presence, extent, and vulnerable characteristics of NCPs, as assessed by 64-slice CTA.
Our findings support the notion that the accumulation of VAT may contribute to the
progression and instability of coronary atherosclerotic plaques. Studies of the long-term
cardiovascular event risk in patients with visceral adiposity are important, and 64-slice
CTA may offer an approach to improve risk stratification in such patients.
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Figure legends

Figure 1 Coromary CT Angiography in a 74-Year-Old Man with High VAT
Presenting with Unstable Angina Pectoris

Panel A shows a significant stenotic lesion in the proximal left anterior
descending artery (arrowhead). The stretched multiplanar reconstruction image of the
vessel shows obstructive NCP with positive remodeling and adjacent spotty calcium
(Panel B, arrow). The cross-sectional vessel areas of the reference site (a) and lesion (b)
are 26 and 32 mm?, respectively. Therefore, the remodeling index is 1.23. The minimum
CT density of the lesion is 21 HU (b). The small circles within the outer vessel
boundaries indicate regions of interest (area = 1 mm?) (a, b). Adjacent spotty calcium is
observed in the cross-sectional image (c). Panel C shows the abdominal adipose tissue
areas at the level of the umbilicus. Regions of blue and red color indicate visceral (162
cm?) and subcutaneous (151 cm?) adipose tissue areas, respectively. CT = computed
tomography; NCP = noncalcified coronary plaque; VAT = visceral adipose tissue.

Figure 2 Prevalence of NCP Characteristics in Patients with High and Low VAT

High VAT indicates VAT area above the sex-specific median value (men 126 cm?,
women 91 ¢cm?) and low VAT is below the median. Open and solid bars indicate low and
high VAT, respectively. PR = positive remodeling; other abbreviations as in Figure 1. i
p<0.01;", p<0.05.

Figure 3 Comparison of CAC Score and the Number of NCPs Between Patients
with High and Low VAT area

The higher VAT groups had significantly higher median levels of CAC scores and
more NCPs in both sexes. Boxes, 25th and 75th percentiles; lines, Sth and 95th
percentiles for the data (left panel). The number of NCPs is shown as the mean + SE.
(right panel). CAC = coronary artery calcium; other abbreviations as in Figure 2.



Table 1 Characteristics of the Study Patients with High and Low VAT area

Men (n = 267) Women (n = 160)
High VAT Low VAT High VAT Low VAT
(n=133) (n=134) (n= 80) (n=180)

Age (yrs) 65+ 10 64+ 12 71£10 68+ 11
BMI (kg/m?) 257427 22.4+3.1 24.7 +3 .41 22.1+£3.4
WC (cm) 95.8+7.5! 84.7+7.6 93.7+7.7 823+8.4
SAT (cm?) 143453t 99 + 46 190 = 711 141+ 61
Hypertension, n (%) 92 (69)° 76 (57) 48 (60)° 35 (44)
Hypercholesterolemia, n (%) 80 (60)° 61 (46) 48 (60)° 32 (40)
Diabetes mellitus, n (%) 79 (59)F 50 (37) 41 51 23 (29)
Current smoking, n (%) 73 (55) 66 (49) 13 (16) 6(8)
Total cholesterol (mg/dl) 201 34 196 + 41 203 + 39 204+ 51
Triglycerides (mg/dl) 156 (109-231)} 111 (83-157) 146 (110-210) 98 (75-133)
HDL cholesterol (mg/dl) 48 + 147 59+ 18 57+ 16 68+ 17
LDL cholesterol (mg/dI) 119+29 114+32 119+ 35 119 +47
HbAlc (%) 63+ 13f 58£13 63+121 58+1.2
Medications

Antihypertensive agents, n (%) 49 37 32 (24) 20 (25) 22 (28)

Lipid-lowering agents, n (%) 39 (29) 32 (24) 22 (28) 18 (23)

Hypoglycemic agents, n (%) 43 (32) 27 (20) 28 (35) 15(19)

