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Study of a Deep Learning Reconstruction Algorithm for
Displaying Small- and Medium-sized Blood Vessels
in Upper Abdominal Energy Spectrum CT

WANG Qin, YAN Weijie, YUAN Yuan, TANG Hehan, DENG Liping™
Department of Radiology, West China Hospital, Sichuan University, Chengdu 610041, China

Abstract: Objective: To investigate the effectiveness and clinical value of using a deep learning reconstruction algorithm (DLIR) to
display small blood vessels in upper abdominal computed tomography (CT) with an enhanced energy spectrum. Methods: Using three
reconstruction algorithms, a retrospective analysis was performed on 28 patients with upper abdominal discomfort who underwent
enhanced CT spectrum examination at the West China Hospital of Sichuan University from February 2021 to June 2022. The three
reconstruction algorithms were adaptive statistical iterative reconstruction (ASIR-V), DLIR-M, and DLIR-H. Simultaneously, 40 keV
and 70 keV single-energy images were extracted using energy spectrum post-processing software, and four groups of images were
generated, which were labeled as 40 keV-AV, 40 keV-DL-M, 40 keV-DL-H, and 70 keV-AV, respectively. The CT and standard
deviation (SD) values of common hepatic, left gastric, splenic, and superior mesenteric arteries were measured, and the CT and SD
values of the vertical spinal muscle at the same level were measured. In addition, the signal-to-noise (SNR) and contrast-to-noise
(CNR) ratios of each branch vessel were calculated. Two radiologists provided subjective scores on image noise, image artifacts, target
blood vessel contrast, image “waxiness.” and overall image quality. Differences in SNR, CNR, and background noise among the four
groups of images were compared using one-way analysis of variance (ANOVA) and paired t-tests. The kappa test was used to compare
differences in the consistency of the subjective evaluations. Results: In both objective and subjective evaluations, the SNR, CNR,
overall image quality score, and noise of the DL-H images were superior to those of the DL-M images, where the latter in turn were
superior to those of the AV images. The SNR, CNR, and image quality score increased and the noise decreased with an increase in DL
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intensity. In the subjective scores of the four groups of images, the DL-H score was higher than the DL-M score, and the DL-M score
was higher than the AV score. Conclusion: The DLIR can improve the display of small- and medium-sized vessels in upper abdomen
energy spectrum enhanced CT 40 keV single-energy images. With an increase in intensity, the image quality is improved and noise is
reduced. Compared with AV, the DLIR significantly improves the display capabilities of upper abdominal energy spectrum-enhanced

CT in the examination of small blood vessels.

Keywords: deep learning; gemstone spectral CT; virtual monoenergetic imaging; small abdominal vessels
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Table 1 Difference tests of SD, SNR, and CNR of three reconstruction methods at 40 keV
(X+5) £ A RO 08 Jouf g P
IiH Fl b ifiL %
AV DL-M DL-H F P AV 5 DL-M AV Y5 DL-H DL-M Y DL-H
JF 3l ik 55122295 53342193 49.69+22.10  26.64 <0.001 0.032 <0.001 <0.001
SD i B 23 ik 61.72+4130 60.24+4222 58.30+41.47 7.33 0.007 0.131 0.006 <0.001
J B ik 51.57+3022 49.09+27.85 44.51+£2752  46.16  <0.001 0.003 <0.001 <0.001
MR Lk 43.18+14.43 4023+1229 33.56+£10.03 42.84  <0.001 0.002 <0.001 <0.001
T 23l ik 194+10.58 19.67+1023 21.96+12.07 2662  <0.001 0.515 <0.001 <0.001
SNR H A Bk 15.63+847  17.08+11.68 17.88 +12.54 422 0.046 0.101 0.036 0.007
JR ) ik 2048 £10.10 212241020 24.05+11.73  51.52  <0.001 0.004 <0.001 <0.001
W Z A L5k 24.18+£9.60 25.59+9.74  30.56+11.56  61.99  <0.001 <0.001 <0.001 <0.001
T 230 ik 19.47+6.65 23.01+£7.72 30.50+£12.02 7467 <0.001 <0.001 <0.001 <0.001
ONR B A Bk 15.10+536  17.92+6.51  23.14+9.02 95.10  <0.001 <0.001 <0.001 <0.001
JREh ik 19.10+£6.55 23.00+821 30.06+11.81  89.12  <0.001 <0.001 <0.001 <0.001
R L3k 21.13+£729  2536+882  33.08+1291  88.61  <0.001 <0.001 <0.001 <0.001
#2 40keV N 3 FhEZE 7 UE % SNR M CNR 5 70 keV-AV 122 54k Lo
Table2 Comparisons between SNR and CNR of three reconstruction methods and 70 keV-AV under 40 keV
(E+5) e R P
IiH H b it 4
70keV-AV 5 70keV-AV 5 70 keV-AV 5
70 keV-AV 40 keV-AV 40 keV-DL-M 40 keV-DL-H 40keV-AV  40KkeVDL-M- 40 keV-DL-H
T S0 ik 16.72+7.92 19.47 + 10.58 19.67+1023 2196+ 12.07 <0.001 <0.001 <0.001
SNR H A Bk 14.49 +7.96 15.63 = 8.47 17.08+11.68  17.88+12.54 0.030 0.018 0.009
JE B ik 16.68 + 7.64 2048 +10.10  21.22+1020  24.05+11.73 <0.001 <0.001 <0.001
R LSk 19.07 £ 6.31 24.18 £9.60 25.59+9.74 30.56 + 11.56 <0.001 <0.001 <0.001
TSl ik 13.60 + 4.46 19.47 + 6.65 23.01+7.72 30.50 + 12.02 <0.001 <0.001 <0.001
CNR H ZE 3 ik 10.90 +3.47 15.10+5.36 17.92 +6.51 23.14+9.02 <0.001 <0.001 <0.001
B ik 13.12+4.42 19.10 £ 6.55 23.00 +8.21 30.06 + 11.81 <0.001 <0.001 <0.001
MR L3k 14.51 +4.80 21.13+7.29 25.36 + 8.82 33.08 £ 12.91 <0.001 <0.001 <0.001
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e R B B2 E R .
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Table 3 Image quality subjective scoring analysis

