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Image quality and radiation dose
of reduced-dose abdominopelvic
computed tomography (CT) with
silver filter and deep learning
reconstruction
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Jin Woo Kim? & Jhii-Hyun Ahn3**

To assess the image quality and radiation dose between reduced-dose CT with deep learning
reconstruction (DLR) using SilverBeam filter and standard dose with iterative reconstruction (IR) in
abdominopelvic CT. In total, 182 patients (mean age + standard deviation, 63 + 14 years; 100 men) were
included. Standard-dose scanning was performed with a tube voltage of 100 kVp, automatic tube
current modulation, and IR reconstruction, whereas reduced-dose scanning was performed with a tube
voltage of 120 kVp, a SilverBeam filter, and DLR. Additionally, a contrast-enhanced (CE)-boost image
was obtained for reduced-dose scanning. Radiation dose, objective, and subjective image analyses
were performed in each body mass index (BMI) category. The radiation dose for SilverBeam with DLR
was significantly lower than that of standard dose with IR, with an average reduction in the effective
dose of 59.0% (1.87 vs. 4.57 mSv). Standard dose with IR (10.59 +1.75) and SilverBeam with DLR
(10.60 +1.08) showed no significant difference in image noise (p=0.99). In the obese group (BMI> 25 kg/
m?), there were no significant differences in SNRs of the liver, pancreas, and spleen between standard
dose with IR and SilverBeam with DLR. SilverBeam with DLR + CE-boost demonstrated significantly
better SNRs and CNRs, compared with standard dose with IR and SilverBeam with DLR. DLR combined
with silver filter is effective for routine abdominopelvic CT, achieving a clearly reduced radiation dose
while providing image quality that is non-inferior to standard dose with IR.

Keywords Reduced-dose CT, Abdominopelvic CT, Image quality, Deep learning image reconstruction,
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Abdominopelvic computed tomography (CT) is widely used to diagnose abdominal pathology, monitor
treatment response, detect tumor recurrence, and conduct follow-up assessments!. However, repeated CT
examinations of the abdomen increase the cumulative radiation dose, thereby heightening the risk of radiation-
related adverse effects for patients®>. Increased awareness of radiation exposure has led to widespread interest
in optimizing radiation doses while maintaining image quality. Therefore, techniques have been developed and
applied to reduce radiation dose, such as lower tube voltage, automatic tube current modulation, deep learning
reconstruction (DLR), and size-specific protocols*. The use of a low tube voltage and tube current significantly
reduces radiation exposure but substantially increases image noise®-1°. Iterative reconstruction (IR) with a low-
dose setting decreases image noise, compared with traditional filtered-back projection with a standard dose
setting, but reduces the detectability of low-contrast lesions!!2,

Furthermore, recent developments in image reconstruction, including model-based IR (MBIR) and DLR,
have led to decreased image noise, even in low-dose CT settings. Several studies have investigated the superior
performance of MBIR over IR for detecting small liver lesions'*!4. However, the long reconstruction time limits
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its widespread use in routine practice!®. Conversely, compared with IR and MBIR, DLR potentially improves
image quality by reducing image noise and increasing the signal-to-noise ratio (SNR) and contrast-to-noise ratio
(CNR) through a deep convolutional neural network!®!. It is critical to balance radiation dose and CT image
quality.

Tin filtration has been proposed as another approach for decreasing radiation exposure by absorbing
low-energy photons. Studies have demonstrated the beneficial role of tin filtration in dose reduction, with
similar diagnostic performance and image quality to the standard dose protocol'®!°. The silver filter is a newly
introduced method that elevates the average energy level, eliminates low-energy photons, and shifts the spectral
peak toward a higher-energy range. These changes remove the low-energy photons?»*!. Contrast-enhanced
(CE)-boost is a noninvasive method that increases the degree of vascular contrast without increasing the
concentration or delivery rate of the iodinated contrast media. Studies on CE-boost have evaluated the image
quality and diagnostic performance of the abdominal aorta and pulmonary vessels, compared with conventional
images??>~2°. To the best of our knowledge, no study has investigated the effects of DLR and CE-boost with a
SilverBeam filter on the evaluation of image quality in abdominopelvic CT. Therefore, in this study, we aimed to
assess the image quality and radiation dose between reduced-dose CT with DLR using a SilverBeam filter and
standard dose with IR in abdominopelvic CT.

