PA BN Wl S 45 A B 1 BR B R AR B Bk C T AR 2E H A B FRAFSE
X &=, BRR, K&, & 45, #HRRA, T4, SEH, FiEk

Study of Two-stage Injection of Contrast Agent in Combination with Bolus Tracking Technique in Computed Tomography Pulmonary
Angiography
LIU Yunfu, KANG Tianliang, ZHANG Yongxian, LI Wei, XU Qinggang, WANG Xinyan, XIAN Junfang, and NIU Yantao

TEZR I TE View online: https://doi.org/10.15953/.ctta.2023.075

AT BRERSER R H A SCEE

Articles you may be interested in

B LU AR5 5 SR AE320HECTREAR S DK% BB 5E

Study on Low Contrast Agent Injection Adopted in 320—slice CT Coronary Angiography

CTEE 5 R RS, 2018, 27(6): 693-699

AN S0 T 5 AR T Sl bk CTALE Wy 22 2 B (E AT

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

TR BN K CTATE AR Sl K- sl bk 2 T2 W (LA [ B 5

Coronary Artery CT Angiography in Coronary—pulmonary Fistula:A Retrospective Study

CTEE 5 R IS, 2017, 26(4): 519-524

IR A AR AT BRCT A SR A7 0 ZE T BE A I

Application of Multi-stage Double—flow Mass Injection Technique in Evaluating Right Ventricular Function in Coronary CTA

CTHRS 5 FHFSE. 2020, 29(2): 229-240

320HFIRBECT HLYCL 3y JA I T Sl e WU CTCA Y AT AT HEWTSE
320-detector Row CT Double Low—dose CTCA with Manual Bolus Tracking: A Feasible Study
CTHEE 5 R FWFSE. 2018, 27(5): 583-591

CTiRy R BE T TR 5 22 RO Hb ) L AR
The Effect of High lodine Concentration Contrast Media in Crohn's Disease Patients
CTHEIE 55 FHFFT. 2020, 29(4): 488-494

KHEMAF AT, PAFHEZIEREE


http://www.cttacn.org.cn//article/doi/10.15953/<linebreak_en/>j.ctta.2023.075
http://www.cttacn.org.cn//article/doi/10.15953/<linebreak_en/>j.ctta.2023.075
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2018.27.06.02
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.1004-4140.2017.26.04.15
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.1004-4140.2018.27.05.04
http://www.cttacn.org.cn//article/doi/10.15953/j.1004-4140.2020.29.04.12

$32% 4 CT Bt 5 N AT Vol. 32, No.4
2023 4E 7 F (531-538) CT Theory and Applications Jul., 2023

XA, BRR, sk, 55 BT LA 454 B IR ERE R Al Ak CTA A &b g N BT (). CT Big 5 N FIWEAY, 2023, 32(4):
531-538. DOI:10. 15953/ j. ctta. 2023. 075.

LIU Y F, KANG T L, ZHANG Y X, et al. Study of Two-stage Injection of Contrast Agent in Combination with Bolus Tracking
Technique in Computed Tomography Pulmonary Angiography[J]. CT Theory and Applications, 2023, 32(4): 531-538. DOI:10. 15953/
j.ctta. 2023.075. (in Chinese).

