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Aims There is little evidence to inform routine practice in

the use of coronary angiography and revascularization

procedures after acute myocardial infarction. Large differ-

ences in the uptake of these procedures have been reported

but representative data are scarce. Outcome studies have

produced opposing conclusions concerning the impact of

the high rate of these cardiac procedures.

Methods and Results A population-based patient

sampling approach was utilized to identify routine practice

in representative samples from 11 European countries.

Data were collected retrospectively on treatment in the

6 months following acute myocardial infarction (n = 2807).

There was wide variation in utilization of coronary angi-

ography and revascularization procedures. Even after

restricting the analysis to patients < 65 years (n = 1262),

there remained a 6–13 fold variation in the use of these

procedures. A decreased likelihood of undergoing these

procedures was associated with older age. In addition, there

was an independent and negative association between

female sex and utilization of coronary angiography and

coronary artery bypass grafting (CABG).

Conclusion The effect on patient outcome of the observed

variation in use of these procedures is not known but has

important cost and resource implications for the health

services. Outcome research is needed to define patient

selection criteria and to measure the cost-utility of different

angiography and revascularization rates.

(Eur Heart J 1998; 19: 1348–1354)
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Introduction

There is little evidence to guide the appropriate use of
coronary angiography and revascularization procedures
following acute myocardial infarction. This situation
contrasts with the wealth of evidence which has been

gathered on pharmacological secondary prevention.
In practice, coronary angiography is performed on a
selected group of patients but there is little agreement as
to the appropriate selection criteria[1,2].

Not surprisingly, large differences in the up-
take of these procedures have been reported but rep-
resentative data are scarce. The utilization of these
non-pharmacotherapy strategies has not been studied
in the typical, non-selected population of patients
admitted to hospital with acute myocardial infarc-
tion. In addition, the small number of outcome
studies published have produced opposing conclusions
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concerning the impact of the high rates of these
cardiac procedures[3–6].

The utilization of coronary angiography and
revascularization procedures will have important cost
and resource implications in the provision of cardiologi-
cal services. Therefore rates of use, determinants of use
and resultant patient outcome require further study.
This paper reports current European practice in a large
representative sample of unselected patients who were
enrolled in the European Secondary Prevention Study.

Method

Study sample

Eleven geographically defined European regions
(median population 1·6 million, total source population
19·8 million) containing a mix of urban and rural
settings, and of teaching and non-teaching hospitals
provided representative study samples. All acute myo-
cardial infarction patients (or in one region a 50%
random sample of all) discharged from, or who died
in, hospital with the main discharge diagnosis of acute
myocardial infarction during a defined interval of
January 1993–June 1994 were studied. The samples
represented typical practice within the region from
which they were taken and have been described pre-
viously[7,8]. Cohorts of patients were followed from
hospital admission to follow-up 6 months later (2807
patients total) to identify typical practice.

Data retrieval

In all but one region the patient was contacted directly,
6 months after the index infarction, usually by telephone
or alternatively by letter or at a clinic visit. Information
from the patient was supplemented if necessary by data
from physicians obtained by telephone or letter. Because
of privacy laws in Switzerland, patients could not be
approached directly; data were collected by letter to the
treating physician. A standard data collection form,
translated as necessary, was used. Before entry into the
study database, anonymised forms were checked for
completeness.

Statistical analysis

The observed use of cardiac invasive procedures is
reported as a proportion. Associations between use of
the strategies and patient age were estimated by the odds
ratio (OR) and its 95% confidence interval (95% CI).
Stratified analysis using Mantel–Haenszel OR in 5-year
strata (< 60, 60–64, 65–69, 70–74, 75–79, §80) was
performed to examine the influence of sex on treatment
while controlling for confounding by age. The reference
group is stated for each analysis. Associations between

use of the strategies were measured using regression
analysis and Spearman’s rank correlation coefficient.
The shortfall in use of pharmacological therapies is
defined as the percentage of all patients who (a) had no
documented perceived contraindication to therapy and

(b) did not receive treatment[8].

Results

Of the 4035 patients recruited, 3453 patients were
discharged alive, and of these 271 patients died in the
6 months following acute myocardial infarction and
another 375 patients were lost to the study. Six month
follow-up data were therefore available for 2807
patients, 88% of known or possible survivors at 6
months. Loss to follow-up in different regions ranged
from 2–31% (median 7%) of the original sample dis-
charged alive[8]. For patients available for follow-up at
6 months post acute myocardial infarction, the data
were 99·5% complete for coronary angiography and the
revascularization procedures.

