060
0.025
0.020
2001
 0.067
0.027
0.015
2002
 0.055
0.027
0.041
2003 (v)n
 0.007
0.032
0.826
2003 (m)w
 0.003
0.030
0.911
 0.026
0.034
0.448
2004 (v)n
2004 (m)w
 0.016
0.037
0.658
Annual volume 4250 (o250 is reference group)
1998
 0.077
0.155
0.619
1999
 0.199
0.112
0.079
2000
 0.423
0.132
0.002
2001
 0.348
0.143
0.017
2002
 0.292
0.132
0.031
2003 (v)n
0.007
0.159
0.965
2003 (m)w
0.086
0.141
0.544
2004 (v)n
 0.001
0.160
0.995
0.163
0.162
0.317
2004 (m)w
Annual volume 4450 (o450 is reference group)
1998
 0.286
0.203
0.164
1999
 0.263
0.140
0.064
2000
 0.323
0.202
0.114
2001
 0.533
0.204
0.011
2002
 0.327
0.174
0.064
2003 (v)n
0.050
0.208
0.810
0.016
0.206
0.940
2003 (m)w
2004 (v)n
 0.106
0.204
0.605
2004 (m)w
 0.050
0.231
0.829

OR

95% CI

0.962
0.955
0.942
0.935
0.946
0.993
0.997
0.974
0.984

0.912–1.015
0.920–0.991
0.897–0.989
0.887–0.986
0.899–0.997
0.932–1.058
0.939–1.058
0.911–1.042
0.915–1.058

0.926
0.820
0.655
0.706
0.747
1.007
1.089
0.999
1.177

0.684–1.254
0.659–1.020
0.506–0.849
0.534–0.934
0.576–0.968
0.737–1.376
0.827–1.435
0.731–1.366
0.856–1.618

0.751
0.769
0.724
0.587
0.721
1.052
1.016
0.900
0.951

0.505–1.119
0.584–1.011
0.487–1.076
0.394–0.873
0.513–1.013
0.699–1.582
0.678–1.522
0.603–1.341
0.605–1.495

Reported are the coefficients and statistics for volume, years 2000–2004. Data for covariates are
not shown.
n
2003 (v) and 2004 (v) 5 2003 and 2004 data from the hospitals that participated at least 1 year in
the voluntary reporting program.
w
2003 (m) and 2004 (m) 5 2003 and 2004 data from the hospitals that participated in the mandatory reporting program.
CI, confidence interval.
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hospital volume and lower mortality in 1999, 2000, 2001, and 2002. While this
association was not statistically significant in 1998, the OR associated with
hospital volume was similar when compared to the four following years;
however, there were fewer patients in the 1998 cohort. To give an example of
the magnitude of this association, in the year 2000, the OR associated with
each additional 100 CABG procedures performed was 0.942. Therefore, a
hospital with the median in-hospital mortality rate of 2.88 percent would be
expected to have its mortality rate drop by 0.17 percentage point to 2.71
percent if it performed 100 additional procedures. During 2003 and 2004,
there was no significant volume–outcome association among either the hospitals that had previously reported during the voluntary program or the entire
set of hospitals reporting in the mandatory program.
When hospital volume was entered as a quadratic term (linear plus
squared), the squared term was not significant in eight of the nine models. In
the year-specific model for 2000, the squared term was significant with a
coefficient 5 0.000002, 95 percent confidence interval [CI]: 0.0000007–
0.0000033, p 5 .004.
When annual hospital volume was dichotomized as fewer than 250 cases
versus 250 or more, a significant association was found between volume and
outcome during the years, 2000–2002. This association disappeared during
the mandatory reporting years, 2003 and 2004, with ORs of 1.007 (95 percent
CI: 0.737–1.376) and 0.999 (95 percent CI: 0.731–1.366) for the hospitals that
had participated in the voluntary program, and 1.089 (95 percent CI: 0.827–1.435)
and 1.177 (95 percent CI: 0.856–1.618) for all hospitals performing CABG surgeries, respectively. This suggests that this loss of association did not result from
including hospitals that had not participated in the voluntary program.
When annual hospital volume was dichotomized as fewer than 450 cases
versus 450 or more, the ORs for mortality among high-volume hospitals compared with low-volume hospitals ranged from 0.587 to 0.769 from 1998 to 2002.
For the years 2003 and 2004, the ORs were 1.016 and 0.951, respectively, for all
hospitals and 1.052 and 0.900, respectively, for hospitals that had previously
reported during the voluntary, CCMRP reporting period. Of note, only six
hospitals during the mandatory program performed 450 or more cases/year.
Finally, upon visual inspection of scatterplots and LOWESS curves of
observed mortality and hospital volume, and risk-adjusted mortality and hospital volume, we found no evidence of nonlinear associations or evidence to
suggest that other transformations or dichotomization thresholds should be
considered. Figure 1 shows the scatterplot of risk-adjusted mortality versus
annual volume for all years, 1998–2004. The scatterplots and LOWESS curves
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Figure 1: Risk-Adjusted Mortality versus Annual Volume for all Years, 1998–
2004. A LOWESS Curve Has Been Fitted to the Data for Visual Inspection
1998–2004
12

