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Imaging and Diagnostic Testing

Comprehensive evaludtion of noncalcified coronary
plaque characteristics detected using 64-slice |
computed tomography in patients with proven or
suspected coronary artery disease

Toshiro Kitagawa, MD,* Hideya Yamamoto, MD," Norihiko Ohhashi, MD,* Tomokazu Okimoto, MD,"
Jun Horiguchi, MD,"” Nobuhiko Hirai, MD," Katsuhide Ito, MD,® afid Nobuoki Kohno, MD® Hirosbima, Japan

Bﬂ(kgl'ﬂllﬂd Multislice computed formography has recently been shawn to have the potential fo characterize
noncalcified coronary atherosclerotic lesions (NCALs). We evaluated the relationship omong computed tomography (CT)
density, arterial rémodeling, and the adherent calcium morphology of NCALs detécted using 64-lice CT.

Methods We studied 138 patients with proven or suspected coronary arfery disease who underwent contrast

enhanced 64-lice CT examination. For each NCAL detected within the vessel wall, we determined the minimuin CT density,
remodeling index (Rl = lesion/teference vessel area), and the presence or absence of céronary calcium in or adjacent fo
each NCAL and its morphology. Intravasculor ultrasound (IVUS) wds additionally performed in o subset of 21 patients.

Results A total of 202 NCALs were detected in 97 patients. The mean CT density of 98 lesions with positive
remodeling [PR) Rl >1.05) was significantly lower than that of 104 lesions without PR (25 + 23 vs 56 = 28 Hourisfield units,
P<.001); and spotty calcium was mote frequently observed with the PR lesions than nonPR lesions (59% vs 22%, P < .001).
The mean €T density of the PR lesions with spotty calcium (n = 58) was subsiantially lower than that of the nonFR lesions
without adherent calcium (h = 45) (20 « 20 vs 67 + 24 Hounsfield units, P < .001). Eveluction of the components, R,

and adhérent calcium morphology of 38 NCALs by 64-slice CT wos in close ogreement with the IVUS findings.
Conclusions Lower CT density, PR, and adherent spotty calcium, which may indicate plaque vulnerability, are intimately co-
related in NCALs defected sing 64-lice CT; these findings are consistent with those of IVUS. (Am Heart J 2007;154:1191-98]

Most acute coronary syndromes (ACSS) occur as a
fesult of cotonary plaque rupture at sites Ywith
noncritical Inminal narrowing."* A pathologic study
identified several histologic characteristics of ruptured
plaques such as a large highlipid core and a thin fibrous
cap.” Otherwise, positive remodeling (PR), which is the
change in cross-sectional vessel size that occurs during
the growth of atherosclerotic lesions, is considered to
be associated with plaque vulnerability.*> A previous
study using intrayascular ultrasound (IVUS) demion-
strated that small coronary calcium deposits are
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significantly more frequenf in the culprit lesions of ACS
than in those of stable angina pectoris and that
coronary calcium morphology is associated with
coronary plaque yulnerability.®

Multislice computed tomography (MSCT) has recently
been shiown to have the potential to identify noncalcified
plaques in the coronary arteries in vivo.” Various
components of coronary atherosclerotic plaque, such as
lipid accumuldtion, fibrous tissues, and calcium, can be
distinguished by contrastenhanced MSCT.'*"" It has also
been reported that computed tomography (CT) densities
measured within cororiary plaques reflect the echogenity
and plaque components evaluated by IVUS.'* In good
accordance with the results of IVUS, MSCT is considered
to enable assessment of the remodeling of coronary
atherosclerotic lesions. '

To the best of our knowledge, no MSCT studies have

'documm:cd the relationship among CT density,

arterial remodeling, and the adherent calcium mor-
phology of noncalcified coronary atherosclerotic
lesions (NCALs). The purpose of the present study is
to examine the relationship regarding NCALs detected
using G4-slice CT.
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Methods
Patient population

From December 2005 to November 2006, 138 consecutive
paticnts with proven or suspected coronary artery disease were
enrolled in the study. The patients’ clinical characteristics are
shown in Table I, Thee study population conuined rio pitients
diagnosed as having acure myocardial infarction or unstable
angind pectoris at rest. Patients with cardiac arthythmias Ge,
atrial fibrillation or frequent paroxysmal premature beats) or
contraindications for contrast medium and thoese in unstable
hemodynaric situations were excluded. The study was
approved by ouir hospital's ethical committee, and written
informeéd consent was obtained from all patients.

