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Abstract: Objective To investigate the role of optimized multiphase CT angiography (omCTA) based on volume
reconstruction using low dose whole brain CT perfusion (CTP) data in the assessment of collateral circulation in patients with
acute ischemic stroke. Methods A total of 56 patients with ischemic stroke who were diagnosed as having unilateral middle
cerebral artery occlusion were admitted to Stroke Center of Lanzhou University Second Hospital from October 2019 to
October 2021. After admission, all patients underwent multimodality CT (head plain scan + whole brain CTP + head and neck
CTA) examination. The CTP original data and ASiR-V algorithms with different weights (40%, 60% and 80%) were used to
reconstruct omCTA images. The CT number of vascular enhancement, signal-to-noise ratio, contrast-to-noise ratio,
subjective image quality and collateral circulation score were compared between omCTA groups and CTA group. Results
The effective radiation dose of low dose whole brain CTP was (2.27+0.10) mSyv, and the total radiation dose of multimodality
CT scan was (3.21+0.17) mSv. There was no significant difference in the CT number of arterial enhancement among
omCTA3 groups with 40%, 60% and 80% ASiR-V. The CT number of vascular enhancement in omCTA groups was higher

than that in CTA group (P<0.05). The differences in signal-to-noise ratio and contrast-to-noise ratio between omCTA groups
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and CTA group were trivial (P>0.05). The omCTA images reconstructed with 60% ASIR-V in omCTA group were superior to

those reconstructed in CTA group in arterial enhancement and venous contamination (£<0.05). The image noises in omCTA

groups were lower than those in CTA group, and the omCTA group with 60% ASir-V has the least noise. Conclusion The

omCTA image obtained based on low dose CTP can be used to comprehensively assess collateral circulation status in patients

with acute ischemic stroke.

Keywords: low-dose whole brain CT perfusion; stroke; collateral circulation
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#] (Transcranial Doppler, TCD) | 7 i 52 IfiL % 1& 52
(Digtal Subtraction Angiogaphy, DSA) . CT # ¥ (CT
Perfusion, CTP) 45", JLrft DSA H HHKSA 2 Tl ]
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JRUBS: R, I A FH ) ALLS S8 5 DR S A A 7k
J& CTA iM% o =k fill CTA 73 B A CTA FILZ I AH
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S, (B 1.5 s, 55 A B BeR A BR 4 6 1 JR 41, 1)
B 5 s, TIPS 20 A, STl a2 52 s, BE T
R i 20 ik B b 9 AR5 PN X8 b 7 A i T - 2 Bt 4k
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WICTA. BlISTE AWA.7 T AR N T8 e i gUn ab 21
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Bolus-tracking 72l & F 5 HAF I, fil & BI(E A 80 HU,
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Mo FHE B A A = Sl bk 5 T 2 i T
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CT{H) /AR SDIE",

133 CTAERRETFM W24 SED LMEEBR
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Table 1 Subjective evaluation criteria for CTA image
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LRECIE A . 445, FXPOEBRAR LL , RO i X1
BOSIEF AR, HPRLL SR . 343, SXHREERH
LE, SRR L DX 4455 0 AR [R] , AT 2% K I
A BRI I DX i RS AN R 50% , B
21 ZRIMAT . 243, SXHOREBRAR Lb , Ful i i X ifn 44k
HEEOEFE M T 50% LLT, HERAT gk i im 4 ; sl
A gfe ifn DX 545 R A L I D T 50% LA b HERAT
S I o 153, SXPBRM E, A i DX 454K
FREF M 50% L F, #Ror XITe s i, 041,
TCATA AT Wi, HoA>2 20 M SZ 3 B4, <2 43
R SZ G2
1.4 FitER*

N H SPSS25.0 F A AT G 24 bt . AP A IES
G3 A B R P e br o 22 o LA LR ¢
K06, P 21 Eb %5 % F Mann-Whitney K556 . 9 v W25
FRF R P 19— B0 L omCTA 4 f CTA 4101
SEAE IR VEA 1) — B0 R H Kappa K5 . P<0.05 22
SHEGHFE .

2.1 BHFIE

omCTA 41 (Rl 4=l CTP) A3 R4 5457 i b (2.27+
0.10) mSv, fixi 2= i 245 20— X 4 Gk J1F CTA
KA CTP) SR 5 14 (3.2140.17) mSv,
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Figure 1 MIP image and ColorViz image of omCTA
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2.2 AEAEF ME B GENREIEN
omCTA ZH FP4F X 3 4 A [RI AL EE 7K (40% . 60% .
80% ) I J5 & ASIiR-V 5492 # ## omCTA K& 437, 3 4H

8] 5 2 1Y omCTA EMZ sl ik Ak CT{H 22 55 LG it
= Y (P>0.05) ;{H 2 omCTA 4 3 Ik58 4k CT{E I 5 5
T CTA4 (P<0.05), W32,

