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Abstract
Objective—To evaluate the appropriateness of referral following coronary angiography in Sweden.
Design—Prospective survey and review of
medical records.
Patients—Consecutive series of 2767 patients who underwent coronary angiography in Sweden between May 1994 and
January 1995 and were considered for coronary revascularisation.
Main outcome measures—Percentage of
patients referred for coronary artery
bypass graft surgery (CABG) and percutaneous transluminal coronary angioplasty (PTCA) for indications that were
judged necessary, appropriate, uncertain,
and inappropriate by a multispecialty
Swedish national expert panel using the
RAND/University of California Los Angeles (UCLA) appropriateness method, and
the percentage of patients referred for
continued medical management who met
necessity criteria for revascularisation.
Results—Half the patients were referred
for CABG, 25% for PTCA, and 25% for
continued medical therapy. CABG was
judged appropriate or necessary for 78%
of patients, uncertain for 12% and inappropriate for 10%. For PTCA the figures
were 32%, 30% and 38%, respectively. Two
factors contributed to the high inappropriate rate. Many of these patients did not
have “significant” coronary artery disease (although all had at least one stenosis
> 50%) or they were treated with less than
“optimal” medical therapy. While 96% of
patients who met necessity criteria for
revascularisation were appropriately referred for revascularisation, 4% were
referred for continued medical therapy.
Conclusions—Using the RAND/UCLA appropriateness method and the definitions
agreed to by the expert panel, which may
be considered conservative today, it was
found that 19% of Swedish patients were
referred for coronary revascularisation
judged inappropriate. Since some cardiovascular procedures evolve rapidly, the
proportion of patients referred for inappropriate indications today remains unknown. Nevertheless, physicians should
actively identify those patients who will
and will not benefit from coronary revascularisation and ensure that they are
appropriately treated.
(Heart 1999;81:470–477)
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Coronary artery bypass graft surgery (CABG)
and percutaneous transluminal coronary angioplasty (PTCA) are two commonly used procedures that have been shown to relieve anginal
symptoms in patients with coronary artery
disease,1–9 and CABG has been shown to
increase survival.10–12 Although these procedures are eVective in select populations, the
overall appropriateness of their use has been
questioned.13–15
Sweden had one of the lower rates of use of
bypass surgery and PTCA in western Europe
until the early 1990s. By 1992, CABG was performed at a rate of 790 per million population
and PTCA at a rate of 330 per million
population.16 The CABG rate was second in
western Europe, while the rate of use of PTCA
was ranked eighth. These rates were approximately 50% and 25% of those in the United
States, respectively.
This increase in the number of coronary
revascularisation procedures and consequent
costs caused the relevant Swedish specialist
organisations to welcome an assessment of the
benefits, risks, and outcomes of these developments proposed by an independent government agency, the Swedish Council for Technology Assessment in Health Care (SBU). The
SBU chose to assess the degree of appropriateness of these interventions using the RAND
appropriateness method.13 14 While this study
was being conducted it was reported that fewer
than 1% of bypass surgeries and 5% of PTCAs
in southwestern Sweden were inappropriate.17
However, the generalisability of those figures is
questionable given that the data were almost
entirely restricted to patients with chronic
stable angina, who had a low−moderate operative risk and who did not have severe left ventricular dysfunction17 (A Bengtson, personal
communication). In addition, the assessment
of appropriateness of use of these procedures
diVered from most previous studies in the level
of clinical detail used to judge appropriateness
and the methods used to generate appropriateness criteria. In this report, we present data on
how appropriately these procedures were used
in community practice throughout Sweden in
1994.
Methods
DEVELOPMENT OF INDICATIONS AND
APPROPRIATENESS CRITERIA

The indications and appropriateness criteria
were developed using a modified Delphi process
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PANEL SELECTION AND APPROPRIATENESS
RATINGS

