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Abstract Objective To evaluate the feasibility of various strength levels of deep learning image
reconstruction (DLIR) algorithms for improving non-contrast abdominal CT image quality at ultra-
low radiation doses, by comparing ultra-low-dose DLIR images with low-dose filtered back
projection (FBP) images. Methods A prospective collection of 85 patients undergoing non-
contrast abdominal CT scans was performed, and a self-controlled study method was employed to
conduct low-dose (LD) group and ultra-low-dose (ULD) group scans. The LD group used a noise
index of 10 and employed FBP for image reconstruction (LD-FBP group). The ULD group used a
noise index of 30 and employed DLIR at different levels (low, medium, high), resulting in three
subgroups of reconstructed images: ULD-DLIR-L, ULD-DLIR-M, and ULD-DLIR-H. For each
group, CT values, standard deviation (SD), signal-to-noise ratio (SNR), and contrast-to-noise ratio
(CNR) were measured and calculated for the liver, spleen, kidneys, aorta, psoas major, and
subcutaneous fat. Effective dose (ED) was also recorded. Two radiologists independently performed
subjective evaluations of image quality using a 5-point scale. Results Compared with the LD-FBP
group, the ULD-DLIR-L group showed significantly lower SNR and CNR values in the liver, spleen,
kidneys, aorta, and psoas major (P<0.001), while the ULD-DLIR-H group exhibited significantly
higher values (P<0.001). The difference of SNR and CNR values for the ULD-DLIR-M group
showed no statistically significant difference. For subjective evaluation, the scores of the ULD-
DLIR-L and ULD-DLIR-M groups were lower than those of the LD-FBP group, while there was no
statistically significant difference in scores between the ULD-DLIR-H group and the LD-FBP group.
The ED value of the ULD group was approximately 88% lower than that of the LD group.
Conclusion Compared with the LD-FBP group, the ULD-DLIR-H group significantly reduces SD
values while increasing SNR and CNR values, effectively improving the image quality of non-
contrast abdominal CT scans.

Keywords deep learning; image reconstruction; ultra-low-dose; tomography; X-ray; image
quality
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—HJE CT BRI T o UG g S (0 SRR RO BRI R 30 T 3T g4 2,
M [ #5512 (filtered back projection, FBP) #Ii%ACH #4032 (iterative reconstruction,
IR) FFITRE > E@EHE (deep learning image reconstruction, DLIR) , 145 & A4 5
FRIBE ) T — R MFE %0, DLIR PARFE (low-dose, LD) i FlI BL S 4 FE
SRS A AT IR PR S B B AL G R B ] P R AR R 40 g s 0 =
DLIR 7E LD E#8 58 CT AN, B 78 CUESETERE MK 4 T, DLIR E&EIEZ
HF- FBP Al IR # &%, {H DLIR 7E K5 C(ultra-low-dose, ULD) JIEH CT P43 (1)
FRF kb o %07 B EERF DLIR 8 ULD 3B CT P41 i3 FMG & i w] 471k
1 MEEHE
1.1 JRBEBR

B WSS 22 B E R R 2258 — IR 2B 2022 4F 10 H—2023 4 4 AR RIGIKST 5%
ATREHE CT P41 85 3%, JLh 55 43 1, 42 91, 4F6% 25~83 (56.09£12.71) %, 14
EIEH (body massindex, BMI) A4 15.6~33.6 (23.18+3.48) kg/m?. 85 5| & A 45 g i AT
S0 FFESARKE 7 B, FFEER 27 B, RHSEA 13 . B RN 38 B, B4 A 31 1 KA R
58 . gINARUE: © FR=18 1% @ WIGKILITHEEE CT FHmA. HibkbrE:
OEMBEGATE: @ BEBREAGHE, HmSEN BN . Au st e

Attt (H5: PI2011-08-09)

