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Abstract

 

Background.

 

There are large geographic dif-
ferences in the frequency with which coronary angiogra-
phy and revascularization are performed. We attempted
to assess whether differences in case mix or in the treat-
ment of specific groups of patients may explain this vari-
ability. We also assessed the consequences of various
patterns of treatment.

 

Methods.

 

We studied patients covered by Medicare
who were 65 to 79 years of age and were admitted to 478
hospitals with acute myocardial infarctions during 1990 in
New York (1852 patients), where the rate of use of cardi-
ac procedures is low, and in Texas (1837 patients), where
the rate of use of such procedures is high. We compared
the patterns of treatment of clinically similar groups of pa-
tients in the two states. We also compared mortality rates
and measures of the health-related quality of life.

 

Results.

 

Coronary angiography was performed more
often in Texas than in New York (45 percent vs. 30 per-
cent, P

 

�

 

0.001). The frequency of use in Texas was sig-

nificantly higher than that in New York for all the clinical
subgroups of patients analyzed except those at greatest
risk for reinfarction. Over a two-year period, the adjusted
likelihood of death was lower in New York than in Texas
(hazard ratio, 0.87; 95 percent confidence interval, 0.78
to 0.98). Patients from Texas were 41 percent more likely
to report angina (P

 

�

 

0.002) and 62 percent more likely to
say they could not perform activities requiring energy ex-
penditure of 5 or more metabolic equivalents than pa-
tients from New York approximately two years after infarc-
tion (P

 

�

 

0.001).

 

Conclusions.

 

Physicians in Texas were more likely
to perform angiography than physicians in New York for
patients whose conditions allowed more discretion in
the use of cardiac procedures. On average, there ap-
pears to be no advantage with respect to mortality or
health-related quality of life to performing the procedures
at the higher rate used in Texas. (N Engl J Med 1995;
333:573-8.)
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T

 

HERE are substantial geographic differences in
the rates at which patients with cardiac disease un-

dergo diagnostic procedures and treatments, but there
is little evidence that these variations are related to sur-
vival.

 

1-6

 

 Although studies of such geographic differenc-
es in rates are provocative, they cannot answer impor-
tant clinical and policy questions about patterns of the
use of procedures and their consequences because they
lack data on patients’ clinical status and functional out-
comes.

Thus, studies have so far not provided answers to
questions such as these: Are all types of patients with
acute myocardial infarction who present for care in
areas with higher rates of procedure use more likely
to undergo cardiac catheterization than patients who
present in areas with lower rates, or is the use of pro-
cedures higher among specific subgroups? Is cardiac
disease found more often in areas with higher rates of
cardiac catheterization than in areas with lower rates?
Does the likelihood of having revascularization proce-
dures among those who undergo cardiac catheteriza-
tion differ in different areas, when the result of cathe-
terization is controlled for? Finally, what is the relation
between the state in which one is treated and health-
related quality of life?

To address these questions, we studied Medicare pa-
tients admitted to the hospital for treatment of acute
myocardial infarction in two states with different rates
of use of cardiac procedures — New York and Texas.

 

M

 

ETHODS

 

Patient Sample

 

We used the Medicare Provider Analysis and Review file of the
Health Care Financing Administration to identify all Medicare pa-
tients with a principal diagnosis of acute myocardial infarction who
were treated in hospitals in New York (a state with low rates of pro-
cedure use) and Texas (a state with high rates of procedure use) be-
tween February and May 1990. We excluded patients who (1) were
not representative of the Medicare population in general — that is,
those under the age of 65 and those with end-stage renal disease;
(2) were not likely to have undergone cardiac catheterization — that
is, those over 79

 

7,8

 

; (3) were not likely to have complete longitudinal
data — those who belonged to health maintenance organizations and
those who resided outside New York and Texas; and (4) were likely
to have been incorrectly coded as having an acute myocardial infarc-
tion — those discharged alive in less than five days and those trans-
ferred to another hospital within two days of admission whose
records at the receiving hospital showed no coding for acute myo-
cardial infarction.
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 We also excluded any patient who had had an
acute myocardial infarction within a year before the start of the
study.

