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BEHURRAE MM Eh SR . SR 558 A-CoW 4 i ARog#k A-CoW 4 i M1 Brif ] - 14 4 B¥ 5 4] )
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MEERED: A 0 XEHS.
i PN Bh bk o8 A i 4L 9% %5 (intracranial athero-
sclerotic disease, ICAD) 42 2 4 &l 1fil $4 2~ Cacute
ischemic stroke, AIS) iy £ Z R K 22—, K
#h ik (middle cerebral artery, MCA) &2 ICAD ) i
KRBz — L Bl bk ok B R AL B B S Ak & 4
B (B e i 24 45 51 R I AR I I VR 3 ) o B 2
AIS %& 4 BB HLEHIYY . Willis 24 (the circle of
Willis, CoW) J2& 3% £ il PN 3l Jik 117 Ji= 78 26 i) 20 22 At 1)
S AL, LS8 I T BE 23 5 MR NG I3 B9 4 A . DT X
ICAD 1 AIS (k2 r= A= e . 98 R B, R 58
# ) CoW 5511 4 Bl ik B S () B PR A OG . B 5 ATS
AR R I 1 1t 5 2 g 2 28 ki R B
13 HE 14 BE 1 1% (high-resolution vessel wall
imaging, HR-VWD) 8 fif 52 B K Bl 19 3D /51 A 1l
FRGEUR 30 1 i G 0 ) B R [ S 2 il A
Jis FAE BE 6T ICAD 1y 3R 51 S B B e AE 43 B 8 11
SEALIWTJZ I 4 3 52 A0 G 3 IR i A AR A AE B R A
PO HR-VWI RE % ofi 8 2 0 5 il 45 BE AH O 2
B, AT A BEJRJE (wall thickness, WT) ARifEL
BEFE B (normalized wall index, NWI) | 5 # 5 %%
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(remodeling index, RI) % BF B 45 iFF7, HR-VWI
F18 ]S A% R 2 % T R A L R AR T AT R,

BB A B 6T P DA 3 Jok F) I 3 Bl ) 2 43 A 3
i+ 8 K 3 J1 %% (computational fluid dynamics,
CFD)Y #4711, 8K i, CFD 3 & % f 4 52 ik % 1
K AR TR B AR B I3 » AN BE AR 4 1 A o 1l 3 R
B0 B AR AL 52 0 0 B 0 1A B ) S BT R S B
FAEAEAE — 2 5. DU i i B 2 PR & (four-
dimensional flow magnetic resonance imaging, 4D
Flow MRD J&t— 3 28 5 78 53 % UE (%) MRI 1 37 5% 5
FOR T LU o 5 I 7E A B 4 D o AR R A
ARAGF . ZE K 3 A 0 ol {5 R, 00 J > R X 3 I
B Z 2B 3 1 % FRAET . 4D Flow MRI
F18 JCAS RTINS AR BB E

A5 B e i HR-VWI #I 4D Flow MRI &
M MCA fibifil X ATS 3% 5 BE BB 4E I 4 5
Hom MCA I3 8 1 % Z 80 310 CoW 1y 58 3
5 BESRRAE RN 30 122 B G R

1 WHREFE

1.1 X% HLUE 2021 46 H—2022 4 10 A
Wiz 3t # % HR-VWI Hl 4D Flow MRI ¥ # 1Y
MCA fitifi X AIS 5% 63 i, 2o 55 44 61, £k
19 {6, 7 AF S 66 4 (57~T73 %), G AFRHE: (1D 4F
=18 % 5 (2) T &M 2 JA N7 # k38 MRI, =
2k sk 1E] K PR g e R ML 48 % (three-dimension time-
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of-flight magnetic resonance angiography, 3D TOF
MRA) 4D Flow MRI #l HR-VWI 34 ; (3) # 5L 7]
M MCA it D<A 15 3l Bk o3 A A6 BE SR 5 (4) J2 MR1
BERAIE . HEBRBRUE - (AR Sl bk oks A G5 10 2 1l 45 s 72
Chn i 38 58 9 )2 3l B 08 55 3 i ik e I =53 ik
A s (2) BEAE A il 9 F R 85 (3) MCA 4] 25
() B ko7 B BE =50 06 5 (5) Ho At W g 1K) o
FE O Bl PR O H T 2 0 TR P A E IR B L A B Y
M BEAE Y L0 B BN 25 5 S 1 2 v 5 (6) BR AT i
WA Sl Ik AT ARG ST S5 (D B i 22 . A b
IE 2 AR A B R R 2 W I B R B B A4S B R 51 o3 it o
(2021KJTO066) , 8 8L 5K Ji 4 2 & i W] = 15 .
1.2 Jiik