Risk Adjusted Mortality (%)
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5
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2
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0
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750
Annual Volume
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1,250

1,500

bandwidth = .8

for observed mortality and risk-adjusted mortality for individual years are
available in the electronic version for publication (Appendices A and B).

DISCUSSION
In California, we found that the hospital volume–outcome relationship for
CABG surgery was consistent but small during the years 1998–2002, and that
this relationship disappeared in 2003 and 2004. We found that the use of data
collected during a voluntary statewide reporting program (1998–2002) appeared to yield unbiased estimates of the volume effect. That is, when we
assessed the volume–outcome relationship for 2003 and 2004, conducting
separate analyses on all hospitals as well as those hospitals that had previously
participated in the voluntary reporting program, we found similar results. The
disappearance of the volume–outcome relationship resulted, in part, from
improved risk-adjusted outcomes among lower volume hospitals. It is unknown whether the overall improvement in mortality, especially at low-volume hospitals, during this study period was partially attributable to the state’s
public reporting of CABG surgery performance data. Low-volume hospitals
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may have implemented improved training programs, quality improvement
activities, or other innovations to improve outcomes; these interventions may
have been stimulated partially by the prospect of mandatory public reporting.
The policy implications of the volume–outcome association are important. If a clinically significant volume–outcome association exists, then legislators and policy makers should establish minimum volume guidelines and/
or promote the regionalization of such services, as the New York Department
of Health has done for many years. More patients would then receive care in
higher volume centers, and average quality of care would improve. There are
data that support this policy direction. Two large observational studies
(Grumbach et al. 1995; Vaughan-Sarrazin et al. 2002) have compared outcomes of patients after CABG surgery in areas of high regionalization (e.g.,
Canada and New York) to areas of low regionalization (e.g., California). These
reports have suggested that higher volume centers have lower mortality rates
and that areas of high regionalization have better outcomes and less variability
in outcomes when compared with areas of low regionalization. However, both
of these studies used administrative data, which are inferior in their ability to
risk adjust (Wray et al. 1997). Second, the data used in these analyses were
from 1987–1989 (Grumbach et al. 1995) to 1994–1999 (Vaughan-Sarrazin
et al. 2002) when overall CABG surgery mortality was higher and the volume–
outcome association was more pronounced.
Our finding that the volume–outcome relationship has diminished over
time is consistent with previous reports (Sowden, Deeks, and Sheldon 1995;
Clark 1996; Kalant and Shrier 2004). In a recent literature review, Kalant and
Shrier (2004) found that studies from the 1980s demonstrated that the risk of
death after CABG surgery was 3–5 percent less at high-volume centers than at
low-volume centers. Studies since 1990, on the other hand, have generally
found that the risk of death after CABG surgery is between 0 and 3 percent less
at high-volume centers (Kalant and Shrier 2004). These and other authors
suggest that this trend is due to both general advances in medicine and maturation of the CABG procedure (Shahian and Normand 2003; Kalant and
Shrier 2004). Peterson et al. (2004) analyzed data from 2000 to 2001 using the
STS National Cardiac Database and found only a very small volume–outcome
association, corresponding to a reduction in mortality of 0.07 percent for every
additional 100 CABG surgeries performed (Peterson et al. 2004). Birkmeyer
et al. 2002 also found a o2 percent difference in adjusted mortality between
very low- and very high-volume hospitals performing CABG surgery in a
national sample of Medicare patients. The most current data and systematic
reviews of the CABG volume–outcome relationship conclude that caution