We identified 3437 eligible patients in New York and 2528 in Tex-
as. On the basis of power analyses performed before data were col-
lected, our target sample size for each state was approximately 1000
patients who underwent cardiac catheterization and 1000 patients
who did not. Within each state we selected all those who underwent
cardiac catheterization within 90 days of their index hospitalization
(the period during which the procedure is most likely to be associat-
ed with a patient’s infarction) and a random sample of those who did
not undergo catheterization. The New York sample consisted of 1021
patients who underwent cardiac catheterization and 986 patients who
did not. The comparable numbers in the Texas sample were 1127
and 999.

 

Sources of Data

 

Medicare Claims Data

 

From Medicare data we obtained information about each patient’s
diagnosis and procedure codes, age, sex, treating hospital or hospi-
tals, state of residence, and survival status as of March 31, 1993.

 

Hospital-Records Data

 

From the hospital record associated with each patient’s index hos-
pitalization, we abstracted the symptoms present on admission, the
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presence of coexisting conditions, findings from electrocardiograms,
and the results of cardiac catheterization. In the case of consecutive
admissions, we requested the hospital records for all hospitalizations
and used information from all records to complete the data-collec-
tion form.

Reviewers of the records were nurses with experience in cardiac
care who attended a two-day training session in Boston and complet-
ed the data-collection forms according to a standard protocol. A
quality-control nurse performed a reliability check on a random sam-
ple of each reviewer’s cases.

 

Data on Health-Related Quality of Life

 

We attempted to interview, by telephone, all patients who were
alive approximately two years after their infarctions. The interview
took an average of 20 minutes and included standardized measures
of patients’ perceptions of their own general health,
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 ability to per-
form instrumental activities of daily living,

 

10,11

 

 angina,

 

12,13

 

 and cardi-
ac capacity.

 

13,14

 

 A copy of the interview is available from the authors
on request.

 

Analysis of Data

 

Weighting of Data

 

All analyses used data weighted to adjust for the effects of un-
equal-sample probabilities for patients who underwent cardiac cath-
eterization and those who did not.

 

Assessing the Representativeness of the Sample

 

We compared the demographic characteristics, coexisting diseases
(identified through diagnosis codes), and procedure use of patients
for whom we obtained hospital records with those of patients for
whom we did not obtain such records, using chi-square tests. We also
compared patients who were alive at the time of follow-up assessment
and who agreed to be surveyed with those who were alive but did not
agree to be surveyed.

 

Classifying Patients in Clinically Similar Subgroups

 

We stratified patients according to their risk of having further is-
chemic events on the basis of the type of infarction — new or evolv-
ing Q-wave infarction or non–Q-wave infarction — documented in
each patient’s electrocardiogram reports, and on the basis of the
presence or absence of angina more than 24 hours after admission,
documented by physicians’ or nurses’ notes. Early mortality rates
are higher among patients with Q-wave infarctions; the infarctions
tend to be larger and are associated with a higher incidence of con-
gestive heart failure and cardiogenic shock.

 

15

 

 Historically, patients
with non–Q-wave myocardial infarctions have higher reinfarction
rates but similar mortality rates after one year.

 

16,17

 

 Patients in whom
early postinfarction angina develops are at higher risk for early re-
infarction than those in whom it does not.
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 The combination of
these factors yielded four subgroups of patients. We did not include
patients who presented with a left bundle-branch block in our classi-
fication because its presence prevents the identification of a Q-wave
infarct.

Within each clinical subgroup of patients, we used chi-square tests
to compare the case-mix characteristics of patients in the two states.

 

Comparing the Use of Procedures in the Two States

 

For each clinical subgroup, we compared the proportions of pa-
tients in the two states who underwent cardiac catheterization during
their hospital stays or within 90 days of admission, using logistic re-
gression and adjusting for age; sex; history of cardiac arrest, hyper-
tension, congestive heart failure, angina, or diabetes; initial heart
rate; initial systolic blood pressure; congestive heart failure compli-
cating the infarction; and cardiogenic shock.

Among the patients who underwent cardiac catheterization during
their index hospitalizations, we compared the proportion with three-
vessel disease or left main coronary artery disease within each clini-
cal subgroup in the two states, using chi-square tests. We defined ves-
sels with more than 50 percent stenosis as diseased.

Using chi-square tests, we compared the rates of coronary-artery
bypass surgery and coronary angioplasty in the two states separately

for patients with one or two diseased vessels and for patients with
three diseased vessels or left main coronary artery disease.