PR X L FE S5 & AT RIS R
FiENBk CTA # & i N AR
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. HIW: TR B U B 5 45 & B BR R R A It s fik CTA st b i S e vk Wiedk
2022 4F 7 H & 12 FAE 1 #REERF R 8 b 5t A B B R % Hﬁi#%ﬁﬂﬂixﬂﬁm CT B8R 711 30 1 2
SR, A P BSOS LA S 45 A P BRERBOR (0 7 7. DOBIX (ROD) B T-Iigh ik =, 52 B{H
29100 HUo Sf LU SR A2 B8 3 KR 507 . @O XFLEFR 10 mL; @ifi F7K 30 mL; @ XTELF 20 mL;
@ LK 30 mL, FHIREW A5 nl/s. EREAASHIIKTT CT H, &3% G LR 10 s FFERT
o WCAE 2021 45 1 H & 2021 4F 12 HIa) 30 4 /& A Badl, RA/MRIEBENRE A sei 50t L
10 mL + AP EE/K30 mL 9 & 3l ik 3 Tk W Iy B) P S 6 B3RS 20 mL + AE 3 7K30 mL, DAIKUE I [A]
+1 sAENGERE MR M EPRA RISk Ik, Bl TEK. 3K CT{E, WA
P15 I 3 Ik P 45 8 R s e Ok R A O B2 3R AT VF 3 o W A R I CT B L35SR SRR A £ 40 565
Jiti h fik BAS B VP 4 R KA AL O 52 VE 4 10 LE R FH AE S 8 Mann-Whitney UGS, £5%: W4
gk AR Lk, Ak, ATk 220 Btk TE3Esh bk CT Ko B4,
ZERAGV R X R AFNT IR =T GBIk, 22 sk, A b ETﬂfﬁﬁ%Hﬂ(\
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TR AR 12 FAEE HEE R B A R S e PR BE AR ZEAT I Bl ik CT 14 s £ 1% 30 15 £ 4
JRIGA, P B 1TH. L 136, R 31~87%, ¥ (64+16) %, {AHE 53~84kg, FI
(66.0+8.9) kg, GAFTEIEE (body mass index, BMI) Jj (24.03 +2.61) kg/m’, HY5m 44 5 K
FH WY BEAORS EU ) [ 0 5 25 6 BT SRR BOR 1) T 1

WA 2021 47 1 H & 2021 4 12 H W) 30 9l 3 AR, 95 16 9. %z 14 4], 4F 4% 34~85 %,
EH)(61+14) %, 4AHE 50~85 kg, F1 (65.0+10.5) kg, BMI & (23.51+2.56) kg/m’, K]/
T BRI AR ) T

Hebpbrife: B IR A SO B OIhREA A BEAEMOG LU B, abdR. ORIk, o0 Ao™
FENG R RGPS E . WIS B O I Y s ARE KT 85 kg IR RAIAARI ST

1.2 REFERFESH

{11 PhiLips TQon XUZHRIIE G CT HLATFEHEXUR 5 RS (Stel lantD-CE MBAAD), XL
R 5 e S R LS 26 (R WA 1), WS 3TOme/mL 58 IR T CT 4R L, XUT
L2, TS LT, AR N A A N B0 .

IR AL F ML D4 [X (region of interest, ROI) & Fhlizhfik L+, & BME N 100HU.
XEECHRIE B KT BT @ 26 A FEFIVER XTI 10nLs @ £8B FVERMERIEK 30nL; © £
A AR LA 20mLs @ 25 B B A K
30mL. LRV L BRI R S i 5 PR VA i

#x BB CIRIBG S, 0 b FRIAT AR 3 R K S R
Rl Bl ik = CT{E, & 3 ¥ e BB 5 2B 10s ! ! ! !

FFeaFH (& D).
DO AN i A A e o0 U7 0 50 NP ]

2s 4s 6s 8s 10s 12s 14s 16s 18s

BT B LU FRIE B vk, TR ST iR 3

U ROL FIFREE I B L 1, FEH U4 Snl /s, SnL/s, PECKLATFATE IR 8 s,
Segt A TTESHRLEA 10mL, FRZE B S A HE 5 1 Bt LG BUBEE S 10 s 414 T

