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Value of Low Tube Voltage Combined with Deep Learning
Image Reconstruction Algorithm to Reduce Radiation
Dose in Combined Thoracoabdominal Enhanced CT

QI Weiwei, CHENG Jin, CHEN Chuhan, AN Bei, LIU Xiaoyi, FU Ling, WANG Yi*
Radiation Department of Peking University Peoples’ Hospital, Beijing 100044, China

Abstract: Objective: To investigate the effect of low tube voltage combined with deep learning image reconstruction (DLIR) on
radiation dose reduction and maintaining image quality in combined chest and abdominal enhanced CT scans. Methods: (1) Phantom
study. To determine the feasibility of combining low tube voltage with deep learning algorithms for low-contrast resolution, Catphan
500 phantoms were scanned under two different conditions. The optimization group used a low tube voltage (80kV) combined with
DLIR for scanning and image reconstruction, while the routine group used a 120kV tube voltage combined with adaptive statistical
iterative reconstruction V (ASiR-V). This study aimed to determine the effectiveness of the optimization group using a low dose (noise
index, NI>9) compared with the routine group using a routine dose (NI=9). (2) Prospective study. A total of 160 patients who
underwent routine chest and abdominal enhanced CT scans were prospectively collected and randomly divided into a low-dose
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optimization group and routine-dose group, with 149 patients ultimately enrolled (61 in the low-dose optimization group and 88 in the
routine-dose group). Based on the results of the phantom study, the low-dose optimization group used the optimized condition with NI
set to the optimal value, whereas the routine-dose group used the routine condition with NI =9. Radiation doses were recorded and
calculated for both groups, and image quality was subjectively and objectively evaluated. Results: The low-dose optimization group
using NI = 12 achieved an equivalent low-contrast resolution capability to the routine-dose group with NI = 9. The effective dose in the
low-dose optimization group (9.56 + 2.34)mSv was significantly lower than that in the routine-dose group (17.82 + 5.22)mSv. The
liver and aorta attenuation values in the low-dose optimization group were significantly higher than those in the routine-dose group,
and the CNR and SNR values in the liver and aorta were also significantly higher. The spatial resolution of the aorta, common hepatic
artery, and portal vein and the display of small vessels/bronchi were all superior in the low-dose optimization group compared with the
routine-dose group. Conclusion: The combination of a low tube voltage and deep learning image reconstruction algorithm can ensure
equivalent or even higher image quality while reducing radiation dose, providing a feasible solution for optimizing radiation dose in
large-scale CT scans such as the combined thoracoabdominal enhanced CT.

Keywords: computed tomography (CT); deep learning image reconstruction algorithm; low tube voltage; radiation dose; combined

chest and abdomen CT scan
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Flowchart of the experimental design. The chart shows the grouping of cases,

content of evaluation and comparison, and the basis for the conclusions
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1 represents the module with a 1% density difference in the supra-slice of the CTP515

module, and 2 represents the background of the CTP515 module. DL denotes DLIR
reconstruction, and ASiR-V denotes Adaptive Statistical Iterative Reconstruction
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Table 2 Comparison of general information and radiation dose indicators between the two groups

415 ST
i H
LD-LV-DLIR RD-HV-ASiRV z P

161 %5 61 88

it 28/36 47/38 -0.71 0.48
BMI/ (kg/m”) 23.46+2.81 23.95 +4.00 —1.84 0.07
oI 5477+ 16.79 52.82+15.12 -0.71 0.48
CTDI,./mGy 3.67+1.56 7.39 +2.40 3.46 <0.001
SSDE/mGy 3.72+1.33 7.47£2.02 3.23 <0.001
K IE ED/mSv 9.56+2.34 17.82£5.22 2.79 <0.001
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Table 3 Comparison of objective indicators in the arterial phase between the two groups

215 G
e
LD-LV-DLIR RD-HV-ASiRV zZ P
Bl 61 88
C 8.01£2.57 11.84+2.29 -7.69 <0.01
W CNR 2532 (19.72, 31.15) 14.37 (12.58, 16.74) -8.27 <0.01
SNR 9.63 (7.38, 11.10) 5.87+1.45 -7.59 <0.01
V2K CNR 65.30 £21.33 30.76 = 7.33 -9.67 <0.01
- SNR 48.79 + 15.99 21.57+5.55 ~9.85 <001
1 CNR X EERE A LE: SNR 4 fEEtt .
K4 PRI 2 LR b LA
Table 4 Comparison of objective indicators in the venous phase between the two groups
2 SN A
A
LD-LV-DLIR RD-HV-ASiRV VA P
% 61 88
W 7.60 (6.40, 7.60) 12.51 £2.62 -17.93 <0.01
P CNR 3444 +£10.34 19.45+£11.61 -8.71 <0.01
i
SNR 19.31 £6.09 9.43 (8.16, 10.54) —9.00 <0.01
L CNR 43.58 +13.39 21.05+5.89 -9.14 <0.01
s SNR 28.46 £ 9.55 12.41 +£3.47 -9.39 <0.01
i CNR GXFLEBEALE; SNR fRMELL.
5 PAHIR ARSI R bR EL AR
Table 5 Comparison of subjective indicators in the abdominal arterial phase between the two groups
417 NI RIE
T gE|
LD-LV-DLIR RD-HV-ASiRV zZ P
ZES 61 88
Mg 75 3(3, 3) 2502, 3) -3.71 <0.01
B2} iGullFi g ] 505, 5 2(2, 3.75) -8.30 <0.01
Ect) ot =i 505, 5 5(5, 5 -1.90 0.58
JFE B Bk ) 43 3% 7 505, 5 4@, » -8.08 <0.01
T R fions s 5(5, 5 504, 5 —3.45 0.01
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Table 6 Comparison of subjective indicators in the abdominal venous phase between the two groups

415 Gevtk s
T H
LD-LV-DLIR RD-HV-ASiRV V4 P
% 61 88
ligh 3(3, 3 33, 4 -1.99 0.47
AU 53 5 7 33, 4 33, 4 0.82 0.41
T K 23 10 2 5% )0 43, 4 33, 4 —3.88 <0.01
I IO 4(4, 5 4(3, 5 -0.38 0.71
K7 PR AR b LR
Table 7 Comparison of subjective indicators in the chest between the two groups
415 AL A
T H
LD-LV-DLIR RD-HV-ASiRV V4 P
1% 61 88
it 4@, 5 4@, 5 -0.25 0.81
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Fig.3 Comparison of two groups of separate scans of the chest and chest-abdominal area for different body types
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