Nine expert clinicians were selected from
nominations provided by the Swedish societies
of cardiology, internal medicine, thoracic radiology, and thoracic surgery. Panelists were
selected because of their clinical expertise.
They represented all geographic regions of
Sweden, performers and non-performers of the
procedures, and both academic and nonacademic practice. The panel consisted of two
cardiothoracic surgeons, one interventional
cardiologist, three non-interventional cardiologists (one with special training in epidemiology), two cardiothoracic radiologists, and one
internist. The panel met in October 1993.
Panelists were provided with literature reviews on both CABG and PTCA20–22 and asked
to read these reviews and then rate each
indication for the appropriateness of performing CABG, PTCA, or continued medical management considering an average patient presenting to either an average surgeon
performing CABG or an average cardiologist
performing PTCA in 1993. Appropriateness
was defined as meaning that the expected
health benefits exceeded the expected negative
eVects by a suYciently wide margin that the
procedure was worth doing. Appropriateness
was rated on a 9 point scale with 1 being an
extremely inappropriate indication and 9 being
an extremely appropriate indication, with 5
assigned to those cases that were neither
appropriate nor inappropriate.
The ratings took place in two rounds. The
first was conducted independently at home by
each panelist. The ratings were then tabulated
and presented to the panelists at a second
round attended by eight of the panelists. Each
panelist received their own ratings and an
anonymous distribution of the other panelists

ratings. The panel reviewed the ratings, discussed and modified the definitions, and rated
the indications again. The panel provided three
ratings for each clinical scenario: the appropriateness of CABG compared to medical
therapy, the appropriateness of PTCA compared to medical therapy, and the appropriateness of CABG compared to PTCA.
The final appropriateness rating was determined by the median of the nine panelists’ second round ratings. An indication was appropriate if the median rating was 7 to 9,
inappropriate if the median rating was 1 to 3,
and uncertain if the median rating was 4 to 6 or
if there was disagreement regardless of the
median rating. Disagreement was defined as at
least three panelists assigning a rating in the
inappropriate range and three panelists assigning a rating in the appropriate range.
After determining indications that were
appropriate for CABG or PTCA, the ratings
were returned to the panel to rate the necessity
of the procedure.23 The panelists were instructed to rate a procedure as necessary if it
met the following four criteria: the procedure
was appropriate without disagreement; the
panelist believed it would be improper not to
provide the service to the patient; there was a
significant likelihood of benefit; and the degree
of benefit was not small. Necessity ratings were
also performed in two rounds in a manner
identical to that described above for appropriateness. All nine panelists completed these ratings.
Two adjustments were made to the appropriateness ratings by the panel: (a) bypass surgery
patients who had coronary artery disease amenable to treatment by PTCA, and for whom the
panel judged PTCA more appropriate, were
given a lower rating for CABG than the rating
that would have applied if their coronary artery
disease was not amenable to PTCA—for
example, inappropriate if the CABG rating was
uncertain when the patient had coronary artery
disease amenable to PTCA; and (b) angioplasty patients for whom the panel judged
CABG more appropriate than PTCA were
given a lower rating than the rating that would
have applied for PTCA compared with medical
therapy—that is, inappropriate if the PTCA
rating was uncertain when PTCA was compared with medical therapy.
An indication was then classified as being
necessary, appropriate (but not necessary),
uncertain in appropriateness, or inappropriate
for PTCA or CABG. The literature review
used by the panel, a listing of all 2002
indications, and the final panel appropriateness
and necessity ratings have been published as a
monograph available from SBU, Stockholm,
Sweden.22
DATA COLLECTION AND SAMPLE

We prospectively collected data on patients
referred for consideration of coronary revascularisation to seven of the eight public Swedish
heart centres that performed approximately
92% of all bypass surgeries in Sweden in 1994.
The eighth heart centre declined to participate.
We enrolled patients between May 1994

Heart: first published as 10.1136/hrt.81.5.470 on 1 May 1999. Downloaded from http://heart.bmj.com/ on January 17, 2022 by guest. Protected by copyright.

as developed by the RAND Corporation.18 19
The literature concerning the eVectiveness and
risks of CABG and PTCA from 1971 to March
1993 was reviewed and synthesised.20–22 Next a
previously developed set of clinical scenarios,
called indications, developed by a panel of US
physicians and based on a literature review20 21
was modified by a Swedish panel to represent all
possible reasons for performing these procedures in Sweden.22
Each indication was formed by making a
unique combination of clinical factors that
were considered in recommending coronary
revascularisation. These clinical factors included the extent of significant coronary artery
disease, severity of angina, results of exercise
stress tests, ejection fraction, adequacy of
medical therapy, and the patient’s surgical risk
as assessed by the modified Parsonnet score.20
The indications were organised into groups
according to the patient’s presenting
complaint—for example, chronic stable angina, unstable angina, recent myocardial infarction. The definitions for specific factors
were developed and agreed on by the expert
panel that later rated the indications for appropriateness. (See appendix A for a list of selected
definitions.)
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Table 1 Sociodemographic characteristics of Swedish patients undergoing diagnostic
coronary angiography* by the treatment or intervention to which they were referred