Materials and methods

Patient population

This retrospective study was approved by the Institutional Review Board of Wonju Severance Christian
Hospital (IRB number: CR324085) with a waiver of informed consent. All methods were performed following
the Declaration of Helsinki. This study included two patient groups. The first group consisted of 93 patients
who underwent abdominopelvic CT at a reduced dose setting using a SilverBeam filter from May 2024 to July
2024. The second group included 93 age-, sex-, and body mass index (BMI)-matched patients who underwent
abdominopelvic CT at standard-dose settings from May 2024 to June 2024. The exclusion criterion was
incomplete image reconstruction due to loss of raw projection data (n=1) and motion artifact (n=3). BMI was
determined by dividing weight in kilograms by the square of height in meters. Radiation dose and image quality
were compared among three patient groups based on BMI: < 20, 20-24.9, and > 25 kg/m? 2.

Abdominopelvic CT imaging protocol

For standard-dose CT, images were acquired using a multidetector CT scanner (SOMATOM Force; Siemens
Healthineers, Erlangen, Germany). The imaging parameters were as follows: tube voltage, 100 kVp; gantry
rotation time, 500 ms; detector collimation, 192 x 0.6 mm; and slice thickness, 3 mm. Automated tube current
modulation (CareDose4D; Siemens Healthineers, Erlangen, Germany) was used to activate the tube current.
The standard-dose setting images were obtained using an advanced modeled IR-soft convolution kernel (Br40d)
(ADMIRE, Siemens Healthineers, Erlangen, Germany).

All patients in the reduced-dose setting underwent imaging using a multidetector CT scanner (Aquilion ONE
PRISM, Canon Medical Systems Corporation, Otawara-shi, Japan)?’. The imaging parameters were as follows:
tube voltage, 120 kVp; gantry rotation time, 600 ms; detector collimation 80 x 0.5 mm; slice thickness, 3 mm;
and SilverBeam filter. An automatic exposure control (SUREExposure; Canon Medical Systems Corporation,
Otawara-si, Japan) was used to measure the tube current. The reduced-dose setting images were obtained using
DLR with the body sharp option and standard strength (Advanced Intelligent Clear IQ Engine, Canon Medical
Systems Corporation, Otawara-shi, Japan).

In addition, CE-boost images were generated for Silver Beam using DLR. CE-boost images were obtained by
adding CE and iodinated images, which were subtracted from non-contrast and CE images during postprocessing
(Fig. 1).

All images were obtained in the craniocaudal direction from the dome of the diaphragm to the inferior
margin of the pubic symphysis. Portal venous phase imaging was started 70 s after injecting 95 mL of a
nonionic iodinated contrast agent (Iohexol 350, GE Healthcare, Milwaukee, Wisconsin) at a rate of 2.3 mL/s
with an automatic bolus-tracking program (SVREStart, Canon Medical Systems Corporation) in the ascending
aorta (trigger threshold level, 100 Hounsfield units [HUs]). The contrast agent was administered through the
antecubital vein, using a dual-head power injector (Dual Shot Alpha 7; Nemoto Kyorindo Co., Ltd., Japan).

The CT dose index volume (CTDI ) and dose length product (DLR) were recorded. The effective
dose (ED) was calculated by multiplying the DLR by the conversion coefficient for the abdomen-pelvis
(0.015 mSvx mGy ! x cm™)%%.

