Academic Radiology, Vol 16, No 10, October 2009 ATTENUATION-BASED TUBE CURRENT IN CACS

Table 2
Image Noise in the Ascending Aorta and Right Ventricle
Variable All Patients Group A Group B Group C

No. of patients 428 145 145 138
SD (HU)

Ascending aorta 17 £ 7 (11-30) 16 + 3 (11-27) 17 + 3 (11-30) 17 £ 2 (12-24)

Right ventricle 19+ 4(10-32) 19 +4(10-32) 18+ 4 (10-31) 20 + 2 (16-26)
Mean + 2 SDs (HU)

Ascending aorta 75 + 9 (53-109)

75+ 10 (53-99)

75 + 10 (53-109) 76 + 7 (57-100)

HU, Hounsfield units; SD, standard deviation.
Data are expressed as mean =+ SD (range).

Figure 3. The highest standard deviation images in the three groups. Images with the

highest noise in the three groups are shown. (a) Animage of a 57-year-old woman (body
mass index [BMI], 34.1 kg/m?; body height, 155 cm) below the diaphragm level (SD = 32
Hounsfield units [HU]). (b) Animage of a 57-year-old man (BMI, 27.1 ka/m?; body height,
165 cm) was sacrificed to streaking artifact from spinal spur (SD = 31 HU). (¢) Animage of
an 80-year-old man (BMI, 26.8 kg/m?; body height, 164 cm) below the diaphragm shows

pleural and pericardial effusion (SD = 26 HU).

interobserver variability = [absolute(observer 1
— observer 2)/(observer 1
+ observer2) x 0.5]
x 100,

where observer 1 and observer 2 are the CAC scores mea-
sured by the respective observers. Interscan variability, on
a logarithmic scale, was compared among the three groups
and CAC-scoring algorithms.

Radiation Dose

The dose-length product (in milligrays by centimeter)
displayed on the dose report on the CT scanner was
recorded. The effective dose was estimated by a method

proposed by the European Working Group for Guidelines
on Quality Criteria in Computed Tomography (16). In this
method, the effective dose is derived from the dose-length
product and a conversion coefficient for the chest (k =
0.017 mSv/mGy/cm averaged between male and female
models). The effective doses in the three groups were

" plotted against BMIL.

Statistical Analyses

All statistical analyses were performed using commer-
cially available software package (MedCalc 9.5.1 for Win-
dows; MedCalc Software, Mariakerke, Belgium).
Categorical variables are presented as frequencies and per-
centages and continuous variables as mean = SD. The x*and
analysis of variance (ANOVA; multivariate calculations)
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Figure 4. The relationship between standard deviation (SD) and body mass index (BMI). Scatterplots show the ratio between BMI (kg/m?)
and SD (Hounsfield units [HU]). (a) Group A, in the aorta: SD = 0.51(95% confidence interval [CI], 0.40-0.62) x BMI +4 (P <.01). (b) Group A, in
the right ventricle: SD = 0.81 (35% Cl, 0.64-0.97) x BMI — 1 (P < .01). (¢) Group B, in the aorta: SD = 0.43 (35% Cl, 0.33-0.53) x BMI +6 P<
.01). (d) Group B, in the right ventricle: SD = 0.62 (95% Cl, 0.48-0.76) x BMI + 4 (P <.01). () Group C, in the aorta: SD = 0.041 (95% Cl, —-0.069
t0 0.15) x BMI + 16 (P = .46). {f) Group C, in the right ventricle: SD = 0.091 (95% Cl, —0.013t0 0.20) x BMI + 18 (P=.09). The positive slopes of
image noise versus BMI, 0.51 and 0.81 HU/(kg/m?)in group A and 0.43 and 0.62 HU/(kg/m?) in group B, suggest insufficient control of the tube
current. In contrast, the nearly flat slopes of 0.041 and 0.091 HU/(kg/m?) in group C indicate optimal control of tube current across patients.
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Table 3
Coronary Artery Calcium Scores and Interscan and Interobserver Variability
Variable All Patients Group A Group B Group C
No. of patients 300 100 100 100
Agatston score
Scan 1
Observer 1 175 (48, 648) 206 (46, 664) 167 (42, 464) 152 (48, 775)
Observer 2 185 (48, 648) 206 (48, 668) 174 (42, 488) 157 (48, 789)
Scan 2
Observer 1 179 (43, 610) 201 (46, 638) 171 (42, 444) 148 (39, 797)
Observer 2 176 (45, 611) 204 (46, 638) 176 (42, 462) 148 (39, 803)
Volume score
Scan 1
Observer 1 150 (43, 515) 165 (38, 548) 138 (39, 367) 125 (44, 639)
Observer 2 149 (43, 528) 166 (40, 552) 146 (37, 392) 129 (44, 622)
Scan 2
Observer 1 144 (41, 502) 176 (39, 502) 144 (35, 356) 122 (41, 665)
Observer 2 146 (41, 502) 176 (40, 502) 146 (36, 366) 121 (41, 668)
Calcium mass
Scan 1
Observer 1 33 (8, 127) 37 (8, 130) 30(7,93) 28 (8, 139)
Observer 2 33 (8, 130) 37(8,132) 30(7,93) 28 (8, 139)
Scan 2
Observer 1 32 (8, 123) 378, 131) 30 (7, 89) 25 (7, 153)
Observer 2 32 (8, 123) 37(8, 131) 30 (6, 91) 26 (7, 149)
Interscan variability (%)
Agatston
Observer 1 13,83, 17) 13,7(2, 15) 12,6 (2, 15) 14,10 (4, 18)
Observer 2 13,8(3,17) 13,7 (3, 16) 13,6 (2, 16) 14,10 (3, 20)
Volume
Observer 1 12,73, 16) 12, 6 (3, 16) 11,6(2,15) 11,8(3,15)
Observer 2 11,6 (3, 16) 11, 6 (2, 15) 10, 6 (2, 15) 12,8(3,17)
Mass
Observer 1 11,6 (2, 14) 10, 4 (2, 14) 10,5 (2, 11) 12,8(2,14)
Observer 2 11,6 (2, 14) 10, 4 (2, 14) 12,5(2, 1) 11,8(2,14)
Interobserver variability (%)
Agatston
Scan 1 4,1(0,3) 3,1(0,4) 5,0(0,3) 3,0(0,2)
Scan 2 3,0(0,3) 5,0(0,3) 4,0(00,2) 2,1(0,1)
Volume
Scan 1 2,0(0,2) 3,0(0,3) 3,0(0,1) 1,0(0,0)
Scan 2 2,0(0,2) 3,000,2) 4,0(0,2) 1,0(0,3)
Mass
Scan 1 3,1(0,1) 3,0(0,2) 4,00,2) 1,0(0, 1)
Scan 2 3,0(0,1) 3,00,2) 4,00,1) 2,0(0,1)

Coronary artery calcium is expressed as median (25th, 75th percentiles). Variability is expressed as mean, median (25th, 75th percentiles).

tests were used to determine group differences. P values <.05
were considered to identify significant differences.

