7 (Y2

Computerized Tlomogr: leory and Application’s|

XF LA PR VR A BE B IR AR AR CTURICTARE & B AR I BLFIF 5T
WAk, XFAm, T, T M, DHF, KAE, F 4, 3 R, FEFk

Study on the Application of CTU and CTA Combined Imaging by Fractional Injection Combined of a Contrast Agent with Energy
Imaging
HU Jiacheng, LIU Yunfu, WANG Xinyan, WANG Qian, MA Zixuan, ZHANG Yongxian, LI Wei, LIU Rong, and NIU Yantao

TELR L View online: https://doi.org/10.15953/j.ctta.2024.148

T ARG HoA S

Articles you may be interested in

P B R TR S 4 AT R B Rl 3l ik CT A 5 w1 I

Study of Two—stage Injection of Contrast Agent in Combination with Bolus Tracking Technique in Computed Tomography Pulmonary Angiography
CTHEE 5 R FIFFE. 2023, 32(4): 531-538

AR X LR IR 18 M 00 B {7 Sk SR CT A A R ]

To Investigate the Application of Low—dose Contrast Agent Combined with Low Monitoring Threshold in CTA of the Head and Neck
CTHEIE 5 T, 2019, 28(4): 455-461

XFHEFRTE SR 7 SR AR A L e A £ Bh K CTA F A PRST

Research on the Contrast Medium's Best Injection Combined with Low Tube Voltage in Aortic CTA

CTHLS 5N HIWFFE. 2019, 28(4): 447-454

Z IR AT ARTE K CTA R AN 470 % DI BRI

Application of Multi-stage Double—flow Mass Injection Technique in Evaluating Right Ventricular Function in Coronary CTA
CTHEIE 5 RIS, 2020, 29(2): 229-240

AN S0 T 5 SRR T Sl Pk CTALE B 22 PRI B (EATFE

Study on the Value of Individualized Contrast Agent Injection Scheme in Improving the Biosafety of Pulmonary Artery CTA
CTHIE 5 R WS 2021, 30(6): 777-783

P A Bl bR i SE A I RETE CTARR AT MAR i AR 7S

Clinical Value of Spectral Imaging Combined with MAR for CTA after Embolization of Intracranial Aneurysms
CTHIE 5 R RS, 2024, 33(2): 182-188

KIEMFEART, PRHELZHOEE


http://www.cttacn.org.cn//article/doi/10.15953/j.ctta.2024.148
http://www.cttacn.org.cn//article/doi/10.15953/j.ctta.2023.075
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2019.28.04.06
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2019.28.04.05
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2020.29.02.14
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2021.30.06.14
http://www.cttacn.org.cn//article/doi/10.15953/j.ctta.2023.035

#33% el CT HE SRR (Hh3e30) Vol. 33, No.6
2024 4F 11 H (692-700) Computerized Tomography Theory and Applications Nov., 2024

BIBE, XIZH, TR, SR RSNV £ RS CTU AT CTA e G OR IFRSE (D). CT B8 SREIMISE ChIesr) , 2024,
33(6) : 692-700. DOI:10. 15953/ j. ctta. 2024. 148.

HU J C, LIU Y F, WANG X Y, et al. Study on the Application of CTU and CTA Combined Imaging by Fractional Injection Combined of
a Contrast Agent with Energy Imaging[J]. CT Theory and Applications, 2024, 33(6): 692-700. DOI:10. 15953/ j. ctta. 2024. 148. (in Chinese).