1.2 R

K H 256 20 CT (revolutionapex CT, [ GE &7 aw]) #EAT GBS . & B
BN, BRE TRAR TN, XU F28, FEHE AR RR KT BEYLIEREEE,
By y LD A ULD #4743 . LD CT W%/ % B HIE 120kVp, & HIE 50~500 mA,
I FEAERL 10, B 0.5 s/r, B2HF 0.992 1 1; ULD CT B35 % &)L 120 kVp, & HT
50~500 mA, MEFEFEEL 30, F£E 0.5 s/, BEEE 0.992 1 1. X LD E{&ik4T FBP E# (LD-
FBP) , X} ULD BEUGR AR 2 >) S 5 TrueFidelity™ (S£[H GE A #EAT A% 5]
(fi&+ *F. %) [ DLIR ### (ULD-DLIR-L. ULD-DLIR-M. ULD-DLIR-H) , FE#Z/EH
4 0.625 mm.
1.3 EBRREFH
131 WP FrE EEE RIS SN GE AWA.7 TAESHE TR, M2 4A4E 10 4
JEE SRS W 2 56 1 U R HEE TR e AT . 18 O BRIX (region of interest, ROI),
ARZYY (100£10) mm?, FRKEHA AUBCE THEIE. BRUE. BIE. F3hik. BERWUA R ™ iR



i, IR BEAF LA RE . kk. WHE ROT T34 CT i KA % (standard deviation , SD)
6, FABAL RO 23 A& 3 BT 3ME, THEAFIE. JRAE. BFBE. FShKAE LS
Matt (signal-to-noise ratio, SNR) FIXf LU LY (contrast-to-noise ratio, CNR) , SNR=/*%
HRIX 3 CT {E/AH ) X4 SD i, CNR= | J&X4 M X 3 CT 5 — f R85 CT 18 | /5 TR SD
fi5tel.
132 EWIPH  CRAA R BLET IS 4 411814 (LD-FBP. ULD-DLIR-L. ULD-DLIR-
M. ULD-DLIR-H) MBI i EUGREES K2 WifE 07T 25y . Irfs ZMPE5rt 2 4
HA 5. 10 fFLL L IEH BRI R MBS RIEIT e 5 ZiFabrm: 14, EERER
7, WEFEARR I, d/MER S SOAGA BRI, AREEH 12T 2 gy, BIRRERE,
M S LRI PTG I, MR G5 SR G B AN, WA 3 4y, EIGRE
a5, WP AR AT B, AN SO R R — R, SISO 4 4, BRI ERLT
WEFEEN, AN G S OA S RN BUET, FTRLEH S 4y, BIBRELF, TR,
H/NGERE SN R TENT, R4 RIS
14 BEE

3% CT HHE AR CT 7FEFEE (volume CT dose index, CTDlyo) A5 &E K

(dose length produce, DLP) , FiH 5 G 84477 & (effective dose, ED) , ED=DLPxW, W

FORFAR T RIEWH CT BLEAR SR R RUE , IS A4 T4 0.015 mSv/(mGy-em)®l
1.5 Sita

K H SPSS 27.0 HAFHHATH 245387 K Kolmogorov-Smirnov 77 ¥EX} 158 BERE4T
IEAVERSS, FF6 IEA AR NTHEBOR ks ox, /[ 5 UG A) FLABCR A o R 3k S S
w7, AN HECRA LSD Kk, SRABKFEA ¢ ket 2 4 8 A 8da
AR AFE IS A TR SR BAM(01,03)1%7,  ZALIAHHBCR A Friedman M g%,
ZH Y LLBCR A Wilcoxon Rif . 2 AR IT E MF 73— B K A Kappa K3, Kappa {=
0.75 N—EEIREF, 0.4 < Kappa {H< 0.75 A— 8T, Kappa i< 0.4 N—FHZE. P<
0.05 NZERA G FE L.
2 HR
2.1 AREESTFIEMNSKSR

JE#5 LD CT [ CTDIyo N (14.25+2.76) mGy, DLP &y (463.82+105.30) mGy/cm, ED
N (6.95+1.57)mSv; ULD CT ) CTDIyor A (1.75%0.11) mGy, DLP 4 (56.83+6.68) mGy/cm,

ED A (0.84+0.10) mSv. ULD CT FXEEHFER LD CT KT 88% (1=37.142,



P<0.001) . LD 4015 ULD HAHEL, &Wrags REA . W 1.

