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chest computed tomography: a comparison of image quality and
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Background: Studies on the application of deep learning image reconstruction (DLIR) in pediatric
computed tomography (CT) are limited and have so far been mostly based on phantom. The purpose of this
study was to compare the image quality and radiation dose of DLIR with that of adaptive statistical iterative
reconstruction-Veo (ASiR-V) during abdominal and chest CT for the pediatric population.

Methods: A pediatric phantom was used for the pilot study, and 20 children were recruited for clinical
verification. The preset scan parameter noise index (NI) was 5, 8, 11, 13, 15, and 18 for the phantom study,
and 8 and 13 for the clinical pediatric study. We reconstructed CT images with ASiR-V 30%, ASiR-V 70%,
DLIR-M (medium) and DLIR-H (high). The regions of interest (ROI) were marked on the organs of the
abdomen (liver, kidney, and subcutaneous fat) and the chest (lung, mediastinum, and spine). The CT dose
index volume (CTDI,,), CT value, image noise (N), signal-to-noise ratio (SNR), and contrast-to-noise ratio
(CNR) were measured and calculated. The subjective image quality was assessed by 3 radiologists blindly
using a 5-point scale. The dose reduction efficiency of DLIR was estimated.

Results: In the phantom study, the interobserver assessment of the data measurement demonstrated good
agreement [intraclass correlation coefficient (ICC) =0.814 for abdomen, 0.801 for chest]. Within the same
dose level, the N, SNR, and CNR were statistically different among reconstructions, while the CT value
remained the same. The N increased and SNR decreased as the radiation dose decreased. The DLIR-H
performed better than ASiR-V when the radiation dose was reduced, without sacrificing image quality. In
the patient study, the interobserver assessment of the data measurement demonstrated good agreement
(ICC =0.774 for abdomen, 0.751 for chest). DLIR-H had the highest subjective and objective scores in the
abdomen.

Conclusions: Application of DLIR could help to reduce radiation dose without sacrificing the image

quality of pediatric CT scans. Further clinical validation is required.
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Introduction

The radiation dose of computed tomography (CT)
examination in pediatric patients is a public health concern.
Cell division is higher in children than in adults because
children undergo rapid growth and development, placing
them at higher risk of injury from exposure to high ionizing
radiation (1). In a pediatric population, it is critical to pay
attention to the management of image quality and radiation
dose reduction in the CT examination.

Several iterative reconstruction (IR) algorithms have
emerged in recent years (2-4). Although studies have
shown that the adaptive statistical iterative reconstruction-
Veo (ASiR-V) algorithm can provide lower image noise
and artifacts at a lower radiation dose (5-7), the nonlinear
and non-stationary peculiarities of the ASiR-V algorithm
may change the characteristics of image noise in the
reconstructed image. The radiologist’s confidence in the
image may be reduced due to changes in noise texture (8,9).
The images obtained through ASiR-V algorithms may
hinder interpretation of the diagnosis, thereby limiting the
application of the highest iteration level and the potential
for dose reduction in clinical practice (10).

With the recent development of artificial intelligence,
new reconstruction methods have been gradually applied
to the field of medical imaging technology (11,12).
Consequently, some CT manufacturers have developed a
new generation of CT image reconstruction based on deep
learning. The deep learning image reconstruction (DLIR)
algorithms developed by GE Healthcare and Canon
Medical Systems feature a deep neural network (DNN),
which is trained respectively with high-quality filtered back
projection (FBP; True Fidelity™, GE Healthcare, Chicago,
IL, USA) and MBIR [Advanced intelligent Clear-IQ Engine
(AiCE); Canon Medical System, Tochigi, Japan] datasets to
learn how to achieve dose reduction (13) and reconstruct
CT images without changing noise texture or affecting
anatomical structure (14,15). Recent research has suggested
that DLIR enables image quality that is superior to
commercial IR images during an adult CT protocol (16). A
phantom study was conducted on the application of DLIR
in pediatric CT examination (17); however, phantom studies
are only suitable for simple and objective assessment as well
as dosimetry experiments requiring repeated scans, which
may be inconsistent with clinical practice. To promote the
practicality of clinical research, image quality evaluations
related to clinical tasks should be conducted based on the
pediatric population.

Therefore, the purpose of this study was to conduct a
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preliminary phantom study and a practical clinical study to
assess the impact on image quality and the dose reduction
potential of the DLIR algorithm in the pediatric CT
protocol compared to ASiR-V.

We present the following article in accordance with the
Guidelines for Reporting Reliability and Agreement Studies
(GRRAS) reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-936/rc).

Methods
Study design and CT protocols

Phantom study

A pediatric phantom of approximately 110 cm in height and
20 kg in weight was used (PBU-70, General Boom, Figure I).
We acquired CT images of the abdomen and chest with a
helical scanning on a 256-slice CT scanner (Revolution CT,
GE Healthcare, Milwaukee, WI, USA). The tube voltages
of 80 kVp and 70 kVp were used to acquire abdominal
and chest images, respectively. Tube currents (mA) were
set to automatic modulation, and noise index (NI) was
divided into 6 groups (NI=5, 8, 11, 13, 15, and 18). The
remaining acquisition parameters for abdominal and chest
scanning were a pitch factor of 0.992, beam collimation of
0.625 mm x 40 mm and 0.625 mm x 80 mm, matrix
of 512x512, and a rotation time of 0.50 seconds and
0.28 seconds, respectively. Images were reconstructed
with ASiR-V 30%, ASiR-V 70%, DLIR-M (medium), and
DLIR-H (high). For objective image evaluation, the axial
images were reconstructed with a 0.625 mm increment
and 0.625 mm slice thickness and a field of view (FOV) of
250 mm. The scan parameters are shown in Tible 1.

Patient study

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Board of Tianjin First
Central Hospital, and informed consent was provided by
all the patients’ parents or legal guardians. All data in this
study were exported completely anonymously for research
purposes before processing. Authors have complete control
over the data and information submitted for publication.
For our study, raw data (June to December 2020) were
obtained prospectively by using the same CT scanner with
the same scanning and reconstruction protocols as in the
phantom study. During the scan, the examined children
did not use contrast agents or tranquilizers and breathed
freely. We included patients who (I) had a similar body size
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Figure 1 Pediatric phantom. (A) A pediatric phantom of approximately 110 cm in height and 20 kg in weight was used. (B) Positioning

image of the chest and abdomen scan. (C,D) CT images of chest and abdomen were acquired with a helical scanning on a 256-slice CT
scanner (Revolution CT, GE Healthcare, Chicago, IL, USA). CT, computed tomography.

Table 1 Scan parameters for pediatric chest and abdominal CT

Scanning site Chest Abdomen

Pitch 0.992

Size (mm) 205x145 200x150

Beam collimation 0.625%x80 0.625x40

(mm)

Rotation time (s) 0.28 0.5

Tube voltage (kVp) 70 80

NI 5;8;11;13;15;18 5;8;11;13;15; 18

Tube current (mA) 374; 353; 243; 198;  374; 336; 193; 99;

129; 89 80; 44

CTDl,,, (MmGy) 1.46; 1.41; 0.87; 3.89; 1.95; 1.01;

0.75; 0.46; 0.31 0.71; 0.53; 0.36

Image reconstruction ASiR-V 30%, ASiR-V70%, DLIR medium
and high

CT, computed tomography; ASiR-V, adaptive statistical iterative
reconstruction-V; DLIR, deep learning image reconstruction;
CTDI, computed tomographic dose index; NI, noise index;
CTDl,,, computed tomography dose index volume.
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and were aged 4-6 years, (II) had satisfactory cooperation
during CT examination, and (III) had normal chest and
abdominal CT images. Patients meeting the criteria were
randomly assigned to either scanning group. In both
abdominal and chest studies, NI was divided into 8 and
13 groups (representing the normal-dose and low-dose
level, respectively). The difference in NI was intended to
reflect the performance of ASiR-V and DLIR at different
acceptable dose levels. The flow chart of the study is shown
in Figure 2.