Age (%)
25–44 years
45–54 years
55–64 years
65–74 years
> 75 years
Median age (years)
Male (%)
Anatomic disease† (%)
Left main
Three vessels
Two vessels with PLAD‡
Two vessels, other
Single vessel, with PLAD‡
Single vessel, other
Insignificant disease (%)
50–69% stenosis
< 50% stenosis
Clinical indication (%)
Asymptomatic
Chronic stable angina
Unstable angina
Postmyocardial infarction
History of myocardial
infarction (%)

All patients CABG patients
(n = 2767) (n = 1387)

PTCA patients
(n = 687)

Medical treatment
patients (n = 693)

4.8
19.1
30.4
37.2
8.5
63
71.3

1.9
11.9
29.2
45.9
11.1
66
78.5

6.4
24.5
31.2
32.5
5.5
60
72.9

9.1
28.1
32.2
24.4
6.2
59
55.4

10.7
28.5
8.3
12.6
5.9
12.4

20.6
50.0
10.5
12.0
1.9
3.0

0.3
7.9
9.9
20.5
17.5
34.1

1.0
5.8
2.2
5.8
2.6
9.5

5.6
16.2

1.9
0

9.9
0

8.8
64.4

3.2
73.3
15.4
8.1

2.0
74.8
14.7
8.4

1.3
65.1
21.8
11.8

7.5
78.4
10.5
3.6

43.1

52.2

40.2

27.3
ANALYSIS

*Patients were excluded from the study if they were being evaluated for arrhythmia, congestive
heart failure, valvar heart disease or heart transplantation, if they were referred for emergency coronary angiography, had a history of PTCA within six months or any previous CABG or were
enrolled in another study.
†See appendix A for definition of significant coronary artery disease.
‡PLAD (proximal left anterior descending) artery stenosis is defined as an obstruction before the
first septal perforator.

through January 1995 with the goal of enrolling
a consecutive sample of at least 2400 patients.
Enrolment occurred during a 3–4 month
period at each hospital. A total of 4398 coronary angiographies were performed at the
participating hospitals during the study period.
Patients were excluded from the study if they
declined to participate (n = 56), had a previous
CABG (n = 291), had undergone PTCA
within the previous six months (n = 184), were
referred for evaluation of congestive heart failure, arrhythmia, or for possible cardiac transplantation (n = 62), had valvar heart disease
and were considered candidates for valvar surgery (n = 528), had emergency coronary
angiography and were not presented at heart
conference (n = 187), were referred for further
evaluation (n = 44), were non-Swedish residents (n = 72), deferred intervention (n = 6),
had incomplete data (n = 113), or were
enrolled in other research projects (n = 88).
Our final population consisted of 2767 patients
with chronic stable angina, unstable angina,
following myocardial infarction, or who were
asymptomatic. The study was approved by the
regional ethics committee at the Karolinska
Hospital, Stockholm.
Based on the ratings made by the expert
panel, we developed an abstraction form to
collect the data necessary to assign appropriateness ratings. The cardiologist who referred
the patient for coronary artery angiography
informed them about the study and asked them
for their consent to participate. For those
patients who consented, the cardiologist began
the prospective data collection by entering data
about history, medication use, surgical risk factors, and indication for angiography. The data
collection form was then enclosed with the
medical record. The cardiologist or radiologist