RESULTS

All patients were able to hold their breath for the two
scans. Baseline characteristics of the patients are presented in

Table 1. Neither heart rate (P = .47) nor heart rate variation
(P = .44) was different among the three groups. Three
hundred of the overall 428 patients were CAC positive. One
hundred twenty patients showing negative scores on both
scans and eight patients showing both positive and negative
scores between scans or between algorithms were excluded
for the calculation of variability.
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Table 4
Tube Current, Tube Current-Time Product, and Radiation Dose
Variable All Patients Group A Group B Group C P

Tube current (mA) 227 + 65 (75-610) 245 + 36 (180-350) 227 + 43 (150-370) 209 + 94 (75-610) <.01*

Tube current-time 53 + 15 (18-142) 57 + 8 (42-56) 53 + 10 (35-86) 49 + 25 (18-142) <.01*
product (mAs)

Dose0length product 49 +15 (16-131) 53 + 8 (37-87) 49 + 10 (30-84) 44 + 21 (16-131) <.01*
(mGy - cm)

Estimate effective 0.8 +0.3 (0.3-2.2) 0.9 + 0.2 (0.6-1.5) 0.8 + 0.2 (0.5-1.4) 0.8 £ 0.4 (0.3-2.2) <.01*
dose (mSv)

Data are expressed as mean =+ standard deviation (range).
* One-factor analysis of variance.

Image Noise

The SD and the mean + 2 SDs in regions of interest in the
aorta and the right ventricle are presented in Table 2. The test
for one mean revealed that the SD in the right ventricle was
different from 20 HU in group A (95% confidence interval
[CI], 18.3-19.7; P < .01) and group B (95% CI, 17.3-18.7; P
<.01), whereas the SD was not different from 20 HU in group
C (95% CI, 19.7-20.3; P = 1.00). In group C, the mean SD
was 20 =+ 2 HU (range, 16-26 HU). Images with the highest
noise in the three groups are shown in Figure 3. In group C,
six of 138 patients (4%) showed CT values > 23 HU in the
right ventricle (at the maximal heart diameter level on the
axial CT image). In five of the patients, the image levels were
below the dome of the diaphragm, being different from the
image used for the measurement of attenuation in the scout
image.

The mean + 2 SDs did not exceed 130 HU in groups A and
C, whereas the value in the right ventricle was 133 HU in one
case in group B.

The regression analysis revealed a statistically signifi-
cant influence of patient BMI on image noise in groups A
and B (Figs 4a—d). In group C, however, nearly flat slopes
of 0.04 and 0.091 HU/(kg/mz) were seen between BMI and
SD, indicating favorable control of tube current (Figs 4e
and 4f).

CAC Scores and Interscan and Interobserver
Variability

CAC scores and the interscan and interobserver variability
are summarized in Table 3. The CAC scores were not dif-
ferent among the three groups. For a representative example,
one-factor ANOVA revealed that there was no significant
difference of log-transformed Agatston scores on scan 1
measured by observer 1 between the groups (P = .61). CAC
scores were not different between scans and observers; for
example, repeated-measures ANOVA revealed that there was
no statistical significance of log-transformed Agatston scores
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in group A between the scans (P = .31) and observers
(P = 91).

For observer 1, the mean interscan variability of CAC-
positive patients in all groups (n = 300) was 13% (median,
8%) for Agatston score, 12% (median, 7%) for volume, and
11% (median, 6%) for mass. Two-factor ANOVA revealed
that the interscan variability in CAC scores, on a logarithmic
scale, was not different among the three groups (P =.17) and
algorithms (P = .07).

Interobserver variability was small. For scan 1, the mean
interobserver variability for Agatston score, volume, and
mass in CAC-positive patients was 4% (median, 1%), 2%
(median, 0%) and 3% (median, 1%), respectively.

Radiation Dose

The tube currents, tube current—time products, dose-
length products, and estimated effective doses in the 3 groups
are shown in Table 4. One-factor ANOVA revealed that there
were significant differences in all values among the three
groups (P < .01). Group C used the least dose and, more
important, a wide range of doses (effective dose, 0.3-2.2
mSv). The plots of effective dose against BMI are shown in
Figures 5a to 5c. In group C, the tube currents used and ra-
diation doses were different among individuals and widely
distributed compared with groups A and B.

DISCUSSION

The major points of the present study are as follows: (1)
attenuation-based tube current control, at the level of the
maximal heart diameter on the scout view, has the potential to
favorably control image noise in CAC scoring; (2) low-dose
scanning is possible, combined with prospective electrocar-
diographically triggered scanning; and (3) the protocol for
64-detector CT imaging provides low interscan and interob-
server variability.
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Figure 5. The relationship between effective dose and body
mass index (BMI). Plots of effective dose against BMI are shown.
(a) Group A: effective dose = 0.028 x BMI + 0.22 (P < .01). (b)
Group B: effective dose = 0.023 x BMI + 0.27 (P < .01). (c) Group
C: effective dose =0.016 x BMI + 0.38 (P=.11). Ingroups Aand B,
effective dose was a function of BMI, but not in group C. The ef-
fective doses in group C were widely distributed, irrespective of
BMI values.

Image Noise

In attenuation-based tube current control, the mean noise
was controlled to the target value of 20 HU. In addition, the
range was small compared to the BMI group and BMI and
body height group. These facts indicate that attenuation-based

scanning meets the goal of dose that is as low as reasonably
achievable. Of the 138 patients in the attenuation-based
group, the maximal mean + 2 SDs was 107 HU in the right
ventricle. Because the CT value threshold of CAC detection
was set to 130 HU, this result indicates that the noise is not
likely to be falsely judged as CAC. This is also important
because image noise is known to be one factor affecting in-
terscan variability of CAC (17,18). In the BMI and BMI and
body height groups, image noise was a function of BMI,
suggesting insufficient control of the tube current in individ-
ual patients. Although an increase in body weight or BMI
theoretically leads to an increase in image noise, the noise
cannot be ideally controlled on the basis of these parameters.