5 2 BOW HGA BB A 2 s

7K 30mL, I T4 R A (0] W 7] )2 1 g1 4 P - L
. ig. 1 In the two—stage injection method, the
L.5s A 1k, LHH 15k, 3K4EMshk injection flow rate was bHmL/s, and
N . N S the interval between the start of
T ROT (IR ) - BE 2R, W RS SR e I ), the two—stage contrast injection was
ASHTF ST T D045 1 i 3 ik 3 T 56 B 7 A 0 IR ] Sy 8s; 10 safterthefirst stageof contrast
- . N N reaches the set threshold is equivalent
7~13s, q:ﬂ] (10.8+0.8) s U\,[J:[jjiﬂl% ET“EU to 2s after the second stage of
+1s ﬂfjjﬁlgﬁj‘ i, RIS Z A %H:Ej- 20mL % contrast reaches the threshold

LE), 28 B VRS 30mL AEFER /K,  DABLAEIR B T dE AT 414

CTPA F1H 24 AT IE 7, &k 120kV, Jedkmf ) 0. 27s, ] Philips IQon CT
H a5 Lo 3 sl #13: R (DoseRight), DoseRight Index #£#f 22; ZEFHRE M E 129mAs/ )2,
HEE T 64 x0.625mm, BRERE 1.015, A HEACHEE (iDose), LAV LS 3; IELk A%k
Standard (B), HHEIMG)ZE 1om, JZMIEE 1mm, L 300~350mm, K& AN A%, HiFE
512 x 512, T %5 & A H 600/100. FHVEHI MM 2T, P i e F Rl wUg 15 P T I
AR B

1.3 BEBELEBLEE

B IR 2 G AL 52 Philips B TAES,, T2 FHE4 (multi planar reformation, MPR),
ARAF AT e R AT SR T AR, ) I R AT B K Y (maximum intensity projection,
MIP). AR I (volume rendering, VR), £, %54 MIP [ABF B -ifizh ks B2,



4 X2 BN AR B 4 A D R BRHR TE D Ik CTA 2% ch o I 533

1.4 EBEgR=FEN
1.4.1 EWIEMN

PIALSEAR IR LU A CT i Wbzl =1 Albzhik. ZEMbzhik, Mizhik s E 552 Chlit
w7 QN S R N 1 Y )i QN w1 =Y N v DN 1 Q7 S 113137 N
AR K 2o BIERIK ., A NIRRT VRS HAR K SR R Sk ST E Bk R AR 2E
I AR A2 M K M . ROT K/ 2k 0.05~0. 6 em’, 5% CT {EL, 153 [5) 00 fiti 2 ik 5 il i ik /) CT
B7E, A~ NMBhK CT 8- CR_L i ik CT {8 + T i bkCT 12 /2.

1.4.2 ENIEN

H1 2 % HAT 10 52 L2 W2 46 1) ) 35 BRI DU 3220 Rl i6 20 Aot S AL B A8 i B b AT R

MR BEAE I PRI2 W 2256 L 4 23 BIARAE PP AN i sh ik B (B s . 4 23 9 i sl ik /2 i CT i > 250 HU,
Bk e o3 S 30 s R4, ER Mk S Ik CT 2246 > 150 HU, i ks sidk, AN ui itz
ko ST S0 3 43 GBIk ) i CT {8 > 250 HU,  filizl ik Je 43 SC it 54 o R, AR i3 ik 55 i
K CT Z2{H < 150 HU, fili gt ok W Sub it Ak, 52 i Jii s K 70 S A0 388500 2 3 A 150 HU < Jifi 8 Jik J2= 1 CT
{H < 250HU, MWbhk—. =2l B AtE; 1 4 sik/Z 10 CT {f < 150 HU, it W1 sl ik o A6 28 R
59, JCVEWIIZ W SO .

KT 4 23 RIPE AR LIS Dh . 4 2, REAR DR 3 7, EALOhSE TG 2 7y,
WO RE W], RUENEK AT s, MIRESWT: 1 2, RO N I BN Bk (1 WO A2 .