# 1 LD 4M ULD AEEIERRISEER

Tab.1 Diagnostic results of abdominal diseases in the low-dose and ultra-low-dose groups

cyst Other
Hepatic Hepatic Renal Renal
Group Fatty liver Gallbladder abnorma
calcification cyst cyst calculus

stone lities

Low-dose
5 7 27 13 38 31 58

(n=179)
Ultra-low-
dose 5 7 27 11 38 31 58
(n=177)

22 BEGEEFN

2.2.1 ZEWiMr LD-FBP.ULD-DLIR-L.ULD-DLIR-M.ULD-DLIR-H VU4 E14 fr il AT i
FRAES B, ESMK. RN BRI CT (AR, Z RS2 . VA E1E R SD
HERA G #E XL (P<0.001) ; 3 ff DLIR Hik, FEEESLTIE SD {HIZH 4K,
ULD-DLIR-L 4% SD i fie iy DAL ] SNR A1 CNR B % 7 B A Gito2 e 3, 3 b
DLIR %A fE 5 #2552 =5, SNR A1 CNR 12 #iF+ 5, ULD-DLIR-L ZH K4 1f) SNR #1 CNR
B 5 ZH AT P L% 2 7R ULD-DLIR-M 45 LD-FBP 40 SNR Al CNR {2 R L4015 =
X, HARHRINN B S TP 2R . WK 2.

x2 ARESTEREGEZNEREENEGRETN (X+s)

Tab.2 Objective image quality among different dose levels and reconstruction methods

(X+£5)
Parameter LD-FBP group ULD-DLIR-L ULD-DLIR-M ULD-DLIR-H F value P value
group group group
CT value (HU)
Liver 61.21£7.55 60.64+8.03 60.66+7.98 60.68+7.91 0.277 0.842

Spleen 51.14+4.50 51.09+4.66 51.09+4.52 51.124+4.40 0.879 0.456



Kidney

Aorta

Psoas muscle

Subcutaneous fat

SD value

Liver

Spleen

Kidney

Aorta

Psoas muscle

Subcutaneous fat

SNR value

Liver

Spleen

Kidney

Aorta

Psoas muscle

CNR value

Liver

Spleen

Kidney

Aorta

Psoas muscle

34.62+4.33

40.32+8.09

51.34+6.59

-112.81+111.12

25.81+2.10

24.40+2.28

24.56+2.59

27.59+3.75

24.46+2.72

23.43+£3.13

2.38+0.33"

2.11£0.26"

1.42+0.24"

1.49+0.41°

2.1240.35°

7.50+4.16"

7.05+4.13"

6.34+4.14"

6.58+4.24"

7.07£4.17"

34.38+4.69

39.4549.06

50.48+6.00

100.53+13.96

33.59+2.67

31.65+3.11

31.68+3.14

34.84+3.11

31.66+3.37

26.91+3.10

1.81+0.25

1.62+0.20

1.09+0.19

1.14+0.28

1.61+0.24

6.06+0.96

5.70+0.82

5.07+0.76

5.25+0.82

5.68+0.85

34.55+4.58

40.20+7.76

50.45+5.87

-100.49+13.92

25.77+£1.96

24.27+2.37

24.29+2.38

27.12+2.73

24.2442.65

20.34+2.30

2.36+0.32°

2.1240.26°

1.43+0.24"

1.50+0.34"

2.10£0.32"

8.03+1.29°

7.54+1.13"