Interscan and Interobserver Variability in CAC
Scoring

The interscan variability of Agatston scores in 300 CAC-
positive patients (for observer 1: mean, 13%; median, 8%)
was lower than the variability on electron-beam CT imaging
(20%-37%) (14,17,19,20) and was comparable to the
variability on overlapping images from retrospective recon-
struction on prior-generation (4-slice or 16-slice) multide-
tector CT imaging (21,22). The variability was also
comparable to that on 64-detector CT imaging (23). How-
ever, the data on 64-detector CT imaging are from a single
institution. It is our hope that more data from multiple
institutions will be collected. Apart from overlapping images,
the use of a volume or mass algorithm can further reduce
variability. Although not significant (P = .07), this trend was
observed in the present study, in line with previous studies
(22,23). The interobserver variability in this study was small.
Artificial lesions, known to affect interobserver variability,
were reduced in the study, with favorably controlled noise.
We consider the interscan and interobserver variability in the
current study encouraging. However, prudence is called for
in actual clinical practice, because patients are likely to have
different heart rates when studies are performed a few years
apart, and body habitus and position may also change, thus
possibly increasing variability.

Radiation Dose

In the attenuation-based group, the tube currents and as-
sociated radiation doses were distributed over a wide range,
and the doses were different even among patients with the
same BMIs. This is considered an appropriate method in
patients who do not require much dose (eg, slender patients
who do not receive more dose than necessary). For example,
the minimal dose was only 0.3 mSv for a small and slender
patient (height, 151 cm; weight, 42 kg; BMI, 18 kg/mz). We
also found that the mean radiation dose in the attenuation-
based group was the same as on electron-beam CT imaging
(0.7 mSv) (24). We may therefore conclude that this level of
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beam tomography imaging of coronary calcium: the effect of body mass
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Horiguchi J, Matsuura N, Yamamoto H, et al. Coronary artery calcium
scoring on low-dose prospective electrocardiograph-triggered 64-slice
CT. Acad Radiol 2009; 16:187-193.

radiation dose may be suited for repeated examination to 7.
monitor the progression of atherosclerosis. Another approach
for the reduction of dose is lowering the tube voltage (25,26).
However, this requires need calibration for the calculation of
a_ scan.ner with a,SPeClﬁc%uy ad'apted threshold fo‘: the iden- McCollough CH, UIzhe|mer S, Halllbuvtcn 88, et al. Coronary artery
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scoring. q 1 at cardiac CT. F gy 2007; 243:527-538.

A technical issue should be addressed. Because the current . Muhlenbruch G, Hohl C, Das M, et al. Evaluation of automated attenua-

. . . tion-based tube current adaptation for coronary calcium scoring in
was determined at the maximal heart diameter on the scout MDCT in & cohort of 262 patients. Eur Radiol 2007; 17:1850-1857.
view, image noise below the dome of the diaphragm tended 11. Horiguchi J, Shen Y, Hirai N, et al. Timing on 16-slice scanner and im-
to become higher. Indeed, five patiems showed CT values plications for 64-slice cardiac CT: do you start scanning immediately
. . . after breath-hold? Acad Radiol 2006; 13:173-176.
>.23 HU in the right Venm.de pelow the dome of the 12. Matsuura N, Horiguchi J, Yamamoto H, et al. Optimal cardiac phase for
diaphragm. However, considering that the largest part of the coronary artery calcium scoring on single-source 0.35 sec-rotation-
coronary arteries was suggested to exist in the first 6 cm of the speed 64-MDCT scanner—least interscan variability and least motion
tr 27). CAC below the diaphr: tic level i artifacts. AJR Am J Roentgenol 2008; 190:1561-1568.
ansverse scan ( )’ elow the diaphragmatic level 15 13. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M,

probably of less importance. Although we could have Detrano R. Quantification of coronary calcium using ultrafast computed
controlled the image noise by adjusting at such a lower level, tomography. J Am Coll Cardiol 1990; 15:827-832.
we did not choose to do 50, becanse it might have excessivel . Yoon HC, Greaser LE Ill, Mather R, Sinha S, McNitt-Gray MF, Goldin JG.
. L. ’ g & y Coronary artery calcium: alternate methods for accurate and reproduc-
increased radiation dose. ible quantitation. Acad Radiol 1997; 4:666-673.

One limitation is that this study was conducted at a single ~ 15. Halliourton SS, Stillman AE, Lieber M, Kasper JM, Kuzmiak SA,
p e s . White RD. Potential clinical impact of variability in the measurement of
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mated dose than expected for US citizens. Nevertheless, the 16. Menzel H, Schibilla H, Teunen D. European guidelines for quality criteria
method is applicable to any patiem and seems promisin g for for computed tomography. Brussels, Belgium: European Commission,
the control of tube current in CAC scoring. 1

In conclusion, attenuation-based tube current control at
the level of the maximal heart diameter on the scout view has
the potential to favorably control image noise across patients.
Low dose and low interscan variability on CAC scoring are
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Received 11 December 2010 related to the presence of vulnerable coronary plaque components as assessed by computed tomography
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1. Introduction

Several studies have demonstrated that excessive fat accumulation
in abdominal viscera is associated with coronary artery disease (CAD),
myocardial infarction, and cardiovascular mortality [1, 2]. In our
previous studies using computed tomography (CT), abdominal
visceral adipose tissue (VAT) was a critical and independent
determinant for, not only the presence, but also the extent of coronary
artery calcium (CAC) scores [3]. This was also a determinant for non-
calcified coronary plaques (NCPs) [4]. It has been reported that both
epicardial and abdominal adipocytes are derived from the splanch-
nopleuric mesoderm, and that adipokines derived from the epicardial
adipose tissue (EAT) surrounding coronary arteries may directly affect
vessel walls, as well as the progress of atherosclerosis [5].
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Hiroshima 734-8551, Japan. Tel.: +81 82 257 5540; fax: +81 82 257 1569.

