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Purpose: Contrast enhanced multidetector computed tomography (MDCT) has 
been used as an alternative to coronary angiography for the assessment of coro-
nary artery disease in the patient of the intermediate risk group. However, coro-
nary calcium is a known limiting factor for MDCT evaluation. We investigated the 
diagnostic accuracy of 64-channel MDCT with each coronary artery calcium score 
(CACS) by compared with intravascular ultrasound (IVUS) imaging. Materials 
and Methods: A total of 54 symptomatic patients with intermediate-risk (10 fe-
males, mean age 59.9±6.9 years, Framingham point scores 9-20) with 162 sites 
who had a culprit lesion on 64-channel MDCT before performing coronary angi-
ography with IVUS were enrolled. Patients were divided into 4 subgroups depend-
ing on CACS: 0, 1-99, 100-399, and >400. Lesion length, external elastic mem-
brane (EEM) cross sectional area (CSA), minimal luminal area, and plaque area 
were measured and compared between IVUS and MDCT. Results: The correla-
tion coefficients for the measurements of the EEM CSA, lumen CSA, and plaque 
area were r=0.514, r=0.837, and r=0.578, respectively. Furthermore, there were 
close correlation of plaque area between four subgroups of CACS (r=0.671, 
r=0.623, r=0.562, r=0.571, respectively). Conclusion: Despite the increase in 
CACS, the geometric analysis of coronary arteries using with 64-channel MDCT 
was comparable with IVUS in symptomatic patient of the intermediate risk group.

Key Words:   Coronary artery disease, coronary calcium score, computed tomogra-
phy, intravascular ultrasound

INTRODUCTION

Conventional coronary angiography was the gold standard for confirming the se-
verity of coronary artery disease. It plays however a limited role as a screening test 
due to its invasiveness, and it detects only intravascular luminal narrowing.1-3
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an intermediate risk. The intermediate risk group was de-
fined as 10-year risk of major coronary events of <30% ac-
cording to the Framingham scoring system based on the 
Framingham Heart Study.13,14 For all patients, clinical data 
was collected including age, gender, body weight, body 
height, and common cardiovascular risk factors. Body mass 
index was calculated from body weight and body height. 
Of the 69 patients, we excluded 15 patients due to past 
medical history of coronary artery bypass surgery, stent in-
sertion, atrial fibrillation, or a period longer than 180 days 
from MDCT to IVUS. Patients with acute coronary syn-
drome (ACS) were also excluded from this study.

 
64-channel MDCT scan protocol and data analysis
Cardiac MDCT was performed using a 64-channel MDCT 
scanner (Philips Brilliance 64, Philips Medical System, Best, 
the Netherlands). The scanning parameters were as follows: 
step-and-shoot axial scanning direction, 420 msec gantry 
rotation time, 120 kV, 210 mAs, 64×0.625 mm slice colli-
mation, 4 cm table feed per rotation, and the center of the 
imaging window was set at 75% of the R-R interval. A 70 
mL of iodinated contrast medium (Ioversol, Optiray 350, 
Tyco Health/Mallinckrodt, Petten, the Netherlands) was ad-
ministered intravenously at a rate of 5 mL/sec followed by 
50 mL of normal saline at a rate of 5 mL/sec using a power 
injector (Nemoto; Nemoto Kyorindo, Tokyo, Japan). Imag-
ing was performed by using a real-time bolus tracking tech-
nique. The scans were started 7 seconds after a trigger 
threshold of 110 Hounsfield unit (HU) was reached.

Image reconstruction was performed on the scanner’s 
workstation using commercially available software (Extend-
ed Brilliance Workstation, Philips Medical Systems, Best, 
the Netherlands). MDCT data were transferred for post-
processing to an Aquarius Workstation V3.6 (TeraRecon, 
San Mateo, CA, USA). Multi-planar reformatted (MPR), 
curved-planar reformatted (CPR), and volume rendering  
images with orthogonal and perpendicular projections to 
the vessel courses of each coronary segment were generat-
ed for the evaluation of coronary artery disease (Fig. 1A).

