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Characterization of Noncalcified Coronary
Plagues and Identification of Culprit Lesions
in Patients With Acute Coronary Syndrome
by 64-Slice Computed Tomography

Toshiro Kitagawa, MD,* Hideya Yamamoto, MD, FACC,* Jun Horiguchi, MD,#
Norihiko Ohhashi, MD,* Futoshi Tadehara, MD,* Tomoki Shokawa, MD,*

Yoshihiro Dohi, MD,* Eiji Kunita, MD,* Hiroto Utsunomiya, MD,*
Nobuoki Kohno, MD,+ Yasuki Kihara, MD, FACC*

Hiroshima, Japan

We sought to characterize noncalcified coronary atherosclerotic plaques in culprit
and remote coronary atherosclerotic lesions in patients with acute coronary syndrome (ACS) with
64-slice computed tomography (CT).

Lower CT density, positive remodeling, and adjacent spotty coronary calcium are
characteristic vessel changes in unstable coronary plaques. ’

. Of 147 consecutive patients who underwent contrast-enhanced 64-slice CT examination
for coronary artery visualization, 101 (ACS; n = 21, non-ACS; n = 80} having 228 noncalcified coronary
atherosclerotic plaques (NCPs) were studied. Each NCP detected within the vessel wall was evaluated by
determining minimum CT density, vascular remodeling index (R), and morphology of adjacent calcium
deposits.

The CT visualized more NCPs in ACS patients (65 lesions, 3.1 = 1.2/patient) than in
non-ACS patients (163 lesions, 2.0 = 1.1/patient). Minimum CT density (24 * 22 vs. 42 & 29 Hounsfield
units [HU], p < 0.01), RI (1.14 = 0.18 vs. 1.08 % 0.19, p = 0.02), and frequency of adjacent spotty calcium
of NCPs (60% vs. 38%, p < 0.01) were significantly different between ACS and non-ACS patients.
Frequency of NCPs with minimum CT density <40 HU, Rl >1.05, and adjacent spotty calcium was
approximately 2-fold higher in the ACS group than in the non-ACS group (43% vs. 22%, p < 0.01). In the
ACS group, only Rl was significantly different between 21 culprit and 44 nonculprit lesions (1.26 + 0.16
vs. 1.09 £ 0.17, p < 0.01), and a larger Rl (=1.23) was independently related to the culprit lesions (odds
ratio: 12.3; 95% confidential interval: 2.9 to 68.7, p < 0.01), but there was a substantial overlap of the
distribution of Rl values in these 2 groups of lesions.

Sixty-four-slice CT angiography demonstrates a higher prevalence of NCPs with
vulnerable characteristics in patients with ACS as compared with stable clinical presentation.  (J Am Coll
Cardiol Img 2009;2:153-60) © 2009 by the American College of Cardiology Foundation

From the Departments of *Cardiovascular Medicine, and $Molecular and Internal Medicine, Graduate School of Biomedical
Sciences, Hiroshima University, Hiroshima, Japan; and the $Department of Clinical Radiology, Hiroshima University
Hospital, Hiroshima, Japan.
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= computed tomography

= Hounsfield units

i#3 = intravascular ultrasound

computed tomography

= positive remodeling

= remodeling index

= acute coronary syndrome

= electrocardiogram

= noncalcified coronary
atherosclerotic plaque
= non-5T-segment
elevation myocardial infarction

Kitagawa et al.
Noncalcified Coronary Plagues in ACS on MDCT

he recently developed technology of multi-
detector computed tomography (MDCT) has

the potential to noninvasively identify and
characterize noncalcified coronary atheroscle-

rotic plaques (NCPs) in vivo (1,2). A potentially
interesting application would be the identification
of patients or individual coronary lesions with an
increased likelthood of plaque rupture or erosion,
leading to acute coronary events. Some previous
studies have identified plaque characteristics typi-
cally observed by computed tomography (CT) in

