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Optimal time for pulmonary arterial and venous imaging by a wide—area

detector:a feasibility study
Liw Yuanfen,Xue Yunjing, Wang Lili,Chen Guangliang,Chen Yilin,Chen Xuhut ,Xu Xue ,Duan Qing
(Imaging Department , Fujian Medical University Union Hospital)
[ Abstract]Objective : To explore the practical value of the optimal time for pulmonary arterial and venous imaging by a wide—area de—
tector using perfusion scanning mode by comparing the image quality and radiation dose of multi—phase computed tomography an—
giography (CTA) and conventional single—phase CTA. Methods ; Contrast—enhanced computed tomography (CT) of the lung was per—
formed in 108 patients scheduled for right upper lung lobe resection due to ground—glass opacity(GGO). According to the examination
results of the Revolution CT,the patients were divided into 2 groups(54 cases in each group) ; group A(using perfusion scanning) and
group B(using automatic bolus tracking triggered by contrast enhancement). Patients in group A underwent multi-mode CT examination
using perfusion scanning,including plain CT scan and CT perfusion (CTP) of the lung. After contrast agent injection,axial CT scan
was performed on the 160 mm layer in a region of interest with a phase interval of 2 seconds until the end of pulmonary venous
phase. Patients in group B underwent conventional CT using automatic bolus tracking triggered by contrast enhancement. The
pulmonary trunk,right pulmonary artery,right upper lobe pulmonary artery,right apical pulmonary artery,aorta,and their accompanying
veins were selected to be measured on the scanning images taken during the pulmonary arterial and venous phases for all the
patients ;the CT values and noise standard deviation (SD) were obtained from the measurement,and the differences in CT values

between the four groups were calculated ; meanwhile,an integral method was used for evaluation of visualization of grade 5 or 6

pulmonary arteries and veins. Results ; There were no significant
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differences between the two groups in the CT values of grade
1-4 pulmonary arteries and veins,except grade 3 and 4 pul-
monary arteries (P=0.010 and 0.003),0n computed tomography
pulmonary angiography (CTPA ) (P>0.05). Compared with group
B, group A had significantly larger CT value differences between
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pulmonary arteries and their accompanying veins on CTPA and between pulmonary veins and their accompanying arteries on computed
tomography pulmonary venography (CTPV) (all P<0.05). In the evaluation of visualization of grade 5 or 6 pulmonary arteries and their
accompanying veins by the integral method,the results showed that both groups had a score of 3 in the visualization of pulmonary
arteries, but had significantly different scores in the visualization of small pulmonary venous branches(group A :3.00[3.00,3.00], group
B.2.00[1.75,3.00],72=2.814,P=0.005). Meanwhile,there were no significant differences between the two groups in the SD values
of pulmonary trunk (group A:28.45 +3.47,group B:29.47 +3.80,:=0.627,P=0.539) or right upper pulmonary vein(group A.:27.27 +
7.56, group B:27.76 + 6.44,1=0.156,P=0.878). Conclusion : The perfusion—like method used by a wide—area detector can not only meet
the requirements for CT values of the pulmonary arteries and veins,but it can also effectively separate the pulmonary arteries from the

veins, which is especially helpful for thoracoscopic pulmonary segmental resection due to GGO in clinical practice;therefore,it holds

promise for clinical application.

[Key words ]Jpulmonary artery ; pulmonary vein; ground—glass opacity ; perfusion ; wide—area detector

VEAER RPN Jay kP R B B A 5 (ground—glas—
sopacity, GGO) 1) 5 H i 982 & o R G T 5, P03
SE S SR e | IR T B B KA/ VT 2 em 1Y
4l GGO ] 2% R i DI ERI 2, B S A Y
i) AR S B R =4 CT 14 BLR AT L 7R il
B a5+ LA S i B il A8 0 28 S DA it ES 435 1
ik B U, A Bl T E TR, il S0 ok R i
KA AE B, OC R BRI CT 1M B fa b BRI
IS 50 Jok R K %) 25 FREU A SR FH S AR I
i, S RE T A Oy U5 DR R ERER A 3
fih 22 1) 75 2CRe LA 53 A il 0 Jok A0 it e ok A it 230 ik
SO D BT %) S 7 1 SR [ A

1 WEFTE

11—

2017 4E 2 J1 % 2017 4£ 9 J X5 108 il H GGO #IAT4 I
BB UIBRA Y 38, 38 3 HA AR TS A HERR A A A2
TR ) (X 2 AR 325 51 23 A A A ME L) B 2 38 J 3 S 1 )
B HTRTIIGE I A A . e 2 A5 L NBOYRR R
3N AT P B A BSR R B (1 Sk 1
4,