E-mail address: hi i Lacjp (H. ).
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Recent advances in cardiac CT technology have enabled the
identification and characterization of NCPs. Plaque components and
vascular remodeling can be reliably assessed by 64-slice CT angiography,
and NCPs with low CT density and positive remodeling (PR) frequently
co-exist in potentially vulnerable lesions [6-8]. Although several studies
have suggested that EAT is associated with CAC scores and coronary
artery disease [9, 10], the association between EAT and NCPs remains
unclear. The aim of the present study was to investigate the relationships
between EAT volume and the presence of NCP vulnerable components, as
defined by CT angiography.

2. Methods

2.1. Subjects

Between December 2007 and April 2009, a total of 495 consecutive patients with
suspected CAD a 64-slice CT at our institution. For the present

study, we excluded 138 subjects with a history of coronary revascularization (n=110),
inadequate image quality because of motion artifacts or inadequate contrast
concentration (n=18), or with missing information for one or more traditional CAD
risk factors (n=10). Eventually, 357 patients were included in this study. In all
patients, plain cardiac and abdominal scans were performed to measure the CAC scores
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and the VAT areas. The study protocol was approved by the Ethical Committee at
Hiroshima University, and written informed consent was obtained from all patients.

2.2. Risk factor assessments

All patients provided detailed clinical information at their clinical consultation.
Hypertension was defined as a patient systolic blood pressure =140 mmHg, a diastolic
blood pressure>90 mmHg, or the current use of antlhypertenslve medications.
Hypercholesterolemia was defined as a low-di (LDL)
level > 140 mg/dl on direct measurement, a total cholesterul level >220 mg/dl, or the
current use of lipid-lowering drugs. Diabetes mellitus (DM) was defined by self-
reporting, a glycohemoglobin Alc (HbAlc) level>6.5% [11], or the current use of
hypoglycemic agents. Patients who smoked regularly during the previous year were
classified as current smokers.

2.3. CT angiography and image analysis

CT examinations were performed using a 64-slice CT scanner (LightSpeed VCT, GE
Healthcare, Waukesha, Wisconsin, USA). Patients orally received 40 mg metoprolol
60 min before CT scanning if the patient's resting heart rate was >60 beats/min; all
patients received 0.3 mg nitroglycerin just before scanning. Prior to CTA, 35-40
contiguous images were obtained with a 2.5-mm slice thickness to measure the CAC
scores, according to the Agatston method [12]. Contrast-enhanced scanning, and the
scan protocol and reconstruction methods, were performed, as previously described [6,
7]. The effective radiation dose was estimated based on the dose-length product, and
ranged from 15 to 18 mSv. Image reconstruction was performed using the CardlQ
image analysis software program (GE Healthcare) on a dedicated computer
workstation (Advantage Workstation Ver.4.2, GE Healthcare).

24. Plaque characterization

All coronary segments >2 mm in diameter were evaluated by two experienced

bservers using curved multi-pl reconstructions and cross-sectional

images rendered perpendicularly to the vessel center line. CAD was defined by a cross-
sectional narrowing >50% in epicardial coronary arteries.

Atherosclerotic plaques were classified as calcified or non-calcified. Calcified
plaques were defined as lesions composed exclusively of structures with a CT density
greater than that of the contrast-enhanced coronary lumen, or with a CT density
>130 HU assigned to the coronary artery wall in a plain image. NCPs were defined as a
law—denslty mass >1mm? in size luca(ed within the vessel wall and clearly

it from the contrast- d coronary lumen and the surrounding
pericardial tissue. In regard to the extent of calcified plaque and NCP, a high plaque
count was defined as>2, and a low plaque count as<1. We further evaluated the NCP
components by determining the minimal CT density, the vascular remodeling index
(RI) and adjacent coronary calcium, as previously described [6, 7). Briefly, the

i CT density was ined to be the lowest average value of at least five
regions of interest (area= 1 mm>). A low-density plaque (LDP) was defined as a lesion
‘with a minimum CT density<39 HU [6, 7]. Vascular remodeling was assessed using the
RI, which was calculated by dividing the cross-sectional lesion vessel area by the
proximal reference vessel area. Positive remodeling (PR) was defined as a RI>1.05 [6,
7). Spotty calcium was defined as calcium burden length<3/2 of the vessel diameter
and a width<2/3 of the vessel diameter.

2.5. Measurement of VAT area and EAT volume using CT

Abdominal scans were performed at the 4th and 5th lumbar levels in the spinal
position. The VAT area was defined as the intraperitoneal adipose tissue area at the
level of umbilicus using commercial software (Virtual Place, AZE INC,, Tokyo, Japan) (3,
4].

Using cross-sectional CT images for calcium scoring, EAT was defined as the adipose
tissue between the epicardial surface of the myocardium and the pericardium. The EAT
area within the manually traced epicardium was defined as having a density range
between —250 and — 30 HU and was automatically quantified using the same software
as for the VAT area. EAT volume was calculated as the total sum of the EAT areas from
the atrial appendage (i.e. 1 cm above the left main coronary artery) to the apex with
1 cm thick spacing between each image, as was previously described [10]. Based on the
findings of Sarin et al. [10], a cut-off value of 100 ml for EAT volume was used, and
patients were assigned to two groups, either the low (<100 ml) or the high (=100 ml)
EAT volume group. Intra- and inter-observer variability for the quantification of EAT
volumes were calculated by the formula as previously reported [13].

2.6. Statistical analysis

Categorical variables are presented as the numbers of patients (percentage), and
continuous variables are expressed as means + SD or medians (interquartile range). For
each variable, differences were evaluated using the Pearson y>-tests for categorical
variables and the Student ¢ test or the Mann-Whitney U test for continuous variables.
We then assessed whether the associations between high EAT volume and the presence
of NCP components were independent of age, gender, traditional coronary risk factors,
BMI, VAT area, and CAC scores via multivariate logistic regression analyses. All analyses

were performed using the JMP 8.0.2 software program (SAS Institute, Tokyo, Japan). P
values<0.05 were considered to be statistically significant.

3. Results
3.1. Patient characteristics and EAT volume measurement

The mean age of the study population was 66+ 11 years old, and
64% of the subjects were male. The prevalence of coronary risk factors
was as follows: hypertension (68%), hypercholesterolemia (50%), DM
(31%), and smoking (31%). The mean BMI was 24.244.8 kg/m2 A
total of 124 patients (35%) had CAD. The mean EAT volume was 125 +
44 ml.

