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Purpose:

Materials and
Methods:

Results:

Conclusion:

To (a) use a new second-generation wide-volume 320-detector
row computed tomographic (CT) scanner to explore optimiza-
tion of radiation exposure in coronary CT angiography in an un-
selected and consecutive cohort of patients referred for clinical
purposes and (b) compare estimated radiation exposure and
image quality with that from a cohort of similar patients who
underwent imaging with a previous first-generation CT system.

The study was approved by the institutional review board, and
all subjects provided written consent. Coronary CT angiography
was performed in 107 consecutive patients with a new second-
generation 320-detector row unit. Estimated radiation exposure
and image quality were compared with those from 100 consecutive
patients who underwent imaging with a previous first-generation
scanner. Effective radiation dose was estimated by multiplying the
dose-length product by an effective dose conversion factor of 0.014
mSv/mGy - cm and reported with size-specific dose estimates
(SSDEs). Image quality was evaluated by two independent readers.

The mean age of the 107 patients was 55.4 years £ 12.0 (stan-
dard deviation); 57 patients (53.3%) were men. The median body
mass index was 27.3 kg/m? (range, 18.1-47.2 kg/m?); however,
71 patients (66.4%) were overweight, obese, or morbidly obese.
A tube potential of 100 kV was used in 97 patients (90.6%), sin-
gle-volume acquisition was used in 104 (97.2%), and prospective
electrocardiographic gating was used in 106 (99.1%). The mean
heart rate was 57.1 beats per minute = 11.2 (range, 34-96 beats
per minute), which enabled single-heartbeat scans in 100 patients
(93.4%). The median radiation dose was 0.93 mSv (interquartile
range [IQR], 0.58-1.74 mSv) with the second-generation unit and
2.67 mSv (IQR, 1.68-4.00 mSv) with the first-generation unit (P <
.0001). The median SSDE was 6.0 mGy (IQR, 4.1-10.0 mGy) with
the second-generation unit and 13.2 mGy (IQR, 10.2-18.6 mGy)
with the first-generation unit (P < .0001). Overall, the radiation
dose was less than 0.5 mSyv for 23 of the 107 CT angiography ex-
aminations (21.5%), less than 1 mSy for 58 (54.2%), and less than
4 mSv for 103 (96.3%). All studies were of diagnostic quality, with
most having excellent image quality. Three of four image quality
indexes were significantly better with the second-generation
unit compared with the first-generation unit.

The combination of a gantry rotation time of 275 msec, wide vol-
ume coverage, iterative reconstruction, automated exposure con-
trol, and larger x-ray power generator of the second-generation
CT scanner provides excellent image quality over a wide range of
body sizes and heart rates at low radiation doses.

©RSNA, 2013
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oronary computed tomographic
(CT) angiography is a robust and
established noninvasive imaging

Advances in Knowledge

® Use of a 320-detector row CT
scanner with 16-cm-wide volume
coverage enabled 97.2% of coro-
nary CT angiography examina-
tions (104 of 107 examinations)
to be performed with a single
volume, whereas two-volume
scans were used for bypass
grafts and combined coronary
and thoracic aorta evaluations.

B The gantry rotation time for a
new second-generation scanner
is faster than that of the previous
first-generation scanner (275 vs
350 msec), which contributed to
the performance of single-heart-
beat coronary CT angiography in
100 of 107 patients (93.4%), in-
cluding those with heart rates of
up to approximately 75 beats per
minute.

B A more powerful x-ray generator
and automated exposure control
combined to select a tube poten-
tial of 100 kV in 97 of 107
patients (90.6%)—a tube poten-
tial that is theoretically better
suited for the attenuation charac-
teristics of iodinated contrast
media and lowers radiation dose
compared with 120-kV settings.

B [terative image reconstruction of
three-dimensional volume scans
was done within a normal clinical
work flow (up to 50 images per
second) and helped maintain ex-
cellent image quality in most
subjects.

