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Abstract

Background The low tube-voltage technique (e.g., 80 kV) can efficiently reduce the radiation dose and increase

the contrast enhancement of vascular and parenchymal structures in abdominal CT. However, a high tube current is
always required in this setting and limits the dose reduction potential. This study investigated the feasibility of a deep
learning iterative reconstruction algorithm (Deep IR) in reducing the radiation dose while improving the image quality
for abdominal computed tomography (CT) with low tube voltage and current.

Methods Sixty patients (male/female, 36/24; Age, 57.72+10.19 years) undergoing the abdominal portal venous
phase CT were randomly divided into groups A (100 kV, automatic exposure control [AEC] with reference tube-
current of 213 mAs) and B (80 kV, AEC with reference of 130 mAs). Images were reconstructed via hybrid iterative
reconstruction (HIR) and Deep IR (levels 1-5). The mean CT and standard deviation (SD) values of four regions of
interest (ROI), i.e. liver, spleen, main portal vein and erector spinae at the porta hepatis level in each image serial were
measured, and the signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) were calculated. The image quality
was subjectively scored by two radiologists using a 5-point criterion.

Results A significant reduction in the radiation dose of 69.94% (5.094+0.91 mSv vs. 1.53+0.37 mSv) was detected in
Group B compared with Group A. After application of the Deep IR, there was no significant change in the CT value,
but the SD gradually increased. Group B had higher CT values than group A, and the portal vein CT values significantly
differed between the groups (P <0.003). The SNR and CNR in Group B with Deep IR at levels 1-5 were greater than
those in Group A and significantly differed when HIR and Deep IR were applied at levels 1-3 of HIR and Deep IR
(P<0.003). The subjective scores (distortion, clarity of the portal vein, visibility of small structures and overall image
quality) with Deep IR at levels 4-5 in Group B were significantly higher than those in group A with HIR (P <0.003).
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Conclusion Deep IR algorithm can meet the clinical requirements and reduce the radiation dose by 69.94% in
portal venous phase abdominal CT with a low tube voltage of 80 kV and a low tube current. Deep IR at levels 4-5 can
significantly improve the image quality of the abdominal parenchymal organs and the clarity of the portal vein.

Keywords Low tube voltage, Deep learning iterative reconstruction algorithm, Radiation dose, Image quality,

Abdomen, Portal vein

Background

Multiple-phase contrast-enhanced abdominal CT is
an indispensable diagnostic tool for evaluating various
abdominal diseases [1, 2]. However, concerns remain
about the potential risks of ionizing radiation, particu-
larly for populations that may require serial CT examina-
tions [3-5]. Previous studies have reported that the low
tube-voltage technique (e.g., 80 kV) can efficiently reduce
the radiation dose and increase the contrast enhance-
ment of vascular and parenchymal structures in abdomi-
nal contrast-enhanced CT [6]. However, in this setting, a
high tube current is always required to reduce the image
noise and increase the susceptibility to beam harden-
ing artifacts that occur by reducing the photon flux and
energy [7-9]. This limits the further dose reduction at
low tube voltages concurrently with low tube currents
during abdominal CT with internally low contrast in soft
tissues.

In recent years, model-based iterative reconstruction
(MBIR) and deep learning reconstruction algorithms
have been demonstrated to play vital roles in denoising
the low-dose CT images [10, 11]. In principle, manual
and empirical value determined regularization functions
are required for MBIR to reduce the image noise and
artifacts. It is these facts that may change the image tex-
ture, and result in “blurred’, “plastic’, or “cartoonish”
artifacts [12]. Notably, most deep learning reconstruc-
tion algorithms use high-dose FBP or MBIR images as
the target data to replicate their noise textures and visual
impressions [13, 14], however, low-contrast or high-
density anatomical structures such as the abdomen and
pelvis are easily overwhelmed by noise in ultra-low-dose
images, which affects the clinical diagnosis. To overcome
the above limitations, a deep learning iterative recon-
struction (Deep IR) that incorporates both MBIR and
deep neural convolutional networks was developed to
suppress the noise and preserve texture, and has shown
remarkable performance in improving the image quality
of low-dose CT images [15—17]. In particular, chest and
abdomen CT has drawn a great deal of clinical interests,
with numerous studies confirming that the Deep IR algo-
rithm can reduce the image noise and improve the image
quality of the reduced-dose chest CT and CT angiogra-
phy [18, 19].

