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Table IL. Relationship omong CT density, drerial remodeling, and ihe adherent colcium merphology of NCAls

NCALs with PR

NCALs without PR
(n =104) P*

(n=98)
NCALs
Reference site
Adherent colcium morphology (n [%])
Absence
Diffuse
Madium
Spoty

25+23
351265

17(18)
?19)
14(14)
58(59)

56+28 <001
346 £ 65 NS

45 (44) <001
21 (20) 03
15(14) NS
23(22) <001

Adh‘ma'll calcium mérphalogy

Abse;loa {n =62y Diffuse (n =30)

Medium (n = 29) SPO“)".'"-BH P

CT density (HU)
NCALs

Reference site 345+ 65
Remodeling index - 100407

56 +30 57+28
33366

1.03£0.19

2524 <001
355+ 63 NS
1.15+019 <001

40425
353 + &9
108018

Data tire expredsed a3 mean £ SD or number
*Statistical significonce wos bosed on unipai Hast or
tStatistical significance was bosed on the analysis of

Findings of NCALs defected by MSCT

A total of 202 NCALs were detected il:l 97 patients (70%,
mean 2.1, range 1-5 lesions per patient), whereas no
coronary atherosclerotic lesions or only calcified coron-
ary lesions were detected in the remaining 41 patients.
The distributions of NCALs wese 19 in the left main trunk,
74 in the left anterior descending artery, 29 in the left
circumflex artery, and 80 in the right coronary artery. One
hundred forty-séven NCALs (73%) were assessed non-
obstructive (<50% stenosis) as detected by MSCT
angiography. Excellent interobserver agteements were
found for the CT densities of NCALs (r = 0.87) and
reference site lumens (r = 0.95).

The numbers of small and large NCALs were 137 and
65, respectively; NCALs with PR (n = 98) had a higher
rate of large size than those without PR (n = 104) (43%
vs 22%, P.= .002). A summary of the relationships
among CT density, arterial remodeling, and the adher-
ent calcium morphology of NCALs is shown in Table II.
The miean CT density of the NCAL with PR was
significantly lower than thdt of the NCAL without PR
(25 = 23 vs 56 = 28 HU, P < .001), and the CT density
had a significant inverse correlation with RI ¢ = —0.52,
£ < .001). There was no difference in the mean CT
density of the reference sité lumen between the PR and
non-PR lesions. Noncalcified coronary atheroselerotic
lesions with PR were more frequently associated with
spotty calcium than those without PR (59 vs 22%, P <
.001), whereas NCALs without PR were more fre-
quently associated with diffuse calcium or absence of
adherent calcium than those with PR. Otherwise, the
mean CT density of NCALs with absence of adherent
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Comparison of CT densities between the PR NCALs with spotty
calcium (20 + 20 HU, n = 58) and non-PR NCALs with absence of
adherent caldium (67 £ 24 HU, n = 45) (P< .001).
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calcium or with diffuse calcinm was higher than that of
others, whereas that of NCALs with spotty calcium was
lower than that of others (absence 56 + 30, diffuse 57 =
28, medium 40 * 25, spotty 25 + 24 HU, P <.001),
There was no differénce in the mean CT density of the
reference site lumen amang the 4 adherent calcium
groups. The mean RI of NCALs with spotty calcium was
largest among the 4 adherent calcium groups (absence
i
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A, Comparison of CT densities batween hypoechoic (18 % 17 HU, n-lﬁ]m:ll-rypndwlcNO&L:oanUSlé?th HU, n =13) (P< 001).

B, Receiver operating characteristic curve analysis of CT density of NCALs for

ifig hypoechoic NCALs, €, Correlafion of cross-sectionol

veudammbdweanNUSandMSCf[n*?é] D, CarraluhonolebarwemNUSandMSCTtn-EB}

1.00 = 0.17, diffuse 1.03 £ 0.19, medium 1.08 = 0.18,
spotty 1.15 £ 0.19, P <.001). P

There wis a substantial difference in the mean CT
density between the PR lesions with spotty calcium (n =
58) and non-PR lesions with absence of adherent calcium
(n = 45) (20 = 20 vs 67 = 24 HU, P <.001) (Figure 2),
whereas there was no differerice in the mean CT density
of the reference site lumen between the 2 groups.

Comparison of NCAL findings between MSCT
and IVUS

The findings of 38 NCALs in the 21 patients were
compared between MSCT and IVUJS. The mean CT
density of hypoechoic lesions (n = 25) was significanty
lower than that of hyperechoic lesions (n = 13) (18 £ 17
vs 67 £ 21 HU, P <.001), and the optimal cutoff point of
CT density for predicting hypoechoic NCALs was 39 HU
with a sensitivity of 92% and specificity of 92% (area
under the curvé 0.97) (Figure 3, A and B). There was no

Tablé Il Consensus lable of VUS and 64-slice CT 1o classify the
adherent calcium morphology of NCALs

vus
64-5lice €T No calcium Spotfy Intermediate Exé i
Absence 74 1 0 0
Spotty 0 12 2 0
Medium 0 1 4 2
Diffuse 0 0 3 6
Data are expressed os the number of NCALs.

d}ffcmnccinthemcancrdcnsityonherefcrenmm
between hypoechoic and hyperechoic lesions on IVUS.
Crosssectional vessel areas measured with MSCT were
sigmﬁmmlyhxguthmthoscmasmedwlthNUS(n:
76, r = 0.88, MSCTIVUS = 10.3 = 3.1 mm?, P <.00D).
Othu-wisc.RImcasuredeMSCchsdymndawdm
those measured with TVUS (n = 38, r = 0.88, P <,001)



1196 Kitogowa et ol

Figure 4

Amarican Haort Journal
Dacamber 2007

y calcium

Curved mulfiplonar recorsiruction image showing NCALs (large afrow] in the proximal porfion of the right coronary artery. A, The cross-
sectional vessel areos of the reference site Gre 25 and 14.0 mm? in MSCT and IVUS, respectively. B, The cross-sectional vessel areas of the
NCALs are 30 and 16.4 mmi? in MSCT and IVUS, respectively. Therefore, Ris are 1.2 and 1.17 in MSCT and IVUS, respectively. The minimum CT
density of the NCAL is 22 HU (small arrow), and IVUS reveals a hypoachoic lesion with echo aftenuation. €, Both images reveol spotfy calcium

contained in the NCAL

(Figure 3, € and D), and Bland-Altman analysis showed a
mean difference of 0.026 = 0.10, which was not
statistically different from zero. The coronary calcium
morphology with NCALs evaluated by MSCT gave close
agreement with that evaluated by IVUS (Table IIT), The CT
densities of all NCALs with medium or diffuse calcium
that were shown as hypoechoic on IVUS were below our
optimal cutoff point (8 lesions, median 25, range 1-36 HU).
Figure 4 shows a representative case in which the NCAL
findings in MSCT are consistent with those in IVUS.

Discussion

To the best of our knowledge, the present study is the
first to report the relationship among CT density, vessel
enlargement, and the adherent calcium morphology of
NCALs detected by G4slice CT and to demonstrate that
lower CT density, PR, and ddherent spotty calcium,
‘which may indicate the NCAL vulnerability, are intimately
co-related. Our results raise the possibility that these
factors regarding NCAL vulnerability may work synergis-
tically in increasing the risk of the occurrence of ACS. We
also demonstrate the high reliability of NCAL findings in
64-slice CT imaging compared to IVUS.

Assessment of NCAL vulnerability with MSCT

In a histopathologic study using postmortém hearts,
Varnava et al’ revealed that coronary plaques with PR had
a higher lipid content and macrophage count. In another
histopathologic study, coronary arterial expansion was

strongly correlated with plaque components such as
calciiim deposits, macrophage infiltrates, and lipid core
formation.'® In line with these previous studies, the
present study confirms that NCALs with PR have lower
CT densities (which indicates lipid-rich plaques) than
those without PR. This finding can be explained by the
fact that lipid-rich material may be more prone to enlarge
in response to an increase in plaque-wall shear styess.'”

Ehara etal® reported in their IVUS study that thie culprit
lesions of acute myocardial inifarction were frequently
characterized by small calcium depdsits, associated with a
fibrofatty plaque and PR. In human coronary lesion
analysis undertaken to test the impact of vessel calcium
on biomechanical stresses in atherosclerotic lesions,
calcium does not appear to decrease the mechanical
stability of the coronary atheroma.”™ We demonstrated
that CT densities of NCALs with spotty calcium were low,
which suggested that the important factor in the
instability of NCALs with spotty calcium might be lipid-
rich components, Taking the above into consideration,
we assume that NCALs with both PR and spotty calcium,
whose CT densities are even lower, may be related to the
most unstable stage during the development of coronary
atherosclerosis (Stary IV/Va).*!

