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Background: Coronary artery bypass graft (CABG) surgery and
percutaneous transluminal coronary angioplasty (PTCA) are well-
established treatments for symptomatic coronary artery disease.
Previous studies have documented racial differences in rates of
use of these cardiac revascularization procedures. Other studies
suggest that these procedures are overused: that is, they are done
for patients with clinically inappropriate indications.

Objective: To test the hypothesis that the higher rate of cardiac
revascularization among white patients is associated with a higher
prevalence of overuse (revascularization for clinically inappropriate
indications) among white patients than among African-American
patients.

Design: Observational cohort study using Medicare claims and
medical record review.

Setting: 173 hospitals in five U.S. states.

Participants: A stratified, weighted, random sample of 3960
Medicare beneficiaries who underwent coronary angiography dur-
ing 1991 and 1992; 1692 of these patients underwent 1711 re-
vascularization procedures within 90 days.

Measurements: The proportion of CABG and PTCA procedures
rated appropriate, uncertain, and inappropriate according to RAND
criteria, and the multivariate odds of undergoing inappropriate

revascularization among African-American patients and white pa-
tients.

Results: After angiography, rates of PTCA (23% vs. 19%) and
CABG surgery (29% vs. 17%) were significantly higher among
white patients than among African-American patients. The respec-
tive rates of inappropriate PTCA and CABG surgery were 14% and
10%. Among the study states, rates of inappropriate use ranged
from 4% to 24% for PTCA and 0% to 14% for CABG surgery.
White patients were more likely than African-American patients to
receive inappropriate PTCA (15% vs. 9%; difference, 6 percentage
points [95% CI, 20.4 to 12.7 percentage points]), and difference
by race was statistically significant among men (20% vs. 8%;
difference, 12 percentage points [CI, 1.2 to 21.7 percentage
points]). Rates of inappropriate CABG surgery did not differ by
race (10% in both groups).

Conclusions: Among a large and diverse sample of Medicare
beneficiaries in five U.S. states, overuse of PTCA was greater
among white men than among other groups, but this difference
did not fully account for racial disparities in revascularization.
Overuse of cardiac revascularization varied significantly by geo-
graphic region.
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Coronary artery bypass graft (CABG) surgery and
percutaneous transluminal coronary angioplasty

(PTCA) are well-established and widely used treatments
for symptomatic coronary artery disease (1–3). In the
United States during 1998, 553 000 CABG surgeries
and 539 000 PTCA procedures were performed. Fifty-
three percent of these procedures were performed in pa-
tients 65 years of age or older (4).

Previous studies have documented racial differences
in rates of cardiac revascularization (5–8). White pa-
tients are approximately twice as likely as African-Amer-
ican patients to receive CABG surgery and 50% to 70%
more likely to receive PTCA, after adjustment for con-
founding factors such as age, sex, and diagnosis. Among
Medicare beneficiaries, these disparities by race are seen
in all regions of the United States and have persisted
over time (9). These findings are particularly striking

because African-American patients are more likely to ex-
perience adverse effects from cardiovascular disease (10).
The widening ratio of deaths from ischemic heart dis-
ease between African-American patients and white pa-
tients suggests that, if anything, African-American pa-
tients ought to have higher rates of revascularization
than white patients.

Racial disparities may arise from “overuse” of revas-
cularization among white patients (that is, for patients
who receive revascularization, the rate of clinically inap-
propriate indications is higher among white patients
than among African-American patients) (11), “under-
use” among African-American patients (that is, for pa-
tients for whom a procedure is considered necessary or
appropriate, the rate of revascularization is lower among
African-American patients than among white patients)
(12, 13), or a combination of these two effects. Previous
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studies have documented that up to 23% of CABG sur-
gery procedures may represent “overuse” (14). We as-
sessed whether overuse is greater among white patients
than among African-American patients and whether it
accounts for racial disparities in revascularization.