XFEEF 43 )X BT B & BE 2 A IR 3R 15 CTU A0
CTA BXx & A& B9 N A #33

WEK, XN=®@", THe, THE, D, kidE, M4, XX FE%
BASEE R B AL 5 R EE RO R, JE5E 100730
WE: A B T R 85 A QU2 BRI AR Y61 CT 50keV BRI AE & KM% (WD, 1ECT WK AR
Mf% (CTU) 5 LBk CTA A g b N A . Jride: Wedk 2024 4F 3 H & 4 A8 & #5E RN 2E I8
b5 [E 4 EE B Philips IQon XUZIREIMSE 63 CT 4T CTU Ky A H g 32 60 KRB 4 . 4 FH oo L 700 49 vk 141 v
KA BESA; PG ELT I 120kVp IBRAGEE G AL 4L JeilbE &3R5 50keV VMI 24 A2 41,
Wt 2023 4F 12 H & 2024 4F 3 H IR ZEAH R 4547 CTU ¥ 7% 8 32 4] Ry Sp R4, 4 1 0o B 350 20 338 Bl 4

KUNE SRR CT {8 T ELME A L (ONR) . {5 MEEL (SNRD; B4 IR 44 e 4R B 44 CT (A h R &5 T
i, KM Kruskal-Wallis #3:, X Nemenyi &r56HE47 W 70 LL o 156 415 6 HR 4 1A A 2000 % 5 57 o
b3 R T Wilcoxon £ 86 . = MVTAN thi PR 44 i 4F B SEAR =il 23 T %) 3 41 CTA K CTU G HEAT 4 40180 3
IIVEVEMY . P BRI VR4 (0 — B0 R Kappa #8259 HMVEMIREr, A2 45005 AL 4R
BAILLE:, WHGI%ESR: AL A5 B 48N E Sk SNR G Sl 27 RAASERSFEA %%
Z5, RIGAEBN A IEME 15. 1% . 3 40 CTA. CTU BIE =M L4 i 2 5, WA BN CTA K14
Vo as B—E kAR R A, XF CTU BG4y 45 SR — 3k dr . 4538 AW LEARI 4 R BIEAT CTU K e i, 3R
A PR F % B Ik B B S R R G, AN A WA I A ) o R A [ () G s i, T FL AR A 28
SR Senk I RTG K 50keV R AE R EIE, U4k CTU J CTA WG i, HA IR E.

KHEIR): CT WMR ARG WZERMZRE CT; Ikl

DOI:10. 15953/ j. ctta. 2024. 148 FESHES. R84 CEAKRIRAG: A

CT WA K R Jf% (CT urography, CTU) EMAIK RGLH HINIA A k. EW L ZIGRY P 44
AN BB AL PR I A RS PR R G B B O, = 4 AR5 A I SRk H 2R I, RN
i R S LA A 1) R S5 R (R BRAR T DURRAR IS BT RS . ARG IR PSR, A IR RS RS A
IR VA, Sl ST AR =5 S CTU BRI 2 I R 5 K

AHIFFER X Lk B 25 & el fg & K% (virtual monochromatic imaging, VMI) H#,
PRE T LLSBL CTU 5 =30k CTA [ UG AT AR, HWF B AR E BRI 5 77 1 7 i (R A0

1 MRERE
1.1 ZEM5TE

AT 30 3ok A0 e R OK 27 B I AL s R B B A B 23 B 2> IRtk HE (TREC2023-KY056) o W4k 2024
3 AR 4 AE AR E LBt R B BAT CT WAIK R % (CTU A 3 32 Il /E A ik 41,
Horh 5 23 1. 9], FERS24~T79 %, VI (55 +16) %, {AHE 50~90kg. VY (69. 8 +10.6) kg,
AR TR 55 (body mass index, BMI) b (24.46 +2.89) kg/m’e FHHIN 5% 6 b 543 ¥R 14133 % 1]
HIBERA, FRELCTU Je F3h ik CTA [R]85 k& B 5 F E i 50 keV VM.