Baseline clinical characteristics and CT quantification are listed in
Table 1. The high EAT volume group had higher BMIs, VAT areas,
percentage of patients who were current smokers, and proportion of
individuals with DM compared to the low EAT volume group. The
prevalence of patients with CAD and a CAC score >0 was higher in the
high EAT volume group than in the low EAT volume group (38% vs.
26%, p=0.026, 78% vs. 64%, p = 0.005, respectively). In comparison to
the low EAT volume group, the high EAT volume group had a higher
prevalence and extent (=2 counts) of calcified plaques (70% vs. 58%,
p=0.027, and 54% vs. 41%, p=0.026, respectively) and NCPs (74% vs.
59%, p=0.003, and 52% vs. 40%, p=0.041, respectively). Fig. 1 shows
the comparison of NCP with vulnerable plaque components in
patients with low vs. high EAT volume. The high EAT volume group
had a higher prevalence of LDP (52% vs. 27%, p<0.001), PR (58% vs.
37%, p<0.001), and LDP with PR (46% vs. 25%, p<0.001) compared to
the low EAT volume group. Intra- and inter-observer variability for
the quantification of EAT volumes were 3.0% and 4.8%, respectively.

3.2. Relationship between high EAT volume and the presence of NCP
vulnerable components

Table 2 shows the results of age and sex-adjusted and multivariate
analyses of the relationships between high EAT volume and NCP
components. After adjusting for age, gender, hypertension, DM,
smoking, BMI, and VAT area, Model-1 shows that high EAT volume

Table 1
Baseline characteristics and CT findings in patients with low and high EAT volume
(n=357).

Characteristics Low EAT volume High EAT volume p value
(<100 ml) (=100 ml)
n=107 n=250

Age (years) 642+11.1 663+10.7 0.090
Male gender 63 (59) 165 (66) 0.199
Body mass index (kg/m?) 220429 251+52 <0.001
Hypercholesterolemia 50 (47) 128 (51) 044
Family history 17(17) 37(16) 0.79
Current smoker 24 (22) 86 (34) 0.025
Hypertension 66 (62) 176 (70) 011
Diabetes mellitus 21 (20) 90 (36) 0.002
Total cholesterol (mg/dl) 199.1+38.1 20134359 0.60
Triglyceride (mg/dl) 137.5+100.8 154.7+86.1 0.10
LDL cholesterol (mg/dl) 1153+£324 120.7+£29.7 013
HDL cholesterol (mg/dl) 626+18.1 580+179 0.026
HbAIlc (%) 571+£124 5.98+1.01 0.029
VAT area (cm?) 749+35.1 120.6+45.6 <0.001
Coronary artery disease 28 (26) 96 (38) 0.026
CAC scores 46 (0-236) 54 (0-242) 0.50
CAC scores >0 68 (64) 194 (78) 0.005
Calcified plaque 62 (58) 175 (70) 0.027
Calcified plaque counts >2 44 (41) 135 (54) 0.026
Non-calcified plaque 63 (59) 186 (74) 0.003
Non-calcified plaque counts>2 43 (40) 130 (52) 0.041

Values are expressed as number (percent), mean + SD, or median (interquartile range).
LDL: low-density lipoprotein; HDL: high-density lipoprotein; HbA1c: glycohemoglobin
Alc; VAT: visceral adipose tissue; CAC: coronary artery calcium.
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LDP PR SC  LDPwithPR Allthree
components
Fig. 1. Ce ison of plaque in patients with low vs. high EAT

volume.LDP: low-density plaque; PR: positive remodeling; SC: spotty calcium.® p<0.05
vs. low EAT volume group.

was independently associated with the presence of LDP (OR 2.90, 95%
Cl1.59-5.42, p<0.001), PR (OR 1.94, 95% C1 1.07-3.54, p=0.030), and
LDP with PR (OR 2.42, 95% CI 1.32-4.51, p=0.005). After adjusting for
the variables in Model-1, as well as CAC scores, Model-2 shows that
high EAT volume was still an independent predictor for the presence
of LDP (OR 3.08, 95% CI 1.66-5.83, p<0.001), PR (OR 2.08,95% CI 1.12-
3.88, p=0.021), and LDP with PR (OR 2.56, 95% CI 1.38-4.85,
p=0.003). Fig. 2 shows a representative case with high EAT volume
presenting vulnerable plaque components.

4. Discussion

The present study demonstrates the relationships between
coronary NCP components and EAT volume as measured by CT. The
data indicate that a high accumulation of EAT is associated with the
existence of NCP components (considered to be rupture-prone
vulnerable features of plaque) after adjustment for other obesity
measurements (BMI and VAT area) and CAC scores. The EAT
measurement may provide novel and additional risk stratification
for patients suspected of coronary artery disease.

4.1. EAT measurement

In the present study, we have demonstrated that EAT volume by CT
is noninvasively measured and had a high reproducibility. Recently,
several studies have shown that cardiac CT scans and magnetic
resonance imaging can quantify EAT volume with high reproducibility,
and are thereby effective tools for measuring EAT volume [10, 13-16].
In our CT study, using plane axial slices for calcium scoring, patients
could obtain additional clinical information of risk stratification
without additional radiation exposure or cost.

Our methods of measuring EAT volume can be utilized to evaluate
the amount of adipose tissue surrounding coronary arteries. Using an
EAT volume cut-off of 100 ml, which was based on the findings of

Table 2

Sarin et al. [10], we were able to detect LDP with PR at a sensitivity of
80%, a specificity of 41%, and an accuracy of 57%. Thus, the EAT volume
cut-off of 100 ml is highly sensitivity, and can be used as a screening
tool for detecting NCP with vulnerable coronary plaque components.

On the other hand, an echocardiographic study has shown the
relationship between EAT thickness and coronary atherosclerosis [17].
Saura et al. [18] showed that EAT thickness measured by echocardi-
ography had a poor reproducibility. Although transthoracic echocar-
diography is a simple and easy method to assess EAT volume, it is
difficult to distinguish between small amounts of EAT and pericardial
effusion and to measure EAT accurately in obese patients due to their
poor echo images.

4.2. The relationship between EAT and coronary atherosclerosis

Werrevealed that high EAT volume was associated with not only the
presence of CAD but also that of vulnerable plaque components.
Several previous studies have demonstrated that high EAT volume was
related to the existence of CAD [10] or myocardial ischemia as assessed
by single photon emission computed tomography [19]. According to
these findings, the accumulation of EAT around coronary arteries may
contribute to the development of coronary atherosclerosis.