72 omCTA %5 CTA%H CT{E.CNR.SNRIEFR T ELL B LE R (7+5)
Table 2 Comparison of CT number, CNR and SNR (Mean+SD)

omCTA 2
€Ity CTA 4
40% ASiR-V 60% ASiR-V 80% ASiR-V
CT/HU 420.12+£70.97 507.65+£56.12* 511.194+£73.75%* 521.35+63.25*
CNR 14.78+2.23 14.97+2.17 16.50+2.42 17.12+1.89
SNR 22.65+4.46 22.26+3.54 24.63+4.18 25.87+2.49

5 CTA 414, *P<0.05

X} F SNR {H & CNR {H , H ' 80% X & 5 &
ASIR-V 575 5 # CTA B £ 1) SNR {H & CNR {H i
1, 40% .60%.80% Ji5 B ASIR-VH LB #4413 41
[H] SNR fi &2 CNR i 22 R TGt it & L (P>0.05) ;
H omCTA #15 CTA 41 /1) CNR .SNR 2 3 L4 124
X(P>0.05),

2.3 AREAR ME B RERITFEMN

TESNKGR A A HRDK TS B4 )7 T, 60% )5 # ASIR-V 5.
T A I A RS BT T CTA 41(P<0.05) (H)2 5
40%.80% Ji5 H ASIR-V AL H A L, 25 55 G112
B (P>0.05) 5 /NSHTK A0S R 5 T 4 B AR L, 22
S TG L (P>0.05) 5 MG 75 7 T CTA 413
43T 40% . 60% . 80% J5 B ASIR-V Bk H #4 (P<
0.05) ,40% .60% F1 80% J5 & ASiR-V 575 HE 2] 2 [1]
ZEF TG E L (P>0.05) ; E4 5 & 7 T omCTA 41
60% 7 H ASiR-V ik 5 Y 1M RS o i R4, I
TEURARAY BN EE LT 40% . 80% )5 B ASIiR-V Bk H
AN CTAZL(P<0.05)(E2), WL3e3. P WLEEE R T
Hr— B, Kappa {H 4 0.768 (P<0.05) .

2.4 AEARIM L BEREH

60% Jii # ASIiR-V Bk #4147 69.6%(39/56)
) 2 G PR B AF, CTA 414 48.2%(27/56) I S G ¥4 B
U, W 4, 60% J5 B ASIR-V Bk T g4l v i 52 i
BB R, h MK 1 52 7005 G/, nl 7R ZE R
A0 S7 1M 4 (18 3a~&] 3¢) , CTA 20 H AE 7= 30 ik
10 i P Sl ik (& 3d L ] 3e) |, ) S 1 4 B 2
o7 L HUH CTA s 8 K A% 8 2 ] CTA Rl & 1A
568 TN B TR AT M R 0 S i A (D 36) o 60%
J& B ASIR-V 5k # 4 5 CTA U S i & PEAl
() — B DT 43 Kappa {H 4 0.779 (P<0.001) , — %
Bt

R L P A 2 R A A S i 2E 2R S AL O A A B
A SZAEER A) AE— E B L b AR G b DR Al i 9
R AL U0 o O SC08 PR ol PR A v
AR IR IR A BIPRS00 T fil 2 e R
FATRIT T R AT AL B E
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Figure 2 Arterial phase, venous phase and late venous phase images
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Table 3 Comparison of subjective evaluation scores

omCTA 21
Eistn CTA 4L
40% ASIiR-V 60% ASIiR-V 80% ASiR-V

shlikiw b 3.23+0.48 3.41+0.45 3.46+0.56° 3.53+0.35
/NSl K AH T s 3.42+0.58 3.36+0.76 3.39+0.62 3.34+0.57
B {40 3.44+0.54 3.24+0.62° 3.11£0.21° 3.2240.36*
ks g 3.48+0.40 3.68+1.52 3.76+0.67* 3.73+1.74
PG 5 12.52+0.21 12.21£1.47 14.1440.328¢ 12.38+0.25

5 CTA 4L ,2P<0.05; 5 40% ASiR-V 41 H.44,°P<0.05 ;15 80% ASiR-V 41 HL#4¢,<P<0.05

%4 omCTA RS CTA AMIEZEIFRIFDELEL(%)]

Table 4 Comparison of collateral circulation score [cases (%)]

S AEFRF-53 043 155 245 343 44 543 A Pl

CTA 4L 2(3.6)  8(14.3) 19(33.9) 13(23.2) 8(14.3) 6(10.7)