WAk 2023 4F 12 H &2 2024 4% 3 HAT CT WA IR R e (CTUD A A i 32 AR xR, Horp 53

i HE: 2024-07-25,
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6 M BHSE RS X LAk BB A RE B RAE 3845 CTU A CTA BXA A 1K B BT 72 693

23 %1 L 9B, HFE 24~91 %, P (53+17) ¥, #AH 50~95kg. “F# (71.2+£13.3) kg, BMI
b (24.76 £3.04) kg/m’s 4 IR FT LG 20 89 BT R AT I8 BR R, SRR AR CTU B K
EFhfk CTA K% .

FEBRbrifE . RS <18 %5 MKHE/NT 50 A7 KK T 100 2 7% BEAEBON LA B, A
RO HUIRITRE S G B IO DR A B Th e A Ay BBAETE I B S W 1 4
& WSS SR .

1.2 REFZERFESH

ffH] Philips IQon XUZERME G CT HLANFE H XU & g 28 (StellantD-CE B, KH
Xf EEFH S g 370 mg/mL (RIS 0 ey B, FEER) o BB CT Ku ik b, XU E28 13k 17,
AR M B A 0] R e A S 6 B A

F S R T, TEE R 0. 27 s, FFHLME 120kV, i Philips IQon CT H4fF
R A 3hiHE 3 AR (DoseRight), DoseRight Index #%EF% 22; JEt#% ik $¢ Standard (B), =K
BIZE ZREEA Tom, FLEF 300~350mm, KA H A /NUAEE, SEFE 512 x 512, & 98 A7 Al
1 350/40; S ARE B R 129mAs/ 2, HEH %N 64 x 0. 625mm, WRFE 1,015, fHIERE#
(iDose), FEZIEFE 3. A B S/E R nivE P #8 v R R BE

1.2.1 REEBENRES X

X LR AR R A AT L 2ml/kg, = BOESTEON 10101, BVREBOW LEGE S N
0.4mL/kg, X EEFHNES LI N 10s, & BO LA AT L 10 mL A= 21 3k Kk 5, ok B ARIvE
SR ERE 30mL AEREERJK, AR ER KR AR B B BRI A ] o

ANTR) A HEOS FEFRL A i 3 BORT LU TR i S SRR AR Lo 140 OR LU TR SR D BR AT 1, 494
FENS P3N S Sl =l b oY IE g S

Rl AFARTEEAE I FEFRE A AR BORT HE T S S i

Table 1 The total amount of contrast agent, amount of contrast agent per segment, and
injection flow rate used according to body weights

PR /kg BT /mL A5 B EEA A /L, TR/ (ml/s)
60 72 24 2.4
70 84 28 2.8
80 96 32 3.2
90 108 36 3.6

SEEEIE EEIK, BME (120 HU) | 3R 50 s JE 44
il JEAEIR 6 s FH, 3R75
CTA. CTU fh & 14

SEHEH K FEIR 30 min | FFALIE 210 s
WS 5 JE S JE S

e 531 + HE SEJ Y + HiHE S

T BRI B LR B K
K1 ki gl AR

Fig.1 Test group inspection process
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1.2.2 XBBBEERERESE

XFELF R A 80mL, A PBLEN, FEBTELFI A 40ml, FESIAEA 3. 5nl/s; FEETEL
FE S AT LL 10 mL AR FE ER KRS 5, X BRI 8 S5 Y BRI 30 mL AEFEER K, AEFE R KRR 55T
EL T A 7]

FAE B LE R S P R B 2, Ve LB S O A 0 Ak, ARSI S BRI B .

BEEIE RS, BME (100 HD HEIR 50 s JE4H, AT | @B 210 s J54H
fili % S HEIR 6 s F9, FRAT Al SIS CTU e G | 5, sRA 5l
CTA 15 CTU F14

FEIR 30 min
JE S

SEH H K
DR

SESH + HEE HEit ]

2 XA

Fig.2 Control group inspection process

1.3 BgEAERE

B R A6 A% AE %5 Philips J2 = TAESG, SHRE 41 CTU. CTA Blia &5 S0t B 4H 5l iy CTU. CTA
%47 2 F i E4]L (multi planar reformation, MPR), FRAGHEWITHD. 5ot bR AN SR 0 A%, fd
BRI (volume rendering, VR), 24, [AINF#ETH K EHE (maximum intensity projec—
tion, MIP) ,

FIFHXUZ M 28638 CT (142 B 6E EIM% (spectral-based imaging, SBI) ¥l fu', #& TAEuG
LRAFAR I ZH 5 M 120 kVp VRS RE R MG 4 AL 2, TRAF 50keV MEHL HL e MG 0y A2 4, X6 B 415 R0
120kVp VR RERE KGN B 4.

