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REF S EG EEREEIE B GE KX EEF
TRIR B E BBk CTA I E

sy, XU, WIESR, HRMRAK, KRN, BEAK KEF
ARSI WY DR RIBE B, 46 350000

WE: HI: WG GRS S S G B i SRR RE i B 8 2 B AR 2 S o) b ) 3 0 3= 3 ik 480
HIME. TR ST BB 2 4 i B B M B U RIS 58 2016 4 1 H 22 2023 4 12 H i LA K
T 1.5 mL/s X LA 4% 52 0 3 2h ik g 3% CTA $94%, H. 120 kVp-like % L 3= sh kom0 R4 (3=
Bk CT A < 250 HU) [ 50 ] i IR %kl . %F 120 kVp-like &%, 40. 50 160 keV HfE 152 7
HEATACE 2 (ASIR-V) AP IR B 2% ) IR B8 (DLIR-M. DLIR-H) o ¥ Eb 045 2 0BG i i 2 5 (i
FHNKCT (A WS, (EMERLG. 0 L LERIEAL D2 Fa 50 A BG4 Kl E 3k CT {5 > 250 HU
HFWIT5r >3 4 M EHGE O 2 2 B sk 5. 455 CT{H: 40keV>50keV > 60keV > 120kVp-
like % . Xt FH—RM/fedk, ARTEEFEEZ WK CTE2 M 2% Lg% E L. SD.
SNR. CNR HI BHA{fi: 40keV>50keV >60keV > 120kVp-1like &%, H th SD 1 BHAE : ASIR-V40 % >
DLIR-M>DLIR-H. [A]—#&Z% T, DLIR-M/H [E4%1¥ SNR I CNR 3975 T ASIR-V Bl4%: XF T EMAF4, [6—
fE4% T : DLIR-H>DLIR-M>ASIR-V; [ —HE#H % T : 40keV >50keV > 60keV > 120kVp-like, 725735
HEr¥E s Brawip ¥ ae@nt 40keV-DLIR-H RGN ROR TN A2 Wi 4% . &858 BB g & K1
S B IR PR 2 3 T S STV R 8 S (I T BU SRR T SR A R R AR 1 B 2 B ik CT 3 5 R SR A AL 12 W 75 oK
FIEMSEL, RN 2 R TSR G T &=

RIER): GRREE)EAAS: RRRED ANk Btk Ohgs UG UE

DOI:10. 15953/ . ctta. 2024. 118 FESHS: R814; 0242  SCHEEFRIORE: A

W EBh K RSk =4, R 2287 P I IR AR IR, LR R AR JC A H L
e Lk iz Wt #2,  E3hk CT M4 iR (CT angiography, CTA) HiARKI S8, HEMHTIEF
P, BLC N R Wk K R, X RUEERE R, AR Rk, Sk CTA &2
BT S FOAICHC & B 2 A S AN RS 558 Clne sz KUy o) &5 Rz, RN 5 BB (GGl
246) 55 PICC A CIEPUM IRAL) 3 BB AN BEANE S (< 1. 5ml/s), PIULIAE AL H BAL, Xt
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BT, WRE ) EEAEY: (deep learning image reconstruction, DLIR) E B —Fif X E
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1 BRS5EE
1.1 MARTIR

AT [BIEE 23 A 2016 4F 1 H 42 2023 4F 12 J] A gt e RSBt & bR Be B = e ShE B = 3 bk
MNES

IINFRUE. RFECFIE S % < 1. 5mL/s™ H. 120 kVp-1ike K45 b E 30k CT {8 < 250 HU™ . i
VR HEFEAT VA 5 3 S HURE el T I 4 PF 28 Gk BRI, I A JE Pk 184 R0 17 5 1A IR e LE SR A S XU
FEASE: O P S As AR BEER K T BE ) R U Re A 24 G 4% P X ik B B B PICC & (IR
FEAD ;s @ R > 65 X B IR BB Ak @ B2y 14 @ OB A
B ZE . R bRE: O DB, @ BEhthwiE.

