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Purpose:

Materials and
Methods:

Results:

Conclusion:

To determine the accuracy of a previously developed
automated algorithm (AUTOPLAQ [APQ]) for rapid volu-
metric quantification of noncalcified and calcified plaque
from coronary computed tomographic (CT) angiography
in comparison with intravascular ultrasonography (US).

This study was approved by the institutional review board
and was HIPAA compliant; all patients provided written
informed consent. APQ combines derived scan-specific atten-
uation threshold levels for lumen, plaque, and knowledge-
based segmentation of coronary arteries for quantification
of plaque components. APQ was validated with retrospec-
tive analysis of 22 coronary atherosclerotic plaques in
20 patients imaged with coronary CT angiography and
intravascular US within 2 days of each other. Coronary
CT angiographic data were acquired by using dual-source
CT. For each patient, well-defined plaques without calcifi-
cations were selected, and plaque volume was measured
with APQ and manual tracing at CT and with intravascular
US. Measurements were compared with paired t test,
correlation, and Bland-Altman analysis.

There was excellent correlation between noncalcified
plaque volumes quantified with APQ and intravascular US
(r=0.94, P < .001), with no significant differences (P = .08).
Mean plaque volume with intravascular US was 105.9 mm?® =
83.5 (standard deviation) and with APQ was 116.6 mm?® =
80.1. Mean plaque volume with manual tracing from CT
was 100.8 mm? = 81.7 and with APQ was 116.6 mm? =
80.1, with excellent correlation (r=0.92, P < .001) and
no significant differences (P = .23).

Automated scan-specific threshold level-based quantifica-
tion of plaque components from coronary CT angiog-
raphy allows rapid, accurate measurement of noncalcified
plaque volumes, compared with intravascular US, and re-
quires a fraction of the time needed for manual analysis.

©RSNA, 2010

Supplemental material: http://radiology.rsna.org/lookup
/suppl/doi:10.1148/radiol. 10100681/-/DC1

516

radiology.rsna.org = Radiology: \olume 257: Number 2—November 2010

>
i}
S
.=
S
o




>
i

S
=

S
s

TECHNICAL DEVELOPMENTS: Quantification of Noncalcified Coronary Plaque

Dey et al

irect noninvasive quantification of

coronary atherosclerotic plaque

morphology and burden may be
important for improving cardiovascular
risk stratification and for monitoring the
course of coronary artery disease. The
total amount of coronary artery calcium,
measured with nonenhanced computed
tomography (CT), is well established as a
strong predictor of cardiovascular events
(1-3). Although calcified plaque quan-
tification with nonenhanced CT is
standardized (4,5), to our knowledge,
no validated approach for noninvasive
quantification of noncalcified plaque is
currently available (6). Coronary CT
angiography performed by using mul-
tidetector CT scanners has become an
increasingly effective clinical tool for
noninvasive assessment of the coronary
arteries (7-9), with substantial potential
for noninvasive plaque component char-
acterization (10-14). The current stan-
dard for coronary CT angiography plaque
quantification requires manual tracing of
contours, separating epicardial fat from
the vessel wall and enclosing noncalcified
and calcified plaque components, which
is time-consuming and may be prone to
intraobserver variability (15,16). We
recently developed automated computer
software, AUTOPLAQ (APQ), at the
Cedars-Sinai Medical Center, Los
Angeles, Calif (D.D., P.J.S., D.S.B), for
three-dimensional plaque segmentation
and quantification of noncalcified and
calcified plaque and showed its excel-
lent agreement with manual plaque
quantification performed by experts in
an initial feasibility study (17). The pur-
pose of this study was to determine the
accuracy of APQ for quantification of

Advances in Knowledge

B Automated scan-specific thresh-
old level-based quantification of
plaque components from coro-
nary CT angiography allows
rapid, accurate measurement of
noncalcified plaque, compared
with US.

B The automated method requires
a fraction of the time needed for
equivalent manual analysis.

noncalcified plaque in comparison with
quantification with intravascular ultra-
sonography (US).