1.4 EBEgR=FN
1.4.1 ZEWIFEMN

(1) CTA FME . W& 3 2H MG REF0 MA 1) CT R, RIS HRIX. (region of interest, ROI)
CHEIE E Ak IE T 0 7 Tem) AU Bk 4530905 A1 R A2 20 H ORI #% S 3 ik CT 1H,
BCP¥ME: ROI MOIEERASHE R & 4%,  ELBEF I BE, M vp 854k A s FEBE B o (] B 3000 o 11 25 ] )2
ARSI FIWLIAL CT fE . REAS ROT P& 3 ¥k, HUMEICS%, DbsdEzE (SD) fE NS, TH&E % ROT 1Y
CNR }% SNR.

CNR 3= (CTroumss — CTrommw )/ SDrompy » )

SNR jy4= CTrouiss / SDroriss o (2

(2) CTU EMG . 43Il 3 21 G i B bR A IR 438 S b N BE CT i, IO 39ME; ROT Wik
WO, HBEF R R RE . DS BN E AL E A SE T IR CT 1, THEMEE, KA
8 A RS G 792, ROT AR A 120 mms
1.4.2 EWMFEMN

P 44 1 T AR BRI 6 3 4 UG AE TAE sk PRI, HE H 7 P4 Vo Z RS0
HEINHAT G — Ve RS, PPN S VR R

(1) CTA ElG . XIHEEBNKARE . BN Bk S oy SC 04T 3 40 VP4 2L, 343 MR/, Bk



6 1 BSE AR O6F EE 7 RV K & RE R R 3R A5 CTU Al CTA R & AR A BT 7 695

W REI AT Wi L, BRI 2 e BEABOR, DA, REISTHE B,
WAL, EBBTE TS 1 0r WEAOR, DhSSE, MRTIAE A R, BRI . BRVEY > 2
SrREN LS W .

(2) CTU Bl bR AR = BOIEAT 4 00PN, BRSSO K RR A5 s i sk
JEO o Horp, 4 gp: PIGRIRE SRR WoR, BEEL; 3y —WEmIRE L, b, R B
AV, BEBE R 270 PSR A BLE s ANV, GRS AE: 120 IR ) —
MR R AEERA W, BB TR BRVE> > 2 7 REil 2 2 s 2.

1.5 REFIE
FIEKEERA (dose length product, DLP) HiFENLAZIAER, T IiC G WS FIE (ef f-
ective dose, ED), ED=DLP x k, k N¥SL A%, R4 E B iU B 3728 5 2 A AR FIbsHE k= 0. 015,

1.6 GiEAIE

K H SPSS 27. 0 BAFHEATHE 43 M SR Shapiro-Wi Lk K6 Sl 17 IE&ME T, A IES S
MR R Gxs) £, AEEGESMH M(Q,, Q) Fon. WIS xR ALE S PER ELECR
FRITRIE:; AE8e . BMI [ LLASRHMSIAEA ¢ 4050 . 3 4L =8k BUII'EF Bk ) CT {f. CNR.
SNR, Hir R AL 4R T3 CT (S AN R E°7- 3 CT (1 AL 41 A2 A ZE R4 sk T3 CT (555 AL 4108
ANk CT {1 J B AME EFk CT {8, FH Kruskal-Wallis k4, JFRH Nemenyi 40 dtAT MMy LEAS o
Sy GETE 3 LI I S N S5 1B e L rh CT AR L 0 T340 80 a6 2015 0k F AL P A 20k S ) o ) R
KH Wilcoxon Kid. 3 4LEME = WISy, KA HFEIZE ANOVA A3,

