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Jihang Sun', Haoyan Li', Jianying Li’, Yongli Cao', Zuofu Zhou’, Michelle Li*, Yun Peng'

'Tmaging Center, Beijing Children’s Hospital, Capital Medical University, National Center for Children’s Health, Beijing, China; *‘GE Healthcare,
Milwaukee, WI, USA; *Department of Radiology, Fujian Provincial Maternity and Children’s Hospital, Affiliated Hospital of Fujian Medical
University, Fuzhou, China; “Department of Human Biology, Stanford University, CA, USA

Contributions: (I) Conception and design: ] Sun, Y Peng; (II) Administrative support: Z Zhou, Y Peng; (III) Provision of study materials or patients:
J Sun, H Li, Y Cao; (IV) Collection and assembly of data: J] Sun, H Li, Y Cao; (V) Data analysis and interpretation: J Sun, M Li, Z Zhou; (VI)
Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Prof. Yun Peng, MD. Imaging Center, Beijing Children’s Hospital, Capital Medical University, National Center for Children’s
Health, No.56, Nanlishi Road, Xicheng District, Beijing 100045, China. Email: ppengyun@yahoo.com.

Background: Iterative reconstruction algorithms are often used to reduce image noise in low-dose
coronary computed tomography angiography (CCTA) but encounter limitations. The newly introduced
deep learning image reconstruction (DLIR) algorithm may provide new opportunities. We assessed the
image quality and diagnostic performance of DLIR in low radiation dose and contrast medium dose CCTA
of pediatric patients with 70 kVp and a shortened injection protocol.

Methods: This was a prospective study. A total of 27 consecutive arrhythmic pediatric patients were
enrolled in the study group and underwent CCTA using a prospective ECG-triggered single-beat protocol:
tube voltage 70 kVp, automatic tube current modulation for a noise index (NI) of 22, and contrast dose of
0.4-0.6 mL/kg. Images were reconstructed with DLIR. They were compared with 27 matched patients in the
control group scanned with 80 kVp, a lower NI setting (NI =19), and a higher contrast dose (0.8-1.2 mL/kg).
The images in the control group were reconstructed using the adaptive statistical iterative reconstruction
(ASIR-V) algorithm. The image contrast, image quality, and diagnostic confidence were assessed by 2
experienced radiologists using a 5-point scale (1: nondiagnostic and 5: excellent). The CT value and standard
deviation of the aorta and perivascular tissue were measured, and the contrast-to-noise ratio (CNR) for the
aorta was calculated. The contrast medium and radiation doses were compared.

Results: The study and control groups had similar image contrast scores (4.75£0.57 vs. 4.78+0.42), image
quality scores (3.67+0.47 vs. 3.4420.51), and diagnostic confidence (4.74+0.44 vs. 4.74=0.45) (all P>0.05).
There was an adequate enhancement in the aorta (614.74+127.73 vs. 705.89+111.20 HU) and similar CNR
(20.3424.64 vs. 20.99+4.14) in both groups. The image noise of the study group was lower in the aorta
(30.61+3.88 vs. 34.77+3.49) and similar in perivascular tissue (27.66+6.24 vs. 27.55+3.33) compared with
the control group. The study group reduced the total contrast medium dose by 53% to 15.07+3.68 mL and
radiation dose by 36% to 0.57+0.31 mSv.

Conclusions: The DLIR algorithm in CCTA for children using 70 kVp tube voltage with a shortened
contrast medium injection protocol maintains image quality and diagnostic confidence while significantly

reducing contrast medium dose and radiation dose compared with the use of the conventional CCTA protocol.
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Introduction

