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outcome. The extent of NCP was defined as a
dichotomous variable for high (=2) and low (<1)
NCP counts. Stratified analyses were also per-
formed according to the vulnerable NCP character-
istics (PR, low CT density, and spotty calcium).
Multivariate logistic regression analyses were per-
formed to determine whether the association be-
tween VAT area and the presence and extent of
NCP was independent of age, sex, and traditional
risk factors (hypertension, hypercholesterolemia,
diabetes mellitus, and current smoking). We further
assessed the relationship between VAT area and the
presence of vulnerable NCP characteristics using
age- and sex-adjusted, and multivariate logistic
regression models in a hierarchal fashion. All anal-
yses were done using JMP 5.0.1 statistical software
(SAS Institute Inc., Cary, North Carolina). A p
value of <0.05 was considered statistically
significant.

RESULTS

Patient characteristics. Table 1 lists the clinical char-
acteristics of the study patients according to the
median VAT area (men, 126 cm?; women, 91 cm?).
Compared with patients with low VAT area, those
with high VAT area had a higher BMI, waist

circumference, and subcutaneous adipose tissue
area, and a higher prevalence of hypertension,
hypercholesterolemia, and diabetes mellitus, in both
sexes. In addition, the triglyceride and hemoglobin
A, levels were higher and the high-density li-
poprotein cholesterol level was lower in patients
with high VAT, in both sexes. With respect to
medications, patients with high VAT area had a
higher prevalence of using antihypertensive agents
in men, and hypoglycemic agents in both sexes.
CTA plaque characteristics. Of 427 patients, 95
(22%) had no coronary plaques. Of the remaining
332 (78%) patients, calcified plaques alone were
observed in 72 (17%) patients, and NCPs were
detected in 260 (61%, 189 men) patients. A total of
576 NCPs were visualized (mean 2.2 * 1.1 per
patient), and the NCPs were localized to the left
main trunk (n = 57), left anterior descending artery
(n = 245), left circumflex artery (n = 103), and the
right coronary artery (n = 171). Of the 427 pa-
tients, 120 (28%) had a =50% stenotic lesion in at
least 1 coronary vessel. The number of patients with
NCPs with PR (remodeling index >1.05), low CT
density (=38 HU), and adjacent spotty calcium
deposits was 166 (39%), 159 (37%), and 114 (27%),
respectively. Seventy-one patients (17%) had NCP
with all 3 characteristics.

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 = 80)
Age, yrs 65*10 64*12 71x10 68x11
BMI, kg/m? 25727t 224%31 247 =341 221+34
WC, cm 958 7.5t 847+76 937 £ 7.7t 82384
SAT, cm? 143 = 53t 99 * 46 190 = 711 14161
Hypertension, n (%) 92 (69)* 76(57) 48 (60)* 35 (44)
Hypercholesterolemia, n (%) 80 (60)* 61(46) 48 (60)* 32(40)
Diabetes mellitus, n (%) 79 (59t 50(37) 41 (51t 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/di 156 (109-231)t 111 (83-157) 146 (110-210)t 98 (75-133)
HDL cholesterol, mg/dl 48 * 14t 59+18 57 = 161 6817
LDL cholesterol, mg/dl 119+29 114+32 119£35 119+47
HbA,., % 63 =131 58+13 63+ 1.2t 58+12
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)
Values are expressed as number (percent), mezn D, or medians (nterquartie range). igh VAT indicates VAT area greater than the sex-specific median value (men,
126 cm? women, 91 cm?), and low VAT indicates VAT area less than the median value. “p < 005; tp < 001 versus low VAT group.
BMI = body mass index; HbA1c = hemoglobin Al¢; HDL = high-density SAT adipose tissue; VAT =
visceral adipose tissue; WC = waist circumference.
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Figure 1. Coronary CT Angiography in a 74-Year-Old Man With High VAT Presenting With Unstable Angina Pectoris

(A) Shows a significant stenotic lesion in the proximal left anterior descending artery (arrowhead). The stretched multiplanar reconstruc-
tion image of the vessel shows obstructive NCP with positive remodeling and adjacent spotty calcium (B, arrow). The cross-sectional ves-
sel areas of the reference site (a) and the lesion (b) are 26 and 32 mm?, respectively. Therefore, the remodeling index is 1.23. The
minimum computed tomography (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 can be observed in the cross-sectional image (c). (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, respectively. CT = computed tomography; NCP = noncalcified coronary plaque; VAT = visceral adipose tissue.

Comparisons of plaque burden and vulnerable charac-
teristics between patients with high and low VAT
area. Figure 1 shows a representative CTA finding
in a patient with high VAT area presenting with
unstable angina pectoris. Figure 2 shows the prev-
alence of plaque characteristics in patients with high
and low VAT area. Compared with patients with

low VAT, men (71% vs. 56%, p = 0.01) and
women (61% vs. 36%, p = 0.002) with high VAT
were more likely to have calcified plaque. Similarly,
men (82% vs. 60%, p < 0.0001) and women (56%
vs. 33%, p = 0.003) with high VAT were more
likely to have NCP. In analyses stratified for vul-
nerable NCP characteristics, patients with high

Prevalence (%)

Low VAT

Women

LowCT Spolty PR+
Density Calcium Low CT
Density+

Figure 2. of Plaque Ct

ure 1. *p < 0.05; tp < 0.01.

istics in Patients With High and Low VAT

High VAT (pink bars) indicates VAT area greater than the sex-specific median value (men 126 cm?, women 91 cm?) and low VAT (green
bars) indicates VAT area less than the median. CP = calcified coronary plaque; PR = positive remodeling; other abbreviations as in Fig-
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Figure 3. CAC Score and the Number of NCPs in Patients With High versus Low VAT Area

The patients with higher VAT had significantly higher median levels of CAC scores and the number of NCPs in both sexes. Boxes indicate
25th and 75th percentiles; lines indicate 5th and 95th percentiles for the data. CAC = coronary artery calcium; other abbreviations as in

VAT had a higher prevalence of NCP with PR
(59% vs. 30%, p < 0.0001), low CT density (55%
vs. 34%, p = 0.0007), and adjacent spotty calcium
(41% vs. 26%, p = 0.01) in men, and PR (41% vs.
18%, p = 0.001) and low CT density (34% vs. 16%,
p = 0.01) in women. The frequency of patients
with NCP with all 3 characteristics was higher in
men with high VAT (29% vs. 13%, p = 0.001).
Figure 3 shows the CAC score and the number of
NCPs for patients with high and low VAT. In both
sexes, patients with high VAT area were more likely
to have high CAC scores (138 [18 to 342] vs. 60 [0
to 292], p = 0.008 in men, 46 [0 to 246] vs. 0 [0 to
45], p = 0.0001 in women) and a greater extent of
NCP distribution (2 [1 to 3] vs. 1[0 to 2], p =

0.004 in men, 1 [0 to 2] vs. 0 [0 to 1], p = 0.003 in
women) than those with low VAT.

Multivariate association of VAT area with calcified
plaques. Calcified plaques were observed in 247
(58%, 169 men) patients. Multivariate association
of VAT area with the presence of calcified plaque is
presented in Table 2. As well as age, hypertension,
hypercholesterolemia, and diabetes mellitus, in-
creased VAT area was significantly associated with
the presence of calcified plaque.

