
The majority of acute coronary syndromes (ACSs) are the result of a compli-
cation in an atherosclerotic plaque that had not caused a reduction in the
blood stream prior to the episode. The presence of a stenosis, even if appre-
ciable, does not necessarily lead to ischemia in the area supplied by the
stenotic vessel. Even the presence of a complete obstruction does not auto-
matically imply that the area downstream will become necrotic. Therefore,
the stenosis is, in itself, of little diagnostic value in the assessment of perfu-
sion or of contractile function; in other words, the anatomic aspect is often ir-
relevant with respect to the functional one. In two-thirds of ACS patients,
however, there is fragmentation of the plaque. Those plaques that are highly
likely to deteriorate are called “vulnerable plaques” and their histopathologi-
cal characteristics are well-visualized with intravascular ultrasound (IVUS)
imaging. About three-quarters of plaques complicated by rupture involve 50%
of the vessel diameter, and in approximately half of the cases more than 75%.
In two-thirds, the lipidic core occupies > 25% of the volume of the lesion, and
in 80% of cases it expands to occupy > 50% of the thickness of the vessel
wall. Most vulnerable plaques (95%) are located in the proximal segments of
the epicardial branches and only rarely in the distal vessels. Furthermore, the
necrotic core in ruptured lesions is significantly larger (2–22 mm in length,
average 9 mm) than in the intact vulnerable plaque, suggesting that progres-
sive enlargement of the necrotic core is associated with a higher probability of
rupture. Indeed, when the area of the necrotic core exceeds a critical threshold
(25% of the plaque area) the plaque is vulnerable to rupture. It has also been
shown that the necrotic cores associated with plaque rupture occupy > 60° of
the vessel circumference.

These observations underline the diagnostic importance of being able to
non-invasively identify the characteristics that make a plaque vulnerable.

In the 1990s, Agatston proposed the use of a CT electron beam to quantify
coronary calcium. Many studies demonstrated that a high Agatston score, i.e.,
a high calcium content, was associated with a high incidence of coronary
episodes. The annual incidence of adverse episodes in individuals without
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significant calcium content in the coronary tree is approximately 2 out of
1,000. With a coronary artery calcium (CAC) score > 400, the incidence of
coronary episodes rises ten-fold, which translates into 20–50 episodes for
every 1,000 such patients.

In a recent primary prevention study (JACC, 2006), the impact of the CAC
score on the prognosis of 25,000 asymptomatic patients was analyzed with an
average follow-up period of about 7 years. Six score classes, 0, 1–10, 11–100,
101–400, 401–1,000, and > 1000, were defined, with a patient distribution of
44, 14, 20, 13, 6, and 4%, respectively. At the end of the follow-up period, to-
tal mortality was 2% (510 deaths). CAC proved to be an independent predic-
tor of mortality and the relative risk of cardiovascular mortality was 2.2, 4.5,
6.4, 9.2, 10.4, and 12.5 times per score of 11, 100, 101, 299, 300–399,
400–699, 700–999 and > 1,000, respectively (p < 0.0001), compared with a
CAC score of 0. The survival rate after 10 years was 99.4% for a score of 0
and of 87.8% for a score >1,000 (p < 0.0001).

The capabilities of coronary CT are not limited to the quantification of
coronary calcium but also include the identification and measurement of pari-
etal calcium. More importantly, coronary CT can be used to determine the
size of the arterial stenosis and its composition as well as to monitor its evolu-
tion and possible regression. Coronary CT presently has an adequate sensitiv-
ity (83–99%), a high specificity (93–98%), and a high negative predictive
power (95–100%) in its ability to diagnose a coronary stenosis. However, a
review of the literature showed that, in the studies in which these values were
reported, patients suffering from arrhythmia, kidney failure, congenital is-
chemic cardiomyopathy, etc., i.e., conditions that may have altered the popu-
lation of tested patients, were excluded.

In a recent study, coronary CT evaluation of plaques responsible for ACS
registered the following characteristics: the presence of vascular remodeling,
reduced CT density of the plaque (< 30 HU), and the presence of micro-calci-
fications. The simultaneous presence of these three elements was shown to
have a positive predictive power of 95%, while the absence of all three char-
acteristics had a negative predictive power of 100%.