Each patient referred for coronary revascularisation was assigned to a specific clinical chapter
(for example, chronic stable angina), indication, and appropriateness ratings. Patients
referred for continued medical management
were assigned to a specific chapter and to two
potential indications, one for CABG and one
for PTCA. Based on these indications the
necessity of revascularisation was determined.
If either procedure was considered necessary
then the patient was considered to have a necessary indication for revascularisation; if neither procedure was considered necessary then
the patient was considered not to have a necessary indication.
Categorical variables were analysed by the ÷2
statistic using STATA 5.0 on a personal
computer.
Results
The heart conference committee referred 50%
of patients for CABG, 25% for PTCA, and
25% for continued medical therapy (table 1).
Patients referred for bypass surgery were older
and there was a higher proportion of men
compared to those referred for PTCA or medical therapy. Seventy one per cent of the patients
referred for bypass operations had either left
main disease or three vessel disease. Fewer than
7% of bypass patients had single vessel or
insignificant disease (see appendix A for list of
definitions). Among PTCA patients more than
half had single vessel disease. All patients
referred for revascularisation had at least one
vessel with a minimum stenosis of 50% or
greater. In contrast, almost three quarters of
those patients referred for continued medical
therapy had insignificant disease.
Eighty eight per cent of patients undergoing
coronary angiography presented with either
chronic stable angina (73%) or unstable angina
(15%). Although chronic stable angina was the
most common indication in all three referral
groups, PTCA patients more often presented
with unstable angina than either the bypass
surgery or the continued medical therapy
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Characteristics

who performed the angiography and determined the severity of coronary artery stenosis
then added these results to the data collection
form. These data and the coronary angiogram
were then reviewed at a cardiology conference
usually attended by at least one cardiothoracic
surgeon, one interventional cardiologist, and
the referring cardiologist. Cardiology conferences are held at each of the heart centres and
the composition of the conference is similar.
Following the review of the case, a recommendation is made for the patient to be referred for
CABG, PTCA, or continued medical therapy
and entered on the data collection form. If
CABG or PTCA is recommended, the priority
of the intervention is also provided. The
patient’s physician then discusses the recommendation with the patient. A patient may
agree with or decline the recommendation.
Data were reviewed for completeness and
accuracy before being entered into the computerised database.
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Table 2 Appropriateness of coronary revascularisation for coronary angiography patients
in Sweden in 1994, by the treatment or intervention to which they were referred
Appropriateness of coronary revascularisation (%)
n

Appropriate and
necessary

Appropriate

Uncertain

Inappropriate

CABG
PTCA
Medical*

1387
687
693

77.6
21.3
8.2

0.4
10.5
—

12.3
30.0
—

9.7
38.3
—

*For patients referred for continued medical therapy we only determined the necessity of undergoing coronary revascularisation.

patients (p < 0.001). PTCA patients were also
more likely to present following myocardial
infarction than patients referred for bypass
surgery or continued medical therapy
(p < 0.001). A history of a myocardial infarction was present in 50% of bypass candidates
compared to 40% of PTCA candidates and
25% of those patients referred for continued
medical management (p < 0.001). In contrast,
6% of bypass surgery patients were classified as
being at high risk for an operative complication
compared to 3% of patients in the other two
groups
APPROPRIATENESS OF CABG

Among patients referred for bypass surgery
78% of the cases were classified as appropriate
and necessary, 12% as uncertain, and 10% as
inappropriate (table 2). Of the 704 possible
scenarios, 164 were used in this sample of 1387
cases. Eight scenarios accounted for 50% of the
cases. The most frequent necessary, appropriate, uncertain, and inappropriate indications
are shown in table 3.
Inappropriate referrals had several important features. First, many patients were treated
with less than maximal medication. Seventy
nine of the 88 chronic stable angina patients
who were referred for CABG that was considered inappropriate had received less than
“optimal” medical therapy. Second, in some
cases the panel believed that revascularisation
was appropriate but that PTCA was preferred.
Forty nine of the patients referred for bypass
Table 3
Indication

APPROPRIATENESS OF PTCA

Almost a third of the referrals for PTCA were
judged appropriate or necessary, 30% uncertain, and 38% inappropriate. One hundred and
forty two of the 704 possible scenarios were
used to rate the 687 cases. The characteristics
of PTCA cases judged inappropriate had some
similarities and diVerences from those for
CABG. There were four factors contributing to
the high inappropriate rate. Many of these
patients were treated with less than “optimal”
medical therapy (for example, 86% of the
chronic stable angina patients referred for
PTCAs judged inappropriate were treated with
less than “optimal” medical therapy). Second,
a quarter of patients were considered to have
coronary artery disease better treated by
bypass surgery (for example, left main or three
vessel disease, or type C lesions). Third,
another quarter of patients who were referred
for a PTCA that was judged inappropriate did
not fulfill the criteria for “significant” coronary
artery disease. Finally, 17% of the patients who
were referred for a PTCA judged inappropriate
had single vessel disease not involving the
proximal left anterior descending artery and
did not have a very positive stress test. The
most common indications are shown in table 4.
APPROPRIATENESS OF MEDICAL MANAGEMENT