Objective analysis

Background image noise was evaluated as the standard deviation (SD) of HU by placing a 50 mm? region of
interest (ROI) in the homogeneous subcutaneous fat tissue of the anterior abdomen. CT attenuation (HU) of the
liver (lateral and medial segments of the left lobe and anterior and posterior segments of the right lobe at the level
of the main portal vein), pancreas (body and tail), spleen, abdominal aorta at the level of the celiac artery, and
paraspinal muscles were measured. For each site, two ROIs were recorded while avoiding the inclusion vessel,
bile duct, focal lesions, artifacts, calcification, and pancreatic duct, and the average value of the two ROIs was
used for analysis. SNR and CNR were calculated using the following formulas:

SNR = HUorgan -CONR = HUorgan - HUparaspinalmuscle
SDorgan’ Imagenoise
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Fig. 1. Study flowchart. The control group consisted of patients who underwent abdominopelvic CT at

a standard dose setting with IR. In contrast, the reduced dose group included patients who underwent
abdominopelvic CT at a reduced dose setting using the SilverBeam filter in combination with DLR.
Additionally, in the reduced-dose CT group, CE-boost images were obtained by integrating the CE images
with subtracted images. These subtracted images were generated through postprocessing by subtracting the
non-contrast images from the CE images. CT computed tomography; IR iterative reconstruction; DLR deep
learning reconstruction; CE contrast-enhanced.

Subjective analysis

Two reviewers with 14 and 11 years of experience in abdominopelvic and general radiology, respectively,
independently performed the qualitative image analysis. Both readers were blinded to the image reconstruction
methods and scanners. Two readers were allowed to adjust the window level and width and randomly perform
the image quality in the whole volume data using a five-point Likert scale: 5 points (excellent overall image
quality, minimal image noise, no artifacts, and sufficient diagnostic confidence), 4 points (good overall image
quality, mild image noise, minimal artifacts, and good diagnostic acceptability), 3 points (moderate overall
image quality, moderate image noise and artifacts, and diagnosis possible), 2 points (poor overall image quality,
severe image noise and artifacts, and limited diagnosis possible), and 1 point (very poor overall image quality,
very severe image noise and artifacts, and not diagnostically evaluable).

Statistical analyses

Data normality was assessed using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Age and radiation dose
were compared between standard- and reduced-dose CT using an independent sample ¢-test. Differences between
the two protocols in terms of sex and BMI were analyzed using the chi-squared test. Image noise, SNR, CNR,
CT attenuation, and subjective image analysis were compared between standard-dose CT with IR, SilverBeam
with DLR, and SilverBeam with DLR + CE-boost, using one-way analysis of variance. Tukey’s test was used for
post hoc pairwise comparisons. Interobserver agreement was assessed with Cohen’s kappa coefficient (k), with
values interpreted as follows: < 0.20 indicating poor agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate
agreement; 0.61-0.80, substantial agreement; and 0.81-0.10, near-perfect agreement. P<0.05 was considered
statistically significant. All statistical analyses were performed using the SPSS statistical software version 25.0
(IBM, Armonk, NY, USA).

Results

In total, 182 patients (mean age + SD, 63.36 + 14.49 years; 100 men) were included in this study. Demographic
characteristics are shown in Table 1. There were no significant differences between the standard-dose CT and
reduced-dose setting groups in terms of age (p=0.08), sex (p=0.99), or BMI (p=0.93).