Multivariate associations of VAT area with NCP burden
and vulnerable characteristics. Table 3 shows the
association between VAT area and clinical variables
with the presence and extent of NCP in all patients.
In addition to age, sex, and traditional coronary risk

Table 2. Associations With the Presence of Calcified Plaque
Univariate Multivariate

OR (95% CI)* p Value OR (95% CI)* p Value
Age, per 11 yrs 141(1.16-1.72) 0.0006 1.60(1.28-2.03) <0.0001
Sex, men 1.81(1.22-2.70) 0.003 1.56 (0.96-2.55) 007
VAT, per 58 cm? 1.71(1.37-2.15) <0.0001 1.34(1.05-1.73) 002
Hypertension 229(1.55-341) <0.0001 1.62(1.05-2.50) 003
Hypercholesterolemia 1.73(1.17-2.55) 0.006 1.58(1.03-2.42) 004
Diabetes mellitus 2.33(1.57-3.49) <0.0001 2,04 (1.32-3.16) 0.001
Current smoking 1.71(1.14-2.58) 0.01 1.44(0.89-234) 0.1
0dds ratio (95% confidence interval) for the presence of calcified plaque associated with the presence of covariates in dichotomous variables or a 1 SD increase
In continuous variables.
CI = confidence interval; OR = odds ratio; other abbreviations as in Table 1.
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Table 3. Associations With the Presence and Extent of NCP

Presence Extent
Univariate Multivariate Univariate Multivariate

OR (95% CI)* p Value OR (95% CI)* p Value OR (95% Ci)t p Value OR (95% CI)t p Value
Age, per 11 yrs 1.21(1.00-147) 0.05 1.45(1.15-1.86) 0.002 1.28(1.06-1.57) 0.01 1.53(1.20-1.97) 0.0007
Sex, men 3.04 (2.02-4.59) <0.0001 237(1.44-391) 0.0007 242(1.60-3.70) <0.0001 1.85(1.11-3.10) 0.02
VAT, per 58 cm? 213(171-282)  <0.0001 1.68 (1.28-2.22) 00002 174(141-218)  <0.0001 1.31(1.03-168) 003
Hypertension 2.18(1.46-3.25) 0.0001 1.34(0.85-2.11) 0.20 3.13(2.08-4.79) <0.0001 2.31(1.46-3.68) 0.0004
Hypercholesterolemia 2.35(1.59-3.52) <0.0001 2.00(1.28-3.14) 0.002 1.65(1.12-2.44) 0.01 1.48 (0.95-2.30) 0.08
Diabetes mellitus 2.03(1.36-3.04) 0.0005 1.61(1.02-2.55) 0.04 2.63(1.78-3.92) <0.0001 2.36(1.52-3.70) 0.0001
Current smoking 2.93(1.91-4.57) <0.0001 222(133-3.74) 0.002 242(1.62-3.64) <0.0001 1.95(1.21-3.19) 0.007

*0dds 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; todds ratio (95%
confidence interval) for high NCP counts (=2; n = 177) versus low counts (=< 1; n = 250).
NCP = noncalcified coronary plaque; other abbreviations as in Tables 1 and 2.

factors such as hypertension, hypercholesterolemia,
diabetes mellitus, and current smoking, increased
VAT area (per 1 SD, 58 cm?) was significantly
associated with both the presence (odds ratio [OR]:
1.68; 95% confidence interval [CI]: 1.28 to 2.22)
and extent (OR: 1.31; 95% CI: 1.03 to 1.68) of
NCP. Age- and sex-adjusted Pearson’s correlations
between adiposity measurements are provided in
Table 4. Despite the positive correlations that were
found between these variables, only VAT remained
an independent predictor of the presence and extent
of NCP after adjustment for clinical variables
(Table 5). Further adjustment for BMI, waist cir-
cumference, and subcutaneous adipose tissue area
did not change the significant association of VAT
with NCP (presence: OR: 1.79; 95% CI: 1.25 to
2.83, extent: OR: 1.56; 95% CI: 1.08 to 2.29).
Table 6 shows the results of age- and sex-adjusted
and multivariate analyses of the association between
VAT and vulnerable NCP characteristics. Increased
VAT area was independently associated with the
presence of NCP with PR, low CT density, and
adjacent spotty calcium.

DISCUSSION

In the present study, we show that VAT area is
significantly associated with the presence and extent
of NCP, as detected by 64-slice CTA. This asso-
ciation is independent of traditional coronary risk
factors. Taken together with our previous reports
(6), the present data indicate that visceral adiposity
is associated with a higher likelihood of having
CAD and, if present, more diffuse CAD compared
with patients without visceral adiposity. Impor-
tantly, the study also demonstrates that high VAT
area is significantly associated with the presence of
NCP with PR, low CT density, and spotty calcium,
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which may represent vulnerable characteristics, as
previously described (9,11,12). Thus, our data sug-
gest that the accumulation of VAT may contribute
to the acceleration of atherosclerosis and to plaque
vulnerability.

Association between VAT area and coronary plaque
burden in 64-slice CTA. We have previously reported
that the accumulation of VAT is an independent
predictor of the presence and extent of CAC
detected by multidetector CT (6). Although several
epidemiological studies have been done, there is a
paucity of data regarding direct associations be-
tween VAT and the distribution of NCP. Whereas
the quantification of CAC is considered to provide
prognostic information (17), a recent CTA study
suggested that the number of NCPs with a calcified
component (namely, mixed plaques) was an inde-
pendent predictor of acute cardiac events (18). In
the present study, we found a positive association
between VAT accumulation and NCP burden us-
ing 64-slice CTA. These findings may have impor-
tant therapeutic implications because information
about the plaque burden determined by CTA may
help to identify patients with visceral adiposity at
high risk for cardiovascular events. The identifica-
tion of such patients is essential to initiate aggres-
sive therapeutic strategies, such as lifestyle modifi-
cation and pharmacological interventions.

Table 4. Age- and Sex-Adjusted Pearson’s
Correlation Coefficients

VAT SAT BMI wc
VAT —
SAT 053 —
BMI 065 0.70 —
wc 077 0.79 077 -_

P < 0.0001 for all correlations. Abbreviations as in Table 1.
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Table 5. of With the and Extent of NCP
Presence Extent
Univariate Multivariate* Univariate Multivariate*
OR (95% CNt p Value OR (95% CI)t p Value OR (95% Ci)* p Value OR (95% Ch)% p Value
VAT (per 58 cm?) 2.13(1.71-2.82) <0.0001 1.68(1.28-2.22) 0.0002 1.74(1.41-2.18) <0.0001 1.31(1.03-1.68) 0.03
SAT (per 65 cm?) 0.82 (0.67-1.00) 0.04 097 (0.77-1.23) 08 0.84 (0.68-1.02) 0.08 0.96 (0.75-1.22) 07
BMI (per 3.5 ka/m?) 1.13(0.94-1.37) 0.2 1.02(0.81-1.28) 09 1.08 (0.89-1.32) 04 0.96 (0.76-1.21) 07
WC (per 9.6 cm) 1.37(1.13-1.69) 0.002 1.25(0.99-1.58) 0.06 1.23(1.02-1.50) 003 1.08 (0.86-1.37) 05
*Adjusted for age, sex, hypertension, hypercholesterolemia, diabetes mellitus, and current smoking; todds ratio (95% confidence Interval) for the presence of NCP associated with a 1 = SD
Increase in adiposity measurements. $0dds ratio (95% confidence interval) for high NCP counts (=2; n = 177) versus low counts (<1; n = 250).
NCP = noncalcified coronary plaque; other abbreviations as in Tables 1 and 2.

Recent studies have suggested that increased
epicardial adipose tissue (19) or low levels of adi-
ponectin (20) are more associated with NCP rather
than calcified plaque. In accordance with these
results, we found that VAT had stronger associa-
tion with NCP (OR: 1.68, p = 0.0002) than with
calcified plaque (OR: 1.34, p 0.02). These
findings may suggest that release of inflammatory
adipocytokines from VAT may sustain an active
atherosclerotic process as proven by the presence of
NCP. The presence of mere CAC (calcified
plaque), instead, could represent a more advanced
and stable phase of the atherosclerotic disease pro-
cess.

The present data suggest that VAT accumulation
accelerates atherosclerosis independently of tradi-
tional cardiovascular risk factors such as hyperten-
sion, hypercholesterolemia, and diabetes. These
observations may contribute to our understanding
that nontraditional risk factors such as hyperinsu-
linemia and elevated apolipoprotein B and small
low-density lipoprotein particles, which are com-
monly found in patients with visceral adiposity, may
increase the risk of CAD beyond that predicted by
the presence of traditional risk factors (21). Nota-
bly, the odds ratios for NCP were higher with
smoking than with VAT in a multivariate model,
suggesting that smoking may facilitate the accumu-
lation of VAT. Taking into account a previous
report that smoking habits are independently re-
lated to VAT (22), smoking may confound the
relationship between VAT and CAD risk.

BMI was not significantly associated with NCP
in the present study. We also found that BMI and
VAT area were only moderately related, indicating
that BMI and VAT convey different information.
Interestingly, we found that subcutaneous adipose
tissue was protective against NCP in univariate
analyses, which may confirm previous results that
subcutaneous adiposity has favorable effects on
CAD (4).

Association between VAT area and the vulnerability of
NCP. Several epidemiological studies have sug-
gested that visceral adiposity is linked to the devel-
opment of acute coronary syndrome (ACS) (4,5).
However, the association between visceral adiposity
and coronary plaque vulnerability is unclear. Several
prior CTA studies have shown that NCP is asso-
ciated, more so than calcified coronary plaque, with
the occurrence of ACS (9). Moreover, we previ-
ously documented that PR, low CT density, and
adjacent spotty calcium represent CTA-detected
plaque vulnerability (12). In the present study, using
64-slice CTA, we provide definitive evidence for
increased coronary plaque vulnerability in patients
with visceral adiposity.