Coronary computed tomography angiography (CCTA) is
the first-line diagnostic imaging method for children with
coronary artery diseases (1-3), such as those of abnormal
origin (4) and coronary aneurysm (5). Reducing radiation
and contrast medium doses while providing acceptable
image quality (6,7), eliminating motion artifacts (8,9), and
maintaining fast and easy operation remains the research
focuses. In recent years, through the application of faster
gantry rotation and motion correction algorithms such as
the Snapshot Freeze (SSF) and wide-detector coverage
for the single-beat cardiac scan technique and other
technologies, CCTA image quality has been significantly
improved. Simultaneously, low voltage technology has been
used to increase the iodine CT value, thereby reducing the
amount of contrast medium. Additionally, various iterative
reconstruction techniques have been used to reduce
image noise so that the required radiation dose is further
reduced. However, through literature review, we have found
that reducing radiation dose and contrast medium dose
in CCTA has reached a plateau. Conventional iterative
reconstruction algorithms need to balance image noise,
spatial resolution and image appearance. Literature review
shows that most contrast medium injection protocols still
require 8-12 s of injection time (7,10-13). To further reduce
radiation dose and contrast medium dose while maintaining
the contrast medium concentration and injection rate, we
have designed a new protocol in pediatric CCTA. This
protocol has a shortened contrast medium injection time
to reduce contrast dose, a 70 kVp tube voltage to boost
contrast enhancement in vessels, and a newly developed
deep learning image reconstruction (DLIR, GE Healthcare,
USA) to reduce image noise and maintain the image quality
at a lower radiation dose. The purpose of this study was to
evaluate the image quality of the reduced contrast medium
dose and radiation dose CCTA using 70 kVp and DLIR for
children.

Methods
Patient information

The study was conducted in accordance with the
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Declaration of Helsinki (as revised in 2013). This study was
a prospective study, which the Ethical Committee approved
of Beijing Children’s Hospital. The study protocols
were performed following the approved guidelines and
regulations of our hospital and informed consents were
signed by the parents of pediatric patients. The scan data in
the study group for children who suffered from arrhythmia
were collected from 2020-03-17 to 2020-05-21. The scan
data for the control group were retrospectively selected
from the hospital database before June 01, 2018. The
inclusion criteria were as follows: patients with a clinical
diagnosis of arrhythmia; echocardiogram (Echo) showed
no abnormal cardiac structure; under 18 years of age.
The exclusion criteria were as follows: ejection fraction
on Echo was lower than 50%; the arrhythmia was caused
by a definite primary disease, such as Kawasaki disease or
infective endocarditis.

CCTA scan parameters

All children were scanned on a 256-row detector CT
scanner (Revolution CT, GE Healthcare, USA) with
prospective electrocardiography triggering. The acquisition
cardiac phase windows (R-R interval) for cardiac scans were
automatically selected by the scanner and were dependent
on the children’s heart rates (HR) just before CCTA:
75% for HR =30-60 bpm, 40-80% for HR =60-78 bpm,
35-55% for HR =78-120 bpm, and 0-100% for HR >120
bpm. The detector z-coverage was 8-16 cm depending
on the children’s heart sizes between the aorta arch and
diaphragm, the matrix size was 512x512 pixels, voxel size
was 0.625 mm, gantry rotation time was 0.28 second/
rotation, and the display field-of-view (DFOV) for the
image reconstruction was 250 mm with an image slice
thickness and interval of 0.625 mm. For the study group,
tube voltage was 70 kVp, and tube current was given by the
automatic tube current modulation technique with an mA
range of 198-499 mA to obtain a noise index (NI) of 22. NI
is a parameter in the scan protocol to control radiation dose:
higher NI requires a lower radiation dose. The NI value in
the study group was higher than that (NI =19, see below)
of the control group to reduce radiation dose, and the
adjustment referenced previous research by Benz ez 4l. (13),
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Table 1 Scan protocols for the study group and control group

Sun et al. DLIR for CCTA in children with reduced contrast and radiation doses

Parameter Study group Control group
Scan voltage (kVp) 70 80
Tube current range (mA) 198-499 203-499
Noise index 22 19
Triggering threshold (HU) 190 220
Acquisition started after trigger (s) 1.5 3.5
Contrast medium (CM) dose (mL/kg) 0.4-0.8 0.8-1.8
Injection duration of CM (s) 4 8
0.9% saline solution (NS) dose (mL/kg) 0.8-1.6 0.4-0.9
Injection duration of NS (s) 8 4
Image reconstruction (algorithm) DL-H 50% ASIR-V

