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RATING THE APPROPRIATENESS OF CORONARY ANGIOGRAPHY — 
DO PRACTICING PHYSICIANS AGREE WITH AN EXPERT PANEL 

AND WITH EACH OTHER?
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BSTRACT

 

Background

 

Evaluations of the appropriateness
of medical care are important to monitor the quality
of care and to contain costs and enhance safety by
reducing inappropriate care. Experts’ views are usu-
ally incorporated into evaluations of appropriateness.
However, practicing physicians may not concur with
these views, and physicians’ clinical backgrounds may
influence their beliefs.

 

Methods

 

We asked 1058 internists, family practi-
tioners, and cardiologists in California, Florida, New
York, Pennsylvania, and Texas to rate the appropri-
ateness of coronary angiography after acute myocar-
dial infarction for 20 common indications. Nine clin-
ical experts also rated these indications using an
established consensus method.

 

Results

 

For 17 of the 20 indications, median rat-
ings of surveyed physicians and the expert panel
agreed within 1 unit on a 9-unit scale. Patients’ older
age had a negative effect on ratings by the expert
panel but not on ratings by surveyed physicians. In
multivariable analyses of surveyed physicians, car-
diologists rated angiography as significantly more
appropriate than did primary care physicians for
complicated indications, and for uncomplicated indi-
cations cardiologists who performed invasive proce-
dures gave higher appropriateness ratings for angi-
ography than did cardiologists who did not perform
such procedures and primary care physicians. For
uncomplicated indications, physicians from hospi-
tals providing coronary angioplasty and bypass sur-
gery rated angiography as more appropriate than
physicians from other hospitals. Physicians from New
York and those employed by health maintenance or-
ganizations rated angiography as less appropriate
than other physicians.

 

Conclusions

 

Surveyed physicians agreed with clin-
ical experts about the appropriateness of coronary
angiography after myocardial infarction for most indi-
cations, indicating that well-designed expert panels
can closely reflect the views of practicing physicians.
Variations in beliefs among practicing physicians sug-
gest that evaluations of medical practice should in-
corporate the views of a range of relevant types of
physicians. (N Engl J Med 1998;338:1896-904.)
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VALUATIONS of the appropriateness of
medical care have become more common
in recent years. Investigators at RAND have
developed a formal method for clinical ex-

perts to rate the appropriateness of medical care,

 

1-3

 

and they have applied this method in numerous
studies of cardiac procedures in the United States,
Canada, and the United Kingdom.
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 Major clinical
organizations have also convened panels of clinical
experts to create guidelines for the use of cardiac
procedures after myocardial infarction.

 

8-10

 

Although substantial effort has been devoted to
developing and applying these methods, little atten-
tion has been directed to the views of practicing
physicians whose care is evaluated by ratings of ap-
propriateness. Clinical experts’ ratings may be limit-
ed by the quality of scientific data and the challenges
of applying these data to clinical practice.
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 Mem-
bers of expert panels are often drawn from academic
medical centers, so their ratings may not reflect the
experiences of physicians in other settings.
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 More-
over, understanding differences among practicing
physicians in their views about appropriate medical
care can help ensure that clinical guidelines and eval-
uations encompass the views of a range of relevant
types of physicians.

 

15

 

We therefore surveyed internists, family practi-
tioners, and cardiologists in five states to assess their
ratings of the appropriateness of coronary angiogra-
phy after acute myocardial infarction for 20 com-
mon clinical indications. These indications were also
rated by a panel of clinical experts using an estab-
lished consensus method. Our study was designed
to address two primary questions: Do practicing
physicians agree with an expert panel about the
appropriateness of coronary angiography? And do
practicing physicians vary according to specialty, type
of hospital, state, or other characteristics in their be-
liefs about the appropriateness of coronary angiog-
raphy?