The present study also demonstrated that non-PR
NCALs wete more likely to be associated with the
absence of adherent calcium than PR NCALs, and that
non-PR NCALs with absence of adherent caleium showed
even higher CT densities, indicating lipid-poor plagues.
We consider that this type of NCAL may be related to very
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early stages with less extracellular lipid accumulation
during the development of coronary atherosclerosis
(Stary I/ID, and which are at low risk for ACS.

A previous ultrasound study revealed that 4 large arc of

calcium is identified as an independent negative predictor _

of PR.** Our results also showed that severe calcium
deposits were related to small RI and high CT density. We
consider that this type of NCAL may be related to the
constrictive remodeling stage with a fibrous increasing
component (Stary Vb/Vc); this is likely to be the result of
repetitive plaque rupture and healing, causing shrinkage
of the vessel.”

Reliability of MSCT in comparison fo IVUS

Several previous studies have described that the CT
dénsities of coronary plaques measured by 4slice or
16slice CT are refated to the plaque components
evaluated by IVUS.”'* The present study demonstrates
that 64slice CT perritits 4 reliable analysis of NCALs
regarding the component, arterial rémodeling, and
adherent calcium morphology, in good correlation- with
IVUS. Our data showed that ¢rosssectional vessel areas
measured with MSCT were larger than those measured
with IVUS. One of the reasons for this discrepancy s the
difference in the measured areas between the
2 modalities: in MSCT measurements, we traced the outer
vessel contour that was considered as vessel adventitia,
whereas in IVUS measurements, the external elastic
membrane was used. The other reason is the partial
volume effects that occur at the border of the vessel/
surroundirig pericardial tissue in MSCT images; howeyer,

we considér the usefulness of 64-slice CT comparable to-

that of IVUS in the evaluation of arterial remodeling.

Study limitations

Beam hardening caused by severe calcium may be likely
to increase the CT densities of NCALs; however, our CT
density measurements of lesions that were hypoechoic in
IVUS images were highly reliable despite the presence of
severe cilcium, Otherwise, conitrast density within
coronary lumen may influence on the density values
measured within plaques. In the present study, although
the comparisons of contrast densities within the coronary
lumens (reference sites) sHowed no significant differerice
between or among the respective groups, a method
having smallet différences in coronary lumen contrast
among lesions is required to comparé the CT density
more exactly. Coronary plaque enhidncement during
contrast injection has also been reported in a recent
study,” More precise density measurements that reflect
the NCAL components in CT anglography require further
investigation. The exclusion of lesions with >120 HU
from NCALs may introduce bias because there may be
subsets of unstable lesions with smaller lipid core and
greater calcification. For improvéments in coronary
plaque characterization using MSCT, a dualenergy
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scanning is expected to improve temporal resolution,
whereas an autommated imaging system for classification
of normal tissues in medical imagcsobtaincdﬁumcr
scans is expected to énable clearer evaluation of the
vessel wall. 2425

fin. comiparing MSCT dnd-IVUS findings, the methods
used in determining the adhereént-coronary calcium
morphology differ: for MSCT this was determined based
on both the width and length of the calcium burden,
whereas in IVUS, only the crosssectjonal arc of the
calcium burden was used,

The present study was retrospectively designed and
contained no patients with acute myocardial infarction.
A prospective study that includes these patients is
required to establish a noninvasive method for
detecting rupture-prone coronary plaques and high-
risk patients.

Finally, the refatively high-radiation dose of G4-slice CT
should be emphasized. At present, CT angiography for
coronary plaque imaging alone could hot be
recommended.

Corniclusions

Ouir data demonstrate that G4-slice CT enables a reliable
analysis, of NCALs compared to IVUS, and that lower CT
density, PR, and adherent spotty calcium, which may
indicate the NCAL vulnerability, afe intimately co-related.
Our results agree with previous histopathologic and wUs
findings regarding coronary plaques and may indicate
that these features of NCALs work synergistically in
increasing the risk of the occurrence of ACS. Noninvasive
and comprehensive analysis of NCALs with 64-slice CT
may be useful to detect vulnerable coronary lesions and
“yulnerable patients” at risk for ACS.
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Characterization of Noncalcified Coronary
Plaques and ldentification of Culprit Lesions
in Patients With Acute Coronary Syndrome
by 64-Slice Computed Tomography
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OBJECTIVES We sought to characterize noncalcified coronary atherosclerotic plagues in culprit
and remote coronary atherosclerotic Jesions in patients with agute coronary syndrome (ACS) with
64-slice computed tomography (GT).

BACKGROUND Lawer CT density, positive remadeling, and adjacent spotty coronary calcium are
characteristic vessel ¢hanges in unstable coronary plagues. :

METHODS Of 147 conéecutive patients who underwent contrast-enhanced 64-slice CT examiination
for coronary artery visualization, 101 (ACS; 1 = 21, non-ACS; n = 80) having 228 noncalcified coronary
athetosclerotic plaques (NCPs) were studied. Each NCP detected within the vessel wall was evaluated by
determining minimum CT derisity, vascular remodeling index (RI), and morphology of adjacent calcium
deposits,

RESULTS THe CT visualized moré NCPs In ACS patiénts (65 leslons, 3.1 = 1.2/patient) than In
nén-ACS patients (163 lesions, 2.0 = 1.1/patient). Minfmum CT density (24 + 22 vs, 42 = 29 Hounsfield
units {HU], p < 0.01), Rl (1.14 = 0.18 vs. 1.08 = 0.19, p = 0.02), an:( frequency of adjacent spotty calcium
of NCPs (60% vs. 38%, p < 0.01) weré significantly different between ACS and nbn-ACS patlents.
Frequency of NCPs with minimum CT density <40 HU, Rl >1.05, and adjacent spotty calclum 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, anly 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 lesiahs.

CONCLUSIONS Sixty-four-slice CT anglography demonstrates a higher prevalence of NCPs with
vulnerable characteristics In patients with ACS as compared with stable clinical presentation. (J Am Col)
Cardiol Img 2009;2:153-60) © 2009 by the American College of Cardiology Foundation
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Noncalcified Coronary Plagues in ACS on MDCT

ABBREVIATIONS
AND ACRONYMS

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 likelihood 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

See page 161

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
caldium morphology of NCPs and could

ACS = acute (oronary syndrome
€T = computed tomography
ECG = electrocardiogram

HU = Hounsfield units

IVUS = intravascular ultrasound

MOCT = multidetector
computed tomegraphy

HCP = noncalcifind coronary
athérosclerotic plague

RSTEMI = non-5T-segment
elevation mydcardial infarction

PR = positle remodsling
Rl = remodeling index

document that lower CT' density, PR, and
adjacent spotty coronary calciurh frequently
co-existed in potentially “vulnerable” lesions
(5). We conséquently ize that these
morphologic factors of NCPs might act
synergistically to increase the sisk of ACS.
Although most previous analyses were
limited to culprit lesions in ACS patients
(3,4), we designed the study reported here to
characterize all NCPs—including noncul-
prit Jesions—in patients with ACS with
64-slice CT. We also compared the NCP

characteristics in patienfs with ACS with
others with stable coronary artery disease.