Therefore, we hypothesize that the radiation dose can
be efficiently reduced without degrading the image qual-
ity by using a low tube voltage and Deep IR algorithm

for enhanced CT of the abdomen. The purpose of this
study is to explore the feasibility of 80 kV combined
with the Deep IR algorithm to reduce the radiation dose
and improve the image quality of low-dose abdomen
enhanced CT, compared with the commonly used HIR
algorithm.

Methods

Patient population

Patients who underwent contrast-enhanced abdominal
CT at our institution from March 2023 to June 2023 were
prospective enrolled in the study. The inclusion criteria
were as follows: (1) patients with clinical need for upper
abdominal enhanced CT examination and (2) patients
without a history of severe contrast media allergy or
renal insufficiency. The exclusion criteria were as fol-
lows: (1) patients whose image quality was affected by
poor respiratory coordination; (2) patients with metal
implants in the abdomen; and (3) patients age <18 years.
Two patients’ images affected by poor respiratory coor-
dination and a patient’s images with substantial metal
artifacts at the fundus of stomach were excluded. Ulti-
mately, 60 patients were included in the study and were
randomly divided into two groups, labeled A and B. This
study was approved by the Hospital Ethics Committee,
and all patients were informed of the examination pre-
cautions and signed informed consent forms.

Imaging technique and postprocessing

All patients underwent contrast-enhanced abdominal CT
on a 320-detector row CT scanner (uCT 960+, United
Imaging Healthcare, Shanghai, China). Patients under-
went breath-hold training prior to the scan to reduce
respiratory motion artifacts. Patients were also informed
of the examination precautions. Group A adopted the
routine scanning protocol of our institution, and the pro-
tocol was as follows: tube voltage 100 kV, AEC, and tube
current setting level 3 (reference tube current: 213 mAs).
The low-dose scanning scheme for Group B during the
portal venous phase was as follows: tube voltage 80 kV,
automatic exposure control (AEC), and tube current set-
ting level 2 (reference tube current: 130 mAs); the arte-
rial and delayed phase scanning schemes were the same
as those Group A. The pitch and rotation speeds for the
two groups were the same, at 0.9937 and 0.5 s/r, respec-
tively. The scope of the scan was from the upper extent of
the diaphragm to the upper edge of the pelvis. Contrast
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agent of 370 mgl/ml of (Ultravist, Bayer, Healthcare Ltd,
Guangzhou, China) was used. The volume was selected
according to the participants’ body weight at 1.2 ml/kg,
with an allowable dose range of 50—95 ml and an injec-
tion speed of 2.7 ml/s. The abdominal aorta was moni-
tored via the bolus tracking technique with a threshold
of 150 HU and artery, portal and delayed phase scanning
was commenced at 16 s, 50 s and 120 s, respectively, after
threshold triggering. After scanning, the raw data from
the portal phase were transferred to the Explorer Plat-
form (ulnnovation-CT, R001, United Imaging Health-
care, Shanghai, China) for reconstruction and analysis. In
group A, the hybrid iterative reconstruction (HIR) algo-
rithm [20] was used at a strength level 5 (with the maxi-
mum being 10) for reconstruction, and in group B, the
Deep IR algorithm was applied at levels 1 to 5 for recon-
struction. In both groups, the slice thickness was 1 mm,
and the slice interval was 1 mm.

