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Evaluation of upper abdominal CT image quality at various low radiation doses using dual-

neural-network deep learning algorithm

LI Caixia', WANG Jianping', QI Hongliang?, HUANG Meiyan’, LI Dianyu', ZHOU Jianwei'

1. Department of Imaging Diagnosis, Nanfang Hospital, Southern Medical University, Guangzhou 510515, China; 2. Department of
Medical Engineering, Nanfang Hospital, Southern Medical University, Guangzhou 510515, China; 3. School of Biomedical
Engineering, Southern Medical University, Guangzhou 510515, China

Abstract: Objective To investigate the image quality optimization performance of a domestic wide-detector ultra-high-
resolution CT combined with a dual-neural-network deep learning reconstruction technique (DLIR-CI) on upper abdominal
CT scans acquired with different radiation dose protocols. Methods Thirty-three patients undergoing non-contrast upper
abdominal CT scans were enrolled. All scans were obtained using a 320-slice wide-detector CT scanner released in March
2025. According to the scanning dose, patients were divided into a routine dose (RD) group (120 kV, 350 mA), a low dose 1
(LD1) group (120 kV, 175 mA), and a low dose 2 (LD2) group (120 kV, 70 mA). Iterative reconstruction algorithm (CV40%)
was utilized in the RD group, while the LD1 and LD2 groups adopted CV40% and deep learning reconstruction algorithms
(strength levels: 20%, 40%, 60%, and 80%). Quality evaluation was conducted on 99 image sets. The CT values and standard

[We#s B #12026-02-12

[BEETB A HARERA (2024A1515012023) ; B 77 BERF A HE 77 B2 BBt K34 (2024A009)
[1EE BN AR, Wi, #5807 0] : CT UG AR K T, E-mail: caixiali0329@163.com

[iBE 1S VR, I, HF55 07 1 : AR R AR, E-mail: 1156959311@qq.com



- 906 -

i B B R F43%6

deviation (SD) of the liver and kidneys were measured, and the signal-to-noise ratio (SNR) was calculated. A 5-point scale
was used to evaluate the noise level and sharpness of all images, and a linear mixed models analysis was conducted using
SPSS software for objective assessment. Post hoc pairwise comparisons were corrected with the Bonferroni method. Results
(1) Compared with the CTDIvol of the RD group, the radiation doses of LD1 and LD2 groups were reduced by 50% and
80%, respectively. (2) Compared with the RD_CV40%, the SD values of the LD1_CV40% and LD2_CV40% increased by
24% and 71%, while their SNR values decreased by 21% and 43%, respectively. (3) Intragroup comparisons of the LD1 and
LD2 groups revealed that the SD values of the liver and kidneys gradually decreased and SNR values increased significantly
at C140%, C160% and CI80% relative to CV40% (P<0.05). (4) No statistically significant differences were observed in the
SD and SNR values of the liver and kidneys between LD1 CI40% and RD_CV40% (P>0.05). (5) Compared with
RD_CV40%, the C160% and CI80% in the LD1 and LD2 groups had lower SD values and higher SNR values in the liver and
kidneys, with statistically significant differences (P<0.05). (6) Subjective evaluation showed that the noise and sharpness
scores (score =3) of CI40%, CI60% and CI80% in the LD1 and LD2 groups were remarkably superior to those of CV40%,
and the differences were statistically significant (P<0.05). Conclusion When the radiation dose for upper abdominal CT
scanning is reduced by 50% and 80% relative to the conventional dose, the images reconstructed by deep learning
reconstruction algorithm at strength levels > 40% can achieve equivalent or even better image quality than conventional-dose

images reconstructed by the RD_CV40% iterative algorithm. The proposed method can significantly reduce radiation

exposure risks in clinical practice.

Keywords: computed tomography; wide-detector; deep learning reconstruction algorithm; low-dose; image quality
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Table 1 Scanning dose comparisons across 3 groups
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LD2 2.8 63.00£1.65 0.88+0.02
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Table 2 Comparison of SD and SNR values of the liver and kidneys among different dose groups (Mean+SD)

FEHE (=il

EEJE

SD {H/HU SNR E ( HAE) SD {/HU SNR i ( Lt
RD_CV40% 21.243.0 3.240.4 22.744.9 1.740.5
LD1_CV40% 29.2+4.2% 2.4+0.4% 28.245.4% 1.340.4
LD1_CI20% 28.243 8% 2.540.4% 27.7+4.9"* 1.440.3
LDI1_CI40% 20.7+2.7 3.4+0.5° 20.443.6° 1.940.4°
LDI1_CI60% 13.2+1.7% 5.3+0.8% 13.042.3% 3.0+0.7%
LD1_CI80% 8.9+] 2% 7.8+1 2% 8.7+1.5% 4.5+1.0%
LD2_CV40% 39.8+5.4% 1.7+0.4% 39.3+5.1% 1.0+£0.2*%
LD2_CI20% 37.4+4.7% 1.8+0.4%* 36.9+4.5% 1.1£0.2%
LD2_CI40% 27.243 .4%b 2.5+0.5° 27.143.3%b 1.5+0.2°
LD2 CI60% 17.342.1% 4.0+0.8% 17.9+3.2%b 2.3+0.3%b
LD2_CI80% 11.8+1.4%b 5.9+1.2%0 12.242.4%b 3.540.5%b

5RD_CV40% Eb4%,*P<0.05;5 LD1_CV40% 4% ,°P<0.05; 5 LD2_CV40% %5 ,°P<0.05

E1 3MARTE UMERE LS EEKRE R
Figure 1 Comparison of images reconstructed by 11 reconstruction algorithms at 3 scanning doses
Ta B2 CV40% T2 ] 1] 16 1] 1d~g A LD1 40 CV40% . C120%/C140%/C160%/CI80% H #: &l ;
P& 1c FIIE 1Th~k S5 LD2 21 CV40% . C120%/CI40%/C160%/CI80% T 1 [&] , 48 B I , 57 I CV40% T £ g [&1 {51t
FHEGE  INRE AR LS R 1 AT T, CT20%~80% i 4 (14 11 45 0 ek e A -, Mg 7 Sl /) , Pl {4 A A it

R3 FEZERFEENEIFNERIM(01,03)]

Table 3 Subjective evaluation results of different reconstruction algorithms [M(Q1, 03)]

PEo bR RD CV40% LDI1 CI20% LDI1 CI40% LDI1 CI60% LD1 CI80% LD2 CI20% LD2 CI40% LD2 CI60% LD2 CI80%

WRAAEYIE  2(1,3) 2(2,2) 3(3,3)* 4(4,4)% 44,5 2(2,2) 3(2,3)*  4(3,4)%  4(4,5)*
BREES  2(2,3) 2(2,2) 3(3,3)* 43,4 44,5 2(2,2) 3(3,3)%  4(4,4)%  4(4,5)%

5 RD CV40% Lt , *P<0.05
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