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7.4.4

7.4.1
Clinical Background

Acute coronary events, such as unstable angina,
myocardial infraction, or sudden cardiac death, are
usually caused by erosion or rupture of a coronary
atherosclerotic plaque. Exposure of thrombogenic
material to the blood stream leads to platelet aggre-
gation, and the resulting thrombus may partially
or completely occlude the coronary artery lumen,
leading to ischemia and possible myocardial necro-
sis. In the majority of cases, the “culpritlesion”, i.e.,
the atherosclerotic plaque that ruptures or erodes
to initiate the process outlined above, does not
reduce the lumen of the coronary artery to a signifi-
cant extent before the acute coronary event (FALK
1995, LITTLE 1988, LITTLE 1996). Most underlying
lesions are non-stenotic; that is, they do not lead
to significant obstruction of the blood flow prior
to rupture. For this reason, many individuals are
asymptomatic prior to their first coronary event
and acute myocardial infarction or sudden death
often occurs without previous symptoms to alert
the patient to the fact that coronary atherosclero-
sis is present and acute ischemia is about to occur
(HARPER 1979).

Since targeted therapy, such as lipid-lower-
ing medication, can substantially reduce the risk
of coronary artery disease events (SHEPERD 1995,
DowNs 1998), it is necessary to identify individuals
who are at increased risk for acute coronary events
in the asymptomatic stage. Traditionally, the clas-
sical cardiovascular risk factors have been used to
identify individuals at risk - and most professional
societies have endorsed their use to quantify an
individual’s risk for future coronary events. Specific
algorithms have been developed that are based on
atherosclerotic risk factors, such as the Framing-
ham algorithm, which considers age, sex, total and
HDL cholesterol levels, blood pressure, and smoking
status [Adult Treatment Panel III 2001; in some ver-
sions also diabetes (WiLsoN 1998)], or the PROCAM
algorithm, which incorporates age, LDL cholesterol,
trigylcerides, blood pressure, diabetes, smoking, and
family history of coronary disease, but is available
only for men (AssMANN 1993, AssMANN 2002). These
and other risk-prediction algorithms are established
and useful in clinical practice but have limited pre-
dictive power, as the maximum relative risk that can
be predicted is approximately a ten-fold increase
compared to individuals without any risk factors.
However, frequently, patients with acute coronary
events have no “traditional” risk factors at all.

Since coronary disease events are caused by
plaque rupture, it is an intriguing concept to use
imaging methods that permit detection, quantifica-
tion, and possibly also characterization of coronary
atherosclerotic plaque to carry out individualized
risk stratification. Assessment of coronary athero-
sclerotic plaque burden through quantification of
coronary calcification has already been shown to
be of high predictive value concerning the occur-
rence of future coronary events in asymptomatic
individual and to permit better risk stratification
than risk factor analysis (RAaGG1 2000, SHAW 2003,
VLIEGENHART 2002) (also see Sect. 7.2). Since, how-
ever, calcium constitutes only one component of
plaque and non-calcified morphological structures,
such as a large necrotic core and thin fibrous cap,
are usually considered to indicate high propen-
sity towards plaque rupture (BURKE 2003), there is
growing interest in the use of imaging to visualize
and analyze non-calcified coronary atherosclerotic
plaque components.
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7.4.2
Clinical Concepts

Theoretically, plaque visualization and analysis
through imaging may be useful in two related, but
distinct clinical situations. First, in asymptomatic
individuals with a certain constellation of risk fac-
tors, it can be difficult to make decisions about ini-
tiating, e.g., lipid-lowering therapy. Even modern
guidelines leave room for individual decisions; for
example, the NCEP-ATP III guidelines state that in
individuals with 0 to 1 “traditional” risk factor and
an LDL cholesterol level of 160-190 mg/dl, the use
of lipid-lowering medication is “optional”. It is cur-
rently assumed that imaging for further risk strati-
fication is most useful in individuals who, based
on analysis of traditional risk factors, seem to be
at “intermediate risk” for coronary artery disease
events (a risk between 5 and 20% over the next 10
years) (TAYLOR 2003, GREENLAND 2001).

