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Comparison of image quality and radiation dose using different
pre-ASiR-V and post-ASiR-V levels in coronary computed
tomography angiography
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Abstract

Objective: To characterize the optimal pre-(ASiR-V and post-ASiR-V for improving image quality and reducing the radiation
dose in CCTA. Methods: The study was divided into two parts. In part I, 150 patients for CCTA were prospectively enrolled
and randomly divided into five groups (A, B, C, D, and E), with progressive scanning from 40% to 80% pre-ASiR-V with
10% intervals and reconstructing with 70% post-ASiR-V. The SNR and CNR were calculated. Subjective image quality was
assessed using a five-point scale. The radiation dose was recorded and calculated after statistical analysis by optimizing for
the best pre-ASiR-V value with the lowest radiation dose while maintaining overall image quality. In part II, the images were
reconstructed with the recommended optimal pre-ASiR-V values in part I (D group) was divided into six subgroups (D0-D5 with
40%-90% post-ASiR-V and interval 10%, respectively.).The SNR and CNR of D0-D5 subgroups were calculated and analyzed
using one-way analysis of variance, and the consistency of the subjective scores used the k test. Results: There was no significant
difference in the SNRs, CNRs, and image quality scores among A, B, C, and D groups. The SNR, CNR, and image quality
scores of the E group were lower than those of the A, B, C, and D groups. The mean EDs in the B, C, and D groups were
reduced by 7.01%, 13.37%, and 18.87%, respectively, when compared with that of the A group. The SNR and CNR of the
D4–D5 subgroups were higher than the D0-D3 subgroups, and the image quality scores of the D4 subgroups were higher than the
other subgroups. Conclusion: The wide-detector combined with 70% pre-ASiR-V and 80% post-ASiR-V significantly reduced
the radiation dose of CCTA while maintaining overall image quality compared with the manufacture’s recommendation.

What does this article add?

1. In our study, the two models of ASiR-V are explored jointly, and the percentages are divided in detail

2. For the first time, pre ASiR-V and post ASiR-V are applied in CCTA, and the optimal percentage of
each mode is explored. To our knowledge, no similar study has been previously reported in the literature
for such comparison.

In recent years, multi-slice spiral CT has been rapidly developed for clinical use, and CCTA as a noninvasive
and reliable technique has been widely used in the clinic. Because the radiation dose used in the CT
examination is associated with the risk of cancer[1], it is important to reduce the patient’s radiation dose while
retaining the image quality and diagnostic accuracy[2-5]. Traditional methods to reduce the radiation dose of
CCTA include lowering the tube voltage and the use of tube current automatic modulation technology[6-8].
However, the reduction of tube voltage and tube current not only reduces the radiation dose, but it also
increases the image noise and has a negative impact on image quality[9,10]. So reducing the radiation dose
without affecting the diagnosis has been intensely investigated[11,12]. ASiR-V is a reconstruction technique
that enables reduction in image noise (standard deviation), streak artifact at low signal condition and
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improvement in LCD (Low Contrast Detectability), while preserving the structure details in the image.
ASiR-V can be used to reduce the image noise and streak artifact in diagnostic images and thereby reduce
the dose required for routine imaging.The scanner allows radiologists to select percentages of ASiR-V. These
“percentages” provide a varying degree of noise removal from the images. Different percentages of pre-ASiR-
V scanning can modulate the radiation dose and change the image quality by altering the tube current.
The purpose of our study was therefore to characterize the wide-detector combined with the best percentage
of pre-ASiR-V and post-ASiR-V to improve the image quality and reduce the radiation dose during CCTA
examinations, and to optimize the percentages of pre-ASiR-V and post-ASiR-V, without affecting the quality
of the clinical diagnosis.