B Overall, these technical advances
combined with individually opti-
mized scan ranges resulted in a
median radiation dose of 0.93
mSv; the radiation dose was less
than 1 mSv in 54.2% of the CT
angiography examinations (58 of
107 patients) and less than 4
mSyv in 96.3% (103 of 107
patients).

tool (1,2), with high sensitivity and
high negative predictive value (3,4).
The high negative predictive value is
particularly effective and safe for the
exclusion of significant coronary artery
disease in patients presenting to the
emergency department with acute
chest pain (5-7). However, the clinical
benefit of coronary CT angiography has
been tempered by concerns of future
malignancy induced by the radiation
exposure (8,9). Technologic advances
and practice patterns have evolved to
not only reduce radiation exposure but
also to optimize and improve image ac-
quisition (10).

Wide-volume scanners with 320
detector rows and up to 16 cm of
cranial-caudal coverage enable whole-
heart coverage at one acquisition time
point (within one heartbeat or vol-
ume), which eliminates “stair-step”
or misalignment artifacts (11-13)
but also permits uniform attenua-
tion when evaluating the coronary
arteries, when analyzing myocardial
perfusion defects (14,15), or when
measuring contrast attenuation gra-
dients across atherosclerotic lesions
(16). Radiation doses are lower with
wide-area detector scanners owing to
shorter scanning times and reduction
of redundant radiation from either
overlapping of sequential axial scans
or helical oversampling (13). In addi-
tion, total iodinated contrast material
volume can be decreased to as low as

Implications for Patient Care

B Radiation exposure during diag-
nostic imaging is a substantial
public concern.

B Minimizing radiation exposure
while maintaining diagnostic-
quality scans is clearly feasible
with this new second-generation
320-detector row CT scanner.

B The low dose achieved during CT
angiography could be used to
minimize overall radiation dose
to the patient or to enable addi-
tional types of imaging (eg, per-
fusion imaging) within reason-
able radiation doses.

40 mL at 5 mL/sec in patients with
normal cardiac output (17).

We hypothesized that the combi-
nation of a faster gantry rotation, wide
volume coverage, iterative reconstruc-
tion, automated exposure control, and
larger power generator can be used to
perform diagnostic-quality coronary CT
examinations with low radiation expo-
sure. The specific aims of this study
were to (a) use a new second-genera-
tion wide-volume 320-detector row CT
scanner to explore optimization of radi-
ation exposure in coronary CT angiog-
raphy in an unselected and consecutive
cohort of patients referred for clinical
purposes and (b) compare estimated
radiation exposure and image quality
with those from a cohort of similar pa-
tients who underwent imaging with the
previous first-generation CT system.

Materials and Methods

Study Design

This prospective study was performed
at a single referral center and is regis-
tered at ClinicalTrials.gov (registration
no. NCT01621594). The institutional
review board approved the study, and
all patients provided written consent. A
separate cohort of consecutive patients
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who underwent imaging with a previous
first-generation 320-detector row CT
scanner were retrospectively analyzed
to serve as a historical control group
(National Institutes of Health Intramu-
ral Protocol 11-H-N043).

Study Cohort

Inclusion criteria for this study con-
sisted of patients at least 18 years old
who were clinically referred for con-
trast material-enhanced coronary CT
angiography. Patients were excluded if
they were pregnant or if their estimated
glomerular filtration rate was less than
30 ml/min/1.73 m? body surface area
(18); however, no patients met either
exclusion criterion. All patients were
consecutive and prospectively enrolled
during a 12-week period from July to
October 2012 regardless of body size,
heart rate, heart rhythm, previous
cardiovascular history, or clinical in-
dication. The retrospective historical
control group consisted of consecutive
patients who underwent coronary CT
angiography with a previous first-gener-
ation 320-detector row CT system from
January to April 2010.

