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The relationship between MCA plaque features on HR-VWI and acute ischemic stroke/
TIA recurrence
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[Abstract] Objective: This study aims to investigate the relationship between middle cerebral artery (MCA )plaque features on high-
resolution vessel wall imaging (HR-VWI)and acute ischemic stroke/TIA recurrence. Methods: The HR-VWI and clinical data of 105
patients with atherosclerotic plaques on MCA were retrospectively analyzed. They were divided into group 1, with the first episode of
acute ischemic stroke/TIA (n=61) ; group 2, with recurrent acute ischemic stroke/TIA (n=19) ; group 3, with no occurrence of clinical
event(n=25). The degree of stenosis, remodeling index and plaque features (enhancement ratio , enhancement grade , plaque burden, T1
signal intensity, and plaque distribution)were measured and compared among groups using analysis of variance , chi-square, Fisher’ s
exact test or Kruskal - Wallis test. Regression models investigated risk factors for recurrent stroke/TIA. Results: Plaque burden,
enhancement ratio, remodeling index were all significantly higher in group 1 and 2, compared to group 3(all P < 0.05). Higher plaque
burden (P=0.005) , higher stenosis degree (P=0.006)and more concentric plaque (P=0.008) were found in group 2 compared to group 1
(P < 0.05). Multivariable logistic regression shows plaque burden was the only significant plaque marker associated with recurrent
stroke/TIA (OR=1.075, 95% CI 1.019~1.133, P=0.008). Conclusion: Higher plaque burden of MCA was independently associated
with recurrent acute ischemic stroke/TIA and can be an effective imaging marker for alarming the ischemic stroke recurrence.
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fii PN 30 Jik o R A 95 95 (intracranial atheroscle- KA R A E A A S R AT R R 2

rotic disease, ICAD )&V ISR I PEAE B3 B i LI
A PEHGE , FREAA 46.6%09 S kG M ER T
ICAD 5 [ , B2 MRS A PRI AT L AR DG AR A il
PR S R R AR5 17.19%~38.2% . H
HI, 55 2 4 LR 1M 45 BE iR R (high-resolution
vessel wall imaging, HR-VWD)JZ&PEH 5 N Sl ik ok kb
Het) iz o SRR TC B R A A R, AU
REXTIR /L N RE A TR M S 4007 , B A pe s
M A (RN BE s S kR R AL BEHIE S |
P (55 Resfs . BRI, s bt T1

AR A AR AE SRR MR A P A
A OIAROR Y (HBEHURFEXT T Bl A i 2 R
PR SO A . PRI, ABIFFESE T HR-V W]
Fish sk (middle cerebral artery, MCA) ¥FEAE{LEE
PURHE S A R Z B OC AR , A P Bl A h &2
RIMSLAR ARG

1 XN&InFE

1.1 %

AW 1] o W B T R BE R R A — B
J % 5 M 22 I FE 2016 4F 7 H —20194F 7 H T 5¢
BHR-VWIA AT RS P B . B
PRI AARAEGDT - D2 J8 P MCA HE 1 X & A= 2Pk ik
I A g R R EOINAL RS (diffusion weighted
imaging, DW1) {75 /5 {5 -5 150 5 At 35 e 287 e i ke 1t
% AE (transient ischemic attack, TIA) ; @ HR-VWI &
B A MCA FATERES ; B 58 86 (14 i PR B S50 %
K 2 7Rk s @R LR 11145 15 52 (magnetic resonance
angiography , MRA ) 335 /) ik # 7 E5s [RI A 35 PN 2
ik (internal carotid artery, ICA) P R <30% ; A
e I e AR HE PR W A LA B L E Sl ks
FEREAL e 16 R @ BB BT R4, 38 3P4l 5%
o HEBRbRE : QA Bk I 2 250 AR 3l ik
sKAERE AL 10780 @A B B O IR RS SR ek
OISR AF IR ZE R S P R @ IRFR IR
HTIT 20 Jp AR i, X Bt i 1 A v SR 2 OMCA it il X1
PERG A 3 @M BT i 22 N R — 2 o b i
— PR AR e i A T R AR S A DRI R
S WA BRI AE A R s Q5 A ] —
MCA i DX 88 A 1R E DA sl e A e, s
A2 R GEAR VAN SR 2R 5, PR BRI
BRI DR A AT, Bk it DW & B R 1) 2
PEREFELL . B R AN ANRE 2~4 SHERRBRIE  (H A