CM, contrast medium; NS, 0.9% saline solution; DL-H, deep learning image reconstruction with the high setting; 50% ASIR-V, adaptive

statistical iterative reconstruction-V with 50% weighting percentage.

which indicated that the use of DLIR could reduce about
26% of image noise compared with 70% ASIR-V. Data
acquisition was triggered using a bolus-tracking technique,
which started at the shortest delay time (about 1.5 s
based on the current modulation) after the CT value in
the descending aorta became higher than the triggering
threshold of 190 HU. For the control group, tube voltage
was 80 kVp, NI was 19 with an mA range of 203-499 mA,
and data acquisition started 3.5 s after the CT value reached
220 HU. Some children were too young to cooperate, and
sedation with oral chloral hydrate (10%, 0.4 mL/kg) was
applied to these children before the CT scan. The contrast
medium Iohexol (350 mgl/mL, GE healthcare, Ireland)
was used, and contrast dose was adjusted according to the
bodyweight of the children: 0.4-0.5 mL/kg (0.5 mL/kg
for 20-30 kg, 0.4 mL/kg for heavier than 30 kg) in the
study group, and 0.8-1.2 mL/kg (1.2 mL/kg for 20-35 kg,
1.0 mL/kg for 35-50 kg, 0.8 mL/kg for heavier than 50 kg)
in the control group. The contrast medium was injected
with a fixed injection time of 4 s in the study group,
followed by 0.9% saline solution with a volume double the
amount of contrast medium and injected in 8 s. For the
control group, the contrast medium was injected with a
fixed injection time of 8 s, followed by 0.9% saline solution
with a volume half the amount of contrast medium and
injected in 4 s. All injections were performed using a double
head injector (EmpowerCTA+, Bracco Injeneering S.A.,
NJ, USA). Scan protocols for the study group and control
group are listed in Table 1.
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CCTA image reconstruction

The cardiac phase with the least motion artifacts was
selected by an experienced radiologist (with 16 years
of experience in pediatric CT and cardiovascular
disease diagnosis). The images in the study group were
reconstructed using the DLIR with a high setting (DL-H),
and the images in the control group were reconstructed
using the state-of-the-art ASIR-V algorithm with a weight
of 50% (50% ASIR-V). The motion correction technique
(SSF) was applied in image reconstructions in both groups.

Subjective evaluation

All images were transmitted to a GE AW4.7 CT
workstation (GE Healthcare, USA) for analysis. The
relevant information of children, scanning parameters, and
reconstruction algorithms was shielded. Two cardiovascular
radiologists (with 15 and 9 years of experience in pediatric
CT imaging for cardiovascular disease) who were blinded
to the reconstruction algorithms assessed the image quality
of CCTA in random order. If the scores given by the 2
observers were not the same, a third senior doctor with
17 years of experience in reviewing CCTA images would
evaluate the images and gave the final score. During the
evaluation process, the 2 radiologists could adjust window
width and level according to their habits, and multiplanar
reconstruction (MPR) and volume rendering (VR) were also
available for viewing. Accordingly, a 5-point grading system
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Figure 1 Quantitative image analysis with an axial image of
deep learning image reconstruction with a high setting (DL-H)
depicting the aortic root and the left main artery. CT value and
standard deviation (SD), representing image noise, in the aortic
root (circle 1) for the aorta (Ao) and the perivascular tissue (PT) of
the ventricle (circle 2) were measured. Since children have less fat
than adults, soft tissues, like ventricle muscles for PT, were selected
to measure CT value and SD for the background.

was used to evaluate the image quality, including artery
contrast which represented enhancement degree in arteries,
and image quality which included margin resolution, image
noise, and diagnosis confidence separately. For artery
contrast, the scores were: 5= strong; 4= good; 3= moderate
and acceptable; 2= not adequate; and 1= not acceptable.
For image quality, the scores were: 5= excellent; 4= good;
3= moderate and acceptable; 2= blurred margin and not
acceptable; and 1= not detectable. For diagnosis confidence,
the scores were: 5= very confident; 4= confident; 3=
moderately confident and acceptable; 2= not confident; and
1= cannot make diagnosis. Scores greater than or equal to 3
were considered acceptable.

