
The early, non-invasive detection of coronary artery dis-
ease is a major challenge confronting contemporary
cardiology. In particular, the early identification of vul-

nerable plaques that may lead to acute coronary syndromes
(ACS) poses a major dilemma. In recent years, electron beam
computed tomography (EBCT) has been suggested to repre-
sent a useful tool for the detection and quantification of coron-
ary artery calcification, an established marker of coronary
atherosclerosis. In this issue of the journal (see pages
273–80), Anand et al.1 review the role of coronary calcium
imaging with EBCT in the detection of early atherosclerosis in
asymptomatic individuals.  Their message is optimistic but a
number of unresolved issues exist that may, at present, limit
the widespread application of this technique in the general
population.

Calcium, coronary artery disease and prognosis
Clinical and experimental studies have shown a direct corre-
lation among the extent of coronary calcification, atheroscle-
rotic burden and risk of future cardiovascular events.
Although calcium deposits are found mainly in advanced
atheromatous plaques, recent studies have shown coronary
calcification in up to 95% of patients with ACS2 and in young
patients with a first, unheralded myocardial infarction (MI).3

In these studies,3 however, the culprit vessel was not found to
be calcified in all cases and the mean calcium score of culprit
arteries was only marginally higher than that of other arter-
ies. Moreover, studies have shown a similar degree of calcifi-
cation in stable atheromatous plaques compared to ‘vulner-
able’ plaques.4

These observations are intriguing given the consistent
finding in different studies that coronary calcification, as
detected by EBCT or by other means, is a predictor of cardio-
vascular events. Indeed,  Keelan et al.5 reported that in symp-
tomatic patients undergoing angiography, extent of coronary
calcification on EBCT correlated with angiographic extent of
coronary artery disease and was highly predictive of future
cardiac events. Although findings in the study of Keelan et al.5

are of interest, this study is not without limitations.  A rela-
tively small group of patients were recruited who underwent
EBCT at the time of diagnostic coronary arteriography.
Furthermore, the assessment of patient outcome was an
opportunistic end point as the original aim of the study was

to assess the correlation between EBCT calcium scores and
extent of angiographic coronary artery disease. The Pohle
study,3 which was carried out in young patients with a first
MI, also has limitations as it involved a small number of sub-
jects and controls were selected retrospectively.  

More recently, the St Francis Heart Study, a prospective,
randomised study involving over 5,800 asymptomatic sub-
jects without signs or a history of coronary disease, was pre-
sented (non peer-reviewed report).6 This study was carried out
to assess whether EBCT scanning provides additional diag-
nostic information compared to the Framingham-derived
prognostic criteria. In the St Francis Heart Study, 122 subjects
developed at least one of the following events over a mean
of 4.3 years of follow-up: coronary death, non-fatal MI,
myocardial revascularisation, peripheral vascular surgery or
stroke. High EBCT-derived calcium scores predicted the occur-
rence of cardiovascular events with ‘unprecedented accura-
cy’. The trial confirmed results of previous studies regarding
the high sensitivity but low specificity for coronary disease
when low EBCT scores are found. The positive predictive
value for high (> 600) EBCT calcium scores was rather disap-
pointing at 14%. Although the St Francis Heart Study was a
large, well-designed trial, the selected composite end point
may represent a limitation of the study. Surgical and/or per-
cutaneous intervention could have been influenced by EBCT
results.

Calcium and plaque vulnerability
It is established that coronary atheromatous plaques respon-
sible for ACS are not necessarily severe.  Rapid coronary artery
disease progression is rather unpredictable and has been
shown to be determined by a number of complex mecha-
nisms including, among others, inflammation and thrombo-
genesis. The mechanisms responsible for both plaque insta-
bility and rapid disease progression are not completely under-
stood at present. Understanding these processes is crucial for
the identification of diagnostic strategies and the selection of
clinically relevant markers of risk. Imaging techniques,
catheter devices and biochemical tests are currently being
assessed in the search for markers of plaque instability and
risk of rapid coronary stenosis progression, particularly in
asymptomatic individuals. Preliminary results with EBCT are
promising and these have been discussed by Anand et al.1
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Why are high EBCT calcium scores good predictors of risk?
Is it just because they reflect the presence of extensive coron-
ary artery disease or is it because calcification, at least in its
earliest stages, is the expression of both atherogenesis and
inflammatory activity? The role of calcification in atherogene-
sis and atheromatous plaque disruption, if any, is not well
understood. It has been suggested that calcified stenoses and
hypocellular fibrotic plaques are less prone to disruption7 and
this contrasts with the finding that high calcium scores are
associated with increased risk of cardiovascular events. 

The role of calcium in arterial remodelling is also contro-
versial. Burke et al.8 reported that calcification occurs primar-
ily in areas of apoptosis or lipid cores, initially as microscopic
deposits. Plates of calcium later develop in the fibrotic plaque
and calcium granules can be detected in lipid cores highly
infiltrated by macrophages. The latter finding is interesting
and may provide a link between calcification, inflammation
and plaque vulnerability. Remodelling in the Burke study8 was
associated with the presence of the two forms of calcium
within the plaque, casting doubts as to the true role of
inflammation in this setting. 

Coronary calcification, as detected by EBCT, can be
reversed by pharmacological interventions known to improve
patient survival and to reduce plaque instability, i.e. treatment
with HMG-CoA reductase inhibitors (statins).9 This finding, if
confirmed, will be of paramount importance regarding the
usefulness of EBCT for the assessment of disease progression
and the effects of different therapeutic interventions on
plaque instability.

Due to the fact that plaque vulnerability may have differ-
ent manifestations in different individuals, it is likely that a
combination of techniques, as opposed to a single unique
tool, will be required to accurately identify individuals at risk.
We concur with Anand et al. that EBCT calcium scores may
represent a useful marker of coronary disease extent in
asymptomatic individuals. Further evidence, including health
economic analysis, is required before EBCT can be proposed
as a tool to screen the UK population. We believe that, at

present, and until more compelling evidence is available,
EBCT should be used only in subjects in whom appropriate
characterisation with conventional markers is inconclusive.  
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