Radiation dose

For each BMI group, Table 2 presents the comparative results of radiation doses between standard dose with
IR and SilverBeam with DLR. The radiation dose for SilverBeam with DLR was significantly lower than that of
standard dose with IR, with an average reduction in the effective dose (ED) of 59.0% (1.87 vs. 4.57 mSv), with
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Standard dose with IR (n=91) | SilverBeam with DLR (n=91) | P value

Age, years 65.3+13.5 61.5+15.3 0.08
Gender, males 49 (53.8%) 51 (56.0%) 0.99
BMI, kg/m? 23.91+£3.65 23.90+3.72 0.93

BMI>25,n 32 31

BMI 24.9-20,n | 47 48

BMI<20,n 12 12
AP size, cm 21.6+3.33 20.8+3.47 0.13
Lateral size, cm 31.5+3.39 31.4+3.72 0.90

Table 1. Demographic of the patient population. Data are reported as mean + standard deviation. Unless
otherwise indicated, the data represent the number of patients, with percentages in parentheses. BMI body
mass index; IR iterative reconstruction; DLR deep learning reconstruction; AP anteroposterior.

Standard dose with IR | SilverBeam with DLR | P value
CTDI, mGy | 5.59+2.10 2.28+0.76 0.001
BMI=>25 6.87+2.23 3.01+0.72 0.001
BMI 24.9-20 5.04+1.79 2.01+0.40 0.001
BMI<20 4.31+£0.73 1.45+0.17 0.001
DLP, mGy-cm | 304.92+124.93 131.50+51.96 0.001
BMI=>25 383.17+132.21 180.02+51.58 0.001
BMI 24.9-20 | 272.54+105.75 113.76 £28.27 0.001
BMI<20 223.01+£45.22 77.11£13.60 0.001
ED, mSv 4.57+1.87 1.87+0.77 0.001
BMI=25 5.74+1.98 2.70+£0.77 0.001
BMI 24.9-20 4.09+£1.58 1.71+£0.42 0.001
BMI<20 3.34+0.67 1.15£0.20 0.001

Table 2. The results of radiation dose among different CT protocols. Significant values are in bold, italics,
bolditalics. Data are reported as mean * standard deviation. BMI body mass index; IR iterative reconstruction;
DLR deep learning reconstruction; CTDI , CT dose index volume; DLP dose length product; ED effective
dose.

52.9% reduction for the BMI> 25 kg/m? group (2.70 vs. 5.74 mSv), 58.1% reduction for the 24.9-20 kg/m? BMI
group (1.71 vs. 4.09 mSv), and 65.5% reduction for the BMI <20 kg/m? group (1.15 vs. 3.34 mSv) (p <0.001).

Objective image analysis

With an average 59.0% lower radiation dose, there were significant differences in image noise in HU between
standard dose with IR (10.59 +1.75), SilverBeam with DLR (10.60 + 1.08), and SilverBeam with DLR + CE-boost
(7.40£1.29) (p<0.001) (Table 3). Within each BMI group, pairwise comparisons of noise between standard
dose with IR and SilverBeam with DLR showed no significant differences (p=0.99). In contrast, SilverBeam
with DLR + CE-boost showed significantly lower image noise, compared with both standard dose with IR and
SilverBeam with DLR (p <0.001) for each BMI group.

SilverBeam with DLR resulted in significantly lower CT attenuation in the liver (p<0.001), pancreas
(p<0.001), spleen (p<0.001), and abdominal aorta (p <0.001), compared with standard dose with IR. However,
CT attenuation of the paraspinal muscle was comparable (p=0.11) between the two protocols (Table 3).

Opverall, standard dose of IR resulted in significantly higher SNRs in the liver (p <0.001), pancreas (p <0.001),
spleen (p<0.001), and abdominal aorta (p<0.001), compared with SilverBeam with DLR (Fig. 2). However, in
the obesity group (BMI > 25 kg/m?), there were no significant differences in the SNRs of the liver (8.32+1.56 vs.
7.87+0.69, p=0.311), pancreas (7.82+1.80 vs. 7.43+1.23, p=0.577), and spleen (10.69+2.10 vs. 10.11+1.21,
p=0.373) between standard dose with IR and SilverBeam with DLR. For all BMI categories, SilverBeam with
DLR + CE-boost demonstrated significantly improved SNRs in the liver (p <0.001), pancreas (p <0.001), spleen
(p<0.001), and abdominal aorta (p <0.001), compared with standard dose with IR and SilverBeam with DLR.
Although the CNRs of all structures were significantly (p<0.001) higher for standard dose with IR than for
SilverBeam with DLR across all BMI categories, SilverBeam with DLR+ CE-boost yielded a significantly
(p<0.001) higher CNR than did standard dose with IR, even in the obesity group (BMI> 25 kg/m?) (Fig. 3).