PR 44 = Wil 1) B A5 5T & 32 M VF O 1K) — B vE R Kappa £ %6 . Kappa {E < 0. 40 4875 P #% — 30 bk
7, 0.41~0.60 A—HME—M, 0.61~0.80 A—Hkar, >0.80 AR Ir. P<0.05 14k

TS
2 #HR
2.1 —RENDH
PIA— MG DL EL A LA 20 ARG 2RO FRALE A o) AFIE . BMI B et 2 5.
K2 WO (x+s)

Table 2 Comparison of two general situation groups (Xz+s)

205 Gtk
IiH
okl WRIe AR (E P
Wk 23/9 23/9 0. 000 1. 000
TR/ % 53+ 17 55+ 16 0. 021 0. 885
BMI/ (kg/m") 24.76 + 3. 04 24. 46 + 2. 89 0.112 0.739

2.2 EWIFHN

3 Y EMG I VPN R AR W% 30 3 ALIAIAR = sh ik XU FF sl k%) CT {E. CNR. SNR, #iJR%E
ECLRTR V-3 CT AR R34 CT A Gt 2 % 5, W ELES, A2 415 AL 41, B AMAfA 4
RS, A2 SRR T AL 4L B4l AL 405 B AU sk SNR A Geil24 25 5, Al 4K
T B4, AL 4. A2 404, ABEENIKCEY CT 5 AL 4 30k CT 18 % B 4118 E3h ik CT (i3 48 it
ZEt, PILIRIG, A2 175 A BESINK-T-34 CT H 5 A 3 41 CTEHA S %R, A2 AKT I
i 3 2. 3 GBI A SEAT I 5 R CT B LE~25024 64. 9% .
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®3 3HARGITEZM (MO, 0))
Table 3 Objective evaluation of three image quality groups (M(Q,, 0.))

415 R R 02
T H
Al A2 B LR P
1% 32 32 32 - _
CT {&/HU 257.80 (221.30, 294.00) 518.95 (432.40, 598.95)  295. 60 (260. 55, 310.40) 65.937 <0.001
1 3 2 ik CNR 11.96 (10.28, 15.36) 31.31(28.04, 40.22) 10.76 (9. 69, 12.46) 64.201 <0.001
SNR 11.73 (10. 24, 16.05) 27.50 (22.52, 35.90) 9.90 (8.38, 11.08) 66. 155 <0.001

CT fii/HU 233.20 (199.45, 266.75) 458.90 (383.40, 531.35)  269.85 (239.05, 291.20)  65.815 <0.001
Fe ik CNR 11.46 (8.92, 13.24) 30. 50 (25.05, 37.48) 8.95(7.51, 10.74) 66.008 <0.001
SNR 12.25(9.59, 16.85) 20.76 (15.95, 28.04) 8.13(6.74, 10.77) 46.748 <0.001

CT 1#/HU 238.50 (193.30, 256.15) 449.55 (374.80, 544.55)  261.50 (239.05, 284.80)  59.555 <0.001
A ik CNR 11.36 (8. 633, 14.23) 33.33 (24.98, 35.14) 9.15 (7.30, 10.05) 67.002 <0.001
SNR 12.04 (9.73, 17.55) 21.51 (13.36, 27.54) 7.52(6.45, 9.16) 49.132 <0.001

—

SR CT {i/HU I RE AT 428. 42 (296. 30, 610.72) 778.70 (567.45, 1112.50) 427.83 (334.68, 668.68)  24.193 <0.001
R PRI 417,50 (277.77, 666.50) 784.58 (589. 95, 1020.45) 470.88 (334.28, 564.17)  25.260 <0.001