6.72+1.02°

6.99+1.10

7.51£1.16°

34.58+4.40

40.26+7.91

50.42+5.79

-100.42+13.90

17.57£1.43

16.39+1.58

16.34+1.62

18.44+1.92

16.2942.00

13.34+1.67

3.46+0.46

3.14+0.38

2.14+0.36

2.21+0.53

3.14+0.52

12.29+£2.19

11.56+1.97

10.29+1.77

10.73+1.93

11.51£2.00

0.745

0.458

0.708

1.357

2 886.464

2 404.065

2 004.104

2450.480

2267.948

1 836.190

1 496.429

1 644.765

798.820

360.257

1127.920

1069.047

1230.725

1 099.029

497.574

1070.300

0.528

0.713

0.550

0.262

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

*: in the intergroup comparisons of SNR and CNR values, there was no statistically significant

difference between the ULD-DLIR-M and LD-FBP groups (P>0.05), while the differences in SNR

and CNR values between any other two groups were statistically significant (P<0.05).

222 EWIEHr 2 G EHEIT M IE 2 —FEIR &, Kappa (BN 0.822~0.883. 13k 3 A



7k: ULD-DLIR-H 41 E& F M F4r 8500 LD-FBP 415, %R LS5 & X . ULD-DLIR-L
A1 ULD-DLIR-M 4 E1& =W P/ {K T LD-FBP 415, #7464t L (P<0.001) . 1
K1 R, 1AL 1B, 1C. 1D N 1 I B 3 A A IR, PP 1B [ ER g
B 1A K, B2 ARG AT B 1A; B 1C EIG0E 75 A 2L 21 8] 3o L B 16 1A
K 1D EEME S RE 1A R, SHLAZ R RIF. WIHBGER M EEES A (<2 mm)
EYREEM SR, W 2 Fn, B 2A. 2By 2C. 2D A 1 GRS B Se R LR BEVE Y ToRE
BIE, FOENRE 2B BIGE: SRR 24 K, S RGO AR T B 2A, Jitkin s
B B 2C BB EVE A HaE I 2A; B 2D G EEE 2A MK, S TR E
RUF, ik B Ih % BoriE . P4 ER I8 BE Bon I B e AE
K3 AEEFEREGERKERENEGRETN[MO1,03)]

Tab.3 Subjective image quality among different dose levels and reconstruction methods

[M(Q1,03)]
LD-FBP ULD- ULD- ULD-
Group 2 value P value
DLIR-L DLIR-M DLIR-H
Radiologist 1
Image quality 5 (5,5) 3(3,3) 4 (4,4) 5(5,5) 251.054  <0.001
Image noise 5(5,5) 3(33) 4 (4,4) 5(5,5) 253.723  <0.001
Diagnostic confidence 5 (5,5) 3(33) 4(4,4) 5(5,5) 252.714  <0.001
Radiologist 2
Image quality 5(5,5) 3(33) 4(4,4) 5(5,5) 252.714  <0.001
Image noise 5(5,5) 3(33) 4 (4,4) 5(5,5) 253.421  <0.001
5(5,5)" 3(33) 4 (4,4) 5(55)° 251.728 <0.001

Diagnostic confidence

*: indicates that there is no statistically significant difference between the ULD-DLIR-H and LD-

FBP groups (P>0.05), whereas other pairwise comparisons show statistically significant differences

(P<0.05).



K1 AEEmEESAEAREREE ERER
Fig.1 Comparison of different reconstruction algorithms for a high-density left renal
calculus
A: The low-dose CT reconstructed by FBP; B: The ultra-low-dose CT reconstructed by DLIR-L; C:
The ultra-low-dose CT reconstructed by DLIR-M; D: The ultra-low-dose CT reconstructed by
DLIR-H. All four sets of images clearly visualized small calculi (<2 mm), as indicated by white

arrows.