CT Parameters

Patients underwent axial imaging with
a second-generation, 320 X 0.5-mm
detector row CT unit (Aquilion ONE
ViSION Edition; Toshiba Medical
Systems, Otawara, Japan) with a gan-
try rotation time of 275 msec. Images
were reconstructed with a 512 X 512
matrix, 0.5-mm-thick sections, and
0.25-mm increments by using kernel
FCO03, iterative reconstruction AIDR3D
(Toshiba Medical Systems) standard,
and asymmetric cone beam recon-
struction (19). Tube potential and tube
current were determined with use of
automatic exposure control (SURFEx-
posure3D, Toshiba Medical Systems)
on the basis of the x-ray attenuation
on anterior-posterior and lateral scout
images and the reconstruction kernel
(20). Iopamidol (Isovue 370, Bracco
Diagnostics, Princeton, NJ; 370 mg of
iodine per milliliter) was injected via
an antecubital vein at 5 mL/sec by us-
ing a triphasic protocol of, in general,
49 mL of contrast material followed by

20 mL of a 30% contrast material-70%
saline mixture and 50 mL of saline.
Breath-hold contrast-enhanced images
were triggered within 1 second of a
threshold of 400 HU monitored by us-
ing bolus tracking within the descend-
ing aorta. Bolus-tracking images were
initiated 16 seconds after the start
of contrast material administration.
The diastolic exposure widow of the
prospectively electrocardiographically
(ECG) triggered scan was automati-
cally determined by the scanner based
on the heart rate during a breath-hold
exercise just before contrast material
administration. The heart rhythm was
continuously monitored by the scan-
ner, and, in the event of an arrhyth-
mia during an ECG-gated scan, the
exposure window was automatically
widened to include the next beat to
provide more available reconstruction
phases at the expense of increased
radiation exposure. Patients received
metoprolol orally (maximum, 100 mg)
and/or intravenously (maximum, 30
mg) at the discretion of the attending
cardiovascular imager. Patients also
received 0.4 mg of sublingual nitroglyc-
erin for coronary vasodilation.

The CT parameters from the retro-
spective portion of the study were sim-
ilar (Appendix E1 [online]).

Estimation of Radiation Dose

Effective radiation doses were esti-
mated by multiplying the dose-length
product reported by the scanner by a
conversion factor of 0.014 mSv/mGy -
cm according to standard methodology
outlined in the most recent guidelines
(10,21). The volumetric CT dose index
(CTDI ) was recorded for each study
as reported by the scanner based on a
32-cm phantom. Because effective ra-
diation dose is estimated from a stan-
dard-size reference adult, this value
does not accurately describe an individ-
ual’'s dose owing to differences in sex,
body size, and age. Therefore, to help
account for differences in patient size,
the size-specific dose estimate (SSDE)
was calculated on the basis of the in-
dividual effective patient diameter (or
body size) as measured from the scout
images (22).

Analysis of Image Quality

Two experienced cardiovascular im-
aging physicians (M.Y.C. and S.M.S.,
with 8 and 4 years of experience, re-
spectively) evaluated image quality in-
dependently and in a blinded fashion
by using a four-point scale over four
individual categories (coronary motion
artifact, image noise, contrast material
enhancement, and fine detail), where
4 = excellent, no significant artifact; 3
= good, mild artifact; 2 = acceptable,
moderate artifact present but images
are still interpretable; and 1 = unevalu-
able, with severe artifacts rendering
diagnostic interpretation not possible.
The evaluation of coronary motion ar-
tifact focused on apparent blurring of
the coronary artery contours. Image
noise was evaluated on the basis of the
visual appearance of image speckle or
graininess. The assessment of contrast
material enhancement involved evalu-
ation of the subjective attenuation dif-
ferences between the coronary artery
and adjacent myocardium or epicardial
fat. Fine detail was represented by vi-
sualization of small structures such as
coronary arteries smaller than 1.5 mm
in diameter or coronary plaque char-
acterization. The reported image qual-
ity score is the mean between the two
readers.

Statistical Analysis

Statistical analyses were performed
with software (MedCalc 12.0; MedCalc
Software, Mariakerke, Belgium). Data
are presented as means * standard de-
viations or as medians and interquar-
tile ranges (IQRs). The Kolmogorov-
Smirnov test was used to test whether
data were normally distributed. The
McNemar test was used to assess dif-
ferences between paired proportions.
The x* test was used to evaluate pro-
portions of categoric data. The Student
t test was used to compare continuous
variables, and the Mann-Whitney U
test was used to compare nonparamet-
ric variables. Interobserver agreement
between the two readers with regard
to subjective image quality assessment
was evaluated with the Cohen k test by
using the following scale: k values of
less than 0.20 were indicative of poor
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Table 1