[F) 22 THI I e PO RS CT {E 0.75 0.66 0.54 _ _
o CT {H b

TEABEENIKCER CT{/HU 258,58 (216. 30, 296.45) 500. 55 (409. 08, 564.60) - 10,196 <0.001
Bk CT {E/HU 257.80 (221. 30, 294.00) - 295. 60 (260. 55, 310.40) ' ’

2.3 EWIEMN

3L E WA W2 4. 341 CTA. CTU B i = VP 4> TL G v 22 25 57 CTA 1% Kappa {5 4
0.97, VP& R —3 AR i&f; CTU K14 Kappa {H o4 0. 63, PE4r45 R —2thdr. K 3 AR
VENHEE A SR IA MIP S 2 A2 4. A1 4 VR B4

F 4 PILENR 34 CTA. CTU BT WIF5
Table 4 The subjective scores of CTA and CTU images of the three
groups scored by two physicians

BE I 1/ [ )ifi 2/451
miH 2H 51
4 4y 34 2 4y L%y 44y 34 24y 14}
Al - 32 0 0 - 32 0 0
CTA EIf% A2 - 32 0 0 - 32 0 0
B - 31 1 0 - 32 0 0
Al 19 8 5 0 12 14 6 0
CTU 1% A2 19 8 5 0 13 13 6 0
B 18 11 3 0 13 14 5 0

2.4 LEEIRIE
BRI 4150 LA RS RS W 5, WL ED B4t 5, R 410 TR AL A% 15. 1% .
3 iTFig

PR 2 PR 5 BOARGE — BleRe ok E AR [R] 8AS A AR B I R AL 5 e — BRIk, H 2
S R N ARSI BE AT PR A5 R, LU T SEHERf 2 W R ey v R il s EE &S A
S, EARTALE, WO, R BEIY, R A SRR R R AR

WAPRZR CTU Aor 23 3 G HEAT B BUSY) CTA 43948, SR EATHEMY] CTU 4340, i T NIk, B
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s 2 A5 22 B A BE S IOAF AL, A HIAR SEI B R Al 5 BOARCR CTA BB CTU R Rl & st S A7 A2 RE 1
W HFEHWG, AEMBIK CTA K e, AR BOE S M5, FEMish ik B2 i A, i
kA, R AT LOE I 43 B e L AR — A SR AN TR I (R R R . A SR
O SRR LA 72, R AT CTAL CTU [N SR ™, SRECE R 2214 CTAL CTU fl & B,
SR IR IR 108 77 2L 1502 I B R T A s 45 T LA FE A S A e B e T B
A EAE, RN IEWT ST P R S OW MR TS R AN 59%, 5 ZL AR (). T4, iy
CTA. CTU Ay B s i 91 o 9/ 440 OB R 3R A4S CTAL CTU il £ Pl 450 R S T 301 Pl 4GRS 414
VES I3 S ARAL T 1A

(a) (d)

e (a) 4 B4 CTU Bk B MIP 45 (55, 48 %, BMI 24 22.68), Won/EifRA& 44 (LI AL, (b) & A2 41 CTA. CTU [AIN &
R MIP B (33, 43 %, BMI 4 25.26), WonAiiRE SRS T g0 (LLRIAL)s (o) (d) 230l A2 41, AL 41
— i VR E% (Y, 25 %, BMI  23.18); RIGALRHINS Lk 133 755X, aX 3] CTAL CTU [RIB 2 clt, Wonth T4
B S ERR A (LRI, A2 4 CT e, Boral i+ .