Several studies have reported the relationships between EAT
volume and coronary plaque components. Konishi et al. [13] showed
that high EAT volume was independently and significantly associated
with the presence of coronary plaques, especially non-stenotic and
non-calcified plaques using 64-slice CT. Alexopoulos et al. [20] have
demonstrated that EAT volume was greater in patients with mixed
and non-calcified plaques than in patients without plaques. In the
present study, we d more detailed plaque comp of
coronary plaques than previous studies. Interestingly, we clarified
that a high EAT volume was associated with the presence of LDP with
PR. We found clinical significance when evaluating the EAT volume to
predict patients at a high risk for vulnerable plaque components,
which may contribute to acute coronary syndrome [6-8]. In a sub-
analysis of the Multi-Ethnic Study of Atherosclerosis, a high
pericardial adipose tissue volume was also associated with future
incident coronary heart disease [21], which is consistent with our
results.

Notably, our results revealed that higher EAT volumes are
associated with the presence of LDP with PR after adjusting for BMI
and VAT area. It was reported that the EAT thickness was associated
with an increasing number of CAD lesions after adjusting for
conventional risk factors, BMI, and VAT [16]. Consistent with our
results, several reports have shown that EAT accumulation is
associated with CAD and CAC scores in non-obese patients [22, 23].
Further, our results suggest that a high EAT volume is an independent
predictor for vulnerable plaque components even after adjusting for
CAC scores. Thus, EAT volume measurements, along with CAC scores,
could be used to predict whether a patient is at high risk for
vulnerable plague components. The local effect of EAT on coronary
arteries may play an important role in plaque formation. It can be
speculated that a high EAT volume may be a direct and intimate

Relationship between high epicardial adipose tissue volume and non-calcified plaque components.

Plaque components Age and sex-adjusted

Multivariate (Model-1)* Multivariate (Model-2)°

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
Low-density plaque 2.66 (1.60-4.49) <0.001 2.90 (1.59-5.42) <0.001 3.08 (1.66-5.83) <0.001
Positive remodeling 2.08 (1.28-3.42) 0.004 1.94 (1.07-3.54) 0.030 2.08 (1.12-3.88) 0.021
Spotty calcium 1.34 (0.82-2.23) 025 1.08 (0.59-1.97) 0.80 1.11 (0.61-2.04) 0.73
Low-density plaque with positive remodeling 2.36 (1.42-4.02) 0.001 242 (1.32-451) 0.005 2.56 (1.38-4.85) 0.003
All three characteristics 1.42 (0.80-2.58) 024 1.49 (0.75-3.02) 026 1.65 (0.81-3.44) 0.17

OR: odds ratio; CI: confidence interval.
2 Adjusted for age, sex, hypertension, hypercholesterolemia, diabetes mellitus, current smoking, body mass index, and visceral adipose tissue area.
® Adjusted for variables in Model-1 and CAC scores.
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a) calcification b) calcification
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Fig. 2. AT ive case with high acc of EAT

coronary atherosclerotic plaque with vulnerable plaque components.A density range between —250 and

—30 HU was assigned as the adipose tissue. The EAT area (blue area) was manually traced on the epicardium (panel A). In this case, the EAT volume was 216 ml. The volume
rendering image shows an atherosclerotic lesion in the middle portion of the left anterior descending artery (LAD) (panel B, blue arrow). The multi-planar reconstruction image of
LAD shows an obstructive non-calcified plaque lesion with low-density plaque, positive vascular remodeling, and adjacent spotty calcium (panel C). The remodeling index is 1.53,
calculated from the cross-sectional images of the reference site (a) and the lesion site (b). The minimum CT density of the lesion site is 32 HU. Adjacent spotty calcium can be

observed in the cross-sectional image (a,b, and c).

source of adipokines, and thereby abnormal adipokine signaling in
and around the coronary arteries. As in our previous report [4], high
VAT area is significantly associated with NCP vulnerable components.
We believe that VAT and EAT may work synergistically to accelerate
coronary atherosclerosis and plaque vulnerability from inside and
from outside the vessel walls, respectively.

4.3. Limitations

In the present study, we could not measure serum or tissue
inflammatory cytokines and adipokines, both of which can lead to
accelerate atherosclerosis or plaque vulnerability. A previous study
demonstrated that the EAT in patients with critical CAD had a higher
expression level of inflammatory mediators compared with subcuta-
neous adipose tissues, but the circulating inflammatory biomarkers
were not correlated with overall biomarker expression [24]. There-
fore, further studies will be necessary to clarify the relationship
between the tissue inflammatory cytokine or adipokine levels and
EAT volume.

Finally, the present study may have been affected by selection bias,
because the study was composed of patients with suspected CAD. In
addition, this was a cross-sectional study with a relatively small
sample size.

5. Conclusions

EAT accumulation was associated with the presence of coronary
plaques with vulnerable characteristics, as detected by coronary CT
angiography. A high EAT volume is a predictor of vulnerable plaque
components independent of obesity measurements (BMI and VAT)
and CAC scores.
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Characterization of Noncalcified Coronary
Plaques and Identification 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 plaques in culprit
and remote coronary atherosclerotic lesions in patients with acute coronary syndrome (ACS) with
64-slice computed tomography (CT).

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

METHODS 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 (RI), and morphology of adjacent calcium
deposits.

RESULTS 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, RI >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.

CONCLUSIONS 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
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Noncalcified Coronary Plaquesin ACS on MDCT

“I 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-

ABBREVIATIONS
AND ACRONYMS

ACS = acute coronary syndrome
€T = computed tomography
ECG = electrocardiogram

HU = Hounsfield units

IVUS = intravascular ultrasound

MDCT = multidetector
computed tomography

NCP = noncalcified coronary
atherosclerotic plaque

NSTEMI = non-ST-segment
elevation myocardial infarction

PR = positive remodeling

Rl = remodeling index

slice CT allows reliable analysis of the com~
ponents, vascular remodeling, and adjacent
calcium morphology of NCPs and could
document that lower CT density, PR, and
adjacent spotty coronary calcium frequently
co-existed in potentially “vulnerable” lesions
(5). 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
(3,4), 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.

