
Commentary
Commentaire

Cardiac catheterization is a key step in the diagnosis
and management of coronary artery disease
(CAD). Recent advances in percutaneous coronary

interventions (PCI) and coronary artery bypass grafting
(CABG) have enhanced options for the management of
patients and have led to considerable expansion of the
availability of cardiac catheterization across Canada and
elsewhere. Whether our catheterization rates are appro-
priate has been debated for almost 2 decades. In 1988/89,
the average rate in Canada was 236 per 100 000 (range 194
in the Atlantic provinces to 280 in Alberta).1 A recent re-
port has shown much higher rates across the country (e.g.,
500 per 100 000 in Ontario in 2001/02) that are compara-
ble to many in European countries but are still consider-
ably lower than rates in the United States.2,3 The question
remains: Are Canadian catheterization rates optimal, too
low or too high?

In this issue (page 35), Graham and colleagues4 attempt
to determine the optimal population rate for cardiac
catheterization. Using data collected between 1995 and
2002 from the Alberta Provincial Project for Outcome As-
sessment in Coronary Heart Disease (APPROACH) reg-
istry, they found that the age-adjusted average catheteriza-
tion rates varied by region and sex (range 404.9 to 638.1
per 100 000 population aged over 20 years among men and
171.8 to 314.0 per 100 000 among women). Further, the
number of patients found to have high-risk CAD increased
linearly with increasing catheterization rates, without any
evidence of a plateau in the number. The authors argue
that these data indicate that a much higher rate of catheter-
ization procedures may be required across Canada.

In this commentary we consider whether defining and
measuring an optimal population rate for catheterization is
possible and, if so, whether the optimal rate provides useful
information for decision-makers or is only a “phantom al-
ternative.” We then discuss alternative conceptual direc-
tions to improve the system.

Determining an optimal catheterization rate

In trying to define the optimal rate of cardiac catheteri-
zation, one needs to define what one wants to optimize. In

a health care system without budgetary constraints whose
goal is to maximize the health of the overall population,
one would like to perform catheterization procedures on
all potential patients for whom the benefits outweigh the
harms. Benefits might include reduced mortality or mor-
bidity, relief of symptoms or simple reassurance, while
harms might include increased mortality or morbidity as-
sociated with catheterization or with subsequent proce-
dures (e.g., PCI or CABG), complications such as bleed-
ing, and anxiety in patients (e.g., from waiting for the
procedure or from simply being informed of a diagnosis of
heart disease). These considerations mean that, at any
given time, the optimal rate in a given population will be
determined by the prevalence and incidence of CAD in
that population, by the existing evidence for the value of
how catheterization can improve management, and by its
potential complications. However, even in this ideal situa-
tion (e.g., no constraints on resources) the optimal cath-
eterization rates may differ between regions because of
population differences (e.g., in age and sex distribution,
and in risk-factor profile).

In reality, whatever resources are available are insuffi-
cient to support all effective interventions for all potential
patients. As a result, we must choose between different
ways of using the available resources with the goal of max-
imizing the overall health of the population. Resources
are used efficiently if, and only if, the value of what is
being gained from the use of more resources for cathe-
terization exceeds the value of what is forgone by not us-
ing resources in alternative ways (e.g., to treat other dis-
eases such as hypertension or cancer, or to fund other
worthwhile non-health-related needs such as education or
transportation).5

As it was in the ideal situation of unlimited resources,
the optimal allocation of limited resources is also context
specific.6 For example, consider the situation of 2 health
care systems (A and B) with identical populations, but sys-
tem A is much richer than system B. It is easy to see that, if
all else is equal, the optimal population rate of catheteriza-
tion in system A would be greater than the rate in system
B. Further, the optimal rate would depend on the profile
of medical needs in the community. For example, if sys-
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tems A and B instead have similar overall resources for
health care and have a similar prevalence and incidence of
CAD, but system B has a much higher rate of another dis-
ease (e.g., cancer), it would be reasonable to expect that
each population would have a different optimal catheteri-
zation rate. Thus, differences in catheterization rates be-
tween 2 countries (or provinces or regions) reflect, among
other things, differences in the absolute and relative popu-
lation rates of various medical conditions (not just CAD),
in societal values or preferences and in the availability of
resources for health care.