Among those patients referred for continued
medical therapy, 57 patients (8.2%) met
necessity criteria for coronary revascularisation. Forty seven of these patients (82%) had
chronic stable angina. There were seven
patients with left main coronary artery disease,
30 with three vessel disease, seven with two
vessel disease with proximal left anterior

Most frequently used CABG indications by appropriateness category
n

Necessary
Severe chronic stable angina (class III/IV) treated with less than “optimal” medical therapy, three vessel disease with a type C lesion,
an ejection fraction > 20%, in a patient with a low to moderate operative risk
178
Severe chronic stable angina (class III/IV) treated with less than “optimal” medical therapy, left main coronary artery disease, with an
ejection fraction > 20%, in a patient with a low to moderate operative risk
115
Mild or moderate angina chronic stable angina (class I/II) treated with less than “optimal” medical therapy, with three vessel disease
with a type C lesion, with an ejection fraction > 20%, in a patient who has a low to moderate operative risk
107
Appropriate
Patient has continuing pain between 1 and 21 days after an acute myocardial infarction while treated with less than “optimal”
medical therapy, three vessel disease with a type C lesion, an ejection fraction > 20%, in a patient with a low to moderate operative
risk
5
Uncertain
Severe chronic stable angina (class III/IV) treated with less than “optimal” medical therapy, with two vessel non-proximal left anterior
descending artery disease with a type C lesion, in a patient with a very positive stress test, an ejection fraction > 20%, who has a low
to moderate operative risk
27
Mild or moderate angina chronic stable angina (class I/II) treated with less than “optimal” medical therapy, with two vessel
non-proximal left anterior descending artery disease with a type C lesion, in a patient with a very positive stress test, an ejection
fraction > 20%, who has a low to moderate operative risk
20
Inappropriate
Chronic stable angina without “significant” coronary artery disease*
21
Mild or moderate angina chronic stable angina (class I/II) treated with less than “optimal” medical therapy, with two vessel
non-proximal left anterior descending artery disease with a type A or B lesion, in a patient with a very positive stress test, an ejection
fraction > 20%, who has a low to moderate operative risk
10

Appropriateness
rating

8
9
7

7

5.5

5
1

3

*The expert panel judged any revascularisation procedure in patients without “significant” coronary artery disease as inappropriate without further classification of
symptoms
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surgery considered inappropriate would have
been rated as appropriate or uncertain if PTCA
had not been available. Finally, 26 of these
patients did not fulfill criteria for “significant”
coronary artery disease, although all of these
patients had at least one vessel with a minimum
stenosis of 50%.
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Most frequently used PTCA indications by appropriateness category

Indications

n

15

9

13

8

23

7

18

8

24

5

18

6

54

1

20

3

PLAD, proximal left anterior descending.

descending artery involvement, and the remaining 13 patients had less severe disease.
COMPARISON BETWEEN SWEDISH NATIONAL
STUDY IN 1994 AND GÖTEBORG 1990 TO 1991

The present study examined a national sample
of Swedish patients referred for coronary
angiography in 1994, approximately two thirds
of whom had chronic stable angina. A previous
study of chronic stable angina patients referred
for CABG in southwestern Sweden in 1991, by
Bengtson et al, reported that only 1% of cases
were considered inappropriate, 8% uncertain,
and 92% appropriate.17 Similarly, 86% of
PTCAs performed in southwestern Sweden in
1991 were reported to be appropriate, 9%
uncertain in appropriateness, and 5% inappropriate. These ratings were significantly better
than those found in this study for chronic
stable angina patients referred for CABG or
Table 5 Appropriateness of referral for coronary revascularisation in Sweden in 1994 by
procedure and clinical indications chapter
Appropriateness (%)
Indication
CABG
Asymptomatic
Chronic stable angina
Unstable angina
Postmyocardial infarction
PTCA
Asymptomatic
Chronic stable angina
Unstable angina
Postmyocardial infarction