BAMN 500, 52146, L 294, FEd271~76%, V¥ (54.42+11.16) % ; {KH 60~
79kg, P (67.75+4.95) kg; B 153~179cm, ¥ (164.90+0.06) cm. A=FH Eh /K FiplBH J7 %
KB 24 (48% ) H], e >65 % H L& IR M 4 (8% ) #), #x2iliuyrEid 14F
16 (32%) i, AP oA ZE 6 (12%) #.

RIS IR AN B D DR R PR S S S KR B A= Bk = . s BhIkoR 6 (12%) i, EFlik
Je)Z 13 (26%) B, FBMKK 11 (22%) #i, LIhEeAA 4 (8%) ], IABERIME FMEM 16 (32%) .
1.2 AEAFR

FJH GE HealthCare 256 #f Revolution CT 4T GSI BEX4AHl. g Skobuk, APEML, XL &
2B TR, R B

B LR A 80/140kV BRI U4, LUK GST Assist #E30, 200~445mA, MEFHEEL (noise
index, NID 12, KAIMBJEFTIHE, 18EE 0.992 1 1, HUAEEGE 0.5s/r, AIE HIENIEREHE (adaptive
statistical iterative reconstruction—-V, ASIR-V)40%, F94Z/E 5mm, [A]FE 5 mm.

KIMPNEREAE, HER GG, I 1) - 5 i 2k Cak (i H 2 S IR B3 E 75 R IE 2 i
BI{E (200 HUD, WIS B Shfi A 348 CAMN IR P A i 2 R 3K S fid A B AED

1.3 EEFIEHAR

AF LA EE (350 mg/mL, JEES UM LEFAD, IndAZ 37°C CBRARXT EL AT R B, /N A
ST o A IEES RGP E IKESS, X EEFRFE S 60mL, AR < 1.5mL/s, LU
AR RIS 30 mL A ER K
1.4 ERESH

AT B s 5 B 225 i 120 kVp-Tike BI4%, 40. 50 Fl 60keV HREE % . Arf {5355 5
BEAT ASTR-V 40% . DLIR-M 55 DLIR-H HEg. Jry S 25 R B4 2 0. 625 mm.
1.5 EgfEmmoHh
1.5.1 [Ef&fEH

K2 K15 4% 5 Advanced Workstation 4.7 (GE HealthCare) TAEMGHEATHI 4.
1.5.2 BEMBIEST

HH— A7 5 AT 5 AE DL RS W 2 56 IR TR R D Ae 6] i 28 (5 S AN B A5 S S AR BN I 00 T R4 T 2%
#RIX (region of interest, ROI) ‘)i FIELIE &

FE R = B K B0 K 53 AR I 48 Ao X3k $E ROT, IR TN I 45 TR 2/3, mEFFARAE . B
B g RE; AE R ETXFWUNLAI A X, 2 AR T 20mm’ [FIROT, @ FFIMLAE . AR F1E
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SRR . & ] 3% ROL 1Y) CT {E A bR#EZ (standard deviation, SD) o [AJI, HkikfE ML
SR T E A, B OGERDC,  HAROCT- I o T AR Y 2/35 AEAH R JZ 1, 38 5O )
TR S PR M3 B T AR 7 A 2R v B B RIX, & FFad sk > ROT /) SD .
G, WWHEEGMEE., {58 (signal noise ratio, SNR). X ELMEFE [k (contrast noise

ratio, CNR), FEALLN2IEEME (beam hardening artefact, BHA), F4F/Axt"":

KIZ IS = X R LSDIE

SNR = [l E3IKCT1E /X T WLSDIE

CNR = (g 33 BkCTE — X FALCTIE)/ X T HLSDIA

BHA = (BEALS SR DY S0 T+ 33 kDA - I SDAE®) 2

@)