The objective image assessment was performed by the 2
same observers together. For every patient, the aortic (Ao)
root was examined at the left main coronary artery level on
an axial image. The mean attenuation (CT value) and its
standard deviation (SD) in Hounsfield units (HU) of the
aorta and adjacent perivascular tissue (PT) on the same slice
were measured by placing a region of interest (ROI) on
these areas (Figure I). From these measurements, the signal-
to-noise ratio (SNR) and the contrast-to-noise ratio (CNR)
for the descending aorta were calculated using the following
formula:

SNR =CT value(AO)/SD(AO) 1]
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CNR =(CT value,,,, ~CT value ;) }/0.5%(SD,, +SD;yr)) [2]

Radiation dose and contrast medium dose

The radiation dose and contrast medium dose of the 2
groups were recorded. The radiation dose included the
volumetric CT dose index (CTDIvol), dose-length product
(DLP), and effective dose (ED). The ED was calculated
using the following formula: ED = DLP x W. W is the
patient age-dependent conversion factor for the chest area
of pediatric patients based on the report of ICRP 103 for
CT (14). The contrast dose included the total volume
of the contrast medium and the amount of iodine used.
The amount of iodine was calculated according to the
concentration of the contrast medium.

Statistical analysis

Statistical analysis was performed using SPSS 22.0
software. All data were expressed as mean = SD. For the
2 scan groups, continuous data were compared with the
independent sample #-test, and nominal data were compared
with the Chi-square test. The ordinal scales or continuous
variables that failed to follow the normal distribution were
analyzed using the Mann-Whitney U test. Interobserver
agreement for the qualitative analysis of image quality was
evaluated using Cohen’s kappa (k), where kappa values <0
were considered as indicating no agreement, 0.0< k <0.2
as poor, 0.2< k <0.4 as fair, 0.4< k <0.6 as moderate, 0.6< k
<0.8 as substantial, and 0.8< k <1.0 as excellent agreement.
P<0.05 was considered to indicate a statistically significant
difference.

Results

In the present study, 27 cases were eventually enrolled in the
study group, and the average age was 9.3+3.1 years. There
were 5 cases with the abnormal origin of the coronary
artery, 3 cases with slightly thinner coronary diameter, 1
case with coronary sinus dilatation, 1 case with myocardial
bridge, and 17 cases were normal. For the 27 cases in
the control group, the average age was 9.5+2.4 years.
There were 5 cases with the abnormal origin of the
coronary artery, 1 case with coronary sinus dilatation, and
21 cases were normal. The contrast medium dose was
15.07+3.58 mL, and the ED was 0.57+0.31 mSv in the study
group, which were 53% and 36% lower than the contrast
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Table 2 Patient information of the study group and control group

DLIR for CCTA in children with reduced contrast and radiation doses

Patient information Study group Control group Statistical value P value
Sex (male: female) 13:14 12:15 0.07* 0.79
Age (years) 9.3+3.1 (5to 14) 9.5+2.4 (5t0 13) 0.26 0.79
Weight (kg) 35.7+12.6 (20 to 61) 34.2+10.9 (20 to 59) 0.50 0.62
Heart rates (bpm) 83.74+17.45 (59 to 121) 81.59+16.25 (55 to 111) 0.43 0.67
CM dose (mL) 15.07+3.75 (10 to 22) 32.15+7.84 (24 to 48) 10.41 <0.001
Injection rate (mL/s) 3.66+0.75 (2.5 t0 5.0) 3.87+0.71 (2.8 to 5.5) 1.04 0.31
CTDlvol (mGy) 1.40+0.57 (0.70 to 3.28) 2.24+1.09 (0.95 to 5.74) 3.35 0.01
DLP (mGy.cm) 18.56+8.46 (8.43 to 45.90) 32.45+17.25 (12.89 t0 91.84) 3.61 0.01
ED (mSv) 0.57+0.31 (0.21 to 1.58)* 0.89+0.43 (0.44 to 2.28) 2.87 0.01