METHODS

Study patients, From November 2006 to October
2007, we enrolled 147 consécutive patients with
proven or suspected coronary artery discase (96 men
and 51 women, 67 * 11 years), who underwent
MDCT angiography for follow-up or diagnosis of
coronaty artery disease. Exclusion eriteria for MDCT
angiography included cardiac arrhythmias (ie., 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, percutancous coronary interven-
tion, and/or coronary artery bypass grafting were
excluded. The study was approved by our hospital’s

JACC: CARDIDVASCULAR IMAGING, VOL. 2, NO. 2. 2009
FEERUARY 100#:153-680

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 2s a new finding of ST-
segment depression of >0.1 mm or T-waye 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 onsct of severe, progressive, or resting angi
without elevation of electrocardiographic {EgG)
ST-segment and troponin-I level. Patients without
any of these criteria and with stable clinical presen-
tation (equivocal or positive cardidc 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, Vession 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
h’m—inal nal'mwi;lg;

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 (5). In brief, after a plain scan to deter-
mine the calcium burden of the coronary tree and
measure coronary calcium score according to the
staniddrd Agatston method (sequential scan with
16 % 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)
congrast medium (Iopamidol, 370 mg I/ml, Bayer
Healthcare, Berlin, Germany) during an inspiratory
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breath-hold. The volume data set was acquired in
helical mode (64 % 0.625 mm collimation; CT
pitch factor, 0.18 to 0.24:1; tube current, 600 to 750
mA with ECG-correlated tube current modulation;
tube voltage, 120 kV), The effective radiation dose
was estimated on the basis of the dose-length
" product and ranged from 15 to 18 mSv (5): Image
reconstruction was rmed with image-analysis
software (CaydIQ, GE Healthcare) on a dedicated
computer workstation (Advantage Workstation
Ver.4.2, GE Healthcare). A “standard” kernel was
used as the reconstruction filtér. Depending on
heart rate, either 4 half-scan (temporal window =
175 ms) or multi-segment (tempora] window <175
ms) réconstruction algorithm was selected, and the
optimal cardiac phase with the least motion artifacts
was chosen individually.

Evaluation of NCP characteistics, All coronary seg-
ments >2 mm.in diameter were evaluated by 2
blinded and independent obsérvers with cutved
multiplanar reconstructions and cross-sectional im=
ages rendered perpendicular to the vessel center
line. The definitions of NCPs and coronary calcium

were as follows (5): NCP: a low-density mass >1

mm? in size, located within the vessel wall and
clearly distinguishable from the contrast-enhanced
coropary lumen and the surrounding pericardial
tissue; coronary calcium: a structure on the vessel
wall with a CT density above that of the contrast-
enhgnced coronary lumen or with a CT' density of
=120 Hounsfield units (HU) assigned to the cor-
onary artery wall in a plain image, For NCPs and
calcium analyses, the optimal image display sctting
was chosen on an individual basis; in general, the
window was between 700 and 1,000 HU, and the
level between 100 and 200 HU.

As previously described (5), we determined the
minimum CT density in each NCP by placing at least
5 regions of interest (area = 1 mm?) in each lesion and
docuntenting the lowest average value of all regions of
interest, and on the basis of our previous results (5),
low-density NCPs were defined gs lesions with 2
minimum CT density of <40 HU. We also detet-
mined the extent of luminal enhancement of each
monarylcsioabyphcing‘smgimofimem(grca=
1 mm?) in the center of the coronary artery lumén at
the respettive reference segmenit. On the basis of
measurements of the cross-scctional vessel areas
(mm?) at-edch NCP site of maximun vessel area and
each proximal reference site of the same coronary
artery, we calculdted the “Remodeling Index” (RI).
Positive remodeling was defined as RI >1.05 (7).
Fmﬂfy,m_mmedcqldumd&posilsinmadjmmtm
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cach NCP by determining their presence or absence
and their morphology. Spotty calcium was defined as
follows: 1 of calcium burden <<3/2 of vessel
diameter and width <2/3 of vessel diameter (8). If the
initial classification of NCP and ‘adjacerit calcium
differed among the 2 independent observers; final
classification was achieved by consensus,

Statistical analysis. Coronary calcium score is ex-
préssed as median value and fange, and other mea-
surements are expressed as mean * SD, Continuous
and jcal variables were ¢ompared with the
Intetobsesver variability of measured CT densities and
cross-sectiohal vessel areas was determined by calou-
lating Pearson’s correlation cocfficient. In comparisons
between ACS and non=ACS lesions and culprit and
nbnmlpritlcsiom,w:usedonlquiunspodﬁcfamrs,
not including patient characteristics because lesions
clustered in a single patient. Parameters of NCPs were
tested with a receiver<operator characteristic curve to
assess their reliability as prognostic variables for pre-
dicting ACS culprit lesions. Logistic regression was
used to examine the assdciations between NCP char-
acteristics (RI, presence of adjacent spotty calcium,
NCP CT density, and reference site CT density) and
ACS culprit lesions for multivariate analysis adjusted
for the location of NCPs. All analyses were done with
JMP 5.0.1 statistical software (SAS Institute Inc,
Cary, North Caroling). A p value of <0.05 was
considered statistically significant.

RESULTS

Baseline characteristics. The mean heart rate during
scanning was 61 & IObwﬁ/mhummmﬁmzﬁir
coronary CT angiography was 6,3 - 2.1 5. No patient
experienced any complication due to MDCT, and no
patient was excluded from arsalysis due to poor image
quality of the 64-slice CT,

Of the 147 patients, 46 (31%) had no NCPs gs
detected by 64-slice CT anglography (31 patients
had no coronary atherosclerotic lesions, and 15
patients had only calcified coronary lesions), and all
46 had presented with stable symptoms. In the
remaining 101 patients (69%) (21 patients with
ACS [8 NSTEMI and 13 unstable angings] and 80
of 126 patients with stable clinical presentation
[non-ACS: no symptom, atypical chest pain, or
stable exertional chest pain]), CT angiography al-
lowed detection of at least 1 coronary lesion that
contained nonealcified components. A total of 228
NCPs were visualized (on average, 2.2 = 1.2/
patient; range, 1 to 5 lesions/patient). Clinical
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Teble 1. Patients’ Characteristics
ACS Group  Non-ACS Group
(n = 21) (n = 80) p Value
Age {yrs) 66+ 11 698 NS
Male/fermale 17/4 s1119 NS
Hypertension 13(62) 53(66) NS
Hyperlipidemia 12 (57) 37 (40) NS
Diabetes mellitus 8 (38) 39 (49) NS
Previaus or 12(57M 45 (56) NS
current smoker
Statin use 8(38) 22(29) Ns
Heart rate 597 59+9 N5
(beats/min)
Body mass index B=x3 M4 NS
(kg/m?) -
Coronary calcium 184 (0-1,550) 107 [0-4,656) NS
score
N = 101. Coroiry calciym score (s expressed as medlan value (range). Other
duty are the mean value = 5D o n (W) of patients.
ACS = acute corgnary syndrome.

characteristics of the 101 patients with NCPs are
shown in Table 1. There were no statistically
significant differences between ACS and non-ACS
groups. Figure 1 shows MDCT and invasive angio-
graphi¢ findings in a case with ACS.
Comparisonis of NCP findings between ACS and non-
ACS patients. Sixty-five and 163 NCPs were detected
in thc ACS (n = 21) and non-ACS (n = 80) group,
. The location of NCPs in the ACS and
non-ACS groups was similar (6% and 10% in the left
main coronary artery, 37% and 39% in the left anterior
descending atery, 209% and 15% in the left circumflex
artery, 37% and 36% in the right coronary artety,
respectively). The mean number of NCPs/patient was
significantly higher in the ACS group (31 %= 1.2)
than in the non=ACS group (2.0 = 1.1,p < 0.01).
CompmsonsofNCthammmbcmmﬂmZ
groups dre shown in Table 2. Excellent inter-bbserver
aga'eancntwasfoundﬁ:rrmlmmm CT densities of
NCPs (r = 0.91), for luminal densitics at the reference
site imens (r = 0.94), a.ndfbra]lanss—sccpnnalvm:l
areas (r = 0.88). The minimum CT density of NCPs
was significantly lower in the ACS group (24 % 22
HU) than in the non-ACS group (42 + 29 HU, p <
0.01). There was no difference in mean CT densities
of reference site lumens between the ACS and non-
ACS groups. The mean RI of NCPs was significantly
higher in the ACS group than In the non-ACS group
(1,14 = 0.18 vs. 1.08 = 0.19, p = 0.02). Noncalcified
coronary atherosclerotic plaques were more frequently
associated with spotty calcification in the ACS group
(60%) as compared with the non-ACS group (38%,
p < 0.01). Furtherrhore, the frequency of low-density
NCPs with PR and spotty calcium was substantially

JACC: CARDIOVASCULAR IMAGING, VOL. 2, NO. 2, 2009
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higher in the ACS group (43%) thad in the non-ACS
group (22%, p< 0.01).