MDCT scan images were analyzed by two radiologists 
who were blinded to the patients’ identity, clinical history and 
results of coronary angiography. Stenotic area parameters 
[lumen cross-sectional area (CSA), external elastic mem-
brane (EEM) CSA, among others] were measured on a mag-
nification view of the selected MPR and CPR images in-
cluding through plane projection with an electronic ruler on 
an Aquarius Workstation V3.6 (TeraRecon, San Mateo, 

American College of Cardiology/American Heart Associ-
ation/American College of Physicians-American Society of 
Internal Medicine guidelines recommend that the symptom-
atic patient with intermediate or high probability of coronary 
artery disease based on clinical history, exam, or electrocar-
diogram requires stress testing or conventional angiography.4 
Conventional coronary angiography provides data on lumi-
nal size; however, it is limited to the detection of plaques in 
remodeling vessels and is not useful for the evaluation of the 
extra luminal features of lesions, such as wall thickness or 
plaque composition. Evaluation of the latter features has re-
quired the additional use of intravascular ultrasound (IVUS). 
Currently, the increased accuracy of multidetector comput-
ed tomography (MDCT) permits detection of coronary ar-
tery calcification and imaging of coronary artery stenosis 
after only one peripheral injection of a contrast agent.5 In 
contrast to conventional coronary angiography, MDCT can 
evaluate not only intra-luminal narrowing but also extra-lu-
minal plaque and surrounding structures. Many studies have 
reported that non-invasive cardiac MDCT is appropriate for 
sensitivity and negative predictive value compared with 
conventional percutaneous coronary angiography.6-9

A previous screening for heart attack prevention and edu-
cation task force report10 recommends coronary artery cal-
cium score (CACS) as a screening method for atherosclero-
sis, and its categorization as 0, 1-99, 100-399, and over 400. 
The higher the CACS, the more atherosclerosis suspected. 
Coronary calcium, which provides prognostic information 
over traditional risk factors, is known as a limiting factor of 
evaluation in MDCT evaluation.11,12 However, this results 
was reported with a 16-channel or early 64-channel MDCT, 
and technology has evolved.

Therefore, we investigated the diagnostic accuracy of 
64-channel MDCT in detecting coronary artery geography 
by comparing it with IVUS in symptomatic patients of in-
termediate risk group in each of the four CACS subgroup.

MATERIALS AND METHODS
　　　

Study population
Through review of medical records between October 2007 
and February 2010, we found 69 patients with suspected 
coronary atherosclerotic disease who underwent MDCT be-
fore conventional coronary angiography with IVUS at 
Gangnam Severance Hospital, Yonsei University. Patients 
were included in this study if they had angina pectoris with 
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Data analysis for MDCT and IVUS
The location of the target vessel and worst stenosis (the ste-
nosis with the smallest lumen size) was selected on the ba-
sis of conventional coronary angiography and IVUS. For 
MDCT, minimal lumen CSA site was detected on the decid-
ed target vessel by coronary angiography. The lesion length 
was measured from normally looking proximal to normally 
looking distal portion in longitudinal view of IVUS and 
MPR or CPR view of MDCT. Proximal reference was de-
fined as the site with the largest lumen proximal to a steno-
sis but within the same segment (usually within 10 mm of 
the stenosis with no major intervening branches).16 Proxi-
mal reference EEM CSA, lumen CSA, lesion length, and 
plaque volume were measured by IVUS and MDCT for the 
entire lesion, and EEM CSA, lumen CSA, and plaque com-
ponents were measured at 3 points (a worst stenosis and 10 
mm proximal and distal to a worst stenosis as shown Fig. 1 
in each lesion).

Statistical analysis
Continuous values with normal distribution were expressed 
as means (with standard deviation) and compared with the 
two-tailed t test for independent samples. MDCT densities of 
plaques according to different plaque characteristics deter-
mined by IVUS were expressed as medians (with interquar-
tile range) and compared with the two-tailed Mann-Whitney 
test. Correlation of IVUS measurements with MDCT was 
performed using Pearson’s correlation coefficient. If the 

CA, USA).

Conventional coronary angiography and IVUS 
technique
Conventional coronary angiography was performed ac-
cording to standard techniques and at least two views in dif-
ferent planes view obtained for each coronary artery. After 
coronary angiography, 0.2 mg of nitroglycerin was admin-
istered to all patients before the introduction of the IVUS 
catheter. IVUS was performed using a 20 MHz, 2.9 F phase-
array IVUS catheter (Eagle Eye, Volcano Corporation, Ran-
cho Cordova, CA, USA) under fluoroscopic guidance, and 
motorized pullback at 0.5 mm/sec. All IVUS exams were 
digitalized for off-line analysis.