Baseline Demographics

Second-Generation First-Generation

Parameters Unit (n=107)* Unit (n = 100)* PValue
Mean age (y) 55.4 =12.0 54.9 =135 .76
No. of men 57 (53.3) 49 (49.0) 63
Mean height (cm) 170.0 = 10.6 1702 =94 .89
Median weight (kg)* 80.9 (67.7-94.5) 82.3 (67.6-95.5) .79

Median body mass index (kg/m?)t
No. of underweight patients (<18 kg/m?)
No. of patients of normal weight (18-25 kg/m?)
No. of overweight patients (25-30 kg/m?)
No. of obese patients (30-40 kg/m?)
No. of morbidly obese patients (>40 kg/m?)
Indication for CT angiography*
Detection of CAD
Congenital heart disease
Coronary mass
Graft patency after CABG
Combined LV function and CAD assessment
Combined aorta and CAD assessment
No. of patients who received B-blockers
Oral administration at imaging
Intravenous administration at imaging
Already receiving 3-blocker
Mean heart rate during image acquisition
(beats/min)
No. of patients with nonsinus rhythm

27.3 (24.6-32.3) 274243315 .77

0 0
36 (33.6) 32 (32.0) 92
36 (33.6) 35 (35.0) 95
28 (26.2) 28 (28.0) 89

7(6.5) 5(5.0) 87
97 (90.6) 96 (96.0) 42

7(6.5) 4(4.0) 62

7(6.5) 2(2.0) 21

43.7) 1(1.0 42

1(0.9) 3(3.0 55

1(0.9) 0 94
45 (42.0) 58 (58.0) .03
81 (75.7) 82 (82.0) 35
32 (30.0) 45 (45.0) 03

571 +11.2 57.7 + 8.9 40

5(4.7) 4(4.0) 93

* Except where indicated, numbers in parentheses are percentages. Percentages may not add to 100% owing to multiple

categoric classifications.
 Numbers in parentheses are IQRs.

* CABG = coronary artery bypass graft, CAD = coronary artery disease, LV = left ventricle.

agreement; 0.21-0.40, fair agreement;
0.41-0.60, moderate agreement; 0.61-
0.80, good agreement; and 0.81-1.00,

excellent agreement.

Study Population

In total, 107 consecutive clinical coro-
nary CT angiography examinations
were evaluated with the new second-
generation scanner. Table 1 describes
the clinical characteristics of the 107
patients in this study. The mean patient
age (*standard deviation) was 55.4
years = 12.0 (range, 27-82 years); 57 of
the 107 patients (53.3%) were men. In
most cases (97 of 107 patients, 90.6%),
the clinical indication for coronary CT

angiography was the detection of coro-
nary artery disease. However, a wide
range of other indications, such as con-
genital heart disease (including evalua-
tion of anomalous coronary arteries),
coronary mass, graft patency following
coronary artery bypass surgery, com-
bined cardiac function and coronary
artery assessment, and combined aorta
and coronary artery evaluation, were
also included.

Overall, 71 of the 107 patients
(66.4%) were overweight (36 patients,
33.6%), obese (28 of 107 patients,
26.2%), or morbidly obese (seven of
107 patients, 6.5%) (Fig E1 [online]).
The median body mass index was 27.3
kg/m? (range, 18.1-47.2 kg/m?).

At baseline, 32 of the 107 patients
(30.0%) were taking a B-blocker.

Additional B-blockers were adminis-
tered orally in 45 patients (42.0%) and
intravenously in 81 (75.7%). The mean
heart rate during image acquisition was
57.1 beats per minute * 11.2. Figure
E2 (online) displays the distribution of
heart rates. The heart rate during the
CT acquisition was 75 beats per mi-
nute or lower in 102 of the 107 patients
(95.3%) and less than 65 beats per mi-
nute in 84 (78.5%).

Retrospective Study Population

Overall, 100 consecutive clinical coro-
nary CT angiography examinations per-
formed with a previous first-generation
320-detector row CT scanner were
retrospectively examined to serve as a
comparison. The clinical characteristics
of this cohort were similar to those of
the prospective group who underwent
imaging with the new-generation scan-
ner and are displayed in Table 1.

