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PREDICTEFEHT  (20104E9 A 15 A BAEN=740))

BEETR ANT—5%
i 734 66.3+9.9
TR (FB/£) 734 502 (68%) /232 (32%)
BMI 695 242+ 34
&5 (cm) 651 86.3 £9.7
B E (mmHg) 687 138+ 19
BiRi £ 686 80 27
BE{ERE
ECGEH 557 233 (42%)
WRE 573 146 (25%)
oMI 553 71 (13%)
PCI BEfE 573 110 (19%)
stentd ¥ 14 (2%)
b o R AR 548 53 (10%)
REIRE B 570 13 2%)
AN A 5 552 31 (6%)
CTR AT+ 2B AICE - - IHER 564
FEHEIE 22 AR DE R 145 (26%)
BAI 7R BRI R 102 (19%)
BAEDRESE 23 (4%)
ACSEE 5 (0.8%)
2L 173 (31%)
Z0fh 118 (21%)
faRAF
L E 577 70%
IEEREIE 577 68%
FER A 578 29%
FERRIR T WE, £E 563 15%, 29%
B33 548 33%
MEREE
WBC (X103) (ul) 530 6.1+ 1.8
Plt (X1074) (ul) 530 21.5+52
BS(mg/dl) 548 122+53
HbAlc (%) 541 59+ 1.1
T-Chol (mg/dI) 517 196 + 36
TG (mg/dl) 554 144 +8.7
HDL-C (mg/dl) 548 57.8+16.2
LDL-C (mg/dl) 548 115+33.5
UA (mg/dl) 522 62+62
Cr (mg/dl) 558 0.82+0.43
CRP (mg/dI) 320 0.18 +0.54
hs-CRP (mg/dl) 163 0.17+0.39
eGFR 558 68.9 +33.1
Framingham risk score 431 7.1+3.4
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B ERATAREAR L
ACEFRER 545 44 (8%)
ARB 546 195 (36%)
HNT T hEEGER 549 238 (43%)
BIEMT I 542 95 (43%)
Z & F > (Intensive/Z DAhL) 546 183 (34%) / 61 (11%)
747" 7-% 543 22 (4%)
EPA Z DAl 543 32 (6%)
o vayy -1 fREE 547 44 (8%)
A AY v RE 547 23 (4%)
U—77 U 544 30 (6%)
TAEY 547 194 (35%)
Z Of TR 547 89 (16%)
CTH#REE &l
R LS 502 58 + 14
ECGIRI#]#: prospective 484 347 (61%)
retrospecitve 137 (39%)
BT R 416 333 (80%)
EEHla - FERE 327
370 mgl/ml / 350/ 300 140 (43%) / 113 (35%) / 68 (21%
320/240 4 (1%) /2 (0.6%)
TERH| B (ml) 524 450+ 23.6
CT#f 71 b 2—/L DLP 309 774 + 556
(mSV) 132+9.6
prospective DLP 611574
(mSV) 10498
retrospecitve 1075 +388
(mSV) 182+ 6.6
CTOABHENE L EEE & OHERE 563 4(0.7)
EEAT L — 4, TATEBEE
BHREEL 0
MEFSME TR, #EIRZE 0
PIEICTH DI A:
CT# DIt
24EHCTATE 58 47
RIE B 11
ACSH4 37
AMI 1 (3%)
CAG 40 16 (40%)
PCI 38 6 (16%)
CABG 34 1 (3%)
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Abstract High reproducibility on
coronary artery calcium scoring is a
key requirement in monitoring the
progression of coronary atherosclero-
sis. The purpose of this prospective
study is to assess the reproducibility of
1.25-mm- and 2.5-mm-thickness im-
ages on prospective electrocardio-
graph-triggered 64-slice CT with
respect to 2.5-mm-thickness images
on spiral overlapping reconstruction.
One hundred patients suspected of
coronary artery disease were scanned
twice repeatedly, both on prospective
electrocardiograph-triggered step-
and-shoot and retrospective electro-
cardiograph-gated spiral scans. Using
1.25-mm-thickness collimation,
1.25-mm- and 2.5-mm-thickness
image sets on prospective scans and
2.5-mm-thickness image sets with

Introduction

Monitoring coronary artery calcium (CAC) is suggested
to assess the progression and regression of coronary
atherosclerosis, thereby documenting risk factors and

1.25-mm increment (overlapping)

on retrospective scans were obtained.
Coronary artery calcium scores,
interscan variability and interobserver
variability were evaluated. The

mean interscan variability in coronary
artery calcium measurement on
1.25-mm prospective/2.5-mm pro-
spective/2.5-mm overlapping
retrospective scans were Agatston:
10%/18%/12%, volume:
10%/12%/10% and mass:
8%/13%/11% for observer 1 and
Agatston: 8%/14%/10%, volume:
7%/9%/10% and mass: 7%/10%/9%
for observer 2, respectively. The mean
interobserver variability was 5% to
14%. In conclusion, prospective elec-
trocardiograph-triggered 64-slice CT
using the 1.25-mm prospective scan
shows the lowest variability. The
2.5-mm prospective scan on volume or
mass scoring shows variability

of around 10%, comparable to 2.5-mm-
thickness spiral overlapping
reconstruction images.