High VAT indicates VAT area above the sex-specific median value (men 126 cm?,
women 91 ecm?®) and low VAT indicates VAT area below the median value. Values are
expressed as number (percent), means + SD or medians (interquartile range). BMI =
body mass index; HbAlc = hemoglobin Alc; HDL = high-density lipoprotein; LDL =
low-density lipoprotein; SAT = subcutaneous adipose tissue; VAT = visceral adipose

tissue; WC = waist circumference. *, p <0.05; T p <0.01.
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Presence Extent
Univariate Multivariate Univariate Multivariate

OR (95% CI)* p-value oﬁ (95% CIy* p-value g° p-value g° p-va

(per 11 yrs) 1.21 (1.00-1.47) 0.05 1.42 (1.10-1.84) 0.007 0.1 0.08 0.13 0.0
men) 3.04 (2.024.59) <0.0001 1.58 (0.85-2.95) 0.15 0.32 <0.0001 0.15 0.0
(per 3.5 kg/m?) 1.13 (0.94-1.37) 0.21 0.70 (0.48-1.02) 0.07 0.07 0.31 -0.11 0.3
‘per 9.6 cm) 1.37 (1.13-1.69) 0.0016 1.48 (0.87-2.59) 0.16 0.15 0.03 -0.08 0.5
| (per 58 cm?) 2.13 (1.71-2.82) <0.0001 1.79 (1.22-2.77) 0.004 0.39 <0.0001 0.34 0.01
(per 65 cnn?) 0.82 (0.67-1.00) 0.043 0.68 (0.43-1.05) 0.09 -0.12 0.07 -0.05 0.€
srtension 2.18 (1.46-3.25) 0.0001 1.61 (0.94-2.78) 0.08 0.31 <0.0001 0.19 0.C
srcholesterolemia 2.35 (1.59-3.52) <0.0001 2.24 (1.31-3.88) 0.004 0.29 <0.0001 0.23 0.0
etes mellitus 2.03 (1.36-3.04) 0.0005 2.00 (1.06-3.84) 0.03 0.28 <0.0001 0.18 0.

Table 2 Association of VAT with the Presence and Extent of NCP

znt smoking 2.93 (1.91-4.57) <0.0001 2.12 (1.25-3.63) 0.006 0.32 <0.0001 0.18 0.(
wypertensive agents 1.22 (0.79-1.89) 0.37 0.70 (0.39-1.26) 0.24 0.12 0.11 -0.05 0.f
I-lowering agents 1.74 (1.10-2.79) 0.02 1.08 (0.58-2.03) 0.80 0.16 0.04 -0.03 0.%
rglycemic agents 1.53 (0.98-2.43) 0.07 0.63 (0.30-1.30) 0.22 0.25 0.001 0.01 0.¢

Table 1.

20dds ratio (95% confidence interval) for the presence of NCP associated with the presence of covariates
in dichotomous variables or a 1-SD increase in continuous variables. ° B indicates beta-estimate, predicted

increase in the number of detectable NCPs. NCP = noncalcified coronary plaque; other abbreviations as in



Table 3 Relationship

Characteristics
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Between VAT and the Presence of NCP with Vulnerable

Age- and sex-adjusted

Multivariate®

OR (95% CI)?

p-value

OR (95% CI)? p-value

Positive remodeling
Low CT density
Spotty calcium

All three characteristics

2.0 (1.57-2.57)
1.66 (1.33-2.11)
1.69 (1.34-2.17)

1.89 (1.47-2.54)

<0.0001

<0.0001

<0.0001

<0.0001

1.69 (1.16-2.51) 0.007
1.57 (1.08-2.32) 0.02
1.53 (1.03-2.31) 0.04

1.71 (1.09-2.72) 0.02

® Odds ratio (95% confidence interval) for the presence of each vulnerable NCP

characteristic per 1-SD (58 cm?) increase in VAT. ° Adjusted for age, sex, BMI, SAT,