CT Parameters

A tube potential of 100 kV was used
in 97 of the 107 patients (90.6%) for
coronary CT acquisition despite the
large number of patients in the obese
and morbidly obese categories. Table 2
summarizes the CT parameters.
Overall, 104 of the 107 patients
(97.2%) underwent CT with use of a
single-volume acquisition. In most cases
(102 of 107 patients, 95.3%), hearts
could be imaged within a 128-mm scan
range. Two patients required 160-mm
z-coverage to image the thoracic aorta
in addition to the heart. A two-volume
scan was needed to image more than
160-mm z-coverage in three patients
for the evaluation of bypass grafts.
Prospective ECG gating was used
in most patients (106 of 107 patients,
99.1%). Dose-modulated ECG gating
was used to image the one patient who
required combined valve and coronary
artery assessment. Most CT angiogra-
phy acquisitions (100 of 107 patients,
93.4%) were performed within one
heartbeat because the heart rate was
less than 75 beats per minute. Scan-
ning in more than one heartbeat was
necessary for heart rates faster than
75 beats per minute (n = 3) to im-
prove temporal resolution through data
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for two-volume scanning for bypass
graft evaluation (n = 3). The median to-
tal CT angiography exposure time was
0.28 second (IQR, 0.28-0.31 seconds).

Radiation Dose

The median dose-length product for
all 107 scans was 66.8 mGy - cm (IQR,
41.1-124.9 mGy - cm), corresponding
to an estimated effective dose of 0.93
mSv (IQR, 0.58-1.74 mSv). The radia-
tion dose data are summarized in Table
3. When including all 107 patients, the
estimated median effective dose was
0.93 mSv; however, when the six ex-
aminations that involved scanning more
than the native coronary arteries were
excluded (bypass graft, n = 4; combined
aorta and coronary, n = 1; combined left
ventricular assessment and coronary, n
= 1), the median dose-length product
was 62.7 mGy - ecm (IQR, 40.5-118.4
mGy - cm), which represented an esti-
mated effective dose of 0.88 mSv (IQR,
0.57-1.66 mSv).

Overall, the radiation dose was
less than 0.5 mSv in 23 of the 107 pa-
tients (21.5%), less than 1 mSv in 38
(54.2%), and less than 4 mSv in 103
(96.3%) (Fig E3 [online]). The median
CTIDI , was 6.0 mGy (IQR, 3.5-10.5
mGy), and the mean effective patient
diameter was 33.8 cm * 4.7, yielding
a median SSDE of 6.0 mGy (IQR, 4.1-
10.0 mGy).

The overall radiation dose from the
new second-generation 320-detector
row CT system was significantly lower
than that of the previous first-gener-
ation system, as displayed in Table 3.
The median estimated effective dose
with the second-generation system was
reduced by 65% when compared with
that with the first-generation system
(0.93 mSv vs 2.67 mSv, respectively;
P < .0001), with no significant differ-
ences in effective patient diameter (P
= .42) or baseline demographics (Table
1). In addition, the median SSDE was
significantly reduced by 55% (6.0 mGy
vs 13.2 mGy, respectively; P < .0001).

Image Quality
The interobserver agreement be-
tween the two readers was excellent

Coronary CT Angiography Parameters

Second-Generation

First-Generation

Parameter Unit (n=107)* Unit (n= 100)* PValue
Tube potential (kV)
100 97 (90.6) 62 (62.0) <.0001
120 10 (9.3 38 (38.0) <.0001
Scan length
Single volume (mm)
100 21(19.6) 0 <.0001
120 77 (72.0) 13 (13.0) <.0001
128 4(3.7) 26 (26.0) <.0001
140 0 55 (55.0) <.0001
160 2(1.9 5(5.0) 40
Two volume 3(2.8) 1(1.0) .66
Median CT angiography exposure time (sec)? 0.28 (0.28-0.31) 0.41 (0.40-0.75) <.0001
One beat scan 100 (93.4) 81(81.0) .01
More than one beat scan 7 (6.5) 19(19.0) .01
Median total contrast material volume (mL)* 55 (55-55) 63 (63-63) <.0001
<55 5(4.7) NA
55 87 (81.3) NA
>55 15 (14.0) NA
<63 NA 2(2.0)
63L NA 76 (76.0)
>63 NA 22 (22.0)

* Except where indicated, data are numbers of patients, with percentages in parentheses. NA = not applicable.