Second, patients who have diffuse or localized
atherosclerotic disease of the coronary arteries,
as demonstrated by invasive angiography, but an
absence of hemodynamically relevant coronary
artery stenoses may profit from further work-up.
There is justified hope that, in the future, imaging
will guide certain interventions to specifically lower
the risk of rupture of plaques deemed to be “vul-
nerable”, i.e., those at high risk to cause ischemic
events. However, even though fitting terms, such as
“plaque sealing”, have already been coined for such
treatments (MEIER 1997, MERCADO 2003), itis a con-
cept that still requires validation since no appropri-
ate studies have been conducted thus far.

7.4.3
Visualization of Coronary Atherosclerotic
Plaques

Invasive coronary angiography, the clinical “gold
standard” for coronary artery visualization, is lim-
ited to providing a “luminogram” of the coronary
arteries. The occurrence of coronary atherosclerotic
plaque is usually accompanied by an outward growth
of the vessel (compensatory enlargement), so that in
spite of growing amounts of atherosclerotic plaque,
thelumenremainsunchanged. This process of usually

referred to as “remodeling” (GLagov 1997). There-
fore, invasive angiography is therefore unsuited to
visualize coronary atherosclerotic plaque (Fig. 7.28),
and, instead, intravascular ultrasound (IVUS) is con-
sidered the clinical method of choice (MinTz 2001).
In IVUS, high-resolution cross-sectional images of
the coronary artery wall are obtained. However, it is
an extremely invasive and expensive modality and
therefore unsuited for routine applications in risk
stratification. Optical coherence tomography is also
an invasive, cross-sectional imaging method that
provides even better spatial resolution than IVUS
(BRENZINSKI 1996, JANG 2002), but much like IVUS
requires the catheter to be introduced into the coro-
nary artery, is thus highly invasive and expensive,
and not suited for routine applications.
Non-invasive imaging modalities that have been
evaluated as to their ability to assess coronary ath-
erosclerotic plaques include magnetic resonance
imaging (MRI) and multi-slice CT (Fayap 2002).
MRI offers the theoretical advantage of being free
of potentially limiting side effects (such as radiation
exposure and the need for contrast injection), but
is fraught with limited spatial resolution and long
examination times. Even though the ability to visu-
alize coronary atherosclerotic plaques in-vivo has
been shown (FAyap 2000, BoTNAR 2000, K1im 2002),
these disadvantages have so far proven to severely
limit clinical applications. Multi-slice CT, by con-
trast, is widely available, can be performed rapidly,
and provides high-resolution images. The evaluation
of multi-slice CT concerning its ability to visual-
ize non-calcified coronary atherosclerotic plaques,
first reported by BECKER et al. (2000), has therefore
been pursued by a number of research groups, With
the increasingly sophisticated imaging technology,
promising initial results have been obtained.

7.4.4
Visualization of Non-calcified Plaques by
Multi-slice CT

While coronary calcifications, due to their high
X-ray attenuation, can be assessed by CT in non-
contrast-enhanced images, visualization of non-
calcified plaque components requires intravenous
contrast enhancement and the use of scan protocols
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Fig.7.28a-d. Case report: A 63-year-old female patient was admitted to the hospital because of chest pain at rest (unstable an-
gina). Coronary angiography showed only non-significant stenosis of the proximal LAD (a). The patient was examined using in-
travascular ultrasound (IVUS) (b) and 16-slice CT (c). Both showed substantial amounts of non-calcified atherosclerotic plaque
in the proximal LAD (arrows). The patient was discharged on aspirin and lipid-lowering medication. Two months after the first
admission, she was admitted to the hospital again with an acute non-ST-elevation myocardial infarction. Immediate coronary
angiography showed a tight stenosis in the proximal LAD (d, arrow). Plaque rupture had occurred at a site that had been free
of significant stenosis but with substantial plaque burden, undetected by invasive angiography, at initial presentation.