Estimation of image quality

Reading and evaluation of all images was performed on the
picture archiving and communication system (PACS) viewer

(Infinitt Healthcare, Seoul, Korea).

Objective evaluation

We obtained CT attenuation of abdominal and chest
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Phantom study

Based on
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study, NI =8
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Y

Patients study
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ASIR-V 30% and | Nigroups >nis W P
ASIR-V 70% > (NI =8, 13) met inclusion scheduled for chest and
DLIR-H and DLIR-M " criteria (n=20) abdominal CT
\
Abdominal CT Excluded patients with:
(n=10) 1. Noncooperation during CT

2. Age > 6 or <4 years old
3. Severe respiratory or abdominal
disease as shown on CT image

Figure 2 Flow chart of the experimental design. CT, computed tomography; ASiR-V, adaptive statistical iterative reconstruction-V; DLIR,

deep learning image reconstruction; NI, noise index.

organs (liver, kidney, subcutaneous fat for abdomen and
lung, mediastinum, and spine for chest) by sketching
circular regions of interest (ROIs) on the axial images by
2 independent radiology doctors (XIE, with 8 years of
experience; SHI, with 13 years of experience). The ROIs
were delineated by selecting multiple layers centered on the
largest layer of the organ. A total of 6 layers were drawn
from the mediastinum and spine with 1 ROI on each layer,
and 3 layers were drawn from abdominal organs (liver,
kidney, and subcutaneous fat) and the lung with 2 ROIs on
each layer. In total, 6 datasets were obtained and recorded
from each organ, and the area of each ROI was 100 mm’.
The outlined ROIs were as far away from the marginal
portion of the tissue or organ as possible to circumvent the
impact of partial volume effects (Figure 3).

The CT dose index volume (CTDI,,) of the phantom
and children scans with each NI was recorded. In each NI
group, 6 datasets were measured for every organ with both
ASiR-V and DLIR algorithms. Image noise (N) was defined
as the standard deviation of the CT attenuation of the
subcutaneous fat. Signal-to-noise ratios (SNR; attenuation
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divided by noise) of each tissue and organs were obtained,
and contrast-to-noise ratio (CNR) calculation formulas of
liver and kidney (CNR;, and CNRy;,) were as follows:

CNR

Tiv

=[ ROI (liver)-ROI ( fat) ]/ N (1]

CNR,,, =| ROI (kidney)—ROI ( fat)|/ N 2]

Subjective evaluation

The subjective image score was visually evaluated by
2 independent experienced radiologists (SHI, with 13
years of experience; SUN, with 23 years of experience).
To ensure the internal evaluation of the readers was
reliable, a doctor conducted a second evaluation 1 week
later. The 4 reconstructed datasets (ASiR-V 30%, ASiR-
V 70%, DLIR-M, and DLIR-H) were presented to each
reader in random order, with the reader unaware of the
reconstruction information. The levels evaluated included
the thoracic entrance, largest level of the sternal stalk,
tracheal bifurcation, maximum level of the heart shadow,
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Figure 3 The outline of the ROIs. The ROIs were delineated (circle) by selecting layers on the organ including for the lung (A), spine (B),

mediastinum (C), liver (D), subcutaneous fat (D), and kidney (E). ROI, region of interest.

bottom of the lung, parietal level, maximum level of the
liver, floor of the liver, maximum level of the left kidney,
and the largest level of the right kidney. The quality of each
selected axial image was scored according to the 5-point

Likert grading standard (Table S1).

Estimation of radiation dose reduction

The N value was modeled as a function of radiation dose
level (D) and reconstruction level (R) of the form (18) as
follows:

N=u+aD+ R [3]

where N is the image noise, p is an intercept coefficient, a is
a radiation dose coefficient, and P is a reconstruction level
coefficient (19) (Appendix 1).

A value of P=0.05 was considered statistically significant.

Statistical analysis

All analysis was conducted using R software (version 3.5.3;
The R Foundation for Statistical Computing, Vienna,
Austria). Interobserver agreement of the objective and
subjective evaluations was evaluated by calculating the
intraclass correlation coefficient (ICC) and Flessis’s Kappa
Coefficient, respectively. In the phantom study, the CT
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value, N, CNR, and SNR were compared on images
reconstructed with ASiR-V and with DLIR using the one-
way repeated measures analysis of variance (ANOVA). In
the patient study, the pairwise comparison was done using
Bonferroni correction. The quality score on the phantom
and patient image datasets was compared using the Wilcoxon
signed-rank test. Statistical significance was considered
when P<0.05.

Results
Phantom study

Objective evaluation

The interobserver assessment of the objective data
measurement demonstrated good agreement {ICC [95%
confidence interval (CI)]: 0.814 (0.732 to 0.892) for the
abdomen, 0.801 (0.711 to 0.843) for the chest}. The
CTDI,, of scans with NI=5, 8, 11, 13, 15, and 18 was 3.89,
1.95, 1.01, 0.75, 0.53, and 0.36 mGy for the abdomen,
respectively, and 1.46, 1.41, 0.87, 0.71, 0.46, and 0.31 mGy
for the chest, respectively. The results of the multiple
comparison showed that in most situations within the same
dose level, the N increased, while CNR and SNR decreased
with the decrease of radiation dose in each reconstruction
(Figure 4). The CT value remained the same (P>0.05)
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Figure 4 Comparison of CT value, N, SNR, and subjective score between DLIR and ASiR-V at different dose levels. (A) In the liver, N

increased and SNR and subjective score decreased with the decrease of radiation dose in each reconstruction, while the CT value remained

the same (P>0.05). DLIR-H was the most effective at reducing noise and improving SNR and the subjective score. (B) In the lung, N

increased and SNR decreased with the decrease of radiation dose in each reconstruction and the CT value remained the same (P>0.05). For

the subjective score, the differences between the reconstructions were not obvious. CT, computed tomography; ASiR-V, adaptive statistical

iterative reconstruction-V; DLIR-H, deep learning image reconstruction with high level; N, image noise; SNR, signal-to-noise ratios.

(Tables S2,S3). The DLIR-H most effectively reduced the
noise and improved SNR and CNR. Taking the liver as an
example, from ASiR-V 30% to DLIR-H in the NI=8 group,
N decreased by up to 14.6 HU (58.7%), SNR increased
by up to 4.8 (149.7%), and CNR increased by up to 4.8
(140.8%). Pairwise comparison of these 4 reconstructions
showed that the performance of ASiR-V 70% and DLIR-M
was similar (P>0.05) (Appendix 2).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Subjective evaluation

The interobserver assessment of the data measurement
demonstrated moderate or substantial agreement (k=0.660
for abdomen, 0.588 for chest). The subjective scores of
DLIR were higher than those of ASiR-V. The performance
of DLIR-H was the best, with a higher score than that of
other groups, and the performance of DLIR-M was similar
to that of ASiR-V 70% (Tables $4,S5) (P>0.05).
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Table 2 Performance of different reconstruction in radiation dose reduction during abdominal CT examination in children

Abdomen

Reference dose =3.0 mGy Reference dose =1.5 mGy

Comparison
Reference dose =4.5 mGy

ASiR-V70 vs. ASiR-V30 53.20%
DLIR-M vs. ASiR-V30 48.70%
DLIR-H vs. ASiR-V30 73.10%
DLIR-M vs. ASiR-V70 4.60%
DLIR-H vs. ASiR-V70 24.40%
DLIR-H vs. DLIR-M 19.80%

79.80% 159.70%
73% 146%
109.60% 219.20%
6.80% 13.70%
36.60% 73.20%
29.80% 59.50%

CT, computed tomography; ASiR-V, adaptive statistical iterative reconstruction-V; DLIR-M, deep learning image reconstruction with
medium degree; DLIR-H, deep learning image reconstruction with high degree.