Optimal rate or “phantom alternative”?

The analysis by Graham and coauthors in this issue4

does not help in determining the optimal population rate
of catheterization, even for a health care system without
resource constraints. Important limitations include a lack
of estimate of the true prevalence of high-risk CAD in the
population studied and little insight into why catheteriza-
tion rates varied significantly between health regions in
Alberta. Although Graham and
coauthors point out that signifi-
cantly higher rates of catheteri-
zation in the United States than
in Canada have led to a 2- to 3-
fold increase in the number of
people with left main disease be-
ing treated, others have reported
that this strategy leads to an 8-
to 9-fold increase in surgery
rates among patients with lim-
ited CAD, for whom the trade-
off between relative benefits and
harms may be marginal.7 Fur-
ther, the number of patients
with complications such as dis-
abling stroke or life-threatening bleeds following cath-
eterization may increase, and thus increasing the catheter-
ization rates may not lead to overall net benefits.

If the primary benefit of catheterization is to identify
high-risk CAD to select patients for revascularization, an
increase in catheterization rates without appropriate se-
lection of patients referred for the procedure is likely to
represent a poor use of scarce resources. Perhaps an alter-
native approach would be to develop strategies to select
only patients who have a high pretest probability of hav-
ing high-risk CAD and who would therefore derive the
greatest benefit from catheterization. Unfortunately, al-
though formal and objective models are available, they are
used rarely in clinical practice.8 A commonly cited reason
is that these indices have limited clinical utility in decid-
ing on treatment strategies at the individual clinician–
patient interaction level. However, in a recent analysis of
a large number of baseline variables on the catheterization
referral forms in Hamilton, Ont., the urgency ranking of

the patient by the referring physician (urgent v. elective
status) did not predict major adverse events during the
waiting period nor high-risk CAD on coronary angiog-
raphy (unpublished data). Therefore, although available
objective criteria are not perfect predictors, they cannot
be ignored.

Further, although the general assumption is that in-
creased identification of high-risk CAD with increased
catheterization rates will lead to long-term survival bene-
fits, the data in support of this are contradictory. Several
registries have not shown any survival advantage for pa-
tients with acute coronary syndrome admitted to hospitals
with catheterization facilities (with markedly higher cath-
eterization rates) compared with patients admitted to hos-
pitals without such facilities (with markedly lower pro-
cedure rates) during both short- and longer-term (1–2
years) follow-up.9–11 Rates of hospital readmission because
of unstable angina are lower with more aggressive
catheterization, but this strategy does not necessarily rep-
resent efficient use of resources if a proportion of the pro-
cedures could have been avoided. These data are also con-

sistent with a meta-analysis
of randomized controlled
trials of routine catheteri-
zation versus catheteriza-
tion of selective cases of is-
chemia among patients
with acute coronary syn-
dromes that demonstrated
no differences in mortality,
a small reduction in my-
ocardial infarction but
larger differences in rates
of hospital readmission be-
cause of unstable angina.12

Therefore, an increase in
catheterization rates will

no doubt increase the number of patients with high-risk
CAD being identified, but it is unclear whether this will
lead to improved survival.

What is clear is that the optimal rate for any procedure
or medical intervention is contextual (e.g., prevalence and
incidence of the disease, net benefits of the procedure, net
benefits of procedures to treat other diseases and total
budget available). The complexity of determining an opti-
mal rate reflects the multiple facets of the question being
addressed. Furthermore, the data required to determine
the optimal catheterization rate are not currently avail-
able, even for the case of an unconstrained health care
system. Thus, although decision-makers might be pressed
to fund an optimal catheterization rate over other alterna-
tives, optimizing the rate is in fact a phantom alternative.
Phantom alternatives are a well-known phenomenon in
decision science:13 they represent an illusory choice — one
that may look real but that is unavailable at the time a de-
cision is made.
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is to change the objective from
optimization to unambiguous
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effectiveness and efficiency 

of the catheterization system.