T Numbers in parentheses are IQRs.

Summary of Radiation Dose Data

Second-Generation

First-Generation

Parameter Unit (n=107) Unit (n = 100) PValue
Median CTDI,, (mGy) 6.0 (3.5-10.5) 14.4 (8.6-20.1) <.0001
Median dose-length product (mGy - cm) 66.8 (41.1-124.9) 190.8 (120.1-285.6) <.0001
Median estimated effective dose (mSv) 0.93 (0.58-1.74) 2.67 (1.68-4.00) <.0001

Mean effective patient diameter (cm)
Median SSDE (mGy)

33.8 + 47
6.0 (4.1-10.0)

344+ 51 A2
13.2 (10.2-18.6) <.0001

Note.—Numbers in parentheses are IQRs.

(k = 0.81). The image quality score
among the two readers was identical
in 89.7% of cases (743 of 828 cases),
and all discrepancies were by one
point. All 107 coronary CT examina-
tions were of diagnostic quality. Most
studies had excellent image quality
(score, 4) among all the categories,
which included coronary motion, im-
age noise, contrast material enhance-
ment, and fine detail (Table 4). The
mean image quality score ranged from

3.63 = 0.49 to 3.84 = 0.42 on a scale
of 1 to 4. Specific case examples were
selected to show image quality, partic-
ularly in more difficult cases (Figs 1-3
and E4-E6 [online]).

The image quality scores for coro-
nary motion, image noise, and fine de-
tail with the second-generation 320-de-
tector row CT scanner were significantly
higher than those with the first-gener-
ation system (P < .0001 for all, Table
4); however, the scores for contrast
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Table 4

Summary of Image Quality Scores

Second-Generation

First-Generation

Parameter Unit (n=107)* Unit (n=100)* PValue

Mean coronary motion score 3.79 + 0.38 3.31 £0.79 <.0001
Excellent (score, 4) 82 (76.6) 45 (45.0)
Good (score, 3.0-3.9) 24 (22.4) 38 (38.0)
Fair (score, 2.0-2.9) 1(0.9) 13 (13.0)
Nondiagnostic (score, 1.0-1.9) 0 4 (4.0

Mean image noise score 3.63 £ 0.49 2.86 * 0.60 <.0001
Excellent (score, 4) 67 (62.6) 12 (12.0)
Good (score, 3.0-3.9) 36 (33.6) 54 (54.0)
Fair (score, 2.0-2.9) 4(3.7) 34 (34.0)
Nondiagnostic (score, 1.0-1.9) 0 0

Mean contrast material enhancement score 3.84 = 0.42 3.76 = 0.61 .60
Excellent (score, 4) 90 (84.1) 83(83.0)
Good (score, 3.0-3.9) 14 (13.1) 11 (11.0)
Fair (score, 2.0-2.9) 3(2.8) 5(5.0)
Nondiagnostic (score, 1.0-1.9) 0 2(2.0

Mean fine detail score 3.69 = 0.48 277 =0.78 <.0001
Excellent (score, 4) 71 (66.4) 18 (18.0)
Good (score, 3.0-3.9) 33(30.8) 40 (40.0)
Fair (score, 2.0-2.9) 3(2.9) 38 (38.0)
Nondiagnostic (score, 1.0-1.9) 0 4(4.0)

* Except where indicated, data are numbers of patients, with percentages in parentheses. Image quality scores are the mean
result from two independent readers who evaluated images in a blinded fashion.

material enhancement were not signifi-
cantly different (P = .60). The ability to
select the best cardiac phase with min-
imal coronary motion artifact reduced
some motion-related artifacts (Fig E7
[online]).