METHODS

Sample
Using Medicare Part A data supplied by the Health

Care Financing Administration (HCFA), we selected a
random sample of Medicare beneficiaries 65 to 75 years
of age who underwent inpatient coronary angiography
during 1991 and 1992 in one of five U.S. states (Ala-
bama, California, Georgia, New Jersey, and Pennsylva-
nia). These five states were chosen for their regional
diversity and the willingness of their peer review organi-
zations to participate in data collection. Eligible patients
underwent coronary angiography to evaluate suspected
coronary disease and were assigned a principal diagnosis
of unstable angina, myocardial infarction, angina, con-
gestive heart failure, ischemic heart disease, or failed
CABG surgery. We excluded patients in health mainte-
nance organizations (few Medicare patients were en-
rolled in health maintenance organizations during the
study years, and HCFA did not receive procedure claims
for this group), patients who received valve surgery
within 90 days of catheterization (the appropriateness
rating system does not include this indication), and pa-
tients older than 75 years of age (few of these patients
received revascularization during the study years, and
the applicability of the appropriateness criteria to this
age group is uncertain).

Of 103 035 eligible patients, we selected patients at
random within each of 40 strata defined by all possible
combinations of race, sex, income, and the five study
states, creating a random quota sample of 3960 patients
in which 50% would be African-American patients,
50% would be women, and 50% would be low-income
patients (those residing in the 20% of ZIP codes with
the lowest median household income of all study ZIP
codes). Ethnicity, sex, and ZIP code data for each pa-
tient were obtained from HCFA. Oversampling African-
American patients increased our power to detect racial
differences. Among the 3960 patients who had angiog-
raphy, 1692 underwent CABG surgery or PTCA at the
same admission or within 90 days of the index admis-

sion (3.2% of the respective elderly patients receiving
coronary revascularization in the study states).

Among these 1692 patients, 1711 procedures (828
PTCA and 883 CABG surgery) were performed in 173
hospitals. We were unable to obtain the report of a
cardiac catheterization for 88 (5%) of these procedures
(including 17 reports from 14 hospitals that did not
participate). Among the 1623 procedures for which a
report of an antecedent cardiac catheterization was avail-
able, the appropriateness of 104 procedures (6%) could
not be rated because the catheterization report was in-
complete (22 procedures), hospitals could not locate
medical records for the revascularization or located
records were incomplete (53 procedures), or results of a
physiologic stress test required to rate appropriateness
could not be obtained (29 procedures). We excluded 11
procedures because revascularization was done outside
the study state and another 11 because catheterization
was done to evaluate a condition other than coronary
artery disease. After these exclusions, we had sufficient
data to rate the appropriateness of 1497 procedures (788
CABG surgeries from 148 hospitals and 709 PTCA pro-
cedures from 143 hospitals) in 1486 patients. These
procedures, which represent 90% of procedures among
eligible African-American patients and 91% of proce-
dures among eligible white patients, were the primary
focus of our analysis.

Data Collection
We collected clinical data about each patient from

four sources: Medicare Part A data, Medicare Part B
data, hospital record departments, and outpatient of-
fices. Physicians trained by the investigators reviewed a
copy of the index coronary angiography report and en-
tered the coronary anatomy findings into a database.
Nurse abstractors at the collaborating states’ peer review
organizations used a computerized instrument to collect
pertinent clinical data from copies of medical records
supplied by participating hospitals. These data included
the principal indication for angiography, severity of an-
gina, relevant comorbid conditions and risk factors,
medical and surgical history, relevant medications, med-
ication allergies or intolerances, and results of exercise or
pharmacologic stress tests. If results of a stress test were
needed to determine appropriateness, we requested a re-
port from the hospital, physician’s office, or medical
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group identified by HCFA’s Medicare Part B claims
data. In 72 cases, an actual report was not available and
we accepted sufficiently detailed descriptions of stress
test results from the admission note.