Multislice computed tomography scan protocol

Helical CTangiography by the electrocardiogeaphic gated
method was performed using a 64-slice CT scanner (Light-
Speed VCT, GE Healthcare, Waukesha, WI; gantry rotation
time 0:35 seconds, 64 % 0.625 mm detector collimation).
Patients with a resting heart rate of =60 beat/min received
40 mg mctoprolol orally 60 minutes before MSCT scanning,
and all received 0.3 mg nitroglycerin sublingually just before
scanping. First, a plain scan was performed to determine the
calcium burden of the coronary tree (sequential scan with
16 % 2.5 mm collimation, tmbe current 140 mA, tube voltage
120 kV). Abnhnojsumaﬂml.coﬂu“tmcdmm (lopa.mldol
370 mg /mL, Bayer Healthcare, Berlin,
injected into the right cubital vein at 4.0 ml/s fnllawtd by a
saline chaser bolus of 20 mL; scanning was started with a
delay according to the contrast transit time detetmined
previously by test injection method. Data acquisition was
performed during an inspiratory breath hold without inhala-
tion of oxygen. Volume data scts were acquired in the helical
mode with simultaneous acquisition of 64 parallel collima-
tions (sequential scan with 64 x 0,625 mm collimation, CT
pitch factor 0.180.24:1, tube current 600750 mA, tube
voltage 120 kV). The CT scanner in our hospital was not
equipped with dosc-modulation function. The effective
radiation dose required for MSCT éxamination was estimated
using the normalized value of effective (lose per doselength
product appropriate to the chest.'*

Reconstruction and evaluation of MSCT images

Raw data of scans were transferred to a computer work-
station (Advantage Workstation Ver.4.2, GE Heilthcare), and
image reconstruction was performed using image-analysis
software (CardlQ, GE Healtheire), A “standard” kernel was
used as the reconstruction filter. According to heart rate, cither
half reconstruction algorithm (tempoml window 175 milli-
seconds) of multisector reconstruction algorithm (temporal
window <175 milliseconds) was selected. The optimal cardiac
phase with the least motion artifacts was chosen individually
by visual inspection of the original axial and multiplanar
reconstruction images.

The CT image ddta set was analyzed by 2 experienced
independent observers, All corondry segments >2 mnr in
diameter were evaluated using curved multiplanar reconstrue-
tion imagés. The examined vessels were viewed in images
reconstructed along the axis of the vessel of interest and in cross-
sectional images perpendicukir to the center line of the vessel
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Table 1. Potienls charocteristics [n = 138]

Age ly) 67 £11 (rangs 36 - 86)
96/42

Body mass index (kg/m?) Htﬁi[ml?-n:l

Hyperlipidemia 70(81)

Dichetes mellitus &4 (46)

Previous or current smoker 49 (50)

Prmmspernﬁurmu toronary interventions 2% (21)
Previous coronary arfery byposs grofiing 12(9)

Dmmwmmtﬁornwﬂw{bmﬂugﬂpfpoﬁm.

(Figure 1). Nonealcified coropary atherosclerotic lesiors were
defined as low-density rasses of >1 mm” in size; located within
the vessel wall and clearly distinguishable from the contrast-
enhanced coronary lumen and the surcounding pericardial
tissue.'* Coronary calcium was defined as a structure on the
vessel wall with a CT density above that of the contrast-
enhanced coronary lumen, or with a CT density of >120
Hounsfield units (HU) that could be assigned to the coronary
artery wall in a plain image, For NCAL and calcium analyses, the
dptimal image display setting was chosen on an individual basis;
in general, the window was betsyeen 700 and 1000 HU and level
between 100 and 200 HU,

Noncalcified coronary atherosclerotic lesion size was first
determined (small or large based on visual assessment with 2
threshold of 50% of vessel diameter) and the CT densities of at
least 5 regions of interests (each region area = 1 mm®)
positioned in each NCAL area weére measured; the minimum
density vilue wis decided as the NCAL density. We positioned
the regions of interests outside of the adherent cilcium deposits,
ayoiding the borders of the corondry lumen and the surrounding
pericardial tissue to minimize the effect of partial volume and
beam hardening effects. We excluded lesions with CT density
>120 HU from NCAL because of the high probability of a
calcified plague.”