WC, hypertension, hypercholesterolemia, diabetes mellitus, current smoking, and

medication usage. CT = computed tomography; NCP = noncalcified coronary plaque;

other abbreviations as in Table 1.
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Prospective

aluation of Attenuation-Based Tube Current
ontrol in Coronary Artery Calcium <
-triggered 64-detector CT"

Scoring on

Jun Horiguchi, MD, Noriaki Matsuura, MD, Hideya Yamamoto, MD, Toshiro Kitagawa, MD, Kenichi Sato, PhD,

Yasuki Kihara, MD, Katsuhide lto, MD

Rationale and Objectives. The aims of this study were to investigate image noise (standard deviation of computed tomographic
value) and to assess variability in repeated coronary artery calcium (CAC) scoring on prospective electrocardiographically
triggered 64-detctor computed tomography.

Materials and Methods. Patients (n = 428) suspected of having coronary artery disease were scanned twice using three pro-
tocols: with tube current modified by body mass index (BMI; group A), by BMI and body height (group B), and by attenuation at
the maximal heart diameter (group C). Image noise was plotted against BML. Interscan variability of CAC scores was determined.
The effective dose was estimated by computed tomographic dose index.

Results. The mean effective dose and image noise, respectively, were 0.9 + 0.2 mSv (range, 0.6—1.5mSv) and 19 == 4 Hounsfield
units (HU) (range, 10-32 HU) for group A; 0.8 £ 0.2 mSv (range, 0.5-1.4 mSv) and 18 £ 4 HU (range, 10-31 HU) for group B;
and 0.8 & 0.4 mSv (range, 0.3-2.2 mSv) and 20 & 2 HU (range, 16-26 HU) for group C. Group C used a wide dose range
and controlled noise within a small range. The positive slopes of image noise versus BMI, 0.81 HU/(kg/m?) in group A and 0.62
HU/(kg/m?) in group B, suggested insufficient control of the tube current. In contrast, the nearly flat slope in group C, 0.091 HU/
(kg/mz), indicated optimal control. The interscan variability for Agatston score, volume, and mass in patients with CAC (n =300)
was 13% (median, 8%), 12% (median, 7%), and 11% (median, 6%), respectively.

Conelusions. CAC scoring on prospective electrocardiographically triggered 64-detector computed tomography using attenu-
ation-based tube current control has the potential to favorably control image noise with low dose and low interscan variability.

Key Words. Coronary artery; calcium; tube current; attenuation; variability.
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The validity of serial coronary calcium measurements as
a method to monitor the progression of atherosclerosis
requires that - | the progression of coronary artery calcium
(CAC) have biologic relevance to atherosclerosis activity,
the progression of CAC can be detected relative to intertest
variability, - ** changes in CAC severity have prognostic
relevance, and - the modification of cardiovascular risk
factors modulate the progression of CAC : . .. Therefore,
regarding the technical aspects of CAC scoring, low radiation
exposure and low interscan variability are key requirements.
To reduce radiation exposure, a fixed and lower tube
current—time product of 40 mAs ¢V or 55 mAs ¢ ' and
body weight-adapted ¢%-:: or body mass index (BMI)-
adapted (% protocols have been introduced, but these do
not account for the body habitus of patients, such as the
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size of heart or the presence of pericardial effusion. In

a recent report of the International Consortium on Stan-
dardization in Cardiac Computed Tomography, a standard
deviation (SD) level target of 20 Hounsfield units (HU) for
small and medium-sized patients and an SD level target of
23 HU for large patients have been recommended (9).
Miihlenbruch et al (i10) reported automated attenuation-
based tube current adaptation whereby the tube current was
chosen from a proprietary control curve calculated on the
basis of the attenuation values derived from the scanogram.
Their study showed that automated attenuation-based tube
current adaptation can better control tube current than

a fixed “‘standard” dose protocol, but their regression
analysis revealed a statistically significant influence of
patient BMI on image noise.