Deep learning iterative reconstruction

Deep IR is the latest-generation deep-learning based
algorithm utilizing the newly designed backbone for CT
image reconstruction. Technically, Deep IR combines the
advantages of deep-learning methods and MBIR, where
the regularization term in MBIR is replaced by a convo-
lutional neural network. Therefore, this algorithm not
only allows for a substantial noise suppression without
inducing plastic image appearance that is easily caused
by the regularization term, but also retains the ability of
characterizing image detail provided by MBIR. In addi-
tion, Deep IR provides five reconstruction strength levels
to control the amount of noise reduction, which could be
adjusted by radiologists according to their preference and
the scanning body parts.

Radiation dose

The volume CT dose index (CTDIvol) and dose—length
product (DLP) were recorded, and the effective dose
(ED) was calculated for the two groups using the formula
ED=DLP x k, where k represents the radiation dose con-
version factor, which equals 0.015 mSv/(mGy.cm) for the
abdomen.

Table 1 The subjective score criteria of image quality
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Image quality evaluation

Objective image quality assessment

The CT values and standard deviations (SDs) of the liver
parenchyma, spleen, main portal vein, and left paraver-
tebral muscle were measured by a radiologist (with 5
years of experience in CT imaging). The region of inter-
est (ROI) avoided interfering factors that might affect
the measurement results, such as vessels, lesions, and
obvious local fat deposition, to ensure that the shape,
size, and location of each ROI were basically consistent
in each part and under the reconstruction method. The
ROI size was 30—-50 mm?. All of the data were measured
three times, and the average value was taken. The signal-
to-noise ratio (SNR) and contrast-to-noise ratio (CNR)
of the liver parenchyma, spleen and portal vein were cal-
culated. As the muscle SD value was relatively constant
and not strongly affected by contrast enhancement, the
muscle SD was selected to represent the image noise.

SNR_ CTvaluesarget
SDtarget
C Tvaluetarget‘ C Tvaluelllllscle

CNR=
SDmusclc

Subjective image quality assessment

The six groups of reconstructed images were indepen-
dently evaluated by two qualified radiologists (with 5
years and 10 years of experience in CT imaging) with
no knowledge of the method of image reconstruction. A
five-point scoring method was used to evaluate each of
five characteristics: image noise, distortion, clarity of the
portal vein, visibility of small structures and overall image
quality [21, 22]. The specific scoring criteria for the five
areas are shown in Table 1. The final image quality scores
were obtained by consensus between the two radiologists
if there were discrepancies in their scores through joint
reading. An overall image quality of 3 points or above
was considered to meet the needs of clinical diagnosis.

Statistical analysis

SPSS statistical software (Windows v.22.0, SPSS, Chi-
cago, Illinois) was used for statistical analysis. All of the
measured values are expressed as the mean+SD. The
Kolmogorov-Smirnov test was used to test the normality

Scores Noise Distortion Clarity of portal vein Visibility of small structures Overall image quality
5 points Minimal None Very clear and sharp Very clear and sharp Excellent

4 points Less than average Minor Clear and sharp Clear and sharp Above average

3 points Average Moderate Moderately clear and sharp Moderately clear and sharp Average

2 points More than average Major Less clear and less sharp Less clear and less sharp Below average

1 point Severe Severe Unclear and not sharp Unclear and not sharp Poor
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of continuous data. The differences in general data
(except for sex, which was tested using the x* test), tube
current and radiation dose between group A and group
B were compared using the independent-samples ¢ test.
The objective parameters, including CT values, SD val-
ues, SNRs, and CNRs, were analyzed via using one-way
ANOVA. The subjective scores were compared using
the Kruskal-Wallis H test. P<0.05 was considered sta-
tistically significant. The Bonferroni correction was used
for post hoc pairwise comparisons, and the significance
level was adjusted to P<0.05/15. The consistency of the
subjective scores of the two radiologists was analyzed
using the kappa test, with kappa>0.75 representing good
consistency, 0.4<kappa<0.75 representing general con-
sistency, and kappa<0.4 representing poor consistency
between the two reviewers.