E
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METHODS

 

Study Population

 

The study population consisted of cardiologists, internists, and
family practitioners in five states: California, Florida, New York,
Pennsylvania, and Texas. We focused on these types of physicians
because they care for almost all patients with acute myocardial
infarction

 

16,17

 

 and they are primarily responsible for recommend-
ing coronary angiography. These five states were selected because
they have the largest numbers of patients with acute myocardial
infarction in the population covered by Medicare, and their rates
of coronary angiography after myocardial infarction vary widely.
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Physicians were identified from a list of names, addresses, and
self-reported specialties obtained from the American Medical As-
sociation’s master file (which includes members and nonmem-
bers). We selected a random sample of 4345 physicians stratified
according to state and specialty, including 329 cardiologists, 265
internists, and 275 family practitioners from each of the five study
states. Physicians were ineligible if they reported at the beginning
of the survey that they were in training or that they had not
served as attending or consulting physicians for at least one pa-
tient hospitalized with myocardial infarction during the prior 12
months.

 

Ratings of the Expert Panel

 

During October 1995 we convened a national panel of nine
physicians with expertise in the treatment of acute myocardial in-
farction, including five cardiologists, two cardiac surgeons, one
general internist, and one family practitioner. These physicians
were nominated by their professional organizations, including the
American Academy of Family Physicians, the American Associa-
tion for Thoracic Surgery, the American College of Cardiology,
the American College of Physicians, the American College of Sur-
geons, the American Heart Association, and the Society of Tho-
racic Surgeons. Eight of these nine physicians had participated in
a prior panel organized by RAND, and we used a similar method
to obtain their ratings of the appropriateness of coronary angiog-
raphy after acute myocardial infarction.
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Panelists were provided with an updated review of the literature
that synthesized evidence on the appropriateness of coronary an-
giography.
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 Eight hundred ninety clinical indications were spec-
ified for the use of this procedure within 12 weeks after acute my-
ocardial infarction. For the subgroup of 92 indications relating to
angiography during the initial hospitalization, key variables in-
cluded the patient’s age (»75 or <75 years), time since the onset
of symptoms (<6, 6 to 12, or >12 hours), eligibility for and re-
ceipt of thrombolytic therapy, and presence of key complications,
such as persistent or recurrent chest pain, stress-induced ischemia,
and pulmonary edema. The panelists initially rated the appropri-
ateness of each clinical indication on a 9-unit numerical scale
ranging from 1, extremely inappropriate, to 5, uncertain, and 9,
extremely appropriate. Using a modified Delphi method to foster
consensus, the group discussed their initial ratings and each pan-
elist then assigned final ratings to the individual indications.

 

Survey Instrument

 

From the 92 indications for coronary angiography during the
initial hospitalization, we selected 20 indications to be rated by
practicing physicians (see the Appendix). Our objective was to in-
clude a varied set of indications (differing in patient’s age, pres-
ence or absence of complications, and expert panelists’ ratings)
that would apply to a substantial proportion of patients with my-
ocardial infarction. In preliminary analyses of data from the Co-
operative Cardiovascular Project of the Health Care Financing
Administration at the time we designed the survey, approximately
four fifths of Medicare patients with myocardial infarction in the
five study states were represented by these 20 indications. The
survey also collected professional information about the physi-
cians and asked them to rate the importance of consultations, pa-
tient or family requests, guidelines, insurance-plan approvals, and

the availability of angiography in their decisions about whether to
recommend this procedure for patients who had had acute myo-
cardial infarction during the previous 12 months, using questions
adapted from a prior survey.
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Data Collection

 

During November 1996 the survey was mailed to physicians
with a letter of support from the American College of Cardiology
(for cardiologists), the American College of Physicians (for in-
ternists), or the American Academy of Family Physicians (for fam-
ily practitioners). Physicians who did not respond to the initial
mailing received at least two additional mailings. Eight or more
attempts were also made to call nonresponding physicians to re-
quest their participation.

 

Statistical Analysis

 

Characteristics of survey respondents and the importance they
attributed to factors influencing the use of coronary angiography
were compared according to specialty with use of the Pearson
chi-square test. In preliminary analyses, ratings of appropriateness
by internists and family practitioners were similar, but the groups’
ratings differed according to the number of patients physicians
had treated for myocardial infarction in the prior year («12 vs.
>12), so we grouped these specialties together and stratified
them in subsequent analyses according to this measure of volume.
We also divided cardiologists according to whether they had per-
formed coronary angiography during the previous year, because
one earlier study had shown that the ratings of appropriateness
differed according to this variable,
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 and our preliminary analyses
suggested that this variable influenced cardiologists’ ratings more
than the number of patients they treated for myocardial infarction.