Keywords Cardiac - Coronary
artery - Calcification - CT -
Calcium score - Agatston score -
Mass score - Volume score

lipid-lowering pharmacologic therapy [1]. Normal pro-
gression of the CAC score, measured on electron beam
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CT, per year is reported to be 14-27% (average 24%) [2].
This is accelerated up to 33-48% with significant coro-
nary disease [3, 4] and is reduced to 7% in response to
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therapy [1]. Monitoring of CAC by traditional Agatston
score [5] on electron beam CT, with interscan variability
of 20% to 37% [6-9], therefore, has not been recom-
mended by the American College of Cardiology-American
Heart Association expert committee [10]. The volumetric
approach [6] proposed by Callister et al. has been shown to
improve the reproducibility of CAC measurement on
electron beam CT [6, 7, 9]. The calcium mass [7] has
been proposed to be used as the standard measurement of
coronary calcium by an international committee of medical
imaging professionals and CT manufacturers [11].

Similarly to electron beam CT, CAC measurements on
spiral CT using the conventional Agatston method yield
high interscan variability: 23% to 43% [12—14] on 4-slice
spiral CT and 22% [15] on 16-slice CT. A considerable
reduction of interscan variability of Agatston scores can be
achieved: 23% to 12% [12] and 22% to 13% [15] through
spiral overlapping CT with retrospective ECG-gating, at
the expense of increased radiation exposure.

New generation 64-slice CT enables a cardiac scan
with improved temporal and spatial resolution, as well
as a shorter scan time, both of which are advantageous
factors for coronary artery imaging [16, 17]. The pur-
pose of this prospective study is, using a 64-slice CT, to
assess the reproducibility of 1.25-mm- and 2.5-mm-
thickness images on prospective ECG-triggered scan with
respect to 2.5-mm-thickness images on spiral overlapping
reconstruction.

Materials and methods

The prospective study was approved by our institutional
review committee. Written informed consent was received
from all patients involved after the nature of the procedure
had been fully explained (including radiation dose
information). For 9 months, 100 consecutive physician-
referred patients (64 males and 36 females, 67£10 years
old: range, 42-83 years) who were suspected of coronary
artery disease were included. On each on the step-and-
shoot and spiral scan, two repeated scans with a rest period
less than 1 min in between (four scans total) were
performed using a 64-slice spiral CT scanner (LightSpeed
VCT; GE Healthcare, Waukesha, WI) with no change in
subject positioning. The table was advanced by 1 mm
between the repeated scans for both the step-and-shoot and
spiral scans. Scans were performed 4 to 5 s after holding
the breath in inspiration in order to minimize change of
heart rate during the scan [18].

Prospective ECG-triggered step and shoot CT protocol

Prospective ECG-triggered step-and-shoot half-scan was
performed using with 1.25-mm collimation width x16
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detectors so that the center of the temporal window
corresponded to 45% of the R-R interval. The scanning
parameters were a gantry rotation speed of 0.35 s/
rotation, 120 kV and 350 mA. The matrix size was 512%
512 pixels and the display field of view was 26 cm. The
reconstruction kernel was standard. The temporal resolu-
tion was 175 ms. From each of the repeated CT raw data,
two image data sets of 1.25-mm and 2.5-mm thickness
were reconstructed.

Retrospective ECG-gated spiral CT protocol

Volumetric data of the heart were obtained by spiral mode
with 1.25-mm collimation width %32 detectors. The gantry
rotation speed and tube voltage were the same as for
prospective ECG-triggered step-and-shoot scan. The tube
current was controlled using the ECG modulation tech-
nique. The maximal current was set to 130 mA during the
cardiac phase 35-55% and was reduced in the other phase
to a minimum of 30 mA. CT pitch factors varied from 0.18
to 0.24 by the heart rate, according to the manufacturer’s
recommendations for coronary CT angiography protocol.
Images of 2.5-mm thickness, with the center of the
temporal window corresponding to 45% of the R-R
interval, were retrospectively reconstructed with 1.25-mm
spacing to reduce the partial volume effect. In image
reconstruction, single sector was used when the heart rate
was <75 bpm and two sectors when the heart rate was >=
75 bpm. The matrix size, kernel and display field of 26 cm
were the same as for prospective ECG-triggered step-and-
shoot scans. The temporal resolution ranged 90-175 ms,
according to heart rate.

Determination of tube current and radiation dose

By scanning the 10-mm-size ‘water-equivalent solid ma-
terial’ of an anthropomorphic phantom (Anthropomorphic
Cardio Phantom, Institute of Medical Physics, and QRM
GmbH), the tube current was set so as to adjust the noise
levels on 1.25-mm prospective and 2.5-mm retrospective
images to almost the same. The volume computed
tomography dose index (CTDIvol) displayed on Dose
Report on the CT scanner was 7.3 mGy and 12 mGy, on the
prospective ECG-triggered and retrospective ECG-gated
(pitch of 0.22) scans. The dose-length product (DLP) and
reasonable approximation of the effective dose (E) for a
typical scan range of 12 c¢m in the z-axis are calculated
using the following equations.

DLP (mGy x cm) = CTDIvol (Gy) x 12cm

E =k xDLP