Subjective image analysis
Table 4 shows the results of the subjective image analysis comparing different CT protocols: standard dose
with IR, SilverBeam with DLR, and SilverBeam with DLR + CE-boost. Both observers rated SilverBeam with
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‘ Standard dose with IR | SilverBeam with DLR | SilverBeam with DLR + CE-boost ‘ P value ‘ P1vs. P2 ‘ P1vs.P3 ‘ P2vs. P3

Image noise (HU)

Mean 10.59+1.75 10.60+1.08 7.40+1.29 0.001 0.99 0.001 0.001
BMI=>25 10.42+£1.70 10.28+1.12 7.30+£1.48 0.92 0.001 0.001
BMI 24.9-20 10.73+1.89 10.63+0.99 7.54+1.24 0.94 0.001 0.001
BMI<20 10.46+1.31 11.17+1.13 7.09+0.96 0.34 0.001 0.001

CT attenuation (HU)

Liver (mean) 119.4+18.46 92.26+11.30 110.11+14.11 0.001 0.99 0.001 0.001
BMI=25 107.16 £15.90 86.59+7.56 103.59+10.21 0.92 0.001 0.001
BMI 24.9-20 128.84+£16.95 93.07+£11.88 110.73+14.55 0.94 0.001 0.001
BMI<20 130.64+13.09 103.59+7.21 124.49+9.34 0.34 0.001 0.001

Pancreas (mean) 106.5+17.88 87.12+13.25 108.2+17.16 0.001 0.001 0.76 0.001
BMI=25 99.58+16.30 84.10+£9.80 103.68 +14.30 0.001 0.541 0.001
BMI 24.9-20 109.30+18.02 88.32+14.81 110.45+18.49 0.001 0.949 0.001
BMI<20 114.08 £16.47 90.12+13.90 111.01+17.33 0.002 0.896 0.01

Spleen (mean) 135.6+£22.29 113.80+15.86 143.90£20.84 0.001 0.001 0.01 0.001
BMI=>25 130.83£21.54 109.56+13.21 139.04+18.68 0.001 0.246 0.001
BMI 24.9-20 137.97 £22.98 116.57+£17.29 147 £21.47 0.001 0.123 0.001
BMI<20 138.81£21.10 113.45+14.80 143.69+22.83 0.007 0.851 0.003

Abdominal aorta (mean) | 187.90+29.66 138.0+32.33 191.0+£45.69 0.001 0.001 0.84 0.001
BMI>25 179.49+30.11 133.79£29.68 184.72+40.15 0.001 0.829 0.001
BMI 24.9-20 192.03£28.77 143.26 £35.65 198.33+51.43 0.001 0.741 0.001
BMI<20 194.47 £29.12 127.92+20.95 178.02+£29.16 0.001 0.366 0.001

Paraspinal muscle (mean) | 60.11+9.65 59.44 +8.04 62.08 £8.47 0.11 0.11 0.87 0.28
BMI=25 58.04+10.39 56.90+£9.53 59.61+9.96 0.893 0.814 0.522
BMI 24.9-20 61.06+8.67 59.86+6.97 62.48+7.39 0.740 0.668 0.180
BMI<20 61.85+11.10 64.31+£5.34 66.83+£6.31 0.772 0.387 0.551

Table 3. The results of image noise and attenuation among different image protocols. Data are reported

as mean + standard deviation. BMI body mass index; IR iterative reconstruction; DLR deep learning
reconstruction; CTDI ; CT dose index volume; DLP dose length product; ED effective dose; HU Hounsfield
unit.