We hypothesized that tube current should be adjusted by
attenuation at the level of the maximal heart diameter on the
scout image. Moreover, prospective electrocardiographically
triggered scans should be used for the reduction of radiation
dose. Thus, the main purpose of this prospective study was to
investigate image noise and to assess variability in repeated
CAC scoring on prospective electrocardiographically trig-
gered 64-detector computed tomographic (CT) imaging us-
ing attenuation-based tube current adaptation at the maximal
heart diameter. We also compared this protocol to two other
protocols: tube current modified by BMI (¢ and tube current
modified by BMI and body height.

Patients

For 24 months, 428 consecutive subjects (261 men, 167
women; mean age, 65 = 12 years; age range, 28-89 years)
who underwent coronary CT imaging for coronary risk fac-
tors or chest pain evaluation were enrolled in the study and
were classified into three groups. Patients with histories of
cardiac surgery, stents, or pacemakers were excluded. Study
participants were collected until each group reached 100
patients with CAC. Consequently, groups A, B, and C con-
sisted of 145, 145, and 138 patients, respectively. The study
was approved by our institutional review committee. Written
informed consent was received from all patients involved
after the nature of the procedure had been fully explained
(including radiation dose information).

Prospective Elecirocardiographically Triggered
Step-and-Shoot CT Protocol

Two repeated prospective electrocardiographically
triggered step-and-shoot half scans were performed using
a 64-detector CT scanner (LightSpeed VCT; GE Healthcare,
Waukesha, WI1) with simultaneous electrocardiographic
digitizing and recording. Between the two scans, to simulate
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different body positions, the table was advanced by 1 mm.
Scans were performed 4 to 5 seconds after holding the breath
on mild inspiration to minimize changes in heart rate during
the scans (! 1). Using a collimation width of 2.5 mm and 16
detectors, images of 2.5 mm in thickness were obtained.
Scans were temporally triggered to be centered at 75% of the
RR interval, because middiastolic reconstruction has been
recommended on 64-detector CT scanners with gantry rota-
tion speed of 0.35 seconds (12). The gantry rotation speed
was 0.35 seconds, and the tube voltage was 120 kV. For
image reconstruction parameters, a matrix size of 512 x 512
pixels, a display field of view of 26 cm, and the “standard”
kernel were used. The temporal resolution was 175 ms.

Group A: Tube Current Modified by BiVil

Group A consisted of subjects reported in a previous paper
{8) plus 30 subjects. Because a significant association be-
tween noise and BMI was shown in an electron-beam CT
study (7), the tube current was modified according to the
following equation:

tube current = 250 x (BMI/25)
mA = 10 x body weight (kg)/
[body height (m)}* mA.

This was based on the strategy that patients with standard
BMIs of 25 kg/m® would receive tube current-time product
of 58 mAs, which is almost the same level as the recom-
mendation for CAC scoring using low-dose 4-slice CT
imaging

The tube current—time product in a typical patient with
a BMI of 25 kg/m* was calculated as follows:

tube current (mA) x gantry rotation speed (seconds)
X exposure time per rotation time

= 250mA x 0.35seconds x (2/3) = 58 mAs.

Group B: Tube Current Modified by BiVil and Body
Height

In addition to BML, this protocol considered the influence
of body height. The tube current was modified according to
the following equation:

tube current = 250 x (BMI/25) mA
x (body height/1.7) mA
= 5.88 x body weight (kg)

/ body height (m) mA.
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Figure 1. Attenuation-based tube current adaptation at the maximal heart diameter.
First, the lateral scout view is taken (a). The grids (dotted lines) show that the isocenter of
the x-ray beam is 2 cm higher than the center of body (black line) in the ventral-dorsal
direction at the left ventricular level. The table is elevated by 2 cm so that the isocenter of
the x-ray beam and the center of the body correspond. Next, the frontal scout view is
taken. The z-axis level of the maximal heart diameter on the frontal scout view is chosen
(b), and a targeted noise level of 20 HU is input into the software Smart mA. Then,
a recommended value for the tube current is displayed. Because this value is offered on
the simulation of a full scan and a gantry rotation speed of 0.4 seconds, the tube current
for coronary artery calcium scanning is determine according to the following equation:
tube current = recommended tube current x (3/2) x (0.4/0.35) mA.