Table 3 Performance of different reconstruction in radiation dose reduction during chest CT examination in children

Chest

Reference dose =1.0 mGy Reference dose =0.5 mGy

Comparison
Reference dose =1.5 mGy

ASiR-V70 vs. ASIiR-V30 45.10%

DLIR-M vs. ASiR-V30 50.80%

DLIR-H vs. ASiR-V30 65%

DLIR-M vs. ASiR-V70 5.70%

DLIR-H vs. ASiR-V70 19.90%

DLIR-H vs. DLIR-M 14.20%

67.60% 135.20%
76.10% 152.30%
97.50% 194.90%
8.50% 17%

29.90% 59.70%
21.30% 42.70%

CT, computed tomography; ASiR-V, adaptive statistical iterative reconstruction-V; DLIR-M, deep learning image reconstruction with
medium degree; DLIR-H, deep learning image reconstruction with high degree.

Radiation dose reduction

The DLIR-H exhibited the best performance when the
radiation dose was reduced; it had approximately 70%
(abdomen) and 60% (chest) of the dose reduction compared
to ASiR-V 70% in the low reference dose group. The
ability of DLIR-M and ASiR-V 70% perform with reduced
radiation dose was almost the same and both fared better
than ASiR-V 30% (Tables 2,3).

Patient study

Finally, a total of 20 children (12 boys) who were similar in
size to the phantom were recruited and grouped. The mean
age of the patients was 5.4=1.2 years.

Objective evaluation

The interobserver assessment of the data measurement
demonstrated good agreement [ICC (95% CI): 0.774

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

(0.683 to 0.861) for the abdomen, 0.751 (0.664 to 0.844)
for the chest]. For the CT scan of the abdomen in children,
the CTDI,, with NI=8 and 13 were 1.79+0.05 and
0.77£0.09 mGy; and for the chest scan, the CTDI,, with
NI=8 and 13 were 1.41+0.24 mGy and 0.65£0.08 mGy,
respectively. In the abdominal study, DLIR-H played the
greatest role in noise reduction and SNR improvement in
all organs in both the NI=8 and NI=13 groups (P<0.05).
In the chest study, for the tissues with extreme CT values,
such as lungs and bone, the value of DLIR for image
optimization was not demonstrated (Zables 4,5).

Subjective evaluation

The interobserver assessment of the data measurement
demonstrated moderate agreement (k=0.561 for the
abdomen, 0.558 for the chest). In the abdominal study,
DLIR-H had the highest subjective score and was
statistically different from the other groups. In the chest
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Table 4 Comparison of different reconstruction methods in pediatric abdominal CT scan

Liver Kidney Fat Subijective score
N N SNR CNR N SNR CNR N SNR Abdomen
8
ASIR-V30% 26.0£1.4 2.4°°+0.7 7.120.8 25.0+0.6  1.8+0.06  6.7+0.6 26.9+2.9  -4.6°:0.7 2.2+0.1
ASIR-V70% 17.7°+1.3 3.5°+1.0 10.4°¢1.2  16.7#0.1 2.7°+0.04 10.1°:0.6  19.4°+2.8 -6.4°+1.0 2.6+0.1
DLIR-M 19.5°+1.9 3.2*°+0.9 9.5°+1.2 18.1+0.8 2.5°+0.08 9.3°+0.5  17.5°%+2.0 -7.0°:0.9 3.1x0.2
DLIR-H 145421  4.3°°+1.0 12.8+1.1 13.4+1.0 3.4x0.20 125205  13.0°42.0 -9.5+1.3 3.8+0.2
P value <0.001* 0.032* <0.001* <0.001*  <0.001* <0.001* <0.001* <0.001* <0.001*
13
ASIR-V 30% 32.84#2.0  2.0+0.2 5.6+0.4 33.4+£1.1  1.4x0.1 4.9+0.7 31.9+21  -4.0+0.4 1.5+0.1
ASIR-V70% 23.6+1.7 2.8°:0.3  8.2+0.4 241+1.0  1.9°+0.2  7.1°+0.5  238.3°+1.7 -5.4°+0.6 2.0+0.1
DLIR-M 26.8#1.3 2.5°:0.2  7.220.3 27.0£0.9  1.7°x0.1 6.4°+0.3 22.4°+22  -57°:0.6 2.4+0.1
DLIR-H 19.2+41.0  3.5£0.3  10.1x0.5  19.6+1.6  2.4+0.2 8.9+0.8 15.7+1.7  -8.1x0.9 3.2+0.2
P value <0.001*  <0.001*  <0.001* <0.001*  <0.001* <0.001* <0.001* <0.001* <0.001*

*, represents statistically significant difference. The level of statistical significance was set at P<0.05. The superscripts (a, b, c, d) represent
the same group of the Bonferroni post hoc test (the alphabetical order indicates the order, from ASIR-V 30% to DLIR-H). NI, noise index;
CT, computed tomography; ASiR-V, adaptive statistical iterative reconstruction-V; DLIR-M, deep learning image reconstruction with
medium level; DLIR-H, deep learning image reconstruction with high level; N, image noise; SNR, signal-to-noise ratios; CNR, contrast-to-
noise ratio.

Table 5 Comparison of different reconstruction methods in pediatric chest CT scan

Lung Mediastinum Spine Subjective score
N N SNR N SNR N SNR Chest
8
ASIR-V 30% 26.3+1.6 -29.0"°°+3.6 21.6+1.5 2.5+0.3 43.3+1.3 7.5°%%41.0 2.9+0.1
ASIR-V 70% 21.9+1.8 -34.7°+4.7 14.2°41.3 3.8°+0.4 37.7°%+2.1 8.6%7%+1.0 2.9+0.2
DLIR-M 30.8%+1.2 —-24.5%%+2.0 14.0°+1.0 3.8°+0.4 39.3°+0.7 8.1%°%1.1 3.2+0.1
DLIR-H 29.1*°+1.5 -26.0%°+2.4 10.3+0.7 5.2+0.5 35.9°+0.9 8.9%°°+1.2 3.320.1
P value <0.001* <0.001* <0.001* <0.001* <0.001* 0.208 0.783
13
ASIR-V 30% 32.9°°+4.7 -23.8"°°+3.7 28.9+1.0 1.8+0.1 44.9°%°+2.2 7.2°%°41.0 2.8+0.1
ASIR-V 70% 27.2°+4.6 -29.0°+5.2 19.6°£0.9 2.7°+0.1 39.1%°°+3.4 8.2%%9%+1 1 2.8+0.3
DLIR-M 41.4°4.3 -18.8%+2.3 21.1°+1.8 2.6"+0.2 45.9%"°+4.1 7.0%"°+1.0 2.9+0.2
DLIR-H 38.2°°+3.8 -20.2*°+2.4 14.7+0.8 3.7+0.3 40.8*"°+5.0 7.9%7°+1.1 3.1x0.1
P value <0.001* 0.002* <0.001* <0.001* 0.037 0.251 0.465

*, represents statistically significant difference. The level of statistical significance was set at P<0.05. The superscripts (a, b, ¢, d) represent
the same group of the Bonferroni post hoc test (the alphabetical order indicates the order, from ASIR-V 30% to DLIR-H). CT, computed
tomography; NI, noise index; ASIR-V, adaptive statistical iterative reconstruction-V; DLIR-M, deep learning image reconstruction with
medium level; DLIR-H, deep learning image reconstruction with high level; N, image noise; SNR, signal-to-noise ratios.
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NI =15 NI =18 NI =8 NI =13

Phantom study

Patient study

Figure 5 Comparison of image quality at each dose level and under all DLIR and ASiR algorithms in the liver. The image noise of all the

algorithms increased with the decrease of the dose. In the ASiR-V images, the edge blurring effect and the degradation of noise texture

of the liver were evident, which caused excessive image smoothing. Compared with ASiR-V, DLIR decreased the quantum noise without

degrading the noise texture or increasing pixel coarseness. NI, noise index; ASiR-V, adaptive statistical iterative reconstruction-V; DLIR,

deep learning image reconstruction.

study, there was no statistically significant difference in
subjective scores between the 4 reconstruction methods.
Figure 5 depicts a comparison of image quality at each dose
level and under all DLIR and ASiR-V algorithms in the
liver. For all algorithms, the image noise increased with the
decrease of dose, which deteriorated the image sharpness
and contrast. In the ASiR-V images, the edge blurring effect
and degradation of noise texture of liver were pronounced,
which caused excessive image smoothing. Compared with
ASiR-V, the images obtained by DLIR were favored by
radiologists because they reduced image noise without
changing or blurring the texture of the liver. In the chest
study, DLIR-H only played a significant role in mediastinal
image optimization (Figure 6).