METHODS

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.., 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-TI 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-I 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 (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
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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breath-hold. The volume data set was acquired in
helical mode (64 X 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 performed with image-analysis
software (CardIQ, GE Healthcare) on a dedicated
computer workstation (Advantage Workstation
Ver.4.2, GE Healthcare). A “standard” kernel was
used as the reconstruction filter. Depending on
heart rate, either a half-scan (temporal window =
175 ms) or multi-segment (temporal window <175
ms) reconstruction algorithm was selected, and the
optimal cardiac phase with the least motion artifacts
was chosen individually.

Evaluation of NCP characteristics. All coronary seg-
ments >2 mm in diameter were evaluated by 2
blinded and independent observers with curved
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
coronary lumen and the surrounding pericardial
tissue; coronary calcium: 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) assigned to the cor-
onary artery wall in a plain image. For NCPs and
calcium analyses, the optimal image display setting
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
documenting the lowest average value of all regions of
interest, and on the basis of our previous results (5),
low-density NCPs were defined as lesions with a
minimum CT density of <40 HU. We also deter-
mined the extent of luminal enhancement of each
coronary lesion by placing a region of interest (area =
1 mm?) in the center of the coronary artery lumen at
the respective reference segment. On the basis of
measurements of the cross-sectional vessel areas
(mm?) at each NCP site of maximum vessel area and
each proximal reference site of the same coronary
artery, we calculated the “Remodeling Index” (RI).
Positive remodeling was defined as RT >1.05 (7).
Finally, we assessed calcium deposits in or adjacent to
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each NCP by determining their presence or absence
and their morphology. Spotty calcium was defined as
follows: length of calcium burden <3/2 of vessel
diameter and width <2/3 of vessel diameter (8). If the
initial classification of NCP and adjacent calcium
differed among the 2 independent observers, final
classification was achieved by consensus.

Statistical analysis. Coronary calcium score is ex-
pressed as median value and range, and other mea-
surements are expressed as mean + SD. Continuous
and categorical variables were compared with the
Mann-Whitney test and chi-square test, respectively.
Tnterobserver variability of measured CT densities and
cross-sectional vessel areas was determined by calcu-
lating Pearson’s correlation coefficient. In comparisons
between ACS and non-ACS lesions and culprit and
nonculprit lesions, we used only lesion specific factors,
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 associations 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 Carolina). A p value of <0.05 was
considered statistically significant.

RESULTS

Baseline characteristics. The mean heart rate during
scanning was 61 % 10 beats/min; mean scan time for
coronary CT angiography was 6.3 * 2.1 5. No patient
experienced any complication due to MDCT, and no
patient was excluded from analysis due to poor image
quality of the 64-slice CT.

Of the 147 patients, 46 (31%) had no NCPs as
detected by 64-slice CT angiography (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 anginas] 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 noncalcified 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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Table 1. Patients’ Characteristics
ACS Group  Non-ACS Group
(h=21) (n = 80) p Value
Age (yrs) 66+ 11 69+9 NS
Male/female 17/4 61/19 NS
Hypertension 13(62) 53 (66) NS
Hyperlipidemia 12(57) 37 (46) NS
Diabetes mellitus 8(38) 39 (49) NS
Previous or 12(57) 45 (56) NS
current smoker
Statin use 8(38) 23(29) NS
Heart rate 59+7 59*+9 NS
(beats/min)
Body mass index 253 244 NS
(kg/m?)
Coronary calcium 184 (0-1,550) 107 (0-4,656) NS
score
N = 101. Coronary calcium score is expressed as median value (range). Other
data are the mean value * SD or n (%) of patients.
ACS = acute coronary 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-
graphic findings in a case with ACS.

Comparisons of NCP findings between ACS and non-
ACS patients. Sixty-five and 163 NCPs were detected
in the ACS (n = 21) and non-ACS (n = 80) group,
respectively. 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 artery, 20% and 15% in the left circumflex
artery, 37% and 36% in the right coronary artery,
respectively). The mean number of NCPs/patient was
significantly higher in the ACS group (3.1 = 1.2)
than in the non-ACS group (2.0 * 1.1, p < 0.01).
Comparisons of NCP characteristics between the 2
groups are shown in Table 2. Excellent inter-observer
agreement was found for minimum CT densities of
NCPs (r = 0.91), for luminal densities at the reference
site lumens (r = 0.94), and for all cross-sectional vessel
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). Furthermore, the frequency of low-density
NCPs with PR and spotty calcium was substantially
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higher in the ACS group (43%) than 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 invasive angiography.
Comparisons of NCP characteristics between culprit
and nonculprit 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 significance. The mean RI of the culprit
lesions (1.26 * 0.16) was significantly higher than
that of the nonculprit lesions (1.09 * 0.17, p < 0.01),
but there was a substantial overlap of the distribution
of RI values in these 2 groups of lesions (Fig. 2). The
optimal cutoff for RI by CT angiography to predict
culprit lesions was 1.23 and had a sensitivity of 71%
and specificity of 82% (area under the curve 0.77). The
frequency of plaques that displayed all 3 parameters of
“vulnerability” (low CT density, positive remodeling,
and spotty calcium) tended to be higher for culprit
lesions (57%) compared with nonculprit lesions
(36%). However, the difference was not significant.
Multivariate analysis, which included larger RI
(=1.23), the presence of adjacent spotty calcium, the
minimum NCP CT density, and the reference site
CT density, revealed that a larger RT was the only
significant predictor of ACS culprit lesions (odds
ratio: 12.3; 95% confidence interval: 2.9 to 68.7, p <
0.01). Furthermore, the mean RI of the 21 culprit
lesions was significantly higher than 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 vs. 15 *= 18 HU), frequencies of
adjacent spotty calcium (57% vs. 64%), and frequen-
cies of low-density NCPs with PR and spotty calcium
(57% vs. 45%) were similar.