*, at present, there is no conversion factor for 70 kVp, so this paper used the corresponding 80 kVp conversion factors from the ICRP 103. ¥,
statistical value of sex was compared with the Chi square test, other values were compared with the paired t-test. CM, contrast medium;
CTDlIvol, volume CT dose index; DLP, dose-length product; ED, effective dose.

medium dose (32.15+7.84 mL) and ED (0.89+0.43 mSv) in
the control group, respectively (P<0.05). The injection rate
was 3.66=0.75 mL/s in the study group and 3.87+0.71 mL/s
in the control group (P>0.05). Other information is listed in
Table 2.

For the subjective evaluation, all images in both groups
could display all coronary arteries clearly and had strong
confidence for diagnosis (Figure 2). The image contrast
score (4.56+0.57 vs. 4.78+0.42), overall image quality
score (3.67+0.47 vs. 3.44+0.51), and diagnostic confidence
(4.74£0.44 vs. 4.74+0.45) had no statistically significant
differences (P>0.05) (Figure 3).

The objective measurement results are listed in 7ible 3.
Both groups had adequate contrast enhancement in
vessels. The control group had a 14.8% higher CT value
(705.89£111.20 vs. 614.74x127.73 HU) and a 13.6% higher
SD value (34.77+3.49 vs. 30.61+3.88 HU) in the aorta than
the study group (P<0.05). The study group had a 12.6%
higher CT value in PT (63.78+9.37 vs. 56.63+12.55 HU,
P<0.05), but a similar SD value (27.66+6.24 vs. 27.55+3.33,
P=0.94) compared with the control group. SNR (20.34+4.72
vs. 20.47+3.61) and CNR (19.18+4.84 vs. 20.99+4.14) for
the aorta had no statistically significant differences between
the 2 groups (P>0.05). Interobserver agreement was
substantial concerning the overall image quality (k =0.79,
P<0.05).

Discussion

This study evaluated the image quality of reduced contrast
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medium dose and radiation dose CCTA for children by
using a shortened contrast medium injection time and
70 kVp tube voltage acquisition together with a newly
developed commercially available DLIR algorithm. DLIR
is less constrained by the limited parameters in traditional
modeling methods such as iterative reconstruction
algorithms. DLIR incorporates millions of parameters for
reconstruction through a deep learning process with no
need to simplify the complex models of the actual detection
system into limited parameters as in the current iterative
reconstruction algorithms. These millions of parameters
can be directly formed through the training process using
artificial intelligence and deep neural networks. By doing
so, DLIR can overcome the usual tradeoffs between
image noise and spatial resolution in the conventional IR
algorithms. Therefore, DLIR can reduce image noise more
effectively than IR algorithms and overcome the “blurred
margins” often seen in high-strength IR images, restricting
their ability to improve image quality (15). It has been
pointed out that DLIR (16) or deep learning-based post-
processing algorithms (17) can significantly reduce image
noise in CCTA, improve the display of blood vessels, and
improve the image quality compared with conventional
IR algorithms under the same radiation dose condition.
Greffier er al. (18) demonstrated the potential of DLIR in
reducing radiation dose and image noise while maintaining
the favorable image noise power spectrum and avoiding
a blotchy or plastic-looking appearance in the images
associated with the conventional high-strength iterative
reconstruction algorithms in a phantom study. Lenfant
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Figure 2 (A,B,C,D) Images of the right coronary artery (RCA) of a 13-year-old girl in the study group. (A) 3D reconstruction; (B) curved
image; (C) RCA analysis image and (D) an enlarged image of (C). (E,F,G,H) Images of the right coronary artery (RCA) of a 10-year-old girl
in the control group. (E) 3D reconstruction; (F) curved image; (G) RCA analysis image and (H) an enlarged image of 2G. The girl in the
study group weighed 49 kg and suffered from arrhythmia. The total contrast medium volume was 20 mL. Her RCA originated from the
aorta, higher than the right coronary sinus (white arrow). The enhancement in the RCA was high, with a contrast score of 5, and the margin
was clear and sharp. The perivascular tissue (PT) was clear enough and image noise was low, resulting in an image quality score of 4 and
a very confident diagnosis with a score of 5. The girl in the control group weighed 38 kg and suffered from arrythmia. The total contrast
medium volume was 38 mL. Her RCA arose from the middle of the left and right coronary sinus (long white arrow). The contrast in the
RCA was high, with a contrast score of 5, and the margin was moderate and acceptable. The PT was a little blurry and image noise was high

but accepted, resulting in an overall image quality score of 3, and a very confident diagnosis with a score of 5.