 

Comparing Mortality Rates and Health-Related Quality of Life

 

We used Cox regression analysis to assess differences between the
states in mortality rates, controlling for age; sex; the type of infarct;
serious chest pain more than 24 hours after admission; a history of
cardiac arrest, hypertension, congestive heart failure, angina pectoris,
or diabetes; initial heart rate; initial systolic blood pressure; conges-
tive heart failure complicating the infarction; and cardiogenic shock.

We transformed the scores for the patients’ perceptions of their
own general health and their ability to perform instrumental activi-
ties of daily living to fit within a range from 0 (worst health) to 100
(best health). We compared these scores in the two states using anal-
ysis of covariance to adjust for the influence of potential confounding
variables.

We converted the scores for angina to two categories — reported
angina and no reported angina; we also converted the cardiac-capac-
ity score to two categories — the ability to perform activities requir-
ing energy expenditure of 5 or more metabolic equivalents (1 meta-
bolic equivalent is defined as the amount of energy expended per
minute by a resting subject) and the inability to perform those activ-
ities. We compared the likelihood of these outcomes according to
state using logistic regression, controlling for potential confounding
variables.

 

Assessing the Influence of Selection Bias

 

There was a potential bias due to nonresponse because data from
hospital records and from surveys were not available for all patients
in the sample. We used a two-stage model developed by Heckman

 

24,25

 

and applied by Grotzinger et al.

 

26

 

 to assess and control for response
bias in our multivariate models that involved continuous dependent
variables. The two-equation system involves one equation that esti-
mates response status (whether a case is missing or present) and an-
other that assesses the substantive question of interest, taking into
account the probability of being selected for analysis.

 

26

 

 

 

Approval for Study Protocol

 

The study protocol was approved by the institutional review board
of Harvard Medical School. The study was also approved and re-
viewed by the Health Care Financing Administration, and all pa-
tients who were alive at the time of the follow-up survey were sent a
packet containing a letter from the administrator of the Health Care
Financing Administration explaining how their names were selected
for participation, explaining the voluntary nature of their participa-
tion, and asking that they participate in the telephone interview. Also
included in the packet was a letter from the study investigators re-
questing participation in the study.

 

R

 

ESULTS

 

Availability of Data

 

We obtained medical records for 3760 (91 percent)
of the 4133 eligible patients. We eliminated the records
of 49 patients who did not have clinical evidence of
acute myocardial infarction, as verified by a study phy-
sician. We also eliminated the records of 22 patients
for whom acute myocardial infarctions within the year
before the index hospitalization were documented in
their medical records. The final sample of patients
with medical records comprised 1852 patients from
New York (94 percent of the eligible New York sample,
n

 

�

 

1975) treated at 209 hospitals and 1837 patients
from Texas (88 percent of the eligible Texas sample,
n

 

�

 

2087) treated in 269 hospitals.
The 373 eligible patients for whom we were not able

to obtain hospital records were more likely than the pa-
tients for whom we were able to obtain them to have
cardiac arrest or congestive heart failure listed as one of
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their diagnoses, to die during the in-
dex hospitalization, and to be from
Texas. They were less likely to have
undergone cardiac catheterization
within 90 days of the index infarc-
tion (Table 1).

Of the 2820 patients who were
alive at the time of our survey, 2282
(81 percent) agreed to be inter-
viewed by telephone. The patients
we interviewed were more likely
than those we did not interview to be
male, to be under the age of 75, to
be white, and to have undergone car-
diac catheterization; they were less
likely to have received a diagnosis of
congestive heart failure or diabetes
(Table 1).

 

Characteristics of Patients

 

Among the patients whose hos-
pital records were abstracted, 208
(6 percent) had left bundle-branch
blocks on their initial electrocar-
diograms, and for 249 (7 percent),
data on the type of infarct were
missing. The demographic and clinical characteristics
of patients who could be classified in the four clinical
subgroups are shown according to state in Table 2.
Among the patients with Q-wave infarctions, those
treated in New York presented with lower systolic
blood pressure (the group with no chest pain only) and
were more likely to have congestive heart failure devel-

op than those treated in Texas. Among patients with
non–Q-wave infarctions and no chest pain during
their hospital stay, those from New York were more
likely to have a history of congestive heart failure or
diabetes than those from Texas, but patients from Tex-
as were more likely to have cardiogenic shock. Among
those with non–Q-wave infarctions and chest pain,

 

*Total numbers of patients in the four categories have been weighted to adjust for unequal sample probabilities for patients
who underwent cardiac catheterization and those who did not.