CT characteristics of culprit versus nonculprit lesions in
ACS patients. In the 21 ACS patients, 21 culprit and
44 nonculprit NCPs were detected. Of these lesions,
32 (21 culprit and 11 nonculprit) were assessed as
obstructive (>50% stenosis) by jnvasive angiography.
Comparisons. of NCP c¢haracteristics between culprit
and nonculptit lesions in the ACS group are shown in
Table 3. The frequency of adjacent spotty calcium was
similar in both types of plaques (57% vs. 61%). The
minimum CT density of the culprit lesions tended to
be lower than that of the nonculprit lesions (15 £ 13
HU vs. 28 * 24 HU), but this difference did not reach
statistical significanice. The mean RI of the culprit
lesions (1.26 * 0.16) was significandy higher than
that of the nonculprit lesions (1.09 £ 0,17, p < 0.01),
but there was a substantial averlap of the distribution
of RI values in these 2 groups of lesions (Fig. 2). The
optimal cutoff for RI by CT angiograp hytopmdlct
aulprit lésions was 1.23 and had a sensitivity of 71%
and specificity of 829 (arca under the curve 0.77). The
frequency of plaques duatd;sphyada]li’.pmmmof
“yulnerability” (low CT density, positive remodeling,
andsponym]aum)t:ﬁdedmbehxghuforudpnt
lesions (579) compared with nonculprit lesions
(36%). However, the difference was not mgmﬁr.a.nt.
Multivariate analysis, which included larger RI
(=1.23), the presence of adjacent spotty calcium, the
minimum NCP CT density, and the reférence site
CT density, revealed that a larger RI was the only
significant predictor of ACS culprit lesions (odds
ratio: 12.3; 95% confiderice interval: 2,9 to 68.7, p <
0.01). Furthermore, the mean RI of the 21 culprit
lesmnswzamgmﬁcsnﬂy[ﬂghcrﬂnn that of the 11
obstructive nonculprit lesions (1.26 % 0.16 vs. 1.08 =
0.16, p < 0.01), whereas the minimum CT densities
(15 = 13 HU w. 15 = 18 HU), frequencies of
adjacent spotty calcium (57% vs. 64%), and frequen-
cies of low-density NCPs with PR ard spotty calcium
(579 vs. 45%) were similar.

DISCUSSION

In this study, we demonstrated that 64-slice CT
coonary angiography allows visualization of more
noncalcified coronary atherosclerotic lesions with
characteristics assurned to be associated with plaque
“wulrterability” in patients with ACS as compared with
patients with stable clinical presentation. Thus, 64-
slice CT might oonmbutc toward the differentiation
of “wulnerable patients.” Furthermore, we observed
that a high degree of positive remodeling is the most
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Figure 1. Invasive Angl T,“.lnﬂ"
(A and B Ir 4

The mini <. d

y CT Angiography in a 58-Year-Qld Man With NSTEMI

i hic images show an initial occlusion of the proximal portion of the right ¢otonary artery (RCA)
{srowhedd) and 2 recanalization of the lesion. (C and D) Curved multiplanar reconstruction (MPR) Images show the subitotal occlusion.
and poncaltified coronary atherciclerotic plaque (NCF) with spotty calciun in the proximal portion of the RCA thud: The cross-
secliohal vessel areas of the tefﬂem:e sitee (A} and NCP (B) are 23 and 23 mm?, respectively. Therefore, the g Index (RI) Is 1.26.
(CT) density of the NCP I 16 Hounsfield pnits lHU! (BI Spotty -cnkiurn wilh the NEP is chsarved In

the crass-sectional image € (E h\d F) Curved MPR images show multiple nanculprit NCP in left anterior descénding cdronary artery
(LAD} (srrows). The cross-sectional vessel areas of the reférence site (D) ind nonobstructive NCP (E) In the proximal portion are 28 and
28 mm’, respectiveh' Therefore. the Rl is 1.0. The minimum CT density of the NCP is 44 HU (E), The cross-sectional vessel dreas of the
reference site (F) and obstructive NCP (G) o the middle portion are 18 and 18 m?, réspectively. Therefore, the Rl is 1.0. The minimum

CT density of the NCP is =7 HU (G). NSTEMI = non-5T-segment elevation myocardial infarction.

accurate discriminator of culprit and nonculprit lesions
in. ACS' paticnts. Thus, our results provide further
evidence for the potential of MDCT angiography to
noninvasively identify vulnerable lesions and vulnera-
blé patients.

General findings of NCPs in ACS. In a report using
16-slice CT angiography, the prevalence of nongalci-
fied plaqué was 100% in ACS culprit lesions (3). The
present study on 64-slice CT also confirms the pres-

ence of NCPs in all ACS patienits and in all ACS
culprit lesions, whereas no patient without any NCP
had an ACS. Althoygh. the number of ACS patienits
was small (n = 21), this indicates a high sensitivity of
NCP as detected by CT to identify patients with
ACS.

Furthermore, our findings are in accordance with
pmwous évidence that the disease process in ACS
patients is not focal but more widespread throughott
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Table 2. C isor of NCP Charac fcs Bety ACS and
Non-ACS Groups ;
ACS Nen-ACS
Group Group
(n = &5) (n=163) p Value
CT derisity (HU)

NCPs (minimum 2422 4229 <001

denslty)

Reference site 351 £ a4 ELT ] 046
Remodedin index 1L14+018 108019 0.02
Ad]am-nt spotw calclum, 39'(60) 62 (38) < 0.01
Lm-densky NCPs 1<t40 28 (43) 36(22) <001

HU) with PR and
spotty calcium,
{n Bl
Dats are the mean value = SO or nf (%) of non-caleified coronary atheroacle-
rotie plaque (NCPs),
ACS = acutn o = hy; HU =
Hounsfield unitd; PR = pmmw !m

the coronary circulation i might lead to instability
of multiple plaqucs (9). In fact, multiple plaquc
ruptures in locations other than on the culprit lésion
have been detected by WVUS in patients with ACS
(10): In the present study, with 64-slice CT angiog-
taphy that cin evaluate the entire coronary tree, more
NCPs/patient were detected in the ACS group than
the non-ACS group, and those that were detected
more frequently displayed “vulrietable” characteristics,
such as lower CT density, extent of arterial remodel~
ing, and presence of adjacent spotty calcium. Mo-
toyama et al. (4) reported that 47% of culprit lesions in
ACS had all 3 characteristics of PR (RL >1.1), low
CT density (<30 HU), and spotty calcium (<3 mm
in size). We also observed that 43% of NCPs in the
ACS group had all 3 vulnerable characteristics, al-
though the criteria we used varied slightly. This
indicates that multiple vulnerable plaques with char-
acteristics similar to the culprit lesion are ofter present
in the entire coronary tree of ACS patients.
Predictors of ACS culprit lesions ih MDCT. A previous
study with CT anglography (4) revealed that, among
the 3 vulnerable characteristics, positive remodeling
was the sn'ongestdisu'imimtnrbmn and
nonculprit lesions in patients with ACS (PR: 87%;
low CT density: 79%; spotty calciym: 63%), similar to
our results. Whereas this could be explained by pre-
vious data, such as a
postmortem hearts that revealed that coronary plaques
with PR had a higher !.\pu:l content and & higher
macrophage count (11), or the fact that excessive
expansive remodeling promotes continued local lipid
accumulation, inflammation, oxidative stress, matrix
breakdown, and eventually further plaque progréssion
(12), this observation has ta be interpreted with

histopathological study using .

caution. In a retrospective analysis such as ours, the
correlation of remodeling and culprit lesions might be
aconacqm:m:cofphquc nipture and nat necessarily a
predictor. Also, in spité of a significant difference of
ﬂ:cmelebcmmnw]pnmpdnnnnﬂpntIemnsof
ACS patients, the overlap of RI values in these 2
groups was substantial.
Study limitations. Caution is reqhiired when interpret-
ing CT densities of NCPs. We cannot exclude the
possibility that thrombosis might be present in some
ACS culprit lesions, and low=density NCPs are indis-
tinguishable from thromboses due to their similar
densities, Thrombosis adjacent to very-low-density
NCPs might incréase the CT densities that were
mmumd.andﬂnsmxghtbelafthemsonsﬂ:at&e
minimum CT deénsity is not sta d.lfcﬂmt
bctwu;n the culprit and nonculprit lesions in the
present study. We believe that selecting the minimum
dmtywheasﬂwNCchnmmahgppmpﬁm
methodﬁ:rhnunngpuualwhumandbwnhmdm
ing effects from. neighboring structures, es-
pecially hyperdense calcium. However, improvements
of spatial fesolution will be necessary to more reliably
identify and characterize NCPs on the basis of CT
densities, .