1.5 BitFAE

K SPSS 23. 0 8 AFREAT GE vk 43 M1, KA Shapiro-Wilk &40 %t £ IE&MESHT, FHIESD
AT R (x+5) o, AFFEIES T M(Q,, 05) For o IR AL 5 0] HE 438 PR ) bRk
ORI AERY. BMIL IR CT {H A EL R IS REA ¢ K06 sk S VR 20 o b s i ik s
R4 1 EL K ] HE S 8 Mann-Whi tney U £556

PR 4% 15 i T P45 5 2 VPN (1) — S0P R H] Kappa £ 5, Kappa fH < 0. 40 $27x W& — 3 72,
0.41~0.60 3P, 0.61~0.80 K—FPELf, >0.80 K FPEdEwif. P<0.05 WZERHL

-9
2 &R
2.1 —RERDHER

TP MO AL F R EE . BMI ZZ e gty o g 2N IR 21 CTPA K 7512
W7 DAy i A S (¥ 73331 4 3 5110 2 4l

IR AL 30 1] F 8 2I3AT R APPSR R 3 B i L DU Rk iRk, TSRSl Bk I EE
S SREALAT 8 451 R8Pk s A 0 Sk o e 2 it ok 8 £ Dt [RE BR 22 ROT I [A 4 R AZ 2y ROT AT (1)
AN AE PR ER 20, S350 ROT I 31 3 R I F) A8 o 56 FELAL il e Fk s s D DR = 212 0 ks e i) 58 22
SR BRI IR TR (B 2).

2.2 EBJIFHM

BRI RS AL M A CT AR WL 1, L Zeibighiks AW Ltk Ak, A
MBI 2 sk TE RS CT EZERA SR, W4l CT KT AL, sk
T ANBESK . ZEE R SRk A7 BRI AN AR 22 BRI, 22 R BRI
A MZhERK CT EZE . ZEMBhERIk CT 2257 g 22 1
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(a) (b) (d
" () AL (b) X IRALLEE, (a) B EE MIP R, (b)) 5RO E MIP g, FHE 2hid M S SU kR,
fili s ik 55 il ik CT (B =48/ T~ 150 HU, PR R V4> A 3 405 (o) Ml (d) iRIG A 38, (o) Bz 5 )2 MIP K,
(DGR JZJZ MIP B, Il kns W%, sl kit T amfb (i, 55 ME kA RAFMXT LG, CT 2 KT 150 HU,
KGR VS b 4 5%
2 NRRAL AN REENREAR, B0 2 5l P B O Ll 3 45 A TR BRERBR
Fig.2 The control groups, using the test bolus technique, and the experimental groups,
using a two—stage injection of contrast agent combined with bolus tracking
technique
50 2 RS JY 2 0 00 A SR e MR B KAL) B A
Table 1 Comparison of mean, minimum, and maximum values of measured vessels
between the experimental and control groups
CT fHi/HU G
W 1M 3
R x+s (min~max) XA ¥+ s (min~max) t P
JitiZh ik £ T 340 + 50 (264~431) 312+ 65 (183~483) 1. 86 0. 067
A5 fitiZh ik 339+ 51 (251~435) 313 + 58 (180~463) 1.86 0. 068
i ik 345 £ 54 (252~431) 314 £ 57 (188~466) 2.21 0.031
il E Ak 367 + 62 (281~498) 329 + 61 (185~497) 2.40 0. 020
A it iz ik 359 £ 61 (269~468) 322 +£58 (202~472) 2.39 0. 020
A R s ik 363 £ 58 (268~511) 329 £ 61 (206~469) 2.19 0.033
Je it B r-sh ik 362 + 54 (258~441) 330 +£59 (197~467) 2.18 0.033
Je il R B ik 362 £ 57 (259~457) 332 £ 63 (195~474) 1. 89 0. 064
A b bk 137 + 39 (85~225) 128 £ 57 (40~263) 0.74 0. 462
A5 i bk 132 + 30 (86~192) 122 £ 53 (45~225) 0. 86 0. 392
i b vk 137 + 37 (89~226) 134 + 56 (42~265) 0.20 0.841
Je R iRk 135+ 35 (91~228) 124 £ 52 (40~244) 0.90 0. 375
AR K 935 + 250 (469~1728) 840 + 303 (317~1645) 1.32 0. 193
T E3 K 120 +21 (84~165) 71+£19 (44~120) 9.50 0. 000
Ak CT {2518 204 £ 57 (86~289) 188 £89 (~17~374) 0.87 0. 389
ZEAUB T CT A4 754 210 + 61 (70~301) 184 + 86 (6~376) 1.31 0.195
W x+s OTPBME £ bRl Z, min hI/ME, max EcK(H.
o PIAEITASRIS AL ED NI QT R . LIS 0056 D5 4 11— B 17 46
Table 2 Distribution and consistency of pulmonary artery image quality and superior
vena sclerotic artifact scores analyzed by two physicians in the experimental
and control groups
[ )it 1/ Bl 2/451 — AT
A (M(Q1,105))
34 24y 14y 44 34 24y 14y ’ Kappa fE P
Jiti 2 Fik B A8 V7
WAl 8 0 0 23 7 0 0 4.0(3.5,4.0) 0.73 <0.001
o HEZH 13 2 0 19 11 0 0 3.75(3.0,4.0) 0. 62 <0.001
b KA Ch RV 4y
WA 22 4 0 2 24 4 0 3.0(3.0,3.0) 0. 66 <0.001
XA 24 4 0 2 19 9 0 3.0(2.5,3.0) 0.63 <0.001
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2.3 EWIEMS
5 44 2 VT o 3 6 2L R0 ) MR LI B ik s 1 i s L s KR Ak O 52 VT4 25 SR L3R 2. TR 48 12 Uil i)