3 AFFHHTTER 540 SR MIP 5 A A2 41, AL 41 VR B

Fig.3 MIP images of different scanning methods for the display of stones and
VR images of group A2 and group Al

R PHAAT RO L

Table 5 Comparison of effective radiation doses between the two groups

45 XA g A et P
ED/mSv 33.59 (27.44, 45.27) 28.81 (24.96, 33.37) -2. 041 0. 041

AT NS 2L P B Rt PR S 7 S0 4 T A I, B sk, B EE TR H
e 55 1 BoE se R I T sk rg s, T3 oA mBE e w5, 55 2 Be B2 T 92 U ek
%o i TP BOR LEFAI RS 30min, 25 2 BOG HGGAL TS B, 28 1 BO EUAIAL T, KRB
VI IR R S TR M [ 4 48, RT LA — AT T g AR S AR A, (H A S B A R A B
SRS A PR B K, SRR AT RESE 2 1 BO U SR b T e, B PRAE P RO EE IR D, DRI
AR JE FRAEIR 210 s, fEFFHT 2 BOR LRI AL T-Hi T FdEA 7414

BTSN, AT AUR X L2 D = BOES . 28 1 Bow B e 2 2 T 7e 4 42
W, O 2 BOW R TR 52, 58 3 Bow b B TR Lk Wk S FU s . AR
2 B GRS S 30min, BB R, 5 2 B IGRIER /S 210s J5, $RE CL R, i
VEST S 3 BOR B HEAT S BRI, AT ARAS S RS S S IR R 0 Mk TR I ) A

Wk 3 Cad MK 3 (b) s, 23 A PRI a1 MTP R, S Son iR EiA s (FARIR 41
A RS TR R SR 2 PR AL, SRS A AL S A, R SC R . AT TR WIAE CTU A
A, ST BB N TS bR e b B BhRE AORBORRE T PR B R IR WL TR, BT LUK BE AN WA PR
RYTI R T, A BT e A R 2 R SR L PR PR SS 3 BUX TR
50 s JrBEATIMSRIS Y5, 156 2H 5 SO0 FE A el D> — I d i, T A 15, 196 (AT 280N R i

ZBGUESIOa. © TSR R AR SR ST, Ll CT A L 5L iR h CTU #3211
[ 771 B A s S A AR S R A, B S R R EREE . @ )
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Bl SR LT, B R S0 A A DS B TR P U 83 55 () I S5 4% e DU S AT Ly o T 3
ZWMAEBERK, A7 S AR RO B BRI RN 1119% ~167% , n] ABR B I i v ) X B 51
WBE, AR ADEEE s IR 40 % X HUFIGH A E 30 min it A K AOFHRIE B E, 7]
FESEI B R e, BE— D B TR BRI R KU . ) FARZECTUL CTA @& B ML
TEEA RGPS B G R A, = BOENRAHART R MR H B R %

Xof TR ZH A3 7 2 b B B F OV, H AL ZHF0 B AR =)k CT {EH 5 AL 2 XU % 50 k-1 3
CT L8R I Bt 24 22 5%, BWIRS LT £ BRIk Ak L5 b B i e Pl 45— 850, ek H (2 i
CTA EALVFOT I, BIAE B 418 DBk K 7, I 322 bk (1 B 48 o e A vl AARAR B 50 Mk 1] 4% ot i
HIAPTA . AL ALY B A KR EWVES LGt 2E 5, BWIEG T AL Z XU S Bl bk SNR AR
T BAL, AR RbEG T A, BARUE AL I B BB AR, (U2 A1 LN E 3k
XU Bl CT B A7 BBk T B 4.

HIFFUR W EZ K CT (% > 250 HU rIIA RIS Wik k™, AL AU ESRFIY CT {Hkhs, XU
ZKFE4 CT B AE 230 HU iy, B A =Bl -1 CT {4 hs, Hak W] Al il REHIN T B 4
I AR GEAE CT BT AT B, oM s o = BoXE AR L Py BT, 26 3 Bai S AL, SEUL
WEEZKIRAF A e B, Oy SORIE AR TN ] AEE CT FE MR 40, L RE B BB T R AN — 8RB, el THIR
Bt T B R A B PR T O X 2 MR, PR S A ke L R B AR e G R SR A
(R AE A2, TG T X LRI ZE AR IR ™o P03 (o) ML 3 (), CT i, SongiiiF&E.