with higher spatial resolution - and, consequently,
substantially higher radiation exposure (HuNOLD
2003). Such scan protocols were initially used to
visualize coronary artery stenoses (NIEMAN 2002,
Ropers 2003); however, the observation that non-
calcified coronary atherosclerotic plaque could
frequently be visualized in these high-resolution
CT scans of the coronary arteries (BECKER 2000)
sparked rapidly growing interest in using this imag-
ing modality for the non-invasive detection, quan-

tification, and characterization of coronary plaque
in the context of risk assessment (FAyap 2002,
NAGHAVT 2003). Several studies using 4-, 16-, and
recently also 64-slice CT scanners have confirmed
the ability of multi-slice cardiac CT to visualize
non-calcified or partly calcified coronary athero-
sclerotic plaques (Fig. 7.29), but clinical applications
will require thorough assessment and validation of
the ability of CT to detect, quantify, and perhaps
characterize the composition of coronary athero-
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Fig.7.29a-d. Coronary atherosclerotic plaque visualization with 16-slice CT. a A partly calcified plaque in the proximal LAD is
depicted on an axial cross-sectional image with 1-mm slice thickness. b The cross-section of the LAD lesion shows the partly
calcified plaque (large arrow calcified plaque, small arrow contrast-enhanced coronary artery lumen). ¢ Non-calcified plaque
(arrow) at the proximal LAD visualized with MPR. d Completely calcified plaque (arrow) in the LM in MIP

sclerotic plaques. Such evaluations are currently in
an early stage and firm conclusions as to clinical
applicability would be premature.

7.4.4.1
Detection of Non-calcified Plaques

BECKER et al. (2003) reported a sensitivity of 66%
for the ability of 4-slice CT to detect single coronary
atherosclerotic plaques in ex-vivo heart specimens.
In a recent in-vivo study done with 16-slice CT,
ACHENBACH et al. (2004) analyzed 22 patients (83
coronary artery segments) by IVUS and multi-

slice CT. A sensitivity of 78% and specificity
of 87% for the detection of coronary artery seg-
ments with non-calcified plaque was reported. In
a study of 37 patients, LEBER et al. (2004) com-
pared 16-slice CT to IVUS in 875 coronary artery
segments, each 3mm in length. Similar to the
previous study, the authors also found a sensitiv-
ity of 78% for the detection of non-calcified plaque
(specificity 92% for any plaque). SCHOENHAGEN
etal. (2003) provided area under the receiver operat-
ing characteristics curve values for plaque detection
by 16-slice CT and IVUS in 46 coronary segments
(14 patients). Values of 0.87-0.97 indicated the high
accuracy of 16-slice CT for plaque detection com-
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pared to IVUS (SCHOENHAGEN 2003). LEBER et al.
(2005) compared the performance of new 64-slice
CT technology, with enhanced spatial and temporal
resolution, with those of IVUS in the detection of ath-
erosclerotic plaques in 18 patients and 32 coronary
branches that showed 55 lesions (LEBER 2005). The
authors found a sensitivity of 84% and a specificity
0f 91% in the detection of lesions compared to IVUS
and a significantly increased accuracy compared to
16-slice CT. They concluded that contrast-enhanced
64-slice CT allows for the identification of proximal
coronary lesions with excellent accuracy and that
measurements of plaque and lumen areas correlated
well with the results obtained with IVUS.

The drawback to all of these studies is that they
were small. Thus, so far, information about the accu-
racy and reproducibility of multi-slice CT for plaque
detection is limited, and both systematic validation
of the methodology and further studies on a larger
scale are advisable.

7.4.4.2
Quantification of Coronary Atherosclerotic
Plaques

Currently, knowledge about the ability of CT tech-
niques to quantify the amount of non-calcified coro-

nary atherosclerotic plaque is extremely limited. In
a phantom study, it was observed that under the
prerequisite of using thin slice collimation, multi-
slice CT may permit assessment of plaque volumes,
but systematic overestimation of plaque volumes
may occur (SCHROEDER 2001). ACHENBACH et al.
described a close correlation (r = 0.8) but systematic
underestimation of the mean plaque volume per cor-
onary segment in multi-slice CT (24 + 35 mm?) com-
pared to IVUS (43 + 60 mm?®) (ACHENBACH 2004).
The reason for this may have been the fact that lim-
ited image quality prevented plaque visualization by
multi-slice CT in some segments, thus leading to a
global underestimation of plaque volume.