METHODS AND MATERIALS

Patient population

This study was approved by our institutional review board, and written informed consent was obtained by
all patients. We prospectively enrolled 150 patients (mean age: 53.67 ± 5.33 years, range: 39–79 years; body
mass index: 25.3 ± 2.51 kg/m2; 71 females and 79 males) who underwent CCTA from June to December of
2019. Clinical exclusion criteria included allergy to iodine contrast, pregnancy, heart failure, kidney failure
and metal implants in the scanning region. All patients were randomly divided into five groups (A, B, C, D,
and E), with 30 patients in each group (Table 1 ).

CT protocol

The study was divided into two parts. In part I, the patients of groups A, B, C, D, and E were treated with
progressive scanning from 40% to 80% pre-ASiR-V with 10% intervals, reconstructed with 70% post-ASiR-V,
and optimized for the best pre-ASiR-V value with the lowest radiation dose while maintaining overall image
quality. In part II, the images were reconstructed with the recommended optimal pre-ASiR-V value from
part I (D group), and 40%–90% of post-ASiR-V. The reconstruction group (Dgroup) was divided into six
subgroups (interval 10%, D0: 40% post-ASiR-V, D1: 50% post-ASiR-V, D2: 60% post-ASiR-V, D3: 70%
post-ASiR-V, D4: 80% post-ASiR-V, and D5: 90% post-ASiR-V).

All patients were analyzed using the Revolution CT scanner (GE Healthcare, Waukesha, WI, USA). All
patients were in the supine position with their hands on top of their heads. Breathing techniques were
explained and practiced with the patient before the patients in groups A–E were scanned using pre-ASiR-V
from 40% to 80% with 10% ASiR-V intervals. The scan mode was cardiac. The parameters were as follows:
the tube voltage was 120 kVp, a three-dimensional Smart mA modulation technique was used, the mA ranged
from 150 mA to 700 mA, the Gantry rotation time was 0.28 s, the noise index was 9 at a thickness of 2.5
cm, and the scan field of view was 19.2 cm.

For patients with a stable heart rate (< 70 beats/min), acquisition of the ECG phase of the CCTA scan
protocol was set to a 75% R-R interval, if the heart rate of patients was between 70–85 beats/min, the
scan protocol was set to 30%–50% R-R intervals. When the heart rate exceeded 90 beats/min or there
was arrhythmia, 40%–95% R-R intervals were used. The contrast medium (Iopamidol, 370 mg/mL, Bracco,
Munroe Township, NJ, USA) was injected at 5.0 mL/s into the right antecubital vein (median volume: 53
mL; range: 45–67 mL), followed by a saline flush (40 mL) at the same rate using a high pressure injector
(Missouri XD2001; Ulrich, Ulm, Germany). Bolus-tracking technology was used, and the region of interest
(ROI: 6 mm2) was placed in the center of the ascending aorta with a threshold value of 280 Hounsfield units
and a 2 s delay. The scan range was from 120 mm–160 mm below the tracheal carina to 0.5 cm from the
bottom of the heart.

Objective image quality evaluation

All images with 0.625mm thickness were transferred to the GE AW4.7 workstation for analyses and measu-
rements. The ROI (5 mm2) was placed at the root of the aorta, the left coronary artery, the right coronary
artery, and the chest wall musculature at the same level. The clone function of comparison was adopted to
ensure the consistency of size and shape of the ROI. The CT attenuation value and Standard Deviation (SD)
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of each ROI was measured. The mean CT attenuation values and mean SD values from three blood vessels
were respectively calculated as CT1 and SD1, we used the value from the chest wall as the CT2 and SD2,
with the following calculations: SNR (SNR = CT1/SD1) and CNR (CNR= CT1-CT2/SD1)[13].

Subjective image quality evaluation

All images were assessed independently with a five-grade scale[14] by two cardiac radiologists who had 10
years of experience in CCTA, and who were blinded to the CT scan parameters. Image scores [?] 3 were
considered to be in accordance with the diagnostic requirements. The scoring criteria are shown inTable 2 .

Radiation dose

The CTDIvol and DLP were recorded from the CT, and the ED was calculated using the formula: ED = DLP
x K, where K represented the radiological protection conversion factor, which was the adult heart (chest)
K= 0.026 mSv*mGy-1cm-1[15].