1201 W —eoRl  WoBE B By IR R, A 45
AR R VA BT R RAE . SR AR AR A0 I RO
A 5 PR 2R A5 B o AL FE WA o I R PR
=011 ST N 7o 7 i & e o o A i e L N
(transient ischemic attack, TIA) 5 HI A B B I &
4 T AET 5K TR o 4030l T A e I Bz i e N ik 47 58
= [ 37, 1A= WF 5% ¢ A5 A 7 % (National Institutes of
Health stroke scale, NIHSS)$#E4y . £E 90 d W} 1
o B Rankin & 3 (modified Rankin scale, mRS) 3f
PP A LI RE TS Kb mRS>2 43k g
SRR AR .

1.2.2 MR & &AMIE A MRI EHR R
3.0 T MR H#{Y (Ingenia CX, fif 2% & Fl i 24
FD AN 32 il iH Sk £k R . 3D TOF MRA 2%
MTF: TR, 22 ms; TE, 3. 5 ms; FOV, 220 mm X
192 mm X 106 mm; & Z,0. 52 mm X 0. 72 mm X
1.2 mm, SRH] T ANAC S B4 fm) [) 1 PR 3 A e ]
WK % (Tl-weighted volumetric isotropic turbo
spin echo acquisition, TIW-VISTA) 7£ & AR A7 i3 47
HR-VWI 4, TIW-VISTA 2 ¥ W F: TR,
800 ms; TE, 20 ms; FOV, 230 mm X 180 mm X
180 mm; A ZE,0. 6 mm X0, 6 mmX0.6 mm, 4D
Flow MRI =%l F: TR,8. 1 ms; TE, 3. 8 ms;
FA,20°; FOV,160 mm X 160 mm X 35 mm; & 2,
1 mmX1 mmX1. 25 mm; 7 #E gL S0 120 em/s,
£ 4D Flow MRT 54 i 72 v . 58 2k &1 Ji] Joik 8 i 400
e ACHEAT [ C F TT AE A A AEO 3h R A
SYTRIBE G 17 iR

1.2.3 EM&aHr

1.2.3.1 CoW Se#& I & e pH 2 L AA
7 a LA iS22 5 1Y R R R O CE 1 R B U 2)

TE AR HUE A5 A A B 91 EHR R 16 BL T  d
#F{#i F§ Radiant DICOM Viewer(https://www. ra-
diantviewer. com/) X 3D TOF MRA FI T1W-
VISTA K41y CoW #47 N T 0 Fr o Jf G — 24>
HizWr. ¥ CoW 2 NHifEH CoW (anterior CoW,
A-CoW) #1 J5 1§ ¥+ CoW (posterior CoW, P-CoW)
(K 1. A-CoW 43 By AT — & 43 1 30 3 ik ke 2% B
TE SN TERE A-CoW , AN X 43 Bl 25 1) 20 ke 5 7 A
FETR] . K A5 FE [6) ) ) P-CoW s Xy 4iE AR Al
P-CoW (I D™, FESERM P-CoW it B i1 3h ik
B B s LN AR 58 K E IR M P-CoW™ T 7
A-CoW @ INFIAEAR M P-CoW Ff A7 75 2l Jiik {5 1 B 5%
KEE AR RSB/ SAI Ry 78 AR R . AR Ha
CoW By 58 B PE 43 . (1) 58 % A-CoW il A 58 %
A-CoW; (2) 5% #& S IR P-CoW FIAR 5¢ # 5 R ]
P-CoW,