Study group dose, respectively. Our study evaluated the performance of
6020 pCgntrol group DLIR by GE Healthcare in maintaining image quality and
500 —— S B diagnostic confidence with both reduced radiation dose and
%4 o 5 P-0.13 74 contrast medium dose. The radiation dose reduction was
aQ — . . . .
© realized using a higher NI setting (from 19 to 22), and the
8 3.67 . i .
3 3.00 contrast dose reduction was realized by using a shortened
@ : . . . . .
= contrast injection time in the scan protocol for the study
'_%2.00 group. Our results demonstrated adequate enhancement
@ in the vessels and 12% image noise reduction in the aorta
1.00 ) ) ) : with slightly higher image quality (3.67+0.47 vs. 3.44x0.51)
Artery contrast Image quality ~ Diagnostic confidence

and excellent diagnostic confidence, while further reducing
contrast dose by 53% and radiation dose by 36% in the
study group compared with the conventional low dose
CCTA protocol. Perisinakis ez /. (21) reported that tissues
receive higher amounts of radiation dose if CT acquisition

Figure 3 Subjective score comparison. There were no statistical
differences in all aspects of subjective scores between the study

group and control group.

is performed after contrast medium administration. Given
et al. (19) and Bernard et /. (20) also demonstrated the that tissue uptake in the control group was expected to be
ability of deep learning-based image reconstruction (DLR) higher than the study group, the dose difference reported in
by Canon Medical Systems to improve image quality in CT our study might be slightly underestimated since the DLP
pulmonary angiography and CCTA with reduced radiation to ED conversion factor does not take into account tissue
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Table 3 The results of objective evaluation

Objective result Study group Control group t value P value
Ao CT value (Hu) 614.74+130.16 (339.3 to 876.8) 705.89+111.2 (493.0 to 1,014.1) 2.58 0.02
Ao SD 30.61+3.88 (22.2 to 39.1) 34.77+3.49 (30.1 to 41.8) 3.84 <0.001
PT CT value (Hu) 63.78+9.37 (41.2 t0 81.0) 56.63+12.55 (35.0 to 83.8) 2.44 0.02
PT SD 27.66+6.24 (16.5 to 37.3) 27.55+3.33 (20.1 to 34.4) 0.07 0.94
Ao SNR 20.34+4.72 (10.00 to 30.77) 20.47+3.61 (13.58 to 28.40) 0.10 0.92
Ao CNR 19.18+4.84 (9.58 to 30.02) 20.99+4.14 (13.04 to 28.29) 1.36 0.19

All statistical values were compared with the paired t-test. Ao, aortic root; PT, perivascular tissue; SD, standard deviation for noise; SNR,

signal-to-noise ratio; CNR, contrast-to-noise ratio.

contrast uptake. Namely, the use of a lower contrast amount
for the examination in the study group might provide a
bonus towards reducing the absorbed radiation dose burden
of the patient.