Statistical analyses

All quantitative data were analyzed with SPSS statistical software for Windows, version 21.0 (SPSS, Chicago,
IL, USA) and variables are expressed as the mean +- standard deviation (SD). One-way analysis of variance
was used to compare the difference among each group (A-E groups) and each subgroup (D0-D5 subgroups).
The variables were as follows: patient age, body mass index (BMI), image noise, CT attention, SNR, CNR,
and radiation dose. The κ test was used to analyze the consistency of subjective scores for image qualities
between the two radiologists (the range of k values: poor: 0–0.2, average: 0.21–0.40, medium: 0.41–0.60,
good: 0.61–0.80, and excellent: 0.8–1.0). A value of P < 0.05 was considered statistically significant.

RESULTS

The general situation

All patients completed the CCTA examination successfully. The results of our study showed that there was
no significance difference in patient age and BMI among the five groups (P > 0.05; Table 1 ).

Quantitative image analysis

Part I: There was no significant difference in SNR and CNR among the groups A, B, C, and D (SNR: 18.91
± 1.04, 18.73 ± 0.99, 18.58 ± 1.45, and 18.36 ± 1.32, respectively; and CNR: 15.39 ± 0.88, 15.34 ± 0.81,
14.98 ± 1.29, and 14.87 ± 1.00, respectively; P > 0.05). The SNRs and CNRs of group E were lower than
those in groups A, B, C, and D (P < 0.001), (Table 1 , Figure 1 ,Figure2 ). Part II: The SNRs of D0–D5
were 20.08 ± 3.92, 21.02 ± 4.31, 22.15 ± 4.30, 19.17 ± 4.27, 24.89 ± 5.38, and 26.51 ± 5.71, respectively;
and the CNRs of D0–D5 were 15.62 ± 3.51, 16.41 ± 3.84, 17.28 ± 3.80, 14.96 ± 3.82, 19.41 ± 4.90, and
19.43 ± 4.65, respectively. The SNRs and CNRs of the D4 and D5 subgroups were higher than the other
subgroups (D0–D3, P <0.05) (Table 3 ,Figure 3 ).

Subjective image analysis

All images were assessed by two radiologists who had a good subjective consistency (k = 0.79). Part I: There
was no significant statistical difference in scores of the subjective image qualities among the four groups (A:
3.73 ± 0.67, B: 3.70 ± 0.44, C: 3.68 ± 0.56, and D: 3.76 ± 0.50; P > 0.05), but the scores of subjective image
quality for group E (3.02 ± 0.69) were lower than those of other groups (P < 0.01) (Table 1 , Figure 1
). Part II: The scores of subjective image qualities in the D0–D5 subgroups were 3.50 ± 0.71, 3.70 ± 0.68,
3.80 ± 0.75, 3.83 ± 0.69, 4.09 ± 0.83, and 3.72 ± 0.51, respectively. There were significant differences in
subgroup D4, whose subjective score was higher than other subgroups (P < 0.05) (Table 3 , Figure3 ).

Radiation dose estimations

The ED of the A–E groups were 15.26±0.42, 14.19±0.49, 13.22±0.48, 12.38±0.60, and 11.25±0.46, respec-
tively. The percentages of pre-ASiR-V and ED values had a negative correlation, The correlation coefficients
r=-0.938(P=0.000). Statistical analyses showed that the EDs showed significant differences among the five
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groups (P < 0.05). Compared with group A, the EDs in groups B, C, and D decreased by 7.01%, 13.37%,
and 18.87%, respectively (Table 1 ,Figure2 ).