Second, at present, thete is no gold standard for
determinaﬁonofmmnaryphqmwlnmbiﬁtyhfﬂ'
angiography. For example, in the previous MDCT
mdy,sponycalqumwasdeﬁmdasﬂmmsm
(4). However, the visual estimation of high-density
mmmmhmmk:umdepomw,mudep&nﬂmg
on the window setting in the CT image. Therefore,
we believe that our method, which is based on the
comparison of clcium dimensions with vessel diam-
cters, is more appropriate for classification- of calcium
depotits.

Table 3. Comipirison of NCP Charatteristics B Culprit
and Non-Culprit Lesions in ACS Group
Culprit  Non-Culprit
Lesions Lesions .
(n=21) (n=44) pValue
CT derlsity (HU) ' i

NCPs$ {minlmum 15213 W24 0.07

density)

Reference site 353+ 46 350+ 43 095
Remogdeling index 126046 109+017 <00
Adjacent spatty caldum, 12(59) 27 (81) 0.75

In 1961)
Low-tensity NCPs (<40 12(57) 16(26) o1
HU) with PR and
spotty calcium,
(n [%])
Data are the mean value = SD or n (%) of NCPL
Abbrevistions as Tabla 2.
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Third, the present study is retrospectively designed,
and we asstme that vulnerable NCPs have morpholog-
ical characteristics similar to those of already-disrupted

necessary to determine whether CT' stratification of
cardiac events. Future approaches mighit, in fact, extend
beyond CT asalys of plaque morphology, such as
demonstrated by 4 recent report that described the use of
a dedicated contrast agent to visualize macrophage infil-
tration in atherosclerofic plaues (13).

TFinally, our data acquisition protocol led 6 a
relatively high radiation dose for coronary CT
angiography. Recently, a prospectively ECG-
triggered algorithm has been developed that allows
imaging with substantially reduced dose (14), Fur-
ther studies will be required to validate the accuracy
for identification and characterization of NCPs
with newer low-dose algorithms.

f]

CONCLUSIONS

We were dble to demonstrate that 64-slice coronary
CT angiography déteets a higher numbér of athero-
sclerotic lesions with noncalcified components in pa
tients with ACS as compared with patients with stable
symptoms. Identifying the actual culprit lesion in
ACS patients is more difficult: among the character-
istics that are assumed fo be associated with plaque
“vulnerability” in €T, a lage degree of positive re-
modeling was the only ifidependent predictor of cul-
prit lesions in ACS patients, but a large variability was
observed conceming the extesit of positive remodeling
in culprit and nonculprit lesions. Rather than identi-
fying a single lesion responsible for a future coronary
event, the ability to investigate plaque charactéristics
throughout the entire coronary system in a noninva-
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Flgura 2. Comparison of RI Batween ACS Culprit and Nonculprit Lesions
The mean R of the culprit lesions Is significantly highef than that of the
non-culprit lesions (1.26 = 0,16 vs. 1.09 £ 017, p < 0.01], but there Is a
substantial averlap of the distribution of Ri values in these 2 groups of

sive fashion might be an important property of coro-
naty CT angiography regarding its potential applica-
tion in the context of identifjing “vulnerable patients”
at risk for ACS.
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Abstract

The impact of visceral adiposity on subclinical coronary atherosclerosis is unclear in Japanese paticnts. We investigated the sex-specific
relationship between the amount of visceral fat and coronary artery calcium (CAC) using multislice cofnputed tomography (MSCT). This is
a cross-sectional study of 321 corisecutive Japanese patierits (213 men and 108 wonien) who underwent MSCT scanning for the examingtion
of coronary heart disease. CAC score, visceral fat area (VFA), subcutaneous fat area (SFA), and waist circumference (WC) were determined
byMSCTforallpadents"lheprsﬂlmoeofdetecublemwuﬂ%mdi?%iamandmen.mspecﬁvﬁy. Using a multivariable

logistic and ordinal regression analyses adjusting for traditional cdrdiovascular risk factors and adiposity measurements, VFA represented an
i t predictor of the presence and extent of CAC (odds ratio (95% confidence interval) per one-unit-standard deviation ingrease in

VEA: 2.48 (1.23-6.05) in logistic regression analysis; 2.05 (1.18-3.98

) in ordinal regression analysis). Sinilar relationships were observed

across the gender. We further assessed the sex-specific cutioff levels of VFA and WC to prédict the presence of CAC. The results of receiver
operator characteristic analysis indicated that the VEA cut-off level in men was 116cm?; and in women, it was 82cem?, corresponding to
WC values of 87.7 cm in men and 82.6 cm in women. In conclpsion, we found that visceral adippsity measured by MSCT is significantly
associated with the presence and extent of CAC as a marker of subclinical atherosclerosis in Japanese paticats.

© 2008 Elsevier Ireland Ltd. All rights reserved,

Keywords: Visceral fat; Coronary calcification; Multislice computed tomography

1. Introduction

Numerous studies have demonstrated the relationship of
obesity with the increased risks of coronary heart discase
(1.2]. In the past decades, visceral adiposity has been foud
to be related to a number of atherogenic conditions [3],
and it is considered as a part of ‘metabolic syndrome’.
Excessive dccumuldtion of visceral fat is associated with
insulin resistance which contributes to the progression of
atherosclerosis [4]. Although several studies have suggested
that visceral adiposity may be a stronger predictor of coro-
nary heart disease than overall obesity [5,6], epidemiologic

* Corresponding author. Tel.: +81 82 257 5197; fai: +81 82 255 7360.
- E-mil add hiroshima-u.a¢jp CH. Yamarmoto)

ndeyayama's
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studies of the association among visceral adiposity, over-

- all obesity, and coronary heart disease are still lacking in

Japanese populations. Coronary artery calcium (CAC) is
considered to be a marker of subclinical atherosclerosis,
Many studies using electron-beam tomography have sug-
gested that the présence and extent of CAC strongly correlates
with thé overall atherosclerotic plaque burden, and with the
development of subsequent coronary events [7,8]. Recently,
multislice computed tomography (MSCT) has become avail-
able, allowing for the reliable detection and quantification of
CAC with ahigh agreement with electron-beam tomography
[9,10].

To the best of our knowledge, there has been little research
on the relation between visceral adiposity and subclini-
cal atherosclerotic vasculdr disease in Japanese populations.

T
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Visceral fat area (VFA) measured by CT which is considered
as the gold-standard method for determining the quantity of
visceral adipose tissues, is a direct index of viscéral adi-
posity [11]. The purpose of this study was to investigate
whether body mass index (BMI) and CT measureménts
of adiposity including VFA, subcutaneous fat area (SFA)
and waist circumference (WC) were related to the presence
and extent of CAC as detected by MSCT in a clinical set-
ting. We further analyzed the sex-specific cut-off points of
the amount of visceral fat for predicting the presence of
CAC.

2. Methods
2.1. Subjects

Between August 2005 and June 2007, 390 patients aged
36-87 years underwent MSCT scanning for the examination
of coronary heart discase at the Hiroshima University Hos-
pital, We selected consecutive 321 patients for this analysis
after exclusion of those who had a history of percutaneous
coronary intervention (n=42) or coronary artery bypass
surgery (n=27). Two-hundred and thirty nine patients were
asymptomatic and came for regular cardiovascular disease
evaluation and 82 patients had the test for the examination
of chest pain, MSCT measurements of CAC, VFA, SFA, and
WC were also determined for each patient. The study pro-
tocol was approved by the Ethics committee at Hiroshima
University, and written informed consent was obtained from
all patients.

2.2 Risk factor assessment

All patients provided details of their demographics, medi-
cal history, and medication usagé a the clinical consiltation.
If a subject was a current smoker; he was considered to
have a positive history of cigarette smoking. Patients were
classified as hypertensive if their systolic blood pressure
was > 140 mmHg, diastolic blood pressure was =90 mm Hg,
and/or the subject was on antihypertensive therapy. Prior
to CT scan, we obtained fasting blood samples from an
antecubital vein. Cohcentrations of triglycerides and uric
acid were measured with standard epzymatic methods.
High-density lipoprotein (HDL) cholesterol and low-density
lipoprotein (LDL) cholesterol were measured by direct methi-
ods. Glycohemoglobin Alc (HbAlc) was measured using
high-performance liquid chromatography. Diabetes mellitus
was defined by self-report and current use of hypoglycemic
agents, Hypercholesterolemia was characterized by a fasting
serum LDL chplesterol level = 140 mg/dl on direct measure-
ment [12], 6r when the patient was using lipid-lowaring
agents. Metabolic syndrome was diagnosed by Japanese cri-
teria, which was reported in 2005 [13]. Height (m) and body
weight (Kg) were used to calculate the body mass index
(BMI).