1.5.3 ENEURREN

FH 5 44 A FEHCRHE Wi AH OC TAE 5 4F LL_E (R8O RS 2B BE AL IR IS [R) 25 g vk () s % Rk AT 12
Wi R0 PG R VP o BB VTA ARfE ™ e I A 0 A 2 R A 2 R R A, I A I R ) S R R
BHG s 2, AReizWr, 1 MmO 2 BN E M S, 80 R g Woni 2, EBlHg
FUEE e, Wiz, 22 M RAGRCR A, AR, MG AR AW E R, BB R
s, LA W, 340 MM RAF, AOVRRES, MBS KA B RE, BB E
RAaf, (EF2Wr, 4% MR SCRINT, B, LR &g B R ITs, EgEL
75, ATz, 5455,

FMVE o L FE AL BT S i e R8P S BRI % 9 350 HU, %47 30HU, 2B ilifE
WL R AT A R

A (B2 CT I8 B bnid L 5 3R ™, i =5k CT 5 > 250 HU HEMIES> >3 2
BN A R A WSk, Ah ROl

1.6 BZIrENR
K H Graphpad Prism 8.0 Fl SPSS22. 0 MffT. THaEFRILL (x+s) Kom: 2 RTORERHGI%L (H
GrEe) 2R WIS HTR A Friedman 30 )F T 2 EHEL. P<0.05 N b ZER BA G078 L.
2 R
2.1 BEWEGRRE

R —FEEEET, CTEAf A 40keV >50keV > 60keV > 120kVp-like B . X T[] —
KM/ BeH, AR EEFEEEG M E3 Nk CT {2 M oSk %% % % . SDE A BHA{H: 40keV >
50 keV > 60 keV > 120 kVp—1ike &%, ASTR-V40% > DLIR-M > DLIR-H. SNR FICNR {f: 40keV > 50keV >
60keV > 120 kVp-1like 4.

ANIFIBEZL BT A DLIR &% (DLIR-M/HD ) SNR 1 CNR 5 1+ ASIR-V B4 (% 1) .

2.2 EIES

EARFEREEDT, W—i82 K% 3 MES . DLIR-H>DLIR-M>ASIR-V, % SFH 4 il ¥ &
o W T AR ESAEY, AR EMIES: 40keV >50keV > 60keV > 120kVp-like ( % 2 Al
Kl 1) . ASIR-V 120kVp-like B4 Bi & — M LL = ( >3 20 MEH 5 8%, DLIR-H B 18%;
ASTR-V 40keV G MLl Iy 42%, DLIR-H 40 keV EUE & LI 5 100% .,

2.3 # KR
50 11 B2 1) 120 kVp-1ike &44 (ASIR-V. DLIR-M. DLIR-H) ¥y AW L2 Wrsisk .. @it A pli A
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Ae s R AEH DLIR, 3 skAFANRURTh a2 Wi 4% (CT > 250 HU H A WMVF4r > 3 43, Hohimid
40 keV-DLIR-H %P (9% 4] 50 11, 33 50 keV-DLIR-H/DLIR-M ¥R 195 191 22 451, 3@ ik 60 keV b
(Rt 3 4 (3 3D .

F 1 AFEBEVL 120 kVp-like 5 HRAEH EUGEEMITHR LI (R +5)

Table 1 The comparison of objective indicators (x+s) between 120kVp-like and
monoenergetic images reconstructed with different algorithms