DLR as comparable to SilverBeam with DLR and standard-dose CT with IR in terms of overall image quality
(p=0.320 and p=0.980), image noise (p=0.570 and p=0.990), artifacts (p=0.070 and p=0.999), and diagnostic
acceptability (p=0.999 and p=0.970). Observer 2 found no significant difference in artifacts (p=0.811) and
diagnostic acceptability (p=0.970) between SilverBeam with DLR + CE-boost and standard dose with IR. In
contrast, observer 1 rated SilverBeam with DLR + CE-boost as inferior to standard-dose CT with IR regarding
artifacts and diagnostic acceptability, primarily due to the presence of spotty high-density artifacts in the bowels
(p<0.001) (Fig. 4). The interobserver agreement reached a k value of 0.24, indicating fair agreement.

Discussion

Our study found that SilverBeam with DLR provided comparable image quality while markedly reducing the
radiation dose by an average of 59.0% on abdominopelvic CT, compared with standard-dose CT with IR, in each
BMI group. Additionally, the use of CE-boost with SilverBeam with DLR resulted in significantly higher image
quality in terms of image noise, SNR, CNR, and subjective image analysis, compared with standard-dose CT
with IR.

Several studies have reported the significant association between radiation dose and cancer risk*.
Therefore, reducing radiation exposure while maintaining image quality and diagnostic performance is
crucial, particularly in patients requiring repetitive imaging. Silver filtering is a newly introduced method that
potentially offers significantly lower radiation doses. In this study, the application of a silver filter achieved an
average reduction in the ED of 59.0%, with specific reductions of 52.9% for patients with a BMI>25 kg/mz,
58.1% for those with a BMI of 24.9-20 kg/m?, and 65.5% for patients with a BMI < 20 kg/m?, compared with the
standard dose. Recent studies have compared the image quality and radiation dose between DLR with a silver
filter and hybrid IR without a silver filter during chest CT scanning®!*!. Golbus et al. showed an 85.5% reduction
in the radiation dose for DLR with a silver filter (0.33 mSv) compared with hybrid IR without a silver filter
(2.27 mSv)®!. Kawamoto et al. showed that silver filters decreased image noise and improved streak artifacts,
compared with images without silver filters*!. Additionally, the silver filter allowed the detection of nodules in
the lung and improved the image quality in terms of both the SNR and CNR, compared with the conventional
copper filter used in X-ray systems?’. Both studies have suggested that DLR with a silver filter potentially reduces

Scientific Reports|  (2025) 15:25757 | https://doi.org/10.1038/s41598-025-11184-7 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Signal to noise ratio

Contrast to noise ratio

Ak

Ak Aekek
*okok Aokok ok
KK

iy

BMIZ25 BMI20-249 BMI<20 BMI225 BMI20-249 BMI<20 BMIZ25 BMI20-249 BMI<20 BMIZ25  BMI20-249 BMI<20

Spleen
Pancreas .
Liver ok Abdominal aorta

= e
7 EiE
HT FF Wj -]/ | HT Hj

*
*
*

N
S

g

3
©
3

5

@
Signal to noise ratio
n
8

Signal to noise ratio
s
Signal to noise ratio

o
o

Body mass index Body mass index Body mass index Body mass index

Pancreas Abdominal aorta

Kok *% ns Spleen

T

N o
3 =)

o

S
*
*
N}

*

1
Contrast to noise ratio
o
Contrast to noise ratio

Contrast to noise ratio

)

BMI225 BMI20-249 BMI<20 BMIZ25 BMI20249 BMI<20 BMIZ25 BMI20249 BMI<20 BMI225 BMI20-249 BMI<20

Body mass index Body mass index Body mass index Body mass index
Il Standard-dose with IR Bl SilverBeam with DLR B3 SilverBeam with DLR + CE-boost