Observed median ratings of appropriateness (and interquartile
ranges) were calculated for each indication for the expert panel
and the surveyed physicians. Using the Pearson correlation coef-
ficient, we correlated the surveyed physicians’ average ratings of
appropriateness for patients under the age of 75 and 75 or older
with their reports of the proportion of their patients with acute
myocardial infarction in each of these age groups who had re-
ceived coronary angiography during the prior year.

To compare more reliable estimates of the appropriateness of
coronary angiography as rated by the surveyed physicians and the
expert panelists and to determine the precision associated with
these estimates, hierarchical regression models
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 were fitted sepa-
rately to the observed ratings from each group. This method ac-
counted for three important sources of variability: the underlying
appropriateness of each indication, each physician’s propensity
to rate angiography as more or less appropriate in general, and
measurement error. To understand differences in ratings between
the surveyed physicians and the expert panelists, we then incor-
porated patients’ characteristics, including age, time since the on-
set of symptoms, and the presence or absence of complications,
into the hierarchical regression models. Finally, to assess differ-
ences in ratings among the surveyed physicians in multivariable
analyses, we used hierarchical regression models to compare the
distribution of appropriateness ratings according to numerous
physician’s characteristics, including state, specialty, age, sex, num-
ber of patients treated for myocardial infarction in the prior year
(for internists and family practitioners), performance of coronary
angiography (for cardiologists), availability of coronary proce-
dures at each physician’s principal hospital, and employment by a
health maintenance organization (HMO).

Hierarchical models were estimated with “Bayesian inference
using Gibbs sampling” (BUGS) software, which employs simula-
tion techniques to obtain parameter estimates in complex mod-
els.
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 Estimates of appropriateness and the effects of the patient
and physician characteristics listed above were obtained, and cor-
responding 95 percent confidence intervals were calculated. We
also plotted smoothed density estimates of the empirical distribu-
tions for the effects of physician characteristics from the multi-
variable analysis of survey respondents. Effects were considered
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significant if the 95 percent confidence intervals for the groups
being compared did not overlap.

 

RESULTS

 

Response Rates

 

Completed surveys were received from 1058 phy-
sicians, including 602 cardiologists, 239 internists,
and 217 family practitioners. An additional 842 phy-
sicians were ineligible because they were in training
or had not cared for a patient with acute myocardial
infarction in the prior year, and 647 physicians were
deleted from the sample because they had moved
with no forwarding address. Among physicians known
to be eligible, 79 refused to participate. No response
was received from 1719 physicians, and we estimate
on the basis of the physicians who did respond that
57 percent would have been eligible.
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 Thus, assum-
ing this estimated eligibility rate among nonrespond-
ents, the overall response rate was 50 percent, with
rates of 47 percent for internists, 53 percent for fam-
ily practitioners, and 49 percent for cardiologists.
Response rates by state were 45 percent for Califor-
nia, 46 percent for Florida, 54 percent for New York,
56 percent for Pennsylvania, and 46 percent for Texas.

 

Surveyed Physicians’ Characteristics and Factors 
Influencing Decisions about Angiography

 

The characteristics of respondents are presented
according to specialty in Table 1. Among the cardi-
ologists, 62 percent had performed coronary angi-
ography during the previous year. Internists and
family practitioners were more likely than cardiolo-
gists to cite consultations and hospital guidelines as
very or moderately important factors in their recom-
mendations about coronary angiography after myo-
cardial infarction (Table 2). About half the physi-
cians in each group rated patient or family requests
and the availability of angiography at their own hos-
pital as very or moderately important factors in their
recommendations. Approximately one fifth of the
physicians perceived insurance-plan guidelines or re-
quirements for approval as important factors.