ERAE AR Loy
EREE 2
ASIR-V DLIR-M DLIR-H F P
40 keV 375.2+87.08 367.9 +84. 63 367.6 +84. 31 4. 84 0. 089
oT 50 keV 258.1+57.49 253.3+£55.94 253.1+£55.73 5.76 0. 056
60 keV 186. 2 +39. 58 182.9 + 38. 57 182.8 £ 38. 45 4. 00 0.135
120 kVp-like 141.6 +28. 82 139.2+28.13 139.1+28.04 2.56 0.278
. F 150. 00 150. 00 150. 00
Gt RrR:
P <0.001 <0.001 <0.001
40 keV 52.89+10. 72 35.12+7.536 27.21 £6. 265 100. 00 <0.001
- 50 keV 38.36+7.676 25.04 +£5. 273 19.51 £ 4. 317 100. 00 <0.001
60 keV 29.37 £ 5. 860 18. 86 + 3. 948 14. 78 £ 3. 204 100. 00 <0.001
120 kVp-1like 23.84+4.704 15,12 +£3.127 11.93+2.518 100. 00 <0.001
. F 150. 00 150. 00 150. 00
Gt KR
P <0.001 <0.001 <0.001
40 keV 7.482 + 2. 666 11.10+4. 034 14.45 +£5. 485 94. 12 <0.001
SR 50 keV 7.098 + 2. 487 10. 71 £3.772 13.83 +£5. 090 94. 12 <0.001
60 keV 6. 696 + 2. 327 10. 26 £ 3. 525 13.16 +£4. 742 94. 12 <0.001
120 kVp-like 6.273 +2.156 9.727+3.270 12.39 £ 4. 365 98. 04 <0.001
. F 150. 00 114. 20 127. 00
Gt KR
P <0.001 <0.001 <0.001
40 keV 5.906 + 2. 475 8.746 +£3.773 11.39+£5.079 94. 12 <0.001
OR 50 keV 5.269 + 2. 224 7.913 +£3.393 10. 23 +4. 524 94. 12 <0.001
60 keV 4.585+1.974 6.977 + 3. 007 8.952 £ 3.985 94. 12 <0.001
120 kVp-like 3.884+1.711 5.962 + 2. 609 7.593 + 3. 422 94. 12 <0.001
N F 150. 00 150. 00 150. 00
SRR
P <0.001 <0.001 <0.001
40 keV 59. 95 + 28. 50 50. 00 + 26. 62 45. 77 £ 26. 15 68. 60 <0.001
BIA 50 keV 42.19+19.18 34.71+£17.93 31.76 £17.43 73.32 <0.001
60 keV 31.26 +13. 54 25.32+12. 66 23.15+12. 14 66. 43 <0.001
120 kVp-like 24,56 +10. 07 19. 56 £9. 465 17.89 + 8. 866 66. 43 <0.001
N F 141. 00 141. 00 141. 00
BRaRioL )
P <0.001 <0.001 <0.001

3 it

76 CTA Hf, ZZBRF 3 A S G, XS LA 5o A D W 152 R i DR K e 2
AT, A Py B A0 s BB, L R ks s B S R . SR RS LB
SR IS RS JRUN, BT SR N R B, RN I B AT Bl A 2. XS A T A
FHR A5 3t U K B B (206G BLE), B 24 G 3 b Ui ik B B TCik K 52 5 B CTA BT s it bk
TR B3 3 1 sy ool 7 F 3 S TR T i 5 0B A R A Jon) B RS sl A 28D, MR IE IR,
ST EA T T 2nL/s. KRN T BE LA, XTSRRI LR E g E . R, &
0 LU R S s 26 15 | o 7657 i A A3 R AN DT 532 M 12 BT ) ) A AN 25 22040
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*2 ARTEFF 120 kVp-like 5 HAER G T MWITI HLAL
Table 2 The comparison of subjective scores between 120kVp-like and monoenergetic
images reconstructed with different algorithms

FE
EHSH
1 2 3 4 5
ASIR-V 7(14.0%) 22 (44.0%) 20 (40.0%) 1(2.0%) 0
40keV DLIR-M 0 10(2.0%) 22 (44.0%) 20 (40.0%) 7(14.0%)
DLIR-H 0 0 6(12.0%) 19 (38.0%) 25 (50.0%)
. F 93. 87
et RIS
P <0.001
ASIR-V 2(4.0%) 20 (40.0%) 19 (38.0%) 9 (18.0%) 0
50 keV DLIR-M 0 4(8.0%) 19 (38.0%) 15 (30.0%) 12 (24.0%)
DLIR-H 0 3(6.0%) 12 (24.0%) 12 (24.0%) 23 (46.0%)
. F 82. 62
512 A
o P <0.001
ASTR-V 7(14.0%) 30 (60.0%) 10 (20.0%) 3(6.0%) 0
60 keV DLIR-M 4(8.0%) 24 (48.0%) 10 (20.0%) 8 (16.0%) 4(8.0%)
DLIR-H 4(8.0%) 19 (38.0%) 14 (28.0%) 7(14.0%) 6 (12.0%)
‘ F 47.38
Gt RIR:
P <0.001
ASIR-V 29 (58.0%) 17 (34.0%) 3(6.0%) 1(2.0%) 0
120kVp-1like DLIR-M 26 (52.0%) 15 (30.0%) 5(10.0%) 4(8.0%) 0
DLIR-H 23 (46.0%) 18 (36.0%) 5(10.0%) 4(8.0%) 0
-~ F 23.29
AR L 5
P <0.001
3 ANBUS I ] 1
Table 3 The successful cases of remediation
FHSH ASIR-V DLIR-M DLIR-H
40 keV 21 49 50
50keV 21 22 22
60 keV 3 3 3
120 kVp-like 0 0 0