(X£5s)
EUR VP HE bR WEEH
70 keV-AV 40 keV-AV 40 keV-DL-M 40 keV-DL-H

BEA 1 3.93 +0.66 3.50+0.51 4,18 +0.48 471 +0.46

Pl e 7 BEA 2 3.89 +0.63 3.54+0.58 421+0.50 4.68 +0.48
k 0.684" 0.624" 0.738 0.747

BEA 3.86 +0.65 3.32+0.55 4.11+0.50 4.57+0.50

K04 5% B4 2 3.82+0.61 3.29 +0.46 4.07 +0.47 4.64 +0.49
k 0.803" 0.548" 0.837 0.851°

Bt 1 3.79 +0.69 3.29 +0.46 4.25+0.59 471 +0.46

ER7NIIKEDORE AL S s 2 3.75+0.75 3.36 +0.49 4.29 +0.66 4.68+0.48
k 0.600" 0.783" 0.651° 0.747°

BEA 1 4.54+0.58 4.50 +0.58 4.61+0.50 4.14+0.52

EI% “pRig” B2 4.57+0.57 4.46 +0.64 4.57+0.50 421+0.50
k 0.620" 0.539" 0.779 0.781°

A1 3.86 +0.65 3.50+0.51 436+0.49 4.82+0.39

BUGAE fR  i Bt 2 3.82+0.67 3.54+0.51 4.29 +0.46 4.86+0.36
k 0.816" 0.742 0.783° 0.868"

W *RoR kappa Kig I P <0.05, R EAALEE L.

Hea 4 AITHRIRR VLS 2 57l L e 5

Table 4 Differences of subjective scores of four reconstructed images compared in pairs

B TR 70 keV-AV 5 70 keV-AV 5 70 keV-AV 5 40 keV-AV 5 40 keV-AV 5 40 keV-DL-M 5
40 keV-AV 40 keV-DL-M 40 keV-DL-H 40 keV-DL-M 40 keV-DL-H 40 keV-DL-H
Pl {5 <0.001 0.003 <0.001 <0.001 <0.001 <0.001
&5 th 5% <0.001 0.090 <0.001 <0.001 <0.001 <0.001
ERANIIRES =W <0.001 0.001 <0.001 <0.001 <0.001 0.004
&5 “iiR i 0.526 0.774 0.003 0.456 0.019 0.001
PG S A i 0.004 0.001 <0.001 <0.001 <0.001 <0.001

B HE ). g Y Zhong 55"F1 Sato 25T
P EMIE S5 — 8. RN,  EARARIE T 1
BRI R KRR, (HAE MG«
PRIE” P53, DL-H BEfIK T DL-M, X3 Rl ¥
JEE BRSNS, EARE L ERRIE” 1R
R R EIVAL DI

F4h, 5 70keV-AV EIMGIF AL, 1E G

o

(b) 40 keV-A

(a) 70 keV-A

P EGE B bR S L A AR G T
4 A T7 I A5 R R I A 40keV-DL By, H DL-
H =T DL-M. [A, HF— Pt =4 i 5 B
(B 1D, A2 5 EM R I s b 145 (1)
MRS, EURL R EIR, 40keV-DL AEfS ok H
EZ AN, H 40keV-DL-H 2% B & tE .
XX A DL HEIE R, 40keV AR keV fig

(d) 40 keV-DL-H

(¢) 40 keV-DL-M

Bl 1 440 FIEE =4k )5 b3 it K%

Fig.1 Four groups of upper abdomen 3D post-processing reconstruction images
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