Results

General clinical data and radiation dose

There was no statistically significant difference between
the two groups in any of the general variables, includ-
ing sex, age, height, weight, and BMI (P>0.05). Differ-
ences in mAs, CTDIvol, DLP, and ED between Group A
and Group B were statistically significant (P<0.05). The
ED (1.53%£0.37 mSv) in Group B was lower than that in
Group A (5.0910.91 mSv) by 69.94%. The specific clinical
data and radiation dose parameters are shown in Table 2.

Objective image quality

As the Deep IR level increased from 1 to 5, the portal-
phase CT values of the liver, spleen, portal vein and mus-
cle in group B remained basically the same, whereas the
SD value of the muscle gradually increased. The SNRs
and CNRs of the liver, spleen and portal vein decreased
as the reconstruction grade increased. The CT values of

Table 2 Comparison of general data, scan parameters, and
radiation dose measurements between the two groups

Parameters Group A Group B xlort P
(n=30) (n=30) value value

General data

Sex (male/female) 19/11 17/13 0278 0598

Age (years) 5597+1090  5947+9.48 -1.327  0.190

Height (cm) 168.93+6.66  167.97£696 0549 0585

Weight (kg) 6343+10.09 6040+12.72 1.024 0310

BMI (kg/m?) 22.18+3.03 21.29+3.77 1.008 0318

Scan parameters

kv 100 80

mAs 20523+2823 1535742109 8031  <0.001

Radiation

CTDIvol (mGy) 943+1.30 3.29+045 24480 <0.001

DLP (mGy*cm) 339.00£6045 10191+2468 19.889 <0.001

ED (mSv) 5.09+0.91 1.53+0.37 19.876  <0.001

Note Data are presented as the number or mean+SD
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the liver, spleen, portal vein and muscle were numerically
greater in Group B than in Group A, and the difference in
the CT value of the portal vein was statistically significant
(P<0.003). The SNR and CNR in Group B were greater
than those in Group A, and the differences between HIR
and Deep IR at levels 1 to 3 were significant (P<0.003).
The results are shown in detail in Table 3.

Subjective image quality

The intergroup differences in the five subjectively evalu-
ated measures of the six reconstructed images were sta-
tistically significant (P< 0.001), and the results are shown
in Table 4, and Fig. 1. The image noise scores of Group B
were higher than those of group A. The lower the level
of Deep IR was, the lower the image noise. The subjec-
tive scores of image noise in Group B were higher than
those in Group A. The scores of Deep IR levels 4 and 5 in
Group B were significantly better than those in Group A
in terms of distortion, clarity of the portal vein, visibility
of small structures and overall image quality (P<0.003).
Deep IR at levels 1 and 2 increased the distortion and
reduced the overall image quality (P<0.003). (Figures 2,
3 and 4). There was good agreement between the two
reviewers (the kappa value was between 0.73 and 0.91).

Discussion

Dose optimization is highly important for eliminating the
possible adverse effects of ionizing radiation exposure
from CT. In this study, we employed the Deep IR algo-
rithm to further reduce the radiation dose by using the
combined low tube-voltage and tube-current technique.
Our results indicated that our protocol with Deep IR
algorithm could significantly reduce the radiation dose
(5.091£0.91 mSv vs. 1.53£0.37 mSv) in portal-phase
abdominal CT while improving the image quality. Specif-
ically, Deep IR at levels 4 and 5 enabled a 69.69% reduc-
tion in the radiation dose while still providing improved
SNR, CNR, and subjectively scored image quality. It dem-
onstrates the potential of deep learning techniques to
improve patient safety and diagnostic utility in abdomi-
nal CT evaluation.