 

Appropriateness Ratings of the Surveyed Physicians 
and the Expert Panel

 

When we compared the ratings of the surveyed
physicians with those of the expert panel (Table 3),
the median ratings were identical for 6 of the 10 in-
dications in patients under the age of 75 and within
1 unit on the 9-unit scale for the remaining 4 indi-
cations (the survey respondents’ ratings were higher
in 2 cases and the expert panelists’ ratings higher in
2). Agreement was less consistent for patients who
were 75 or older, with identical median ratings for
four indications and higher median ratings by the
survey respondents than by the expert panelists for
the other six indications. Two of these six indications
(indications K and M) differed by 3 units on the

 

*P values were calculated with use of the Pearson chi-square test.
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percent

 

Age
<40 yr
40–49 yr
»50 yr

26.6
42.2
31.2

31.5
44.0
24.5

20.1
44.6
35.3

0.004

Male sex 87.8 85.7 96.2 0.001

Board certification in pri-
mary field of practice

80.7 93.6 87.9 0.001

Employed by health main-
tenance organization

12.7 10.8 9.2 0.31

No. of patients with acute 
myocardial infarction 
in previous year

1–12
13–24
25–50
>50

58.7
17.7
18.6
5.1

70.3
17.9
10.4
1.4

11.6
13.0
33.9
41.5

0.001

Teaching-hospital affiliation 45.2 34.8 44.5 0.035

Coronary procedures availa-
ble at principal hospital

Angiography
Angioplasty and bypass

graft surgery

67.4
45.6

54.8
36.4

84.7
72.8

0.001
0.001

*P values were calculated with use of the Pearson chi-square test.

†Other potential responses included minimally important and not im-
portant.
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percent rating factor very 
or moderately important†

 

Consultation with physician at 
same hospital

84.0 20.5 0.001

Consultation with physician at 
different hospital

33.4 10.1 0.001

Patient or family request 55.4 51.7 0.02

Hospital guidelines 36.7 21.1 0.001

Insurance-plan guidelines 19.0 13.0 0.02

Need for insurance-plan approval 18.6 19.3 0.57

Availability of angiography at 
same hospital

48.8 47.4 0.46
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9-unit scale, and one indication (indication T) dif-
fered by 2 units. Surveyed physicians’ observed rat-
ings of appropriateness were moderately correlated
with their self-reported use of coronary angiography
after myocardial infarction for patients under the age
of 75 (r=0.31, P<0.001) and 75 or older (r=0.37,
P<0.001).

Hierarchical linear regression models largely con-
firmed these observed findings (Fig. 1A and 1B). Es-
timates of appropriateness from surveyed physicians
were within the 95 percent confidence intervals of
estimates from the expert panel for 16 of the 20 in-
dications. Two indications for patients under the age
of 75 (indications B and I) were rated slightly less
appropriate by the surveyed physicians than by the
panel members. Two indications for patients 75 or
older (indications M and T) were rated as more ap-
propriate by the surveyed physicians than by the
panel members. Patients’ older age had a significant
negative effect on the ratings of the expert panel
(mean difference in ratings between »75 and <75
years, ¡1.4 units; 95 percent confidence interval,
¡2.1 to ¡0.6), but not on those of the surveyed

physicians (mean difference, ¡0.4 unit; 95 percent
confidence interval, ¡1.2 to +0.5).

 

Characteristics Associated with the Surveyed Physicians’ 
Appropriateness Ratings

 

In multivariable analyses, differences in beliefs
were evident between cardiologists and primary care
physicians and within each of these groups. For pa-
tients with cardiac complications (Fig. 2A), cardiol-
ogists who performed invasive procedures and those
who did not gave similar ratings of appropriateness,
and ratings by all cardiologists combined were sig-
nificantly higher than those of primary care physi-
cians with high numbers of patients with myocardial
infarctions and those with low numbers (mean dif-
ferences, 0.6 and 1.0 unit, respectively). For patients
with uncomplicated myocardial infarctions (Fig. 2B),
however, cardiologists who did not perform invasive
procedures and primary care physicians reported
similar ratings, whereas the ratings of cardiologists
who performed invasive procedures were significant-
ly higher (mean differences, 0.5 to 0.6 unit).