The new second-generation 320-detec-
tor row CT scanner provided excellent
image quality over a wide range of body
sizes and heart rates at lower radiation
doses than the previous first-generation
CT scanner. This study represents the
initial coronary angiography experience
obtained with a prototype 320-detector
row CT system that has recently received
approval by the U.S. Food and Drug Ad-
ministration. The experience represents
a series of 107 consecutive and unse-
lected patients. Image quality was high,
and the associated radiation exposure
was lower than that with a previous first-
generation volume CT scanner. All scans

were of diagnostic quality despite a wide
range of patient sizes (66.4% of patients
were overweight, obese, or morbidly
obese) and a wide range of heart rates
(34-95 beats per minute).

The median estimated radiation
exposure was 0.93 mSv, and this rep-
resents at least a 75% reduction com-
pared with previous reports from the
first-generation 320-detector row CT
scanner (11,12,23,24). This level of
dose exposure was achieved by means
of a combination of judicious use of B-
blockers to help slow the resting heart
rate and carefully controlling cranial-
caudal scan range. Previous studies
have demonstrated that lowering the
heart rate with B-blockers is not only
safe (25,26) but also reduces radiation
exposure (27) and improves diagnostic
image quality (28). In addition, tailor-
ing the field of view of the examination
to the clinical indication conforms to
the “as low as reasonably achievable,”
or ALARA, principal. Radiation dose is

directly related to the craniocaudal scan
range (24,27), a factor that the physi-
cian and technologist must control.
Most of the scans were obtained with
prospective ECG gating, which not only
reduces radiation exposure by approx-
imately 69%-83% over retrospective
gating but also preserves image quality
(29,30). No scans required fixed tube
current retrospective gating. Only one
of the 107 examinations was performed
with dose modulation and complete
cardiac cycle scanning to assess both
cardiac function and coronary arteries.

The faster gantry rotation time of
275 msec combined with up to 16-cm
z-axis volume coverage per rotation
combined to enable single-heartbeat
acquisitions in patients with heart rates
of up to at least 75 beats per minute,
which covered 95.3% of the patients
in this study (102 of 107 patients). The
previous first-generation wide-volume
scanner had a gantry rotation time of
350 msec, which enabled single-heart-
beat scanning with heart rates of up
to approximately 65 beats per minute
(13,23). The improvement in tempo-
ral resolution of the second-generation
scanner reduced radiation exposure by
permitting single-heartbeat acquisitions
in a larger proportion of patients. The
additional 17% of patients with heart
rates between 65 and 75 beats per mi-
nute (18 of 107 patients) meant that we
were able to use single-heartbeat scans
in 95.3% of subjects in this study (102
of 107 patients). Previously, with the
first-generation scanner, we would only
have tried single-heartbeat scanning in
78.5% of these same patients (84 of the
107 patients). Overall, a significantly
higher number of patients can undergo
single-heartbeat scanning with the new-
generation scanner (P < .0001, McNe-
mar test).

CT filtered back projection recon-
struction requires image data from
180° plus half of the fan beam angle.
A 320-detector row wide-area detec-
tor CT scanner requires one complete
gantry rotation (360° or 275 msec) for
image reconstruction to correct for
cone beam artifacts due to extreme
angles between the x-ray source and
detectors (19). However, the temporal
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resolution from this cone beam cor-
rection is approximately 140 msec for
a single-volume acquisition. There-
fore, the scanner acquires an acquisi-
tion window wider than the minimum
needed for image reconstruction. This
scan duration can be used to an advan-
tage by enabling reconstruction of im-
ages across different cardiac phases.
The ability to select the best cardiac
phase with minimal coronary motion
artifact can reduce some motion-re-
lated artifacts. In comparison, scan
modes such as prospective gating with
no ECG padding or ECG-triggered
high-pitch helical acquisitions only pro-
vide one time point without the ability
to select a slightly different phase of
the cardiac cycle (31). For patients
with heart rates faster than 75 beats
per minute, multisegmented volume
acquisition can be used for faster tem-
poral resolution. Temporal resolution
improves as a factor of the number of
heartbeats (ie, 70-msec resolution for
two-beat acquisition).