Materials and Methods

Patients and Plaque Selection

Our study was a retrospective analysis
of patients from a research protocol
that enrolled 70 consecutive patients,
who were suspected of having coronary
artery disease or progression of known
coronary artery disease and were sched-
uled to undergo invasive coronary an-
giography, including intravascular US,
at the University of Erlangen (Erlangen,
Germany) between October 2007 and
July 2009 (18). Exclusion criteria were
contraindications to iodinated contrast
agents, renal insufficiency (serum crea-
tinine level, >1.5 mg/dL [133 pmol/L]),
clinical instability, absence of a sinus
rhythm, and inability to perform a
10-second breath hold. These are our
standard exclusion criteria for coro-
nary CT angiography, and none of the
70 patients needed to be excluded. Coro-
nary CT angiographic acquisition was
performed with dual-source CT within
2 days (48 hours) before the invasive
coronary angiographic procedure. An
experienced, independent study coordi-
nator (S.A.), who was not involved in
the later comparative analysis, evalu-
ated dual-source CT data sets with good
or excellent image quality and the cor-
responding intravascular US data side
by side to identify focal, noncalcified
plaques in the proximal or middle section
of a major coronary artery, with clearly
defined proximal and distal boundaries
at both CT and intravascular US. Non-
calcified plaques were identified at CT
as structures greater than 1 mm? within
and/or adjacent to the vessel lumen and

Implication for Patient Care

B Following further validation, the
automated tool in this study
could potentially be applied rou-
tinely to provide rapid noninva-
sive quantitative assessment of
coronary plaques with coronary
CT angiography.

surrounding epicardial tissue, with no
visually identified calcifications, as pre-
viously described (10). Twenty subjects
with 22 focal noncalcified plaque lesions,
identified with both intravascular US
and CT, in the proximal to middle seg-
ments of the coronary arteries and with
a clearly defined proximal and distal
border were thus retrospectively chosen
for analysis. The patient demographics
are given in Table 1. The mean age was
55 years = 12 (standard deviation) for
men and 58 years = 10 for women; this
difference in age did not reach signifi-
cance (P = .17, Student t test). The dis-
tribution of noncalcified plaque lesions
in the coronary tree was as follows: left
main coronary artery (n = 6), proximal
left anterior descending artery (n = 9),
middle left anterior descending artery
(n = 4), proximal right coronary artery
(n = 2), and proximal left circumflex
coronary artery (n = 1). Following pa-
tient and plaque selection, noncalcified
plaque quantification was performed
with intravascular US and coronary CT
angiography independently by experi-
enced readers (M.M., with 4 years of
CT experience and 2 years of intravas-
cular US experience; T.S., with 4 years
of CT experience), who were blinded
to coronary CT angiographic and intra-
vascular US results, respectively, as de-
scribed below. This study was approved
by the institutional review boards (Uni-
versity of KErlangen and Cedars-Sinai
Medical Center), all patients provided
written informed consent, and the study
was Health Insurance Portability and
Accountability Act compliant.
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Table 1

Patient Characteristics

Characteristic Data

No. of patients 20
Sex

No. of women 5

No. of men 15
Age (y)* 56 = 11
Body mass index (kg/m?)* 27+ 4
Current smoker® 4/20 (20)
Hypertension® 12/20 (60)
Diabetes mellitust 4/20 (20)
Hypercholesterolemiat 13/20 (65)
2 or more risk factorst 12/20 (60)
No. of patients with symptoms* 18 (90)

* Data are the means = standard deviations.

 Data are the numbers of patients, and numbers in
parentheses are percentages.

+ Symptoms included chest pain and/or shortness of
breath. Datum is the number of patients, and number in
parentheses is the percentage.

Intravascular US

Intravascular US was performed by one
author (S.A., with 8 years of intravascular
US experience) as part of the diagnos-
tic procedure for the evaluation of one
coronary artery without angiographic
evidence of greater than 50% stenosis
after the administration of 100-200 pg
of nitroglycerin. A 40-MHz 2.5-F, 135-cm
intravascular US catheter (Atlantis SR
Pro; Boston Scientific, Boston, Mass),
with motorized automatic pullback at
0.5 mm/sec, was inserted into the most
distal position of the selected vessel that
could be safely reached, and the cath-
eter location was documented with cine
angiography. Intravascular US data with
a running audio commentary describing
the location of the ongoing intravascu-
lar US interrogation were stored on a
CD-ROM for off-line analysis.