Although there are many pathways by which
visceral adiposity is causally linked to atherosclero-
sis, 1 possible mechanism is that adipocytokines
secreted from VAT, including tumor necrosis
factor-a, IL-6, free fatty acids, adiponectin, and
plasminogen activator-1, may directly influence the
vessel wall atherogenic environment by regulating
gene expression and the function of endothelial and
arterial smooth muscle, and macrophage cells (23).
For example, insulin resistance, which is pro-
moted by free fatty acids, is thought to increase
atherogenesis and atherosclerotic plaque instabil-
ity by inducing proinflammatory activity in vas-

Table 6. Relationship Between VAT and NCP Characteristics in CT Angiography

Age- and Sex-Adjusted Multivariate*

OR (95% CI)t p Value OR (95% CI)t p Value
Positive remodeling 2.00(1.57-2.57) <0.0001 1.71(1.18-2.53) 0.005
Low CT density 1.66(1.33-2.11) <0.0001 1.69(1.17-2.47) 0.006
Spotty calcium 1.69(1.34-2.17) <0.0001 1.52(1.03-2.27) 0.04
All 3 characteristics 1.89 (1.47-2.54) <0.0001 1.58 (1.05-2.41) 0.03

*Adjusted for age, sex, BMI, SAT, WC, hypertension, hypercholesterolemia, diabetes mellitus, and
current smoking; todds ratio (95% confidence interval) for the presence of each CT characteristic per
1 - SD (58 cm?) increase in VAT.

CT = computed NCP =
1and 2.

coronary plaque; other abbreviations as in Tables
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cular and immune cells (24). Furthermore, in-
creased levels of plasminogen activator-1 can
inhibit plasminogen-induced migration and pro-
liferation of vascular smooth muscle cells, leading
to the formation of plaques with thin fibrous
caps, necrotic cores, and rich in macrophages that
are prone to rupture (25).

Taken together, our findings may partially ex-
plain the excess cardiovascular risk in patients with
visceral adiposity, suggesting that excess VAT ac-
cumulation is associated with a proinflammatory
metabolic profile that is predictive of an unstable
atherosclerotic plaque. Therefore, stabilization of
the atherosclerotic plaque may offer a legitimate
therapeutic target to reduce the risk of ACS in
patients with visceral adiposity.

Study limitations. First, although our data support
the notion that VAT is an important factor in the
pathogenesis of atherosclerosis, causality cannot be
established because this is a cross-sectional study.
Prospective and larger population studies are
needed to elucidate whether the occurrence of
CTA-detected vulnerable NCPs, in combination
with increased VAT area, might help to identify
patients at high risk for cardiovascular events. Sec-
ond, the study population comprised patients with
proven or suspected CAD; thus, our results do not
apply to patients with a lower probability of CAD.
Third, inflammatory markers were not measured in
the present study. The previous article (26) dem-
onstrates that epicardial adipose tissue in patients
with critical CAD has higher expressions of inflam-

matory mediators compared with their subcutane-
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ous adipose tissue. Further studies are needed to
clarify which inflammatory markers mediate the
association between VAT and atherosclerosis.
Finally, the current appropriate clinical guide-
lines do not recommend screening with CTA
because of the high radiation exposure, the use of
contrast agents, cost effectiveness and limited
evidence (27). However, investigational studies
using CTA should be encouraged to better un-
derstand the role of detecting the plaque burden
and vulnerability in patients with visceral adipos-
ity, which may help improve risk prediction and
the prevention of such events.

CONCLUSIONS

We have demonstrated that increased VAT is
significantly associated with the presence, extent,
and vulnerable characteristics of NCPs, as assessed
by 64-slice CTA. Our findings support the hypoth-
esis that the accumulation of VAT may contribute
to the progression and instability of coronary ath-
erosclerotic plaques. Long-term studies of the car-
diovascular event risk in patients with visceral adi-
posity are important, and 64-slice CTA may offer
an approach to improve risk stratification in such
patients.

Reprint r and correspond : Dr. Hideya
Yamamoto, Department of Cardiovascular Medicine,
Graduate School of Biomedical Sciences, Hiroshima
University, 1-2-3 Kasumi Minami-ku, Hiroshima 734-
8551, Japan. E-mail: hideyayama@bhiroshima-u.ac.jp.
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Is It Possible to Predict Heart Rate and Range during Enhanced Cardiac
CT Scan from Previous Non-enhanced Cardiac CT?

Jun Horiguchi,?” Hideya Yamamoto,® Ryuichi Arie,* Masao Kiguchi," Chikako Fujioka,' Megu Ohtaki,®
Yasuki Kihara,® and Kazuo Awai®

The effect of heart rate and variation during cardiac
computed tomography (CT) on the examination quality.
The purpose of this study is to investigate whether it is
possible to predict heart rate and range during enhanced
cardiac computed CT scan from previous non-enhanced
cardiac CT scan. Electrocardiograph (ECG) files from 112
patients on three types of cardiac 64-slice CT (non-
pective ECG-trigg and i
ECG-gated enhanced scans) were recorded. The mean
heart rate, range (defined as difference between maximal
and minimal heart rates) and the range ratio (defined as
maximal heart rate divided by minimal heart rate) during
the scans were compared. Scan time was 4.8, 4.6, and
7.3 s on non-enhanced, prospective ECG-triggered and
retrospective ECG-gated scans, respectively (p<0.0001).
The heart rates were not significantly different (6019
beats per minute (bpm), 6019 and 61%10 bpm; p = 0.64).
Heart rate on the ent d scan kedl lated with
that of the non-enhanced scan (r=0.78 and 0.74). In
contrast, the ranges of heart rate were 25, 418, and 8%
21 bpm, with different range ratios (1.04, 1.07, and 1.14;
p<0.0001). Correlation of heart rate ranges between non-
enhanced scan versus prospective ECG-triggered scan was
low (r=0.27) and that between non-enhanced scan
versus retrospective ECG-gated scan negligible (r=
—=0.027).Heart rate on enhanced cardiac CT, in most cases,
can be dicted from a scan. Heart rate
range on enhanced cardiac CT, however, is hard to predict
from the non-enhanced scan.

KEY WORDS: Cardiac, computed tomography, heart
rate, heart rate range

INTRODUCTION

mage quality and detection of stenosis in
coronary computed tomography (CT) angiog-
raphy (CTA) is affected by heart rate and the range
during acquisition.'® With single-source 64-slice
CTA, most investigators recommend lowering the
patient’s heart rate to <65 beats per minute (bpm)
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to achieve stable image quality.”'* In this range,
diagnostic image quality can be obtained for all
coronary arteries at a single reconstruction interval
at mid-diastole.'' When higher heart rates are
included however, additional reconstructions at
late systole may be required for optimal visual-
ization of the right coronary artery.'> The variation
of heart rate alters the data acquisition window of
the cardiac cycle, which may result in the inclusion
of systole. In order to reduce and stabilize the heart
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rate, S-blocker is often used on cardiac CT,
administered orally at 1 to 2 h(s) prior to the
examination or/and intravenously just before the
examination.

Practitioners have to decide the acquisition
protocol depending on the heart rate. electrocardio-
graph (ECG) editing; i.e., by arbitrarily modifying
the position of the temporal windows within the
cardiac cycle, to correct and compensate for part or
all of the artifacts,'? is not perfect but is the most
robust imaging technique for instable heart rates.
As it needs retrospective ECG-gated CTA without
ECG-correlated tube current modulation however,
it involves a high radiation dose. In patients with a
relatively stable heart rate, ECG-correlated tube
current modulation, reducing radiation exposure
by 30% to 50%, is used.'*'* In this technique, the
practitioner has to determine the peak current
interval relative to the cardiac phase and the minimal
current value relative to the maximal current.
Recently devised prospective ECG-triggered coro-
nary 64-slice CTA'® needs low and stable heart
rate.”

In these circumstances, prediction of heart rate
and variation is important on 64-slice CTA for
deciding use of f-blockers and the determination
of scanning protocol. The purpose of this study is
to investigate whether it is possible to predict heart
rate and range during enhanced cardiac CT from
non-enhanced cardiac CT.