Discussion

With the rapid development of computed tomography (CT), coronary CT angiography (CCTA) has been
widely used in the diagnosis of coronary heart disease[16, 17]. However, the higher radiation dose from the
CCTA examination is a concern of radiologists[18, 19]. ASiR-V is the third generation of iterative recon-
struction that can obtain better image quality at the same scanning conditions, when compared with the
first generation of ASiR[20-23], and can reconstruct images more effectively compared with the Model Based
Iterative Reconstruction[24, 25]. It is the reconstruction technique that enables reduction in image noise,
streak artifacts at low signal conditions, and improvement in low contrast detectability, while preserving the
structural details in the image. ASiR-V can also automatically adjust the scanning mA according to different
tissue densities of the body, to further reduce the radiation dose[26, 27].ASiR-V has two modes: pre-ASiR-V
and post-ASiR-V. Both of these modes have different options; pre-ASiR-V can adjust the tube current ac-
cording to automatic tube current modulation technology while the CT value is not affected. Post-ASiR-V
can significantly reduce the image noise and streak artifacts to improve image detail and quality. Previous
studies have reported that post-ASiR-V with a higher percentage results in an improved image over smooth
images, which affect the detection of small lesions[28-30]. Choosing an appropriate percentage of post-ASiR-V
is therefore a key to maximizing image quality.

Part I of our study showed that the image noise values of all images had a positive correlation with the
pre-ASiR-V level, and the SNR and CNR of all images had a negative correlation with the pre-ASiR-V level.
The radiation dose of CCTA was reduced with an increase of the pre-ASiR-V levels. There were no significant
statistical differences in scores of subjective image quality, SNR, and CNR when the percentage ranges of the
pre-ASiR-V level were 40%–70%. The image noise significantly increased while scores of subjective image
quality, SNR, and CNR were reduced relative to when the percentage range of the pre-ASiR-V level was >
70%. To avoid failure of the CCTA examination, the maximum percentage of pre-ASiR-V levels used was
80% in our study. Our study also showed that the wide-detector combined with a 70% pre-ASiR-V level
resulted in a lower radiation dose than the value of the manufacturer’s recommended value (40%), which
decreased by 18.87% while retaining image quality.

Part II of our study showed that the image noise value of all images had a negative correlation with the
percentage of the post-ASiR-V value, and the SNR and CNR of all images had a positive correlation with
the percentage of post-ASiR-V values. The image noise decreased and the SNR and CNR values increased
as the percentage of post-ASiR-V level increased. The mean CT attention did not change significantly as
the percentage of post-ASiR-V levels increased. The CNR of the reconstructed image was 19.41 +- 4.90
when the percentage of post-ASiR-V was 80%. The subjective score of the D0˜D4 subgroup reconstructed
image increased gradually and the D5 subgroup images decreased. It was possible that a high percentage
of ASiR-V (90%) changed the noise component, resulting in an improved image over the smooth method,
which affected the diagnosis. In this section, the subjective score of the reconstructed image was the highest
with 80% post-ASiR-V[31].

Our study had some limitations. First, the patient population was relatively small and a certain amount of
samples were needed to ensure that the results were accurate. Second, the effects of different heart rates and
rhythms on image quality were not considered. Third, we did not assess the effect of different BMIs in this
study. In future studies, patients should therefore be grouped according to their BMI to reduce the effects
of image quality.

In conclusion, increasing the percentage of pre-ASiR-V significantly reduced the radiation dose. Increasing
the percentage of post-ASiR-V also significantly reduced the image noise and improved the image quality.
Overall, our study showed that 70% pre-ASiR-V and 80% post-ASiR-V was the best reconstruction algorithm
in CCTA examinations of adults.

Table 1. The comparison of patients characteristics, image quality evaluation and ED among
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the five groups

Parameters A B C D E P value
BMI(kg/m2) 25.79±3.20 25.43±2.10 25.61±3.37 25.62±2.70 25.63±2.73 0.411
Age (Year) 58.21±10.63 65.70±12.94 58.70±11.57 62.90±11.09 60.48±10.54 0.150
SD 28.18±1.89 28.21±2.11 28.37±1.90 28.78±1.84 30.35±1.47 0.00
SNR 18.91±1.04 18.73±0.99 18.58±1.45 18.36±1.32 17.49±0.88 0.00
CNR 15.39±0.88 15.34±0.81 14.98±1.29 14.87±1.00 14.27±0.78 0.00
Subjective image quality score 3.73±0.67 3.70±0.44 3.68±0.56 3.76±0.50 3.02±0.69 <0.001
ED(mSv) 15.26±0.42 14.19±0.49 13.22±0.48 12.38±0.60 11.25±0.46 0.00

