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Upon completion of this activity,
participants should be able to:

Explain the diagnostic accuracy
of MSCT coronary angiography
for the detection of significant
coronary artery disease
compared with conventional
coronary angiography.

o List the limitations of current
MSCT coronary angiography for
coronary artery disease
screening.

Discuss the ability of MSCT
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Assessment of Coronary Stenosis Severity
and Plaque Characterization with

Multislice CT Angiography

By David E. Kandzari, M.D.

million individuals experience a myo-

cardial infarction, contributing to over
600,000 cardiovascular-related deaths.! In more
than half of these fatal events, myocardial
infarction and sudden cardiac
death will be the first and only
presenting symptom of coro-
nary artery disease. Considering
that the common denominator
for nearly all adverse cardiac
events is the anatomic presence
of coronary artery disease, the
need for early identification and

E ach year in the U.S., approximately one

sclerotic plaque activity.”® The need to identify
lesions prone to rupture and clinical sequelae is
particularly urgent given that in most instances,
atherosclerotic plaque rupture and thrombosis
leading to myocardial infarction occur in

treatment of coronary athero-

sclerosis is paramount.
Against a background of

increasing prevalence of coro-

coronary imaging to assess the
components of coronary
atherosclerotic plaque.

Figure 1. High-grade stenosis
(white arrows) in the left anterior
descending artery on MSCT (left)
and conventional coronary

Describe ongoing and forth-

coming trials with MSCT imaging
to refine its role in the detection
of coronary stenoses and plaque
characterization.
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nary artery disease, the
practice of clinical cardio-
vascular medicine has rapidly evolved into a
field characterized by dramatic advances in our
understanding of the pathophysiology,
therapeutic applications, and likely clinical
outcomes for patients considered at high risk
for initial or subsequent adverse events that
include infarction and cardiovascular death.
Recent discoveries have identified systemic
inflammation as predictive of future adverse
outcomes,”” and ongoing trials are examining
the utility of novel catheter-based technologies
to identify “vulnerable” or unstable athero-

angiography (right).

coronary segments without prior angiographic
evidence of significant occlusive disease.’

In many instances, imaging modalities
intended to characterize atherosclerotic disease
and vessel wall anatomy require invasive
measures, including cardiac catheterization and
conventional angiography. More than 1.4
million invasive coronary angiographic
procedures are performed annually in the U.S.!
to evaluate the presence of significant (250%
luminal obstruction) coronary artery stenoses,
define coronary anatomy, and help determine



whether coronary revascularization is
indicated. Aside from its expense, as an
invasive procedure coronary angiography
is associated with a morbidity (e.g., stroke,
bleeding complications, or cardiac ar-
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rhythmias) rate that may be as high as 2%
to 3% and with a mortality rate of 0.4%."
Accordingly, an accurate, noninvasive
assessment of coronary artery plaque
composition and stenosis severity would
constitute an important advancement in
the care of patients with known or
suspected ischemic heart disease.

Over the past five years, the intro-
duction of contrast-enhanced coronary
artery imaging with multislice CT has
represented a revolutionary advancement
from conventional electron-beam tech-
nology, enabling high spatial and
temporal resolution and coordination of
gated cardiac imaging with the electrocar-
diogram and cardiac cycle. In many
instances, the sensitivity and specificity of
MSCT angiography to visualize significant
coronary artery lesions may be com-
parable to cardiac catheteri-
zation (Figure 1). Unlike
invasive coronary angiography,
however, coronary CT angiog-
raphy may not only identify

L?i?igﬁ?ﬁ?iﬁgﬁgﬁ E)r;i); Trial Number Sensitivity (%)  Specificity (%) Negative predictive
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plaque composition. In many of patients value (%)
lerrlf;irl‘gishecizfagéfiﬂiﬂm % | Nieman etal, Circulation 2002 59 95 86 97
vascular lesions even when Mollet et al, JACC 2004 128 92 95 98
disease is not visually apparent Mollet et aI_, JACC 2005 51 95 98 9
by conventional catheter-based | Martuscell et al, /2004 64 89 98 98
angiography. The purpose of Ropers et al, Circulation 2003 71 92 93 97
this review is to examine the Kuettner et al, JACC 2005 72 82 98 97
results of recent trials with Kuettner et al, JACC 2004 66 37 99 92
coronary CT angiography de- Kuettner et al, JACC 2004 60 72 97 97
signed to characterize athero- Hoffmann et al, Circulation 2004 33 63 96 96
sclerotic plaque and disease

Figure 2. MSCT coronary angiog-
raphy of a nonflow-limiting
atherosclerotic plaque located in
the proximal right coronary
artery in longitudinal and cross-
sectional views. Attenuation of
20 to 30 HU is consistent with
lipid-rich (soft) plaque.

severity and present future directions for
clinical investigation.