Where do we go from here?

A more productive alternative is to change the objective
from optimization to unambiguous improvement of the ef-
fectiveness and efficiency of the catheterization system
(Box 1). By finding ways that will continually improve the
system, one will gradually get closer to the optimal rate of
catheterization in the population that one serves. An im-
portant first step would be to act on what we already
know. For example, a recent analysis indicated that, de-
spite universal health care and increases in the availability
of catheterization, there were significant inequities in ac-
cess to catheterization and CABG after myocardial infarc-
tion within regions of Canada related to the socioeco-
nomic status and sex of the patient and the specialty of the
attending physician.14 If such inequities are measurable in
populations of hospitalized patients, they are likely magni-
fied several fold in outpatient populations of referrals for
catheterization, which are initiated in thousands of pri-
mary care practices and specialist offices across the coun-
try. Improved efficiency of the referral process for outpa-
tients might be achieved if standardized methods were
developed, validated and adopted for screening and refer-
ring people at high risk of CAD for further investigations
and possible catheterization; a greater emphasis on objec-
tive criteria would potentially reduce unjustifiable variabil-
ity in access, provide more rapid access for patients who
are likely to gain maximal benefit, and potentially reduce
the size of waiting lists and the morbidity and mortality as-
sociated with waiting.2

Efficiency might also be improved if the available tech-
nology were used more wisely. Between 15% and 30% of
patients undergoing catheterization have a normal or near
normal angiogram.15,16 Can we use our existing resources
better (i.e., increase efficiency) to avoid catheterization in a
proportion of these patients without compromising our
ability to detect those with significant and correctable
coronary anatomy and without compromising other bene-
fits? Recent advances in noninvasive angiography (e.g.,

multi-slice CT angiography), which assesses the severity of
CAD, could divert a large number of patients with low-
risk CAD away from catheterization. However, wide-
spread use of these procedures may paradoxically increase
the number of referrals for catheterization (e.g., in order
to validate a moderate narrowing of a coronary artery
found on CT angiography) in relatively asymptomatic pa-
tients. Similarly, nonselective referral of patients for non-
invasive cardiac testing (e.g., echocardiography, nuclear
stress test) may lead to inconclusive or false-positive re-
sults, which may also serve as a source of inappropriate
catheterization referrals. Standardized referral criteria for
and after noninvasive tests that use formal Bayesian mod-
els, together with periodic audits of referral patterns and
utilization, would help to increase the effectiveness of
these tests. Finally, a realization that inappropriate referral
of patients with little or minor CAD will divert resources
from other health needs and also lead to some harm (e.g.,
increased risk of complications with little chance of bene-
fit, patient anxiety) should lead to some “tempering” of
many physicians’ and patients’ expectations (that all pro-
cedures should be done in all patients). This could help to
set some internal limits within the practice styles of indi-
vidual physician and health care systems. 

Graham and coauthors have done us a service by re-
opening the discussion on optimal catheterization rates.17

However, because it is unlikely that the optimal rate for
any given population can be calculated from available
data, our focus should be primarily on improving efficien-
cies within our current system and viewing rates of
catheterization, or for that matter any procedure, not in
isolation but instead in the context of the overall needs of
the population.6,18
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Box 1:  Approaches to the efficient use of cardiac
catheterization and other diagnostic tests

• State the objective(s) of the test
• Compare the benefits and the harms
• Develop objective criteria for patient referral to maximize

the benefits and minimize the harms
• Incorporate and standardize these referral criteria for use in

all practices, from primary care to specialist
• Audit referral patterns and utilization of the test, with regular

feedback
• Act on the audit results (e.g., if referral patterns are

inappropriate, discuss means of rectifying them)
• Incorporate new evidence, new diagnostic procedures

(e.g., multi-slice CT angiography) into the referral process
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