To date, the predictive value of coronary CT remains unproven. Some mi-
nor studies have assessed the prognostic value in patients with chest pain. For
example, a coronary CT negative for stenosis had significant prognostic val-
ue; after one year, the possibility of suffering a coronary episode was almost
none, corresponding to a negative predictive power of 100%. This high nega-
tive predictive power, noted in many studies, suggests that coronary CT is a
diagnostic technique capable of excluding the presence of coronary stenosis
in a subgroup of patients with a low pre-test probability of a coronary condi-
tion. However, CT has limitations, in that with the present technology 
(64-slice scanner) the spatial resolution is 0.4 mm and the temporal resolution
165 ms. A high spatial and temporal resolution is a prerequisite for visualiza-
tion of the coronary arteries. A more invasive technique, catheter coronary
 angiography has a spatial resolution of 0.2 mm, twice that of CT angiography,
and a temporal resolution of ~8 ms, corresponding to the acquisition of 12–30
images per second. The implication is that quantification of a stenosis by
means of coronary CT cannot be as precise as obtained through catheter an-
giography. However, as discussed in other chapters in this volume, it is the
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composition of the plaque in a stenosis rather than the degree of the stenosis
that yields the most significant prognostic information.

The new 128-slice machines speed the acquisition of cardiac images to 4 s
compared to 10–15 s for 64-slice machines. The gantry rotation is 0.3 s and
the temporal resolution 150 ms; thus, the entire heart can be imaged in 4–5 s.
A spatial resolution of 0.24 mm is sufficient to reveal small anatomic struc-
tures.

It is well-established that the likelihood of plaque rupture depends on
plaque composition rather than on plaque volume. Unstable plaques generally
have a higher lipid content than stable plaques, and most ruptures occur in
plaques containing a soft, lipid-rich core that is covered by a thin, inflamed fi-
brous cap. A cap with a thickness < 65 μm is a major characteristic of a vul-
nerable plaque; however this measurement is ten times beyond the present in-
plane resolution of either multidetector-row CT (750 μm) or magnetic reso-
nance imaging (500–780 μm).

In the evaluation of coronary artery disease, we need to move away from
the concept of luminal occlusion and instead focus on the morphological
characteristics of the atherosclerotic plaque. Current disease management
strategy is based on the demonstration of critical luminal obstruction, which
is able to identify the extent of the lesion responsible for symptomatic dis-
ease, but this approach says very little about the prognosis, for which both the
lumen and the vessel wall must be considered. The advent of high-resolution
multi-slice CT (MSCT) imaging allows, for the first time, the composition of
the plaque to be characterized. MSCT is able to detect the large necrotic core,
a major aspect of plaque vulnerability. The larger the plaque volume and
necrotic core, the higher the likelihood of plaque rupture. Recent MSCT in-
vestigations have demonstrated that hypodense areas in the plaque represent
the necrotic lipid cores, and thus so-called soft plaques.

Preliminary studies have confirmed that CT is able to distinguish between
fat tissue, fibrous tissue, and calcium. There is a good correlation between
lowest CT density values and the lipid-laden plaque, as seen on IVUS, where-
as intermediate densities correlate with fibrous lesions. However, overlap be-
tween densities makes the distinction between fibrous and soft plaques prob-
lematic. At present, assessment of a non-calcified plaque remains limited to
studies of very high image quality, beyond that available in daily clinical ap-
plications.

Some plaques with large necrotic cores and outward remodeling should be
characterized by MSCT. Density-based software is able to define the features
of the plaque and identify the necrotic core. The best currently available low-
contrast, high-resolution, and minimum slice-thickness (64 � 0.5) hardware
should allow better differentiation of the fibrous plaque from the soft plaque.

Cardiovascular risk is currently determined by the Framingham score, ac-
cording to which around half the population is at low risk. This means that the
chance of a coronary episode is < 5% over 10 years (< 0.5% per year); 40% of
the population is considered at intermediate risk (5–20% in 10 years, 0.5–2%
per year); and 10% is at high risk (> 20%, > 2% per year).

The concept of “vulnerable patient” has developed alongside the concept of
“vulnerable plaque.” This is a person at high risk, with multiple pathologies
and suffering from coronary, peripheral, and cerebral vasculopathy, diabetes
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mellitus, or kidney failure. In this population, the challenge is to adequately
diagnose vulnerable plaques through non-invasive techniques and to adjust
the therapy on the basis of the information obtained, thereby reaping a
tremendous clinical benefit. Coronary CT has the potential to diagnose vul-
nerable plaques in these vulnerable patients.
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