CCTA is the first-line imaging modality to detect
pediatric coronary artery abnormalities. Although CCTA
has obvious advantages over other methods (22,23),
we still strive to reduce the radiation dose and contrast
medium dose according to the ALARA principle. At
present, the more widely used method is to use low tube
voltage scanning to improve contrast enhancement in
blood vessels combined with iterative reconstruction (IR)
algorithms or deep learning-based image reconstruction
algorithms (16,17) to reduce image noise, to ensure
adequate contrast-to-noise for blood vessels to meet the
diagnostic requirements. For the contrast injection in
CCTA, the guidelines suggest 1-2 mL/kg for the contrast
medium dose and an injection time of 10s for children (24).
The recommended 10s injection time is more relevant
when the total scan time of CCTA requires a few seconds
to cover the entire heart. With the use of a 16-cm wide
detector coverage, the scan time for the whole heart is less
than 1 second, and the injection time can be substantially
shortened. Therefore, in this study, we proposed a new
CCTA protocol with a commonly available contrast medium
(Iohexol with a concentration of 350 mgl/mL) and the same
contrast injection rate, but a much shorter injection time
for contrast injection to reduce the total amount of contrast
medium dose by more than 50%. However, to ensure the
contrast medium completely entered the left ventricular
system, the total injection time in this new contrast medium
injection protocol remained unchanged. The injection time
for contrast medium was shortened to 4 s, and the injection
time for follow-up saline was extended to 8 s, for a total
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injection time of 12 s. By shortening the contrast medium
injection to 4 s, we substantially reduced the contrast dose
to patients. This also reduced the concentration of contrast
medium in the bloodstream. To compensate for this
decrease, we used a low tube voltage of 70 kVp to boost the
contrast enhancement in the vessels. Our results indicated
that even at the reduced contrast dose, we still obtained an
average enhancement of approximately 600 HU in the aorta
in the study group, which is adequate for diagnosis, and a
high subjective rating for image contrast in the study group
that was similar to the control group. Relevant guidelines
have pointed out that a coronary CT value higher than
250 HU can meet the diagnostic requirements. Therefore,
we believe there might be room for further contrast dose
reduction in the future. The high CT attenuation value in
the vessels also allowed us to further relax the image noise
requirement to achieve a clinically acceptable CNR. The
relaxed image noise requirement was directly translated
into a lower radiation dose requirement in our study, with
a higher NI setting (from the conventional 19 to 22 in the
study group).

With the shortened contrast medium injection duration
and short scan duration of less than Is, the scan timing
becomes very critical. There was only a short time window
of less than 4s for scanning in the study group, and we
needed to trigger the scan as soon as possible after the
contrast medium entered the aorta. Therefore, in the
study group, we reduced the trigger threshold value from
the conventional 220 to 190 HU and applied the shortest
scan delay time of the CT scanner after triggering, which
was 1.50£0.11 s from the original scan delay time of 3.5 s.
This change proved to be effective for capturing the peak
enhancement for the short scan scenario with the wide-
detector CT scanner.
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There were some limitations in this study. First, because
this was a pilot study, the number of cases included in the study
group was limited. Furthermore, parameters such as scan
and injection protocols between the 2 groups did not match
precisely. Hence, this research was not a truly comparative
study, which might introduce statistical bias. Even though
the results could already demonstrate the validity of the
study design, further study is required with larger sample
size and a design with fewer variables. In our research,
the weights of some children were higher than 50 kg,
up to 61 kg, although this study was focused on pediatric
CCTA. There is some space to use the same logic in slim
adult patients. Second, the age distribution of cases was not
uniformly distributed. All cases were over 5 years of age, and
the suitability for the younger age group was not verified.
Third, all cases were diagnosed with CCTA, and there was
no further invasive coronary angiography or surgery for
confirmation in terms of diagnostic accuracy. Fourth, there
was still no literature reporting the conversion factor for
70 kVp, so we used the conversion factor for 80 kVp by
Deak et al. to represent 70 kVp instead (14). In our study, we
did not consider the potential differences in such conversion
factors for males and females. However, in our research,
the 2 groups had a similar boy/girl ratio (13:14 and 12:15,
respectively), so the impact on the dose-comparison could
be ignored.

Conclusions

We have proposed a method to reduce contrast medium
dose and radiation dose in CCTA for children by using
a shortened contrast injection time and 70 kVp tube
voltage combined with DLIR. We demonstrated that a
significant reduction in contrast medium dose and radiation
dose could be achieved while maintaining similar image
quality and diagnostic confidence by using DLIR in image
reconstruction, compared with the conventional CCTA
protocol using the state-of-the-art 50% ASIR-V algorithm.
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