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should be exercised to avoid overinterpreting the significant findings of previous studies and that hospital volume may no longer be an adequate quality
metric for CABG surgery (Sowden, Deeks, and Sheldon 1995; Sowden and
Sheldon 1998; Shahian and Normand 2003; Kalant and Shrier 2004).
Using databases in which hospitals voluntarily report performance data
to estimate the volume–outcome relationship could lead to selection bias.
Several analyses reporting significant volume–outcome associations have
used such databases (Clark 1996; Christian et al. 2003; Peterson et al. 2004).
Bias could be introduced if either low- or high-volume hospitals not participating in the voluntary program had worse than average outcomes, resulting
in either an under- or overestimation of the volume–outcome relationship,
respectively. While other studies have shown that nonparticipating entities
tend to have worse outcomes than participating entities (McCormick et al.
2002), ours is the first study that directly evaluated this potential bias for the
CABG surgery volume–outcome relationship. Although we found the hospitals that did not participate in the voluntary program tended to be smaller
and have higher observed mortality rates, including them in the full analyses
did not significantly change the lack of volume–outcome association during
the mandatory reporting program. These previously nonparticipating hospitals had similar risk-adjusted mortality rates in 2003 and 2004 as those previously participating hospitals, on average.
It is also possible that in California, the introduction of a mandatory
CABG surgery outcome reporting program stimulated quality improvement
efforts, particularly among low-quality outliers. While several studies have
suggested that the publication of CABG surgery reports has been associated
with reductions in CABG mortality (Hannan et al. 1995; Rosenthal, Quinn,
and Harper 1997) and improvements in quality of care (Bentley and Nash
1998; Rainwater, Romano, and Antonius 1998; Chassin 2002), it is unknown
whether the observed reduction in hospital mortality, particularly among
hospitals performing fewer than 250 surgeries/year, and the recent lack of a
volume–outcome association in California reflects such improvements. Clearly, other factors may have contributed to this temporal finding, including
patient selection, standardization of procedures, improved training, better
equipment, and diffusion of innovation. Of note is the fact that expected
mortality rates remained stable among low-volume hospitals throughout the
study period, arguing against the possibility of low-volume hospitals inflating
clinical risk factors during the mandatory program. It is also not known
whether our findings reflect trends in other states or nationally, or whether
they might be limited to states with public reporting programs or those that
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collect clinical data. Another limitation of our study is that we only examined 7
years of data, and the absence of the volume–outcome association may not be
sustained. In addition, relative to other states, California has low-volume
CABG centers, and there may be a volume–outcome association above the
volumes reflected in the California data. Finally, our risk-adjustment models,
although based on detailed clinical data similar to those collected in New York
and New Jersey, may have omitted unidentified confounders.
Although many studies have supported the existence of an association
between CABG hospital volume and mortality, this association has decreased
with time, and in our analyses of the most recent California data, the relationship has disappeared. Our findings, in combination with the findings of
other researchers, challenge the proposition that regionalizing services will
result in improved quality of care, and raise questions about the validity of the
Leapfrog Group’s Evidence-based Hospital Referral standards for CABG
volume. Other interventions, such as public reporting and collaborative
quality improvement, may foster resolution of outcome disparities between
low- and high-volume hospitals. Future analyses are clearly warranted to
investigate whether the volume outcome association still exists for other cardiovascular procedures or in other states that do not impose regionalization.
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