PATHOPHYSIOLOGY OF UNSTABLE
ATHEROSCLEROTIC PLAQUE

1
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Although investi-
gations to charac-
terize and predict
“vulnerable,” or un-
stable, atheroscler-
otic plaque activity
are ongoing,’”’ a
common histologic
feature is a thin
fibrous cap over-
lying a lipid-rich
core and a dense
inflammatory cell
infiltrate." In many
instances, deep wall
injury may not be
apparent on
catheter-based an-
giography, and lesions underlying
thrombus may be stenotic or nonstenotic,
although nonstenotic lesions are much
more common and are more frequently
identified in culprit ruptured lesions.
Accumulation of lipid-laden macrophages
(“foam cells”), lymphocytes, matrix
metalloproteinases, oxygen radicals, and
even erythrocyte membranes'? contributes
to the eventual destabilization and
fissuring of the plaque, leading to
thrombus deposition and platelet
aggregation. Plaque rupture is the most
common type of atherosclerotic plaque
complication, responsible for approxi-
mately 70% of all fatal acute myocardial
infarctions and/or sudden cardiac deaths.
However, the subsequent clinical presen-
tation is ultimately determined by whether
the thrombotic mass is occlusive, partially
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occlusive, or nonobstructive, and is
influenced by collateral flow, baseline left
ventricular function, the amount of
jeopardized myocardium, diabetes, and
other factors. As a result, patients may
experience severe angina with electrocar-
diographic ST-segment elevation, non-ST-
elevated myocardial infarction, or
unstable angina without elevated cardiac
markers.

Coronary calcification is also a
common finding with atherosclerosis and
may reflect total plaque burden. While the
extent of calcification determined by the
calcium score may predict future cardio-
vascular events,'" distribution of calcifi-
cation is often heterogeneous, and it is
noncalcified lesions that have been
associated with acute coronary syn-
dromes."'* Thus, the ability to precisely
assess coronary atherosclerotic burden,
differentiate calcified from noncalcified
(“soft”) plaques, and quantify disease
progression is essential to the de-
velopment of novel technologies for
coronary artery imaging.

COMPARATIVE TRIALS

Faster gantry speeds, multislice ac-
quisition scanners, and enhanced image
reconstruction algorithms have markedly
improved the spatial and temporal
resolution of noninvasive coronary an-
giography. Exploring the potential for
MSCT angiography to improve diagnostic
performance and enable complete visual-
ization of clinically important coronary
segments, several recent modest-sized
trials have compared the accuracy of
MSCT imaging with invasive coronary
angiography to identify significant (=50%
luminal obstruction) coronary artery di-
sease (see table). Collectively, these trials

TABLE 1. COMPARATIVE TRIALS OF 16-ROW MSCT AND CONVENTIONAL

CONSULTATIONS
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have demonstrated favor-
able sensitivity and speci-
ficity for MSCT coronary
angiography with high
negative predictive value."”>

In the most recent study,
51 patients with stable
angina or atypical chest
pain scheduled to undergo
diagnostic cardiac cath-
eterization were studied
with 16-row MSCT an-
giography.” Patients with
prescan heart rates 270
beats/min received treat-
ment with an oral beta
blocker, and the mean scan
time was 18.9 £ 1 seconds.
All patients with angio-
graphically normal coro-
nary arteries or with sig-
nificant lesions were
correctly identified. Overall,
the sensitivity, specificity,
and negative predictive
value for the detection of significant
lesions on a segment-based analysis were
95%, 98%, and 99%, respectively.

In spite of such encouraging results
with coronary CT angiography, some
limitations do exist before the modality
can be adopted as a routine screening
method for all patients. In previous trials,
for example, the incidence of coronary
segments that have been described as
unevaluable due to motion artifact,
calcification, and low contrast-to-noise
ratio has ranged from 6% to 16%. In
particular, calcification frequently
contributes to an overestimation of
stenosis severity, and motion artifact and
contrast-related image deterioration are
the major reasons for false-negative
findings. In a study by Mollet et al,
although sensitivity in the detection of
significant coronary lesions increased with
greater vessel calcification (87% for
noncalcified lesions versus 98% for heavily
calcified lesions), specificity declined
considerably, from 98% for noncalcified
lesions to 85% for lesions with extensive
calcification.” In a similar trial, Kuettner
et al described an overall sensitivity of
72% and specificity of 97% for 58 patients
undergoing MSCT coronary angiog-
raphy.”? However, when the analysis was
restricted to patients having an Agatston
calcium score <1000 (n = 45), both
sensitivity and specificity increased to
98%.

Coronary calcification may also limit
the role of MSCT in individuals perceived

Figure 3. Simultaneous MSCT coronary angiography and PET imaging for myocardial ischemia. MSCT
angiography identified a severe stenosis of the proximal left anterior descending artery (white arrow)
with lipid and fibrous components determined by plaque characterization software (bottom right). PET
imaging (left) confirmed the functional significance of the stenosis, revealing adenosine-induced
ischemia of the left ventricular anterior, apical, and septal wall segments (Provided by Dr. Salvador
Borges-Neto, Duke Medical Center)

to be at high risk for coronary artery
disease or among patients with angio-
graphically proven disease. Among 66
patients with coronary artery disease
established by conventional angiography,
MSCT correctly identified only 39 of 105
lesions (sensitivity 37%, specificity 99%).”
Artifacts due to elevated heart rates or
severe coronary calcification were the
most frequent causes of poor diagnostic
visualization of coronary segments.
Specifically, “blooming artifact,” which
results from beam hardening effects of
vascular calcium, compromises the
interpretation of diseased segments.
Assessment of luminal obstruction may
also be compromised in small-caliber
vessels in which visualization is at the
limits of spatial resolution with current
technology. Because coronary calcification
so limited assessment, these investigators?!
concluded that when the total calcium
burden exceeds an Agatston score
equivalent of 335, referral for conventional
coronary angiography should instead be
considered.

