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Abstract
Objectives: In coronary computed tomography angiography (CCTA), half reconstruction has commonly been used to
prioritize temporal resolution. With the latest 320-row area detector computed tomography (ADCT), the maximum
tube rotation speed has been increased to 0.275 s/rotation, and full reconstruction could be used to improve image
quality at low heart rate. We compared motion artifacts on full-reconstruction CCTA images with half-reconstruction
images and investigated the heart rate at which full reconstruction might be indicated.
Methods: Among the 162 consecutive patients who underwent CCTA using 320-row ADCT at our hospital, 50 with a
regular pulse and ≤60 bpm heart rate during imaging were included. Half-reconstruction and full-reconstruction images
were created from the imaging data. Motion artifacts were visually assessed on a five-point scale, and the two image
types were compared.
Results: Comparison between half-reconstruction and full-reconstruction images from all of the subjects with heart
rate of ≤ 60 bpm indicated that motion artifacts were considerably more common in the latter. No statistically
significant difference was found between the two image types from subjects with heart rate <50 bpm.
Conclusion: If ADCT with a faster tube rotation speed is used for CCTA, full reconstruction of images might be
indicated in patients with heart rate <50 bpm.
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Introduction

We evaluated motion artifacts in full-reconstruction images
obtained with CCTA using ADCT with increased tube rotation
speed to identify the heart rate at which full reconstruction
might be indicated.

In recent years, coronary computed tomography angiography
(CCTA) has become a popular tool for diagnosing ischemic
heart disease. It is widely used to assess the presence of
stenosis, and it is useful for evaluating three-dimensional
information and the shape of arterial plaques.1-6
Because CCTA is used to image moving objects, half
reconstruction has commonly been used.7 Half reconstruction
offers superior temporal resolution because approximately
180°of data are captured during one tube rotation. However,
compared with full reconstruction, which uses the full
360°of data per rotation, decreased data volume with half
reconstruction makes image inferiority unavoidable. Although
full reconstruction could improve the uniformity of images and
decrease tube position-dependent artifacts, these advantages
are outweighed by the influence of motion artifacts caused by
decreased temporal resolution. Therefore, this method has not
been put into practical use.
The Aquilion ONE Vision edition (Toshiba Medical Systems,
Tochigi, Japan) is the latest 320-row area detector computed
tomography (ADCT) device. It offers improved temporal
resolution by increasing the maximum tube rotation speed
to 0.275 s/rotation. It is anticipated that, with this device,
full reconstruction could be used in patients with low heart
rate. However, few reports have investigated whether full
reconstruction for CCTA using ADCT with increased tube
rotation speed is indicated in such cases.8

Methods
The Ethical Review Board for Epidemiological and Clinical
Studies of the Fujita Health University approved this retrospective
study.
Patients
Of 162 consecutive patients who underwent CCTA using
320-row ADCT at our university hospital between June and
October 2012, there were 50 patients with a sinus rhythm
and a heart rate ≤ 60 bpm. They were included in this study.
The study group thus included 40 men and 10 women with
a mean age of 65 years and a mean weight of 63 kg. Other
data included a mean heart rate of 53 bpm, mean computed
tomography dose index (CTDI) of 69.3, and a mean dose length
product (DLP) of 462.5. The values calculated with the CT
equipment were used as references for the radiation exposure
indices CTDI and DLP.
Devices and imaging conditions
Aquilion ONE Vision edition CT equipment was used. Scans
were performed using nonhelical scanning, in which images
are taken without transposition of the tube or the berth. The
tube rotation time was set at 0.275 s/rotation and the tube
voltage at 120 kV or 135 kV. The tube current was set with
a designated image-noise standard deviation of 27.5 using
the automatic exposure control function 9 (tube current 170750 mA). The prospective CTA mode 10 was used, and the
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Results

exposure cardiac phase during electrocardiography (ECG)gated volume scanning was based on 70-80% of an R-R interval.
The imaging range (imaging rows) was set at the minimum
range from the origin to the peripheries of the coronary artery,
with reference to plain CT images obtained directly before
imaging to measure the calcium score. The imaging slice
thickness was 0.5 mm, and the reconstruction interval was
0.25 mm. For reconstruction, after determining the best static
cardiac phase (determined absolute time), half-reconstruction
and full-reconstruction images were created for that phase
and compared. Images were observed on a Toshiba FX Report
system viewer, and multiplanar reconstruction images created
from volume data were used.