†Numbers include only those alive at the time of interviewing.

‡P

 

�

 

0.001.

§P

 

�

 

0.05.

¶Data are based on diagnosis codes of the 

 

International Classification of Diseases, 9th Revision,

 

 from the Medicare Pro-
vider Analysis and Review (MEDPAR) file.

 

�

 

P

 

�

 

0.01.

 

Table 1. Characteristics of Patients According to Whether Hospital and Interview Data
Were Obtained.

 

*

 

C

 

HARACTERISTIC

 

H

 

OSPITAL

 

 D

 

ATA

 

I

 

NTERVIEW

 

 D

 

ATA

NO

 

(

 

N

 

�

 

388)

 

YES

 

(

 

N

 

�

 

3671)

 

NO

 

†
(

 

N

 

�

 

555)

 

YES

 

(

 

N

 

�

 

2085)

 

number (percent)

 

Texas resident 261 (67) 1826 (50)‡ 278 (50) 1075 (52)

Age 75–79 yr 134 (35) 1211 (33) 215 (39) 570 (27)‡

Male sex 216 (56) 2085 (57) 285 (51) 1243 (60)‡

White race 345 (89) 3289 (90) 477 (86) 1879 (90)§

Diagnoses¶
Congestive heart failure
Angina
Cardiac arrest
Hypertension
Diabetes

162 (42)
114 (29)
39 (10)
61 (16)
47 (12)

1277 (35)

 

�

 

1059 (29)
252 (7)§
674 (18)
527 (14)

189 (34)
162 (29)

8 (1)
124 (22)
98 (18)

545 (26)‡
737 (35)

 

�

 

29 (1)
473 (23)
269 (13)

 

�

 

Cardiac catheterization
In hospital
Within 90 days of index admission

83 (21)
119 (31)

797 (22)
1546 (42)‡

105 (19)
207 (37)

618 (30)‡
1156 (55)‡

Death during index hospitalization 68 (18) 498 (14)§ — —

 

*No serious chest pain more than 24 hours after admission.

†Serious chest pain more than 24 hours after admission.

‡New or evolving Q-wave infarction.

§P

 

�

 

0.01 for the comparison between the states.

¶P

 

�

 

0.001 for the comparison between the states.

 

�

 

P

 

�

 

0.05 for the comparison between the states.

**Plus–minus values are means 

 

�

 

SD.

 

Table 2. Characteristics of Patients Admitted to the Hospital for Acute Myocardial Infarction between February and May
1990, According to Patient Group and State.
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HARACTERISTIC
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HEST

 

 P

 

AIN

 

* C

 

HEST

 

 P

 

AIN

 

†

Q-

 

WAVE

 

 

 

INFARCTION

 

‡

 

NON

 

–Q-

 

WAVE

 

 

 

INFARCTION

 

Q-

 

WAVE

 

 

 

INFARCTION

 

‡

 

NON

 

–Q-

 

WAVE

 

 

 

INFARCTION

 

N.Y.
(n

 

�

 

525)
Tex.

(n

 

�

 

434)
N.Y.

(n

 

�

 

529)
Tex.

(n

 

�

 

626)
N.Y.

(n

 

�

 

306)
Tex.

(n

 

�

 

201)
N.Y.

(n

 

�

 

296)
Tex.

(n

 

�

 

273)

 

Age — no. (%)
65–74 yr 360 (69) 312 (72) 340 (64) 433 (69) 205 (67) 140 (70) 188 (64) 186 (68)
75–79 yr 165 (31) 122 (28) 189 (36) 193 (31) 101 (33) 61 (30) 108 (36) 87 (32)

Male sex — no. (%) 331 (63) 265 (61) 281 (53) 367 (59) 155 (51) 119 (59) 151 (51) 146 (53)

History of congestive heart failure
— no. (%)

33 (6) 38 (9) 82 (16) 60 (10)§ 20 (7) 15 (7) 43 (15) 37 (14)

History of angina pectoris — no. (%) 103 (20) 91 (21) 126 (24) 141 (23) 89 (29) 47 (23) 126 (43) 80 (29)¶

History of hypertension — no. (%) 258 (49) 215 (50) 307 (58) 326 (52) 168 (55) 103 (51) 174 (59) 153 (56)