Access to coronary procedures at the physicians’

 

*The ratings were on a 9-unit scale ranging from very inappropriate (1) to uncertain (5) and very appropriate (9). See
the Appendix for a full description of the indications.
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median (interquartile range)

 

A <75 <6 Contraindicated None 7 (4–8) 6 (6–7)

B <75 <6 Contraindicated Persistent chest pain 9 (8–9) 9 (8–9)

C <75 <6 Not contraindicated 
or administered

None 5 (3–7) 5 (4–6)

D <75 <6 Not contraindicated 
or administered

Persistent chest pain 8 (5–9) 8 (7–9)

E <75 <6 Administered None 2 (1–5) 3 (2–4)

F <75 <6 Administered Persistent chest pain 8 (7–9) 8 (7–9)

G <75 >12 Not administered None 5 (3–7) 5 (4–5)

H <75 >12 Not administered Persistent chest pain 9 (8–9) 9 (8–9)

I <75 >12 Not administered Persistent pulmonary 
edema

8 (6–9) 9 (7–9)

J <75 >12 Not administered Stress-induced ischemia 9 (8–9) 8 (8–9)

K »75 <6 Contraindicated None 6 (3–8) 3 (3–5)

L »75 <6 Contraindicated Persistent chest pain 8 (7–9) 7 (7–8)

M »75 <6 Not contraindicated 
or administered

None 5 (3–7) 2 (2–4)

N »75 <6 Not contraindicated 
or administered

Persistent chest pain 7 (5–9) 7 (6–8)

O »75 <6 Administered None 2 (1–4) 1 (1–3)

P »75 <6 Administered Persistent chest pain 8 (7–9) 7 (4–8)

Q »75 >12 Not administered None 4 (2–6) 4 (2–5)

R »75 >12 Not administered Persistent chest pain 8 (7–9) 8 (7–8)

S »75 >12 Not administered Persistent pulmonary 
edema

8 (6–9) 8 (5–9)

T »75 >12 Not administered Stress-induced ischemia 8 (7–9) 6 (6–7)
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hospitals was not associated with their ratings of the
appropriateness of angiography for patients with
complications (Fig. 3A), but for patients with un-
complicated infarctions (Fig. 3B), physicians with
access to coronary angioplasty and bypass surgery
gave significantly higher ratings than physicians from
hospitals offering coronary angiography alone or no
coronary procedures (mean difference, 0.6 unit).
Smaller significant differences (0.3 unit) were noted
between ratings by physicians in New York and
those by physicians in Florida and Pennsylvania (Fig.
4A) and between physicians employed by HMOs
and other physicians (Fig. 4B); these patterns were
similar for both complicated and uncomplicated in-
dications (data not shown). Physicians’ age and sex
were not associated with their beliefs about the ap-
propriateness of angiography.

DISCUSSION

In this survey of more than 1000 physicians in five
states, ratings of the appropriateness of coronary an-
giography after acute myocardial infarction were very
similar to those of a panel of clinical experts. This

convergence suggests that evaluations of medical
practice based on the judgments of expert panels
can closely reflect the beliefs and experiences of
practicing physicians for well-studied procedures.
However, variations in ratings among practicing
physicians suggest that the judgments of physicians
participating in panels will be influenced by their
professional characteristics, so the composition of
panels should be carefully considered when one is
interpreting their results.

Agreement between the expert panel and the sur-
veyed physicians was greatest for patients under the
age of 75. For patients who were 75 or older, the
surveyed physicians rated angiography as more ap-
propriate than did the expert panel, particularly for
elderly patients with uncomplicated myocardial in-
farctions who presented within six hours after the
onset of symptoms. Differences of opinion between
clinical experts and surveyed physicians highlight the
need for further clinical research to assess the risks
and benefits of coronary angiography in older pa-
tients who may be candidates for angioplasty or
thrombolytic therapy.24-27