The radiation dose is known to be proportional to the
square of the tube voltage [23]. A previous showed that
[24] when the tube current is constant and the tube
voltage is reduced from 120 kV to 100 kV, the radiation
dose can be reduced by 33%; The radiation dose can be
reduced by 65% when the tube voltage is reduced from
120 kV to 80 kV, and the radiation dose can be effectively
reduced by reducing the tube voltage. Seung et al. [25]
showed that the use of 80 kV could reduce the radia-
tion dose by 45.2% with comparable or improved image
quality in patients with abdominal tumors. Li et al. [26]
used 80 kV scans combined with deep learning image
reconstruction (DLIR) for late arterial-phase abdominal
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Table 3 Comparison of CT, SNR and CNR values between the HIR and deep IR algorithms

Pvalue

F value

Group B

DeepIR5

Group A
HIR

DeepIR3 Deep IR 2 DeepIR1

Deep IR 4

CT value

0.753

0.530
3400

12547 +19.49
146.02+£22.33
214.03+24.76*

125.49+19.55
68.39+8.03

125.53+19.56
1459742242
213.93+24.71*

68.64 +8.64

125.54+19.60
146.00+22.45
210.63 +24.30%
68.71+8.60

12558+ 19.64
14597 +22.46
213.91+24.70%

119.38+14.82
68.74+8.68

128.14+174

Liver

0.006

146.02+22.37
214.04 +24.69%
68.67 +8.54

Spleen

<0.001
0.507

10516
0.863

17732+26.31
65.24+643

Portal vein
Muscle

SNR

<0.001
<0.001
<0.001
<0.001

165.013

63.62+18.69*

30.60+6.83*
35.76+£6.85*
44.71£9.03*

20.36 £4.56*
24.34+3.65%

3097 £5.28*
11.16+2.37*

15.68+3.52
19.13+2.86*
2391+4.15
8.80+1.82

13.03£291
16.14+245
20324299
743+1.50

9.27+£1.82

9.28+2.13

Liver

174.953
110337
78315

64.82+18.23*

Spleen

82.58+30.50*

11.04+241
541+£098

Portal vein
Muscle

29.86+12.35%

15.82+4.48*

CNR

<0.001
<0.001
<0.001

43.272
64.709
81.536

24.79+12.88*

13.28+5.80*
1776 +6.81*
33.83+£11.41%

941+3.73

7.39+2.89
9.76+2.84

6.23+£2.39
8.23+2.35

448+149

Liver

*

32.78+14.15

1240+ 3.66%
23.59+5.44*%

522171

Spleen

62.96+25.12%

18.16+4.40

15.65+3.40

9.23+240

Portal vein

(2024) 24:389

SD

467+148* 2724+1.25% 169.660 <0.001
Note * represents P<0.003 (0.05/15) with different levels of Deep IR in comparison to HIR. The data are presented as the meantstandard deviation (SD). SNR: signal-to-noise ratio; CNR: contrast-to-noise ratio

6.33+1.12%

801+£127*

12.36+£1.99 948+ 1.45%

Muscle
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CT of patients with a low BMI, and the results showed
that DLIR could significantly reduce the image noise and
improve the overall image quality of low-dose abdomi-
nal CT while reducing the radiation dose by 57%. Many
studies [27, 28] have shown that 100 kV combined with
HIR can obtain high-quality abdominal images. 100 kV
and HIR are routinely used for scanning in our institu-
tion. In Group B, not only did the tube voltage decrease
from 100 kV to 80KV, but the tube current also decreased
from 205 mAs to 154 mAs. The results showed that the
combination of reducing the tube voltage and tube cur-
rent with the image reconstruction algorithm can better
reduce the radiation dose (by 69.94%) while ensuring the
same or better abdominal image quality.