The relation between evaluation points and the heart rate
for each evaluator is shown in Figure 1. The comparison of
evaluation points between reconstruction algorithms is shown
in Table 1. Test results of the concordance rate for evaluation
points among evaluators are shown in Table 2. For the halfreconstruction images, no or only a weak correlation was
observed between the heart rate and evaluation points for
all evaluators (rs = -0.1279 to -0.3080). The extent of motion
artifacts was consistently low regardless of the heart rate. For
full-reconstruction images, a negative correlation was observed
between the heart rate and evaluation points for all evaluators
(rs = -0.5281 to -0.6472). Also, the level of motion artifacts
increased as the heart rate increased (Figure 1). Evaluation
points between the reconstruction algorithms were as follows:
evaluator 1: 5.0 vs. 4.0 (ranges 5.0-5.0 and 3.0-5.0, respectively;
P < 0.0001); evaluator 2: 5.0 vs. 4.0 (ranges 5.0-5.0 and 2.0-5.0,
respectively; P < 0.0001); evaluator 3: 5.0 vs. 4.0 (ranges 4.05.0 and 2.0-5.0, respectively; P < 0.0001). Thus, according to
all three evaluators, there were significantly more motion
artifacts in full-reconstruction images (Table 1). Investigation
of the concordance rate for evaluation points indicated a low
concordance rate for half-reconstruction images (τ = 0.419,
P = 0.108) and a high concordance rate for full-reconstruction
images (τ = 0.857, P < 0.0001) (Table 2).

Contrast protocol and pretreatment
The contrast medium included iodine at a concentration of
300 or 370 mg I/mL. Our contrast medium had a concentration
of 20.4 mg I/kg/s with a basic injection time of 12 s. It was
followed by 20 mL of physiological saline solution. Scanning
according to the bolus-tracking method 11 was started 13 s
after injection of the contrast medium. The main scanning
was started when the ascending aortic CT values reached 150
Hounsfield units (HUs). Prior to imaging, a sublingual spray of
isosorbide dinitrate (Nitorol Spray®) was administered to all
subjects to increase the length of the coronary artery segments
that could be evaluated. Unless contraindicated, intravenous
landiolol hydrochloride (Corebeta®) was administered to control
the heart rate as necessary (12 of the 50 subjects).

Figure 1

Investigated items
We investigated whether there was a correlation between
evaluation points and the heart rate. We also examined the
concordance rate of the evaluation points among the evaluators.
Motion artifacts in the main coronary trunk were compared by
visual evaluation of half-reconstruction and full-reconstruction
images. In all, three evaluators—two radiologists (with 7 and
3 years of experience in radiological diagnosis, respectively)
and one radiological technician (with 5 years of experience)—
separately performed the visual evaluation. Visual evaluation
was scored on a 5-point scale: images with no motion artifacts,
5 points; images with motion artifacts but the blood vessel
shape was maintained, 3 points; images in which the shape
was not maintained, 1 point; images that fell between two
categories, assigning either 4 or 2 points, respectively. Image
elements other than motion artifacts were not evaluated in this
study.
Statistical analysis
Spearmanʼs rank correlation coefficients were used to analyze
the correlation between evaluation points and the heart rate.
Kendallʼs coefficient of concordance was calculated to determine
the concordance rate for the evaluation points among evaluators.
Each evaluation point between reconstruction algorithms was
compared using Wilcoxonʼs signed-rank test. The level of
significance was set at 5%.
Relation between the evaluation points and heart rate for each evaluator.
The number of artifacts was uniformly low for half-reconstruction images as
determined by all evaluators regardless of heart rate. For full-reconstruction
images, however, the extent of motion artifacts tended to increase as the
heart rate increased.
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Figure 3