Fig. 2. Results of signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR). (A) There were no significant
differences in the SNRs of the liver (p=0.311), pancreas (p=0.577), and spleen (p=0.373) between standard
dose with IR and SilverBeam with DLR. For all BMI categories, the SilverBeam with DLR + CE-boost
demonstrated significantly improved SNRs in the liver (p <0.001), pancreas (p < 0.001), spleen (p <0.001), and
abdominal aorta (p <0.001), compared with standard dose with IR and SilverBeam with DLR. (B) SilverBeam
with DLR + CE-boost yielded a significantly (p <0.001) higher CNR than did standard dose with IR, even in the
obesity group (BMI > 25 kg/m?). ***p <0.001, **p <0.002, *p <0.03, ns indicates p>0.05. BMI body mass index;
IR iterative reconstruction; CE contrast-enhanced; DLR deep learning reconstruction.

radiation dose. However, no studies have investigated the effects of image quality and radiation dose using DLR
with a silver filter in abdominopelvic CT.

A sufficient radiation dose is required for abdominopelvic CT, where the density difference between solid
organs is smaller, unlike chest CT. Nicolan et al. studied the diagnostic performance of ultra-low-dose CT with
IR for the diagnosis of non-traumatic abdominal emergencies, compared with standard-dose CT%. However, the
findings of their study demonstrated alower radiation dose (CTDI ;=2.2 mGy) with the use of a low tube current
(55 mAs) for ultra-low-dose CT but were insufficient for decision-making management with significantly higher
image noise. Adjustment of the tube current has a straightforward linear effect on the radiation dose compared
with the tube voltage. However, reducing the tube current is associated with higher image noise*. In this study,
SilverBeam with DLR resulted in a significantly (p<0.001) lower radiation dose, with a CTDI_; of 2.28 mGy,
compared with standard dose with IR (CTDIVO1 =5.59 mGy). Furthermore, unlike a previous study by Nicolan
et al.?’, there were no significant differences in image noise between reduced-dose CT with IR and standard-
dose CT with DLR. These results emphasize the strength of the SilverBeam filter in abdominopelvic CT with
DLR over tube current modulation for reducing the radiation dose. Additionally, Tamura et al. compared the
radiation dose and image quality between low-dose CT with DLR and routine-dose CT with hybrid IR*2. Their
study found that low-dose CT with DLR (6.9 mSv) provided superior image quality, compared with standard-
dose CT with IR (11.6 mSv), while achieving a 40.0% reduction in radiation dose for patients with obesity. In our
study, even in patients with obesity (BMI > 25 kg/m?), the reduced radiation dose protocol (1.87 mSv) resulted in
image noise and SNR comparable to that of standard-dose CT with IR. Both observers also noted non-inferior
image quality for SilverBeam with DLR compared with standard dose with IR.

The present study demonstrated significantly lower CT attenuation of the liver, pancreas, spleen, and
abdominal aorta when using Silver Beam with DLR compared with standard dose with IR. The standard-
dose CT setting in this study was 100 kVp rather than 120 kVp with a SilverBeam filter. Despite the higher CT
attenuations of the liver, spleen, pancreas, and abdominal aorta with the lower tube voltage setting for standard-
dose CT, CE-boost imaging resulted in CT attenuation comparable to that of the standard dose setting (120
kVp tube voltage). Moreover, the combination of CE-boost and SilverBeam with DLR significantly improved
image noise, SNR, and CNR, compared with standard-dose CT with IR. The CE-boost technique is particularly
beneficial for patients with renal impairment and those who require a small amount of iodine contrast material.
Hou et al. obtained lower image noise, higher CT attenuation, and greater SNR and CNR with a CE-boost
in routine contrast-enhanced abdominal CT with a lower concentration of iodine contrast agent33. However,
observers rated lower scores on CE-boost with the SilverBeam with DLR regarding diagnostic acceptability and
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Fig. 3. Comparison between standard-dose and reduced-dose protocol in abdominopelvic computed
tomography (CT). A 43-year-old man with a body mass index of 25.3 kg/m? underwent a standard-dose