Assessment of Appropriateness
To assess the appropriateness of CABG surgery and

PTCA, we used clinical criteria developed by researchers
at RAND Corp. (15, 16). Because our results are based
on these widely recognized criteria, they can be directly
compared with the results of other studies (17). Re-
searchers at RAND reviewed relevant literature and cre-
ated a mutually exclusive set of “chapters” (clinical di-
agnostic categories) defined by the presenting clinical
syndrome (chronic stable angina, unstable angina, acute
myocardial infarction, post–myocardial infarction, asymp-
tomatic, near sudden death, congestive heart failure,
complication of coronary angioplasty or angiography,
and CABG performed with valve surgery). Within these
categories, they identified an exhaustive set of approxi-
mately 3000 precisely specified clinical scenarios or “in-
dications” for which a patient might receive CABG sur-
gery or PTCA. These indications included the presence
and extent of significant coronary stenosis, the cardiac
ejection fraction, predicted operative risk, and other per-
tinent clinical and laboratory details. Details of the ex-
pert panel procedure have been published (15, 16). For
each procedure, a balanced panel of nine experts (two
primary care physicians, two invasive and two noninva-
sive cardiologists, and three cardiothoracic surgeons) in-
dependently and confidentially reviewed and rated each
of the potential indications on a nine-point scale from 1
(clearly inappropriate) to 9 (clearly appropriate). A pro-
cedure was labeled inappropriate if the expected health
benefit (quality of life or longevity) was significantly less
than the expected negative consequences of the proce-
dure (pain, disability, and risk for death). Panelists con-
sidered neither the cost of the procedure nor patient
race. At an in-person meeting, panelists discussed clini-
cal rationales for indications with discrepant ratings and
then confidentially re-rated each indication. The median
rating on the second round was used to classify the in-
dication as appropriate if the median rating was 7 to 9,
inappropriate if it was 1 to 3, and uncertain if it was 4 to
6 or if three or more panelists gave ratings in both the 1
to 3 and 7 to 9 ranges (17).

To analyze our data, we incorporated RAND ap-
propriateness criteria into a computerized algorithm. If a
patient underwent both PTCA and CABG surgery (12
patients), we rated the appropriateness of each pro-
cedure. For approximately 8% of procedures, we as-
sessed the inter-rater reliability of chart abstraction by
comparing appropriateness results obtained by abstrac-
tors at the peer review organizations with results ob-
tained from the same records by the study’s central
nurse abstractor. The trained nurse abstractors had 96%
agreement with the central nurse abstractor for CABG
surgery and 98% agreement for PTCA. Assuming that
the central nurse abstractors were the gold standard,
trained nurse abstractors had 60% sensitivity for detect-
ing inappropriate CABG surgery and 80% sensitivity for
detecting inappropriate PTCA. The specificity of their
assessment of CABG surgery and PTCA was 100%.

Statistical Analyses
We weighted each observation by the inverse of the

probability of being included in the sample so that the
results reflect patterns of care for the population of the
five study states. Statistical computations were done by
using Stata subroutines that were appropriate for the
analysis of weighted data; these included svylogit, svyprop,
svymeans, and svytab (18). All reported CIs were com-
puted at the 95% confidence level. All tables and figures
show weighted analysis, unless otherwise specified.

Using the sample of 3960 patients receiving cardiac
catheterization in the Medicare Part A data, we com-
pared overall rates of PTCA and CABG surgery among
white patients and African-American patients. For the
1497 revascularization procedures with complete clinical
data, we compared relevant characteristics of African-
American patients and white patients who received re-
vascularization; these included age, sex, residence in a
low-income ZIP code area, clinical characteristics, clin-
ical indication for revascularization, and preoperative
(Parsonnet) risk score (19). We compared proportions
of appropriate, uncertain, and inappropriate PTCA and
CABG surgery overall, by state, and between African-
American patients and white patients. For all compari-
sons, we used sample weights and adjusted variances to
account for clustering of study patients by hospital.

Because we noted an interaction of race and sex, we
classified the sample according to four race and sex com-
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binations (white men, white women, African-American
men, and African-American women). We used multiva-
riable logistic regression analysis (as implemented in the
svylogit subroutine of Stata) to derive the adjusted odds
of receiving inappropriate PTCA or inappropriate
CABG surgery. We estimated separate logistic models
for PTCA and CABG surgery, controlling for the po-
tential confounding influence of age, income, and the
state in which the procedure was performed. These
models specified dummy variables for three of the four

race and sex combinations and specified African-Ameri-
can men as the reference group. We did not include
clinical characteristics as control variables because they
are implicit in the appropriateness ratings. To address
the effect of patient clustering by hospital, we estimated
logistic regression models in which the hospital was the
primary sampling unit.