1.2 Frik
1.2.1 HR-VWI B4 k%

SR [ P 1] 523 ) 3.0T MR 32 520 j# i 3k
VB HEATHA 4 , MRIY 9142 45 = 4E I [A) R ER % AR
Jigi 1L 4 i 5% (three-dimensional time-of-flight magnet-
ic resonance angiography, 3D-TOF-MRA) .DWI . F|
] T R S92 AR DG A R B 1 = 4R Pt i 1]
(sampling perfection with application optimized con-
trast using different angle evolutions, SPACE)T1 fll4{
SEA R ttham . 4 22 il (two-dimensional black blood,
2D-BB) PR [ HEMIE T1 K T2 Ik, B4
T :@M3D-TOF -MRA : 42 i} [1]/[1] 35§ B[] (repetition
time/echo time, TR/TE ) =22 ms/3.6 ms, #%% fA=18°,
LT (field of view, FOV)=210 mmx190 mm , 73#¢%=
0.55 mmx0.55 mmx0.55 mm ; @QDWI : b {H =0 3¢
1 000 mm%/s, FOV=230 mmX230 mm, % [4 =192x
192, JZ J& =5 mm; @3D-T1-SPACE : TR/TE=900/
4.2 ms,FOV=240 mmx216 mm, [ e[ K F=43, 1]
W lEI B =4.2 ms, 73 #E%=0.75 mmX0.75 mmX0.75 mm,
I HE# H 0.40 mmx0.40 mmx0.75 mm ; @2D-BB
T2WI: TR/TE=2400/50 ms, FOV=130 mmX 130 mm,
HfE=320%320, 7395 %=0.4 mmX0.4 mm, EE=2 mm;
(5)2D-BB T1WI: TR/TE=600/10 ms, FOV=130 mm X
130 mm , FifF=320%320, 73 ###=0.4 mmx0.4 mm, Jz
JE=2 mm, 3D-T1-SPACE 438 454 & H] Gd-DTPA
XFEGFR, 1 550 5 0.1 mmol/kg, VS XF ] S min
IEEEE(

1.2.2 HR-VWI A% 547

2 2 200 3 5 AR e A b ST DAL P
(9 HR-VWI G, WA N AT - (D8 E JTAERESR -
WHRAFEEM MCA HUA 1ASBEER, I 52 & 54T
BEH s QiR AR RN MCA 7 24~ BEHk D 1 5 s
AR M BEH R THAERES . QHR-VWIBEH ) A
BETE i SOE PRI R DR BE DA SR B AL
T ) ) 1145 R A A R K A PN AR G, I AR
I 1 A1 J 4 BE T AR (outer wall area, OWA) /8 JEE THI
M (lumen area,LA) . ZEFEHAE MCA Jr i JoH i BREHR
MR T E 2 BRI, 2 BRI OWA K LA,

PEHCRAE N e B MoE iy s n . O4
FE e 2 B (AR ) =(1-LA sgssend/ LA 51)%100% 5@
BELIR A LA < o3 AR P-4 B 3 o [ 5[] — BRE e
)2 T /) A ) P4 JE R X (region of interest, ROI) ,
T ROT 1Y F- 215 5 5% JiE (signal intensity, SI) , 3
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IEHERE (A 55 TR 290, Wl st 45 5
o A AR B 5 R AA Y L 20T s OBEHRA7 fif =
(1-LA seqezn/ OWA seqrmn) X100% ' QT1 7 5 1 E
SR EMG LSRR STR F 1E 3 2 45 4
BESIIY 150%"7 , 27 BEHL A H 1L ; © A4 5 4K (re-
modeling index, RT) : RIEOWA sesn/ OWA 21x100%,
RI>1.05 2 1E 1 4 5 0.95<RI<1.05 } 4} E #4 ; RI<
0.95 J FAPEH AL s OBEHALE - 45 MCA T ELRE BT
T4 o AT RE JE RE | LRE R RE4AANSZIRM, Y
MCA B 5 2 > BRA, W) LB ) 222501 52
FRAE M BES T AL E . Y BEH A ik 2 5 R
F, DU S BESR A PR JR S