PEor b B —FPE LT (Kappa 534 > 0. 61, 3 2). RIS AL sh KGR =04 25 7 LR
R ARG AR Rl AL S VR0 25 e g X
3 g

PLITEI CTPA UG IE I bk J 73 S 78 oy itdb,, Il ks ik, IS5 sl bicE R rxs e, BAUX 4y
il 20y Rk R B e ik, e s e bk 5 X BRI RE A Db S SR Ak D S 2D, AN WA B Bk e, X
YRE T CTPA AN Zh ik BIWEAE I, b s ik oy 6 B FRIDE Al Uk, [ IR i ik 76 23 5 T 52 1k
4, BTSRRI AR R, i 0 Rk i e R O BRI A 2~3 s, Rl R R i e IR e AR A,
TR SROGE LU 7R R SR I D, () T s B 2P, T 64 HE CT FEAS m] LK Jili 20 Jik 4= i of 1) 42 o1 12
3s, DMXHAIHEATE RS, MWRIBEAEVIT™, HEESRE 5 nl/s, 20 mL X HH5E 4 Al
5 A i 2 Pk B i SR, LR R R PRt LR S e T S il s Jok B s D B A 4 R TR R I R, HE
i . CTPA 4 AL AR ] ) 5 DG o

O RN TR et = S s 8 S N < A N == i e 175 NS D o o i b 2 8 NN 1 B 4 2 P |
RPN A RO R WA R, AR T IERAER LY, (R B L, HA2 IR
855 e N DR ZE 58 MR, ) B E Byt 5 CT Ja Zh i it — BOrR AR A il 4o — 380, ph bt ™ A it
22 5GBTS0 DN AT 50y P 1 i e AL BT () (R EA M, I ELAT LS A L 2% 3K D It () (R 25
%o B [ SR B A A by — P ) A i v, 3 B P T A5 R CT i A8 %, A T/ 1A
TR A, X E IR B AR AN, 52 53 AR IR 22 52 F

b P SR B (]2 LA R BR R R TP — AN R S8, 812 ROT 2154 B {E U4 21 1E 446
Z IR AR I), X B TR) P T 4% 75 2 58 CH R T e 46 A (IR EE sh B a A B DL IR B Kk
HRS A T T IR AR A, R S ARG A, —MRAE 4~Ts. ZEWTT0R RO & T ili3h ik
R N & e ot 1 o1 B2 N T S 4 =3 Y P = 0 ol QS P = il o e S A
Xof EE 73 S ) 1) LR 6 LA o