n

Appropriate
and necessary

28
1038
204
117

64.3
78.3
73.0
82.1

9
447
150
81

0
12.3
24.7
66.7

Appropriate

Uncertain

Inappropriate

0
0
0
5.1

21.4
13.2
10.3
6.0

14.3
8.5
16.7
6.8

0
13.2
6.7
3.7

44.4
37.8
12.7
17.3

55.6
36.7
56.0
12.4

Table 6 Appropriateness of referral for coronary revascularisation for chronic stable
angina patients in southwestern Sweden in 1994 by procedure and source of
appropriateness rating*
Appropriateness of coronary revascularisation (%)
Source of appropriateness rating
CABG (n = 181)
1990 Göteborg criteria*
1994 national panel
PTCA (n = 98)
1990 Göteborg criteria*
1994 national panel
*A Bengtson, personal communication, 1997.

Appropriate

Uncertain

Inappropriate

66.9
85.6

28.7
9.4

4.4
5.0

49.0
32.7

26.5
33.7

24.5
33.7

PTCA where the inappropriate rate of use was
approximately eight fold higher (table 5)
(p < 0.001 for both comparisons).
Since patients from the entire country were
included in our study, and Bengtson’s study
only included patients from southwestern Sweden, we identified those patients in our dataset
who were cared for in the same southwestern
Swedish hospitals as in Bengtson’s study. We
also restricted the comparison to patients with
low to moderate operative risk and who were
without severe left ventricular dysfunction, the
same characteristics as the original population
described by Bengtson et al (A Bengtson,
personal communication). We then applied
both Bengtson’s criteria and that of the Swedish national expert panel to our dataset (table
6). We found that the national panel’s criteria
judged a greater proportion of CABG cases
appropriate (85.6% v 66.9%) and a similar
proportion inappropriate (5.0% v 4.4%). For
PTCA, the national expert panel’s criteria
judged fewer cases appropriate (32.7% v 49%)
and more inappropriate (33.7% v 24.5%).
Discussion
We studied the appropriateness of referral of
coronary angiography patients in Sweden in
1994. Approximately 10% of the referrals for
bypass surgery and almost 40% of the referrals
for PTCA were considered inappropriate.
Three factors accounted for the high inappropriate rate: operations on arteries without “significant” coronary artery disease, operations on
patients who were treated with less than “optimal” doses of medications, and the choice of
the “wrong” revascularisation procedure.
The primary goals of coronary revascularisation are to relieve angina, improve the quality
of life, and reduce the probability of dying for
patients with coronary artery disease. Thus the
use of these procedures in patients with
stenoses between 50% and 69%, which were
considered to be less than “significant” disease,
may either represent their physician’s attempt
to relieve symptoms or treatment of patients
with more severe disease that has been misread
as “insignificant”.
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Necessary
Patient has continuing pain between 1 and 21 days of an acute myocardial infarction while treated with “optimal” medical therapy, single
vessel non-PLAD disease with a type A or B lesion, an ejection fraction > 20%, and a low to moderate operative risk
Severe chronic stable angina (class III/IV) treated with less than “optimal” medical therapy, with two vessel disease involving the PLAD
with a type C lesion, with a very positive stress test, an ejection fraction > 20%, and a low to moderate operative risk
Appropriate
Severe chronic stable angina (class III/IV) treated with less than “optimal” medical therapy, with two vessel non-PLAD disease with a
type A or B lesion, without a very positive stress test, an ejection fraction > 20%, and a low to moderate operative risk
Severe chronic stable angina (class III/IV) treated with less than “optimal” medical therapy, with one vessel coronary artery disease
involving the PLAD with a type A or B lesion, with a very positive stress test, an ejection fraction > 20%, and a low to moderate
operative risk
Uncertain
Mild or moderate chronic stable angina (class I/II) treated with less than “optimal” medical therapy, with single vessel non-proximal
left anterior descending artery disease with a type A or B lesion, in a patient with a very positive stress test, an ejection fraction > 20%,
who has a low to moderate operative risk
Severe chronic stable angina (class III/IV) on less than “optimal” medical therapy, with one vessel non-PLAD disease with a type A or
B lesion, a very positive stress test, an ejection fraction > 20%, and a low to moderate operative risk
Inappropriate
Chronic stable angina without “significant” coronary artery disease
Severe chronic stable angina (class III/IV) treated with less than “optimal” medical therapy, one vessel non-PLAD disease with a type A
or B lesion, without a very positive stress test, an ejection fraction > 20%, and a low to moderate operative risk