MATERIALS AND METHODS
Patients

The comparative study between prospective
ECG-triggered and retrospective ECG-gated car-
diac 64-slice CTA'® was approved by the local
hospital ethics committee and all patients provided
written informed consent. This study analyzed
heart rate and heart rate range of 112 patients (63
males and 49 females, 64+11 years old: ranged,
35-87 years) undergoing coronary artery calcium
scoring and two types of coronary CTA. The mean
body mass index was 24£13 kg/m® Of 112
patients, 87 (78%) were symptomatic and 71
(64%) had coronary risk factors. Using a 64-
slice CT scanner (Lightspeed VCT, GE Health-
care, Waukesha, WI), 86 patients were scanned
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with retrospective ECG-gated CTA first, fol-
lowed by prospective ECG-triggered CTA and
the remaining 26 patients were scanned in
reverse order. The time interval between the
two scans was 5 min. To minimize motion
artifacts, patients with an initial heart rate
>60 bpm (2=83) were given with oral S-blocker
(metoprolol 40 mg) to achieve a target heart rate
of 50-60 bpm. No additional intravenous -
blocker, at the time of the examination, was
used. Except for two patients with contraindica-
tions, nitroglycerin spray (one push, Mycor
spray, Astellas pharma, Tokyo, Japan) was used
5 min before coronary CTA scan to dilate the
diameters of the coronary arteries.'®

Data Acquisition

Each scan was performed 5 s after breath-hold at
mild-inspiration in order to minimize range of
heart rate, which was investigated on non-
enhanced cardiac CT.° The ECG files were
obtained using three lead ECG during the CT
scan, and the data were transferred to an external
PC for further analysis.

The use of contrast media included 10 ml
Topamiron® 370 (Bayer-Schering Pharma, Berlin,
Germany), followed by 25 ml saline chaser for test
bolus scan and contrast media (volume=body
weight (in kg)*0.6 ml), followed by 25 ml saline
chaser for each type of coronary CTA. The
injection rate of contrast media and saline was
0.06xbody weight ml/s (the contrast media was
administered during 10 s).

Patients with atrial fibrillation and having beat-
to-beat variability exceeding 20 bpm during pre-
examination baseline breathing were excluded
from analysis.”' This was because such types of
heartbeat might disturb the analysis of the effect of
contrast media or scan time on heart rate.

Electrocardiograph Data Evaluation and
Statistical Analysis

Mean heart rate, the range (defined as difference
between maximal and minimal heart rates) and the
range ratio (defined as maximal heart rate divided
by minimal heart rate) during scanning were
compared between the three scans. Depending on
the data distribution, one-factor analysis of var-
iance (ANOVA) or Kruskal-Wallis was used.
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Mean heart rate and the range on prospective
ECG-triggered and retrospective ECG-gated
enhanced scans in relation to the non-enhanced
scan were tested using Pearson’s correlation
coefficient and Bland-Altman analysis with a
95% confidence interval (CI). The degree of
Pearson’s product moment correlation coefficient
(r) was regarded as follows: 0 to 0.2, no or
negligible; 0.2 to 0.4, low; 0.4 to 0.6, moderate;
0.6 to 0.8, marked and 0.8 to 1.0, high. Student’s ¢
test was used to determine the difference in
acquisition time, heart rate, and the range between
two groups divided by scan order. P values <0.05
were considered to identify significant differences.

RESULTS

All patients were able to hold their breath on the
three scans. All scans were performed without any
significant adverse effect of contrast material. The
data acquisition time was 4.8+1.1 s (median, 4.7 s;
95% CI, 4.5 and 4.9 s) in non-enhanced scan, 4.6+
1.2 s (median, 4.5 s; 95% CI, 4.2 and 4.8 s) in
prospective ECG-triggered scan and 7.3+1.0 s
(median, 7.2 s; 95% CI, 7.0 and 7.3 s) in
retrospective ECG-gated scan (Kruskal-Wallis
test; p<0.01). The data acquisition time was not
different between two groups divided by scan
order in non-enhanced, prospective ECG-triggered
and retrospective ECG-gated scans (p=0.23, 0.64,
and 0.47). The body weight was 62+14 (38-103)
kg, and the total contrast volumes (test bolus scan,
prospective ECG-triggered, and retrospective
ECG-gated CTA) administered was 8516 (56—
134) ml. The effective radiation dose, estimated
based on the dose-length product, was 0.9+0.2,
4.1+1.8, and 19.8+3.5 mSv in non-enhanced,
prospective ECG-triggered and retrospective
ECG-gated scans, respectively.

Heart Rate

Heart rates were not significantly different
between non-enhanced scan (60+9 bpm), prospec-
tive ECG-triggered scan (60+9 bpm), and retro-
spective ECG-gated scan (61410 bpm; one-factor
ANOVA; p=0.64). Heart rates markedly correlated
between non-enhanced scan versus prospective
ECG-triggered scan (r=0.78 (95% CI, 0.70 and
0.85); p<0.01) and non-enhanced scan versus retro-
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Fig 1. Scatterplots of heart rate between non-enhanced scan and
enhanced scan a HR (prospective ECG-triggered scan) = 0.804xHR
(non-enhanced scan) + 11.2 (p<0.00001; r = 0.78 (95% Cl, 0.70
and 0.85)); b HR (retrospective ECG-gated scan) = 0.840%HR (non-
enhanced scan) + 10.2 (p<0.00001; r=0.74 (95% Cl, 0.64 and
0.81)) HR = heart rate.

spective ECG-gated scan (r=0.74 (95% CI; 0.64 and
0.81); p<0.01) (Fig. 1). Results in the Bland—Altman
analysis are shown Table 1.

The heart rate was not different between two
groups divided by scan order in non-enhanced,
prospective ECG-triggered and retrospective ECG-
gated scans (p=0.46, 0.25, and 0.17).

Heart Rate Range

Heart rate ranges were non-enhanced scan: 2+
5 bpm (median, 1.3 bpm; 95% CI, 1.1 and
1.6 bpm), prospective ECG-triggered scan: 4+
8 bpm (median, 2.1 bpm; 95% CI, 1.7 and
2.5 bpm), and retrospective ECG-gated scans: 8+
21 bpm (median, 2.7 bpm; 95% CI, 2.2 and
3.2 bpm), with different heart rate range ratios
(1.04, 1.07, and 1.14, Kruskal-Wallis test; p<
0.00001). The heart rate range >5 bpm occurred in
5.4% (6/112), 8.9% (10/112) and 20.5% (23/112) in
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Table 1. N d Scan versus F Scan and N Scan Versus ive Scan
N h d h d versus i Ne h d versus
MeanSD  MeanSD  Mean=SD Bias  Limits of agreement Bias Limits of agreement
Heart rate (bpm) 60.5+9.1 59.8+9.3 0.6 -11.3t0 12,6
Heart rate range (bpm) 2.3+4.7 39+7.9 -0.5 -14.5t0 13.4
Heart rate (bpm) 60.5+9.1 61.0+10.3 -1.6 -17.4t0 14.2
Heart rate range (bpm) 2.3+4.7 8.2+21.0 -5.9 -48.5 to 36.4

Non-enhanced and enhanced scans were compared using Bland—Altman analysis

SD standard deviation

non-enhanced, prospective ECG-triggered and ret-
rospective ECG-gated scans, respectively. Simi-
larly, the heart rate range >10 bpm occurred in 4.5%
(5/112), 7.1% (8/112), and 11.6% (13/112). Corre-
lation of heart rate ranges between non-
enhanced scan versus prospective ECG-trig-
gered scan was low (r=0.27 (95% CI, 0.09
and 0.43)) and that between non-enhanced scan

prospective ECG-triggered scan (bpm)

non-enhanced scan (bpin)

retrospective ECG-gated scan (bpm)

Sy gk

10 15 20 25 30 35 40
non-enhanced scan (bpm)

Fig 2. Scatterplots of heart rate range between non-enhanced
scan and enhanced scan a HR range (prospectiveECG-triggered
scan) = 0.285%HR range (non-enhanced scan) + 2.8 (p<0.01;
r=0.27 (95% Cl, 0.09 and 0.43)); b HR range (retrospective
ECG-gated scan) =-0.118xHR range (non-enhanced scan) +
8.48 (p=0.781; r=-0.027 (95% Cl, -0.21 and 0.16)) HR=
heart rate.
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versus retrospective ECG-gated scan negligible
(r=—-0.027 (95% CI, —0.21 and 0.16)) (Fig. 2).
Results in the Bland—Altman analysis are shown
Table 1. In summary, marked degree of range
occurred in both enhanced and non-enhanced
scans. Marked range in non-enhanced scan does
not predict the same during enhanced scanning
and vice versa. The heart rate range was not
different between the two groups divided by scan
order in non-enhanced, prospective ECG-triggered
and retrospective ECG-gated scans (p=0.18, 0.70,
and 0.24).