BeAk, OIhEEA IR B R B, DR, EINRE T IS, WA SRR
% DLIR 4545 BE 15 5 A6 5 1 15 10 50 1 3= 3 ko 3 UG AL AS &2 5 TR AERE o 45 SRR 50 il
MHATAEELL 40keV DLIR-H $RA4MNEU& 5 (CT > 250HU HLEME4r >3 43D, il 50keV DLIR %k
R AR 22 41, JERE 60 keV AMFUKIEBI 3 1. H DLIR Eb ASTR-V HLAT 5 i (R 4 Keiks 1

ARSI PR B2 LAk 288 s A 2 xf U EE, ALAb A AR I IR = B ik, B8 T I 3 ik )
CT {H. HBEHE LB MBRAR GRS R 3n, SEEGTRE T, AREEIRKZHER. i
KW, AENIEAEEHA (ASIR-V) fed i i fe i i i id 5 0 G 5 .

AW I AR REG N 40keV, SIUE M LSk B AR 65keV " H T 25, ATFELK A
WFFCANN ) S5 3 340K FAEONS BRI S %, 3a B = Bk N CT L0 6 K LU Ay S i, PRI
FUEAR B R i M DR AT AR SRIAN RO RE g — 2D BRAIK,  ASTR-V G vkl 2 2 i 5
B EMGTR,  ARSCTITAI PR S 2% S S50, AR 8 2 G 388 n 16 == 230 Jhk st A0 R P58 1) I ) e A1
Bl s, g — 4w A T

AR, T N TR I 4% 1R IR P 2 ) o A S0 A MG B W T )32 1 CT MG 4
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(d) ASIR-V (%) . DLIR-M (dv) | DLIR-H (&) HEE) 120 kVp-like K&
B 1 A TSN 120 kVp-like SR AR KGR
Fig.1 The 120kVp-like and monoenergetic images reconstructed with

different algorithms

SREN T SNV IE A A EVEA L I I T UG S 0 E O IS A E L (ASTR-V) (R
ARG, dRERM, EAHFRERE LT, AN FIRE B IR B 2 ) Sk B BRI B R J2 5 11 38 N AR
AL RS, N RGBT RERE. B, OfF KRR IR > md ek
PR CT R I g R,

UEAh, DLIR 7 45 B 5 2% 0] 23 8 5 R Tff CT LA [ e B ARG TR 45 e 7 o TR kV WF5T L,
DLIR WH 2 PR T KV R Bh ik CTA (e 75 JF FLERm 7 Mg "™ . Gk # ", DLIR 7F 40keV
B4 TR n] B S5 38 = SR IR 1 Bos Be U AT EMG it iE . ARSCrp, X T 40keV LR R B A KGR, HAR
CTE M W3R, [H ASIR-V JCikSCE K AE S K I G M 75, DLIR DU m LLEE gt 9 2 12 W 2Kk 1 1)

Bt .
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REFEBCE [ ASIR-V 1] Bt B G R B o AFFTIE I ICAE S (40keV) 4545 DLIR, Al 55"
IBIEST,  RDROERA AL i =K D 2 0 5y, 45 2 TR RE M) =) LU 55 DLIR s PR AR 45 45

CT B AL DA 50 1 2 RO TR A BE R 1 X el AR 2V S, fRAemE X degille, mifes X &%
BHLUR, R X LR, (855 25 AR I AL U S X T O IR B 4 AR (b o A CT If
Bk, BIXTEERIREE A, SR IO P A s A DR 5 A AL 2R R K 2 i
JRHT L RAE AL O 5 (beam—hardening artifacts, BHA) ™, %5 5 i I T 3= 3h AR S5 A0 = Bh bk 55 1
WML, BT B & .