History of cardiac arrest — no. (%) 4 (

 

�

 

1) 2 (

 

�

 

1) 6 (1) 6 (1) 3 (1) 1 (

 

�

 

1) 5 (2) 1 (

 

�

 

1)

History of diabetes — no. (%) 155 (30) 109 (25) 172 (33) 159 (25)

 

�

 

93 (30) 56 (28) 116 (39) 82 (30)

 

�

 

Initial heart rate (beats/min)** 83

 

�

 

28 82

 

�

 

26 87

 

�

 

27 85

 

�

 

27 81

 

�

 

20 82

 

�

 

20 85

 

�

 

19 82

 

�

 

18

Initial systolic blood pressure
(mm Hg)**

132

 

�

 

39 138

 

�

 

41

 

�

 

147

 

�

 

43 148

 

�

 

37 141

 

�

 

32 140

 

�

 

31 152

 

�

 

29 149

 

�

 

31

Congestive heart failure complicat-
ing infarction — no. (%)

181 (34) 121 (28)

 

�

 

121 (23) 145 (23) 137 (45) 68 (34)

 

�

 

88 (30) 73 (27)

Cardiogenic shock — no. (%) 181 (34) 136 (31) 72 (14) 126 (20)¶ 94 (31) 65 (32) 60 (20) 51 (19)
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patients from New York were more likely to have a his-
tory of angina or diabetes.

 

Use of Cardiac Catheterization

 

Overall, the rate of cardiac catheterization within 90
days of the index admission was 45 percent in Texas
and 30 percent in New York. Figure 1 shows the in-
hospital and 90-day catheterization rates according to
state within the patient subgroups, adjusted for poten-
tial confounding variables. Among all the patients ex-
cept those with non–Q-wave infarctions and serious
chest pain during hospitalization, those treated in Tex-
as were significantly more likely than those treated in
New York to undergo catheterization either in the hos-
pital or within 90 days of admission.

 

Identification of Three-Vessel Disease or Left Main Coronary 
Artery Disease

 

Among the patients who underwent catheterization
during their index hospitalizations, the proportion who
were given a diagnosis of three-vessel disease or left
main coronary artery disease was greater in New York
than in Texas for patients with Q-wave infarctions and

no chest pain (43 percent vs. 39 percent, P

 

�

 

0.52); for
patients with non–Q-wave infarctions and no chest pain
(55 percent vs. 43 percent, P

 

�

 

0.05); for patients with
Q-wave infarctions and chest pain (60 percent vs. 48
percent, P

 

�

 

0.09); and for patients with non–Q-wave in-
farctions and chest pain (57 percent vs. 46 percent,
P

 

�

 

0.07).

 

Use of Revascularization Procedures

 

Overall, the rate of coronary-artery bypass surgery
within 90 days of admission was higher in Texas than in
New York (15 percent vs. 13 percent, P

 

�

 

0.04), as was
the rate of coronary angioplasty (15 percent vs. 7 per-
cent, P

 

�

 

0.001). Among patients with one or two dis-
eased vessels, the rates of coronary-artery bypass sur-
gery were low, but patients in New York underwent the
procedure more often than patients in Texas (Table 3).
The rate of coronary angioplasty in this group of pa-
tients did not differ significantly in the two states, nor
did the overall rate of revascularization (by either pro-
cedure). 

Among patients with three diseased vessels or left
main coronary artery disease, those treated in New

York and those treated in Texas
were equally likely to undergo coro-
nary-artery bypass surgery (Table
3). Patients in this group who were
treated in Texas were more likely to
undergo coronary angioplasty than
patients treated in New York, but
the difference in the overall rates of
revascularization was not statistical-
ly significant.

 

Comparison of Mortality and Health-
Related Quality of Life

 

The unadjusted rate of death at
90 days in both New York and Texas
was 23 percent (P

 

�

 

0.80); at 2 years
the rates were 36 percent and 37 per-

 

Figure 1. Use of Cardiac Catheterization during the Index Hospitalization (Panel A) and within 90 Days of the Index Hospitalization
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P�0.001
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P�0.001
P � 0.35

New York
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New York
Texas

P�0.001

P�0.001
P�0.001

P � 0.83

Patient Group Patient GroupA B

(Panel B), According to State and Patient Group.
Q denotes new or evolving Q-wave infarction, NQ non–Q-wave infarction, NP no serious chest pain more than 24 hours after admis-

sion, and P serious chest pain more than 24 hours after admission.