12 %t FEAafis

K H GE /A1) Revolution CT JEF7#64F | B & 147 H AR Fip
A7, TSk BRI B, 358 J5 (50 3 R e S e B IE
FRE K TEST 50 mL AL (320 mgl/mL, YL 7518 B ] 25 23 7]
AR TR 30 mIL A BEER K FESTRR N S mlss, A 4
72 (S HSMRFRT IS ) R ATy U434 B T 2
B CT iy, fdE Ml CT 49 .CTP, CTP 7F CT “FH Ry
fill L, SEHE S A LA GGO Wakl LG LAl ik 3+ A9 )2 1
PRGBS TR A, AR 80 kV, 100~400 mA , B

EXCL(ND) A 15, 2R 0.625 mm, JZ ][ 0.625 mm, #
JZIE 1 mm, JZRIBE 1 mm, 8 GE R EAET A RIS AR 3 7
FONFERERI S Axial R, BEFHT I 0.5 s, HEI 2 58

JE 160 mm, Asir-V 2 60%., HERZFHIHMELE 8 s T, 0B
X 160 mm i 1 2 T A AT IELE CT Az 4340, 495 AH
IR 2 s, B2 IFDK 2 RS R 4940 B A7 =0 (o
PR SMRHIH AR TR ESK ) R PSSR B A Bl & 07 5, Pl
K E Tl 3 k32T, KV assist, 100~400 mA, NI 2410,
B2FH 0.992, FH 5 AN IRIE CT i, BEfL I 71035 s,
PRIMESTEE S 80 mm, Asir=V K 60%., FEFXT L] 2 s J5il
WIFbR IS 3, MAlsh k32 TH9 CT ik %) 250HU BHLESIT 4R
Je S AU SRS S BITR RN Y 1.7 s %R
FHATR R T R AR A S PGSR T R R . SEIR 4.4 s
J5 X R PTG R AR ARAS I kg s T 4 MR

A, B WZHAEREFEERZ ADWA.6 T ARl s 4EBE
SEIMBEEAS S AP, A8 5 K% B 45 (maximum intensity
projection, MIP) | Z [ E 4 (multiplane reorganization, MPR)
BRI AT A S BB (volume reproduction, VR) = 4 i,
N[ T T S R P S
1.3 MEHIERLIF &

JIC AT G TE R B N (ISl K C'T {5 25 A 1A ) At
oIS (i ik CT (B ELA B ik CT 22 (B K A 1R ) P
R BB TIG BN 1~4 953 (il k-5 A R i B
ST, 3 304 T4 TRl 44 I B, 23 ds [R) i Be 4345 ©
FUAEAT I K b B IO ER DO H CT A, 2R 1l e —
PRk T A sk Al Ershlik A FIfgeBes ik
AN E B S TR A il B g B i 4 41 CT A
2%, [ DU A CTPA Bl 3 bk 32+ 9 SD {E AiIE CTPV
Ay LAk i SD {8

5.6 G Bh ik S AT IR I S s 17 0 R AR R B B
iR BES3 R IR AT 34T o 4% RT WA AT BRIy, 2
SCATILAC 3 43,1 SEAT UL 2 43, 2 SCHRTTIAE 1 43 (A 5
HEH 153, HT 6 3L 1 4, DAL s 4w il 47 1
IR B (50K vh 2 57 o AR B O B ITE AN R 232 S B0 R
JHZ 2 BRI W HEAT P

ARG K E SR TR (dose length product, DLP) 3T
BHLH IS A RER S (effective dose, ED)ARIE AT
8, ED=K x DLP, Jir K A0 F F, R FRIG CT Bridprif
FERIHE I AT {E 4 0.014 mSv/(mGy-cm)



— 1296 —

BERERKZFIR 2019 £5 44 55 10 H8 ( Journal of Chongging Medical University 2019.Vol.44 No.10 )

GuiteE o b T S XA AT IE S R 5, R Kol-
mogorov—Smirnov K36 7715 ARG IEA AR I EdE R H « /55
AT 22 SRS AAE B IR0 B B R PR RIS 38 6 4 T
ZSVEHT ., P R ITZ W — B R Kappa K5
5, GEit s R SPSS 18.0, Kad /K i =0.05,

2 & R
2.1 A An B4 F — TR

2 — ek A, 2 R AR L, A 4154 Bl
LAFIRTE I 31~68 & T BIAFENS (58.7 £ 12.8) % ,BMI 2
(24.4 +2.4) kg/m?, B 241 54 I8 AFIRTE LY 26~73 % °F
PIAEWS (56.5 = 13.1) % ,BMI 9 (24.2 £2.5) kg/m*(1 44,=0.89,
Pis=0.56; 13=0.08 , Pp;=0.94)