patients with acute coronary syndrome (ACS). Such
characteristics included lower CT density, positive
remodeling (PR), and adjacent spotty calcium deposits
(3,4). We previously reported that, in comparison
with intravascular ultrasound (IVUS), 64-
slice CT allows reliable analysis of the com-
ponents, vascular remodeling, and adjacent
calcium morphology of NCPs and could
docurment that lower CT density, PR, and
adjacent spotty coronary calcium frequently
co-existed in potentially “vulnerable” lesions
(). We consequently hypothesize that these
morphologic factors of NCPs might act
synergistically to increase the risk of ACS.
Although most previous analyses were
limited to culprit lesions in ACS patients
(- ), we designed the study reported here to
characterize all NCPs—including noncul-
prit lesions—in patients with ACS with
64-slice CT. We also compared the NCP
characteristics in patients with ACS with
others with stable coronary artery disease.

Study patients, From November 2006 to October
2007, we enrolled 147 consecutive patients with
proven or suspected coronary artery disease (96 men
and 51 women, 67 = 11 years), who underwent
MDCT angiography for follow-up or diagnosis of
coronary artery disease. Exclusion criteria for MDCT
angiography included cardiac arrhythmias (i.e., atrial
fibrillation or frequent paroxysmal premature beats),
contraindications for iodinated contrast medium, un-
stable hemodynamic conditions, and ST-segment el-
evation myocardial infarction. Furthermore, patients
with previous ACS, percutaneous coronary interven-
tion, and/or coronary artery bypass grafting were
excluded. The study was approved by our hospital’s
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ethical committee, and written informed consent was
obtained from all patients.

We assigned patients to the ACS (non-ST-
segment elevation myocardial infarction [NSTEMI]
and unstable angina) or the non-ACS group ac-
cording to standard criteria (6). Specifically,
NSTEMI was defined as a new finding of ST-
segment depression of >0.1 mm or T-wave inver-
sion of at least 0.3 mm in more than 2 anatomically
contiguous leads and elevation of troponin-I levels
(>0.05 ng/ml). Unstable angina was defined as a
new onset of severe, progressive, or resting angina
without elevation of electrocardiographic (ECG)
ST-segment and troponin-1 level. Patients without
any of these criteria and with stable clinical presen-
tation (equivocal or positive cardiac stress test,
atypical chest pain, or stable exertional chest pain)
were assigned to the non-ACS group.

For all patients in the ACS group, invasive
coronary angiography was performed within 24 h
after MDCT angiography. Vessel narrowing was
measured with quantitative coronary angiography
analysis (QCA-CMS, Version 5.3, MEDIS Med-
ical Imaging Systems, Leiden, the Netherlands) in
the projection that revealed the highest degree of
stenosis, and obstructive stenosis was defined as
luminal diameter narrowing >50% compared with
the reference site. Per patient, 1 single obstructive
coronary stenosis was identified as the culprit lesion.
When multiple obstructive coronary stenoses were
detected, the culprit lesion was defined as the lesion
whose appearance was associated with ECG
changes or as the lesion with the most obstructive
luminal narrowing.

MDCT scan protocol and reconstruction. MDCT an-
giography was performed with a 64-slice CT scan-
ner (LightSpeed VCT, GE Healthcare, Waukesha,
Wisconsin; gantry rotation time, 0.35 s; 64 X 0.625
mm detector collimation, retrospective ECG gat-
ing). Patients with a resting heart rate =60 beats/
min received 40 mg metoprolol orally 60 min before
MDCT scanning; all received 0.3 mg nitroglycerin
sublingually just before scanning. Our scan protocol
and reconstruction methods have been described
previously (). In brief, after a plain scan to deter-
mine the calcium burden of the coronary tree and
measure coronary calcium score according to the
standard Agatston method (sequential scan with
16 X 2.5 mm collimation; tube current 140 mA;
tube voltage 120 kV), we acquired a contrast-
enhanced data set 30 to 50 ml (0.6 to 0.7 ml/kg)
contrast medium (Iopamidol, 370 mg I/ml, Bayer
Healthcare, Berlin, Germany) during an inspiratory
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