DISCUSSION

This study compares heart rate and range
between non-enhanced scan and enhanced scans
with two data acquisition times. The results of our
study suggest that (1) heart rate on enhanced
cardiac CT, in most cases, can be predicted from
a non-enhanced scan, (2) heart rate range on
enhanced cardiac CT is not relevant to non-
enhanced scan and is greater than non-enhanced
scan, (3) a shorter scan time is advantageous for
reducing heart rate range.

We found one previous study by Zhang et al.,
using relatively longer scan times (13-14 s for
non-enhanced and enhanced scans), examining
heart rate and range.?' They showed that injection
of contrast media had no significant effect on heart
rate, which is in line with our study. They showed
that percentage of beats outside a £5 bpm about
the mean was not different between non-enhanced
(3.0%) and enhanced (3.3%) scans. In contrast to
this, our results showed greater heart rate range on
the enhanced scan compared with the non-
enhanced scan. The reason for the difference is
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not clear; however, we consider that greater heart
rate range on the enhanced scan may be explained
by the influence of increased venous return
associated with bolus injection, the effect of iodine
and psychological reaction.

Possible greater heart rate range with a longer
scan time seems to be understandable. For 64-slice
CT, a typical scan time required to image the heart
is approximately 5-15 s, depending on CT scanner
model.! A relatively shorter scan time of the CT
scanner we used, is likely to offer small heart rate
range. Recently, next-generation 320-detector row
CT, enabling full heart coverage in one cardiac
cycle, has been announced. This technology has a
definite advantage in terms of heart rate range.

We would like to emphasize the importance of
non-enhanced CT. Compared with non-enhanced
scan for calcium scoring, coronary CTA uses higher
radiation dose, especially with retrospective ECG-
gating algorithm. The scan coverage is set up
visually on the topogram; however, the position of
the scanning start can vary according to individual
anatomy.?> To avoid repeated scan, there is a
tendency to expose tissues beyond the boundaries
of the volume to be imaged. Therefore, optimization
of scan coverage from non-enhanced CT scan data is
important. In addition, one must be aware that the
quality of the CTA is likely to be impaired or non-
diagnostic if large quantities of coronary calcium are
found on non-enhanced CT.*** Thus as mentioned
above, apart from ECG information, we need get the
most out of non-enhanced prior to coronary CTA.

We acknowledge the following limitation to our
study. Enhanced scans were performed twice, and
the numbers of patient were not the same level
between two types of scan order. The effect of
previously injected contrast is not negligible
although this is likely to be minimized after the
scan interval of 5 min. The fact that the patient was
aware of what is going to happen to them for the
second of the contrast studies might lead them less
anxious.

In conclusion, the results suggest that heart rate
on enhanced cardiac CT, in most cases, can be
predicted from the non-enhanced scan. This is
useful for determining protocol, i.e., helical or
axial scan and the pitch in case of helical scan. In
contrast, heart rate range in enhanced scan is
greater than non-enhanced scan and is hard to
predict from non-enhanced scan. In this respect, a
shorter scan time has a definite advantage.
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Computed tomography >hy (CTA) enables characterization of non-calcified coronary atherosclerotic
lesions (NCALs) and of plaque vulnerability. We i d whether the characteristics of
NCALs detected by 64-slice CTA were influenced by preceding statin therapy and serum lipid profiles.

Methods: Among 493 consecutive patients who underwent coronary CTA, we enrolled 114 patients with
NCALs. We divided the patients into three groups according to preceding statin therapy: intensive statins (IS,
n=24), moderate statins (MS, n=26), and no statin (NS, n=64). The vulnerability of each NCAL was

Ke ds:
53?::) " evaluated by density (low-density plaque defined as CT density <38 HU), positive remodeling (remodeling
Lipid profile index>1.05), and the presence of adjacent spotty calcification.

Results: Percentages of patients in the IS, MS, and NS groups with low-density NCALs were 46%, 58%, and 80%,
respectively (p=0.009) and positive remodeling NCALs were 54%, 58%, and 75%, respectively (p=0.10). We
also found an inverse correlation between serum LDL-C level and the minimum plaque CT density. According
to the regression equation, a CT density of 38 HU corresponded with LDL-C of 100 mg/dL. The number of low-
density plaques was positively correlated with low-density to high-d Ii 1 ratio
(LDL-C/HDL-C). An LDL-C/HDL-C>2.5 independently predicted muluple low-densnty plaques (OR 2.39 [95%
CI: 1.28-4.86], p<0.001).

Conclusions: Our CTA findings demonstrate that low-density NCALs occur less frequently in patients with
intensive statin pre-treatment. A high LDL-C/HDL-C ratio is also associated with larger numbers of low-

Non-calcified atherosclerotic lesion
Computed tomography angiography

density NCALs.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Recent evidence suggests that lipid-lowering therapy reduces
cardiovascular morbidity and mortality and causes regression of
coronary atherosclerosis [1,2]. Serial studies using intravascular
ultrasound (IVUS) show that regression of coronary atherosclerosis
induced by intensive statin therapy is related to the large reduction in
low-density lipoprotein cholesterol (LDL-C) [3-7]. Serial analysis with
angioscopy demonstrates early loss of yellow color in plaques and
IVUS volumetric I shows sub: plaque regression in
coronary artery disease patients treated with atorvastatin [7]. The
benefits of intensive statin therapy may also be due to increased high-
density lipoprotein cholesterol (HDL-C) [8].

Cardiac computed tomography (CT) identifies and characterizes
non-calcified coronary atherosclerotic lesions (NCALs) in vivo [9-13].

* Corresponding author. Department of Cardiovascular Medicine, Hiroshima Uni-
versity Graduate School of Biomedical Sciences, 1-2-3 Kasumi Minami-ku, Hiroshima
734-8551, Japan. Tel.: +81 82 257 5540 fax: +81 82 257 1569.

E-mail address: hi i Lacjp (H.

0167-5273/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ijcard.2010.03.005

We have previously reported that, in comparison with IVUS, 64-slice
CT angiography (CTA) reliably assesses the components, vascular
remodeling, and adjacent calcium morphology of NCALs. We have also
found that lower CT densities, positive remodeling, and adjacent
spotty coronary calcium frequently co-exist in potentially vulnerable
lesions [12,13].

The relationship between the CTA characteristics of NCALS, statin
therapy, and serum lipid profiles is of considerable interest. In
the present study, we evaluated characteristics of NCALs assessed by
64-slice CTA after a period of statin therapy. We investigated the
influence of lipid-lowering therapy on the characteristics of NCALs
and whether the change in composition can be related to serum lipid
levels.

2. Patients and methods
2.1. Subjects and study design
From December 2006 to March 2008, a total of 493 patients underwent coronary

CTA at Hiroshima University Hospital. Exclusion criteria for the present study were
acute coronary [14], previous coronary intervention and/or
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coronary artery bypass surgery, missing serum examination at the period of CTA,
inty about ication use or ing statin therapy of less than 6 months’

duration, degraded image quality due to motion artifacts or i contrast
enhancement, and the absence of NCALs. We enrolled 114 patients with clinically
proven or suspected coronary artery disease (86 men and 28 women, aged 67.6 +
9.1 years). All patients had stable clinical presentation (no symptoms with an equivocal
or positive cardiac stress test, or atypical chest pain, or stable exertional chest pain),
and each underwent CTA for follow-up or diagnosis of coronary artery disease. The
hospital ethics committee approved the study and we obtained written informed
consent from all patients.