A-CoW P-CoW
CoW : Willis ¥ ; A-CoW : i 1& 3 Willis ¥ ; P-CoW : J5 1§ ¥
Willis 25 ; AcoA: 1/ A8 38 3 Ik ; PcoA . J5 28 3@ 3h Ik, CoW 43 b
A-CoW il P-CoW P # 43, H b A-CoW 4 §F UM A1 B Al
AcoA,P-CoW 445 XU P1 BE IR PeoA, i €0 i 4k 43 ] /R
A-CoW £ Hl P-CoW & ¥ 35 [l 5 18 (4 i 2k /i 1) 45 5E 5] 00 7%
P-CoW itk ] P-CoW (4 3E [R] fill (1) P1 Bt Fl PcoA) ., A-CoW
4y R EHE A-CoW FIANSEFE A-CoW IR fl] P-CoW 43 5¢
FEREARM P-CoW FIR 58 B A R M P-CoW
1 CoW RnE
Fig. 1 The schematic diagram of CoW

1.2.3.2  f5iN 3l ke SR 8 B SRR AR B
BEm 178 AR R E B R B Y 91 R DL R
CoW 43 4l 0y 1 &L F .+ 38 & fff ;| Radiant DICOM
Viewer H1 Y& i & &8 T H £ TIW-VISTA E1{%
HEATBESRPUAN . P BEIW 2 AT WA P A5 R — 3K
B Ik o83 R B Ak BE B 4 e )R 5 A8 I 1Y 3 S 925 g B
XoF ) i A5 T BB A B B SR kb ol G BE A R0
BT AT BN K DX P A0 A7 7 P — 19 /50 2 ik BE e, A
FE HOA TR B ; 40 T AT 1M 45 v A BEBRAS 1E 1 A4S, )
HUPEAS T2 B 45 7™ 5 1) BE BN 8 0 STAT BB

H T1W-VISTA J5 i F & v i 3 ik oo 4 2E
W— F 503 T s koo BLE B 1 mm (9 1 )2
THT B 1 7R R 08 5 R AR iR 7 51 R L
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K CoW Zrdl it &L o 4l FH 22 i) JF & ) MATLAB
BRPE TR FE AR R i R T T PR T 3h ) B
B (R0 i 0 0L A R A G (L 2) . I RE B AR A ) A
KSHC PR e A B DL maxWT, NWI,
RI, BEH K EEFE U MCA b 28 09 BE He K B 5ok
AEREREAXLO—EREREERETR/ 2%)2
T AR s T AR <100 %0 1 HE AT TR B >0 %6 R A7 AR Bk
75 maxWT 5 5 Bk 7% 2 10 1 B K45 BE 2
NWI $5 f5 B A% J2 1T 45 B v AL/ ol 7 1T AR 5 RT 48 B
e pe A 2 1 LA T B/ 2 % 2 g A . S
2 2 2 XN AE R — Bl bk B R B B A 0T 19 30T O 1E
B MCA JZ 1 s 403 5 J6 1E % 19 MCA JZ 1, )R
JFH BE 5 B e J5 30T 114 7] 30 bk B 114 328 3ty 1F 5 1) MCA 2
HE NS % 2w,

L . B
MCA: R 3 k. A: MCA BE e b Wi i 445 s B: MCA B
S D TR 194 A M R A RE RS B ) B RS I (LR AR R A
T M A BE CIEZD .
2 MCA BB i A 1 A A BE 2 i [ 7R
Fig. 2 Images of the delineation of MCA plaque lumen

and vessel wall contours

1.2.3.3  faUpy 3l Jik 5B A 2l ik B 64 1 3 8h 9 2
o MEW 1 XA SPM12 gt 17 4D Flow MRI,
TIW-VISTA #l 3D TOF MRA {4 &% i . 5% Fi
KT ORP B 43 HD7E% 3D TOF MRA L 19/
Wl k47 B 3043 %], 3538 i3 3D Slicer Chttps://
www. slicer. org/) B {4 1 (1% 43 H T B #F17 N TA
1E . B 5 A @ AR T 2 AU (vascular modeling
toolkit, VMTK) (http://www. vmtk. org/) 32 B Ifi.
BRI B AR I 2R b Y B e 22 N 25 1Y
AT B S bR ic S 95 B IR R IC A R S A
iCafe B F AT N T F B IE™ .