7.4.4.3
Characterization of Coronary Atherosclerotic
Plaques

Under the assumption that lipid-rich plaques have a
higher risk of rupture with consequent thrombosis
than fibrotic plaques, researchers have tried to use
measurements of CT attenuation values to differ-
entiate plaque types (Kopp 2001). Reports in which
multi-slice CT and IVUS were compared demon-
strated that CT could detect a variety of densities in
coronary atherosclerotic plaques in vivo. In a study

Fig.7.30a,b. Quantification of atheroslcerotic plaque dimensions with 16-slice CT. a Cross-section of
the proximal LAD, with an eccentric atherosclerotic plaque (arrow), reveals a vessel area of 0.23 cm?.
b The corresponding IVUS cross-section determines a vessel area of 0.21 cm?
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of 12 patients, SCHROEDER et al. (2001) found that
plaques characterized as “hypo-echoic” or “soft” on
IVUS - and thus usually assumed to be more likely
to rupture - had a lower mean CT attenuation (14
+ 26 HU) than plaques characterized as “fibrotic”
(91 £ 21 HU) or “calcified” (419 = 194 HU). In the
study mentioned above, LEBER et al. (2004) found
a mean density of 49 £ 22 HU for “soft”, 91 £ 22
HU for “fibrous”, and 391 * 156 HU for calcified
plaques. Similar observations were made ex vivo: In
21 specimens of carotid arteries, lipid-rich plaques
could be distinguished from fibrous plaques by their
mean CT attenuation (39 = 12 HU vs. 90 + 24 HU)
(EsTES 1997), and in ex-vivo heart specimens, den-
sities of 47 £ 9 and 104+28 HU, respectively, were
found for 33 lipid-rich and fibrous plaques (BECKER
2003). Animal models have also confirmed the in-
vivo and ex-vivo findings in human arteries. VILES-
GonzALEZ et al. (2004) reported lipid-rich plaques
with a density of 51 + 25 HU and fibrous-rich plaques
with a density of 116 + 27 HU based on 16-slice
CT scans of rabbit aortas (VILES-GONZALEZ 2004),
(Table 7.9). It should be noted that a potential pitfall
is that CT attenuation values of thrombus overlap
with those measured by CT density for “soft” coro-
nary atherosclerotic plaques. Here, the morphology
of the lesion in relation to the vessel wall may give
further distinguishing information.

Even though these findings are intriguing and
certainly indicate an opportunity to detect and
analyze coronary atherosclerotic plaques non-inva-
sively by CT, it again needs to be pointed out that
the current knowledge is preliminary and that the
clinical implications of these initial findings are still
unclear.

7.4.4.4
Clinical Results

Several smaller studies have investigated the visu-
alization and detection of non-calcified coronary
atherosclerotic plaques in defined patient subgroups
without further validation. FiscuBAcH et al. (2003)
used 4-slice CT in a study of 100 subjects at high
risk according to the PROCAM score. In more
than 80% of cases, the coronary arteries of these
patients showed calcified or non-calcified lesions

(FiscHBACH 2003). The authors suggested classify-
ing these high-risk individuals as pre-symptomatic
patients with subclinical atherosclerosis. LEBER et
al. (2003) carried out contrast-enhanced 16-slice
CT in 21 patients with acute myocardial infarction
and 19 patients with stable angina. While 96% of
plaques were calcified in patients with stable angina,
only 76% of all plaques were calcified in patients
after acute myocardial infarction. Ten percent of
patients with acute myocardial infarction (2 out of
21) had no detectable calcium, but did have detect-
able non-calcified plaques (LEBER et al. 2003). Sim-
ilarly, SCHROEDER et al. (2003) reported that, out
of 68 patients with risk factors for coronary artery
disease, three out of 29 patients without calcified
plaque had detectable non-calcified plaque (ScHRO-
EDER 2003). N1xoLAoU et al. (2003) reported that
seven of 48 (15%) patients investigated in another
series had detectable non-calcified plaque in the
absence of coronary calcification. All of these stud-
ies were limited by the lack of a validation method,
such as IVUS, but the results seem to indicate that, in
some cases, the presence of coronary atherosclerotic
plaque may be possible without detectable calcium.
Since no follow-up was performed in either study,
the prognostic significance of this observation is
unknown and it remains to be clarified whether
the additional effort to detect non-calcified plaque
(investigation time, contrast agent, and radiation)
as compared to coronary calcium imaging alone is
justified, especially since false-positive findings are
well possible.