Image analysis was performed with the use of dedicated 
software (pcVH2.1, Volcano Corporation, Rancho Cordo-
va, CA, USA). For each region of interest, relative compo-
sitional quantitative plaque parameters were obtained. The 
lumen and the media-adventitia interface were defined by 
automatic contour detection and manual editing was per-
formed on all individual frames. For each frame, EEM CSA 
and lumen CSA were calculated. Measurements were made 
for the entire lesion, which was defined as the segment be-
tween the distal and proximal references.15 Plaque volume 
was calculated using Simpson’s rule and averaged over the 
length of the lesion to generate a mean plaque area. The 
length of the lesion was measured in the longitudinal image 
(Fig. 1B).

Fig. 1. Coronary plaques in the mid-left anterior descending artery of a patient presenting with stable angina on MDCT (A and B) and IVUS 
(C). MDCT, multidetector computed tomography; IVUS, intravascular ultrasound.
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ences Inc., Chicago, IL, USA) software.

RESULTS
 

Patient characteristics
The baseline characteristics of the study population are sum-
marized in Table 1. The location of the lesions in the 54 pa-
tients (female; mean age 59.9±6.9 years; age range 46-76) 
was the left anterior descending artery (LAD) in 38 (70.3%), 
the left circumflex artery (LCx) in 3 (5.6%), and the right 
coronary artery (RCA) in 13 (24.1%). Framingham point 
scores of the 54 subjects ranged from 9 to 20, corresponding 
to a 10-year risk of major coronary events of 5-30%.14

Comparison for each lesion between IVUS and MDCT
Average lesion length (20.0±8.6 mm on IVUS, 15.3±9.6 
mm on MDCT, p=0.060) and plaque volume (160.8±84.7 
mm3 on IVUS, 124.4±101.7 mm3 on MDCT, p=0.132) 
were not significantly different as measured by IVUS and 
MDCT, but there was a trend toward underestimation in the 
MDCT measurement (Table 2).

Each lesion was measured at 3 sites as shown as Fig. 1. 
In total, 162 sites identified on MDCT and IVUS were eval-
uated. IVUS and MDCT measurements were 14.84±4.73 

comparative parameter was too small to use the Pearson’s 
correlation coefficient, the Spearman’s correlation coeffi-
cient was used. Because of the small sample sizes, the Wil-
coxon signed rank test was used for comparison of plaque 
remodeling between MDCT and IVUS. All analyses were 
two-tailed and p values <0.05 were considered as statisti-
cally significant. Statistical analysis was performed using 
SPSS (version 15.0, Statistical Package for the Social Sci-

Table 1. Baseline Characteristics of Study Population
Characteristics Total (n=54)
Male gender (%) 44 (81.4)
Age (yrs)              60±7 (46-75)
Body mass index (kg/m2) 25.3±3.0
Hypertension (%) 31 (57.4)
Diabetes (%) 26 (48.1)
Current smoker (%) 24 (44.4)
Hyperlipidemia (%)   8 (14.8)
History of angina (%) 47 (87.0)
Framingham point scores            13.7±2.1 (9-20)
Interval from MDCT to IVUS (days)                36±29 (7-125)
Agatston score on MDCT   224.64±286.97
Lesion vessel (LAD/LCx/RCA) (%) 38/3/13 (70.3/5.6/24.1)

MDCT, multidetector computed tomography; IVUS, intravascular ultra-
sound; LAD, left anterior descending artery; LCx, left circumflex artery; 
RCA, right coronary artery.

Table 2. Comparison between IVUS and MDCT Measurements of the Lesion
IVUS MDCT IVUS vs. MDCT

Total length (mm) 20.0±8.6 15.3±9.6 p=0.06*
Plaque vol. (mm3) 160.8±84.7   124.4±101.7 p=0.13*
Agatston score (lesion vessel)   100.0±127.0
EEM CSA (mm2) 14.8±4.7 12.3±2.9 p<0.01*
Lumen CSA (mm2)   6.5±4.1   5.9±3.1 p=0.19*
Plaque area (mm2)   8.7±4.5   1.6±3.1 p<0.01*

MDCT, multidetector computed tomography; IVUS, intravascular ultrasound; EEM, external elastic membrane; CSA, cross-sectional area.
*Two-tailed t test for independent samples.

Fig. 2. Linear correlations between IVUS and MDCT measurements. There are significant correlations for EEM CSA (A), lumen CSA (B), and plaque area (C) 
between them. MDCT, multidetector computed tomography; IVUS, intravascular ultrasound; EEM, external elastic membrane; CSA, cross-sectional area.
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volume, EEM CSA, and lumen CSA measurements be-
tween MDCT and IVUS.