Utilization of coronary angiography and

revascularization procedures

The proportion of patients having coronary angio-
graphy within 6 months of acute myocardial infarction
varied between samples from 8% to 61% (Fig. 1). For
coronary angioplasty (PTCA) the proportions were
1–28% (Fig. 2) and for coronary artery bypass grafting
(CABG) the proportions were 1–20% (Fig. 3). Even
after restricting the analysis to patients < 65 years
(n = 1262), there remained a 6–13 fold variation in the
use of coronary angiography (13–79%), PTCA (3–38%)
and CABG (2–26%) (Figs 1–3).

Factors associated with the utilization of

coronary angiography and revascularization

procedures

Utilization of all three procedures in all samples was
greater in patients less than 65 years (F igs 1–3). The
Spanish sample was an exception where the proportions
having PTCA and CABG were constant, although very
small, for both age groups. For the study sample as a
whole, older age was associated with a significantly
decreased likelihood of use of the three cardiac proce-
dures (Table 1). In addition, there was an independent
and negative association between female sex and utiliz-
ation of coronary angiography and CABG. After con-
trolling for the confounding effect of age, a highly
significant and negative female sex effect remained for
use of coronary angiography and CABG (Table 1). The
association between coronary angioplasty and sex was
not significant (Table 1). Amongst those patients who
had a coronary angiogram in the 6 months following

Angiography and revascularization following AM I 1349

Eur Heart J, Vol. 19, September 1998



acute myocardial infarction, there was no significant
effect of sex on access to revascularization procedures
after controlling for the confounding effect of age. As
data on clinical indications for these procedures could
not be collected, more detailed analysis was not possible.

Exploration of the association between use of
these strategies and use of pharmacotherapy approaches
was performed to identify if countries with high use of
pharmacological agents also demonstrated greater use of
cardiac interventions in patients after acute myocardial
infarction. Regression analysis and rank correlation
revealed no significant relationship between either short-
fall in thrombolytic use on admission or in beta blocker
use at discharge and use of coronary angiography,
PTCA or CABG in patients known to be alive at
6 months.

Discussion

This study has demonstrated and quantified a substan-
tial disparity in the use of coronary angiography and
revascularization procedures across 11 representative
European samples in 1993–1994. The difference re-
mained when the analysis was restricted to younger
patients. This description of practice is at a point in time
set against a changing situation for at least some of the

countries[9]. International variations in practice in the
use of cardiac interventions have been reported from
Europe for all indications[10] and between Canada and
the U.S.A. following acute myocardial infarction, where
a more interventionist pattern of care is observed[3,6]. A
recent study comparing use of cardiac procedures in two
population based cohorts of elderly patients, hospital-
ized after acute myocardial infarction, reported that
rates of use of the procedures varied 5·2–7·8 fold
between the U.S.A. and Canada[6]. In addition to
international differences, significant variation within
countries in the uptake of cardiac procedures has been
reported from both the U.K.[11,12] and the U.S.A.[4].

As might be expected, older age was associated
with decreased use of angiography and revascularization
procedures. Age was identified as the variable most
predictive of use of angiography when statistical models
were used to study patients who received thrombolysis
in the GUSTO-1 study[13]. In the present study, in
addition to older age, female sex was found to be a
significant factor associated with decreased access to
invasive cardiac procedures; a negative influence of
female sex on use of coronary angiography and CABG
but not on PTCA was identified. It was not possible
to control for other possible confounding clinical
covariates. There are conflicting published reports on
the effect of sex on use of these cardiac procedures.
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Figure 1 Utilization of coronary angiography in the 6 months after acute myocardial infarction in all
patients and patients less than 65 years in 11 European samples. = all patients; = < 65 years.

1350 K. L . W oods et al.

Eur Heart J, Vol. 19, September 1998



Under-referral of women for coronary angiography has
been well documented[14–16] but interestingly does not
appear to lead to lower subsequent use of revasculariza-
tion procedures[14,16,17]. Supporting evidence comes
from a register of 33 359 patients that showed no gender
difference in use of revascularization following coronary
angiography[2]. Conversely, a difference in the treatment
of men and women was clearly identified in an American
study in which observed rates of use of coronary angio-
graphy and revascularization were adjusted to allow for
important covariates. The study documented that men
were more likely to undergo invasive cardiac procedures,
including coronary angiography, than women[18]. It is
not known whether these differences represent appropri-
ate levels of care for men and women or under-use in
women or over-use in men. A recent review of this issue
concluded that on current evidence it was premature to
state that women were ‘discriminated’ against, as once
coronary angiography was performed women were
treated equitably[19]. However, the apparent disparity
in the treatment of men and women as illustrated in
our data, particularly regarding in use of coronary
angiography, warrants further study.