We measured fasting serum triglycerides, LDL-C, and HDL-C within 4 weeks of the
CTA in all patients. We also calculated the LDL-C/HDL-C ratio. We recorded traditional
coronary risk factors including hypertension (systolic/diastolic blood pressure =140/
90 mm Hg, and/or current use of antihypertensive agents), diabetes mellitus (HbA1c
level >6.5% and/or current use of hypoglycemrc agents), and current smoking. We also
noted the use of statins, angi enzyme inhibi or angi in 1

receptor blockers (ACEI/ARB), and aspirin in the six months preceding the CTA. Patients
were divided into three groups according to their statin use: intensive statins (IS,
n=24), moderate statins (MS, n=26) and no statins (NS, n=64). Patients in the IS
group were taking 10-20 mg of atorvastatin (n=18), 2.5-10mg of rosuvastatin
(n=4) or 2-4 mg of pitavastatin (n=2) and patients in the MS group were taking 10—
20 mg of pravastatin (n=24) or 5-10 mg of simvastatin (n=2). We chose a

Table 1
Patient characteristics and serum lipid profiles stratified by statin use.
Statin use p value
IS group MS group NS group
(n=24) (n=26) (n=64)
Age (yrs) 676£7.1 684496 673196 087
Male 17 (%) 18 (69%) 51(79%) 049
Body mass index (kg/m?) 24926 239437 242433 085
Hypertension 20 (83%) 17 (65%) 39 (61%) 0.14
Diabetes mellitus 12 (50%) 14 (54%) 35 (54%) 092
Smoking 16 (64%) 7 (27%) 33 (52%) 002
Calcium score 114 (40-623) 143 (46-430)  111(10-423) 092
ACEI/ARB use 14 (52%) 7 (26%) 21 (32%) 0.10
Aspirin use 8 (30%) 15 (56%) 13 (24%) 0012
i (mg/dl) 18324995 13304568  164.1x129.1 036
LDL-C (mg/dl) 933+179 1152+296"  1244+335* <0001
HDL-C (mg/dl) 57.0+£145 58.7+19.5 538+180 044
LDL-C/HDL-C 1.74£0.56 2.12£0.76* 2564104 <0.001
Data are the number (%), the mean = SD, or the median (interquartile range). *p<001,

p<0 001 vs. IS group; lS intensive starms MS, moderate statins; NS, no statin; ACEI/

period of greater than six months based on a report regarding the effect of statin
therapy on coronary lesions in Japan [3].

2.2. CTA scan protocol and reconstruction

‘We performed electrocardiographic-gated CTA using a 64-slice CT scanner
(LightSpeed VCT, GE Healthcare, Little Chalfont, Buckinghamshire, UK) with a gantry
rotation time of 0.35 s. Patients with a heart rate of >60 beats/min received 40 mg of
oral metoprolol 60 min before scanning and all patients received 0.3 mg nitroglycerin
sublingually just before scanning. We have previously described the scan protocol and
reconstruction method [12]. In brief, after a plain scan to determine the calcium burden
of the coronary tree and measure coronary calcium scores according to the standard
Agatston method [15,16] (sequential scan with 16 x 2.5 mm collimation; tube current,
140 mA; tube voltage, 120 kV), we performed contrast-enhanced scanning using 30 to
50ml (0.6-0.7 ml/kg) contrast medium (lopamidol, 370 mg I/ml, Bayer Healthcare,
Berlin, Germany) during an inspiratory breath-hold. Volume data sets were acquired in
the helical mode (64x0.625 mm collimation; CT pitch factor, 0.18-0.24:1; tube
current, 600-750 mA with ECG-modulation technique; tube voltage, 120 kV). The
effective radiation dose was estimated based on the dose-length product and ranged
from 15 to 18 mSv [12]. Image reconstruction was performed using 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. Either a half (temporal resolution=175ms) or a two-sector (temporal
resolution<175 ms) reconstruction algorithm was selected, and the optimal cardiac
phase with the least motion artifacts was chosen individually.

2.3. Evaluation of NCAL characteristics

As previously described, we evaluated NCAL characteristics on CTA [12,13]. Two
blinded and independent observers analyzed the CT image data set. All coronary
segments >2 mm in diameter were evaluated using curved multiplanar reconstruction
images. Vessels were viewed in images reconstructed along the axis of the vessel of
interest and in cross-sectional images perpendicular to the centerline of the vessel. We
defined NCALSs and coronary calcium as follows: NCAL, a low-density mass of >1 mm?
in size, located within the vessel wall and clearly distinguishable from the contrast-
enhanced coronary lumen and the surrounding periarterial 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
coronary artery wall in a plain image. For NCAL and calcium analyses, the optimal image
display setting was chosen on an individual basis; in general, the window was between
700 and 1000 HU and the level between 100 and 200 HU. We assessed NCAL
vulnerability by determining the minimum CT density, the vascular remodeling
index and adjacent calcium morphology, as previously described [12,13]. We assessed
spotty type calcium deposits in or adjacent to each NCAL, defined as a calcium burden
with a length less than 3/2 of the vessel diameter and a width less than 2/3 of the vessel
diameter. Obstructive lesions were defined as >75% stenosis on CTA. Next, we
determined the minimum CT density for each NCAL by placing at least 5 regions of
interest (area=1 mm?) in each lesion and documenting the lowest value of these. We
defined low-density NCALSs as lesions with a minimum CT density of <38 HU [12]. We
excluded any lesion with a CT density >120 HU from the NCALs because of the high
probability of calcified plaque [9]. We also measured coronary artery enhancement
next to each NCAL by placing a region of interest (area=1mm?) in the center 0{ the
coronary artery lumen as a reference. Finally, a remodeling index (RI) was

ARB, enzyme ibi or u recepmr blockers.
LDL-C, low-density HDL-C, high-density li
cholesterol.

2.4, Statistical analysis

Coronary calcium score |s expressed as a median value and interquartile range. Other

+ SD. We used the Mann-Whitney test and analysis

of variance, including Tukey's test for multiple comparisons, to compare continuous

variables between the groups. Categorical variables are reported as number (%) and were

compared using Pearson's chi-square test. We used Pearson's correlation coefficient to
compare minimum plaque CT density in each patient with serum LDL-C levels.

We calculated odd ratios (OR) with 95% confidence intervals (Cl) with adjustment
for age, gender, and traditional coronary risk factors including hypertension, diabetes,
smoking and drug usage.

All analyses were performed using SPSS16.0 (SPSS Japan Inc, Tokyo, Japan). A p
value of <0.05 was considered statistically significant.

3. Results

During contrast-enhanced CT scanning, mean heart rate was 63.0 = 8.0 beats/min,
and mean scan time was 6.4+ 1.9 s. No patient experienced any complications due to
the CT scanning.

Table 1 shows clinical characteristics of the three groups. Cigarette smoking was
less frequent in the MS group. ACEI/ARB were more frequently used in the IS group, and
aspirin in the MS group. Serum LDL-C levels (93.3+17.9 mg/dl, 115.2 +29.6 mg/dl,
12444335 mg/dl, p<0.001) and LDL-C/HDL-C ratio (1.74+0.56, 2.12+£0.76, 256 +
1.04, p<0.001) were lower in the IS group than the other groups.

Atotal of 235 NCALs were observed in 114 patients. Table 2 shows the comparison
of NCAL findings among the three groups classified by statin use (IS: 50 lesions; MS: 45

Table 2
Lesion-based characteristics and analysis of NCALs stratified by statin use.
Lesions Statin use p value
1S group MS group NS group
(n=50) (n=45) (n=138)
Plaque location
Left anterior descending 20 (40%) 16 (36%) 53 (38%)
Left circumflex 10 (20%) 4(9%) 29 (21%) 047
Left main trunk 6(12%) 5(11%) 15 (11%) i
Right 14 (28%) 20 (44%) 41 (30%)
Obstructive (> 75% stenosis) 8 (16%) 8 (18%) 28 (19%) 088
CT density (HU)
Reference lumen 364.1+£37.0 35334506 347.8+565 017
Plaque 5454257 412+289" 4054271** 0.007
Low-density plaque (<38 HU) 14 (28%) 22 (49%) 72 (52%) 0013
RI 1.00£019 1.06+017* 1.09+0.18" 0.024
Positive remodeling 17 (34%) 23 (51%) 70 (51%) 010
lesion (RI>1.05)
Low-density plus 10 (10%) 17 (38%) 57 (41%) 0.026
positive remodeling
Spotty calcification 18 (36%) 19 (42%) 47 (34%) 0.61

by calculating the value of the maximal cross-sectional vessel area (mm?) at each NCAL
divided by the maximal cross-sectional vessel area at the proximal reference site.
Positive remodeling was defined as an RI>1.05.