I

2.3. CAC scoring using MSCT

Total of 321 consecutive patients weré imaged using
either a 16-slice MSCT scanner (LightSpeed Ultrafast16, GE
Healthcare, Waukesha, Wisconsin) between August 2005 and
November 2005 (men, 27; women, 17; age 66+ 10 years)
or a 64-slice CT scanner (LightSpeed VCT, GE Healthcare)
between December 2005 and June 2007 (men, 186; women,
91; age 65411 years). Prospective electrocardiogram-
triggered scaris were performed in mild inspiration from
the root of aorta to the apex of the heart with the follow-
ing parameters (16-slice CT and 64-slice CT): axial scan;
gantry rotation times, 500ms and 350 ms; X-ray exposure
times, 333 ms and 233 ms; tube voltage, 120kV; tube cur-
rents, 100mA and 140 mA,; center of imaging window, 75%
of R-R. Thirty-five to 40 contiguous images of 2.5-mm thick-
ness were gbtained.

" The caleiuni score was determined using a commer-
cially available external workstation (Advantage Windows,
version 4,2, GE Healtheare), and using the CAC scoring soft-
ware (Smartscore, version 3.5, GE Healthcare). CAC score
(CACS) was calculated according to the Agatston method as
previously described [14]). We defined the regions of interest
based on the vessels and slices, and using the threshold option
for pixels greater than 130 Hounsfield units (HU) to measure
the area and peak density of the plaques. Depending or the
peak density of the plaque, ari area of at least 0.52 mm= (2 pix-
els) was multiplied by one of the following cofactors: a factor
of one for 130-199 HU, a factor of two for 200-299HU, a
factor of three for 300-399 HU, and a factor of 4 for densities
greater than 400 HU. The total coronary artery calcium score
was calculated as the sum of the individual lesion scores in
all coronfiry arteries.

2.4. Measurement of VFA, SFA, and WC using MSCT

In addition to MSCT heart scans, abdominal s¢ans were
performed at the lumbar 4-5 levels in spine position, and sin-
gle 5-mmslices were taken during suspended respiration after
normal expiration. The fat areas and WC in each subject were
determined from an image at the level of the umbilicus using
a commercially supplied software (Virtual Place, AZE Inc.,
Tokyo, Japan). Subcutaneous fat was defined as the extraperi-
toneal fat between the skin and muscles, with attenuation
ranging from — 150 to —50 HU. The intraperitoneal part with
the same density as the subcutaneous fit layer was defined as
visceral fat. The VFA and SFA tere determined by automatic
planimetry. The WC was determined at the umbilicus level
using a mobile caliper,

2.5. Staristical analysis

Categorical variables were présented as number of patients
(%) and continuous variables were expressed as mean +S5.D.
Between-group comparisons were performed using Stu-
dent’s t-test or the Mann-Whitney U-test and the correlation
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coefficient was estimated by Pearson correlation. Differences
among three groups by CAC category were tested by ANOVA
with post hoc analysis. Multivariable logistic regression anal-
ysis was performed to assess the independent relationship
of metabolic syndrome and adiposity measurements fo the
presence of CAC. Additionally, we also used ordinal regres-
sion analysis to assess the relationship of metabolic syndrome
and adiposity ineasurements with increasing levels of CAC
[15]. Confidence intervals (CI) that excluded 1.0 were con-
sidered to indicate significant results. Utilization of CAC
scores ds @ continuoys variable in standard parametric anal-
yses is extremely challenging due to high frequency of zero
scores resulting in a high skewed distribution, CAC scores
were therefore dichotomized (i.e., presence or absence of
CAC) for use in logistic regression analysis. We also cate-
gorized CAC scores. into three groups: 0, 1-100 and >100
foruse in ordinal régression analysis. For analysis between
metabolic syndrome and CAC, we used a set of atheroscle-
rotic risk factars — age, current smoking, LDL cholesterol,
uric acid and lipid-lowering agents —as explanatory variables.
Two sets of multivariable models were used in a hierar-
chical fashion to determine the independent association of
the adiposity measurements. Model 1 was adjusted for tra-
ditional cardiovascular risk factors including hypertension,
diabetes, current smoking, triglycerides, HDL chelésterol,
LDL cholesterol, uric acid and HbAlc levels, and medica-
tion use. Metabolic syndrome was not included in the model
because of collinearity. Model 2 was additionally standard-
ized for fat measutements including VFA, BMI, SFA, and
WC. A receiver operator characteristic (ROC) analysis was
performed to determine the increase in discriminative ability
that was afforded by VFA in addition to clinical fat measure-
ments such as BMI and WC. All analyses wére performed
on the whole population and then stratified by gender. Fur-
thermore, the sex-specific VFA was tested usidg 4 ROC
curye to detect the presence of CAC. The optimal cut-off
point was obtained from the Youden index (maximum (sen-
sitivity + specificity — 1)) [16]. All analyses were performed
using the JMP 5.0.1 statistical software (SAS Institute Inc,
North Carolina). A p value < 0.05 was considered statistically
significant.

3. Results
3.1, Patient characteristics

The study patients consisted of 213 men (mean age, 65
years; range, 36-87 years) and 108 women (mean age, 68
years; range, 44-86 years). Coronary calcium, defined as
CAC>0, was present in 73% men and 57% women. The
rhedian (range) CAC in men and women were 138 (0-4370)
and 33.5 (0-1998), respectively. The distribution of CAC by
sex is shown ini Fig. 1a. The characteristics of the study sub-
jects based on CAC status ar¢ shown in Table 1, In both
sekes, patients with any CAC were significantly older, had a

higher BMI, a [arger VFA, SFA, VFA/SFA ratio and WC, and
a higher prevalence of hypertension, hypercholesterolemia,
diabetes and metabolic syndrome. The percentages of phar-
macological treatment for hypertension and diabetes were
significantly higher in'men with CAC than those withdut and
in hypertensive women with CAC.

3.2. Metabolic syndrome and coronary artery calciam

The prevalencé of metabolic syndrome in our study
patierits was 41.4% (133/321) in all subjects, 49.8%
(106/213) in mien and 25.0% (27/108) in women. Multivari-
able logistic regression analysis showed that the odds ratio of
the presence of CAC, adjusted fot age, sex (for all subjeets),
current smoking, uric acid, LDL cholesterol and lipid-
lowering agents, was 4.28 (95%CI, 2.14-9,02; p<0.,0001)
in all subjects, 3.83 (95%Cl, 1.61-9.81; p=0.0032) in
mer and 5.23 (95%CI, 1.65-20.7; p=0.0088) in women.
Simtilarly, multivariable ordinal regression analysis révealed
that the odds ratio of increasing CAC categories, adjusted
for the same explanatory varigbles as abdve, was 1.71
(95%CI, 1.31-2.25; p<0.0001) in all subjects, 1.66 (95%CI,
1.19-2.33; p=0.0030) in men and 1.93 (95%CI, 1.21-3.16;
p=0,0064) in women. These results demonstrated that
metabolic syndrome was an independent predictor of CAC
in both sexes.

3.3. Adiposity measuremenys and coronary artery
calcium

Adiposity measurements were all significantly correlated
with each other, as shown in Table 2, VFA was strongly cor-
related with WC (r=0.79) and moderately comelated with
BMI (#=0.51) and SFA (r=0.44). Fig. 1b shows the mean
adiposity measurements (VFA, BMI and SFA) according to
the CAC category in both sexes. In men, VFA and BMI were
significantly different between the CAC: 0 and CAC: >400
groups (p <0.0001 and p=0.001), whereas SFA was sighif-
icantly lower ip the CAC: >400 group compared with the
CAC: 101-400 group (p =0.04). In-women, VFA, BMI and
SFA were all significantly different between the CAC: 0 and
CAC: >400 groups (p<0.0001, p<0.0001, p=0.0012).