Table 2. Grading score for qualitative image analysis

Grading score Noise Vessel contrast sharpness Diagnostic
confidence

5 Very little Very clear Sharpest Fully diagnostic
4 Mild Clear Better than three,

poorer than five
Good diagnostic

3 Moderate Less clear Minor burring in an
acceptable image

Diagnostic

2 Obvious Unclear Poorer than three Affecting
diagnosis

1 Severe Cannot be
displayed

Blurry Non-diagnostic

Table 3. The comparison of objective parameters and subjective image quality with different
post-ASiR-V levels

Group SNR CNR Image quality score
D0 20.08±3.92 15.62±3.51 3.50±0.71
D1 21.02±4.31 16.41±3.84 3.70±0.68
D2 22.15±4.30 17.28±3.80 3.80±0.75
D3 19.17±4.27 14.96±3.82 3.83±0.69
D4 24.89±5.38 19.41±4.90 4.09±0.83
D5 26.51±5.71 19.43±4.65 3.72±0.51
P Value 0.00 0.00 0.00
F Value 11.163 11.002 205.378
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Figure 1. Coronary computed tomography angiography (CCTA) images acquired by the wide-detector
combined with different percentages of pre-ASiR-V. The images were scanned with 40% pre-ASiR-V(a),
50%pre-ASiR-V(b), 60% pre-ASiR-V(c), 70% pre-ASiR-V(d), and 80% pre-ASiR-V(e) and reconstructed
with 70% post-ASiR-V. The CNR of images (a–e) were 15.35, 15.40, 14.99, 15.29, and 14.34, respectively.
The subjective scores of images (a–e) were 3.59, 3.66, 3.73, 3.79, and 3.21, respectively. The effective doses
of the patients (a–e) were 8.21, 7.64, 7.15, 6.67, and 6.06 mSv, respectively.

10



P
os

te
d

on
A

u
th

or
ea

6
M

ay
20

20
—

C
C

B
Y

4.
0

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

88
01

84
.4

22
39

73
8

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

Figure 2. Graph showing the comparisons of SNR, CNR, and ED among different percentages of pre-ASiR-V.
Group E showed a lower SNR and CNR than did groups A, B, and C (all P<0.05) in all patients, whereas
there was no statistically significant difference among groups A, B, C, and D ineither SNR (P=0.000) or CNR
(P=0.000). There were significant differences in ED among groups A, B, C, and D (P = 0.000). Compared
with group A, the EDs in groups B, C, and D decreased by 7.01%, 13.37%, and 18.87%, respectively.
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Figure 3. Coronary computed tomography angiography (CCTA) images acquired by different post-ASiR-V
levels based on a 56-year-old male patient with a body mass index of 25.7 kg/m2. The CCTA images were
scanned using 70% pre-ASiR-V combined with 40% post-ASiR-V (A), 50% post-ASiR-V (B), 60% post-ASiR-
V (C), 70% post-ASiR-V (D), 80% post-ASiR-V (E), and 90% post-ASiR-V (F). With the percentage of
post-ASiR-V increasing, the image noise decreased, but the computed tomography value did not significantly
change. The subjective scores of images (A–F) were 3.42, 3.59, 3.64, 3.79, 3.98, and 3.57, respectively. Figure
E had the highest score. Images a-f were the LAD images of the same patient with a 70% pre-ASiR-V level
combined with 40% post-ASiR-V (A), 50% post-ASiR-V (B), 60% post- ASiR-V (C), 70% post-ASiR-V (D),
80% post-ASiR-V (E), and 90% post-ASiR-V(F). Compared with the other images, the image quality of e
(80% post-ASiR-V) was higher than that of a, b, c, d, and f.
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