Plaque Volume Measurement with
Intravascular US

Intravascular US images were analyzed
by an experienced independent, blinded
observer (M.M.), according to established
and validated standards (19). Accord-
ing to the American College of Cardiol-
ogy recommendations, atherosclerotic
plaques were defined as structures
located between the media and the in-
tima with a thickness of at least 0.5 mm

(19). Starting from the last frame toward
the start frame of the target plaque, cross
sections spaced 0.5 mm apart were se-
lected for analysis. Because the intravas-
cular US frame rate was 30 frames/sec
and the pullback was 0.5 mm/sec, every
30th intravascular US image yielded
cross sections that were 0.5 mm apart.
For each cross-sectional image, the ex-
ternal elastic membrane (defined by
the interface at the border between
the media and the adventitia [19]) and
the lumen-intima interface were manu-
ally traced as illustrated in Figure la.
Atheroma (intima plus media) area for
each cross section was calculated by
subtracting the luminal area from the ex-
ternal elastic membrane cross-sectional
area, as suggested by the American
College of Cardiology recommendations
(19). Plaque volume per lesion was calcu-
lated from atheroma cross-sectional ar-
eas, according to the Simpson rule (18).

Coronary CT Angiography

Imaging Protocol

All patients were imaged by using a dual-
source CT scanner (Somatom Definition;
Siemens Healthcare, Forchheim, Ger-
many). Oral beta-blockers (atenolol,
50-100 mg) were administered in pa-
tients with a heart rate greater than
60 beats per minute at 1 hour before the
scan (18). If the heart rate remained
greater than 65 beats per minute at the
time of the scan, up to four doses of 5 mg
of metoprolol each were given intrave-
nously. An intravenous bolus (60-90 mL)
of contrast agent (iomeprol), with 350 mg
of iodine per milliliter, was injected at a
flow rate of 6 mlL/sec to determine the
contrast agent transit time (18). Image
acquisition was initiated at 2 seconds
after the contrast agent transit time,
with 0.6-mm collimation, z-flying focal
spot, gantry rotation time of 330 msec,
reference tube current of 400 mAs per
rotation, and tube voltage of 120 kVp.
All scans were obtained by using elec-
trocardiographically gated tube-current
modulation. Maximal tube current was
limited to an interval of 30%-80% of
the cardiac cycle for patients with heart
rates greater than 60 beats per minute
and 60%-80% of the cardiac cycle for
patients with heart rates of 60 beats per

minute or less. Transaxial images were
reconstructed with 0.753-mm section
thickness, 0.4-mm increment, and a
medium-soft convolution kernel (B26f).
The position of the reconstruction win-
dow in the cardiac cycle was individually
selected to minimize artifacts. Motion-
free data sets, typically in mid diastole,
were collected for analysis. Beta-blockers
to reduce the heart rate were given in
90% of patients, resulting in a mean heart
rate during CT scanning of 57 beats per
minute = 6 (range, 45-70 beats per
minute).

Plaque Volume Measurement with
Coronary CT Angiography
Manual method.—Each identified focal
noncalcified plaque lesion was quanti-
fied manually by an independent expe-
rienced reader (T.S.), who was blinded
to the intravascular US results, as previ-
ously reported (16,18). To ensure that
identical plaques that were evaluated
with intravascular US were assessed,
easily identifiable anatomic landmarks
(eg, side branches and bifurcations)
were selected to define the proximal
and distal fiduciary points. To allow for
exact separation between blood vessel,
surrounding tissue, plaque, and lumen,
window level and window width were
initially displayed at a predefined CT
window-level setting (window width,
700 HU; window level, 200 HU); ad-
justments of the window-level settings
were performed at the discretion of the
observer as deemed necessary for best
visualization (18), as is commonly done
in clinical practice. After the identifica-
tion of the lesion on axial images, serial
multiplanar reformatted images (1.0-mm
section thickness, 0.5-mm interval) or-
thogonal to the longitudinal axis of the
coronary artery were rendered to obtain
cross-sectional images of the respective
vessel segment at a workstation (Mul-
timodality Workplace; Siemens Health-
care) (Fig 1b). Plaque areas were then
manually traced in each cross-sectional
segment, and the total noncalcified
plaque volumes were calculated by mul-
tiplying the corresponding total placque
areas by the increment (16,18).
Automated method.—Each plaque
lesion was analyzed by using APQ
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Figure 1