The likelihood of inappropriate revascularization
may differ among hospitals because of hospital policies
or styles of surgical group practice that are specific to

Table 1. Patient Characteristics*

Characteristic CABG Surgery (n 5 788) PTCA (n 5 709)

African-American
Patients (n 5 297)

White Patients
(n 5 491)

Difference
(95% CI)

African-American
Patients (n 5 322)

White Patients
(n 5 387)

Difference
(95% CI)

% percentage points % percentage points

Demographic
Age 71–75 y 38 45 27 (216 to 1) 40 44 24 (213 to 5)
Female sex 47 32 16 (8 to 23)† 45 39 6 (2 to 15)†
Low income 49 17 32 (25 to 38)† 52 18 34 (28 to 41)†

History
Hypertension 84 58 26 (18 to 34)† 82 64 19 (11 to 26)†
Peripheral vascular disease 12 13 21 (27 to 4) 12 7 5 (0.6 to 11)†
Previous cardiovascular disease,

transient ischemic attack,
reversible ischemic neurologic
deficit, carotid endarterectomy 15 12 3 (23 to 9) 13 15 22 (29 to 4)

Congestive heart failure 30 16 14 (6 to 20)† 25 16 9 (2 to 16)†
End-stage renal disease requiring

dialysis 3 0 3 (1 to 4)† 3 0 3 (1 to 5)†
Diabetes mellitus 44 34 10 (3 to 19)† 41 27 14 (6 to 22)†
Pulmonary condition 15 21 26 (213 to 0.2) 13 14 21 (28 to 4)
Smoker 23 14 9 (3 to 16) 23 15 8 (0.3 to 14)†
Previous CABG 5 9 24 (29 to 20.2) 12 20 28 (214 to 21)†
Previous PTCA 3 7 24 (28 to 0.4) 9 14 25 (211 to 1)
Myocardial infarction

,6 h before angiography 1 0 1 (20.4 to 2) 0 1 21 (22 to 1)
6 h to 21 d before angiography 26 21 5 (21 to 12) 35 24 11 (3 to 18)†
.21 d before angiography 33 31 2 (26 to 11) 25 26 21 (28 to 7)

Clinical indication
Chronic stable angina 25 38 213 (221 to 26)† 24 38 214 (223 to 25)†
Unstable angina 34 29 5 (22 to 14) 33 30 3 (26 to 11)
Post–myocardial infarction 29 24 5 (22 to 11) 38 26 12 (3 to 19)†
Asymptomatic coronary artery

disease 4 7 23 (27 to 2) 2 4 22 (26 to 0.4)
Heart failure and other 8 2 6 (2 to 9)† 4 1 3 (0.2 to 5)†

Extent of coronary disease
One vessel 3 4 21 (25 to 2) 37 42 25 (213 to 4)
Two vessels 23 23 0 (27 to 7) 42 40 2 (28 to 11)
Three vessels 50 51 21 (210 to 7) 19 15 4 (22 to 11)
Left main 23 22 1 (26 to 9) 1 1 0 (23 to 2)

Parsonnet risk score
0–7 37 40 23 (212 to 4) 37 35 2 (27 to 10)
8–14 41 38 7 (26 to 11) 40 45 25 (213 to 4)
$15 23 22 1 (26 to 7) 23 20 3 (25 to 11)

* Estimates and CIs are adjusted for sample weights and for clustering by hospital. CABG 5 coronary artery bypass graft; PTCA 5 percutaneous transluminal coronary
angioplasty.
† Statistically significant.