Table 3 deseribes the association of adiposity measure-
inefits with CAC using multivariable logistic and ordinal
regression analysis. As for all subjects, in Model 1 adjusting
for age and traditional risk factors, the odds ratio (95%C1) of
the presence of CAC for one-unit-standard deviation increase
in VFA (69.8 cth?), BMI (3.1 kg/m?) and WC (9.5 cm) were
201 (1.32-3.27), 1.41 (1.01-1.98) and 1.61 (1.10-1.98),
respéctively. Similarly, the association of VFA, BMI and WC
with increasing CAC categories in the ordinal regression anal-
ysis was also statistically significant. On the other hand, both
SFA and VFA/SFA ratio (data not shown) were not signifi-
cantly associated with CAC. In Model 2, which additiopally
standardized for VFA, BMI, SFA and WC, only VFA per-
sisted to show a significant relationship with CAC in both
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Fig. 1. (a) Distribution of multislice computed tomography (MSCT)-derived coronary artery calcium score by sex. Solid bars and open bars represent men and
women, respectively. (b) Mean fat measurements according to.the corgnary artery calcium (CAC) category in mén and women. Solid lines, dotted lines, and
broken lines dénote visceral fal area (VFA), body mass index (BMI) and subcutaneous fat area (SFA), respectively. Méan values of fat measurements for CAC
category: 0, I-100, 101-400, >400 are 115, 162, 170, 177 cm® for VFA, 23.1,24.1, 24.4, 24.9%kg/m? for BMI arid 106, 124, 146, 125 cm? for SFA in men and
80, 115, 138, 152cm? for VFA, 22.3, 23.5, 24.4, 26.6ky/m” for BMI and 124, 153, 148, 189cm? for SFA in women, respectively. *p<0.01 versus CAC: 0,

p<0.05 versus CAC: 101-400.

logistic and ordinal regression analyses and was regarded as
an independent determinant of CAC. Similar relationiships
were observed across the gender except that BMI was not
associated with CAC in men.

On ROC analysis in all subjects, the aréa under the curve
(AUC) for clinical Yariables including BMI and WC for pres-
ence of CAC >0 and significant CAC > 100 were 0.740 and
0.698, respectively. When VFA was added in the model, AUC
improved to 0.785 and (.726, respectively. Similar resulls
were 'obtained for men and women.

3.4. Sex-specific cut-off levels of VFA and WC to predict
the presence of CAC

From the ROC curve analysis, the optimal cut-off value of
VFA to predict the presence of CAC wasidentified as 116 cm®
in men, and 82 cm? in women. These values provided sensi-
tivities of 79% and 849, and specificitics of 63% and 72% for
men and women, respectively (Fig. 2A). Fig. 2B shows the
sex-specific corrélation between the measured values of VFA
and WC using MSCT. According to the regression equations,

the VFA cut-off values corresporided with WC of 87.7 cm and
82.6 cm in men and women, respectively,

4. Discussion

To the best of our knowledge, this is the first study fo
ifivestigate the sex-specific relationship between visceral adi-
posity measured by MSCT and the presence and extent
of CAC in Japanese patients. VFA, a direct index of vis-
ceral adiposity, was found to be an independent predictor
of the presence and quantity of CAC even after adjust-
ment for BMI, SFA, WC, age, and traditional cardiovascular
risk factors in both sexes. These results are consistent with
the accumulating eviderice that measurements of visceral
adiposity are miore strongly related to cardiovascular dis-
ease comparéd with BMI [5,6], We further assessed the
sex-specific cut-off levels of VFA and WC to predict the
presence of CAC. The results of the ROC analysis indi-
cated that the VFA cut-6ff levels were 116 dnd 82em? in
nien and women, respectively, which corresponded to WC
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Table 1
Patient characieristics according to CAC status
All subjects (n=321) “Men (n=213) Women (n=108)
No CAC (n=104) Aty CAC (n=217) NoCAC (n=57) Any CAC(n=156) NoCAC(n=47) AnyCAC (n=61)
Ao (ys) 62412 689" 6013 679" T es£0 NE7"
BMI (kg/m?) 22743 245429 231425 245+28" 23434 2146+31"
Hypertension, n (%) 34(33) 139 (64)™* 19 (33) 99 (64)"" i532) 40(66)""
Hypercholesterolemia, n (%) 35 (34) 133 (61)" 18 (32) 93 (60)™ 17 (36) 40(66)"
Diabetes mellitus, n (%) 34 (33) 122(56)"" 16 (28) 85(59)" 18 (38) 37 (61)°
Current Smoking, nt (%) 29.(28) 94 (43)" 23 (40) 84(54)" 6(13) 10(16)
Metabolic syndrome, n (%) 19 (18) 114 (53" 15 (26) 91(58)" 4O 23(38)"
Triglyceride (mg/dl) 128655 163 +84.7" 1324711 164 +85.0° 124 £:58.5 159 £ 84.7"
HDL cholesterol (mg/dl) 604 :£194 519 %165 591327 4994157 6204145 57,0+17.5°
LDL cholesterol (mg/dl) 1124284 1254334 109£27.7 123 +35.5™ 1144202 130+£29.1"
HbAlc (%) 59410 65+12" 594 1.1 64x12" 59410 fIE11"
Uric acid (mig/dl) 55+16 59413 58419 62:+13 52412 54412
VFA (cm?) 994:59.8 160+ 65.6" 1154£67.0 170 £67.6™ 80434 133 520"
SFA (em®) 114::65.5 141 £ 5587 106+ 58.6 1344532 1254723 159 +58.57
V/S ratio 109111 | 124 050" 1.26:£0.90 1.37 40,507 0724037 0.89+£0.32"
WC (cm?) 84.6410.) 923+£81" #63£1.1 93.5£0.7" 82.5£93 894+8.1"
Medication _
Antihypertensive agents, n (%) 14 (13) 6731 8(14) 48 (31)° 6(13) 19(31)°
Lipid-lowering agents, n (%) 25 (24) 76 (35)" 13(23) 55 (35) 12 (26) 21(34)
Hypoglycemic agents, n (%) 26 (25) 62 (29) . B(14) a2 - 18(38) 20 (33)
*p<0.05, *"p<0.001. All data arc | d as number of (%) or mean+ S5.D. CAC, coronary artery calcium; BME, body mass index; HDL, high-

tensity lipoprotein; LDL, low-density lipoprotein; HbA lc, glycohemoglobin Alc: VFA, visceral fat area; SFA, subcutancous fat area; V/S ratio, visceral fat
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yalues of 87,7 cm and 82.6cm in men and women, respec-
tively.

Although numerous studies have demonstrated that vis-
ceral adiposity is a risk factor for cardiovascular disease,
little research has been conducted on the Association between
visceral adiposity and early atherbsclerosis. A number of
more recent studies have specifically reported on the effect
of excess visceral fat on CAC. In the St. Francis Heart
Study, visceral obesity measured by the waist-to-hip ratio
or intra-abdominal-fat was positively correlated with CAC

Table 2
Age- and sex-adjusted Pearson correlation coefficients”

VFA. SFA BMI wC
VFA L 044 051 0.9
SFA 044 1 0.6 0.61
BMI 051 0.6 1 059
wC 079 061 0.59 L

* p<0.001 for all correlations.

L s
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Table 3
Multivariable analysis of the association between adiposity n and ¥ artery