Figure 1:

Images show quantification of proximal left anterior descending
artery plague in a 71-year-old male nonsmoker with hypercholesterolemia.
(a) Top: Cross-sectional intravascular US view with traced external elastic
membrane (green arrow) and lumen-intima border (yellow arrow). Bottom:
Longitudinal intravascular US view of the plaque. Blue arrow = position of
cross-sectional views. (b) Same plaque imaged with coronary CT angiography.
Left: Longitudinal view. Middle and right: Cross-sectional views show manual
quantification. (c) Top: Three-dimensional multiplanar reformatted views of
plaque at CT obtained with standard window-level settings (window width,

800 HU; window level, 350 HU). Bottom: Results of APQ quantification, with

noncalcified plaque voxels classified with APQ overlaid in red. (d) Same view
of plague as on ¢ obtained with automated scan-specific window-level setting
(window width of 155% and window level of 65% of normal contrast enhance-

running on a standard 2.5-GHz com-
puter running software (Windows;
Microsoft, Redmond, Wash) by an in-
dependent observer (T.S.), who was
blinded to the intravascular US data. To
quantify each lesion, the identical coro-
nary CT angiographic data set that was
quantified manually was exported to the
workstation in Digital Imaging and Com-
munications in Medicine format. With-
in the APQ environment, the indepen-
dent observer generated a view similar
to the longitudinal axis of the coronary
artery used for manual quantification,
by using multiplanar reformatting, and
marked the proximal and distal limits of
the plaque to be analyzed, by using the
fiducial markers as mentioned above.
The same observer placed a circular re-
gion of interest in the aorta, defining the
“normal blood pool,” and placed five to
seven control points in the arterial lumen

ment, as previously recommended [11]).

to define the luminal centerline, as previ-
ously described (17). After these inter-
active steps, subsequent plaque quanti-
fication was fully automated. The APQ
algorithm computed the total noncalcified
plaque volumes within the automatically
segmented boundaries of the vessel. The
results of plaque quantification were dis-
played as colored overlays on the three-
dimensional coronary CT angiographic
data for visual assessment. Further de-
tails about the automated method are
included in Appendix E1 (online).

Statistical Analysis

The results of plaque quantification were
analyzed with software (Analyse-it, ver-
sion 2.12; Analyse-it Software, Leeds,
England; www.analyse-it.com). All con-

tinuous variables were expressed as the
mean * standard deviation. To compare
agreement between quantification meth-
ods, the Pearson correlation coefficient
was calculated and Bland-Altman plots
were created. The paired t test was
used to compare differences between
intravascular US and CT plaque quan-
tification methods. A difference with
P < .05 was considered significant.

Processing times ranged from 15 to 35
minutes for intravascular US plaque
quantification. Processing times ranged
from 5 to 15 minutes for CT manual
plaque quantification; the number of
cross-sectional segments that needed

Radiology: \olume 257: Number 2—November 2010 = radiology.rsna.org
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to be traced ranged from 8 to 28 per
plaque. Following identification of the
start and end of the atherosclerotic
lesion, the time for automated plaque
segmentation and quantification was less
than 20 seconds.

Figure 1 shows an example of a
noncalcified plaque imaged with intra-
vascular US and coronary CT angiogra-
phy. In our patient cohort, mean non-
calcified plaque volume quantified with
intravascular US was 105.9 mm?® = 83.5
and mean noncalcified plaque volume
quantified with APQ was 116.6 mm? =
80.1, and the difference was not signifi-
cant (P = .08). In addition, mean non-
calcified plaque volume quantified with
CT assessed by the expert reader and
with APQ were not significantly different
(100.8 mm? + 81.7 versus 116.6 mm?® =
80.1, P = .12). Compared with intravas-
cular US, the mean absolute difference in
noncalcified plaque volume was 21.2 mm? =
20.0 for APQ and 30.5 mm® = 30.8 for
manual quantification from CT, and the
difference was not significant (P = .23).