Discussion

In this study, the phantom and pediatric clinical patients
were used to evaluate DLIR and IR algorithms. It was
shown that DLIR can significantly improve image quality,
reduce image noise, and reduce potential dose capacity in

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

abdominal examination and chest mediastinal examination
under the same slice thickness.

The DLIR is not based on traditional reconstruction
algorithms, but rather on artificial intelligence. The DLIR
reconstruction algorithm was designed to distinguish
between signal and noise to reduce the noise of the
reconstructed image without noise texture degradation or
pixel coarseness that are often exhibited by IR algorithms
(20,21). In our phantom study, we set up 6 groups of NI,
which represented different radiation doses from high to low
levels. The performance of DLIR-H was the best in terms
of objective and subjective evaluation at the same NI group,
which was consistent with Racinea et al.’s research (22).
The ASiR-V 70% performed better than ASiR-V 30%,
but had a similar performance to DLIR-M. Moreover,
from the subjective analysis, ASiR-V 70% changed the
noise texture and affected the true readability of the image,
which led to a lower subjective score compared with
DLIR-H. Greffier et al’s (17) study supported our findings,
but they did not further verify the results in a patient
population. In our patient study, we found that compared

Quant Imaging Med Surg 2022;12(6):3238-3250 | https://dx.doi.org/10.21037/qims-21-936
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A ASIR-V 30%

ASIR-V 70%

Abdominal
scan

Mediastinal
window

Chest
window

DLIR-M DLIR-H

Figure 6 Axial abdominal CT images (A) from a 5-year-old, male patient and (B) chest CT images of a 4-year-old, male patient

were reconstructed with adaptive statistical iterative reconstruction-Veo 30% (ASiR-V 30%), ASiR-V 70%, deep learning image

reconstruction medium level (DLIR-M) and DLIR high level (DLIR-H). CT, computed tomography; ASiR-V, adaptive statistical iterative

reconstruction-V; DLIR, deep learning image reconstruction.

with ASiR-V, DLIR-H had a greater role in image quality
improvement in the abdomen study. This added to results
previously presented by Akagi er /. (23) who, with the
same DLIR algorithm, demonstrated that DLIR images
in the abdominal ultra-high-spatial-resolution CT images
had a lower quantum noise and were generally preferred
in comparison to hybrid and model-based iterative
reconstruction (hybrid-IR, MBIR).

In previous adult studies, researchers demonstrated noise
reduction ability through ASiR-V reconstruction algorithm
(24,25). However, our study demonstrated the limitations
of high-level ASiR-V (70%) in terms of texture loss and
showed that related dose optimization poses a risk to image
quality and diagnosis. This was a similar conclusion to that of
McCollough ez al. (26). In addition, it is difficult to use high-
level IR reconstruction in clinical practice because of excessive
image smoothing (27). The results of our study confirmed that
DLIR was more valuable than ASiR-V in improving the image
quality of abdominal pediatric CT examinations.

Greater focus should be given to the impacts of radiation
exposure on children during CT examination than

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

adults because radiation exposure can impact children’s
development and growth. A low radiation dose during
pediatric CT examination is recommended. Sun ez a/. (28)
found that it was feasible to improve the image quality of
a low radiation dose and contrast volume chest computed
tomography angiography (CTA) in children using the DLIR
algorithm. Furthermore, Brady et a/. (29) supposed that the
DLIR algorithm improved image quality without sacrificing
noise texture and spatial resolution in the contrast agent-
enhanced pediatric CT examinations. Our study reached
similar conclusions. We first conducted the phantom study
and then verified the results of the phantom study through
a prospective chest-abdominal study of pediatric patients.
In addition, we evaluated the radiation dose reduction of
2 reconstruction algorithms with different weights. Our
phantom study results showed that DLIR-H allowed
reduction of radiation dose to a greater extent compared to
ASIR-V. This reduction effect was more evident in the low
reference dose group. In Haggerty’s (30) study, compared
with FBP, the IR algorithm reduced the radiation dose
in the pediatric chest by approximately 46-56%. In our
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pediatric chest study, DLIR-H reduced the radiation dose
by approximately 60% compared to ASiR-V70%. Shin
et al. (13) found that DLIR trained with a 50% simulated
radiation dose showed the best overall image quality
compared to ASiR-V in the adult abdomen. In our pediatric
abdominal study, DLIR-H performed the best compared to
ASIR-V 70%, with a dose reduction of approximately 70%.
Therefore, DLIR can balance the requirements for a lower
radiation dose and higher image quality in pediatric CT
scans. These findings have value for the clinical application
of CT in children.

The value of this new reconstruction technique to
improve image quality has not been widely confirmed. In
our study, DLIR-H performed well in image optimization of
children’s abdominal organs and thoracic mediastinum. This
is because the DLIR algorithm can only be reconstructed
under the standard kernel, which is widely used in soft
tissue inspection. This indicates that DLIR may be more
suitable for CT examination of soft tissues in children, such
as the abdomen, and further clinical verification is needed.
The application of the DLIR algorithm in routine clinical
practice may mark the beginning of a new era of CT image
reconstruction, clinical CT schemes, and CT diagnostic
reference levels.

Our study had some limitations. First, this study was
limited in terms of acquisition parameters such as tube
voltage, layer thickness, and FOV. In future studies, it will be
necessary to further investigate additional acquisition and/
or reconstruction parameters appropriate for each clinical
indication to further characterize the DLIR algorithm.
Second, the number of each group was relatively small, and
more comprehensive clinical data will need to be collected to
improve the limitations. Third, rather than a specific disease,
our study focused on the analysis of image quality and dose
optimization. In future studies, we will collect data and
analyze the application value of DLIR in related diseases.

Conclusions

DLIR could help to reduce the radiation dose without
sacrificing the image quality during pediatric CT scans.
Compared with ASiR-V, DLIR-H had the best in image
quality and dose optimization, especially in abdominal
applications. Further clinical validation is required.
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Supplementary

Appendix 1 Estimation of radiation dose reduction

The N value was modeled as a function of radiation dose level (D) and reconstruction level (R) of the form as follows:

N=u+aD + fR,

where N is the Image noise, x4 is an intercept coefficient, a is a radiation dose coefficient, and £ is a reconstruction level

coefficient.

A value of P=0.05 was considered significant.
The purpose of this model was to determine whether the radiation dose or reconstruction method had a significant impact

on image noise. In addition, the model can be used to estimate the reduced dose. Suppose that, at this dose, the N of DLIR
was equal to that of ASiR-V under the reference dose. The formula and operation process were as follows:

i +aDI + BRI=p + aD2 + BR2
aDI + BRI = aD2 + BR2

aDI =aD2 + p

a(D2 -~ DI) = —p

D2~ DI =—pla

DR =100% 2%
DI

Table S1 Subjective evaluation criteria for image quality

Score  Criteria

5

4
3
2

The anatomical structure has clear details, high resolution, and good sharpness

The details of the anatomical structure are clear, and the resolution and sharpness are reduced

Most of the anatomical structure is clear, the details are not clear, and the resolution is low but acceptable
The anatomical details are not enough to find, and the resolution is low

The anatomical structure is indistinguishable, and the sharpness is poor

© Quantitative Imaging in Medicine and Surgery. All rights reserved. https://dx.doi.org/10.21037/qims-21-936



Table S2 Comparison of CT value, N, and SNR at different dose levels in abdominal scans