On the other hand, the present study revealed that MDCT 
relative to IVUS particularly underestimated lesion length, 
EEM CSA, and plaque area as previously reported stud-
ies.7-9 The reason could be that IVUS examination was per-
formed after intracoronary nitroglycerine administration 
while MDCT was not. Also, after the guide wire passed 
through the lesion, the IVUS catheter was inserted for mea-
surements which straightened the vessel possibly influenc-
ing measurement of the lesion length and plaque area. The 
fact that the LCx and RCA are more tortuous than the LAD 
could explain why measurements in LAD lesions were bet-
ter correlated than in other vessels.17 Lumen CSA was rela-
tively not affected probably because of its smaller magni-
tude and of contrast dye actually passing through the lesion.

Detection of intraluminal stenosis and atherosclerotic 
plaque by MDCT would be important determinants of treat-
ment plan in intermediate-risk patients. Several studies have 

mm2 versus 12.33±2.94 mm2 (p<0.01) for mean EEM 
CSA, 6.19±4.03 mm2 versus 6.45±4.53 mm2 (p=0.188) for 
mean lumen CSA. Although MDCT did not yield a signifi-
cantly different lumen CSA, it significantly underestimated 
EEM CSA and plaque area (Table 2). Correlation for those 
measurements were close (r=0.514, 0.837, 0.578, p<0.01) 
(Fig. 2).

For evaluation of MDCT accuracy by coronary calcium 
content, 162 lesions were divided into 4 groups by CACS 
(Group 1, CACS 0; Group 2, CACS 1-99; Group 3, CACS 
100-399; and Group 4, CACS over 400). There was also a 
good correlation for plaque area between MDCT and IVUS, 
although CACS was higher (Table 3, Fig. 3).

Inter-observer variability between two observers of 
plaque area on MDCT and MDCT values of plaque in 
MLA
The correlation coefficient of plaque area on MDCT was 
0.797 between two observers and the Bland and Atman plot 
of plaque area revealed difference ±2 SD of 6.17±17.94 
mm2 (Fig. 4).

The correlation coefficient of MDCT values of plaque in 
MLA was 0.608 between two observers and the Bland and 
Altman plot of MDCT values of plaque in MLA revealed a 
mean difference ±2 SD of 219.79±528.74 HU (Fig. 4).

DISCUSSION

This study showed that 64-channel MDCT allows accurate 
noninvasive determination of intra/extra-luminal coronary 
lesion in each CACS, comparing to IVUS. In this study, we 
divided all 162 lesions into 4 groups by CACS in MDCT. 
Even in the higher CACS categories, EEM CSA, lumen 
CSA, and plaque area showed good correlations between 
MDCT and IVUS.

For 64-channel MDCT, Leber, et al.7 reported a sensitivi-
ty of 84% and a specificity of 91% in the detection of prox-
imal coronary plaques. There were correlations for plaque 

Table 3. Correlations of Plaque Area between IVUS and MDCT at 162 Sites for Each Coronary Artery Calcium Score (CACS)
Group (CACS) n IVUS (mm2) MDCT (mm2)
1 (0) 18 8.4±3.7 5.6±3.9 r=0.671*
2 (1-100) 48 9.0±4.6 5.8±3.8 r=0.623*
3 (101-399) 66 7.9±2.8 5.8±3.9 r=0.562*
4 (over 400) 30 9.9±5.1 6.3±4.6 r=0.571*

MDCT, multidetector computed tomography; IVUS, intravascular ultrasound.
*p<0.05.

Fig. 3. Linear correlations of plaque area between IVUS and MDCT mea-
surements on each coronary artery calcium group. IVUS, intravascular ul-
trasound; MDCT, multidetector computed tomography.
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the detection and exclusion of obstructive coronary artery 
disease, since tomographic imaging allows multiplanar re-
constructions of the tri-dimensional structure of the coronary 
arteries and it provides a more accurate description of eccen-
tric stenosis and extra luminal structures such as plaque.

In conclusion, the information content of MDCT is broad-
er than that of conventional coronary angiography, and the 
results of this study support that MDCT as being reliable 
enough for the evaluation of coronary artery stenosis in the 
intermediate-risk group independent of CACS. Therefore, 
MDCT might be used as an alternative screening method 
for the intermediate CAD-risk group and for plaque burden 
monitoring of known coronary atherosclerosis. However, 
64-channel MDCT currently has a limited role in plaque 
characterization and further study is needed.
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reported the diagnostic accuracy of MDCT in the quantifi-
cation of coronary artery plaques,5,18,19 but it is only a struc-
tural and not a functional evaluation. The atherosclerotic 
plaques that are causally related to ACS reveal a variable 
extent of luminal narrowing but are almost always associat-
ed with expansive or positive vessel remodeling, and soft 
plaque composition.20 MDCT has the potential to enable 
detection of not only significant luminal stenosis but also 
vessel remodeling or plaque composition. Some institutions 
are now also using 128-channel MDCT and both a 256- 
and 320-channel MDCT have been introduced.21 The latter 
configurations offer the potential to image the entire heart 
in more detailed.