W BN B> X5 MCA 2 — F 70 X Z A Y
FIkBeARic y M1 B o MCA 55 — F T r X &2
—AFE T X ARiehy M2 B, Wshilik gl 1 mm
Ha]FE K 4D Flow MRI E 1% #1 3D TOF MRA 43
AR A B — 2R 27 A BT T L DA i i B ) 2
i F 4D Flow MRI fil 3D TOF MRA E 1% 24 &

Be e, R ] 3D TOF MRA 43 ##E R 51 4D
Flow MRI (g ik & & . 765 — 2 #Erim it 5or
Y sh 1% 240, BEYY I3 3 ) 27 I & D B
) i e 7% ) T ) I 3 g 2 AR . Bl Bk B Y il v
Bl 72 28 SCOR R AE IS BN BT R BT IED i 9 3 ) A
BISEIME . M2 Brfy i (flow rate, FR)E LIk
bk Be P BT A 43 321 FR A9 . 3l 5 I
(https://github. com/EdwardFerdian/wss _mri _
calculator) ™ 1 3R 45 BE B 5 B 75 22 167 A1 MCA i
BB (M1 B A M2 B 1Y I3 3l 71 2% 258 B ]
748 BE 97 Y] f7 (time-averaged wall shear stress,
TAWSS) . ¥k 7% 55 V] 8 %X (oscillatory shear index,
OSD FR. i # (flow velocity. FV) #3145 % (pul-
satility index, PI) Fl # %} {5 88 B} [A] (relative resi-
dence time, RRT)™  HZ R I LA 3.4,
1.2.4  BEHURAIE AN ML I8 3 7 2% 0 6 0 — BOHE A 5
BEDLIEIC 20 (8 . BRI 1 76 1> 1 5 8o
BT 58 5 B B BRRRAE A AL B ) 2 S8 PRI UL SR
3,
1.3 GEilaghb s SR SPSS 23. 0 {4 X 4 ik
TGt . BEHURRE K i 3 30 71 2% 2 500 1 i —
MRS 50 R I 4 N AH OC & %L (intraclass correlation
coefficient, ICC), ./t 0~ 0. 20 JJy °] §& #4422
0.21~0.40 R A FEM:—H 0. 41~0. 60 S Al FE 4
85.0.61~0.80 A AT FEELF 0. 81 ~1. 00 S 1] HE 1
ettt . K H] Shapiro-Wilke 46 5 1 B 14 25 2% i (19 1E
Bofitk, MELESHAMELTER XS %
N2 ) BRI REAS ¢ K 0 5 55 907 i FIAS
FFE IEZS 30 (1 7 878 1 L M(Pos o Prs) KR, 2
[E] 13 & ] Mann-Whitney U 6 %% . 43 26 748 & D)
n(Y) R R ' K36l Fisher 8 UIMER L, R
JH Spearman Bk #H 3¢ 43 A AH OC R, XU A B,
P<C0.05 FZEMA G E L.

2 &5 B

gy A MCA I il X 2l kol A T At ATS B
63 fii] , Horp 524 A-CoW H % 54 f], N5238& A-CoW
9 s SERAEAR M P-CoW [ 34 1], AN 58 B
AR P-CoW 3% 29 ], A-CoW FIEEMRAM P-CoW
56 R 55N 5 R 2 [R) I DR AR S LR 28 3 3 e g i o
BN (P>0.05,% 1), BEHARAE K sh 71 2% 3 5K
M WEEE N — BOPEAG 56 Y 3R 15 1 4 2 A% 4 04 W) 5
PR BE B 4E (ICC > 0. 85), Il i 2h J1 2% %¢ 1F
(ICC>0.75),