EEXT ORI, AR 0RE s bk S S R Tk 15k ROT™ ™, BRI  OAS AR AH 2 32 00 T RE Y
WRER, 28T R AT KM A 22 ] 3 SRR 0t LR S 8 sl 2 R A i 5 &,
DA 2 ik 320 ROT, 35 T 319 S5 VR A5 Y0 PR 0) LU R FBEARR, b 380k B el R 4 G TR A Y, Tl oy
TR A VBT D B D)UY Mook % i i Sh A i (R e 1D, 55 TD U0 RS BIA I R AR 44, 55 T IR A W A il
FRK SRR A, XIS IS S B, 3 v TAS B IR R o 5 R BUAR R — IR &
L5565 TUIRT B S e — 35, AHUR XS BEARIVR FEAN—30, P LU AT AR R S R A — 2, A
WS BN TR AN — 4, VR A5 YIRS )82 L 1) ) T e ) 2 3 380K, A 2 O 2K

AT FUA L CT M55 B A% Hh /N 771 P R B A ) — B g ™ 01, T i 5 00 3R 12k 0 i 1) £
NFREEOT LG AR TEAT I XA 4 T LU FRER A T AR ) (0 9 B RAR ] ) S i e o RS Tk, ARBFSUER
ER I 2 K 1R CT AR, K 00 X 0K 0 B ) 180 /) 7] 256 bt 700 AR 1 24 4 10 0 B 700 DA AR [ 33 S v 26
(5mL/s) 2 W B, P TR S A [R) 9 2% 26 3 R /K ARV b B AR I IR), 3 S V0 Sy 5 2 1)
XPLF, ARG 65 AEBLERIK, P 4s XFHA, RGNS 65 AEBLERK, oL YE AL IR I ] Bk
10 so BT BERT LA (0 FF 053 565 IF ) () B 8's,  FLYESTRZARE, &5 1 BON LG Ak 3135 5 B o
8s, 52 BOX LAk BB e MM, fEULIEA LR AER 2 s 38, M 1A 2 Bowl LRk BB e
BIE G 2 s TFaadaHh, B2 2 BOR LU ARG 58 e— IR IR 5, AN Il ik 28 B Bk, e 1
BOO LGFIIR BB 8 BME G 10s, KB COIGH Gk 1o 7 92 () B2 S B T2 Jok I S 3R B [V 8¢ 5
N 2s, fRUT ZE AP AEIR I A ), A TR R, B TR T
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AHEFER, RIALE S WS bk s CT e 0 AL, FAdh kI A CT (i A B R R ik CT {H.
ik CT {EL higflik CTHZ(I S XA Tz, Hov AL BB Tl i B 45 i A i i b A
DR T 25t . AT, RIS CT (i TR RAL, X555 1 BowS BRI i
Bk BUR E SRR s 0%, AWFFTR T Sk CT fHHY < 165HU, ANEWIHsIik gL . (7
I ABIF AL 33908 WS R~ R R B, DA ERA Bod W5 B0 M i L K [ A
L5, FREAT O LU= A I B A A oA

gi b, AWIIAEREATIH BN AK CTA o 2 I A4 g B 2Ot B IR S 3 &5 & IR ERER R, Wl 3RAG
ResE B GR R, L EBTE AR T AR G/ R B DR, HE ERER SRR AR 1 5 51T
SZARAEH A NSRRI A GEE 3 A P BORT 7R T80 ) 2 P e 7K IR 2o Y A SR I 8] F) V%
R PEIR N ¥ A 10s, EHI T K2 HhLA, (AR EHE .