Figure 1. Mean Ratings of the Appropriateness of Coronary Angiography after Acute Myocardial Infarction by an Expert Panel and
Surveyed Physicians for 10 Common Clinical Indications in Patients under the Age of 75 (Panel A) and 75 or Older (Panel B).
Means and 95 percent confidence intervals calculated with hierarchical linear regression models are shown. The indications are
described in the Appendix. The ratings (appropriateness scores) range from extremely inappropriate (1) to uncertain (5) and ex-
tremely appropriate (9).
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Beliefs about the appropriateness of coronary an-
giography differed substantially among primary care
physicians, cardiologists who did not perform inva-
sive procedures, and cardiologists who did, as seen
in expert panels.15 Other studies have demonstrated
that cardiologists’ patients are much more likely
than the patients of primary care physicians to un-
dergo coronary angiography.16,17,28 Among primary
care physicians in our survey, those who treated larg-
er numbers of patients with myocardial infarctions
rated angiography as more appropriate for compli-
cated indications than did physicians with fewer such
patients, possibly because of their greater experience
in referring such patients for invasive coronary pro-
cedures. Previous surveys have found that about half
of primary care physicians underestimate the bene-
fits of coronary-artery bypass surgery,29 and some
primary care physicians may also overestimate the
risks of coronary angiography.30 The difference we
found in ratings of angiography for uncomplicated

indications between cardiologists who performed in-
vasive procedures and those who did not suggests
persistent uncertainty or disagreement about the role
of coronary angioplasty in patients with acute myo-
cardial infarction.26,27,31 Future studies should explore
the consequences of differing beliefs and practices
within and between specialties.

Physicians who practiced in hospitals that offered
coronary angioplasty and bypass surgery were more
likely to view angiography as appropriate for uncom-
plicated infarctions than physicians in hospitals with-
out these procedures — a finding consistent with
the results of other studies in which the availability
of coronary procedures strongly predicted their
use.18,32-34 Physicians employed by HMOs were some-
what less likely than other physicians to view angi-
ography as appropriate, but differences in practice
within HMOs may be more consequential.35 Coro-
nary angiography was also perceived to be somewhat
less appropriate by physicians in New York than by

Figure 2. Distributions of Estimated Regression Coefficients Describing the Relation between Physicians’ Fields of Practice and Their
Ratings of the Appropriateness of Coronary Angiography for Complicated (Panel A) and Uncomplicated (Panel B) Indications.
Cardiologists were stratified according to whether they had personally performed angiography in the previous year (invasive) or
not (noninvasive), and primary care physicians (internists and family practitioners) were stratified according to whether they had
cared for more than 12 patients with acute myocardial infarction in the previous year (high volume) or 12 or fewer patients (low
volume). A hierarchical linear regression model was used to adjust simultaneously for physicians’ age, sex, state, access to coro-
nary procedures at their principal hospital, and whether they were employed by a health maintenance organization. On the x axis,
0.0 represents the average appropriateness rating among all the surveyed physicians. The y axis represents the relative concentra-
tion of estimates of these ratings.
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physicians in other states, which may contribute to
the lower rate of coronary angiography after myo-
cardial infarction in New York.18,36,37 Larger differ-
ences in appropriateness ratings have been noted be-
tween expert panels from the United States and the
United Kingdom.5

Our study has four potential limitations. First, our
response rate was similar to that of other published
surveys of physicians,38 but the physicians who re-
sponded may have been more familiar than those
who did not with studies of the appropriate use of
coronary procedures, thereby fostering greater agree-
ment with the expert panel. However, median rat-
ings of appropriateness would have had to differ
substantially between respondents and nonrespond-
ents to alter the high level of agreement between the
surveyed physicians and the expert panel for most
indications. Second, although the elements of the
clinical indications were determined by expert pan-
elists from clinical experience and an extensive re-
view of the literature,19 practicing physicians may
incorporate other clinical factors, such as the ana-
tomical site or size of a myocardial infarction, in de-

cisions about angiography for individual patients.
Third, coronary angiography is a relatively well stud-
ied procedure for which guidelines have been dis-
seminated by respected professional organizations,39

so the generalizability of our findings to other im-
portant procedures needs to be assessed. Fourth, we
did not assess physicians’ actual use of coronary an-
giography.40 Nonetheless, physicians’ ratings of ap-
propriateness in this survey were correlated with
self-reported rates of angiography, and in another
recent study physicians’ responses to clinical scenar-
ios regarding coronary angiography were significant-
ly associated with actual angiography rates in the ar-
eas they served.41