TLEEH 45 - Willis 052 4 1 55 K i v 20 [k B D455 08 0 10 37 30 77 25 84 36 4R 1% 421

A-CoW : Bi i #F Willis 35 s DWL 4 HUIMAL A% s 3D TOF MRA : = 4 if [] & 3R flf 24 i 48 AR s MIP: B K A5 5 538 B B 5% 5 MCA: K i v
Bk TIW-VISTA: T1 IACE B4 1] 5] P PR E 1] 3% R 48 s TAWSS i [6] - 24 45 BE 55 D) 77 s RRT AR X 45 B if [A] . A~E. 58 % A-CoW &
HEUG (B, 56 % 8B AAMBATE 1 3 &) 87 kRS b s g e . A DWI 75 A4 358 45 X 2 M I BE ; B: 3D TOF MRA (1 MIP [E/{§5 56 %
A-CoW FlA5 8225 () MCA;C: TIW-VISTA jR A il MCA BE3;DE 435k 45 M MCA ) TAWSS #il RRT 43 4i €l , F~]: R52% A-CoW
EER AT B KB (k. 74 22 A BAARTE F1 12 b Fi SkoR Pe A5 Ab Sk BE B, F. DWI /R 72 fil] 3 i€ 7 X 2Pk il 4 48 5 G . 3D TOF
MRA ff) MIP E&7R R 564 A-CoW FIZE M B2 7 () MCA; H: TIW-VISTA 75 72l MCA BEH 1.7 43 314 22l MCA ) TAWSS #1 RRT 434 /&,

3 5E# A-CoW FIARSERE A-CoW H K%
Fig. 3 Images of a patient with a complete A-CoW and a patient with an incomplete A-CoW
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P-CoW . J5 &3 Willis 3F; DWL 4 HOM A 1% : 3D TOF MRA = 2k i ] &R B 36 8 1 55 1% s MIP . 5 K 5 5 388 JEE 15 5% s MCA K il b
Bk TIW-VISTA L T1 JiAT 28 B4 1) P e e 5 130 3 SR 4 5 TAWSS . B ] 3% 249 %5 B2 59 41 A7 s RRT . AR 6432 B BE 1] . A~ B 52 %% S 4R 1)
D-CoWB & FRCHIE. 72 % kB pEA MR T 1 1 )L % SR M A ab sk b, A DWI IR 72 Ul 7 54 5 2 P4 I £ 38 ; B. 3D TOF MRA Y
MIP [ 75 22 58 A R4 P-CoW 1 Z2 B 75 9 MCA; C. TIW-VISTA 5 Z2fill MCA B8 D E 43 3% Z2 il MCA £ TAWSS Fil RRT 43
Ml . F~J: RS R P-CoW M2 1% . 22 P1 Belih gk 58 42 W0 IR A 0 K IR0JS 3k (934,45 % 58 AT MU IR TE 1 5 3Bl 1 s
R A b B BE R, F DWI R ZE M3 i 45 X 2 P I AEZE ; G 3D TOF MRA 5 MIP [8 44 7% 72 4l R 58 % e 4R 41l P-CoW 0 72 4l B 7 11
MCA; H: TIW-VISTA 7R ZEfll MCA BEH ;1.7 45 9 ZEM MCA ) TAWSS 1 RRT 2345 & .

B 4 SEIAEARM P-CoW FIAR 52 B i IR P-CoW 2% K%

Fig. 4 Images of a patient with a complete symptomatic side P-CoW and a patient with an incomplete symptomatic side P-CoW

1E A-CoW i, K528 A-CoW fiy M1 Br TAWSS
ok A-CoW ik, 1ff RRT W44 L 22 5| 34 Ge it
BN (P<0.05,% 2), 2 4 H Ay BEHRRAF K i 3 sh
N¥SH R, Z Y G %FE X (P>0.05,
# 2), 18 P-CoW i RSEEEAEIRM P-CoW 114 B
K BE R SE A R A P-CoW . Z 0 A St & X
(P<<0.05,%& 2), ASERAERM P-CoW i RI 558
HAE IR M P-CoW L 88 77 7E 48 it 27 3 7 B % M