*Patients included were those classified in one of the four patient subgroups on the basis of the type of infarction and the
presence or absence of angina. Revascularization procedures occurred within 90 days of the index admission. Numbers in
parentheses represent the percentages of patients with particular cardiac-catheterization findings who underwent revascular-
ization procedures.

†P�0.01 for the comparison between the states.

‡P�0.05 for the comparison between the states.

Table 3. Percentages of Patients Who Underwent Revascularization Procedures, Ac-
cording to the Results of Cardiac Catheterization during the Index Hospitalization.*

FINDING REVASCULARIZATION PROCEDURE

CORONARY-ARTERY

BYPASS SURGERY

CORONARY

ANGIOPLASTY EITHER

N.Y. Tex. N.Y. Tex. N.Y. Tex.

number (percent)

One or two diseased vessels 33 (19) 35 (9)† 61 (35) 155 (43) 95 (54) 190 (52)

Three diseased vessels or left main 
coronary artery disease

124 (56) 154 (51) 23 (10) 50 (17)‡ 147 (66) 204 (68)

Copyright © 1995 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission. 



Vol. 333 No. 9 VARIATION IN THE USE OF CARDIAC PROCEDURES AFTER MYOCARDIAL INFARCTION 577

cent (P�0.80), respectively. Using a Cox proportional-
hazards regression, we determined that the adjusted
risk of death was lower for patients treated in New York
than for those treated in Texas (hazard ratio, 0.87; 95
percent confidence interval, 0.78 to 0.98).

The adjusted scores for the patients’ perceptions of
their own general health did not differ between states,
but the scores for the ability to perform instrumental
activities of daily living were significantly better for
New York patients than for Texas patients (Table 4).

The adjusted likelihood of reporting angina was
greater among patients in Texas than in New York
(odds ratio, 1.41; 95 percent confidence interval, 1.13 to
1.76), and they were more likely to report that they
could not perform activities requiring energy expendi-
ture of 5 or more metabolic equivalents (odds ratio,
1.62; 95 percent confidence interval, 1.26 to 2.07).

Selection models did not indicate a significant selec-
tion effect due to nonresponse in our analyses of per-
ceived general-health status and the ability to perform
instrumental activities of daily living.

DISCUSSION

We combined data from several sources — Medicare
files, hospital records, and the patients themselves — to
explore the patterns of the use of procedures to treat
acute myocardial infarction in New York and Texas.
We examined variations in practice and their conse-
quences, controlling for important clinical characteris-
tics of patients (for example, the type of infarction and
the results of cardiac catheterization). Our data are
representative of Medicare patients treated for acute
myocardial infarction in two large states, not just of pa-
tients who consent to participate in randomized clinical
trials5 or who are cared for in specific hospitals.27 

The rate of angiography was significantly higher in
Texas than in New York for all the clinical subgroups
of patients we studied except those at greatest risk for
reinfarction. Although the overall rate of revasculariza-
tion was greater in Texas than in New York, the likeli-
hood of a procedure’s being performed was similar in
the two states for patients with similar angiographic re-
sults. The likelihood that three-vessel disease or left
main coronary artery disease would be detected was no
greater in Texas than in New York, and mortality rates
and measures of the health-related quality of life were
no better.

Differences in the use of cardiac
catheterization may arise out of dif-
ferences in the expectations of New
York and Texas physicians regard-
ing its benefits for patients at lower
risk for reinfarction. This hypothesis
could be explored further by survey-
ing physicians in a manner similar to
that used to assess physicians’ prac-
tices with regard to drug therapy for
acute myocardial infarction.28

Despite the greater use of cardiac
catheterization in Texas, the rate of

three-vessel disease or left main coronary artery disease
identified in patient subgroups tended to be higher in
New York than in Texas. This suggests that physicians
in New York may be more discerning in selecting pa-
tients for cardiac catheterization than are physicians in
Texas. However, without knowing the rate of severe
cardiac disease among the patients who did not under-
go cardiac catheterization, we cannot know which state
is doing the better job of selecting patients.