Why did such variation in use of these cardiac
procedures occur? A major influencing factor in the
utilization of coronary angiography and revasculariz-
ation is availability of specialist facilities[13,20,21] and

staff
[22]. Availability of resources may encourage use or

over-use of these procedures. Alternatively, belief in the
need for facilities will drive their availability. Differences
in waiting lists for these procedures might also influence
the results reported in this study, as data were collected
at one time point (6 months) after acute myocardial
infarction. Disagreement on the benefits of these pro-
cedures among physicians in different countries may
contribute to the variation in their use. Philosophical
differences were identified as the reason for variation
in coronary angiography referral patterns in the
U.K.[1] and possibly also for the variation in use of
revascularization following coronary angiography[2].
Coronary anatomy was identified as the most important
predictor of the use and type of revascularization when
statistical modelling was applied to patients recruited to
the GUSTO-1 study[13].

Interestingly, there appeared to be no association
between use of coronary angiography, PTCA or CABG
with shortfall in prescribing pharmacotherapy strategies.
This indicates that the approach to pharmacotherapy
and non-pharmacotherapy strategies differed and
suggests an absence of a consistently high or low ‘inter-
ventionist’ culture. This observation is supported by
study of a large health maintenance organisation where
increased rates of angiography were associated with
increased use of revascularization procedures, but not
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Figure 2 Utilization of coronary angioplasty in the 6 months after acute myocardial infarction in all
patients and patients less than 65 years in 11 European samples. = all patients; = < 65 years.
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with thrombolytic use or with recommended discharge
medication[5].

There is a lack of strong evidence that higher
rates of intervention result in improved patient outcome.
A population based study of use of cardiac procedures
and outcomes in elderly patients post acute myocardial
infarction did not find better long-term survival rates for
U.S.A. patients, with a more than five-fold higher rate
of use of cardiac procedures, than Canadian patients
with lower intervention rates. Although 30 day mor-
tality rates were slightly, but significantly, lower for
the U.S.A., the 1 year mortality rates were almost
identical[6]. Similarly greater use of revascularization

procedures during index hospitalization for acute myo-
cardial infarction, in Minnesota compared to southern
Germany did not translate into survival difference at 28
days or 1 year following acute myocardial infarction[23].
In a comparison of cardiac procedure use after acute
myocardial infarction in Texas and New York states, it
was concluded that on average, there was no advantage
with respect to mortality or health-related quality of life
to performing the procedures at the higher rate identified
in Texas[4].

However, although higher rates of intervention
may not be clearly associated with lower mortality rates
they may lead to better functional status[24]. A study of
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Figure 3 Utilization of coronary artery bypass grafting in the 6 months after acute myocardial infarction
in all patients and patients less than 65 years in 11 European samples. = all patients; = < 65 years.

Table 1 Association of use of coronary angiography and revascularization procedures with age, and with sex after

adjustment for age ( Mantel Haenzsel odds ratio in 5 year strata)

Age
Odds
ratio

95%
confidence limits

P value
Sex

(age adjusted)
Stratified
odds ratio

95%
confidence limits

P value

Coronary angiography < 65 years 1·00 — — male 1·00 — —
§65 years 0·26 0·21–0·31 < 0·0001 female 0·53 0·42–0·68 < 0·0001

CABG < 65 years 1·00 — — male 1·00 — —
§65 years 0·35 0·26–0·48 < 0·0001 female 0·46 0·30–0·72 < 0·001

Coronary angioplasty < 65 years 1·00 — — male 1·00 — —
§65 years 0·28 0·21–0·38 < 0·0001 female 0·86 0·59–1·23 0·42

CABG, Coronary artery bypass grafting.
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the use of medical resources and quality of life in U.S.A.
and Canadian patients suggested, but could not prove,
that the more interventionist approach to the care of the
U.S.A. patients may have been responsible for their
better quality of life[3].

As there is a lack of strong evidence to inform
routine practice, there is a clear need for research to
identify patient subgroups who will benefit from cor-
onary angiography and subsequent revascularization.
While it is possible that over-use may occur, it is also
conceivable that procedures may be under-used in some
groups of patients who would be likely to benefit, as
was recently demonstrated when the RAND necessity
criteria for angiography were applied to patients in a
large Health Maintenance Organization[5]. Data from
the U.S.A. suggest that following thrombolytic therapy,
patients at low cardiac risk are selected for intervention
rather than the higher risk patients who would be most
likely to benefit[13]. Identification of groups of patients
most likely to benefit from procedures would allow
targeting of resources to that group.

Health economic modelling has indicated that
there are patient subgroups in whom routine coronary
angiography after acute myocardial infarction and treat-
ment guided by its results is cost effective when com-
pared to other strategies[25]. Further research is needed
to estimate the effectiveness and cost-effectiveness of
alternative post acute myocardial infarction interven-
tional strategies in different healthcare settings[26]. The
wide variations in European practice documented in the
present study emphasize the need for outcome data to
inform practice.

The European Secondary Prevention Study was funded within
the BIOMED 1 programme of the European Union.
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