X-ray energy decreases and approaches the K edge of
iodine (33.2 keV). Through the photoelectric effect, X-ray
energy interacts more with iodine-based materials, which
can cause greater X-ray attenuation and greater contrast
enhancement. Yu et al. [29] conducted a phantom experi-
ment and showed that the iodine attenuation value of
80 kV CT increased by 70% and 100%, on average, com-
pared with that of 120 kV CT and 140 kV CT. Zamboni
et al. [30] found that pancreatic cancer was more obvious
when a low kV was used. The results of this study showed
that the CT values of all organs in Group B were greater
than those in Group A, and the CT values of the portal
vein were significantly greater than those in Group A,
which is 33 HU greater that those in Group A. Sufficient
CT values can increase the contrast of images and opti-
mize the display of vessels. In addition, patients in both
groups were treated with high-concentration iodine con-
trast agent (370 mgl/ml). lezzi et al. [31] found that the
use of a high-concentration contrast agent and low kV
can maintain the image quality of the abdominal aorta
and reduce the radiation dose by 74%. A low tube volt-
age combined with a high concentration of iodine con-
trast agent can not only reduce the radiation dose, but
also improve the image quality of solid organs and ensure
the SNR. In this study, the SNRs and CNRs of the liver,
spleen and portal vein in Group B were greater than
those in Group A, which effectively enhanced the display
of parenchymal organs, vessels and their branches and
improved the contrast between the portal vein and its
surrounding tissues.

A decrease in tube voltage and tube current produces
remarkable image noise and is sensitive to hardening
artifacts, especially in abdominal CT with low soft tis-
sue contrast, and an increase in image noise leads to a
decrease in image quality, thus affecting the diagnostic
accuracy [6]. The Deep IR algorithm can automatically
identify useful signals and noise in images, which can
not only remove fringe artifacts in low-dose images but
also achieve image denoising so that the reconstructed
image has better contrast and detail display [32]. In this
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Table 4 Comparison of subjective scores between HIR and different levels of deep IR

Group A Group B H-value Pvalue
HIR DeepIR5 Deep IR 4 DeepIR3 Deep IR 2 Deep IR 1
Noise 3.63+£049 3.87£0.35 3.93+£0.25 4.33+£048* 4.97+£0.18% 5.00% 138.235 <0.001
Distortion 447+051 4.83+0.38* 4.83+0.38% 437+0.67 343+£0.57* 220+048* 126.248 <0.001
Clarity of portal vein 3.80+£0.66 4.87+0.35% 4.87+0.35% 490+0.31* 430+0.60 3.37£0.56 111.808 <0.001
Visibility of small structures 430+0.70 497+0.18* 497+0.18* 4.83+0.38% 387+0.51 2.73+0.64* 130.984 <0.001
Overall image quality 450+0.51 493+0.25% 497+0.18% 4.60+0.50 3.60+£0.50% 243+£0.57* 136.110 <0.001
Note * represents P<0.003 (0.05/15) with different levels of Deep IR in comparison to HIR. The data are presented as the mean = standard deviation (SD)
Noise Distortion
HIR HIR I ——
Deep IR S Decp IR 5 | S
Deep IR 4 Deqp IR + | S Il B N =

Deep IR 3

Deep IR 2

Deep IR 1 Deep IR 1 N

Clarity of portal vein

HIR HIR
Deep IR 5 I Decp IR 5
Deep IR 4+ I Decp IR 4
Deep IR 2 IS Deep IR 3
Deep IR 2 ] Deep IR 2
Deep IR 1 i DegpIR1

Fig. 1 Subjective image quality score

study, compared with the HIR algorithm, the Deep IR
algorithm significantly improved the SNRs and CNRs of
abdominal organs and the portal vein at all reconstruc-
tion levels. The lower the Deep IR reconstruction level
was, the higher the SNR and CNR. However, there was
a discrepancy between objective image quality and sub-
jective scoring results. Although higher SNR and CNR
were obtained on Deep IR images with lower recon-
struction strengths, readers more preferred those images
with higher strengths. This was because Deep IR with
low strengths provide lower image noise compared to
that with high strengths; thereby obtaining better objec-
tive image quality. Nevertheless, it should be noted that
such objective metrics, such as SNR and CNR are simple
metrics related with image noise, which may not be suf-
ficient for assessing image quality thoroughly [22, 33, 34].
In this study, when the Deep IR algorithm was applied at
strength levels 1 and 2, although the image noise was sig-
nificantly reduced, the reconstructed images were subject
to distortion and other alterations due to blurring effects
and texture changes, resulting in lower subjective scor-
ing. On the basis of subjective and objective evaluation,
appropriate Deep IR reconstruction levels can effectively