745
Perspective

Experience collected with coronary calcium detec-
tion by CT over many years provides clear evidence
that the assessment of coronary atherosclerotic
plaque burden by CT can be a useful prognostic
marker. Initial data concerning imaging of non-cal-
cified plaque by CT demonstrated that multi-slice
CT may indeed be able to detect and quantify the
presence and amount of non-calcified plaque with
impressive accuracy and that limited conclusions
concerning the characterization of plaque can be
drawn from measurements of CT attenuation within




220

Chapter 7 - Clinical Indications

Area: 0.17 cm?
Iaensity: 34 HU

Fig.7.31a-c. Visualization and quantitative
measurement of a non-calcified atheroslcerotic
plaque based on 64-slice CT acquisition. VRT
(a) and curved MPR (b) reveal a high-grade ste-
nosis in the proximal RCA and a related non-
calcified lesion (arrow). Automated segmen-
tation of the vessel wall (green), lumen (red),
and lesion (light blue), based on cross-sectional
reformations (c), enables quantification of the
lesion, including measurement of the plaque
area, diameter, volume, density, and mass

Table 7.9. CT attenuation measured in various types of atherosclerotic plaques by multi-slice CT

Author

Material, scanner

EsTEs 1998
SCHROEDER 2001
LEBER 2003
BECKER 2003

Coronary plaque (in vivo), 4-slice
Coronary plaque (in vivo), 16-slice

Coronary plaque (ex vivo), 4-slice

VILES-GONZALEZ 2004 Aortic plaque in rabbit (in vivo), 16-slice

the atherosclerotic lesion. Future developments will
be two-fold: First, steady improvements of scanner
technology has occurred during the past several
years and will continue to occur. Itis thus reasonable
to expect that the accuracy for plaque detection and
the ability to provide some sort of plaque character-

Carotid endatherectomy (ex-vivo), 1-slice

Lipid-rich plaque Fibrous plaque Calcific plaque
39 + 12 HU 90 + 24 HU -

14 +£ 26 HU 91 + 21 HU 419 + 159 HU

49 £ 22 HU 91 + 22 HU 391 £ 156 HU

47 £ 9 HU 104 + 28 HU -

51 +£ 25 HU 116 + 27 HU -

ization will also continue to improve. Second, there
is currently a paucity of clinical data concerning the
prognostic significance of the observations that have
been made so far. Appropriately conducted clinical
trials will need to deliver evidence that multi-slice
CT plaque imaging can provide useful data - either




7.4 - Assessment and Interpretation of Atherosclerotic Coronary Plaques

221

in primary risk assessment of asymptomatic indi-
viduals or, more likely, in the assessment of the
propensity of non-stenotic lesions discovered in
invasive coronary angiography to rupture and cause
acute coronary events at a later time. The recently
introduced 64-slice CT scanners with high spatial
and temporal resolution in conjunction with semi-
automated measurement tools will serve as a robust
basis for further clinical evaluation (Fig. 7.33).

These developments will have to be accompanied
by the design and verification of appropriate treat-
ment methods. The combination of non-invasive
imaging for risk assessment and effective interven-
tions to lower the risk of coronary events will only
then offer a life-saving approach for thousands and
thousands of patients.

References

Achenbach S, Moselewski F, Ropers D, Ferencik M, Hoffmann
U, MacNeill B, Pohle K, Baum U, Anders K, Jang IK, Daniel
WG, Brady TJ (2004). Detection of calcified and noncalci-
fied coronary atherosclerotic plaque by contrast-enhanced,
submillimeter multidetector spiral computed tomography:
a segment-based comparison with intravascular ultra-
sound. Circulation 109:14-17

Adult Treatment Panel III (2001). Expert panel on detec-
tion, evaluation, and treatment of high blood cholesterol
in adults. Executive Summary of the Third Report of the
National Cholesterol Education Program (NCEP). Expert
Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. JAMA 285:2486-2497

Assmann G (1993). Lipid metabolism disorders and coronary
heart disease. MMV-Medizin-Verlag, Miinchen

Assmann G, Cullen P, Schulte H (2002). Simple scoring scheme
for calculating the risk of acute coronary events based on
the 10-year follow-up of the prospective cardiovascular
Muenster (PROCAM) study. Circulation 105:310-315