A2 ALIEHG T 2 vy T LA P A UE S8 T RE LA e e RS D09 . il B RE Rk £ 50 keV S DA
50keV 15 120 kVp bR R 7 1A LE R AT [RIAE (0 BB B, FLOXRT LR FRUE ' I A5 8 it o 124 CT AT
[l ™, AR 40~50keV ISR T B LRSIk, Bk A RIS ik R B

AWFFIA R LG Bechidt e O A B R R IR A TS, AR, 25—, WAJR AR
SRR A TRy, RSN B KRN, VER R EANGG B, B AR CT EW e T AR
IS CTAH, kR =7r2 —LL b, FHEHEFADEAL SR L, FBO AN BE 78 & 355 E -
@ K > 100k, AHE <50kg MAFH <18 5 A RALL . LR IR LEF ] 2 75 AL 05 s
ARG o S ek mT AR L r B ], HAEME e N S s (e T i — 10
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Study on the Application of CTU and CTA Combined
Imaging by Fractional Injection Combined of a
Contrast Agent with Energy Imaging

HU Jiacheng, LIU Yunfu™, WANG Xinyan, WANG Qian,
MA Zixuan, ZHANG Yongxian, LI Wei, LIU Rong, NIU Yantao

Department of Radiology, Beijing Tongren Hospital, Capital Medical University, Beijing 100730, China

Abstract: Objective: This study aimed to investigate the application value of fractional bolus injection of a contrast agent
combined with double-layer detector spectral CT 50 keV virtual monoenergetic imaging (VMI) in combined imaging of
computed tomography urography (CTU) and aortic CT angiography (CTA). Methods: The experimental group included 32
patients who underwent spectral CTU with a Philips IQon dual-layer detector at Beijing Tongren Hospital, Capital Medical
University, between March and April 2024. Using fractional bolus injection of a contrast agent and bolus tracking technology,
the conventional 120 kVp mixed energy image was reconstructed after scanning for group Al; the 50 keV VMI obtained by
spectral reconstruction was group A2. The control group included 32 patients who underwent CTU examination between
December 2023 and March 2024 using the same equipment, and the contrast agent split bolus and group injection tracking
techniques were used. After scanning, the conventional 120 kVp mixed energy image was reconstructed for group B. The
objective evaluation included the CT value, contrast-to-noise ratio (CNR), and signal-to-noise ratio (SNR) of the abdominal
aorta and bilateral renal arteries, which were compared among the three groups. The Kruskal-Wallis and Nemenyi tests were
used to compare the average CT values of the initial, middle, and lower parts of the ureter. Wilcoxon test was used to compare
the effective radiation dose between the experimental and control groups. Subjective evaluation was performed by two senior
radiologists on the three groups of CTU and CTA images using the 4- and 3-point methods, respectively. The consistency of
the subjective scores of the two radiologists was analyzed using the Kappa test. Results: Among the objective evaluation
indices, there were statistically significant differences among groups A2, Al, and B. There was a significant difference in the
SNR of the bilateral renal arteries between groups Al and B. The effective radiation dose of the experimental group was 15.1%
lower than that of the control group, which was significantly different. There was no significant difference in the subjective
evaluation of the CTA and CTU images among the three groups. The consistency of the CTA and CTU image scoring results
between the two physicians was excellent and good, respectively. Conclusion: If CTU examination was performed by
fractional injection of a contrast agent, fusion images of the urinary system and aorta were obtained, which not only had a clear
anatomical relationship and the same image quality, but also reduced the effective radiation dose. The 50keV virtual
monoenergetic image obtained by spectral reconstruction optimizes the image quality of CTU and CTA and has clinical value.

Keywords: computed tomography urography; double-layer detector spectral CT; fractionated injection
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