22 Adw B4 CT A ks

2 21 1~4 G DRI K (REASEE S 54 41) KR40
N B BRT 3 9080 4 941K CTPA ilishfik CT i P<0.05, 2
S ELA Gtk X, Hofth CTPA Jifizh ik % CTPV Mi# ik CT
HEEA R G E AR, R,

23 AF= B4 CTAE£89b3

TE CTPA Wik =T 5F E 80k CT 218, Ailish
ik A0l EnESlik A7 FRSB Sk S A TR CT 22,
VI CTPV Hr LA i r il ik S5 i sh Bk i) CT {E2% (22).
A Z17E CTPA FIl CTPV H2E(E I 5 F B 413 P<0.05) , %
SAEGI#E L,

2.4 A A B4R RIS B iR

AL E BYA RER B30 i (effective dose, ED) }(2.28 +
0.63) mSv¥(mGy-cm),B 214 (1.99 +0.57) mSv¥(mGy +cm)
(1=1.48,P=0.299) ,2 4B H 1) ED (HIEA G225,

2.5 BEARSENS BAe 6 B B RIF I IR

F 2 A 1 A R I AN D A A O R R 2 R

PRRILFPEATITI , 2 2412 W 2 0 S 0 A 1) — Bk

FH Kappa K%, k=0.823 , P=0.00 iz RV ME NS0T 5.6 Gt
BN B AT IR Y WA 0, 45 9 R 2 20 H I 50 ik
BREIR 3 43 ER KA 2R L A 4 3.00 (3.00,3.00),
B 41 2.00(1.75,3.00) , AT G IEZS 0 A0, R BARE 45,
2 FENTRR KA /N S L E S AR L (Z=2.814,
P=0.005) (K 1),
2.6 A Fw B4 SD i ks

A R B ZHAE CTPA B i i 2l Ik 3 T 19 SD 8y
28.45 +3.47 Ml 29.47 +3.80(¢=0.627,P=0.539), 7 CTPV K
gty bk e SD (8K 27.27 £7.56 F1 27.76 + 6.44(1=0.156,
P=0.878) , YA G

A. AR B ik B. A il ik

D. iz HE A 1 B gl i
GGO KL JE Rl shi ki) VR &l
BT GGO VIR A Bz A UE E RH BRI REIE

C. it F ) GGO

[ 1

#1 CTPARZhEk K CTPV Mgk CT &
o CTPAtizhik CT i (HU ) i P CTPVilig ik CT {5 (HU ) (i Pl
A4 B2 AH B4
121 425.14 £ 90.05 462.56 + 96.72 0.89 0.382 326.11+52.56 31625+ 118.65 0.24 0.813
2% 424.52 + 96.09 483.46 + 108.76 1.28 0.215 288.43+4339  291.94+115.82 0.09 0.929
3% 357.93 +96.99 480.58 + 97.81 2.88 0.010 288.69 +50.34 29136+ 111.23 0.06 0.946
44 296.50 + 109.88  443.83 +79.40 3.43 0.003 256.44+£39.03  282.96 +99.78 0.78 0.444
F2 CTPA CTPV Hihshk5E:EkA CT £E
A CTPANili sk CT 2508 (HU ) " Pl CTPV Jiligsliik CT 258 (HU ) i P
A B 41 Al B 41
1% 350.27 + 73.67 141.24 +117.81 475 0.002 21422+5197  12745+91.54 2.60 0.018
2%% 356.92+74.64 16579 + 118.39 431 0.004 356.92+74.64  105.57 +90.49 1.94 0.048
3% 310.00 + 10447 168.04 + 105.94 3.01 0.007 173.81£56.76  110.11 +81.18 2.03 0.041
a4 22971 +12551  127.47 £75.57 2.20 0.041 15470 £53.49  114.61 +77.41 1.34 0.047




BERERKZEFIR 2019 £5 44 55 10 #3 ( Journal of Chongging Medical University 2019.Vol.44 No.10 )