1.3 “%it5F &

K SPSS22.0 e it Ak AT e it or i o it
VORI B AR EZE (3 + s) Fom , THBCRER AL
KGR IR o 2K Shapiro-Wilk 645 115 56 L 1
FEEIER . 3B LB R T Uy 22
AT A 25 S EAT RN LA, THECRORHI FL R
7 K5 | Fisher K5 A 5 15 5 Kruskal-Wallis £
B o BRI PR T A T BB R S e R R A il A T
LR ER Logistic 181470 H7 , -5 K 2R o3 v A1 8
(P <0.D)BHREMNAZHE Logistic [B1H 547 (B4
JEiREE) o a2 Z (8] AH eV 53 B R H Pearson
¥, Spearman #HC . H Kappa {EL B4 N AH ¢ R 48 (in-
traclass correlation coefficient, ICC) PEA 2 44 B2 A=
IAE R —EUE : <0.40 —EER2E50.40~0.75 1
— B AR >0.75 0 —BERG . P<0.05 %R
FEE a3 =-9"aS

2 & R

2.1 W ARAL TR A

ARWFFEILGA 105 B8, P RRER A 25 6,
Wik 616,52 KA 196, 34LEH 2 [ R 7R
F RS RUNF 1 R . 3ULBRE MR AR R AE R
PRI 2 (i R B PRpS B ) 1 25 e 3 e i
X(P>0.05), SAREIRE KA LA BRI, B K
20 R IR B = DT bR L SR AR 5 B AT T 3 R i
Eb 3] B 5 (P ¥4<0.05 ), i 38k HH AP 2% g 2 11 R o
KR (P34<0.05) o ARFERAL S50 K ALAH L,
FEE IR 3 0 245 i B HL 18] B v AL B i
B AR B RO 22 S g

2.2 i RER B4R AR PLAR

2 A AR A PR AL 3 R AL L
BEH A 07 O TPAl — S R 47 (1CC: 0.772~0.837) , X
FIFEEL T =55 LB & BT IS th S5 2
JE— 3 (Kappa 8 1CC: 0.694~0.737) . #] & 453k
SR ZHAH B, A 5T R Y B B 171 A (82.1% ws. 74.0%,
P=0.024) | B Y 5 fb HE 2 (96.9% vs. 31.5% , P <
0.001) . FFYH5% (1.01 vs. 0.88, P=0.005) . B Z 1]
3R Ak (72.1% vs. 12.0% , P < 0.001) K 1F P & 4
(41.0% vs. 16.0% ,P=0.026) . & K41 5A-5EIR41HH
He, A BRI BE B A (91.8% ws. 74.0% , P <
0.001) . BEBesm Ak b 3 (88.2% vs. 31.5%,P < 0.001) .
We7E K (83.2% vs. 53.1% , P=0.005) . T £ i) B i 5
1k (68.4% vs. 12.0% , P < 0.001) . ¥F J& B B (52.6%
vs. 8.0% ,P=0.001) M 1E M FE A4 (47.4% vs. 16.0% , P=
0.024) . & &M 50 KA, A 5 KA BELRL 7 fif
(91.8% vs. 82.1% , P=0.005) . & % % (83.2% uvs.
61.9% , P=0.006) [ 5 Z 1) 3 Ji 5 Ht (52.6% vs.
21.3%,P=0.008,72), 3ZHACFHRHIANE 1 R,
23 FRBBERAFILL B b b R AR M

LA R Logistic [|] 5 734 KB, B B 171 ff (OR=
1.075,95%CI: 1.019~1.133, P=0.008) . 3% %= K (OR=
1.032, 95% CI: 1.007~1.057, P=0.011) Kz ¥f J& 5 B
(OR=1.423,95%CI:1.084~1.869,P=0.011)3% =¥ AJ
RERG MM T 2 R A fER R (P <0.1) #H
KMo BT s BREHR 071 ff B A R R PR SR BB — 3
HAH 2 [0 A7 7E 0 35 A0 O (BEH 6 fuf ws. BRAE R r=
0.936, P < 0.001; B B 11 fa vs. I5 Ji] BEH , r=0.520,
P < 0.001; B2 %8 3 ps. 3 JH BE Bk, r=0.484, P <
0.001). & T kGG N % 1 2 E LM, [T HZ
IR T2 N K Logistic M0, 45 55607,
BEH A7 o7 2 5 MCA Sl i 25 v 52 &R O B il — 7l
571G B I % (OR=1.075, 95% CI: 1.019~1.133, P=
0.008,%3),