Figure2. Image noise measurement. Image noise expressed as the standard deviation
of computed tomographic (CT) values is measured in regions of interest set in the aorta at
the level of the left coronary artery (a) and in the right ventricle at the maximal heart di-
ameter level determined on axial CT images (b).
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Table 1

Patient Demographics

Variable All Patients Group A Group B Group C P
No. of patients 428 145 145 138 48
Women/women 167/261 52/93 60/85 55/83 43
Age (y) 65 + 12 (28-89) 64 + 12 (34-87) 65 + 13 (28-89) 66 + 11 (31-85) .52
Prevalence of CAC 300/428 (70%) 100/145 (67%) 100/145 (67 %) 100/138 (72%) 27
BMI (kg/m?) 24 £ 13 (16-45) 24 + 3 (18-34) 24 + 4 (16-40) 24 + 3 (16-32) .95’
Symptoms 334/428 (78%) 115/145 (79%) 109/145 (75%) 110/138 (80%) .06°
Risk factors 268/428 (63%) 80/145 (55%) 97/145 (67%) 91/138 (66%) AT°
HR (beats/min)* 61 £ 11 (38-111) 62 + 10 (40-87) 62 + 11 {39-107) 60 + 12 (38-111) 441
HRYV (beats/min)* 5+ 12 (0-102) 4 + 10 (0-76) 6 + 12 (0-75) 4 + 14 (0-102) A48

BMI, body mass index; CAC, coronary artery calcium; HR, heart rate; HRV, heart rate variation.
Categorical variables are expressed as frequency (percentage) and quantitative variables as mean =+ standard deviation (range).

* Datain scan 1.
t One-factor analysis of variance.
! Chi-square test.

Group C: Attenuation-Based Tube Current
Adaptation at the Maximal Heart Diameter

Because this protocol used attenuation-based tube current
adaptation, we set the isocenter of the x-ray beam to adjust the
center of body in the ventral-dorsal direction at the left ven-
tricular level. First, we took a lateral scout image and, if
necessary, reset the position of the table so that the isocenter of
x-ray beam and the center of body corresponded (15 1a).
Next, we took a frontal scout image. We determined the z-axis
level of the maximal heart diameter on the frontal scout view
(72 ib) and input a targeted noise level of 20 HU in the
software Smart (Advantage windows version 4.2) mA,;
thereafter, a value of tube current was recommended. Because
this value was offered on the simulation of a full scan and
a ganiry rotation speed of 0.4 seconds, we determined the tube
current for CAC scanning according to the following equation:

tube current = recommended tube current x (3/2)
x (0.4/0.35) mA

= recommended tube current x 1.71 mA.

image Noise

Image noise, expressed as the SD of CT value, in regions
of interest set in the aorta at the level of the left coronary
artery and in the right ventricle at the maximal heart diameter
level determined on axial CT images, was measured by
observer 1 (9 years of experience in CAC scoring, blinded to
patients’ information) on scan 1 (i:2 7). The SD value in the
right ventricle of each of the three groups was tested for being
equal to 20 HU. The mean + 2 SDs of CT values in the two
regions of interest, preferably lower than the threshold of 130
HU . '/, was calculated. To investigate the relationship
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between SD and BMI, the SD was plotted against BMI, as
described by Mahnken et al (4).

Calcium Scoring

The Agatston score /{3 and calcium volume and mass
{14, were determined using a commercially available exter-
nal workstation (Advantage Windows version 4.2; GE
Healthecare) and CAC-scoring software (Smartscore version
3.5; GE Healthcare).