This study had several limitations. The use of IVUS dur-
ing conventional coronary angiography was at operator dis-
cretion, thereby possibly introducing operator bias. Also, 
the study was retrospective and a single center study, there-
fore population was too small to generalize this result.

Despite these limitations, contrast enhanced MDCT has 
emerged as a promising noninvasive screening method for 

Fig. 4. Inter-observer variability between two observers of plaque area in MLA on MDCT (A), Bland and Altman plot (B) and MDCT values of plaque in MLA 
(C), Bland and Altman plot (D). MLA, minimal luminal area; HU, Hounsfield unit; MDCT, multidetector computed tomography.

Average of plaque area in MLA on MDCT between two observers (mm2)Plaque area in MLA on MDCT by observer 1

Average of MDCT values of plaque in MLA between two observers (HU)MDCT values of plaque in MLA by observer 1 (HU)

-20.00

-400.00
0.00

-10.00

-200.00250.00

0.00

0.00

0.00500.00

10.00

10.00

200.00750.00

20.00

20.00

400.00

30.00

30.00

600.00
1000.00

40.00
40.00

800.00
1250.00

50.0050.00

1000.001500.00

Di
ffe

re
nc

e 
of

 p
la

qu
e 

ar
ea

 in
 M

LA
 o

n 
M

DC
T 

be
tw

ee
n 

tw
o 

ob
se

rv
er

s (
m

m
2 )

Pl
aq

ue
 a

re
a 

in
 M

LA
 o

n 
M

DC
T 

by
 o

bs
er

ve
r 2

Di
ffe

re
nc

e 
of

 M
DC

T 
va

lu
es

 o
f p

la
qu

e 
in

 M
LA

 
be

tw
ee

n 
tw

o 
ob

se
rv

er
s (

HU
)

M
DC

T 
va

lu
es

 o
f p

la
qu

e 
in

 M
LA

 
by

 o
bs

er
ve

r 2
 (H

U)

0.000.00

0.000.00

10.0010.00

250.00250.00

20.0020.00

750.00750.00 500.00500.00

30.0030.00

1000.001000.00

40.0050.0040.00

1250.001500.001250.00

BA

DC

R Sq linear-0.37

R Sq linear-0.635



Diagnostic Accuracy of CTA for Calcified CAD

Yonsei Med J   http://www.eymj.org   Volume 55   Number 3   May 2014 605

al. From vulnerable plaque to vulnerable patient--Part III: Executive 
summary of the Screening for Heart Attack Prevention and Educa-
tion (SHAPE) Task Force report. Am J Cardiol 2006;98:2H-15H. 

11. Hoffmann U, Moselewski F, Cury RC, Ferencik M, Jang IK, Diaz 
LJ, et al. Predictive value of 16-slice multidetector spiral comput-
ed tomography to detect significant obstructive coronary artery 
disease in patients at high risk for coronary artery disease: patient-
versus segment-based analysis. Circulation 2004;110:2638-43.

12. Ong TK, Chin SP, Liew CK, Chan WL, Seyfarth MT, Liew HB, 
et al. Accuracy of 64-row multidetector computed tomography in 
detecting coronary artery disease in 134 symptomatic patients: in-
fluence of calcification. Am Heart J 2006;151:1323.

13. Anderson KM, Odell PM, Wilson PW, Kannel WB. Cardiovascu-
lar disease risk profiles. Am Heart J 1991;121(1 Pt 2):293-8.

14. Wilson PW, Castelli WP, Kannel WB. Coronary risk prediction in 
adults (the Framingham Heart Study). Am J Cardiol 1987;59:91G-
4G.

15. Mintz GS, Nissen SE, Anderson WD, Bailey SR, Erbel R, Fitzger-
ald PJ, et al. American College of Cardiology Clinical Expert 
Consensus Document on Standards for Acquisition, Measurement 
and Reporting of Intravascular Ultrasound Studies (IVUS). A re-
port of the American College of Cardiology Task Force on Clini-
cal Expert Consensus Documents. J Am Coll Cardiol 2001;37: 
1478-92.