A tube potential of 100 kV could be
used in most cases (97 of 107 patients,
90.6%) owing to the availability of a
larger x-ray generator that can pro-
duce up to 900 mA. Imaging at 100 kV
rather than 120 kV reduces radiation
exposure by 31% while maintaining
image quality (32). Current guidelines
suggest that 100-kV imaging should be
considered for patients with a body
mass index of less than 30 kg/m? (10).
Although most patients in this study
were overweight, obese, or morbidly
obese (71 of 107 patients, 66.4%),
most of those patients (61 of 71 pa-
tients, 86%) underwent imaging at 100
kV and all had diagnostic image qual-
ity. Thus, the guidelines may need to
be revised to account for CT scanners
equipped with iterative reconstruction
and x-ray generators sufficient to de-
liver a high enough tube current.

Third-generation iterative recon-
struction (AIDR3D), which works in
both raw and image space, in combina-
tion with automated exposure control
worked synergistically to help reduce
radiation exposure and maintain image
quality. Iterative reconstruction methods
decrease image noise, which allows for

Figure 1

reductions in tube current while pre-
serving overall image quality (33,34).
Automated exposure control software
has provided approximately 30% dose
reductions for cardiovascular CT while
preserving image quality (35).

Although this initial experience with
a new-generation scanner highlighted
the ability to consistently perform coro-
nary CT angiography in a consecutive
series of 107 unselected patients, this
study does have limitations. It will take
additional time to acquire systematic
comparisons with invasive coronary
angiography. However, previous studies

Figure 1:  Obstructive noncalcified stenosis
(arrow) of proximal left anterior descending artery
in 42-year-old overweight man with atypical chest
pain and a heart rate of 70 beats per minute
(height, 175 cm; weight,100 kg; body mass index,
32.7 kg/m?; effective diameter, 35.4 cm). Two-
heartbeat acquisition was selected because this
case was early in our experience with prototype
scanner. (a, b) Quality of image reconstructed from
data obtained with only one heartbeat (a) is nearly
indistinguishable from that of image reconstructed
with data segmented between two heartbeats (b).
(c) Three-dimensional surface rendering of heart
and coronary arteries. Estimated effective radiation
dose for two-heartbeat scan was 4.0 mSv (dose-
length product, 284.5 mGy - cm; CTDI, , 28.4
mGy; SSDE, 28.4 mGy). However, radiation dose
could have been halved if only a single-heartbeat
acquisition was selected. On the basis of similar
initial experience, a prospectively acquired single-
heartbeat scan can be obtained for heart rates
slower than approximately 75 beats per minute.

with the first-generation 320-detector
row scanners have demonstrated high
diagnostic accuracy (11,36,37). Most
patients were given B-blockers to help
lower the resting heart rate and, there-
fore, heart rate limits were not fully eval-
uated. Current guidelines support the
use of B-blockers to reduce heart rate
to improve image quality and reduce
radiation exposure (10,25,38). Patients
in this study were not randomized. Im-
age quality or radiation doses were not
compared with results from the previ-
ous first-generation scanner in the same
patients. However, it is not practical to
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Figure 2

C.

Figure 2:

(a) Obstructive coronary CT angiogram of proximal portion of obtuse marginal (OM, arrows) and (b)

corresponding invasive angiogram in 67-year-old man (height, 67.7 cm; weight, 176 kg; body mass index, 29.5
kg/m?; effective diameter, 31.3 cm; heart rate, 44 beats per minute). Nonobstructive mixed calcified and noncalci-
fied coronary artery disease (*) of proximal left anterior descending coronary artery (LAD) is present on both (c)
coronary GT angiogram and (b) invasive angiogram. Estimated effective radiation dose was 0.90 mSv (dose-length

product, 64.1 mGy - cm; CTDI

vol’

expose patients to sequential examina-
tions with two radiation and contrast
material exposures.

In conclusion, the combination of
a gantry rotation time of 275 msec,
16-cm cranial-caudal wide volume cov-
erage, iterative reconstruction, auto-
mated exposure control, and a larger
x-ray power generator in the new
second-generation 320-detector row
CT scanner provided excellent image
quality over a wide range of body sizes

5.3 mGy; SSDE, 6.16 mGy).

and heart rates at lower radiation dos-
es compared with previous-generation
CT scanners. This technology could
further facilitate CT stress perfusion
(14,15), contrast attnenuation gra-
dients across atherosclerotic lesions
(16), and noninvasive fractional flow
reserve computed from coronary CT
angiography (39).
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