AHIFIAL: O 55— BOS HGIE 10 s Ja KE A M B3k, SEMEshlkonie, LA
DINREAER R, BB —BOMEEAIAE 10 s U55% 8 T Ml ik, Szl bowse, XM o0 209 s Bos
BU T 22 18] R A2 P ER KT S I T, [ B 38 ok 0 S SR I T, A5 1 BOWS FE A 78 AL A IS TR AR A
17173 9 S AR N ) 5 5 A P BORE U AT 4RV S TR BE I 8] + 2 s BT @ ASWFFEER 2 BOwS ELAI AT &
N 20mL, JESFIFEY 45, BERBCASRR, & RN REEHIE 2~3 s B, WUR B
M LRI, EE N A 2 BOW = O AWIFURK EE ARG, X T E AR,
20 mL 3 LB T 7538 /7 23— 2P0

SRk
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Study of Two-stage Injection of Contrast Agent in
Combination with Bolus Tracking Technique in
Computed Tomography Pulmonary Angiography

LIU Yunfu, KANG Tianliang, ZHANG Yongxian, LI Wei,
XU Qinggang, WANG Xinyan, XIAN Junfang, NIU Yantao™

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

Abstract: Objective: To investigate the utility of a two-stage injection of contrast agent combined with a bolus tracking
technique in computed tomography (CT) pulmonary angiography. Methods: We recruited 30 patients undergoing CT
pulmonary angiography due to suspected pulmonary embolism at Beijing Tongren Hospital affiliated to Capital Medical
University from February to April 2022 as the experimental group, using a two-stage injection of contrast agent combined with
bolus tracking technique. The region of interest (ROI) was placed in the pulmonary trunk with a threshold of 100HU. Contrast
agent and normal saline injection sequence: (1) contrast agent 10 mL; (2) normal saline 30 mL; (3) contrast agent 20 mL;
(4) normal saline 30 mL; the injection rate for all was 5 mL/s. The CT value of the pulmonary trunk was tracked, and scanning
was delayed for 10 s after reaching the set threshold. Using the test bolus technique, we recruited 30 patients from January to
December 2021 as the control group. First, 10 mL of contrast plus 30 mL of normal saline was injected to measure the peak
time of the main pulmonary artery. Then, 20 mL of contrast plus 30 mL of normal saline was injected, and the peak time + 1 s
was used as the delay time for the scan. CT values were measured for the pulmonary artery, pulmonary vein, subclavian vein,
and ascending aorta in both groups. Both groups scored the quality of the pulmonary artery images and the sclerotic artifacts of
the superior vena cava. We compared the CT values of the vessels in the two groups using independent sample t-tests. We
compared the pulmonary artery image quality scores and the sclerotic artifact scores of the superior vena cava using a non-
parametric Mann—Whitney U-test. Results: CT values of the left pulmonary artery, right upper lobe artery, right middle lobe
artery, right lower lobe artery, left upper lobe artery, and ascending aorta of the experimental group were higher than those of
the control group, and the difference was statistically significant. There was no significant difference in the main pulmonary
artery, right pulmonary artery, left inferior pulmonary artery, right upper pulmonary vein, right lower pulmonary vein, left
upper pulmonary vein, left lower pulmonary vein, subclavian vein, right arteriovenous difference, and left arteriovenous
difference between both groups. Also, there was no significant difference in pulmonary artery image quality scores between
both groups, likewise in the sclerosis artifact score of superior vena cava sclerosis. Conclusions: The two-stage contrast agent
injection with the bolus tracking technique for CT pulmonary angiography provides stable image quality with a simple and
easy procedure. The transition delay time suits most CT devices and deserves a clinical generalization.

Keywords: tomography; X-ray computed; pulmonary artery; contrast agent
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