CT with IR, resulting in an effective dose of 5.89 mSv. A 46-year-old man, also with a body mass index of
25.3 kg/m?, was scanned using the SilverBeam with DLR, achieving an effective dose of 2.65 mSv. CT images
acquired with SilverBeam with DLR showed a significant reduction in radiation dose while maintaining the
image quality, providing comparable anatomical delineation of the liver (a) and pancreatic body and tail (b).
In addition, DLR + CE-boost allowed better visualization of vascular (blue arrows), compared with non-CE
images. IR iterative reconstruction; DLR deep learning reconstruction; CE contrast-enhanced; ED effective

dose.
| Standard dose with IR | SilverBeam with DLR | SilverBeam with DLR + CE-boost | Pvalue | P1vs. P2 [ P1vs. P3 [ P2vs. P3
Observer 1
Overall image quality 4.91+0.28 4.96+0.17 4.62+0.58 0.001 0.320 0.001 0.001
Image noise 4.78+0.41 4.84+0.39 4841039 0510 | 0.570 0.570 0.999
Artifact 4.77+0.42 4.94+0.22 4.44£0.82 0.001 | 0.070 0.001 0.001
Diagnostic acceptability | 4.98+0.10 4.99+0.10 4.70£0.50 0.001 | 0.999 0.001 0.001
Observer 2
Overall image quality | 4.93+0.24 4.94+0.22 4941022 0.910 | 0.980 0.980 0.990
Image noise 4.92+0.26 4.90+0.29 4.91£0.29 0.880 | 0.990 0.990 0.999
Artifact 4.95+0.20 4.94£0.20 4.93+0.24 0.750 | 0.999 0.811 0.783
Diagnostic acceptability | 4.95+0.22 4.93+0.24 4.93+0.23 0.960 | 0.970 0.970 0.999
Table 4. The results of subjective image analysis comparing different image protocols. Data are reported
as mean + standard deviation. IR iterative reconstruction; DLR deep learning reconstruction; CE contrast-
enhancement.
artifacts due to the appearance of spotty, high-density artifacts in the bowels. The peristaltic and involuntary
movement of the bowel challenges the acquisition of subtraction images for the CE-boost?2.

Our study has some limitations. Firstly, this retrospective study was conducted at a single institution and
focused on the radiation dose and image quality of abdominopelvic CT using both quantitative and qualitative
analyses. Secondly, patients were scanned using two different CT scanners, although the scanning parameters
kept consistent across both scanners. Therefore, a larger study is required to assess the diagnostic performance
of DLR and CE-boost with a SilverBeam filter for evaluating other clinical scenarios. In addition, a tube voltage
of only 120 kVp was utilized. While using lower tube voltage generally has the advantages of increasing CT
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SilverBeam with DLR SilverBeam with DLR + CE-boost

Fig. 4. A comparison between reduced-dose computed tomography (CT) with deep DLR images, with and
without CE-boost. Although, CE-boost markedly increased CT attenuation (blue arrow) even at reduced dose
levels using SilverBeam filter, spotty high-density artifacts (red arrows) were observed in the bowel. These
artifacts resulted from misregistration between non-contrast and CE images, exacerbated by motion artifacts.
DLR deep learning reconstruction; CE contrast-enhanced.

attenuation and reducing radiation dose, it was limited by the availability of the SilverBeam filter, which was only
compatible with the 120 kVp settings.

In conclusion, DLR combined with a silver filter is effective for routine abdominopelvic CT, achieving a
clearly reduced radiation dose while providing image quality that is non-inferior to standard dose with IR.
Moreover, the implementation of CE-boost in the reduced radiation dose protocol with DLR yields lower image
noise and higher SNR and CNR, compared with standard-dose CT with IR.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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