ArticleRacial Differences in Cardiac Revascularization Rates

www.annals.org 4 September 2001 Annals of Internal Medicine Volume 135 • Number 5 331



hospitals. If a systematic relationship exists between the
proportion of white patients treated in a hospital and
the likelihood that the hospital provides inappropriate
revascularization, a higher rate of inappropriate revascu-
larization among white patients could be misattributed
to race when it is actually due to different practices in
hospitals that care for larger proportions of white pa-
tients. To explore this issue, we used previously pub-
lished methods (20, 21) to decompose each of three
variables representing a race-sex group into two compo-
nent variables; African-American men served as the ref-
erence group. Using white men as an example, one com-
ponent variable represented the proportion of
revascularized patients at the hospital who were white
men and the second component variable represented the
difference between the individual patient’s race-sex
group (white men 5 1; all others 5 0) and the propor-
tion of the revascularized patients at that hospital who
were white men. In these models, the coefficient of the
component variable representing the proportion of
white men provides a measure of the portion of the
race-sex effect that is attributable to differences in site of
hospitalization. The coefficient of the other component
variable, which represents the difference between the pa-
tient’s race-sex group (in this case, a white man) and the
proportion of revascularized patients at the same hospi-
tal who were white men, provides a measure of the effect
of being a white man on the probability of receiving
inappropriate revascularization independent of the site
of hospitalization (that is, the effect of race and sex
within hospitals).

RESULTS

Rates of Revascularization and Sample Characteristics
Of 3960 patients who had coronary angiography,

1692 (43%) underwent revascularization. Of these, 883
(22%) had CABG surgery and 828 (21%) had PTCA
(19 patients had both procedures). A higher proportion
of white patients than African-American patients had
CABG surgery (29% vs. 17%; difference, 12 percentage
points [95% CI, 9 to 16 percentage points]) and PTCA
(23% vs. 19%; difference, 4 percentage points [CI, 1 to
7 percentage points]).

Table 1 shows the demographic and clinical char-
acteristics of the patients who had revascularization.
Compared with white patients, significantly larger per-
centages of African-American patients were female; were
residents of low-income ZIP code areas; and had hyper-
tension, congestive heart failure, end-stage renal disease,
or diabetes mellitus. Larger percentages of African-
American patients smoked or had had myocardial infarc-
tion before angiography. A larger percentage of white pa-
tients had had previous CABG surgery or PTCA.

More than 80% of the patients received revascular-
ization for chronic stable angina, unstable angina, or
treatment after myocardial infarction. Compared with
African-American patients, larger percentages of white
patients had chronic stable angina as a clinical indication
for CABG surgery or PTCA and asymptomatic coro-
nary disease as an indication for PTCA. Smaller percent-
ages of white patients had congestive heart failure as a
clinical indication for CABG surgery or PTCA and
post–myocardial infarction status as an indication for

Table 2. Appropriateness Ratings among Revascularized Patients, by Procedure and State*

State PTCA CABG Surgery

Hospitals Patients Rating Hospitals Patients Rating

Appropriate Uncertain Inappropriate Appropriate Uncertain Inappropriate

n 4OOOOOOOO%OOOOOOOO3 n 4OOOOOOOO%OOOOOOOO3
All 143 788 31 54 14 148 709 75 15 10
Alabama 20 179 19 69 12 22 205 72 16 12
California† 58 131 17 59 24 60 122 79 10 11
Georgia† 15 130 30 63 8 16 158 61 25 14
New Jersey†‡ 16 111 54 42 4 16 113 87 13 0
Pennsylvania 34 158 37 48 14 34 190 75 15 10

* Percentages do not total 100 because of rounding. Estimates and chi-square tests are adjusted for sample weights and for clustering by hospital. CABG 5 coronary artery
bypass graft; PTCA 5 percutaneous transluminal coronary angioplasty.
† Compared with other states, rate of inappropriate PTCA differs significantly (P , 0.05, chi-square test).
‡ Compared with other states, rate of inappropriate CABG surgery differs significantly (P , 0.05, chi-square test).
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PTCA. Nearly 20% of patients undergoing PTCA had
had previous CABG surgery. The prevalence of various
patterns of coronary disease anatomy and the percentage
of patients with high preoperative risk scores were sim-
ilar for African-American patients and white patients
receiving the same procedure.