We' then measured the cross-sectional vessel area (in square

« millimeters) at each NCAL site by manually tracing the outer

vessel contour (the ‘border to low«density epicardial fat). The
crosssectional vessel area was similarly determined at qm:h
reference site with the least amount of plique, p,roﬂnmlto
and as close as possible to the respective NCAL (in the
absence of a segment without plaque, the least discased
segment between the lesion and the coronary ostlum or major
bifurcations).'* The remodeling index (RD was calculated by -
dividing the crosssectional vessel area at each NCAL site by
that in the reference site. Positive remodeling was defined as
RI =1.05."* We also measured the CT density of a reglon of
interest (region area = 1 mm®) positioned in the ¢enter of
cach reference site Iumen as the contrast 'density within the
coronary lumen..

Finally, we assessed ddherent calcium deposit in or adjacent to
each NCAL by deétermining its presence or absence and
morphology as follows: diffuse, lerjzth (L) of calcium burden
23/2 of vessel diameter (VD) and width (W) 22/3 of VD;
medium, L =3/2 of VD and W <2/3 of VD or L <3/2 of VD and W
2>2/30f VI; spotty, L <3/2of VD and W <2/3 of VD.'® When the
definition of NCAL and the classification of adherent calciiim
varied among the observers, the determination was q.ch.lcvcd by
consensus of the observers.
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Figure 1
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Upper panels shaw NCALs detected by MSCT. A, Curved mulfiplariar reconstruction image shows NCALs {arrow] in the praximal porfion of the left
anferior descending arfery. B, Cross-sedional images show spotty calcium (CT density 261 HU) inthe NCALs {d), and measuréments of CT density
and cross-sectional vessel aréa (B). Lower panels show examples of the acherent coronary calcium morphologies in or adjocent fo NCALs

(arfowheads): €, diffuse fype, D, medium typs; and E, spotty fype.

Intravascular ultrasound

In a subset of 21 paticnts (16 males, age 66 £ 9 years), IVUS of
the respective coronary artery was performed as part of the
invasive diagnostic procédure (motorized puliback at 0.5 mim/s,
40 MHz; Atantis SR Pro2, Boston Scientific, Natick, MA) to
compare the findings of NCALs with MSCT. Each NCAL
visualized by MSCT was identified on IVUS using fiducial
tandmarks such as bifurcations and branches and analyzed by an
independent observer. Noncalcified coronary atherosclerotic
Tesion composition was ¢lassified according to IVUS criteria as
proposed by the American College of Cardiology.'” Hypoechoic
lesions were defined by most tisspe feyealing an echogenity
lower than that of the advenritia. Hyperechoic lesions were
defined by most tissue producing echoes equal to or brighter
than the adventitia. Otherwisé, calcium was defined by the
presence of a bright echogenic signal with scoustic shadowing.
Each NCAL was categorized into 1 of 4 groyps based on the
quantification of adherént calcium deppsits in or adjacent to
each NCAL: (1) no calcium; (2) spotty calciim: a lesion
dssociated with only small calcium deposits within an arc of
<90°; (3) intermediate calcium: a lesion associited with
moderate calcium deposits with an arc of 90° to 180° in > cross-
sectidnal image of the lesion; and (4) exterisive calcium:  lesion
associated with extensive calcium deposits with an arc of >180°
in >1 crosssectional image of the lesion.® The crosssectional
vessel area (in square millimeters) was measured by tracing the
external clastic mernbrane af the site of each NCAL dnd jn the
proximal reference site (segment without plaque proximal to
the respective lesion or the least diseased segnient between the
lesion and the cofonary ostium or major bifurcations).

Remodeling index was calculated by dividing the crosssectional
vessel area at each NCAL site by that in the reference site.

Statistical analysis

All measurements are expressed as mean  SD. The unpaired
# test and analysis of variance were performed to compare
continuous variables between the 2 groups and among the
4 groups, respectively. Categorical variables were compared
using the x* test. The CT density of NCALs was compdred to
the RI measured by MSCT using Pearson correlation, The CT
density of NCALs was tested using a receiver operating
characteristic curve to assess its reliability as a prognostic
variable fdr hypoechoic NCALs on IVUS. Cross-sectional vessel
areas and RI measured by MSCT were compared with those
measured by IVUS usirig Pearson correlation and Bland-Altman
analysis. Interobsecver variability of measured €T densitics was
determined by calculating the Pearson correlation coefficient.
All analyses were performed using JMP 5.0.1 statistical
software (SAS Institute Inc, Cary, NO). A P value of <.05 was
considered Statistically significant.

Results
Parameters during MSCT scanning

Mean heart rates during scanning and mean scan ime
were 60 = 9 heat/min and 7.0 £ 2.0 seconds, respectively.
The estimated effective radiation dose was 15 to 18 mSv.
In all patients, there were no obvious complications of
MSCT scanning.