All CT scans were independently scored by two radiolo-
gists blinded to patients’ information, with 9 and 3 years of
experience in CAC scoring (observers 1 and 2, respectively).
We defined “CAC positive” as positive CAC scores for the
three algorithms on both scans. For CAC-positive patients,
the CAC scores on a logarithmic scale (to reduce skewness)
were compared among the three groups, as well as between
two repeated scans and two observers. We performed
monthly scanning of a calibration phantom (Anthropomor-
phic Cardio Phantom; Institute of Medical Physics, Erlangen,
Germany, and QRM GmbH, Mohrendorf, Germany) to de-
termine the calibration factor for mass score

Interscan and Interobserver Variability

For CAC-positive patients, interscan and interobserver
variability were calculated using the percentage difference in
calcium scores:

interscan variability = {absolute(scan 1 — scan 2}/
(scan 1 + scan2) x 0.5]

x 100,
and
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Table 2
Image Noise in the Ascending Acoria and Right Veniricle
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).
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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
rnass index [BMI], 34.1 kg/m?; body height, 155 cm) below the diaphragm level (SD = 32
Hounsfield units [HU]). (b) An image of a 57-year-old man (BMI, 27.1 kg/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 . 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 BML

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 (BMl). Scatterplots show the ratio between BMI (kg/m?)
and SD (Hounsfield units [HU]). {a) Group A, in the aorta: SD = 0.51 (5% confidence interval [Cl], 0.40-0.62) x BMi + 4 (P <.01). {b) Group A, in
the right ventricle: SD = 0.81 (95% Cl, 0.64-0.97) x BMI — 1 (P < .01). {c) Group B, in the aorta: 3D = 0.43 (95% 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
10 0.15) x BMI + 16 (P =.486). {f) Group C, in the right ventricle: SD = 0.091 (95% Cl, —0.013 to 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 Ariery 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) 37 (8, 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 13,8(3, 17) 13,7 (2, 15) 12,6 (2, 15) 14, 10 (4, 18)
Observer 2 13,83, 17) 13,7 (3, 16) 13,6 (2, 16) 14, 10 (3, 20)
Volume ‘
Observer 1 12,7 (3, 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 11,62, 14) 10,4 (2, 14) 10,52, 11) 12, 8 (2, 14)
Observer 2 11,6 (2, 14) 10,4 (2, 14) 12,52, 11) 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(0, 2) 2,10, 1)
Volume
Scan 1 2,0(0,2) 3,0(0,3) 3,00, 1) 1,0(0, 0)
Scan 2 2,0(0,2) 3,00,2 4,0(0,2) 1,0(0, 3)
Mass
Scan 1 3,1(0,1) 3,0(0,2 4,0(0,2 1,00, 1)
Scan 2 3,001 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 .o ¢, Neither heart rate (P = .47) nor heart rate variation
were considered to identify significant differences. (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

All patients were able to hold their breath for the two scores between scans or between algorithms were excluded
scans. Baseline characteristics of the patients are presented in ~ 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 (MmA) 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
(MmGy - 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
[C1], 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 . 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 ( a—d). In group C, however, nearly flat slopes
of 0.04 and 0.091 HU/(kg/m?) were seen between BMI and
SD, indicating favorable control of tube current ( e
and f).

CAC Scores and Interscan and Interobserver
Variability

CAC scores and the interscan and interobserver variability
are summarized in . 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 stafistical 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 (r = 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 . 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
ato c.In group C, the tube currents used and ra-
diation doses were different among individuals and widely
distributed compared with groups A and B.

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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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 . 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 (*|.7). The variability was also
comparable to that on 64-detector CT imaging (/. 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

. 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) . We may therefore conclude that this level of

1239



radiation dose may be suited for repeated examination to
monitor the progression of atherosclerosis. Another approach
for the reduction of dose is lowering the tube voltage ¢
However, this requires need calibration for the calculation of
a scanner with a specifically adapted threshold for the iden-
tification of calcium and is available only for calcium mass
scoring.

A technical issue should be addressed. Because the current
was determined at the maximal heart diameter on the scout
view, image noise below the dome of the diaphragm tended
to become higher. Indeed, five patients showed CT values
> 23 HU in the right ventricle below the dome of the
diaphragm. However, considering that the largest part of the
coronary arteries was suggested to exist in the first 6 cm of the
transverse scan {27), CAC below the diaphragmatic level is
probably of less importance. Although we could have
controlled the image noise by adjusting at such a lower level,
we did not choose to do so, because it might have excessively
increased radiation dose.