Table 1. Comparison of evaluation points between reconstruction algorithms
Evaluator 1
Evaluator 2
Evaluator 3

Half
5.0 (5.0-5.0)
5.0 (5.0-5.0)
5.0 (4.0-5.0)
median(IQR)

Full
4.0 (3.0-5.0)
4.0 (2.0-5.0)
4.0 (2.0-5.0)
median(IQR)

P value
<0.0001
<0.0001
<0.0001

IQR: Interquartile Range

Table 2. Results of statistical tests regarding the rate of concordance for
evaluation points among evaluators
Kendall W
P value

Half
0.419
0.108

Full
0.857
<0.0001

Relation between the mean evaluation points of the evaluators and the heart
rate for each reconstruction algorithm. For patients with a high heart rate,
there was a significant difference regarding the extent of motion artifacts
between the two image types. This difference, however, narrowed as the
heart rate decreased. Also, the statistically significant difference between the
image types disappeared when the heart rate was <50 bpm.

The mean scores of the three evaluators for halfreconstruction images and full-reconstruction images, their
relation to the heart rate, and inter-algorithm comparisons are
shown in Figure 2, Figure 3, and Table 3, respectively. For the
half-reconstruction images, there was a very weak negative
correlation between the heart rate and evaluation points (rs =
-0.3652). However, artifacts were infrequent in all subjects. For
full-reconstruction images, there was a negative correlation
between the heart rate and evaluation points (rs = -0.6277).
Additionally, as with the comparison between evaluators, the
level of motion artifacts was noted to increase as the heart rate
increased (Figure 2). Investigation of evaluation points in all
50 subjects indicated that the median (interquartile range, or
IQR) was 5.0 points (4.4-5.0) for half-reconstruction images and
4.2 points (2.4-5.0) for full-reconstruction images. The difference
in the extent of motion artifacts between the two image types
was significant (P < 0.0001). However, when the patients were
restricted according to their heart rate and compared again,
the differences in the evaluation points between the two image
types tended to decrease with lower heart rate. Comparison of
the images of the 15 patients whose heart rate was <50 bpm
indicated that the significant difference in the extent of motion
artifacts between image types disappeared, with a median
(IQR) of 5.0 points (5.0-5.0) for half-reconstruction images and
5.0 points (4.7-5.0) for full-reconstruction images (P = 0.0975)
(Figure 3, Table 3).

Discussion
To investigate the heart rate at which the full-reconstruction
algorithm can be applied, we compared motion artifacts in fullreconstruction images obtained with CCTA imaging using
ADCT with a rotation speed increased to 0.275 s/rotation to
those in half-reconstruction images (the most commonly used
image type), at the same rotation speed. We demonstrated that
there was no significant difference in motion artifacts between
full-reconstruction and half-reconstruction images in subjects
with a low heart rate.
Patients in this study were limited to those with a sinus rhythm
and a heart rate of ≤ 60 bpm—at which rate good static images
could be obtained with 320-row ADCT.12 Because conventional
half-reconstruction images received high scores in all patients,
we believe that this study has validity. For full-reconstruction
images, a correlation was observed between the heart rate and
motion artifacts, with the level of artifacts decreasing as the
heart rate decreased. These results are consistent with those
reported by Takayanagi et al.8 Except for those with a high
heart rate, CCTA imaging and reconstruction are generally
performed during the mid-diastolic phase—the slow-filling
(SF) phase—which is the cardiac phase with the least heart
movement.12-15 Theoretically, if the SF phase is longer than
the temporal resolution of the imaging device, good static
images can be obtained. Sano et al.16 reported that the SF
phase has a significant positive correlation with the difference
between the R-R and P-Q intervals. This is consistent with
the correlation noted in this study between the heart rate and
visual evaluation of motion artifacts. Temporal resolution in
full reconstruction images is identical to the gantry rotation
time.17 The ADCT temporal resolution used in this study was
275 ms. According to calculations, if the R-R interval is ≥ 1168
ms, the SF phase is >275 ms.16 If this R-R interval is converted
to the heart rate, it is equivalent to approximately 51 bpm.
This rate is close to the 50 bpm (R-R = 1200 ms) observed in
this study as the threshold heart rate at which the significant
difference in motion artifacts disappeared in comparison with
the conventional method.
The visual evaluation points were consistent among
all evaluators for full-reconstruction images. For the halfreconstruction images, however, there was a low concordance
rate. Although the full-reconstruction images included images
of varying quality, ranging from static images to those with
strong motion artifacts, the concordance rate among evaluators