Liver Kidney Fat Tissue
CT Value N SNR CNR CT Value N SNR CNR CT Value N SNR
CTDIl,,, =3.89 mGy ASIiR-V30% 81.35+1.85 1829+1.12 446+0.22 469+0.79 876+25 19.13+1.59 046+0.15 0.82+0.6 -22.89+3.12 18.63+1.22 1.23+0.16
Ni=5) ASiR-V70% 81.38 +2.64 12.61+1.66 6.54 +0.82 6.74+1.6 8.37 +2.55 12.78 +1.31 0.66+0.22 1.22 +1.11 -23.5+5.1 12.68 +0.89 1.87 + 0.45
DLIR-M  81.43 +1.23 12.89+0.66 6.33+0.33 6.6+ 1.37 85+223 1298+0.61 066+02 1.22+125 -2473+3.56 14.32+1.16 1.74+£0.3
DLIR-H 84.82+2.69 10.05+0.72 8.46+0.46 88+1.84 9.09+249 10.54+0.67 0.87+0.27 1.72+1.84 -29.45+2.76 10.18+0.3 2.9+0.34
P-value 0.290 0.008 * < 0.001* < 0.001* 0.939 0.005 * 0.064 0.417 0.001 * 0.003 * < 0.001*
CTDl,,=1.95 mGy ASiR-V30% 79.05+3.11 24.82+2.02 3.2+023 3.43+0.64 8.04+1.16 24.46+3.05 0.33+0.03 0.61+0.51 -23.74+598 23.52 +1.65 1.01 +0.23
Ni=8) ASIR-V70% 78.82+2.04 16.01 +1.01 494+028 52+096 863+1.01 16.64+153 0.52+0.04 1+0.84 -23.78+4.82 15.92+2.77 1.5+0.23
DLIR-M  79.72+3.26 18.05+2 4.45+0.34 468+0.98 9.94+1.93 17.53+1.05 0.57+0.13 0.95+0.72 -22.33+5.74 18.15+1.2 1.23 +0.31
DLIR-H 8154 +1.59 10.26 +0.93 7.99+0.65 826+1.79 827+1.82 11.1+£132 0.76+02 1.42+1.35 -26.27+3.01 10.78 +0.68 2.43 +0.2
P-value 0.279 < 0.001* 0.003 * 0.003* 0.365 0.000 * 0.044 * 0.687 0.176 0.003 * < 0.001*
CTDl,, =1.01 mGy ASiR-V30% 82.85+3.11 284+134 292+0.13 3.22+0.64 7.79+3.08 31.53+2.15 0.25+0.09 0.56 +0.46 -30.25+1.59 31.51+0.9 0.96 +0.05
NE=11) AsiR-V70% 83.46 +2.64 20.5+1.05 4.08+0.22 4.36+0.89 9.53+1.82 20.2+2.02 0.48+0.15 0.85+0.63 -24.73+3.54 19.33+1.64 1.29+0.2
DLIR-M  82.86 +3.09 23.31 +2.71 3.58+0.31 3.88+0.74 9.07+1.14 2276 +1.77 0.4+0.07 0.78+0.62 -29.08+4.78 24.52+1.311.19+0.24
DLIR-H  78.88+1.69 14.55+1.38 546 +0.43 574+125 927+225 1352+1.14 0.69+0.2 1.18+1.01 -23.98+6 1576 +1.49 1.52 + 0.34
P-value 0.065 0.000* < 0.001* < 0.001* 0.252 < 0.001* 0.004* 0.197 0.165 < 0.001* 0.034*
CTDI,, =0.75 mGy ASiR-V30% 80.78 +3.16 30.63+1.16 2.63+0.71 2.95+0.09 7.98+3.01 32.52+225 0.24+0.52 0.50+0.88 -26.45+1.83 32.76+0.9 0.80+0.76
(Rl =13) ASIR-V70% 79.21 +2.33 22.74+1.33 3.81+0.84 4.05+0.34 9.85+1.12 212+225 046+0.64 0.79+0.62 -2573+3.92 20.33+1.6 1.26+0.1
DLIR-M  79.05+1.53 246+260 3.21+0.33 334+08 839+134 224+133 0.34+0.36 0.68+042 -27.93+4.83 2522+1.831.11+0.82
DLIR-H 79.13+1.26 1594 +1.49 496+0.65 568+1.12 856+1.15 1468+ 1.16 0.63+0.32 1.12+0.21 -2414+4.14 2222 +1.49 1.49 +0.84
P-value 0.346 0.000* 0.001* < 0.001* 0.235 < 0.001* 0.011* 0.093 0.112 < 0.001* 0.042*
CTDl,, =0.53 mGy ASiR-V30% 80.81 +3.63 33.94+1.49 238 +0.15 254 +0.33 8.27+1.89 34.31+1.23 0.24+0.05 0.43+0.31 -20.49 +7.98 33.33 +4.07 0.65+0.35
Ni=15 ASiIR-V70% 81.07 £2.19 24.35+1.11 3.33+0.17 3.58+0.54 10.34 +3.04 2428 +1.91 043 +0.13 0.75+0.54 -26.25+5.74 21.64 +1.09 1.22 + 0.32
DLIR-M 83.11£259 28.03+1 2.97+0.12 3.19+0.59 929+24 28.61+1.11 032+0.08 0.62+0.46 -25.82+3.98 28.41+54 0.96+0.34
DLIR-H 83.16 +3.09 17.7+1.56 4.72+0.39 5.06 +1.3 9.7+14 16.68+2.14 0.59+0.14 1.09+0.84 -27.39+1.46 19.07 +1.99 1.45+0.18
P-value 0.372 0.000* 0.003* 0.008* 0.891 0.000* 0.004* 0.223 0.041* 0.003* 0.004*
CTDI,,,=0.36 mGy ASIiR-V30% 80.47 +4.54 37.06 +1.88 2.17+0.07 2.3+0.3 7.62+2.02 36.22+1.86 0.21+0.05 0.37 +0.28 -18.46+6.81 36.1 +3.62 0.52 +0.22
(NI =18) ASiIR-V70% 79.5+3.1 26.79+1.53 297 +0.2 3.13+0.46 8.73+2.7 26.44+0.89 033+0.1 055+041 -19.01+7.02 27.39+2.75 0.7 +0.24
DLIR-M 79.72 +2.74 30.2+x2.04 265+0.21 2.81+0.45 9.8+292 31.18+1.02 032+0.1 052+038 -205+552 34.84+2.8 0.59+0.14
DLIR-H 82.45+223 21.71+1.54 3.81+0.29 4.06+0.75 7.92+335 2347+19 0.34+0.14 0.64+0.63 -24.14+3.14 2223 +3.49 1.11+0.2
P-value 0.583 < 0.001* < 0.001* < 0.001* 0.741 < 0.001* 0.435 1.000 0.009* < 0.001* < 0.001*

The level of statistical significance was set at P<0.05. CT, computed tomography; ASiR-V, adaptive statistical iterative reconstruction-V; DLIR, deep learning image reconstruction;
DLIR-M, deep learning image reconstruction medium; DLIR-H, deep learning image reconstruction high; CTDIvol, computed tomography dose index volume; NI, noise index; N, image

noise; SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio.
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Table S3 Comparison of CT value, N and SNR at different dose level in chest scans