Patients treated in Texas were 41 percent more likely
than those treated in New York to report angina at the
time of follow-up assessment. This result contradicts
the findings of studies of differences between the Unit-
ed States and Canada.4,27 In those comparisons, pa-
tients treated in the country with the higher rate of pro-
cedure use (the United States) reported less angina
than patients in the country with the lower rate (Cana-
da). Similarly, patients in Texas were less likely than
those in New York to report being able to perform
activities requiring energy expenditure of 5 or more
metabolic equivalents. Treatment following the index
admission may be responsible for a portion of the dif-
ferences in these outcomes. For example, we have shown
that physicians practicing in New York are more likely
to treat myocardial infarctions with beta-blocker ther-
apy than are physicians in Texas.28 

This study has several limitations. First, its results
may not be generally applicable to other states. Second,
we do not know whether our results reflect the pattern
of care for younger patients in these states. Third, we
excluded patients treated in health maintenance organ-
izations, where the patterns of care may be different
from those reported here. In 1990, however, the pro-
portion of eligible Medicare patients in health mainte-
nance organizations was low in each state (7 percent in
New York and 2 percent in Texas). Fourth, our assess-
ment of differences in mortality and measures of the
health-related quality of life did not adjust for base-line
assessment of patients’ functional status. Although the
case-mix variables we included in our models overlap
substantially with measures of base-line functional sta-
tus, we cannot be sure whether unmeasured factors ac-
count for some of the differences we observed between
states. Finally, although we attempted to assess the ef-
fect of selection bias in our analyses, there is no univer-
sally accepted method to do this, and we may not have
been able to adjust completely for selection effects.

*Scores have been adjusted for age; sex; evidence of a new or evolving Q-wave infarction; serious chest pain more than
24 hours after admission; a history of cardiac arrest, hypertension, congestive heart failure, angina pectoris, or diabetes; con-
gestive heart failure complicating the infarction; and cardiogenic shock.

†P�0.05 for the comparison between the states.

Table 4. Unadjusted and Adjusted Scores for Health Status an Average of 24 Months
after Hospitalization for Acute Myocardial Infarction, According to State.

CATEGORY UNADJUSTED SCORE ADJUSTED SCORE*

N.Y. TEX. N.Y. TEX.

mean �SE

Perception of own general health 46.3�0.76 46.1�0.90 46.8�0.85 45.6�0.86

Ability to perform instrumental activities of
daily living

77.6�0.68 76.2�0.78 78.3�0.72† 75.8�0.74
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In summary, the frequency of use of angiography was
higher in Texas than in New York for patients whose
conditions allowed greater discretion in the use of this
procedure. There appears to be no advantage to using
procedures at the higher rate with respect to mortality
or patients’ health-related quality of life.

We are indebted to Bud Davies for assistance with statistical pro-
gramming; to Carole Chun and Sarah Like for research support; and
to Arnold M. Epstein, M.D., and Joseph P. Newhouse, Ph.D., for help-
ful comments on an earlier draft of the manuscript.

REFERENCES

1. Chassin MR, Brook RH, Park RE, et al. Variations in the use of medical and
surgical services by the Medicare population. N Engl J Med 1986;314:285-
90.

2. Goldberg KC, Hartz AJ, Jacobsen SJ, Krakauer H, Rimm AA. Racial and
community factors influencing coronary artery bypass graft surgery rates for
all 1986 Medicare patients. JAMA 1992;267:1473-7.

3. Anderson GM, Grumbach K, Luft HS, Roos LL, Mustard C, Brook R. Use
of coronary artery bypass surgery in the United States and Canada. JAMA
1993;269:1661-6.

4. Rouleau JL, Moyé LA, Pfeffer MA, et al. A comparison of management pat-
terns after acute myocardial infarction in Canada and the United States.
N Engl J Med 1993;328:779-84.

5. Mark DB, Naylor CD, Hlatky MA, et al. Use of medical resources and qual-
ity of life after acute myocardial infarction in Canada and the United States.
N Engl J Med 1994;331:1130-5.

6. Gatsonis CA, Epstein AM, Newhouse JP, Normand S-L, McNeil BJ. Varia-
tions in the utilization of coronary angiography for elderly patients with an
acute myocardial infarction: an analysis using hierarchical logistic regres-
sion. Med Care 1995;33:625-42.

7. Udvarhelyi IS, Gatsonis C, Epstein AM, Pashos CL, Newhouse JP, McNeil
BJ. Acute myocardial infarction in the Medicare population: process of care
and clinical outcomes. JAMA 1992;268:2530-6.