Appropriateness of Revascularization
Overall, 31% of PTCA procedures were performed

for an appropriate indication, 54% for an uncertain in-
dication, and 14% for an inappropriate indication
(Table 2). For CABG surgery, the pattern differed: Sev-
enty-five percent of procedures were performed for an
appropriate indication, 15% for an uncertain indication,
and 10% for an inappropriate indication. Rates of ap-
propriate, uncertain, and inappropriate revascularization
varied widely among the states we studied; rates of in-
appropriate use ranged from 0% to 14% for CABG
surgery and 4% to 24% for PTCA.

In an unadjusted comparison (Table 3), white pa-
tients were more likely than African-American patients
to undergo inappropriate PTCA (15% vs. 9%; differ-
ence, 6 percentage points [CI, 20.4 to 12.7 percentage
points]); this racial disparity stemmed entirely from the
difference among men (20% vs. 8%; difference, 12 per-
centage points [CI, 1.2 to 21.7]). No significant dispar-
ity by race was observed among women. African-Amer-

ican patients and white patients did not differ in the rate
of inappropriate CABG surgery (Table 4).

White men had significantly higher adjusted odds
than African-American men of receiving inappropriate
PTCA (odds ratio, 2.42 [CI, 1.02 to 5.76]) but not
inappropriate CABG surgery (odds ratio, 1.07 [CI, 0.51
to 2.24]) (Table 5). The adjusted odds of receiving in-
appropriate PTCA or CABG surgery did not differ sig-
nificantly among white women, African-American
women, and African-American men. Adjustment for the
component of variation related to the between-hospital
effect of race and sex somewhat reduced the probability
of inappropriate PTCA among white men. Neither the
within-hospital nor the between-hospital odds ratio for
white men receiving inappropriate PTCA was signifi-
cant (within-hospital odds ratio, 2.03 [CI, 0.58 to
7.10]; between-hospital odds ratio, 1.73 [CI, 0.33 to
9.01]).

The odds of receiving inappropriate PTCA and
CABG varied according to the state in which the proce-
dure was done (Table 6). Percutaneous transluminal
coronary angioplasty procedures in California had sig-
nificantly higher odds of being classified as inappropriate
than did procedures in Georgia (the reference state).
Coronary artery bypass graft surgery procedures in New
Jersey had significantly lower odds of being rated inap-
propriate than did procedures in Georgia.

The Figure shows the magnitude of inappropriate

Table 3. Appropriateness Ratings of Percutaneous
Transluminal Coronary Angioplasty*

Patient Group Rating Difference in
Inappropriate
Use (95% CI)†Appropriate Uncertain Inappropriate

4OOOOOOO%OOOOOOO3 percentage points

All 31 54 14
White 31 54 15
African-

American 35 56 9 6 (20.4 to 12.7)
Men

White 26 54 20
African-

American 38 54 8 12 (1.2 to 21.7)‡
Women

White 39 54 7
African-

American 32 59 9 2 (28.0 to 3.7)

* Percentages may not total 100 because of rounding. Estimates and CIs are
adjusted for sample weights and for clustering by hospital.
† Calculated as rate of inappropriate use among white patients 2 rate of inappro-
priate use among African-American patients.
‡ Statistically significant odds ratio.

Table 4. Appropriateness Ratings of Coronary Artery
Bypass Graft Surgery*

Patient Group Rating Difference in
Inappropriate
Use (95% CI)†Appropriate Uncertain Inappropriate

4OOOOOOO%OOOOOOO3 percentage points

All 75 15 10
White 75 15 10
African-

American 72 18 10 0.1 (24.6 to 5.0)
Men

White 76 14 10
African-

American 71 19 10 20.1 (27.1 to 6.8)
Women

White 74 17 10
African-

American 74 17 9 0.3 (26.8 to 7.4)

* No race or sex comparison was statistically significant. Estimates and CIs are
adjusted for sample weights and for clustering by hospital.
† Calculated as rate of inappropriate use among white patients 2 rate of inappro-
priate use among African-American patients.
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use relative to the size of the racial disparity in revascu-
larization rates by applying the proportions of appropri-
ate, uncertain, and inappropriate procedures to the
crude rates of revascularization for white patients and
African-American patients. It shows that even if all in-
appropriate procedures (the white bars) could be elimi-
nated, a substantial gap in utilization rates for both
CABG surgery and PTCA between African-American
patients and white patients would remain.