Lung Mediastinum Spine
CT Value N SNR CT Value N SNR CT Value N SNR
CTDl,, = ASIR-V30% -999.97 + 6.05 13.97 £ 2.07 -72.99 + 11.48 -57.32+1.68 15.86+0.93 3.62+0.16 651.38 £3.2 2157 +2.45 30.52 +3.45
1:;3 mGy (NI ASIR-V70% -1000.05 + 6.01 12.083 £ 2.18 -85.57 + 16.08 -58.33+1.48 11.49+094 51042 650.9 + 3.83 17583 +1.81 37.47 +3.89
DLIR-M -999 + 5.03 7.26 +0.87 -139.08 + 15.55 -57.68 + 0.92 11.00+0.7 5.26 +0.33 65129 £+3.38 16.15+1.84 43.19+4.44
DLIR-H -1000.39 + 5.91 5.32 £ 0.97 -193.58 + 37.94 -56.82 +1.84  8.49+0.37 6.7 +0.38 648.01 £6.28 15.15+1.78 48.20 +2.65
P-value 0.978 <0.001* <0.001* 0.395 <0.001* < 0.001* 0.241 0.003* < 0.001*
CTDl,q = ASIR-V30% -998.98 + 7.18 14.1 + 2.66 -73.06 + 14.09 -56.84 +1.32 16.48 +0.73 4.95+0.34 654.09 £ 5.44 21.68+2.93 30.61+3.95
12)1 mGy (NI AsiR-V70% -999.83 + 7.49 12.4 +1.45 -81.6 + 10.16 -57.36+099 11.63+09 4.95+0.34 648.86 £+ 3.26 17.88 +1.97 36.67 +4.25
DLIR-M -1000.82 + 6.91 7.85+1.58 -132.18 + 28.59 -56.77 +1.39 1127 +0.31 5.04 +0.21 646.56 + 6.76 16.7 +0.41 38.74 +0.88
DLIR-H -1000.80 + 6.32 5.66 + 0.28 -177.11 £ 9.46 -56.69 + 0.85 8.76 + 0.35 6.48 + 0.28 648.81 +4.34 1578 +0.83 41.21 +2.27
P-value 0.972 <0.001* <0.001* 0.750 <0.001* < 0.001* 0.105 0.002* < 0.001*
CTDl,q = ASIR-V30% -999.36 + 7.44 16.98 + 1.82 -59.43 + 6.4 -55.98 +2.62 2048+ 143 2.75+0.26 650.93+7.59 25.09+16 26.03+1.6
?.?:)mGy (NI ASIR-V70% -998.03 + 8.6 1476 £ 1.7 -68.41 + 8.39 -56.18 £2.01 1452 +1.77 3.91+0.43 65228 £+ 7.57 21.49+1.38 30.44+1.69
DLIR-M -1002.2 + 8.35 9.54 +1.07 -106.33 + 13.06 -56.32 + 1.37 13.91 + 0.9 4.07 £0.33 649.75 + 7.61 19.6 + 1.44 33.31 +2.47
DLIR-H -1001.04 + 8.23 6.32 +1.53 -166.28 + 39.32 -55.61+225 10.02+0.66 5.56+0.25 648.66 £+ 5.25 18.22 +0.64 35.63 +1.26
P-value 0.740 <0.001* <0.001* 0.941 <0.001* < 0.001* 0.832 < 0.001* <0.001*
CTDl,q = ASIR-V30% -1000.2 + 7.66 18.6 + 1.33 -53.67+7.8 -56.29+26 22.35+1.83 2.51+0.76 667.41+7.14 26.91+1.66 24.79+1.56
?.:;)mGy (NI ASIR-V70% -997.61 £ 6.6 1514 +15 -63.87 + 8.71 -55.48 +2.66 1548 +1.33 3.58 + 0.36 678.27 £+ 7.75 2242 +1.33 19.24 +1.36
DLIR-M -1000.45£8.45 10.21 £1.15 -99.2 + 13.68 -56.65+1.33 1544 +16 3.56 +0.91 670.29 £+ 7.83 2256+ 1.33 29.7+2.74
DLIR-H -999.74 + 8.66 7.32+1.25 -136.48 + 19.41 -55.19+2.66 12.43+1.66 4.44+0.05 668.22 +5.22 19.84 +1.64 33.67 +1.76
P-value 0.975 <0.001* <0.001* 0.754 <0.001* < 0.001* 0.654 < 0.001* <0.001*
CTDl,q = ASIR-V30% -998.31 +5.78 21.13 £ 3.02 -48.04 + 6.67 -57.24 + 1.1 2567 +1.7 224+0.19 648.94 £ 6.73 29.57 +1.44 21.99+1.15
4 NI
? 1g)mGy ( ASIR-V70% -998.99 + 7.12 17.59 + 2.69 -57.88 + 8.52 -56.05+2.19 18.66 + 0.69 3.01+£0.2 648.07 + 4.33 23.7+1.5 27.44 +1.69
DLIR-M -1000.45 £ 6.44 11.21 £1.28 -90.23 + 10.8 -56.65+1.71 18.67 +0.74  3.04 +0.1 644.34 £5.64 259+1.83 24.99+1.89
DLIR-H -1000.65 + 5.89 8.09 + 1.04 -125.68 + 19.13 -5529+237 14.68+0.59 3.77 +0.19 648.27 + 5.69 26.11+2  24.95+1.86
P-value 0.899 <0.001* <0.001* 0.241 0.001* < 0.001* 0.504 < 0.001* <0.001*
CTDI,, = ASIR-V30% -995.35 + 7.87 23.75 + 2.37 -42.27 +4.23 -56.59+1.66 28.25+1.72 2.01+0.08 645.24 + 8.17 33.9+258 19.13+1.56
?.(1318)mGy (NI ASIR-V70% -1000.1 + 6.51 19.4 +3.13 -52.56 + 7.54 -57.24+151 20.45+1.86 2.82+0.26 644.64 £5.94 28.61+253 22.69+2.11
DLIR-M -999.26 + 8.8 13.53 +1.39 -74.59 + 8.43 -56.91+227 21.46+155 2.66+0.13 645.75+6.23 32.02+1.41 20.2+0.84
DLIR-H -999.62 + 7.37 8.79 £ 0.95 -114.97 + 13.34 -5556+1.62 1598 +1.96 3.51+0.38 648.52 +7.14 28.76 +3.86 229+3.2
P-value 0.477 <0.001* < 0.001* 0.415 < 0.001* < 0.001* 0.776 0.007* 0.006"

The level of statistical significance was set at P<0.05. CT, computed tomography; ASiR-V, adaptive statistical iterative reconstruction-V; DLIR, deep learning image reconstruction;
DLIR-M, deep learning image reconstruction medium; DLIR-H, deep learning image reconstruction high; CTDI,,,, computed tomography dose index volume; NI, noise index; N, image
noise; SNR, signal-to-noise ratio.
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Table S4 Subjective evaluation of image quality in different reconstruction methods in abdomen of the pediatric phantom

Comparison

Abdomen DLIR-H vs. DLIR-H vs. DLR-Hvs.  ASIR-V70%vs. ASIR-V70%vs.  ASIR-V30% vs.

ASIR-V70% ASIR-V30% DLIR-M ASiR-V30% DLIR-M DLIR-M
CTDl,, = score 4.33+0.47vs. 4.33+0.47 vs. 4.33 +0.47 vs. 4.07 £ 0.15 vs. 4.07 £ 0.15 vs. 3.33 +0.41 vs.
3.89 mGy 4.07 £0.15 3.33 £ 0.41 42 +0.3 3.33 + 0.41 42+0.3 42+0.3
NI =5
( ) P-value <0.010* < 0.001* 0.327 < 0.050* 0.245 < 0.001*
CTDI,, = score 413 0.3 vs. 413 0.3 vs. 413 £ 0.3 vs. 3.73 £ 0.28 vs. 3.73 £ 0.28 vs. 3.13 + 0.3 vs.
1.95 mGy 3.13+0.3 3.4 £ 0.51 3.13+0.3 3.47 + 0.51 3.47 + 0.51
(NI'=18) 3.73+0.28