Figure 2 shows the correlation and
Bland-Altman comparison of APQ and
intravascular US results. There was ex-
cellent correlation between APQ and in-
travascular US plaque volumes (R = 0.94,
P < .001), and the relationship could
be described by the linear function y =
1.03x. For the Bland-Altman comparison,
the 95% limits of agreement ranged from
—42.9 to 64.4 mm?, with a positive bias
of 10.8 mm?. With APQ, scan-specific
threshold levels are automatically derived
for epicardial fat, noncalcified plaque, nor-
mal lumen, and calcified plaque from the
coronary CT angiographic scan. Table 2
shows the APQ attenuation threshold
levels in Hounsfield units that were com-
puted for the following: epicardial fat,
the upper level for noncalcified plaque,
the normal lumen at the midplaque
level, and the lower level for calcified
plaque in the patients in our study.

Figure 3 shows the correlation and
Bland-Altman comparison of plaque vol-
umes quantified with APQ and manual
tracing. There was excellent correlation
between manually quantified plaque
volumes and those quantified with APQ
(R=0.92, P<.001), and the relationship
could be described by the linear function

Figure 2
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Figure 2:  Comparison of APQ quantification of
noncalcified plague volume with intravascular US
quantification. (a) Correlation. (b) Bland-Altman plot.
Solid line = best-fit line.

y = 1.06x. From Bland-Altman compari-
son, the 95% limits of agreement ranged
from —45.9 to 77.6 mm?, with a positive
bias of 15.8 mm?. In Figure 3b, the differ-
ence from the mean appears to increase
in a roughly linear pattern for plaque
volumes of less than 100 mm?. This is
likely caused by curved configuration of
some of these larger plaques, resulting
in expected larger volumes quantified
with APQ compared with those obtained
with manual quantification (17), as well
as some overestimation with APQ owing
to location of these larger plaques at the
left main bifurcation.

In addition, mean noncalcified plaque
volumes obtained with intravascular US
and with manual quantification with CT
did not differ significantly (100.8 mm?® *
81.7 versus 105.9 mm?® = 83.5, P = .54)
and showed strong correlation (r=0.91,
P < .001). The results of Bland-Altman
analysis of noncalcified plaque volumes
quantified with intravascular US and
noncalcified plaque volumes manually
quantified with CT showed that there was
a slight trend of underestimation of

Table 2

Attenuation Threshold Levels
Computed with APQ in 22 Plaques

Threshold Level Attenuation (HU)*
Epicardial fat, upper level —-21.2 £135
Noncalcified plaque, 242.6 = 25.9
upper level

Midlesion normal contrast 443.5 = 60.9
enhancement

Calcified plague, lower level  535.0 + 67.4

* Data are the means = standard deviations.

plaque volume (with a negative bias of
—5.0 mm?), and the 95% limits of agree-
ment ranged from —78.8 to 68.7 mm?.
We visually assessed results of APQ
quantification, by using both a standard
window-level setting (window width, 800
HU; window level, 250 HU), as shown in
Figure 1, and by using an automatically
set scan-specific window-level setting, as
recommended by Leber et al (11), with a
window width equal to 155% and a win-
dow level equal to 65% of normal con-
trast enhancement in Hounsfield units,
as shown in Figure 1d. Visually, the APQ
plaque overlay was found to extend cor-
rectly over the entire plaque in all cases,
with no missing voxels, with some epi-
cardial fat incorrectly included as non-
calcified plaque; this inclusion is re-
flected in the small positive bias in the
Bland-Altman plots (Figs 2b, 3b).

In our study, there was excellent cor-
relation, and there were no significant
differences in noncalcified plaque vol-
umes quantified with intravascular US
and multidetector CT, with both auto-
mated and manual methods. Compared
with CT manual quantification, quanti-
fication with APQ showed a trend to-
ward smaller absolute differences from
plaque volume quantified with intra-
vascular US and narrower 95% limits
of agreement. However, the 95% lim-
its of agreement for intravascular US
quantification of —42.9 to 64.4 mm?
(range, 107.3 mm?®) for APQ and those
for manual CT quantification of —45.9
to 77.6 mm? (range, 123.5 mm?®) were
wide compared with the mean plaque
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Figure 3:  Comparison of APQ quantification of
noncalcified plaque volume with expert manual
quantification. (a) Correlation. (b) Bland-Altman plot.
Solid line = best-fit line.