One limitation is that this study was conducted at a single
institution in Japan, and the participants consisted of smaller
patients than typical US citizens, resulting in a lower esti-
mated dose than expected for US citizens. Nevertheless, the
method is applicable to any patient and seems promising for
the control of tube current in CAC scoring,

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
shown on prospective electrocardiographically triggered
64-detector CT imaging.
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1. Introduction

ABSTRACT

Purpose: The purpose of the study was to compare 100kV and 120kV prospective electrocardiograph
(ECG)-triggered axial coronary 64-detector CT angiography (64-MDCTA) in soft plaque diagnosis.
Materials and methods: Coronary artery models (n=5) with artificial soft plaques (-32HU to 53HU at
120kV) with three stenosis levels (25%, 50% and 75%) on a cardiac phantom (mimicking slim patient’s
environment) were scanned in heart rates of 55, 60 and 65 beats per minute (bpm). Four kinds of intra-
coronary enhancement (205 HU, 241 HU, 280 HU and 314 HU) were simulated. The soft plaque density
and the measurement error of stenosis (in percentage), evaluated by two independent observers, were
compared between 100KV and 120kV. The radiation dose was estimated.

Results: Interobserver correlation of the measurement was excellent (density; r=0.95 and stenosis mea-
sure; r=0.97). Neither the density of soft plaque nor the measurement error of stenosis was different
between 100 kV and 120 kV (p=0.22 and 0.08). The estimated radiation doses were 2.0 mSv and 3.3 mSv
(in 14cm coverage) on 100kV and 120 kV prospective ECG-triggered axial scans, respectively.
Conclusion: The 100kV prospective ECG-triggered coronary MDCTA has comparable performance to
120KV coronary CTA in terms of soft plaque densitometry and measurement of stenosis, with a reduced

effective dose of 2 mSv.
© 2009 Elsevier Ireland Ltd. All rights reserved.

The unavoidable high radiation dose is known to be a
major drawback of retrospective ECG-gated coronary MDCTA. To

Ruptured plaque, a trigger of acute coronary syndrome, is
histopathologically characterized by large plaque volume and a
Jarge necrotic core that are covered by an attenuated fibrous cap
often inflamed with macrophage infiltration  : .. The rupture-prone
plaque, which is seven times more likely to ulcerate than the more
severe, extensive plaque, is not visible on 2D X-ray angiography

. So far, multiple catheter-based invasive techniques, such as
intravascular ultrasound . |, optical coherence tomography -,
intravascular magneticresonance | - , plaque thermography ! and
angioscopy -, have been used for the identification of unstable
plaques. MDCT has emerged as a non-invasive imaging tool for
plaque detection and characterization - , as well as coronary
artery stenosis assessment with its high negative predictive value.
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reduce this, ECG-correlated tube current modulation (reduction
of tube current in systole) is now commonly available. Prospec-
tive ECG-triggered 64-MDCTA, which can reduce radiation dose
by around 80% compared to retrospective ECG-modulated 64-
MDCTA, has recently been introduced | :* . In addition, to further
reduce the dose, ECG-triggered 64-MDCTA with a lower tube
voltage (100kV) was applied for patients with a body mass
index (BMI) of lower than 25kg/m? . Lower tube volt-
age has been used on CTA in various organs, as it leads to
increased opacification of contrast-enhanced vascular structures
owing to an increase in the photoelectric effect and a decrease
in Compton scattering . However, we need fundamental ver-
ification before the interpretation of CT density for prediction
of plaque nature as the use of lower tube voltage alters soft
tissue contrast, thereby potentially affecting the characteriza-
tion of soft plaque. A previous phantom study has shown that
120KkV prospective ECG-triggered and retrospective ECG-gated
64-MDCTA were comparable in plague imaging regarding densit-
ometry or stenosis measurement . Thus, the purpose of this
study is to compare 100kV and 120 kV prospective ECG-triggered
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