3o @

I N 2 K 8 e S A 2 5 0B L A 2 e i
JEIA L AACAE T MCA RYSSRERE AL BEBR O 3 Il
PEZE T HATEOE Bk SRR R AL T HAERR
S e ) D RES T S B DU AH P4 A R T IR
Je A, N BT IR A A R R SR . AR s I
Feda BRI DRy e i P2 mp R (1 i PR S 6 PR 3R
EAFEIZ A (AT S0P B KoK A B A SRR 5 e 1f
PRI R Z 18] SC R BB UL S ATk T
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Table 1 Comparisons among 3 groups in terms of clinical characteristics

bR VKM (n=61) KM (n=19) JEFEIRA (n=25) AR PIE(1us2; 1us3; 20s3)
(2 +s) 56.5 + 14.5 60.2 £ 12.4 61.3 +14.9 0.375;0.149;0.514
Fln(%)] 41(67.2) 15(78.9) 16(64.0) 0.3307;0.775';0.282"
FME (%) ] 40(65.6) 15(78.9) 20(80.0) 0.272°;0.186";1.000°
BRI [n(%) ] 14(23.0) 6(31.6) 11(44.0) 0.546";0.051°;0.402°
2% B NR A U A (mmol/L,x +5)  2.63 +0.98 2.14 £0.70 2.79 +0.99 0.044;0.455;0.018
AR [n(%) ] 19(31.1) 8(42.1) 4(16.0) 0.378";0.150";0.054"
M BT RITEAR [ (%) ] 22(36.1) 17(89.5) 6(24.0) <0.001";0.278";<0.001"
MRS MAE S (%) ] 5(8.2) 6(31.6) 1(4.0) 0.018";0.667%;0.032"
MR [n(%) ] 24(39.3) 16(84.2) 7(28.0) 0.001";0.320";<0.001°

SR RTTHEIR 3 #: 5R H Fisher REFR

®2 JABFZEMEERBEHRIFER LR

Table 2 Comparisons among 3 groups in terms of plaque features

[xxs,n(%)]

FEAR W &4 (n=61) 2 EH(n=19) AEREIRAH (n=25) 28] Hodst PAE (1os25 1vs3;5 2us3)
BIBR G (% 5) 82.1+13.3 91.8+9.2 74.0 £ 15.9 0.005;0.024; <0.001
WAER(x+s) 61.9 +30.7 83.2 +20.8 53.1+33.6 0.006;0.277;0.005
BEHAE (%) ] 0.139%;0.016";0.006"

R 13(21.3) 3(15.8) 3(12.0)

T RE 4(6.6) 1(5.3) 9(36.0)

UL 22(36.1) 3(15.8) 7(28.0)

JiRE 9(14.8) 2(10.5) 4(16.0)

IR JH 13(21.3) 10(52.6) 2(8.0)

gL vs. FRJE 48/13 9/10 23/2 0.008°;0.212%;0.001°
T1EE S [n(%)] 20(32.8) 6(31.6) 4(16.0) 0.922°;0.115";0.287"
FEALHR (%) ] 96.9 +49.2 88.2 + 50.4 31.5+33.1 0.688;<0.001;<0.001
MEALAER (%) ] 1.000%;<0.001%;<0.001*

29% B WAk 44(72.1) 13(68.4) 3(12.0)

1 4% . % Ak, 14(23.0) 4(21.1) 9(36.0)

0% . Toift 3(4.9) 2(10.5) 13(52.0)
TR (X +5) 1.01 £0.23 1.01 +0.28 0.88 +0.17 0.834;0.005;0.088
ER (%) ] 0.623°;0.026";0.024"

TEPEE A 25(41.0) 9(47.4) 4(16.0)

BB iwi) 15(24.6) 3(15.8) 6(24.0)

iR ) 21(34.4) 7(36.8) 15(60.0)

# R R ITRGE ; #: R Fisher FEAIEARTL ; & : Kruskal-Wallis 156

HR-VWI 1 MCA 58 FERE (L BEHRRAE 5 22 rh & &
ZI B SE AR, 45 R o | BEBR 67 fof J& MCA Bl i P 2
W R ARG B ST S TR 2R A8 Bl T ok T e o
R R IME SR F B