volumes. Several factors may account
for these differences. First, with the
limitations in temporal and spatial
resolution of current multidetector CT
scanners, accurate delineation of the
coronary vessel wall from surrounding
epicardial fat is challenging for both the
expert reader and automated software.
Second, intraluminal plaque and media,
excluding the adventitia, are measured
with intravascular US, whereas all com-
ponents of the coronary vessel wall,
including the adventitia, are measured
with multidetector CT (18). Therefore,
the adventitia was included for both man-
ual and automated CT plaque quantifi-
cation, which is a potential source of
intermethod variability. Furthermore,
because of these differences, measure-
ment of outer vessel wall thickness with
CT cannot be easily validated with

measurement with intravascular US.
Third, although landmarks were carefully
identified, misregistration of landmarks
in the two modalities probably contrib-
uted to some discrepancies. Finally, with
APQ, segmentation of the coronary arter-
ies and quantification of plaque by using
a fully three-dimensional approach were
achieved (17), whereas for manual quan-
tification with intravascular US and CT,
plaque areas in serial cross sections were
summed, which can also be a potential
source of intermethod variability.

Several investigators compared plaque
volumes that were manually derived
with coronary CT angiography with
corresponding data derived with in-
travascular US and reported a strong
correlation and concordance, with
overall underestimation of noncalcified
plaque and overestimation of calcified
plaque (10-12,14,20,21). In compari-
son with intravascular US, a significant
overlap of CT attenuation values between
lipid-rich and fibrous noncalcified plaque
has been reported (14,20); however,
attenuation values for noncalcified and
calcified plaque have been shown to be
significantly different, suggesting that
accurate quantification of noncalcified
plaque and calcified plaque can be ro-
bustly achieved (14). Significant intrao-
bserver variability has been reported for
manual plaque quantification from CT
(11,14); and it has been suggested that
interobserver variability is affected by
plaque size, as well as by image quality
(22). Recently, Schepis et al (18) reported
intraobserver variability of 11% for
manual quantification of noncalcified
plaque. Clouse et al (23) described a “voxel
analysis” technique by using software
(Analyze; AnalyzeDirect, Overland Park,
Kan; www.analyzedirect.com), the bio-
medical imaging software suite of the
Mayo Clinic (Rochester, Minn). This
technique requires manual drawing of
multiple profiles through the plaque, and
luminal and plaque volumes are calculated
by using these manually defined points.
Brodoefel et al (24) compared plaque
volumes obtained with this technique
with those obtained with intravascular
virtual-histology US in 12 patients, with
a good correlation and concordance be-
tween both methods.

In our study, our patient cohort un-
derwent intravascular US for clinical rea-
sons, which may explain larger plaque
volumes compared with those reported
in recent studies (25). The mean midle-
sion luminal attenuation in our cohort
was 443.5 HU = 60.9, higher than that
reported by Brodoefel et al (24) and
Clouse et al (23), who also used contrast
agents with the same iodine concentra-
tion but with injection rates of 5 and
4 ml./sec, respectively, and higher also
than other similar comparisons (12,14).
This is most likely owing to the higher
luminal iodine concentration, which also
affects noncalcified plaque, possibly be-
cause of volume averaging of attenuation
of adjacent voxels (26,27).

Although the mean luminal attenu-
ation differs with acquisition protocols, it
also differed between patients scanned
with the same protocol both in our cur-
rent study and in our previous study (17).
Along with accurate outer vessel wall seg-
mentation, correct scan-specific attenua-
tion threshold levels are, therefore, impor-
tant for accurate plaque quantification.