Appropriateness
rating
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under 10%. This is not surprising given that
most of the patients referred for bypass surgery
had left main or three vessel disease. In
contrast, many PTCA cases were judged
uncertain or inappropriate. We found that 68%
of referrals for PTCAs were uncertain in
appropriateness or inappropriate. This finding
is similar to the 60% rate in the Netherlands
and 42% rate in the State of New York. A key
reason for this finding was that there were limited data regarding the indications for PTCA
when all these studies were being conducted.
For example, there were no randomised
controlled trials comparing PTCA and bypass
surgery and only one such trial comparing
PTCA and medical therapy when these criteria
were established. Findings from our study can
be used to highlight areas of uncertainty in
clinical decision making and provide a focus for
future clinical trials. It also shows that uncertainty is not confined to a single country but
represents uncertainty among physicians in
several countries.
Our study does have two limitations. First,
the large number of cases with insignificant
coronary artery disease raises questions as to
the quality of the interpretation of the angiogram and the definition of “significant” coronary artery stenosis. It has been well documented that the accuracy of visual
interpretation is only fair26–28 and that there is
considerable intra- and interobserver variability. In addition, the definition used by clinicians
to define “significant” stenoses may be changing. At the time our panel met, the standard
practice was for clinicians to assess subjectively
the severity of the stenosis, and the definition of
“significant” stenosis included either a 50%
reduction in left main coronary artery diameter
or a 70% obstruction in another major cardiac
artery. Today, many cardiologists are using a
lower threshold to define “significant” stenosis
(for example, > 50% stenosis in any major cardiac artery). If such a change began diVusing
into practice during the time our study was in
progress, there may have been some misclassification of cases. Second, PTCA has had a very
slow dissemination process in Sweden and the
use of PTCA in 1994 may not reflect current
practice patterns. Advances in medical practice
have occurred since that time and information
is now available regarding the eYcacy of PTCA
and related therapies (for example, intracoronary stents) that were lacking when the panel
first met. This type of rapid evolution presents
a challenge to clinicians and others in evaluating these technologies and trying to assure
their appropriate utilisation.
In summary, there does not appear to be
overuse of bypass surgery in Sweden. PTCA is
frequently performed for uncertain or inappropriate indications, primarily reflecting the lack
of high quality data regarding outcomes of this
intervention. Of those patients who met necessity criteria for revascularisation, 96% were
appropriately referred for CABG or PTCA.
However, 8% of patients who were referred for
continued medical therapy also met necessity
criteria. We would expect that patients who
meet necessity criteria and do not undergo
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Among all patients referred for coronary
revascularisation, two thirds were classified as
receiving less than “optimal” doses of medications. Why did so few patients receive “optimal” medications? The Swedish panel set
extremely high standards that might not be
accepted in other countries or even by other
physicians within Sweden. For example, the
panel required a chronic stable angina patient
to be on a â blocker, calcium channel blocker,
and a nitrate (as long as there were no
contraindications) in order to be classified as
receiving “optimal” medication. Expert physician panels in the US13 and Canada24 defined
maximal medical treatment as a patient receiving only two of these three medications. Swedish funding restrictions and concomitant lower
rates of use of coronary revascularisation may
have led the Swedish panel to attempt to maximise medical treatment before referring a
patient for a scarce procedure. In practice,
however, Swedish physicians may apply a lower
threshold. In this study, half the chronic stable
angina patients referred for coronary revascularisation had been treated only with two
antianginal medications.
Finally, some bypass referrals were rated
inappropriate in patients with one or two vessel
disease because the panel believed that the better procedure to perform in these patients was
PTCA. This may reflect patient or physician
preference, local waiting times, and the lack (at
the time the study was being conducted) of
much information comparing the eYcacy of
CABG versus PTCA in patients whose anatomy was amenable to both procedures.
The diVerence in findings between the 1991
southwestern Swedish data and our own is
troubling. Even when using Bengtson’s criteria
we still found a four to fivefold higher inappropriate rate for patients cared for in the same
hospitals within a four year period. This is not
a trivial diVerence. One possible explanation
for these findings is that our data are based on
patients being referred for coronary revascularisation while the 1991 data were based on
patients who were on a waiting list for coronary
revascularisation. A patient’s clinical condition
may change as they wait and thus the
appropriateness rating they received at the time
they were referred for the procedure may no
longer apply. This may occur in Sweden as the
median waiting time for chronic stable angina
patients for bypass surgery was 59 days.25 In the
Netherlands, we previously found that the
urgency of revascularisation changed for 9% of
chronic stable angina patients on a waiting list
for CABG and for 5% of patients on a waiting
list for PTCA.25 To determine how appropriately these procedures are being used would
require assessment of the appropriateness at
the time of the revascularisation procedure.
It is important to consider the results of this
study in relation to other recent studies examining the appropriateness of use of cardiovascular procedures in the US, Canada, and the
Netherlands.13 14 24 25 It is noteworthy that
across all four studies the appropriateness of
referral to or use of bypass surgery has been
uniformly high, with the inappropriate rate
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Appendix A: Selected list of definitions
developed by the Swedish expert panel
“Significant” coronary artery disease was
defined as: left main coronary artery disease if
there was > 50% stenosis of the left main coronary artery; multivessel disease if there was
> 70% stenosis in one major artery and
> 50% stenosis in other arteries (excluding left
main disease); or single vessel disease if there