DISCUSSION

In this study, we demonstrated that 64-slice CT
coronary angiography allows visualization of more
noncalcified coronary atherosclerotic lesions with
characteristics assumed to be associated with plaque
“vulnerability” in patients with ACS as compared with
patients with stable clinical presentation. Thus, 64-
slice CT might contribute toward the differentiation
of “vulnerable patients.” Furthermore, we observed
that a high degree of positive remodeling is the most
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Figure 1. Invasive Angiography and Coronary CT Angiography in a 58-Year-Old Man With NSTEMI

(A and B) Invasive coronary angiographic images show an initial occlusion of the proximal portion of the right coronary artery (RCA)

(arrowhead) and a recanalization of the lesion. (C and D) Curved multiplanar reconstruction (MPR) images show the subtotal occlusion
and noncalcified coronary atherosclerotic plaque (NCP) with spotty calcium in the proximal portion of the RCA (arrowhead). The cross-
sectional vessel areas of the reference site (a) and NCP (b) are 23 and 29 mm?, respectively. Therefore, the remodeling index (RI) is 1.26.
The minimum computed tomography (CT) density of the NCP is 16 Hounsfield units (HU) (b). Spotty calcium with the NCP is observed in
the cross-sectional image (c). (E and F) Curved MPR images show multiple nonculprit NCP in left anterior descending coronary artery
(LAD) (arrows). The cross-sectional vessel areas of the reference site (d) and nonobstructive NCP (e) in the proximal portion are 28 and
28 mm?, respectively. Therefore, the Rl is 1.0. The minimum CT density of the NCP is 44 HU (e). The cross-sectional vessel areas of the
reference site (f) and obstructive NCP (g) in the middle portion are 18 and 18 mm?, respectively. Therefore, the Rl is 1.0. The minimum
dial infarction.

CT density of the NCP is —7 HU (g). NSTEMI = ST-segment elevation

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

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

ence of NCPs in all ACS patients and in all ACS
culprit lesions, whereas no patient without any NCP
had an ACS. Although the number of ACS patients
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
previous evidence that the disease process in ACS
patients is not focal but more widespread throughout
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Table 2. Comparison of NCP Characteristics Between ACS and
Non-ACS Groups

ACs Non-ACS
Group Group
(n = 65) (n=163) p Value
CT density (HU)

NCPs (minimum 24+22 42*29 <0.01

density)

Reference site 35144 35762 046
Remodeling index 114%0.18 1.08*0.19 0,02
Adjacent spotty calcium, 39(60) 62(38) <001

(n [9%I)
Low-density NCPs (<40 28(43) 36(22) <0.01
HU) with PR and
spotty calcium,
(n [%])

Data are the mean value * SD or n (%) of non-calcified coronary atheroscle-
rotic plaque (NCPs).

CS = acute coronary syndrome; CT = computed tomography; HU =
Hounsfield units; PR = positive remodeling.

the coronary circulation and might lead to instability
of multiple plaques (9). In fact, multiple plaque
ruptures in locations other than on the culprit lesion
have been detected by IVUS in patients with ACS
(10). In the present study, with 64-slice CT angiog-
raphy that can 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 “vulnerable” 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 (RI >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 often present
in the entire coronary tree of ACS patients.

Predictors of ACS culprit lesions in MDCT. A previous
study with CT angiography (4) revealed that, among
the 3 vulnerable characteristics, positive remodeling
was the strongest discriminator between culprit and
nonculprit lesions in patients with ACS (PR: 87%;
low CT density: 79%; spotty calcium: 63%), similar to
our results. Whereas this could be explained by pre-
vious data, such as a histopathological study using
postmortem hearts that revealed that coronary plaques
with PR had a higher lipid content and a 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 progression
(12), this observation has to be interpreted with
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caution. In a retrospective analysis such as ours, the
correlation of remodeling and culprit lesions might be
a consequence of plaque rupture and not necessarily a
predictor. Also, in spite of a significant difference of
the mean RI between culprit and nonculprit lesions of
ACS patients, the overlap of RI values in these 2
groups was substantial.

Study limitations. Caution is required 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 increase the CT densities that were
measured, and this might be 1 of the reasons that the
minimum CT density is not statistically different
between the culprit and nonculprit lesions in the
present study. We believe that selecting the minimum
density value as the NCP density is an appropriate
method for limiting partial volume and beam harden-
ing effects resulting from neighboring structures, es-
pecially hyperdense calcium. However, improvements
of spatial resolution will be necessary to more reliably
identify and characterize NCPs on the basis of CT
densities.

Second, at present, there is no gold standard for
determination of coronary plaque vulnerability in CT
angiography. For example, in the previous MDCT
study, spotty calcium was defined as <3 mm in size
(4). However, the visual estimation of high-density
structures, such as calcium deposits, varies depending
on the window setting in the CT image. Therefore,
we believe that our method, which is based on the
comparison of calcium dimensions with vessel diam-
eters, is more appropriate for classification of calcium
deposits.

Table 3. Ce of NCP CI
and Non-Culprit Lesions in ACS Group

Between Culprit

Culprit Non-Culprit
Lesions Lesions
(n=21) (n = 44) p Value

CT density (HU)

NCPs (minimum 15%13 28+24 0.07

density)

Reference site 353+46 350+43 095
Remodeling index 126+016 109*017 <001
Adjacent spotty calcium,  12(57) 27(61) 075

(n [%])
Low-density NCPs (<40 12(57) 16 (36) 0.11
HU) with PR and
spotty calcium,
(n (%)

Data are the mean value * SD or n (%) of NCPs.
Abbreviations as Table 2.
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Third, the present study is retrospectively designed,
and we assume that vulnerable NCPs have morpholog-
ical characteristics similar to those of already-disrupted
NCPs—a limitation shared with previous studies in this
fild. A long-term, large prospective trial would be
necessary to determine whether CT stratification of
NCPs indeed has prognostic value for predicting future
cardiac events. Future approaches might, in fact, extend
beyond CT analysis of plaque morphology, such as
demonstrated by a recent report that described the use of
a dedicated contrast agent to visualize macrophage infil-
tration in atherosclerotic plaques (13).

Finally, our data acquisition protocol led to 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.

CONCLUSIONS

We were able to demonstrate that 64-slice coronary
CT angiography detects a higher number 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 to be associated with plaque
“vulnerability” in CT, a large degree of positive re-
modeling was the only independent predictor of cul-
prit lesions in ACS patients, but a large variability was
observed concerning the extent 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 characteristics
throughout the entire coronary system in a noninva-
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Figure 2. Comparison of Rl Between ACS Culprit and Nonculprit Lesions

The mean R of the culprit lesions is significantly higher than that of the
non-culprit lesions (1.26 = 0.16 vs. 1.09 = 0.17, p < 001), but there is a
substantial overlap of the distribution of Rl values in these 2 groups of

lesions. ACS = acute coronary syndrome; Rl = remodeling index.

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