Data are the number (%) of lesions or the mean £ SD. p<0.01 **p<0.001 vs. IS group; NCAL,
non-calcified coronary ic lesion; IS, i MS, moderate statins; NS,
no statin; CT, d HU, ing index.

unit; RI,

tomography, Int ] Cardiol (2010), doi:10.1016/j.ijcard.2010.03.005

Please cite this article as: Kltagawa T, et al, Effects of statin therapy on non-calcified coronary plaque assessed by

54



T. Kitagawa et al. / International Journal of Cardiology xxx (2010) xXX-xxx 3

Table 3
Patient-based comparison of NCAL characteristics stratified by statin use.
Patients Statin use pvalue
ISgroup  MSgroup NS group
(n=24) (n=26) (n=64)
Numbers of plaques 208+093 176%1.10 2164096 0.10
Minimum CT density (HU) 4394264 3764352  267+236" 0024
Low-density plaque (<38 HU) 11 (46%) 15 (58%) 51(80%) 0.009
Numbers of lipid-rich NCAL 058+072 085+092" 119+089**  0.007
Maximum RI 107+£021 1.09+019 1.18+£0.18"  0.036
Positive remodeling NCAL 13 (54%) 15 (58%) 48 (75%) 0.10
(RI > 1.05)
Numbers of positive remodeling 067070  088+114  109+083 0052
NCAL
Low-density plus positive 10 (42%) 13 (50%) 42 (66%) 0.09
remodeling
Spotty calcification 14 (58%) 14 (54%) 34 (53%) 090

Data are the number (%) or the mean + SD. *p<0.05 vs. IS group, *p<0.01 vs. MS group.
NCAL, non-calcified coronary atherosclerotic lesion; IS, intensive statins; MS, moderate
statins; NS, no statin; CT, HU, unit; RI, i
index.

lesions; and NS: 138 lesions). The location, size, proportion of obstructive lesions, and
adjacent spotty calcification of NCALs were similar among the three groups. The IS
group had a higher mean NCAL CT density (IS: 54.5 4 25.7 HU, MS: 41.2 +:28.9 HU, NS:
40.527.1 HU, p=0.007) and a lower mean RI (IS: 1.0040.19, MS: 1.06 £0.17, NS:
1.090.18, p=0.024) than the other groups. There were no differences in density of
the reference site lumens between the three groups.

Table 3 shows patient-based comparison of the NCALs. The minimum plaque CT
density in each patient was 43.9+26.4 HU, 37.6 +35.2 HU, and 26.7 +23.6 HU in the
IS, MS, and NS groups, respectively (p = 0.024). Frequency of low-density plaque was
46%, 58%, and 78% in the IS, MS, and NS groups, respectively, (p=0.009). The IS group
had fewer low-density NCALs than the other groups (IS: 0.58+0.72, MS: 0.85+0.92,
NS: 1.19+0.89, p=0.007). A higher proportion of the NS group tended to have positive
remodeling lesions (IS: 54%, MS: 58%, NS: 75%, p=0.10) and patients in the NS group
tended to have a greater number of positive remodeling lesions (IS: 0.67 +0.70, MS:
0.88+1.14, NS: 1.09+0.83, p=0.052).

We also found an inverse correlation between serum LDL-C level and the minimum
plaque CT density (r= —0.28, p=0.002, Fig. 1). According to the regression equation, a
CT density of 38 HU corresponded with LDL-C of 100 mg/dl. A higher proportion of
patients in the IS group had LDL-C levels <100 mg/dl (IS: 71%, MS: 27%, NS: 20%,
p<0.001). In addition, multivariate analysis showed that intensive statin use
independently reduced the risk of low-density NCALs compared with the other two
groups (OR 0.55, 95% C1 0.32-0.91, p=0.02).

Table 4 shows serum lipid profiles classified by the number of low-density lesions
per patient. Patients with two or more low-density NCALs had higher serum LDL-C
levels and lower HDL-C levels than patients with fewer lesions and, thus, a significantly
higher LDL-C/HDL-C ratio. The adjusted OR for multiple low-density plaques when LDL-
C/HDL-C>2.5 was 2.39 (95%Cl 1.28-4.86, p<0.001).

4. Discussion

We used 64-slice CTA to show that low-density NCALs are less
common in patients with stable coronary atherosclerosis after
>6 months of intensive statin treatment than in patients on moderate
or no statin treatment. Intensive statin use was more strongly
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Fig. 1. The lowest plaque CT density in each patient was negatively correlated with
serum low-density lipoprotein cholesterol (LDL-C) level. A CT density of 38 Hounsfield
unit (HU) corresponded with LDL-C of 100 mg/dl. LDL-C level <100 mg/dl was achieved
in 71%, 27%, and 20% of patients treated with intensive statins (red closed circle),
maoderate statins (blue closed triangle), and no statins (black open circle) respectively.

Table 4
Comparison of serum lipid profiles stratified by the number of lipid-rich NCALs per
patient.

Patients No lesions 1 lesion =2 lesions pvalue
(n=35) (n=54) (n=25)
Age (yrs) 679+76 67.1+£100 682492 0.88
Male (%) 20 (57%) 46 (85%) 20 (80%) 0.009
Body mass index (kg/m?)  24.9+32 239436 241424 038
Triglyceride (mg/dl) 130.5+66.6 137.1+1428 167.0+£68.1 013
LDL-C (mg/dl) 10614222 11494347 1312£332* 0014
HDL-C (mg/dl) 606+172 566+18.9 462+114*" 0.006
LDL-C/HDL-C 188+059 2244097 298+1.00"" <0.001
Intensive statin use 13 (54%) 8 (33%) 3 (13%) 0.03
Moderate statin use 11 (31%) 10 (18%) 5 (20%) 031
No statin use 11 (31%) 36 (67%) 17 (68%) <0.001

Data are the number (%) or the mean = SD. *p<0.01, vs. none group, *p<0.05, **p<0.01
vs. 1 lesion group. NCAL, non-calcified coronary atherosclerotic lesion; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

associated with a reduction in lipid-rich plaque components,
indicated by fewer low-density plaques, than with a reduction in
positive vascular remodeling. Qualitative changes may thus precede
quantitative changes in the process of coronary plaque stabilization.
Intensive statin use stabilizes coronary plaques by reducing serum
LDL-C level<100 mg/dl [17], and we found a close relationship
between the LDL-C/HDL-C ratio and the number of low-density
plaques. Our results indicate that non-invasive coronary CTA is useful
for detecting NCALs and assessing changes in plaque characteristics in
patients on lipid-lowering therapy.

4.1. Effect of intensive statin on coronary plaque characteristics

Recent serial analysis with IVUS and angioscopy [7] showed
volume reduction and an early loss of yellow color in plaques in
patients with stable coronary artery disease receiving atorvastatin. A
previous study using 16-slice CT also found that atorvastatin therapy
significantly increased plaque density [18]. Improved CTA resolution
now allows reliable analysis of plaques comparable with IVUS [12,19].

Previous studies using IVUS have reported that intensive statin
therapy reduces serum LDL-C levels, resulting in significant regression
of plaque volume, but could not assess changes in plaque composition
[3-7]. Our CTA data show that patients with chronic stable coronary
disease have significantly lower RI and fewer positive remodeling
lesions after six months of intensive statin treatment than those on
moderate or no statin treatment.

Our data also show that the ion of low-density pl
and positive remodeling occurs less frequently in patients treated
with intensive statin therapy. We have previously reported that these
indicators of NCAL vulnerability are closely correlated and may work
synergistically in increasing the risk of ACS [12]. Our findings indicate
that intensive statin therapy not only reduces the number of lipid-rich
coronary plaques but also inhibits characteristic changes in vulnerable
coronary plaques.

4.2. Statin effects on LDL-C and HDL-C

In the present study, we found an inverse correlation between
serum LDL-C level and the minimum plaque CT density. Our
regression equation predicts that 38 HU, the cut-off value we used
to define low-density plaque, corresponds to an LDL-C level of
100 mg/dl. A recent report demonstrates that LDL-C level after
intensive statin therapy is 70 mg/dl or less [2]. However, our results
are consi: with the Jap idelines for lipid that
suggest a target level of LDL-C<100 mg/dl [20]. In the present study,
patients with LDL-C<100 mg/dl had a 0.55-fold risk ratio of having
lipid-rich plaques. We suggest that lipid-lowering therapy using
intensive statins may reduce the number of lipid-rich NCALs. As our
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data shows an inverse correlation between minimum plaque CT
density and serum LDL-C level, more aggressive lipid lowering
therapy (a target LDL-C level of <70 mg/dl) would be effective to
reduce the lipid-rich component (plaque CT density would be higher).

We also found that a higher LDL-C/HDL-C ratio is correlated with
larger numbers of low-density plaques on CTA. However, there was no
significant relationship between LDL-C/HDL-C and the number of
positive remodeling lesions. Nicholls et al. [8] demonstrated that
statin therapy is associated with regression of coronary atheroscle-
rosis when LDL-C is substantially reduced and HDL-C increased by
more than 7.5%. Moreover, greater numbers of low-density plaques
were found in patients with low HDL-C. Amano et al. reported that the
metabolic syndrome, for which low HDL-C is one of the diagnostic
criteria, was associated with lipid-rich plaques and mild to moderate
coronary lesions [21]. Gama et al. found an inverse relationship
between HDL-C and coronary events in patients with LDL-C<60 mg/
dl, but could not determine whether statin use attenuates the risks
associated with low HDL-C [22]. In our data, patients with large
numbers of low-density plaques, assumed to be lipid-rich plaques,
had higher LDL-C levels and lower HDL-C levels. Lipid-lowering with
intensive statin treatment may stabilize NCALs by reducing lipid-rich
components in the plaques and the increase in HDL-C levels may help
to decrease the number of low-density plaques.

