
Abstract

Coronary heart disease (CHD) is the leading cause
of death in the UK. Approximately 50% of
myocardial infarctions occur in patients with no

prior history of CHD or cardiovascular risk factors while
sudden death is often the first manifestation of CHD in
as many as 35% of patients. The realisation that
standard risk factors incompletely predict incident CHD
events has led to the development of several
non-invasive imaging techniques to accurately assess
the risk of CHD over the last decade. Several
epidemiological studies have established that the total
coronary atherosclerotic plaque burden is a powerful
predictor of future hard coronary events (myocardial
infarction and death). This article reviews the role of
electron beam computed tomography (EBCT) in the
early detection of subclinical coronary artery disease,
the identification of ‘high-risk’ asymptomatic patients
for intensive medical intervention, and its role in
evaluating the progression of coronary artery disease
and in monitoring the efficacy of medical therapies.
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Introduction 
Coronary heart disease (CHD) is the leading cause of death in the
UK and accounted for 125,000 deaths in the year 2000. Despite
recent improvements, the death rate from CHD in the UK is
amongst the highest in the world.1 Hence accurate risk assessment

is assuming an increasing role in identifying high-risk individuals for
intensive medical intervention to reduce the risk of CHD.

Risk stratification in CHD – the role of conventional
and emerging techniques
Approximately 50% of myocardial infarctions (MIs) occur in
patients with no prior history of heart disease or risk factors.
Sudden death is often the first manifestation of CHD in up to
35% of patients.2 Since standard cardiovascular risk factors
incompletely predict incident CHD events, alternative methods to
predict the risk of CHD are required.3-5 Recent investigations have
shown that various markers of systemic inflammation can predict
the risk of future CHD events in healthy men and women. These
include high sensitivity C-reactive protein (CRP), fibrinogen, plas-
minogen activator inhibitor-1 (PAI-1), cytokines (e.g. IL-6 and TNF
alpha), chemokines (e.g. monocyte chemoattractant protein-1
[MCP-1]), intercellular adhesion molecules (e.g. intercellular cel-
lular adhesion molecule-1 [ICAM-1]), vascular cell adhesion mol-
ecule-1 (VCAM-1) and E-selectin. However, their role in everyday
clinical practice remains to be established.6-9

It is well recognised that the majority of acute coronary syn-
dromes (approximately 70%) occur from rupture of haemody-
namically insignificant or non-obstructive coronary artery plaques
representing a luminal stenosis of less than 50% diameter.2

Furthermore, several epidemiological studies have shown that
the total coronary atherosclerotic plaque burden is a better pre-
dictor of future hard coronary events (MI and death) than the site
or severity of coronary luminal stenosis.10-13

Established non-invasive methods of evaluating coronary
artery disease – such as exercise electrocardiography, radionuclide
myocardial perfusion imaging and stress echocardiography – can
detect lesions only when they limit coronary artery blood flow
(> 50% luminal stenosis or more). They also cannot estimate the
total coronary plaque burden. Although coronary angiography
yields a high accuracy for the detection of haemodynamically sig-
nificant stenoses, its sensitivity in demonstrating mild-to-moder-
ate disease and in estimating total coronary plaque burden is
inadequate.14,15 Comparative studies of coronary angiography and
intravascular ultrasound (IVUS) demonstrate the existence of sig-
nificant atherosclerosis in angiographically normal coronary artery
segments,14 since vascular remodelling can compensate for lumin-
al narrowing that occurs due to mild-to-moderate intimal
plaques, by vessel enlargement.16 Hence IVUS offers a distinct
advantage over angiography for detection of atherosclerosis,
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especially in the early stages, and it is considered the reference
standard for detection of atherosclerotic plaques.17 Both coronary
angiography and IVUS require invasive cardiac catheterisation,
which is still associated with complications.

In the past decade, several imaging modalities have been
utilised to assess the prognostic significance of atherosclerosis
discovered non-invasively such as vascular ultrasonography, elec-
tron beam computed tomography (EBCT) (GE-Imatron, South
San Francisco, California), multislice computed tomography
(MSCT) and magnetic resonance imaging (MRI). This article will
focus on the role of EBCT in the early detection of subclinical
coronary artery disease and hence the identification of ‘high-risk
patients’ for intensive medical intervention (figure 1).