Becker CR, Knez A, Ohnesorge B, Schoepf U], Reiser MF
(2000). Imaging of noncalcified coronary plaques using
helical CT with retrospective ECG gating. Am ] Roentgenol
175:423-444

Becker CR, Nikolaou K, Muders M, Babaryka G, Crispin A,
Schoepf UJ, Loehrs U, Reiser MF (2003). Ex vivo coronary
atherosclerotic plaque characterization with multi-detec-
tor-row CT. Eur Radiol 13: 2094-2098

Botnar RM, Stuber M, Kissinger KV, Kim WY, Spuentrup E,
Manning WJ (2000). Noninvasive coronary vessel wall and
plaque imaging with magnetic resonance imaging. Circula-
tion 102:2582-2587

Brezinski ME, Tearney GJ, Bouma BE, Izatt JA, Hee MR, Swan-

son EA, Southern JF, Fujimoto JG (1996). Optical coherence
tomography for optical biopsy: properties and demonstra-
tion of vascular pathology. Circulation 99:1965-1971

Burke AP, Virmani R, Galis Z, Haudenschild CC, Muller JE
(2003). 34th Bethesda Conference: Task force #2-What is
the pathologic basis for new atherosclerosis imaging tech-
niques? ] Am Coll Cardiol 41:1874-1886

Downs JR, Clearfield M, Wis S, Whitney E, Shapiro DR, Beere
PA, Langendorfer A, Stein EA, Kruger W, Gotto AJ (1998).
Primary prevention of acute coronary events with lovas-
tatin in men and women with average cholesterol levels:
results of AFCAPS/TexCAPS. JAMA 279:1615-1622

Estes JM, Quist WC, Lo Gerfo FW, Costello P (1998). Nonin-
vasive characterization of plaque morphology using he-
lical computed tomography. J Cardiovasc Surg (Torino)
39:527-534

Falk E, Shah PK, Fuster V (1995). Coronary plaque disruption.
Circulation 92:657-671

Fayad ZA, Fuster V, Nikolaou K, Becker C (2002). Computed
tomography and magnetic resonance imaging for nonin-
vasive coronary angiography and plaque imaging: current
and potential future concepts. Circulation 106:2026-2034

Fayad ZA, Fuster V, Fallon JT, Jayasundera T, Worthley SG,
Helft G, Aguinaldo JG, Badimon JJ, Sharma SK (2000). Non-
invasive in vivo human coronary artery lumen and wall
imaging using black blood magnetic resonance. Circula-
tion 102:506-501

Fischbach R, Heindel W, Assmann G, et al. Multi-slice CT in
asymptomatic high-risk persons (2003). symposium of the
international task force for prevention of coronary heart
disease: an evaluation of emerging techniques for identify-
ing sub-clinical atherosclerosis. Scoul, Switzerland

Glagov S, Bassiouny HS, Sakaguchi Y, Goudet CA, Vito RP
(1997). Mechanical determinants of plaque modeling, re-
modeling and disruption. Atherosclerosis 131:13-14

Greenland P, Smith Jr SC Jr, Grundy SM (2001). Improving
coronary heart disease risk assessment in asymptomatic
people: role of traditional risk factors and noninvasive car-
diovascular tests. Circulation 104:1863-1867

Harper RW, Kennedy G, De Sanctis RW, Hutter AM (1979). The
incidence and pattern of angina prior to acute myocardial
infraction: A study of 577 cases. Am Heart ] 97:178-183

Hunold P, Vogt FM, Schmermund A, Debatin JE Kerkhoff G,
Budde T, Erbel R, Ewen K, Barkhausen J (2003). Radiation
exposure during cardiac CT: effective doses at multi-detec-
tor row CT and electron-beam CT. Radiology 226:145-152

Jang IK, Bouma BE, Kang DH, Park SJ], Park SW, Seung KB,
Choi KB, Shishkov M, Schlendorf K, Pomerantsev E, Houser
SL, Aretz HT, Tearney GJ (2002). Visualization of coronary
atherosclerotic plaques in patients using optical coerence
tomography: comparison with intravascular ultrasound. ]
Am Coll Cardiol 39:604-609