Visibility of small structure

ﬁf

Score § Score 4 Score 3 Score 2 Score 1

Deep IR 3 I S
Deep IR 2 |

22 | |

Overall image quality

HIR I
Decp IR 5 | 2
Dep IR 4+ I
Decp IR 3 | S
Dep IR 2
Deep IR 1 ST 18

improve the image quality of abdominal parenchymal
organs and the clarity of the portal vein, and Deep IR
grades 4 and 5 have the best performance.

The results of this study have significant clinical impli-
cations, and the combined use of low tube voltage, low
tube current and Deep IR techniques may improve
patient safety by reducing radiation exposure while
improving image quality of abdominal CT and angiog-
raphy. This is particularly beneficial for patients who
require regular follow-up, those who require multi-
phase, large-scale perfusion scans, and those who are
sensitive to radiation. This study also provides a reference
for the subsequent research on enhanced abdominal CT
scanning with lower doses and more advanced recon-
struction algorithms.

Some limitations still exist in this study. First, this
was a single-center study with a relatively small sample
size. Second, the maximum BMI of the patients in this
study was 32, and the feasibility of improving abdomi-
nal image quality in patients with high BMIs needs to
be further studied. Finally, only the image quality of the
portal venous phase of the abdomen was studied, and
the sensitivity and specificity of lesion detection and



Zhu et al. BMC Medical Informatics and Decision Making (2024) 24:389 Page 7 of 9

Fig. 2 a Image from a 64-year-old man reconstructed with HIR. The vessel and lesion are moderately clear and sharp, and the noise and overall image
quality were rated 3 and 4, respectively. b-f Images from a 65-year-old man reconstructed with Deep IR at levels 5 (b), 4 (c), 3 (d), 2 (e) and 1 (f). The vessel
and lesion were very clear and sharp; the noise of the images b-f was rated as 4, 4, 4, 5 and 5, respectively; and the overall image quality of images b-f
was rated as 5, 5,4, 4 and 3, respectively

Fig. 3 almage from a 60-year-old woman reconstructed with HIR. The metal boundary was minor distortion, and rated the distortion as 4. b-f Images
from a 65-year-old man reconstructed with Deep IR at levels 5 (b), 4 (c), 3 (d), 2 (e) and 1 (f). The metal boundary was not distorted, and the distortion b-f
was rated as 5, 5, 5, 4 and 3, respectively
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Fig. 4 a\olume render (VR) image from a 64-year-old man reconstructed with HIR. The branches of the portal vein are moderately clear, and the clarity
of the portal vein was rated 3. b-f VR images from a 42-year-old man reconstructed with Deep IR at levels 5 (b), 4 (c), 3 (d), 2 () and 1 (f). The branches of
the portal vein are very clear in the images, and the clarity of the portal vein in images b-f was rated 5, 5, 5, 5 and 4, respectively

differentiation were not evaluated in this study. The next
step will be extended to the arterial phase and delayed
phase of the abdomen to achieve the goal of multiphase
enhanced CT with a low radiation dose.

Conclusion

The Deep IR algorithm can meet the clinical require-
ments and reduce the radiation dose by 69.94% in portal
venous phase abdominal CT with a low tube voltage of
80 kV and a low tube current. Deep IR at levels 4—5 can
significantly improve the image quality of the abdominal
parenchymal organs and the clarity of the portal vein.
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