Coronary calcium and atherosclerosis
Physicians recognised the association of calcified coronary arter-
ies and the development of symptomatic coronary artery disease
nearly 200 years ago.18 In 1959 Blakenhorn defined the close
relationship between coronary artery calcium and coronary ath-
erosclerosis19 (figure 2). Initial studies based on the fluoroscopic
detection of coronary calcium were limited by marginal sensitivi-
ty and the inability to quantify the amount of coronary calcium.
The introduction of EBCT as a new application of X-ray imaging
in the mid 1980s led to a re-evaluation of coronary calcium as a
marker for coronary atherosclerosis, due to its improved sensitiv-
ity for detecting vascular calcium and its inherent ability to quan-
tify density and volume.20

EBCT – the technology
EBCT uses an electron gun and a stationary tungsten ‘target’
rather than a standard X-ray tube to generate X-rays, permit-
ting very rapid scanning times. EBCT is well suited for the imag-
ing of coronary arteries with its unique combination of three-
dimensional capabilities (3-D), its high spatial (9 line pairs/cm)
and temporal resolution (50 msec), and its ability to trigger
image acquisition to the electrocardiogram, which virtually
eliminates motion artifacts related to cardiac contraction. For
the purposes of detecting coronary calcium, 30 to 40 serial
transaxial images are obtained in 50–100 msec (the acquisition
time for a single image), with a slice thickness of 3 mm during
a single breath hold. The unopacified coronary arteries are
easily identified by EBCT because the lower CT density of peri-
arterial fat produces a marked contrast to blood in the coronary
arteries, while the mural calcium is evident because of its high
CT density relative to blood. Examples of no, moderate and
heavy proximal coronary calcification are illustrated in figure 3.
The scanner software also allows quantification of coronary cal-
cium area and density. Agatston and colleagues developed a
calcium scoring algorithm based on the X-ray attenuation coef-
ficient (or CT number measured in Hounsfield units) and the
area of calcium deposits.21 More recently Callister and associ-
ates have described an alternative method of determining
EBCT calcium score, which has less variability and hence better
reproducibility by quantifying the actual volume of coronary
plaque (calcium volume score).22

Figure 1. A 31-year-old man with a positive family history of premature CAD was referred for cardiovascular assessment. He had borderline hypertension 
and a serum total cholesterol of 5.6 mmol/L with a low density lipoprotein cholesterol of 3.2 mmol/L. He was asymptomatic with a negative 
exercise tolerance test. a) and b) show the EBCT imaging, which revealed the presence of significant coronary calcification in all three coronary 
arteries with a CAC score (Agatston) of 1,180. Subsequent non-invasive evaluation for obstructive CAD with myocardial perfusion SPECT 
(Tc-99m sestamibi), seen in c), showed significant reversible perfusion defects in the anteroseptal and inferior walls (white arrow). d) shows the 
coronary angiogram which revealed a 95% proximal LAD artery and an eccentric 40% stenosis in the distal right coronary artery. He subsequently 
underwent PTCA/stenting of the proximal LAD artery in addition to aggressive medical management
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Key: CAD = coronary artery disease; SVC = superior vena cava; PA = pulmonary artery; AO = ascending aorta; LAD = left anterior descending; LMS = left mainstem
coronary artery; RA = right atrium; RV = right ventricle; LA = left atrium; LV = left ventricle
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Coronary calcium to assess coronary plaque burden
Coronary artery calcium is intimately associated with mural athero-
matous plaque and is pathognomonic of atherosclerosis.23-25

Clinical26-28 and histopathological29-31 studies confirm the close corre-
lation between the extent of coronary artery calcification (CAC) and
burden of atherosclerotic coronary disease. The total area and vol-
ume of coronary artery calcification, determined by EBCT, correlates
in a linear fashion with the total area of coronary artery plaque on
a segmental basis.32 The EBCT coronary calcium score may not
always predict the existence of significant luminal narrowing, but
the sensitivity of EBCT to detect obstructive luminal disease increas-
es with higher plaque burden (especially with an Agatston score of
400 or more).33-36 A negative EBCT test (absence of coronary calci-
um) makes the presence of atherosclerotic plaque including unsta-
ble plaque very unlikely – this usually occurs in people with angio-
graphically normal coronary arteries and is consistent with low risk
of a cardiovascular event in the next two to five years.37

Prognostic value of coronary artery calcification
The extent of CAC predicts the risk of future hard cardiovascular
events in symptomatic patients and has a better prognostic value
compared to coronary angiography.38,39 Furthermore there is a
direct relationship between increasing calcium scores and the
occurrence of subsequent cardiac events (figure 4). Several
prospective randomised trials have established the predictive
value of CAC for future coronary events in asymptomatic indi-
viduals with varying risk factor profiles.40-46 In a recent study,
Raggi et al. demonstrated that a high calcium score (> 1,000) on
a screening EBCT in an asymptomatic person predicted a very
high risk of hard cardiac events (death and MI) in the short term
(25% per year)47 (see figure 5). None of the 98 patients in the
above study underwent either non-invasive or invasive testing,
however, as a direct consequence of their EBCT scores. In the
current climate it is unlikely that patients with such extensive
plaque burden would be untreated and it will be interesting to