16. Carlier SG, Mintz GS, Stone GW. Imaging of atherosclerotic 
plaque using radiofrequency ultrasound signal processing. J Nucl 
Cardiol 2006;13:831-40.

17. Jakob M, Spasojevic D, Krogmann ON, Wiher H, Hug R, Hess 
OM. Tortuosity of coronary arteries in chronic pressure and vol-
ume overload. Cathet Cardiovasc Diagn 1996;38:25-31.

18. Moselewski F, Ropers D, Pohle K, Hoffmann U, Ferencik M, 
Chan RC, et al. Comparison of measurement of cross-sectional 
coronary atherosclerotic plaque and vessel areas by 16-slice multi-
detector computed tomography versus intravascular ultrasound. 
Am J Cardiol 2004;94:1294-7.

19. Leber AW, Becker A, Knez A, von Ziegler F, Sirol M, Nikolaou K, 
et al. Accuracy of 64-slice computed tomography to classify and 
quantify plaque volumes in the proximal coronary system: a com-
parative study using intravascular ultrasound. J Am Coll Cardiol 
2006;47:672-7.

20. Motoyama S, Sarai M, Harigaya H, Anno H, Inoue K, Hara T, et 
al. Computed tomographic angiography characteristics of athero-
sclerotic plaques subsequently resulting in acute coronary syn-
drome. J Am Coll Cardiol 2009;54:49-57. 

21. Hein PA, Romano VC, Lembcke A, May J, Rogalla P. Initial expe-
rience with a chest pain protocol using 320-slice volume MDCT. 
Eur Radiol 2009;19:1148-55. 

Medical Science, Yonsei University and Korean Institute of 
Medicine.

REFERENCES

1. Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circula-
tion 1995;92:657-71.

2. Fayad ZA, Fuster V. Clinical imaging of the high-risk or vulnera-
ble atherosclerotic plaque. Circ Res 2001;89:305-16.

3. Muller JE, Abela GS, Nesto RW, Tofler GH. Triggers, acute risk 
factors and vulnerable plaques: the lexicon of a new frontier. J Am 
Coll Cardiol 1994;23:809-13.

4. Gibbons RJ, Chatterjee K, Daley J, Douglas JS, Fihn SD, Gardin 
JM, et al. ACC/AHA/ACP-ASIM guidelines for the management 
of patients with chronic stable angina: a report of the American 
College of Cardiology/American Heart Association Task Force on 
Practice Guidelines (Committee on Management of Patients With 
Chronic Stable Angina). J Am Coll Cardiol 1999;33:2092-197.

5. Inoue F, Sato Y, Matsumoto N, Tani S, Uchiyama T. Evaluation of 
plaque texture by means of multislice computed tomography in 
patients with acute coronary syndrome and stable angina. Circ J 
2004;68:840-4.

6. Achenbach S, Moselewski F, Ropers D, Ferencik M, Hoffmann U, 
MacNeill B, et al. Detection of calcified and noncalcified coronary 
atherosclerotic plaque by contrast-enhanced, submillimeter multi-
detector spiral computed tomography: a segment-based compari-
son with intravascular ultrasound. Circulation 2004;109:14-7.

7. Leber AW, Knez A, von Ziegler F, Becker A, Nikolaou K, Paul S, 
et al. Quantification of obstructive and nonobstructive coronary 
lesions by 64-slice computed tomography: a comparative study 
with quantitative coronary angiography and intravascular ultra-
sound. J Am Coll Cardiol 2005;46:147-54.

8. Vanhoenacker PK, Heijenbrok-Kal MH, Van Heste R, Decramer I, 
Van Hoe LR, Wijns W, et al. Diagnostic performance of multide-
tector CT angiography for assessment of coronary artery disease: 
meta-analysis. Radiology 2007;244:419-28.

9. Budoff MJ, Dowe D, Jollis JG, Gitter M, Sutherland J, Halamert 
E, et al. Diagnostic performance of 64-multidetector row coronary 
computed tomographic angiography for evaluation of coronary 
artery stenosis in individuals without known coronary artery dis-
ease: results from the prospective multicenter ACCURACY (As-
sessment by Coronary Computed Tomographic Angiography of 
Individuals Undergoing Invasive Coronary Angiography) trial. J 
Am Coll Cardiol 2008;52:1724-32. 

10. Naghavi M, Falk E, Hecht HS, Jamieson MJ, Kaul S, Berman D, et 