(P=0.050,% 2), 2 41BEH 1) H Ay BEHLERE | B B
I3 3h 7125 2850, LA K 3h bk BE I I 3 3h 2% S 8
B MBI TG L (P>0.05,% 2),

AR5 HAE AR P-CoW 55 8 4 (1) BE B 4 3 A o
B8 RIAH ¥ (P<<0.05,% 3), A588 A-CoW 5 M1
BEH /NI TAWSS (B K 1) RRT #H & 9 RIAH ¢
(P<<0.05,3 3). RBEHAFFIEM MG ) 1= S8
CoW SEH& MY AH SE M Joge 2 2 L (P>0. 05,% 3).,
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Tab.1 Clinical information between different CoW groups
A-CoW P-CoW
£ A
SEHRE (n="54) RER (n=9) P FERAERM (n=34) REEIERM =29 P

AR/ % 65.00(57.00,73.25)  70.00(55.00,73.50)  0.768 70.00(56.75,74.25)  63.00(58.00,71.00) 0. 362
Bk 40(74.07) 4(44, 44) 0.161 25(73.53) 19(65. 52) 0. 490
MR/ (kg - m?) 24.16(22.36.26.53)  23.44(21.91,28.34) 0. 860 24.16(22. 36,26.68)  23.83(21.96,26.33)  0.730
O I I TR 3

W 19(35.19) 1(11.1D) 0. 294 12(35.29) 8(27.59) 0.512

1o M I 23(42.59) 4(44. 44) =>0.999 11(32.35) 16(55.17) 0. 068

15 I R 45(83.33) 6(66.67) 0. 548 30(88. 24) 21(72.41) 0. 111

R 26(48.15) 5(55.56) 0. 959 18(52. 94) 13(44. 83) 0.521

eI ] 5(9.26) 0(0. 00) 2(5.88) 3(10. 34) 0. 853

WEH: 25/ TIA 4(7.41) 1(11.11) 0. 550 3(8.82) 2(6.90) =0. 999
RITY

fbyT3525%) 54(100. 00) 9(100. 00) 34(100. 00) 29(100. 00)

P /MR 254 52(96. 30) 9(100. 00) 33(97.06) 28(96. 55) =0. 999

0] 37 47 B ol 35 25 ) 54(100. 00) 9(100. 00) 34(100. 00) 29(100. 00)
ABi NIHSS ¥4 3(1,5) 3(2.5) 0.599 3(2,5) 3(1,5) 0.818
i BE NIHSS $43 2(1,4) 2(1.5) 0.676 2(1.3) 2(0,4) 0.911
90 d mRS ¥E4> 1€0,3) 2(1,3) 0.392 1€0,3) 1(1,3) 0.876

AL n( ) FoR » HE LS R L M(Pas , Prs) #7% . CoW . Willis B 3 TIA . S5 %7 4 I 5kt 1. % £ s NTHSS: 36 [ [ 57 T 4 0 5% B 2 v i 3
mRS;: ¥ B Rankin 3,