Figure 3. Single-level non-contrast EBCT scans performed at the base of the heart in three patients. Each scan illustrates the ascending aorta (AO), 
pulmonary artery (PA), superior vena cava (SVC), left atrium (LA), left mainstem coronary artery (LMS) and the proximal left anterior descending 
artery (LAD) with its diagonal branch (D1). Scan a) did not reveal any coronary calcium, whereas scans b) and c) showed moderate and extensive
coronary calcification respectively

a b c

Figure 2. Graph showing relationship between the extent of coronary calcification versus area of atherosclerotic plaque in 522 paired coronary artery 
segments
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see whether EBCT could be used to monitor therapeutic success.
Finally, the prognostic utility of CAC in risk stratifying patients
with acute chest pain syndromes has also been shown.48-50

It is well known that patients with severe coronary stenoses
can often be asymptomatic. In diabetic patients without cardiac
symptoms or signs, but with other cardiovascular risk factors,
silent myocardial ischaemia has been found in 10–30% of
cases.51,52 In a recent study of type 2 diabetic patients Rutter et
al.53 found that silent myocardial ischaemia was the strongest
independent predictor of future CHD events. In a comparative
study Schurgin et al. showed that patients with type 2 diabetes
have a significantly higher prevalence of CAC scores > 400
(25.9%), consistent with a greater atherosclerotic plaque burden
compared with randomly selected (7.2%) and matched non-dia-
betic (14.4%) control groups.54 Adult end-stage renal disease
patients on haemodialysis also have a higher prevalence of coron-
ary calcification which is directly related to their increased risk of
CHD.55 This leads us to an important question. How should we
evaluate asymptomatic patients with high calcium scores further?
(see figures 1 and 5).

Evaluation of asymptomatic patients with high
calcium scores
Mahmarian et al. showed that calcium scores greater than 400
have a strong correlation with the presence of reversible myocar-
dial ischaemia on stress myocardial perfusion single-photon
emission computed tomography (SPECT).56 Myocardial perfusion
imaging by SPECT and stress echocardiography are established
non-invasive techniques to diagnose obstructive coronary artery
disease that can also provide a functional assessment of the
degree of myocardial ischaemia. Since it is well known that the
extent, severity and reversibility of perfusion defects on SPECT
imaging and the extent of inducible wall motion abnormalities

on stress echocardiography have a strong prognostic value,57-62 a
combined approach incorporating EBCT calcium scoring and
SPECT imaging or stress echocardiography may be helpful in
making a diagnosis, evaluating prognosis and monitoring the
response to treatment in such patients. Alternatively, contrast-
enhanced EBCT coronary angiography (EBA) is a promising tech-

Figure 5. A 62-year-old man with treated hypertension and 
hyperlipidaemia was referred for cardiovascular risk 
assessment. He was asymptomatic with a negative exercise 
tolerance test. a) shows the EBCT image which revealed 
extensive triple vessel coronary calcification (Agatston score of
2,788). Further non-invasive evaluation for ischaemia with a 
Tc-99m sestamibi SPECT revealed, as seen in b), a small apical 
infarct (yellow arrow) with extensive reversible ischaemia in 
the anterolateral and inferior walls (white arrow). Coronary 
angiography showed an eccentric 60% stenosis in the distal 
left mainstem coronary artery in addition to severe proximal 
stenoses in the left anterior descending artery, left circumflex 
vessel, obtuse marginal branch of left circumflex and a 40% 
stenosis in the distal right coronary artery with good left 
ventricular function. He subsequently underwent coronary 
artery bypass surgery in addition to institution of aggressive 
medical management
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Figure 4. Bar chart showing coronary event rates based on calcium 
scores
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nique for the non-invasive detection of coronary stenoses of
prognostic importance. Electron beam CT angiography provides
sensitivities and specificities greater than 90% for detecting
high-grade coronary artery stenoses in the proximal and mid
coronary artery segments63,64 and is an excellent tool for evaluat-
ing coronary artery bypass graft patency (figure 6).