P-value <0.010* < 0.001* <0.010* < 0.050* 0.451 0.522

CTDI,, = score 3.8 +0.45vs. 3.8 +0.45vs. 3.8 +0.45vs. 3.4 +0.43 vs. 3.4 +0.43 vs. 2.6 +0.43 vs.
1.01 mGy 3.4 +£0.43 2.6 +0.43 3.2+0.84 2.6 +0.43 3.2+0.84 3.2+0.84
NI =11
( ) P-value 0.375 < 0.001* < 0.010* <0.010* 0.652 <0.010*
CTDl,, = score 3.47 +0.53vs. 3.47 £ 0.53 vs. 3.47 + 0.53 vs. 3.2+ 0.56 vs. 3.2 £ 0.563 vs. 2.53 £ 0.55 vs.
0.75 mGy 3.2 +0.56 2.53 + 0.55 3.27 +0.78 2.53 +0.55 3.27 £ 0.78 3.27 £ 0.78
NI =13
( ) P-value 0.389 < 0.001* 0.324 <0.010* 0.675 <0.010*
CTDly, = score 3.2+ 0.3vs. 3.2+ 0.3vs. 3.2+ 0.3vs. 3.0+ 0.15vs. 3.0+ 0.15vs. 2.47 £ 0.15 vs.
0.53 mGy 3.0+ 0.15 2.47 £0.15 3.07 £0.15 247 £0.15 3.07 £0.15 3.07 £ 0.15
NI =15
( ) P-value 0.534 <0.010* 0.664 < 0.050* 1.000 <0.010*
CTDI,, = score 3.07+0.15vs. 3.07 £ 0.15vs. 3.07 £ 0.15 vs. 2.67 + 0.3 vs. 2.67 £ 0.3 vs. 213 £0.3vs.
0.36 mGy 2.67 +0.3 213 +0.3 2.8+0.3 2.13+0.3 28+03 2.8+0.3
NI =18
( ) P-value 0.066 <0.010* 0.596 < 0.050* 1.000 <0.010*

*, represents statistically significant difference. The level of statistical significance was set at P<0.05. ASiR-V, adaptive statistical iterative
reconstruction-V; DLIR, deep learning image reconstruction; DLIR-M, deep learning image reconstruction medium; DLIR-H, deep learning
image reconstruction high; CTDIvol, computed tomography dose index volume; NI, noise index.

© Quantitative Imaging in Medicine and Surgery. All rights reserved. https://dx.doi.org/10.21037/qims-21-936



Table S5 Subjective evaluation of image quality in different reconstruction methods in chest of the pediatric phantom

Comparison

Chest DLIR-H vs. DLIR-H vs. DLIR-H vs. ASIR-V70% vs. ASIR-V70% vs. ASIR-V30% vs.

ASIR-V70% ASIR-V30% DLIR-M ASIR-V30% DLIR-M DLIR-M
CTDly = score 4.04 +0.29 vs. 4.04 = 0.29 vs. 4.04 £ 0.29 vs. 3.55 £ 0.44 vs. 3.55 £ 0.44 vs. 2.80 = 0.30 vs.
1.46 mGy 3.55+0.44 2.80 + 0.30 3.64 + 0.41 2.80 +0.30 3.64 + 0.41 3.64 + 0.41
NI =5
( ) P-value 0.016* 0.013* 0.023* 0.023* 0.814 0.002*
CTDl,, = score 3.71 £ 0.44 vs. 3.71 £ 0.44 vs. 3.71 £ 0.44 vs. 3.37 £ 0.14 vs. 3.37 £ 0.14 vs. 2.56 + 0.44 vs.
1.41 mGy 3.37£0.14 2.56 + 0.44 3.37 £ 0.60 2.56 + 0.44 3.37 £ 0.60 3.37 £ 0.6
NI =8
( ) P-value 0.205 0.003* 0.205 0.003* 1.000 0.003*
CTDl,, = score 3.12 £+ 0.39 vs. 3.12 £ 0.39 vs. 3.12 £ 0.39 vs. 2.80 +0.51 vs. 2.80 + 0.51 vs. 2.40 + 0.43 vs.
0.87 mGy 2.80 + 0.51 2.40+0.43 3.04 £ 0.39 2.4+0.43 3.04 £0.73 3.04 +0.73
NI =11
( ) P-value 0.596 0.347 0.839 0.423 0.753 0.154
CTDl,, = score 2.80 + 0.33 vs. 2.80 + 0.33 vs. 2.80 + 0.66 vs. 2.60 £ 0.11 vs. 2.60 £ 0.37 vs. 2.20 £ 0.36 vs.
0.71 mGy 2.60 £ 0.34 220+ 0.44 2.60 £ 0.34 2.20+0.36 2.60 £ 0.94 2.60 + 0.34
NI =13
( ) P-value 0.475 0.743 0.357 0.467 1.000 0.267
CTDI,, = score 2.80 = 0.30 vs. 2.80 = 0.30 vs. 2.80 £ 0.30 vs. 2.71 £0.44 vs. 2.71 £ 0.44 vs. 2.20 = 0.30 vs.
0.46 mGy 2.71 +£0.44 2.20+0.30 2.56 + 0.44 2.20+0.30 2.56 + 0.44 2.56 + 0.44
NI =15
( ) P-value 1.000 0.341 0.751 0.231 0.764 0.178
CTDl,, = score 2.47 £ 0.51 vs. 2.47 £ 0.51 vs. 2.47 £ 0.51 vs. 2.20 £ 0.84 vs. 2.20 £ 0.84 vs. 1.72 £ 0.44 vs.
0.31 mGy 2.20+0.84 1.72+0.44 2.45 + 0.11 1.72 £ 0.44 2.45 + 0.11 2.45 + 0.11
NI =18
( ) P-value 0.896 0.534 1.000 0.596 0.778 0.109

* represents statistically significant difference. The level of statistical significance was set at P<0.05. ASiR-V, adaptive statistical iterative
reconstruction-V; DLIR, deep learning image reconstruction; DLIR-M, deep learning image reconstruction medium; DLIR-H, deep learning
image reconstruction high; CTDIvol, computed tomography dose index volume; NI, noise index.
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Appendix 2 Pairwise comparison of the four reconstructions