— 1297 —

34t it

JB5 B S A 52 (ground —glassopacity , GGO ) S 7E ]
W CT RN B = S5 RER o (AN 35 S R
IV I 45 4 I B B B RERA Y . AR, R R
kit GGO A ARG I 2 S e i T =, i A4
KA AR5 2 BRI 5k PRI, B e e i B )
[ NEOE s N2 T o NEF 1 i = S N
CT I A& BLARS | — 2 Fi T T 1) RIS RE B T A
Vi W S TRE BB R TAZN [ PN R ik Sl I R A
TR L BEAT o SRR S B Bl TR

e I 14 s 9 Jk 30 PRIAR , Iz 12 A At 0 ik 1 4 34
e 7T O e U 1 e AN B S [R) s S 3l ik o e 0, DA
TR DX 3 it 9 ok R i e ok, 1 o S Ak B8R i 22545 0 M
Bl kG ZR I A RN T i[RI, 5 1 i e
i 300 V450 97 223 2 2 o it e Jok ) A 444 58 i s 9 fk
XoF R EL R HE 5 08 2 o B I Jk A S gt 350 2254 1)
I % Je Rb BRI . T sl K OE IR AR, 2R
BB 2~4 s, AT FH 0 B i st () g 4%, LA
O TIREA 22 5%, PR I v 2 0 M s | e ik 4 i 0 1
IR 28

GE 2wl g —1C CT 4% RevolutionCT
I RS B TR 5635 16 em |, — R EE AT LASE
T A O X, 1T ELASR] 35 5 A 29 ms,,
FUEE— O e 5, AT LA i 25 AU A E X R
SKRER A SERUIES 160 m (28 B MR S 4DZ)
DG NS ASFEF AR . 12 ISR %) 41 m]
DA FHHE A (4R ) 3B 3 o B0 St 4 e 80 il
Bl FRIK I UG I AR ]

AT, 2 4 1~4 G sh Fik R i Bk R 43
TN RAE BT 3 90 4 94 CTPA ik CT {8647
G225 Hifth CTPA fizhlik Xz CTPV Jifi i ik
CT{HY%A W BE# 255, Ui 2 Ry A iish
kR o EsA SR 2= S . MAE CTPA Hfifizh
ik =T 5T T3 bkey CT 228 A ish ik A il it
Bk A7 LR B ik 5 AT REK A CT (H22, LA
K CTPV H L L L4 A i g ok 5 il sl ik 9 CT (B 22
5 b, A ZH7E CTPA H1 CTPV i 225 W W& T B

2H ., BT A XTIl sl kA e bk i) X o3 SR i
B2, i Hiz RRMEEAR T 5.6 Fiish ik k47
it Dk 8 s A AR R Dk A/ 3 S By RoR B
B LE B ZH TR T . 1A I T i 7 S kA i A
BRI G L A e AT A TR 2 Y
ED {EA SD {EBA Geit2: 26 5, U X A7 i m] LU
e, JIR A% G T A A A 1) R S ) v AR R R
R

AW 0B Fr S 7E 32 H Revolution CT 7E#E
T R E R R R Oy =0, — IR 259
T 55 4% G2 471 41 5] 55 790 o 4ol 42 380 M s i R i e ok
{18 S AR AH AN TR B i, [R] LA 7 ol Tl 1
LR QiU v E i S i SO A P/ Nt
AFER GGO MRHIAREES b IkEOT , B X b i
JokouT R BEAL A 52 7 A R SE e B AN 18, R
et 1T S AR TR 5 SR S AL 3 1) 1y =X Bk 8 il A %o
sk CT (E AR, M REA &3 B Ml sl bk , XF
TmRTFRE GGO 114t i Sl Be I Bk T AR A7 B 4
Bl (AR Im R

2 % X W

[1] 27,0 & RICYEBIRAEL 0 G, bR

#%,2015,10(53) :790-793.

[2] Kato H,Oizumi H,Suzuki J, et al. Thoracoscopic anatomical lung

segmentectomy using 3D computed tomography simulation without tu—

mour markings for non—palpable and non-visualized small lung nodules

[J]. Interact Cardiovasc Thorac Surg,2017,25(3):434-441.

3] RIE B, R 4% 3D-CTA EHEMN A 7

i 02 2 s BE VI g o A S (D). R A a0 1 5 PR R L 2015, 31

(11):649-652.

[4] JTHEE, BT AR RS, TSRS M A T sh ik CT

ML AR AT A TPERE ST, O 2% 92k, 2012,27(9) : 960-962.

(5] XA, PR, il ph A5 D i 2= 5 E (). el

I R Z47E , 2005, 10(3) : 244-245.

[6] TRRFA, BAZA %, 357, WE CT I 5 3 52 J Wit i 15 v e i

SFIKIY OC R ] AR A 2%, 2000,34(11) . 742-745.

(71 B & REE XD, 5. 5 FARIRIR S AR 3% CT WE ik

1QRR R[], P BR AR R 2017,33(11) 1 1674-1679.

[8] RWEE, Knte, T ¥, % SEAIRMES CT XU RS PE

S5 ORE T AR IR, BE 25828 A5, 2018,28(3) :409-412.
(TS5 JEA)