B2 SeRUEEEEY REESFEERER ERHER
Fig.2 Comparison of different reconstruction algorithms for congenital choledochal
cysts
A: The low-dose CT reconstructed by FBP; B: The ultra-low-dose CT reconstructed by DLIR-L; C:
The ultra-low-dose CT reconstructed by DLIR-M; D: The ultra-low-dose CT reconstructed by
DLIR-H. Cystic lesions with low attenuation were well visualized in all four groups of images , as

indicated by white arrows in the corresponding figures.
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AR, HRAB 2 A ) A 2 B SO, AR e iRt FBP BIREEEE AT
VEAE UG T B S S ) (RS B 8 6 PP, AR N L R AER ) 2 N S5 R R
T TR B A M 2% (deep convolutional neural network, DCNN)) DLIR i #5158 15 11
A, TEEBRZEBEARFS W b b B AR U, DLIR Bk PAsfl s ) FBP KT
B, %) LD S5 AEREE BB AR IEAILAL, BEA Rosb B g s A Oh 5, R SERYIE



Ji UG I SRR, ELAS S0 3 0 5, 75 CRAIE B2 Wik M 10 R B KR BRI T 4 S 77 ==
NA PR CT fa5 R BSR4t VOB, AWHFURIEES CT $944 1) FBP A1 DLIR # 2 &Rt
TP, AT G . WP &R bR, 1ESE T DLIR #£ ULD JE#6 CT P
HAPCME S, S0 BG RS AIR i Wi E O .

AHF AN L T A AR S R A4 FBP 5 DLIR 5 S0k (0 G &, B g IR,
ULD-DLIR-M #1 ULD-DLIR-H W4 AR A R BRI CT 1) SD 427+ SNR
CNR f, ULD-DLIR-H 7£ VU2 B L3R4S T B fICH) SD B AR = ) SNR il CNR fH,
FWI/E ULD 2641, smER) DLIR F &R ERe13 2 RIRZ X% . Racine et all'']
Wr7E#& ], 5 FBP #Lt, DLIR-H H4& S5 LSEHL RIS 67% MR FEK, BRI 2
LIESR . AR T B ESTTE (0.84 mSv vs 6.95 mSv), TEFFEH L EER R &2
Wi SR AORTIR T, 585 F B IR MK T 88%, ULD 4114 7 7ENHZES A (A R IE KT LD 445,
FoAti2 W s R LD 41— 2, TaE S AT ST N4 A ROREA B AU . HIRSS A I 24
K.

fEFEMIF4r 771, ULD-DLIR-L Al ULD-DLIR-M #HiF4+ & T LD-FBP 41, ULD-DLIR-
H A1 EHE B2 7> 5 LD-FBP H K& i & 9P 70 A3k, {5 ULD-DLIR-H A AL 5 RO B AE,
$&7n =B DLIR g8 5047 240042 = BB & . Noda et all 7RI, 7EFEMIRZ) 80%(1
HaSifE T, DLIR BefgOR¥F 5 hns R H EE FUE A2 HiE 0, O DLIR 8% LD
CT FIR FHERAE T AIAT ARG . EAIK 85 BIWE 7%t Sk, ULD A2 Wi4: Y LD Aizl
BEAR—3, FXIEW T ULD %4 F DLIR fef# g th 5 LD %4+ FBP [FFEHIEIG R =,
i RIS R

KHFFRAAAERIARL: © ZHFRRP OO, HHEAREE/S, WRAELS R @
W7 R Ve T TEE 8 1) Ky FITAE mA G N ELEFT AN [l P 4R 450 R i) IR ER S 45 3L, 7
JEEERTFEH, PRI Ky, mA. NI SRS HOEAT HLE,  BASBLIE A ULD ) Ak
B

Zx FFTiR, ULD-DLIR-H ZHEMGOKTRE A SD B, #2% SNR F1 CNR {H, AR G
&, N DLIR £ ULD g CT P M RS %

SR

[1] Parakh A, Cao J, Pierce T T, et al. Sinogram-based deep learning image reconstruction technique

in abdominal CT: image quality considerations[J]. Eur Radiol, 2021, 31(11): 8342-53.



doi:10.1007/s00330-021-07952-4.