Comparison
Target ltem  plR-Hvs. DLIR-Hvs. DLIR-Hvs. ASIR-V70% vs. ASIR-V70% vs. ASiR-V30% vs.
ASiR-V70% ASiR-V30% DLIR-M  ASiR-V30% DLIR-M DLIR-M
CTDI,, = 3.89 mGy Liver CT 0.190 0.497 1.000 1.000 0.712 0.418
NI =5
( ) N < 0.050* <0.001* < 0.050* <0.001* 0.245 < 0.050*
SNR < 0.050* <0.001* < 0.050* < 0.050* 0.099 < 0.050*
CNR < 0.050* <0.001* < 0.050* < 0.050* 0.167 <0.001*
Kidney cT 1.000 0. 557 1.000 0.683 1.000 0.429
N 0.058 <0.001* < 0.050* <0.010* 0.098 < 0.050*
SNR < 0.050* <0.010* < 0.050* 0.072 0.764 0.104
CNR < 0.050* <0.010* < 0.050* < 0.050* 0.875 < 0.050*
Fat tissue CT 0.408 0.695 1.000 0.429 0.330 0.557
N < 0.050* <0.001* <0.010* <0.010* 0.573 < 0.050*
SNR < 0.050* <0.010* < 0.050* < 0.050* 0.817 0.051
CTDl,, = 1.95 mGy Liver CT 0.189 1.000 1.000 1.000 1.000 1.000
NI =8
( ) N 0.001* <0.001* 0.001* <0.001* 0.245 0.004*
SNR 0.002* <0.001* <0.001* <0.001* 0.099 0.009*
CNR 0.006* 0.001* 0.003* 0.001* 0.125 0.009*
Kidney CT 1.000 1.000 1.000 1.000 1.000 1.000
N 0.007* <0.001* <0.001* <0.001* 0.198 <0.001*
SNR 0.294 0.032* 0.067 0.072 0.764 0.104
CNR 0.375 0.125 0.125 0.125 0.875 0.250
Fat tissue cT 1.000 0.296 0.664 0.086 0.455 1.000
N 0.034* <0.001* <0.001* <0.001* 0.001* 0.001*
SNR 0.375 0.125 0.375 0.125 1.000 0.375
CTDI,, = 1.01 mGy Liver CT 0.090 0.189 0.126 1.000 1.000 1.000
NI =11
( ) N 0.001* <0.001* 0.001* <0.001* 0.245 0.004*
SNR 0.002* <0.001* <0.001* <0.001* 0.099 0.009*
CNR 0.006* 0.001* 0.003* 0.001* 0.125 0.009*
Kidney CT 1.000 1.000 1.000 1.000 1.000 1.000
N 0.007* <0.001* <0.001* <0.001* 0.198 <0.001*
SNR 0.294 0.032* 0.067 0.072 0.764 0.104
CNR 0.375 0.125 0.125 0.125 0.875 0.250
Fat tissue CT 1.000 0.296 0.664 0.086 0.455 1.000
N 0.034* <0.001* <0.001* <0.001* 0.001* 0.001*
SNR 0.375 0.125 0.375 0.125 1.000 0.375
CTDl,,, = 0.75 mGy Liver CT 0.125 0.156 0.124 0.974 1.000 1.000
NI =13
( ) N 0.001* <0.001* 0.001* <0.001* 0.463 0.013*
SNR 0.001* <0.001* <0.001* <0.001* 0.129 0.001*
CNR 0.001* 0.001* 0.007* 0.001* 0.231 0.004*
Kidney CT 1.000 1.000 1.000 1.000 1.000 1.000
N 0.023* <0.001* <0.001* <0.001* 0.239 <0.001*
SNR 0.257 0.014* 0.085 0.094 0.964 0.004 *
CNR 0.543 0.093 0.135 0.175 0.853 0.134
Fat tissue CT 1.000 0.355 0.754 0.135 0.356 1.000
N 0.023* <0.001* <0.001* <0.001* 0.001* 0.001*
SNR 0.347 0.236 0.468 0.124 1.000 0.335
CTDI,, = 0.53 mGy Liver cT 0.090 0.189 0.126 1.000 1.000 1.000
NI =15
( ) N 0.001* <0.001* 0.001* <0.001* 0.245 0.004*
SNR 0.002* <0.001* <0.001* <0.001* 0.099 0.009*
CNR 0.006* 0.001* 0.003* 0.001* 0.125 0.009*
Kidney cT 1.000 1.000 1.000 1.000 1.000 1.000
N 0.007* <0.001* <0.001* <0.001* 0.198 <0.001*
SNR 0.294 0.032* 0.067 0.072 0.764 0.104
CNR 0.375 0.125 0.125 0.125 0.875 0.250
Fat tissue CT 1.000 0.296 0.664 0.086 0.455 1.000
N 0.034* <0.001* <0.001* <0.001* 0.001* 0.001*
SNR 0.375 0.125 0.375 0.125 1.000 0.375
CTDI,,, = 0.36 mGy Liver CT 0.090 0.189 0.126 1.000 1.000 1.000
NI =18
( ) N 0.001* <0.001* 0.001* <0.001* 0.245 0.004*
SNR 0.002* <0.001* <0.001* <0.001* 0.099 0.009*
CNR 0.006* 0.001* 0.003* 0.001* 0.125 0.009*
Kidney CT 1.000 1.000 1.000 1.000 1.000 1.000
N 0.007* <0.001* <0.001* <0.001* 0.198 <0.001*
SNR 0.294 0.032* 0.067 0.072 0.764 0.104
CNR 0.375 0.125 0.125 0.125 0.875 0.250
Fat tissue CcT 1.000 0.296 0.664 0.086 0.455 1.000
N 0.034* <0.001* <0.001* <0.001* 0.001* 0.001*
SNR 0.375 0.125 0.375 0.125 1.000 0.375
CTDI,, = 1.46 mGy Lung CT 1.000 1.000 0.289 1.000 1.000 1.000
NI =5
( ) N <0.001* <0.001* <0.010* 0.049* 0.004* <0.001*
SNR <0.001* <0.001* 0.047* 0.016* <0.001* <0.001*
Mediastinum  CT 0.568 1.000 1.000 1.000 1.000 1.000
N 0.007* <0.001* 0.005* <0.001* 0.446 <0.001*
SNR 0.010* <0.001* 0.014* <0.001* 1.000 <0.001*
Spine CcT 1.000 1.000 0.817 1.000 1.000 1.000
N 0.199 0.033* 1.000 0.008* 1.000 0.042*
SNR 0.160 0.023* 1.000 0.006* 0.763 0.041*
CTDl,, = 1.41 mGy Lung CT 1.000 1.000 1.000 1.000 1.000 1.000
NI =8
( ) N <0.001* 0.002* 0.065 0.668 0.002* 0.002*
SNR <0.001* <0.001* 0.020* 0.989 0.017* 0.005*
Mediastinum  CT 1.000 1.000 1.000 1.000 1.000 1.000
N 0.006* <0.001* <0.001* 0.004* 1.000 <0.001*
SNR 0.004* <0.001* 0.001* 0.006* 1.000 <0.001*
Spine CT 1.000 0.790 1.000 0.759 1.000 0.218
N 0.100 0.013* 0.628 0.005* 1.000 0.067
SNR 0.056 0.001* 0.514 0.001* 1.000 0.038*
CTDl,, = 0.87 mGy Lung CT 0.077 1.000 1.000 1.000 0.081 0.074
NI =11
( ) N <0.001* <0.001* 0.001* 0.267 <0.001* 0.001*
SNR 0.005* 0.005* 0.018* 0.297 <0.001* 0.001*
Mediastinum  CT 1.000 1.000 1.000 1.000 1.000 1.000
N 0.032* <0.001* 0.009* 0.002* 1.000 <0.001*
SNR 0.007* <0.001* 0.009* 0.008 1.000 <0.001*
Spine CT 0.253 1.000 1.000 1.000 1.000 1.000
N 0.014* 0.001* 0.202 0.074 0.095 0.003*
SNR 0.009* <0.001* 0.311 0.060 0.074 0.005*
CTDl,, = 0.71 mGy Lung CT 0.134 1.000 1.000 1.000 0.086 0.144
NI =13
( ) N <0.001* <0.001* 0.001* 0.002* <0.001* 0.001*
SNR 0.001* 0.001* 0.012* 0.007* <0.001* 0.001*
Mediastinum  CT 1.000 1.000 1.000 1.000 1.000 1.000
N 0.021* <0.001* 0.009* 0.002* 1.000 <0.001*
SNR 0.012* <0.001* 0.001* 0.003* 1.000 <0.001*
Spine CT 0.547 1.000 1.000 1.000 0.973 1.000
N 0.022* 0.001* 0.103 0.071 1.000 0.009*
SNR 0.003* 0.002* 0.112 0.010* 0.024* 0.055
CTDI,, = 0.46 mGy Lung CT 0.204 0.789 1.000 1.000 1.000 1.000
NI =15
( ) N 0.001* <0.001* 0.003* <0.001* 0.001* <0.001*
SNR 0.001* <0.001* 0.012 0.001* <0.001* <0.001*
Mediastinum  CT 1.000 0.748 1.000 0.602 1.000 1.000
N <0.001* <0.001* 0.002* <0.001* 1.000 0.001
SNR 0.005* <0.001* 0.002* <0.001* 1.000 <0.001*
Spine CT 1.000 1.000 0.028* 1.000 1.000 1.000
N 0.404 0.293 1.000 0.007* 0.077 0.019*
SNR 0.397 0.332 1.000 0.006* 0.040* 0.035*
CTDI,, = 0.31 mGy Lung cT 1.000 0.515 1.000 1.000 1.000 0.675
NI =18
( ) N 0.001* <0.001* <0.001* 0.068 0.020* <0.001*
SNR <0.001* <0.001* 0.001* 0.083 0.012* <0.001*
Mediastinum  CT 0.766 1.000 1.000 1.000 1.000 1.000
N 0.124 0.002* 0.044* <0.001* 0.952 0.001*
SNR 0.141 0.003* 0.022* 0.002* 0.819 <0.001*
Spine CT 0.664 1.000 1.000 1.000 1.000 1.000
N 1.000 0.228 0.290 0.003* 0.169 0.700
SNR 1.000 0.257 0.414 0.009* 0.237 0.694

* represents statistically significant difference. The level of statistical significance was set at P<0.05. CT, computed tomography; ASiR-V,
adaptive statistical iterative reconstruction- Veo; CTDI,,, CT dose index volume; CNR, contrast-to-noise ratio; DLIR, deep learning image

reconstruction; NI, Noise index; N, image noise; SNR, signal-to-noise ratio.
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