DISCUSSION

Our central goal was to determine whether higher
rates of cardiac revascularization among white patients
compared with African-American patients are explained
by higher rates of “overuse” (procedures done for inap-
propriate indications) among white patients. Consistent
with previous studies, we found that after coronary an-
giography, white patients were 1.7 times more likely
than African-American patients to receive CABG sur-
gery and 1.2 times more likely to receive PTCA. How-
ever, white patients who received CABG surgery were
not more likely to have a procedure rated inappropriate.
Overuse of PTCA procedures was modestly and signif-
icantly higher among white men, but the difference by
race was not sufficiently large to account for more than
a small fraction of the substantial disparity in rates of
revascularization between white patients and African-
American patients.

Variation in appropriateness of procedure use across
states is striking (Table 2). It is larger than the variation
by race or sex and may explain the variable rates of
inappropriate procedures reported in previous studies.
The rate of inappropriate CABG surgery in the five
study states was not as high as the 23% observed in the

first study of appropriate use of CABG surgery, which
focused on three hospitals in one state (14). Nor were
rates from our study as low as the 2.5% rate of inappro-
priate CABG surgery and 4% rate of inappropriate
PTCA in New York State (22, 23), or the 1.6% rate of
inappropriate CABG surgery reported in a study of 12
academic medical centers (24).

The high proportion of PTCA procedures classified
as “uncertain” in our study may reflect underlying sci-
entific uncertainty about the clinical situations in which
PTCA is beneficial. For example, among all RAND-
rated indications, 39% of PTCA indications and 24% of
CABG surgery indications were labeled “uncertain” by
the panelists. On the other hand, only a small propor-
tion of all indications are used in practice, making it
unlikely that this result is explained solely by uncertainty
among the RAND panelists. It may be that clinicians are
more willing to use an “uncertain” procedure if the risk
of doing so is perceived to be low.

Our findings support the idea that underuse among
African-American patients for whom the procedure is
necessary, rather than overuse among white patients, is a
more plausible explanation for racial disparities in rates
of procedure use. A recent study found that among pa-
tients for whom CABG surgery was considered neces-
sary, African-American patients were less likely to re-
ceive the procedure (13). In our sample of revascularized
patients, African-American patients had a higher preva-
lence of comorbid conditions associated with coronary
artery disease, such as hypertension, congestive heart
failure, end-stage renal disease, and diabetes, and higher
frequencies of unstable angina or congestive heart failure
as the indication for revascularization. These findings

Table 5. Adjusted Odds of Receiving Inappropriate
Revascularization, by Sex and Race*

Patient Group Odds Ratio (95% CI)

PTCA CABG Surgery

White women 0.67 (0.27–1.69) 1.06 (0.48–2.35)
White men 2.42 (1.02–5.76)† 1.07 (0.51–2.24)
African-American women 1.12 (0.46–2.72) 0.89 (0.39–2.04)
African-American men 1.0 (referent) 1.0 (referent)

* Models also control for U.S. state, age, and income status. Estimates and CIs are
adjusted for sample weights. CABG 5 coronary artery bypass graft; PTCA 5
percutaneous transluminal coronary angioplasty.
† Statistically significant.

Table 6. Adjusted Odds of Receiving Inappropriate
Revascularization, by Study State*

State Odds Ratio (95% CI)

PTCA CABG Surgery

Alabama 1.56 (0.54–4.53) 0.77 (0.34–1.76)
California 3.95 (1.47–10.59)† 0.74 (0.31–1.77)
Pennsylvania 1.87 (0.73–4.77) 0.66 (0.30–1.45)
New Jersey 0.46 (0.11–1.90) 0.02 (0.01–0.06)†
Georgia 1.0 (referent) 1.0 (referent)

* Models also control for race and sex interaction, age, and income. Estimates and
CIs are adjusted for sample weights and for clustering by hospital. CABG 5
coronary artery bypass graft; PTCA 5 percutaneous transluminal coronary angio-
plasty.
† Statistically significant.
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imply that African-American patients may not have
equivalent access to care during earlier stages of coronary
artery disease (25).