[2] Gohla G, Orgel A, Klose U, et al. Comparison of ADMIRE, SAFIRE, and filtered back
projection in standard and low-dose non-enhanced head CT[J]. Diagnostics, 2025, 15(12):
1541. doi:10.3390/diagnostics15121541.

[3] Zhang G, Zhang X, Xu L, et al. Value of deep learning reconstruction at ultra-low-dose CT for
evaluation of urolithiasis[J]. Eur Radiol, 2022, 32(9): 5954-63. doi:10.1007/s00330-022-
08739-x.

[4] Koetzier L R, Mastrodicasa D, Szczykutowicz T P, et al. Deep learning image reconstruction
for CT: technical principles and clinical prospects[J]. Radiology, 2023, 306(3): €221257.
doi:10.1148/radiol.221257.

[5] g, X K, 2R, IR LS ) SRR 0 SR N AR CT I PR I R[], o

BE2f g 22 8, 2025, 33(1): 102-6. doi:10.3969/).issn.1005-5185.2025.01.019.

[S]Li Y C, Deng W, Li X H. Principles of deep learning reconstruction algorithm and its clinical
application progress in abdominal CT[J]. Chin J Med Imag, 2025, 33(1): 102-6.
d0i:10.3969/j.issn.1005-5185.2025.01.019.

[6] o, ARIE, ME Bk, S5 MR BE o2 o) IR S g R m IR S h R RE T C
P A5 5 R kL 12 WA 0 B I R BT 98 0], o RSO 2 2k &L 2025, 59(1): 43-9.
doi:10.3760/cma.j.cn112149-20240327-00160.

[6]LiYC,LiY G, Yang J L, et al. A clinical study of deep learning image reconstruction algorithms
in liver dual-energy CT with reduced radiation dose to further improve image quality and lesion
diagnostic confidence[J]. Chin J Radiol, 2025, 59(1): 43-9. doi:10.3760/cma.j.cn112149-
20240327-00160.

[7] Sato M, Ichikawa Y, Domae K, et al. Deep learning image reconstruction for improving image
quality of contrast-enhanced dual-energy CT in abdomen[J]. Eur Radiol, 2022, 32(8): 5499-
507. doi:10.1007/s00330-022-08647-0.

[8] Greffier J, Hamard A, Pereira F, et al. Image quality and dose reduction opportunity of deep
learning image reconstruction algorithm for CT: a phantom study[J]. Eur Radiol, 2020, 30(7):
3951-9. doi:10.1007/s00330-020-06724-w.

[9] Zhang X, Zhang G, Xu L, et al. Application of deep learning reconstruction of ultra-low-dose

abdominal CT in the diagnosis of renal calculi[J]. Insights Imaging, 2022, 13(1): 163.



doi:10.1186/513244-022-01300-w.

[10] EALM, R, B %, & 5T CT ImAREU 4 551 2 5 IR 2 27 >3 4 0 Ak S R fi
BOMOR OO MR O D] = B BE OB K % %k, 2024, 59(2): 344-50.
d0i:10.19405/j.cnki.issn1000-1492.2024.02.026.

[10] Wang C B, Li C P, Cao F, et al. Clinical radiomics nomogram and deep learning based on CT
in discriminating atypical pulmonary hamartoma from lung adenocarcinoma[J]. Acta Univ
Med Anhui, 2024, 59(2): 344-50. doi:10.19405/j.cnki.issn1000-1492.2024.02.026.

[11] Racine D, Becce F, Viry A, et al. Task-based characterization of a deep learning image
reconstruction and comparison with filtered back-projection and a partial model-based iterative
reconstruction in abdominal CT: a phantom study[J]. Phys Med, 2020, 76: 28-37.
do0i:10.1016/j.jmp.2020.06.004.

[12] Noda Y, Kaga T, Kawai N, et al. Low-dose whole-body CT using deep learning image
reconstruction: image quality and lesion detection[J]. Br J Radiol, 2021, 94(1121): 20201329.

doi:10.1259/bjr.20201329.