was > 70% stenosis in one major artery
(excluding left main disease).
“Optimal” medical therapy was defined
separately for patients with chronic stable
angina, unstable angina, and following a
myocardial infarction (days 1–21). The definitions were as follows.
Chronic stable angina—the patient must
receive: (a) one drug from each of the three
major classes of antianginal medications (a
long acting nitrate, â blocker, and calcium
channel blocker); or (b) has received two of the
three classes of medication and has a contraindication (for example, a patient with asthma
may not be a candidate for â blockers) or intolerance to the remaining medications; or (c) has
received one class of medication and has a contraindication or intolerance to the remaining
two classes of medications; or (d) has a
contraindication or intolerance to all three
classes of medications.
Unstable angina—the patient must receive:
(a) four of the following five classes of medications (long acting nitrates, â blockers, calcium
channel blockers, intravenous heparin, intravenous nitroglycerin); or (b) has received three
of the five classes of medication and has a contraindication or intolerance to the remaining
categories of medications; or (c) has received
two of the five classes of medication and has a
contraindication or intolerance to the remaining categories of medications; or (d) has
received one of the five classes of medication
and has a contraindication or intolerance to the
remaining categories of medications; or (e) has
received no medication because of a contraindication or intolerance to all classes of medications.
Following myocardial infarction (days
1–21)—the patient must receive aspirin (unless
contraindicated) and two of the three major
classes of antianginal medications (a long
acting nitrate, â blocker, and calcium channel
blocker) or one of the three classes of
medication if he or she has a contraindication
or intolerance to the remaining medications or
intravenous nitroglycerin, or has a contraindication to all of these medications.
“High” surgical risk was defined as a score of
19 or more on the modified Parsonnet index.20
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revascularisation would have worse outcomes
then those who do not.29 The specific reason
these patients were not referred for revascularisation remains unclear and there may have
been extenuating circumstances. These issues
needed to be further examined.
We believe these findings are important for
policy makers as they contemplate whether to
expand resources for cardiovascular care in
Sweden. Data such as these can provide physicians, patients, and the government with information needed to make better decisions. Our
finding that a small number of Swedish
patients were not referred for a procedure
judged to be necessary was disturbing.
One approach would be to update the Swedish national expert panel criteria, as needed to
reflect current knowledge, and apply it prospectively as part of the continuing process
which identifies those patients who should
undergo coronary angiography and need coronary revascularisation. The resulting recommendation for CABG, PTCA, or continued
medical therapy would be given to the patient
and their physician. The patient and physician
would then make their treatment choice; however, if they disagreed with the national criteria
they would be required to explain why the criteria were not applicable in that specific case.
Sweden would then be at the forefront of
eVorts to improve the quality of care received
by its citizens by assuring that overuse and
underuse of coronary revascularisation procedures were minimised.
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