One important issue is whether racial differences
reflect differing patterns of care among hospitals that
care for more or fewer African-American patients (that
is, confounding of race and hospital) or reflect different
patterns of care for white patients and African-American
patients in all hospitals. A recent study of cardiac care in
New York City suggested that hospital factors, including
on-site revascularization capacity and patient factors
(such as having insurance), were significant predictors of
receiving necessary revascularization, whereas race was
not (12). Our analysis of within-hospital and between-
hospital effects suggests that the higher rate of inappro-
priate PTCA among white men might be explained in
part by different practices in hospitals that treat more
white men; however, our study was not specifically de-
signed to answer this question.

We also found an interaction between race and sex.
A significant racial difference in overuse of PTCA was
observed in white men and African-American men, but
not among women. We can only speculate about the
reasons for this finding. Possibilities include different
patient preferences for PTCA among white men com-
pared with others, different interpretations of symptoms
in white men by clinicians, or different beliefs about the

effectiveness of PTCA for white men. Our study design
did not permit us to fully evaluate this question.

Our study has several strengths. It includes a large,
diverse, and geographically varied sample of patients
who received revascularization in 173 hospitals. Because
our estimates of racial disparities in inappropriate revas-
cularization are based only on revascularization proce-
dures, they are not directly biased by failure of clinicians
to refer patients for revascularization. The rating
method was devised by using data from both inpatient
and outpatient medical records. The RAND method
accounts for clinical differences in comorbid conditions
and operative risk that might reasonably direct different
therapeutic choices for African-American patients and
white patients.

Our study also has limitations. The wide CIs for
some comparisons suggest that true racial differences in
inappropriate use are still possible. Some of the differ-
ences we found may have been the result of chance
alone. Because the sensitivity of the data collection
method used to detect inappropriate revascularization
was imperfect, our estimates of overuse might be under-
stated; however, high specificity implies that our esti-
mates are probably not overstated. Abstractors were not
blinded to the race of patients, but the computerized
algorithm that classifies appropriateness is based on a
range of explicit clinical variables, making it unlikely

Figure. Revascularization rates and share of procedures rated appropriate, uncertain, and inappropriate by race.

CABG 5 coronary artery bypass graft; PTCA 5 percutaneous transluminal coronary angioplasty.
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that abstractors would influence the results on the basis
of patient race. We were unable to evaluate whether the
accuracy of abstraction varied by race. The method used
to judge appropriateness has been criticized on method-
ologic grounds, although it has been shown to be repro-
ducible and to correspond with the judgment of practicing
clinicians (26–28). The pattern of inappropriate revas-
cularization may have differed among patients with in-
completely documented, and therefore unrated, proce-
dures. We did not directly control for whether patients
had supplemental private insurance, although income
(for which we did control) should be highly correlated.
Our results may not be generalizable to younger, non–
Medicare beneficiaries, for whom insurance status may
alter the likelihood of receiving revascularization. Differ-
ential access to the qualifying angiography by race may
influence rates of inappropriate use, but the direction of
this influence is difficult to predict.

In summary, we found that among patients who
have had coronary angiography, overuse of PTCA was
greater among white men than among other groups.
However, differences in overuse by race did not account
for race-based disparities in overall rates of cardiac revas-
cularization. We found large regional variations in in-
appropriate use; the region in which a patient undergoes
cardiac catheterization may be the most significant de-
terminant of the probability of receiving inappropriate
revascularization. Future studies should evaluate the role
of underuse of procedures among African-American pa-
tients as a cause of racial disparity in revascularization
and explore the factors that contribute to large regional
differences in inappropriate use of revascularization as
well as the moderately higher rate of inappropriate
PTCA among white men.
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