Our study had limitations. Our com-
parative analysis was retrospective, and
our sample size, although larger than in
other validation studies (24), was small.
Our comparison was restricted to pri-
marily noncalcified plaques. However,
the primary reason behind this selec-
tion was to minimize errors in measure-
ment of plaque volume with intravascu-
lar US owing to the acoustic shadowing
effect. Additional future validation with
atherosclerotic lesions containing both
calcified and noncalcified plaque may be
necessary. Although not validated with
intravascular US, we previously assessed
APQ performance with atherosclerotic
plaques from a consecutive cohort and
found that measurements of noncalci-
fied and calcified plaque components
agree closely with measurements with
manual quantification by two experts
(17). We restricted our sample to coro-
nary plaques with well-defined proximal
and distal limits, primarily to ensure
that the same plaques were quantified
at CT and at intravascular US. Only
dual-source CT data sets with good or
excellent image quality were considered
for analysis, and no conclusions as to
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accuracy in data sets of lesser quality
could be drawn. Our automated algo-
rithm required manual steps, including
marking the start and the end of the
plaque lesions. Finally, we did not ana-
lyze intra- and interobserver variability
or reproducibility of plaque quantifica-
tion; however, these factors have pre-
viously been analyzed (17,18,28), and
this was not the focus of our study.

Automated scan-specific threshold

level-based quantification of plaque
components with coronary CT angiog-
raphy allows rapid, accurate measure-
ment of noncalcified plaque, compared
with intravascular US quantification,
and requires a fraction of the time needed
for equivalent manual analysis.

References

1.

Detrano R, Guerci AD, Carr JJ, et al. Coronary
calcium as a predictor of coronary events in
four racial or ethnic groups. N Engl J Med
2008;358(13):1336-1345.

. Arad Y, Goodman KJ, Roth M, Newstein

D, Guerci AD. Coronary calcification, coro-
nary disease risk factors, C-reactive protein,
and atherosclerotic cardiovascular disease
events: the St. Francis Heart Study. J Am
Coll Cardiol 2005;46(1):158-165.

. LaMonte MJ, FitzGerald SJ, Church TS,

et al. Coronary artery calcium score and coro-
nary heart disease events in a large cohort
of asymptomatic men and women. Am J
Epidemiol 2005;162(5):421-429.

. Agatston AS, Janowitz WR, Hildner FJ, Zus-

mer NR, Viamonte M Jr, Detrano R. Quan-
tification of coronary artery calcium using
ultrafast computed tomography. J Am Coll
Cardiol 1990;15(4):827-832.

. Callister TQ, Cooil B, Raya SP, Lippolis NJ,

Russo DJ, Raggi P. Coronary artery disease:
improved reproducibility of calcium scoring
with an electron-beam CT volumetric method.
Radiology 1998;208(3):807-814.

. Schuijf JD, Bax JJ. How do you quantify

noncalcified plaque? J Cardiovasc Comput
Tomogr 2008;2(6):360-365.

. Achenbach S. Computed tomography coro-

nary angiography. J Am Coll Cardiol 2006;
48(10):1919-1928.

. Achenbach S. Cardiac CT: state of the art for

the detection of coronary arterial stenosis.
J Cardiovasc Comput Tomogr 2007;1(1):3-20.

. Berman DS, Shaw LJ, Hachamovitch R, et al.

Comparative use of radionuclide stress test-

10.

11.

12.

13.

14.

16.

17.

18.

ing, coronary artery calcium scanning, and
noninvasive coronary angiography for diag-
nostic and prognostic cardiac assessment.
Semin Nucl Med 2007;37(1):2-16.

Achenbach S, Moselewski F, Ropers D, et al.
Detection of calcified and noncalcified coro-
nary atherosclerotic plaque by contrast-
enhanced, submillimeter multidetector spiral
computed tomography: a segment-based
comparison with intravascular ultrasound.
Circulation 2004;109(1):14-17.

Leber AW, Becker A, Knez A, et al. Accuracy
of 64-slice computed tomography to classify
and quantify plaque volumes in the proximal
coronary system: a comparative study using
intravascular ultrasound. J Am Coll Cardiol
2006;47(3):672-677.

Leber AW, Knez A, Becker A, et al. Accuracy of
multidetector spiral computed tomography in
identifying and differentiating the composition
of coronary atherosclerotic plaques: a com-
parative study with intracoronary ultrasound.
J Am Coll Cardiol 2004;43(7):1241-1247.

Leber AW, Knez A, von Ziegler F, et al. Quanti-
fication of obstructive and nonobstructive coro-
nary lesions by 64-slice computed tomography:
a comparative study with quantitative coronary
angiography and intravascular ultrasound.
J Am Coll Cardiol 2005;46(1):147-154.