Progression/regression trials – effect of lipid-lowering
therapy on coronary calcium scores
The prospect of using EBCT as a tool for monitoring therapy is
exciting. With a low radiation burden in comparison to conven-
tional CT scans65 and a median interscan variability of 5% to 8%,
EBCT can be effectively used to track progression of coronary
atherosclerosis by periodically quantifying coronary calcium.
Several progression studies, using two scans administered > one
year apart, demonstrate significant annual progression (22% to
52% per year).66-68 The annual coronary event rate for patients
who demonstrate significant progression (increase in coronary
artery calcium score > 20% per year) is considerably greater than
that for subjects with lesser rates of progression or even regres-
sion.69 The extent to which the volume of atherosclerotic plaque
decreased, stabilised or increased, on evaluation by EBCT, was
directly related to treatment with HMG-CoA reductase inhibitors
and the resulting serum LDL cholesterol levels.70

Who should be screened by EBCT?
The Goldman criteria71 for a diagnostic test in cardiology are as
follows: it can be used ‘to plan or monitor therapy, to establish a
diagnosis, to define the extent of a known disease, to estimate
prognosis, or to reassure the physician or the patient’. These cri-
teria are consistent with the use of EBCT in specific clinical situa-
tions.72 After evaluating the existing literature on EBCT coronary
calcium imaging in 2000, The American College of Cardiology/
American Heart Association joint task force on clinical expert
consensus documents concluded that EBCT has a role in select-
ed asymptomatic patients in whom standard risk assessment is
considered insufficient.37 Since age appears to be a surrogate
marker for the total coronary atherosclerotic plaque burden, it
has also been suggested that the coronary calcium score should
replace age as a risk factor in Framingham scoring for CHD risk
assessment.73

In our opinion EBCT coronary calcium imaging has an impor-
tant role in the accurate risk stratification of asymptomatic
patients with one or more conventional risk factors for coronary
disease in whom clinical decision making regarding the need for
medical intervention can often be uncertain. Currently the best
example of this strategy is in regard to the decision of whether
to institute cholesterol-lowering drug therapy. It is clear that not
every asymptomatic adult with elevated cholesterol needs statin
treatment nor can society afford it. Directing treatment based on
standard risk factors appears not to be cost-effective.5

Furthermore lack of conventional risk factors does not ensure
absence of future coronary events. In such patients the detection
of significant coronary atherosclerosis can provide a more com-
pelling rationale for drug therapy of average or mild-to-moder-

ately elevated lipid levels. The cost-effectiveness of an approach
employing EBCT (using three different coronary calcium score
[CAC] cut-offs – 37, 80 and 168) as the initial testing tool was
superior to other non-invasive approaches, i.e exercise testing,
stress echocardiography and stress radionuclide imaging (thalli-
um-201) as well as invasive approaches (direct coronary angio-
graphy) in individuals at low/moderate prevalence of obstructive
coronary disease.74

Conclusion
In conclusion, considerable evidence shows that coronary calci-
um is specific for atherosclerotic plaque and that it can be accu-
rately detected and quantified by EBCT. Furthermore, the greater
the EBCT calcium score, the greater the extent and severity of
coronary atherosclerotic disease. There is little question that the
presence of coronary calcium is predictive of future coronary
events in an asymptomatic population. This technology also pro-
vides an opportunity to assess the progression of coronary artery
disease non-invasively and monitor the clinical efficacy of med-
ical therapies. Finally, by identifying high-risk patients, EBCT may
help select those patients who would benefit most from addi-
tional testing (e.g. non-invasive stress imaging) and intensifica-
tion of medical therapy. EBCT can have a significant impact on

Figure 6. Three-dimensional reconstruction of the heart, coronary 
arteries and bypass grafts obtained by contrast-enhanced 
EBCT in a 63-year-old man with vein grafts to the left 
anterior descending coronary artery (LAD), diagonal branch 
of LAD, left circumflex artery and right coronary artery. The 
study revealed patent vein grafts to the LAD, diagonal 
branch of LAD and right coronary artery. The saphenous vein
graft to left circumflex (Cx) coronary artery was subtotally 
occluded. This was subsequently confirmed by invasive 
coronary angiography. Since the patient was symptomatic 
with exertional dyspnoea, PTCA/stenting to the left 
circumflex vein graft was performed

Subtotally occluded left Cx vein graft

Patent coronary artery bypass grafts
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early detection and management of coronary artery disease in
the UK population where the incidence of coronary artery dis-
ease is high. 
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Key messages

� Approximately 50% of myocardial infarctions occur in
patients with no prior history of CHD or standard
cardiovascular risk factors

� The presence and extent of coronary calcification is a
powerful predictor of hard coronary events (myocardial
infarction, death)

� Electron beam computed tomography (EBCT) is an
accurate non-invasive technique to quantify the extent
of coronary calcification which strongly correlates with
the total coronary atherosclerotic plaque burden

� EBCT imaging can identify a ‘high-risk’ group of
asymptomatic individuals who would benefit from
further non-invasive testing, aggressive risk factor
modification and intensification of medical therapy

� EBCT can also be used to evaluate the progression of
coronary artery disease and monitor the clinical efficacy
of medical therapies
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