8. Pashos CL, Newhouse JP, McNeil BJ. Temporal changes in the care and out-
comes of elderly patients with acute myocardial infarction, 1987 through
1990. JAMA 1993;270:1832-6.

9. Stewart AL, Hays RD, Ware JE Jr. The MOS short-form general health sur-
vey: reliability and validity in a patient population. Med Care 1988;26:724-
35.

10. Jette AM, Davies AR, Cleary PD, et al. The Functional Status Questionnaire:
reliability and validity when used in primary care. J Gen Intern Med 1986;
1:143-9. [Erratum, J Gen Intern Med 1986;1:427.]

11. Cleary PD, Greenfield S, McNeil BJ. Assessing quality of life after surgery.
Control Clin Trials 1991;12:Suppl:189S-203S.

12. Rose GA, Blackburn H. Cardiovascular survey methods. World Health Or-
ganization monograph series no. 56. Geneva: World Health Organization,
1968.

13. Cleary PD, Epstein AM, Oster G, et al. Health-related quality of life among
patients undergoing percutaneous transluminal coronary angioplasty. Med
Care 1991;29:939-50. [Erratum, Med Care 1992;30:76.]

14. Goldman L, Hashimoto B, Cook EF, Loscalzo A. Comparative reproducibil-
ity and validity of systems for assessing cardiovascular functional class: ad-
vantages of a new specific activity scale. Circulation 1981;64:1227-34.

15. Braunwald E, ed. Heart disease: a textbook of cardiovascular medicine. 4th
ed. Philadelphia: W.B. Saunders, 1992.

16. Hutter AM Jr, DeSanctis RW, Flynn T, Yeatman LA. Nontransmural myo-
cardial infarction: a comparison of hospital and late clinical course of pa-
tients with that of matched patients with transmural anterior and transmural
inferior myocardial infarction. Am J Cardiol 1981;48:595-602.

17. Nicod P, Gilpin E, Dittrich H, et al. Short- and long-term clinical outcome
after Q wave and non-Q wave myocardial infarction in a large patient pop-
ulation. Circulation 1989;79:528-36.

18. Schuster EH, Bulkley BH. Early post-infarction angina: ischemia at a dis-
tance and ischemia in the infarct zone. N Engl J Med 1981;305:1101-5.

19. Marmor A, Geltman EM, Schechtman K, Sobel BE, Roberts R. Recurrent
myocardial infarction: clinical predictors and prognostic implications. Cir-
culation 1982;66:415-21.

20. Maisel AS, Ahnve S, Gilpin E, et al. Prognosis after extension of myocardial
infarct: the role of Q wave or non-Q wave infarction. Circulation 1985;71:
211-7.

21. Bosch X, Theroux P, Waters DD, Pelletier GB, Roy D. Early postinfarction
ischemia: clinical, angiographic, and prognostic significance. Circulation
1987;75:988-95.

22. Boden WE, Gibson RS, Kleiger RE, et al. Importance of early recurrent is-
chemia on one-year survival after non-Q-wave acute myocardial infarction.
Am J Cardiol 1989;64:799-801.

23. Benhorin J, Moss AJ, Oakes D. Prognostic significance of nonfatal myocar-
dial reinfarction. J Am Coll Cardiol 1990;15:253-8.

24. Heckman JJ. The common structure of statistical models of truncation, sam-
ple selection and limited dependent variables and a simple estimator for such
models. Ann Econ Soc Meas 1976;5:475-92.

25. Idem. Sample selection bias as a specification error. Econometrica 1979;47:
153-61.

26. Grotzinger KM, Stuart BC, Ahern F. Assessment and control of nonresponse
bias in a survey of medicine use by the elderly. Med Care 1994;32:989-
1003.

27. Pilote L, Racine N, Hlatky MA. Differences in the treatment of myocardial
infarction in the United States and Canada: a comparison of two university
hospitals. Arch Intern Med 1994;154:1090-6.

28. Ayanian JZ, Hauptman PJ, Guadagnoli E, Antman EM, Pashos CL, McNeil
BJ. Knowledge and practices of generalist and specialist physicians regard-
ing drug therapy for acute myocardial infarction. N Engl J Med 1994;331:
1136-42.

Copyright © 1995 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission. 