Petranovic M, Soni A, Bezzera H, et al. As-
sessment of nonstenotic coronary lesions by
64-slice multidetector computed tomography
in comparison to intravascular ultrasound:
evaluation of nonculprit coronary lesions. J

Cardiovasc Comput Tomogr 2009;3(1):24-31.

. Burgstahler C, Reimann A, Beck T, et al.

Influence of a lipid-lowering therapy on
calcified and noncalcified coronary plaques
monitored by multislice detector computed
tomography: results of the New Age II Pilot
Study. Invest Radiol 2007;42(3):189-195.

Schmid M, Achenbach S, Ropers D, et al.
Assessment of changes in non-calcified ath-
erosclerotic plaque volume in the left main
and left anterior descending coronary arter-
ies over time by 64-slice computed tomogra-
phy. Am J Cardiol 2008;101(5):579-584.

Dey D, Cheng VY, Slomka PJ, et al. Auto-
mated 3-dimensional quantification of non-
calcified and calcified coronary plaque from
coronary CT angiography. J Cardiovasc Com-
put Tomogr 2009;3(6):372-382.

Schepis T, Marwan M, Pflederer T, et al.
Quantification of non-calcified coronary ath-
erosclerotic plaques with dual-source com-
puted tomography: comparison with intravas-
cular ultrasound. Heart 2010;96(8):610-615.

. Mintz GS, Nissen SE, Anderson WD, et al.

American College of Cardiology clinical expert

20.

21.

22.

23.

24.

26.

27.

28.

consensus document on standards for acquisi-
tion, measurement and reporting of intravas-
cular ultrasound studies (IVUS): a report of
the American College of Cardiology Task Force
on Clinical Expert Consensus Documents de-
veloped in collaboration with the European
Society of Cardiology endorsed by the Soci-
ety of Cardiac Angiography and Interventions.
J Am Coll Cardiol 2001;37(5):1478-1492.

Pohle K, Achenbach S, Macneill B, et al.
Characterization of non-calcified coronary
atherosclerotic plaque by multi-detector row
CT: comparison to IVUS. Atherosclerosis
2007;190(1):174-180.

Otsuka M, Bruining N, Van Pelt NC, et al.
Quantification of plaque by
64-slice computed tomography: a compari-
son with quantitative intracoronary ultra-
sound. Invest Radiol 2008;43(5):314-321.

coronary

Pflederer T, Schmid M, Ropers D, et al. In-
terobserver variability of 64-slice computed
tomography for the quantification of non-
calcified coronary atherosclerotic plaque.
Rofo 2007;179(9):953-957.

Clouse ME, Sabir A, Yam CS, et al. Mea-
suring noncalcified coronary atherosclerotic
plaque using voxel analysis with MDCT an-
giography: a pilot clinical study. AJR Am J
Roentgenol 2008;190(6):1553-1560.

Brodoefel H, Burgstahler C, Sabir A, et al.
Coronary plaque quantification by voxel
analysis: dual-source MDCT angiography
versus intravascular sonography. AJR Am J
Roentgenol 2009;192(3):W84-W89.

. Brodoefel H, Burgstahler C, Heuschmid M,

et al. Accuracy of dual-source CT in the
characterisation of non-calcified plaque: use
of a colour-coded analysis compared with
virtual histology intravascular ultrasound.

Br J Radiol 2009;82(982):805-812.

Cademartiri F, Mollet NR, Runza G, et al.
Influence of intracoronary attenuation on
coronary plaque measurements using mul-
tislice computed tomography: observations
in an ex vivo model of coronary computed
tomography angiography. Eur Radiol 2005;
15(7):1426-1431.

Halliburton SS, Schoenhagen P, Nair A, et al.
Contrast enhancement of coronary atheroscle-
rotic plaque: a high-resolution, multidetector-
row computed tomography study of pressure-
perfused, human ex-vivo coronary arteries.

Coron Artery Dis 2006;17(6):553-560.

Cheng VY, Nakazato R, Dey D, et al. Repro-
ducibility of coronary artery placque volume
and composition quantification by 64-detector
row coronary computed tomographic an-
giography: an intraobserver, interobserver,
and interscan variability study. J Cardiovasc
Comput Tomogr 2009;3(5):312-320.

522

radiology.rsna.org = Radiology: \olume 257: Number 2—November 2010