O0% I HLASIR-V 1(1.8) 4(7.1) 12(21.4) 12(21.4) 17(30.4) 10(17.8) 0o
=R R

AIF 5 5 A0 50 4 A CT 9 1 080 >R FH AN )
FUEE 1 )5 B ASIR-V Sk E d 2 0 A CTA, S 1 PEAL
M SZAGIR , H B 22— 28 CT 4 %) 8 59
T 30%. 2l CTHEE/E N —F oI e LG HA
BTN G 2 RS . B AT 5T EIE S
B CT TR ASAS AT L 0 8 iy 2H 2% ) e o~ B 5
U AR A X AR, 1T HL 2 T 4 i CT 7 e s 53
A CTA AT IEAR ) S G EROIR S 5 (H 3 M4 CT 3 vE
6 114 FB 3 S 3R o T A, A RO S P A L
80 kV, X £ fit f FEAR , BE $e i vk B2, Bl ki Ak

PIRCR AT o X 45 B U, B AR A rl 0 A8 1T LA
Bef AV A S0 700 3, AR T S IR 9 4 Pl O S K — E O
TR, S G S 52 (0 R e 1
BG R XF LU BE A3 B3 D R B o BRI, T
G0 B A IR ARE , S0 CT HE 1 S5 AN
TS M 12 W 25 5% AN ) 12 W B 0658290 FR 12 T
WA 2R A L 80 KV, 5 HEL VAL 80 mA HEA TR
i 4 i CT VEVEHH , R 45 5 40% 1T & ASIR-V
SRR A I R UE R BT

AR SO TR B A CT W 1 SR OR B , MR
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Figure 3 Reconstructed CTA images
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AR K- (0 18 e , (HUR 1l 8 P-4 CT ]
A, 5 P 2R AR AR ) ASIR-V BFFY 45 R
— 8 BT CTA 4119 % H R b 100 kV, K I
omCTA ZH i RE M5 3 T CTA 41, U omCTA 4
(1) 3 2 5508 R 75 PF IR T CTA 4. R B AE A
78 % I B ik ik A RN TS e 5 T omCTA 4168 T
CTA 2, it PRUZ A B 5% v AR 9 Bsf (] -4 B i 26 2 TR
A A ) )5 B ASIR-V 5k 1 Y AT Dk TS G )
omCTA I , HLAR 5 28 50 (E 4546 19 7 B 22 9] CTA
6 Y A b Sz B2 A S AR IR A . R A LR
M 7 32 L4 7 I, J5 B ASIR-V B IR A R, K]
1M s R T, 98 HLR P AT RE a1 e
ASIR-V FUE KV B2 T B I RS R, 5 30
Y CTA BHG A %ot T, 7= A — B L T 28 k)
PRI IR AR R | 45 N — iy i SR A B SRR, T DA
# omCTA 41 EMZ M7 5 T CTA 41, H ASIiR-V #UH
e RGN P R, WA S (AR B A . 53
Jik i Ak Bk TS e O i /NSl kA B G g 44
J7 TR B BPE 4 AT 25 A PE4Y , omCTA 2 H 60% %
5 B ASIR-V 5 FUG i E
ASIR-V F & GE A/l 5 T 2 AR 10 26 A i
Bk, 5 AR ASIR AR RS S i AR A

FHEE A, K Py ALY 3R ) VAR TR 1 e 75 A 75 il
AL A RS H e ASIR B U 5% B 4y FE R T AL
iy 00 ] G AR 5 R [ AZ S 5 4 Y %) 221 1 RE ) TR
5, ASIR-V 3 Ry i B R R B AL, TR AT
ASIR-V, 7] DL #5519 mA {8 DLvs /e A 1o
P A B R 0 s R R R B ASIR-V RUE , 1T LUK R R
EI& 5 — % te il i FBP SRR A&, i 2
G g O B R R I S5 R AT o 3T LA R
W AN ZAWF 52 R WIS B ASIR-V 86 A Ry 78 58 /0
BT B LT A B AR S R 12 W R
I, AT 5 AP R 4 i CT 3 7 DR i A5 R i s
B ASIR-V 595 T 2 1 omCTA AL AT LA IE 4%
a1, T HLREARARE S0 =, R Ak R BT DL ASIR-V
BA BRI AR S A {H

5% 5 ANHEE 8 F AW4.7 T AE 3 B Fast Stroke 4%
X 3 1 A G AT R L DU A 20 AT, B T AL
A SZ AT A g N7 S TF IR #E ALS 192 W K il s 1
Al PR AL AR o PR 4l CTP AN RE#E VP-4 fiki
H AV HE RS BUAE SO0] DAAR B omCTA 45 &
8, PRAETE 4 T 0 14515 L 5 R DPAk i o 45 A A
JEE [] B, o i b 25 40 0 S A0 P R AR A R B2 A=
(AR HR SR RN 0N 55 37 8t o A Al

2 Tk, FEF IR 4 CTP 1 omCTA I
JoT i 5 H AL CTA EIHRST LA >, AT LX) =2
6 IR AT HERR I PFAG |, Ay e DR 15 A4 XoF i 245 v S8 25 1Y
E I Y A Ek=g R (ST
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