R 2 N[ CoW 73 £H b BE e 45 A AL 3 3 ) 27 2 By b
Tab.2 Plaque characteristics and hemodynamic parameter between different CoW groups
A-CoW P-CoW
i b co e (54 g o g g - g g — 9
T (n=5 NSERE(n=9) P SERERE R (n=134)  ANGEEIERM (n=29) P
BEHURFAE
BEHLK B/ mm 5.12(3.16,8. 66) 4.94(4.02,7.9D) 0.724 6.46(3.64,11.56) 4.50(2. 68,6.39) 0.016
maxWT/mm 2.08(1.73,2.47) 2.09(1.81,2.48) 0.798 2.11(1.71,2.47) 2.04(1.82,2.48) 0.751
NWI 0.78(0.72.,0.87) 0. 80(0. 74.,0. 87) 0. 637 0. 79(0. 71,0. 87) 0.76(0.73,0.87) 0. 989
RI 1. 00¢0. 86.1. 16) 1. 15¢0. 80,1. 32) 0. 398 0.96(0.76,1.14) 1.09(0.94.1. 24) 0. 050
WA/ % 42.74(33.37,62.74) 56.07(24.17,69. 82) 0.738 42.26(34.54,71.91) 47.46(23.67,60. 21) 0.595
BEHL I 1ML 37E 3 12 S8
TAWSS /Pa 4.96(3.42,6.14) 3.22(1.90,6.56) 0. 280 4.98(3.54,6.10) 3.90(2.61,6.82) 0. 710
OSI 0.013(0.004,0.027) 0. 009(0.001,0.079) 0. 860 0.011¢0.004,0.026) 0.014(0.004,0.033) 0.772
FR/(mL * min~ 1) 71.95(41.79,107.02) 72.21(42.13,109.57) 0.984 71.60(36.81,100.83) 73.73(46.40,109.93) 0.448
FV/(em=+s 1) 27.04(20. 25,35.02) 25.21(15.96,29. 27) 0.223 27.26(19.65,33.19) 25.53(18.77,36.51) 0. 804
PI 0.9500.71,1.17) 1.12(0.89,1.23) 0. 307 0.97¢0.78,1.21) 0.91€0.72,1.15) 0.553
RRT 0.21¢0.17,0.3D) 0. 32(0. 15,0. 64) 0.316 0.21(0.17,0. 30) 0.26(0.15,0.41) 0. 669
BNk B il ik 3 ) 2 S8
Ml B
TAWSS /Pa 4.40(3. 82,5. 30) 3.52(2.55,4.07) 0.015 4.34(3.82,5.30) 4.36(3.48,5.14) 0.793
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ABSTRACT: Objective To study the associations between the completeness of the circle of Willis
(CoW) middle cerebral artery (MCA) plaque characteristics, and hemodynamics using high-resolution ves-
sel wall magnetic resonance imaging (HR-VWI) and four-dimensional flow magnetic resonance imaging
(4D Flow MRI). Methods 63 patients with acute ischemic stroke caused by MCA atherosclerotic
plaques were enrolled and underwent HR-VWI and 4D Flow MRI scans. The patients were divided into
two pairs of groups: complete anterior-CoW (A-CoW) group vs incomplete A-CoW group, and complete
symptomatic-side posterior-CoW (P-CoW) group ws incomplete symptomatic-side P-CoW group, according
to the completeness of A-CoW and symptomatic-side P-CoW. Differences in MCA plaque characteristics
and hemodynamic parameters were compared between the groups. Results Compared to the complete
A-CoW group, the incomplete A-CoW group showed M1 segmental lower time-averaged wall shear stress
[3.52 (2.55,4.07) Pa wvs 4. 40 (3. 82,5.30) Pa, P=0. 015 ] and longer relative residence time [ 0. 29
(0.25,0.42) vs 0.23 (0.20,0.28), P=0.019]. Compared to the complete symptomatic-side P-CoW
group, the incomplete symptomatic-side P-CoW group demonstrated shorter MCA plaque length [ 4. 50
(2.68, 6.39) mm ws 6.46 (3.64, 11.56) mm, P=0.016]. The incomplete A-CoW group was correlated
with lower M1 segmental time-averaged wall shear stress (p=0. 309, P=0.014), longer relative residence
time (p=—0.297, P=0.018) and higher remodeling index (p=—0.107, P=0.043). The incomplete
symptomatic-side P-CoW was related to shorter MCA plaque length (p=0. 306, P=0.015) and higher re-
modeling index (p= —0. 249, P=0.049). Conclusion Incomplete CoW was related to MCA plaque
length, remodeling index and M1 segmental hemodynamics. Incomplete A-CoW as well as incomplete
symptomatic-side P-CoW might have different influences on MCA plaques and arterial segmental hemody-
namics.

KEY WORDS: the circle of Willis; middle cerebral artery plaque; hemodynamics; acute ischemic
stroke; magnetic resonance imaging
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