4.3. Study limitations

This is a cross-sectional study and we did not evaluate changes in
serum lipid profile during statin therapy. However, we have
demonstrated that over six months of statin treatment is effective
to stabilize vulnerable coronary plaques [3].

We found some differences in baseline patient characteristics in our
data with respect to cigarette smoking and medication use. ACEI/ARBs
were more frequently used in the IS group. As ACEI/ARBs have an
independent effect on plaque stability, this may have affected our resuits.

Although the IS group included three different statins, atorvasta-
tin, ro: in, and p in, previous studies have reported
these statins to have similar effects on lipid levels and plaque stability
[2-5]. Non-culprit lesions in ACS patients showed similar reductions
in plaque volume and serum LDL-C level in patients treated with
atorvastatin and pitavastatin [5].

The present study is also limited by the lack of measurement of
inflammatory markers such as C-reactive protein (CRP) [23]. In our
preliminary data, CRP levels were significantly higher in the NS group
than the statin groups, but not between the IS and MS groups. Higher
frequency of aspirin use in the MS group may have reduced any
difference in CRP levels between the IS and MS groups. Ongoing
prospective trials, including the plaque registration and evaluation
detected in CT (PREDICT) study (ClinicalTrials.gov ID: NCT00991835)
will monitor the effect of improving serum lipid profiles on coronary
plaque stabilization, particularly with respect to the LDL-C/HDL-C
ratio and serum CRP levels [23,24].

5. Conclusions

Our CTA findings indicate that lipid-lowering therapy, particularly
intensive statin treatment, stabilizes coronary plaques. Cardiac CTA
may prove a useful non-invasive modality for assessing the effects of
lipid-lowering therapy on NCAL characteristics in patients with
coronary artery disease.
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Figure. (A) Maximum-intensity projection (MIP) image generated by single-kVpeak (kVp) computed tomography (CT). (B) MIP
iodine-density image generated by fast-switching dual-kVp CT. (C) MIP calcium-density image generated by fast-switching
dual-kVp CT. (D) Conventional coronary angiography (CAG). The significant stenotic regions in the left anterior descending
artery and diagonal branch (B, arrows) are clearly demonstrated in the MIP iodine-density image generated by fast-switch-
ing dual-kVp CT, which corresponded well to the CAG findings (D, arrows). These findings could not be evaluated on the MIP
images generated by single-kVp CT (A) due to severe calcification.
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(CT) has enabled non-invasive evaluation of coro-

nary artery stenosis with a high degree of accuracy.
A large number of studies, however, have found that the pres-
ence of severely calcified plaques is the most frequent reason
for false-positive or false-negative evaluation, limiting the
clinical usefulness of 64-slice CT.!-# Dual-kVpeak (kVp) CT
allows material decomposition between calcification and
iodine.? CT system parameters, however, for instance gantry
rotation speed, data sampling speed, and X-ray tube power
output, have not been sufficient for routine clinical use.

Recently, fast-switching dual-kVp technology, dynamic
switching between 80- and 140-kVp X-rays in <0.5ms, which
uses simultaneous dataset acquisition at both energies in one
gantry rotation, has been developed. Because of the extreme-
ly small time difference, the acquisition datasets at 80 and
140kVp are treated as coincident projection data both tem-
porally and spatially. Use of this fast-switching dual-kVp
technology has recently been enabled in 64-slice CT by the
development of a garnet crystal scintillation detector with
ultra-fast optical response, and of a high-voltage generator
with ultra-fast tube voltage switching. In addition, the data
acquisition system of that CT allows data sampling at more
than 2.5-fold in one gantry rotation compared with a con-
ventional 64-slice CT, hence, data acquisition that maintains
in-plane spatial resolution and flux balance between 80 and
140kVp is achieved. The fast-switching dual-kVp data acqui-
sition enables attenuation measurements to be mathemati-
cally transformed into density (or amount) for 2 basis mate-
rials in projection data space. This projection-based process
corrects for multi-material beam hardening effects, which
provides accurate material decomposition in material density
units. Generally, water and iodine are selected as the basis
material pair. The respective pair of desired material density
images (iodine and calcium) can be generated by transforma-
tion of these 2 basis material density images in the material
decomposition process.! Because this technology has not
yet been applicable to clinical cardiac scanning, we applied
this technology to ex vivo human heart specimens.

An ex vivo human heart specimen was taken from the clini-
cal anatomy laboratory of Keio University after institutional
review board approval. The specimen, after being put into
a chest phantom (Kyoto-kagaku, Japan), was scanned using
high-definition CT (HDCT; Discovery CT750 HD, GE
Healthcare, WI, USA) in both the single-kVp (120kVp) and
fast-switching dual-kVp (80 and 140kVp) helical scanning
modes, immediately after injection of a mixture of iodinated
contrast medium (Iohexol; Daiichi-sankyo, Japan) and poly-
ethylene glycol (CT value: 350HU at 120kVp) into the ostium
of the left coronary artery. The radiation dose estimated for
the fast-switching dual-kVp helical scanning mode was
14mSyv, which is within the range used in conventional coro-
nary CT angiography (8-18 mSv).!! Conventional coronary

T he introduction of 64-slice computed tomography

angiography (CAG) was also performed using a flat-panel
digital detector system (Innova 3100, GE Healthcare) as the
reference standard for the coronary artery stenosis findings.

In the single-kVp CT image it was difficult to evaluate
the degree of stenosis in the left anterior descending artery,
diagonal branch or left circumflex artery, where severely
calcified plaques existed (Figure A). Iodine-density and cal-
cium-density images were generated from fast-switching
dual-kVp CT data (Figures B,C). The significant stenotic
regions were clearly demonstrated in the iodine-density image
(Figure B, arrows), which corresponded well to the CAG
findings (Figure D, arrows).

Although the present study was limited by not having been
conducted on a beating heart, we conclude that fast-switching
dual-kVp technology may be useful for the evaluation of
severely calcified coronary arteries and may overcome the
limitations of conventional CT.
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Abstract The purpose of this study was to evaluate
improvement of measurement accuracy of in-stent
lumen using coronary stent phantoms on new High-
Definition CT (HDCT) compared with conventional 64
detector-row CT (MDCT). To estimate the spatial
resolution, a high-resolution insert of CATPHAN (The
Phantom Laboratory, NY, USA) was scanned by both
HDCT (Discovery CT750 HD) and MDCT (LightSpeed
VCT). Also, we developed six types of stent phantom,
which have 2.5- and 3.0-mm-diameter with three
different types of stents (Velocity: Johnson & Johnson,
Driver: Medtronic, Multilink-Rx: Guidant). A 50%
stenotic segment made of acrylic resin was built at the
center inside the stent. Those coronary vessel phantoms
were made of acrylic resin and filled with diluted Iodine
(350 HU in 120 kVp), and each stent was fixed inside of
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those vessels. Those phantoms in water-filled tank were
scanned on both HDCT and MDCT. The luminal
diameter obtained using digital calipers at five different
points and the mean luminal diameter (MLD) were
calculated. The underestimate ratio (UR) and AUR
was defined as follows: UR = [True diameter of stent—
MLD]/True diameter of stent; AUR = [MLD at
HDCT—MLD at MDCT]/True diameter of stent. The
spatial resolution was estimated to be 0.71 mm on
MDCT and 0.50 mm on HDCT. At the non-stenotic
segments, the AURs were 11.6% (Velocity), 16.4%
(Driver) and 7.2% (Multilink) for the 2.5-mm stents, and
14.0% (Velocity), 16.3% (Driver) and 13.3% (Multi-
link) for the 3.0-mm stents. At the stenotic segment, the
AURs were 23.2% (Velocity), 8.0% (Driver) and
13.6% (Multilink) for the 2.5-mm stents, and 20.0%
(Velocity), 14.7% (Driver) and 15.3% (Multilink) for
the 3.0-mm stents. Superior spatial resolution of HDCT
could be promising for more accurate measurement of
in-stent diameter.
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Introduction
Coronary artery disease (CAD) is one of the leading

causes of death. In recent years, coronary artery stent
placement has been used as a routine procedure to
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