Kim WY, Stuber M, Bornert P, Kissinger KV, Manning WJ,
Botnar RM (2002). Three-dimensional black-blood cardiac
magnetic resonance coronary vessel wall imaging detects
positive arterial remodeling in patients with nonsignificant
coronary artery disease. Circulation 106:296-299




222

Chapter 7 - Clinical Indications

Kopp AF, Schroeder S, Baumbach A, Kuettner A, Georg C,
Ohnesorge B, Heuschmid M, Kuzo R, Claussen CD (2001).
Non-invasive characterisation of coronary lesion mor-
phology and composition by multislice CT: first results
in comparison with intracoronary ultrasound. Eur Radiol
11:1607-1611

Leber AW, Knez A, White CW, Becker A, von Ziegler F, Mue-
hling O, Becker C, Reiser MF, Steinbeck G, Boekstegers P
(2003). Composition of coronary atherosclerotic plaques in
patients with acute myocardial infarction and stable angina
pectoris determined by contrast-enhanced multislice com-
puted tomography. Am J Cardiol 91:714-718

Leber AW, Knez A, Becker A, Becker C, von Ziegler F, Nikolaou
K, Rist C, Reiser MF, White C, Steinbeck G, Boekstegers P
(2004). Accuracy of multidetector spiral computed tomog-
raphy in identifying and differentiating the composition
of coronary atherosclerotic plaques: a comparative study
with intracoronary ultrasound. ] Am Coll Cardiol 43:1241-
1247

Leber AW, Knez A, Ziegler E, Becker A, Nikolaou K, Paul S, Win-
tersperger B, Reiser ME, Becker CR, Steinbeck G, Boekstegers
P (2005). Quantification of obstructive and nonobstructive
coronary lesions by 64-slice computed tomography - a com-
parative study with quantitative coronary angiography and
intravascular ultrasound. JACC 46(1):147-154

Little WC, Constantinescu M, Applegate R], Kutcher MA, Bur-
rows MT, Kahl FR. Santamore WP (1988). Can coronary
angiography predict the site of a subsequent myocardial
infarction in patients with mild-to-moderate coronary ar-
tery disease? Circulation 78:1157-1166

Little WC, Applegate R] (1996). Role of plaque size and degree
of stenosis in acute myocardial infarction. Cardiol Clin
14:221-228

Mintz GS, Nissen SE, Anderson WD, Bailey SR, Erbel R,
Fitzgerald PJ, Pinto FJ, Rosenfield K, Siegel RJ, Tuzcu EM,
Yock PG (2001). American College of Cardiology clinical
expert consensus document on standards for acquisition,
measurements and reporting of intravascular ultrasound
studies (IVUS). ] Am Coll Cardiol 37:1478-1492

Meier B (1997). Plaque sealing or plumbing for coronary artery
stenoses? Circulation 96:2094-2095

Mercado N, Maier W, Boersma E, Bucher C, de Valk V, O’Neill
WW, Gersh BJ, Meier B, Serruys PW, Wijns W (2003). Clini-
cal and angiographic outcome of patients with mild coro-
nary lesions treated with balloon angioplasty or coronary
stenting. Implications for mechanical plaque sealing. Eur
Heart ] 24:541-551

Naghavi M, Libby P, Falk E, Casscells SW, Litovsky S, Rum-
berger J, Badimon JJ, Stefanadis C, Moreno P, Pasterkamp G,
Fayad Z, Stone PH, Waxman S, Raggi P, Madjid M, Zarrabi
A, Burke A, Yuan C, Fitzgerald PJ, Siscovick DS, de Korte
CL, Aikawa M, Airaksinen KE, Assmann G, Becker CR,
Chesebro JH, Farb A, Galis ZS, Jackson C, Jang IK, Koenig
W, Lodder RA, March K, Demirovic ], Navab M, Priori SG,
Rekhter MD, Bahr R, Grundy SM, Mehran R, Colombo A,
Boerwinkle E, Ballantyne C, Insull W Jr, Schwartz RS, Vogel
R, Serruys PW, Hansson GK, Faxon DP, Kaul S, Drexler H,

Greenland P, Muller JE, Virmani R, Ridker PM, Zipes DP,
Shah PK, Willerson JT (2003). From vulnerable plaque to
vulnerable patient: a call for new definitions and risk as-
sessment strategies: Part II. Circulation 108:1772-1778