In conclusion, surveyed physicians in five large
states agreed closely with an expert panel about the
appropriateness of coronary angiography after acute
myocardial infarction, particularly for patients under
the age of 75. Thus, studies and guidelines that use
the judgments of expert panels to evaluate and im-
prove medical care can be highly concordant with
the views of practicing physicians. Areas of disagree-
ment between clinical experts and practicing physi-

Figure 3. Distributions of Estimated Regression Coefficients Describing the Relation between Physicians’ Access to Coronary Pro-
cedures and Their Ratings of the Appropriateness of Coronary Angiography for Complicated (Panel A) and Uncomplicated (Panel
B) Indications.
Ratings are shown according to the availability of coronary angiography, angioplasty (PTCA), or coronary-artery bypass graft
(CABG) surgery in each physician’s principal hospital. On the x axis, 0.0 represents the average appropriateness rating among all
the surveyed physicians. The y axis represents the relative concentration of estimates of these ratings.
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cians or within either group — over the appropriate-
ness of angiography for older patients or those with
uncomplicated infarctions, for example — point to
important topics for further clinical research to
guide practice. Local and national organizations
striving to promote more appropriate medical care
should identify and address the systematic ways in
which clinical beliefs may differ among practicing
physicians.
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APPENDIX

Physicians were asked to rate the appropriateness of coronary
angiography according to the following definition and clinical in-
dications on a 9-point scale ranging from extremely inappropriate
(1) to uncertain (5) and extremely appropriate (9):

Appropriateness means that the expected health benefits (i.e.,
increased life expectancy or functional capacity and relief of pain
or anxiety) exceed the expected negative consequences (i.e., mor-
tality, morbidity, pain, or anxiety associated with the procedure)
by a sufficiently wide margin, exclusive of cost, that angiography
is worth doing. Since angiography does not reduce morbidity or
mortality, its benefit or harm is generally related to its effect on
the subsequent use of medical therapy, percutaneous transluminal
coronary angioplasty, or coronary-artery bypass graft surgery.
Use your own best clinical judgment for patients presenting to
you in each of the following situations during an initial hospital-
ization for acute myocardial infarction.

In a patient under the age of 75 with acute myocardial infarction,
how would you rate the appropriateness of coronary angiography?

A. Within six hours of the onset of symptoms, the patient has not
received thrombolytic therapy because of strong contraindica-
tions, and the myocardial infarction is uncomplicated.

B. Within six hours of the onset of symptoms, the patient has not
received thrombolytic therapy because of strong contraindica-
tions and has persistent chest pain.

C. Within six hours of the onset of symptoms, the patient has not
received thrombolytic therapy but has no strong contraindica-
tions, and the myocardial infarction is uncomplicated.

D. Within six hours of the onset of symptoms, the patient has not
received thrombolytic therapy but has no strong contraindica-
tions and has persistent chest pain.

E. Within six hours of the onset of symptoms, the patient has re-
ceived thrombolytic therapy, and the myocardial infarction is un-
complicated.

F. Within six hours of the onset of symptoms, the patient has re-
ceived thrombolytic therapy and has persistent chest pain.

Figure 4. Distributions of Estimated Regression Coefficients Describing the Relation between Physicians’ Ratings of the Appropri-
ateness of Coronary Angiography and Their States (Panel A) and Whether They Were Employed by a Health Maintenance Organi-
zation (HMO) (Panel B).
On the x axis, 0.0 represents the average appropriateness rating among all the surveyed physicians. The y axis represents the rel-
ative concentration of estimates of these ratings.
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G. Between 12 hours after the onset of symptoms and discharge,
the patient has not received thrombolytic therapy, and the myo-
cardial infarction is uncomplicated.

H. Between 12 hours after the onset of symptoms and discharge,
the patient has not received thrombolytic therapy and has persist-
ent chest pain.

I. Between 12 hours after the onset of symptoms and discharge,
the patient has not received thrombolytic therapy and has persist-
ent pulmonary edema.

J. Between 12 hours after the onset of symptoms and discharge,
the patient has not received thrombolytic therapy and has stress-
induced ischemia.

Indications K through T were phrased identically for patients
who were 75 or older.
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