Multivariable logistic regression analysis®

All subjects (n=1321) Men (n=213) Women (r = 108)
0dds mtlo (93%CI") p value Odds ratio (95%CI") p yalue 0dds ratio (95%CI*) p value
Model 1°
VEA (cm?) 2.01 (1.32-3.27) 0.002 2.37(1.32-4.53) 0.006 3.70 (1.56-10.1) 0.006
BMI (kg/m?) 1.41 (1.01-1.98) 0.04 1.53 (0.98-2.46) 0.06 1.82 (1.03-3,39) 0.04
SFA (em?) 1.27 (0.94-1.82) 0.1 1.60 (0.96-2.76) 0.08 1.67 (0.97-3.01) 0.07
WC (cm) 1.61 (1.10-1.98) 0.01 1.97(1.17-352) 0.02 1.83 (1.00-3.54) 0.05
Model 2¢
VFA (em?) 2.48 (1.23-6.05) 0.02 5.06 (1.14-16.4) 0.04 3.90 (1.26-14.4) 0.02
BMI (kg/m?) 1.23 (0.79+1,92) 04 1.17 (0.63-2,17) 0.6 1.20 (8.51-2.97) 0.6
SFA (cm?) 0.74 (0.38-1.27) 03 0.43 (0.12-1.55) 0.2 1.40 (0.57-3.57) 0.4
WC (em) 1.01 (0.52-1,98) 09 1.20 (0.46-3.23) 0.7 0.64 (0.20-1.97) 04
Multivariable ordinal regression analysis®
Model 1°
VFA (em?) 1.82 (1.29-2.60) 0.001 1.64 (1.14-2.44) 0.008 2,85 (1.44-6.18) 0.003
BMI (kg/m*) 1,37 (1.05-1.82) 0.02 1.27 (093-1.75) 0.1 1.88 (1.12-3.26) 0.02
SFA (cm?) 1.29 (0.81-1.71) 0.07 1.36 (0.97-1.93) 0.07 1.55 (0.95-2.62) 0.07
WC (cm} 1.55 (1.13-2.15) 0.006- 1.44 (1.02-2.06) 0.04 1.86 (1.09-3.32) 0.02
Mode] 2¢
VFA (cm?) 2.05 (1.18-3.98) 0.02 2,08 (1.05-4.90) 0.05 2.67 (1.66-7.37) 0.04
BMI (kg/ri?) 1.16.(0.81-1.67) 04 . 1.04 (0.70-1.56) 0.8 1.40 (0.67-3.00) 0.4
SFA (cm?) 0.81 (0.49-1.29) 04 0.82 (0.39-1.53) 05 1.17 (0.57-2.44) 0.7
WC (cm) 1.03 (0.61-1.75) 09 0.98 (0.55-1.77), 0.9 0,78 (0.29-2.06) 06
"I'hﬂresu]lsnf]ngisticreg:usionmﬂysismpmsenwﬁnlhcoddsmﬁoofdicptucmofm&:r it-standard deviation increase in adiposily
measurement. .
b 959% confidence interval,
¢ Adjusted for age, hypenension, diabetes, smoking status, trigly LDL chol I, HDL chol

ations are the same &s in Table 1.

1, HbA ¢, uric acid and medication use. Abbrevi-

4 Model 1 plus adjustment fof VA, BMI, SFA or WC. Abbreviations arc the same as in Table 1.
© The results of 'ordinal regression analysis are presented as the odds ratio of increasing CAC category (0, 1-100 and >100) for one-unit-standard deviation

incredse in adiposity measurement.

in 50~70-years-old US men and women [17]. The recent
CARDIA study has demonstrated that abdominal obesity
measured by waist girth or waist-fo-hip ratio is associated
with CAC in African American and White young adults [18].
With respeet to'obesity and CAC in digbetic individuals, the
PREDICT study showed that the waist-to-hip ratio was a
significant predicter of CAC after adjustment for multiple
cardiovascular risk factors in 495 diabetic subjects [19). In
another multiethnic study on type 2 diabetes, visceral fat mea-
sured by CT predicted CAC [20]. These results support our
findings, i.¢., visceral fat measured directly using MSCT is
an independént predictor of CAC in Japanese patients, in the
daily clinical practice.

The distribution of body fat has been focused as a cardio-
vascular risk. Interestingly, in our study, SFA was lower in
men with significant CAC %400, which raises the possibility
that the increasing subcutaneous fat has a favorable effect on
atherosclerosis. This finding is relevant as peripherl fat such
as subctitarieous or gluteal fathas been shown to be protective
against cardiovascular and metabolic outcomes [3,6]. How-
ever, more definitive studies will be necessary to validate this
hypothesis. Recently, a study from the Framingham Heart
‘Study has shown that pericardial fat, which is an ectopic fat

depot around the heart, is more associated with CAC than
visceral fat [21]. It is interesting because the result of this
study suggested that pericardial fat may potentially exert local
athierosclerotic effects due to anatomical close proximity to
the coronary arteries, Furthér investigation is needed to deter-
mine if this finding is true as well as our patient-based sarmple
study.

Several prior studies have identified somé plausible mech-
anisms by which the accumulation of visceral fat could
directly accelerate atherosclerosid [4]. It is generally assumed
that insulin resistance is one of the most importafit fac-
tors linking visceral fat fo the clustering of cardjovascilar
risk factors. Insulin resistance has also been postulated to
be largely responsible for endothelial dysfunction, platelet
activation, and the progression of atherosclerosis [22,23].
Visceral adiposity is also associated with increased levels of
proipflammatory cytokines like wmor necrosis factor-alpha
(TNF-«), and interleukin-6 (IL-6), and less adiponectin.
These cytokines are suggested to induce insulin resistance,
and play a major role in the pathogenesis of endothelial dys-
function and subsequent atherosclerosis [24,25].

CAC is a marker of atherosclerosis that can be quanti-
fied by using MSCT, and it is proportional to the extent and

A

e
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severity of atherosclerotic disease. In previous large studies,
an increased plaque burden was found to be a significant
predictor of future cardiovascular events and mortality in
symptomatic and asymptomatic subjects [7,8]. The detection
and quantification of CAC by MSCT could potentially pro-
vide a preventive strategy for cardiovascular events. There is
ample evidence demonstrating that individuals with visceral
adipdsity represent a population at high risk for the progres-
sion of atherosclerosis and ¢ardiovascular events. Cassidy
et al. reported that several indices of adiposity measure-
ments. including waist circumferénce and waist-to-hip ratio
predicfed the progression of CAC in patients with a low
risk for cardiovascular disease [26], The strong association
between increased amount of visceral fat and quantity of
CAC observed in our study could éxplain, at least in part, the
excess risk of atherosclerosis ih abdominal obese patients.
Therefore, meéasuring visceral fat is a useful clinical tool
for identifying patients with potential future cardiovascu-
lar disease risk, Furthermore, our study may still add to
the knowledge suggesting that the presence of higher VFA
will have & rapid progression of CAC and may still need
moare aggressive risk modification even if the CAC scores
are same across different patients. Considering the cross-
sectional nature of this study, causality cannot be established.
Ultimately, a trial that specifically focuses on weight reduc-
tion and decreases in visceral fat amount would verify a
possible causal relationship between viscetal adiposity and
atherosclerosis.

In the latest Japanese criteria [13], viscefal adiposity is
a requisite factor in metabolic syndromé. Men and wornen
with a waist circumference greater than 85 cm and 90cm,
respectively, are considered to have an increased risk for
more than one obesity-related disease (i.e., hyperglycemia,
hypertension, dyslipidemia, hyperuricemia, and cardiovas-
cular disegse). These cut-off points were derived from a
regression curve that identified the WC values correspond-
ing to a VFA of 100cm?, However, several studies revealed
a gender difference in the association of visceral fat accumun-
lation with metabolic syndrame. Hayashi et al. arfalyzed data
from 639 Japanese Americans, arid reported that the optimal
cut-off points for VFA and WC to predict metabolic syn-
drome were 96.1 cm? and 87.1 cm in men (age, >57years);
and 86.3 cm? and 89.0cm in women (age, 56 years) [27].
Recently, metabolic syndrome has been found to be asso-
ciated with endothelial dysfunction, a hallmark of early
dtherosclerotic changes, coronary calcification, and subclin-
ical atherosclerosis of the carotid artery [28,29]. Our study
has demonstrated that metabolic syndrome is an jhdependent
predictor of CAC, which is consistent with the prior finding
[28]. >

This study had some limitations, First, datd were exclu-
sively collected from middle-aged and older Japanese
patients with a high risk for cardiovascular discase in a
single institute using a retrospective method. As a result,
it is uncertain whether our findings can be generalized to
other ethni¢ groups or healthy young subjects. Prospec-

tive and non-randomized investigations should be warranted.
Second, we used the CT-measured WC value when calcu-
lating the WC cut-off, though enthroppmetric measured WC
values are currently used for the diagnosis of visceral obe-
sity for metabolic syndrome. The relationship between CT
and the anthropometric measured WC should be confirmed
in Japanese populations. Third, wé could not evaluate the
relationship between CAC and other confounding factors
including inflammatory mediators dnd adipocytokines, which
may not allow us to exclude the potential effects of these infly-
ences on CAC. Fourth, although we used 16- and latg 64-slice
CT to measire CAC, accuracy comparison of both meth-
ods could not be evalyated. Horiguchi et al. reported that the
sensitivity and specificity in the detection of CAC using 16-
slice CT with a threshold of 130 HU were 98.7% and 100%,
respectively [30]. Further investigation of the interscanner
variability of CAC measuremeént is needed.

5. Conclusions

We found that visceral adiposity measured by MSCT is
significantly associated with the presence and extent of CAC
in Japanese patients. Follow-up studies are needed to exam-
ing the influence of greater visceral fat accumulation on the
development of new calcification or the progression of CAC
scores. :
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