Finally, patients with pacemakers or
defibrillators, atrial fibrillation, elevated
serum creatinine, and coronary bypass
grafts or stents have also been routinely
excluded from enrollment in comparative
trials, and experience with MSCT
coronary angiography in such patients is
therefore limited. However, trials
examining coronary stent and bypass graft
patency are ongoing. In a preliminary
study of 22 patients with 65 coronary

www.mhsource.com/mru

stents, the sensitivity and
specificity of MSCT to
identify in-stent restenosis
were 78% and 100%.%*
Small stents and stents
with thicker struts were the
most common reasons for
the inability to assess
coronary stent segments.

CORONARY PLAQUE
CHARACTERIZATION

In addition to assessment
of luminal obstruction,
MSCT also permits char-
acterization of the lipid,
fibrous, and calcific com-
ponents of coronary ath-
erosclerotic plaque that
may not be visually ap-
parent by conventional
coronary angiography. For
example, MSCT may en-
able detection of non-
significant coronary soft
plaques responsible for acute myocardial
infarction by providing information on
plaque volume, eccentricity, and density.”
More complete characterization of athero-
sclerosis is particularly relevant since the
extent of calcification detected by
electron-beam CT may represent only
one-fifth of the entire atherosclerotic
plaque burden.” Variable composition of
vascular lesions may be differentiated
according to the relative Hounsfield unit
densities of calcified versus soft plaque
(Figure 2). In general, window levels
measured to differentiate plaque com-
position are: thrombus = 0 to 15 HU; lipid
= 15 to 30 HU; fibrous tissue = 30 to 75
HU; and calcium = 130 to 500 HU. Based
on encouraging results from preliminary
MSCT studies of carotid and coronary
plaque, this imaging modality may be
considered the leading technology for the
rapid and noninvasive assessment of
atherosclerotic disease.

At present, the comparator for
coronary plaque density determined by
MSCT remains lesion echogenicity by
intravascular ultrasound.”* Among 37
patients who underwent both coronary
IVUS and MSCT angiography, 58
evaluable vessels were divided into 3-mm
segments and compared with IVUS
findings.” Density measurements de-
termined by MSCT differed significantly
according to plaque composition:
hypoechoic plaque was 49 + 22 HU,
hyperechoic was 91 + 22 HU, and calcified
plaque was 391 + 156 HU (p < 0.02).
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MSCT correctly classified hypoechoic
(“soft”) plaque in 78% of segments,
hyperechoic plaque (fibrous tissue) in
78% of segments, and calcified plaque in
92% of segments. Assessment of noncal-
cified segments was limited by smaller
plaque and vessel size.

FUTURE DIRECTIONS

In part due to marked heterogeneity in
atherosclerotic plaque composition, the
development of a noninvasive method
that can reliably image coronary stenosis
severity, assess disease burden, and
characterize plaque composition repre-
sents an important advance in our
understanding of vascular disease and
risk stratification. Although further study
is required to evaluate the prognostic
impact of density-based characterization
of coronary atherosclerosis, advances in
CT technology and reconstruction
algorithms have positioned MSCT

angiography as the most promising
noninvasive method for the assessment
of significant coronary atherosclerosis.
Combined with the enhanced spatial and
temporal resolution achieved with newer
generation 64-detector row scanners,
novel software algorithms may not only
enable more accurate assessment of
lesion composition but also permit
earlier treatment with preventive
therapies and assess their effect on
disease progression or regression.

In addition to disease screening and
prevention, ongoing studies will likely
further define the role of MSCT coronary
angiography in clinical decision-making.
In the Comparison of Noninvasive CT
Angiography for Epicardial Coronary
Imaging with Catheter-based Angio-
graphy (CINEMA) trial comparing
MSCT with conventional coronary
angiography, the ability to make de-
cisions regarding revascularization and

medical therapy following blinded review
of both CT and catheterization studies
will be independently evaluated. MSCT
coronary imaging may also assist in
determining the method of revascular-
ization and help predict procedural
success.’’ Further, ongoing studies
evaluating the combination of MSCT
coronary angiography with PET imaging
for myocardial ischemia may prove to be
the most complete noninvasive as-
sessment of both coronary anatomy and
coronary functional significance (Figure
3). While unresolved issues mandate
further clinical trials to refine the place of
MSCT coronary imaging in routine
clinical practice, clinicians can apply the
presently available evidence on MSCT
imaging not only to enable earlier
noninvasive identification of ath-
erosclerotic disease but also to provide
treatment to patients at risk for vascular
events.
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