ARWEFE R, 3 LB AR PR R I B IR
W R T 22 S TG E . SRR
B, R AL IR IR R TR S T AT Y
RN R e e e S 1 BT [ S R e v s
BH, R 28 5 LTS I R 25 MR YT, — Sl T AR

Hh A2 e MRS SR BEAT BRI . R, SRS ek PR A A
PO A v 52 S U S AN 80 B9, R B A v &2
RSB A AR S A BRI IR IR T 3L o

TEARRER 2 5 ) A 2 RO R e b, 2 B S5k
o TEA B A 5 A ) BRE R 07 A ARG S BRE R ) B
SRR, T2 55 51 Ak PR 2R rp 2, X5 B A
WFFELA R — 2 B T RESE T TS
RIS 5 W RERE AL BESR AT 15 R, BEDR SR AL
JRE RIS W BRE B PRI £ LA PR L R AR i TR T ) A
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A~DARSEIRA  E~H W1 & 4 T~L: B 24 . ARSEIRZL : A : TOF-MRA /- 471 MCA =135 35 /™ BB % 5 B2 3D-T1-SPACE “F-447R £ flll MCA '~
BEBFEL; C:3D-T1-SPACE 345 5 BEHL 3 AL AT i s D : 2D-BB T2WIZR BEER T2WIHE 588 1 s E: TOF-MRA 78 2=l MCA 3213 B ™ H 4% 5 F: 3D-
T1-SPACE F-/R 72l MCA J&5 - BEBESR ; G- 3D-T1-SPACE 35 J5 B B i 5 Ak s H: 2D-BB T2WI/R BEHR T2WI {551 44 ; 1: TOF-MRA 7% 2=
MCA 1B FPAE ;- 3D-T1-SPACE V- 437R ZE M MCA FRJRIZER ; K- SEH 671 7, 3D-T1-SPACE 35 J5 BES ] i 38 £k ; L. 2D-BB T2WI BB

BEHAEE.

E1 IFERAVEAREXRANKRERE]
Figure 1 Representative patients with no occurrence of clinical event, with the first episode of acute ischemic stroke/TIA

and with recurrent acute ischemic stroke/TIA

#3 WMERESEXHLogistic B354

Table 3 Logistic regression analysis between group 1 and group 2

o HHE ZHE
b OR(95% CI) PiE OR(95% CI) P
REHL A oy 1.075(1.019~1.133) 0.008 1.075(1.019~1.133) 0.008
g 5 1.032(1.007~1.057) 0.011
IR JE B 1.423(1.084~1.869) 0.011

JEE, T A= ILAE L 58 2 0 A 2R 4 55 BEBR B REA 5%, A
M55 51 K sk A rh ik . ARBFFE R R
[ U9 8 78, A P A TR 07 i B B o) TR B 15 ke
MAEZE rp R R R O, B =3 Z A A e
Z R A RS, BEH Gy R ME— 5525 ip B R A G
(M 37 fE K P R X 5 Ran % “WFIR 45 R — 5, X
AR SR DA g BB 7 Ay [] oA B A8 J e A R R B
Jo R P 7 TR A BE 14 S R A MR A R OR
PR BESRBZ | DV BE SR 07 bR . R 7K 5 XL
SETZ I FEIN R MCA A8 R A8 R R A vh A

OIS TN v s = NG I R R e A B e d S
P B A RTINS A 5 5 AR A R BRE R 7 £, AR
R ST A5 R RE T M A T e 7 R T A v & XL
52 P e RV , T SRER: 5 i S B e e 7 0 S A
WA BERR I £35 AR AR S, M — 5 R
A S R OGRS FERE I 3R
ABFFAFAE— LA L - DA Ky B L A ]
BPERFSE , FEA RN, S I il B2 o ATIETE |
RAEAITEA DAl BER AR AL X6 ke it 1 A 52 2 XL
8% F) FIUH (L 5 (2 BRE B 00 P S T s 6 )
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I RO F) 5 =X, SO B 2% 00 g 0 1 7 2% ml Rtk — 2
e N OIS R B A N = I
3.0T HR-VWI IfiL 45 B BUAR 1) 53 B 25 W0 55 ok A A 4k
BE B (10 5 B A3 A 2T AR W LR 0 A 0 S A AE SR PR
PEUS A5 T B RE S R AR ST 8 S
B 3 BB N PR LT 25 2

L5 LTI  BEHL A fa 5 MCA Sl A & %
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