Nieman K, Cademartiri F, Lemos PA, Raaijmakers R, Patty-
nama PM, de Feyter PJ (2002). Reliable noninvasive coro-
nary angiography with fast submillimeter multislice spiral
computed tomography. Circulation 106:2051-2054

Nikolaou K, Sagmeister S, Knez A, Klotz E, Wintersperger BJ,
Becker CR, Reiser MF (2003). Multidetector-row computed
tomography of the coronary arteries: predictive value and
quantitative assessment of non-calcified vessel-wall chang-
es. Eur Radiol 13: 2505-2512

Raggi P, Callister TQ, Cooil B, He ZX, Lippolis NJ, Russo DJ,
Zelinger A, Mahmarian JJ (2000). Identification of patients
at increased risk of first unheralded acute myocardial in-
farction by electron-beam computed tomography. Circula-
tion 101: 850-855

Ropers D, Baum U, Pohle K, Anders K, Ulzheimer S, Ohnesorge
B, Schlundt C, Bautz W, Daniel WG, Achenbach S (2003).
Detection of coronary artery stenoses with thin-slice multi-
detector row spiral computed tomography and multiplanar
reconstruction. Circulation 107:664-666

Schoenhagen P, Tuzcu EM, Stillman AE, Moliterno DJ, Hal-
liburton SS, Kuzmiak SA, Kasper JM, Magyar WA, Lieber
ML, Nissen SE, White RD (2003). Non-invasive assessment
of plaque morphology and remodeling in mildly stenotic
coronary segments: comparison of 16-slice computed to-
mography and intravascular ultrasound. Coron Artery Dis
14:459-462

Schroeder S, Kopp AF, Baumbach A, Meisner C, Kuettner A,
Georg C, Ohnesorge B, Herdeg C, Claussen CD, Karsch KR
(2001). Noninvasive detection and evaluation of atheroscle-
rotic coronary plaques with multislice computed tomogra-
phy. ] Am Coll Cardiol 37:1430-1435

Schroeder S, Kopp AF, Ohnesorge B, Flohr T, Baumbach A, Kue-
ttner A, Herdeg C, Karsch KR, Claussen CD (2001). Accura-
cy and reliability of quantitative measurements in coronary
arteries by multi-slice computed tomography: experimen-
tal and initial clinical results. Clin Radiol 56:466-474

Schroeder S, Kuettner A, Kopp AF, Heuschmidt M, Burgstahler
C, Herdeg C, Claussen CD (2003). Noninvasive evaluation
of the prevalence of noncalcified atherosclerotic plaques
by multi-slice detector computed tomography: results of a
pilot study. Int J Cardiol 92:151-155

Shaw LJ, Raggi P, Schisterman E, Berman DS, Callister TQ
(2003). Prognostic value of cardiac risk factors and coro-
nary artery calcium screening for all-cause mortality. Ra-
diology 228:826-833

Sheperd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, Macfarlane
PW, McKillp JH, Packard CJ (1995). Prevention of coronary
heart disease with pravastatin in men with hypercholester-
olemia. N Engl ] Med 333:1301-1307

Taylor AJ, Merz CN, Udelson JE (2003). 34th Bethesda Confer-
ence: Executive summary-can atherosclerosis imaging tech-
niques improve the detection of patients at risk for ischemic
heart disease? ] Am Coll Cardiol 41(11):1860-1862




7.4 - Assessment and Interpretation of Atherosclerotic Coronary Plaques 223

Viles-Gonzalez JF, Poon M, Sanz J, Rius T, Nikolaou K, Fayad A, Witteman JC (2002). Coronary calcification detected by
ZA, Fuster V, Badimon JJ (2004). In vivo 16-slice, multi- electron-beam computed tomography and myocardial in-
detector-row computed tomography for the assessment farction. The Rotterdam Coronary Calcification Study. Eur
of experimental atherosclerosis - comparison with mag- Heart J 23:1596-1603
netic resonance imaging and histopathology. Circulation = Wilson PWE D" Agostino RB, Levy D, Belanger AM, Silbershatz
110:1467-1472 H, Kannel WB (1998). Prediction of coronary heart disease

Vliegenthart R, Oudkerk M, Song B, van der Kuip DA, Hofman using risk factor categories. Circulation 97:1837-1847