A5 RN, 80keV 454 ASTR-V 50% [¥11EI% BE A %5 i e S LR AL O 52 o (HLIRIAHIF 5 1) 2 i
AN ASTR-V RSB HAR TS, St Oy 2 A fb 2258 N . RIHARHIT SR H 558 & DLIR X & i &
X G FAE b s e i R 2 5 RS 10 B 2R A O 32 LA AT IR R, 45 B3R W, DLIR %% ASTR-V X i £k fif
OS2 ARAAE -t — 23T

AR R R . e, PR H R D>, FEARTHAAE K, Nit—2 T 2. KFE
AW HR, XPANE BMI B P O A3 3 — 209 Rk, R S bR CTA MEATLRERL, 2
Wi Be AR %90 e, FREE IR T DgkEiil (10 keV n ¥/ 3 5keV) o

ZEEPTIAR, RS bU AR 5 TH 48 16 st A28 R AR I I 2 Bl ik CT g 5% B 14 ml o fig 1R e 2 I
1545 B R IE % ) VAT AR

B3Rk
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Energy Spectral Single-energy Technique Based on Deep
Learning Image Reconstruction: Study on Image Quality
of Thoracic Aorta under Low Contrast Agent Flow Rate

YE Xiongxin, LIU Yuanfen™, TANG Borong, CHEN Yilin,
ZHENG Wanyi, XUE Liwei, ZHANG Xiaoyong

Fujian Medical University Union Hospital, Fuzhou 350000, China

Abstract: Objective: To investigate the value of combining a deep learning image reconstruction algorithm and an energy
spectral single-energy technique to improve the image quality of the thoracic aorta with a low contrast agent flow rate.
Materials and Methods: The imaging data of 50 patients with thoracic aorta energy spectral CTA scans with contrast agent
flow rate < 1.5 mL/s from January 2016 to December 2023 at Fujian Medical University Union Hospital were retrospectively
analyzed and whose thoracic aorta enhancement was insufficient (thoracic aorta CT value <250 HU) on 120 kVp-like images.
ASIR-V and two deep-learning image reconstructions (DLIR-M and DLIR-H) were performed on kVp-like images, 40 keV,
50 keV, and 60 keV single-energy images. The objective image quality parameters (thoracic aorta CT value, noise, SNR, CNR,
and BHA) were compared with the subjective image quality scores. Images with thoracic aorta CT value > 250HU and
subjective score > 3 were defined as meeting the diagnostic requirements. Results: CT values were 40 keV > 50 keV >
60 keV > 120 kVp-like images. There was no statistically significant difference in the thoracic aortic CT values between the
different reconstruction algorithms for the same type/energy level. SD, SNR, CNR, and BHA values were 40 keV >
50 keV > 60 keV > 120 kVp-like images, respectively, and SD and BHA values were ASIR-V40% > DLIR-M > DLIR-H. The
SNR and CNR of all the DLIR images (DLIR-M/H) at different energy levels were higher than those of the ASIR-V images.
For subjective scoring, at the same energy level, DLIR-H > DLIR-M > ASIR-V, and under the same reconstruction algorithm:
40 keV > 50 keV > 60 keV > 120 kVp-like. All differences were statistically significant. All cases could obtain successful
diagnostic images through 40 keV-DLIR-H. Conclusion: Spectral single-energy images combined with deep learning
reconstruction algorithms can provide objective parameters that meet the diagnostic needs of thoracic aorta CT images with a
poor enhancement effect under a low contrast agent flow rate while significantly improving the overall image quality.

Keywords: deep learning image reconstruction; single-energy; thoracic aorta; beam hardening artefact; image quality
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