Figure 2

Relation between the mean evaluation points of the evaluators and the heart
rate for each reconstruction algorithm. For half-reconstruction images, the
extent of artifacts was low for all subjects. For full-reconstruction images,
however, the extent of motion artifacts tended to increase as the heart rate
increased.
Table 3. Comparison of evaluation points between reconstruction algorithms
according to the heart rate
<60 bpm (n=50)
<49 bpm (n=15)

Half
5.0 (4.4-5.0)
5.0 (4.7-5.0)
median(IQR)

Full
4.2 (2.4-5.0)
5.0 (4.7-5.0)
median(IQR)

P<0.001
ns

IQR: Interquartile Range
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was good, suggesting that there was consensus regarding the
evaluation criteria. For half-reconstruction images, however,
inconsistency was demonstrated because the concordance
rate among evaluators was low despite motion artifacts being
present to a uniformly low extent in these images. These
results suggest that other factors may be involved in lower
scores, such as the influence of methods of setting target
vessels for evaluation and differences in image quality. With
CCTA, the target vessel for evaluation is often divided into 15
segments according to the guidelines of the American Heart
Association. 18-20 In this study, however, the main coronary
artery was comprehensively evaluated and scored for each
patient. Hence, even half-reconstruction images that had few
overall motion artifacts may have evaluation point differences
because of the difference between evaluators within a partial
artifact permissible range. With regard to differences in image
quality, although approximately twofold temporal resolution
is achieved in exchange for using only a 180°+ fan angle/360°
with the half-reconstruction method, data projected from 360°
are used with the full-reconstruction method. As a result,
approximately twice the amount of data are used for fullreconstruction compared with half-reconstruction, thereby
decreasing the amount of noise and tube position-dependent
artifacts. Thus, the image quality other than motion artifacts
of the half-reconstruction images is overwhelmingly inferior
to that of the full-reconstruction images. When evaluating
the half-reconstruction images, the motion artifacts may have
been mixed with other image quality-degradation elements.
If so, it may have made evaluation difficult, causing the lack
of consistency among evaluators. When evaluating the fullreconstruction images, the improved image quality made the
motion artifacts stand out, which consequently made evaluation
easy. This may have been the reason for the good concordance
rate among evaluators in this area.
This study demonstrated that the heart rate is an important
factor for determining the presence of motion artifacts.
Underlying heart disease and cardiac function, however, must
also be considered as factors that could affect cardiac artery
movement and the heart rate. The ability to hold oneʼs breath
and the presence or absence of body movement can also be
important factors related to motion artifacts. However, because
we investigated only the heart rate in this study, these other
factors need to be investigated in the future.
The only disadvantage of full-reconstruction images is that
motion artifacts arise when temporal resolution is insufficient.
As full-reconstruction images are superior in regard to all
other factors that determine image quality compared with
half-reconstruction images, full reconstruction should be used
whenever possible. In this study, we demonstrated that, even
in full-reconstruction images, motion artifacts can be decreased
when the heart rate is low, and full reconstruction can be
applied to patients with heart rate <50 bpm.
In conclusion, we investigated the indications for full-image
reconstruction during CCTA using ADCT with an increased
rotation speed (0.275 s/rotation). The results demonstrated
that if the heart rate is ≤ 50 bpm, motion artifacts have little
influence on the images, and clinical application is possible.
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