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stroke

[Abstract] Objective: To evaluate the association of carotid atherosclerotic plaque characteristics determined by mag-
netic resonance imaging with acute ischemic stroke. Methods: Sixty-two patients with acute ischemic stroke in the anterior
circulation submitted to MR imaging of carotid vessel wall. The carotid plaque components and burden were evaluated and
the volumes of acute ischemic stroke were measured on DWI. Odd ratio and Spearman’s rank correlation coefficient were cac-
ulated. Results: Compared with asymptomatic plaques,symptomatic plaques had larger plaque burden and higher incidence of
fibrous cap rupture, hemorrhage and calcification (P<C0. 05). Positive correlation was found between percent wall volume
with acute infarct volume. Intraplaque hemorrhage and calcification were positively associated with acute infarction (OR=
2.4 and 2. 1, P<C0. 05). Conclusion; This study reveals significant differences between symptomatic and asymptomatic
plaques in the same patient. The associations of carotid plaque characteristics with acute ischemic stroke may suggest the
vulnerability.

[Key words] Carotid arteries; Atherosclerosis; Brain infarction; Magnetic resonance imaging

01 2y ik ok A A 1A 2 R ot P I 10 A B 11 1 I

SE Ik L S Bl ik 22 17 51 MRT KA
2. MR # A i AR

A 2010 4R [R] A e i 22 N BHE Be S & 62 i 2
P 25 PN S ok AR o X A A B 12 W 2 A S 4 A 1
e G 16065 9 25 BT A AR T O 48 3k B MIRT A0 45 477
AR 1 (diffusion weighted imaging, DWD) 3 3] 3IF
SCLAERS 49~81 % 4y 64. 2 %, HiF 5 52 4], 4 10
B, & JF e M 51 BB bR 21 6], 0 12 4]
i LAE 43 6], A WA s 40 . AR 1A Y TR

MRSTE Jlf A ¥ A ¥ 75 Philips Intera Achieva 3. 0T # &%

1. Il PR 9% R 3L 4 49 5 A b 58 . Sk i MR kg A 6 E R
T,WI,T,WI, T,-FLAIR #1 DWI J¥ %, &% T, WI.

MeE B r.200127 | A TR 520 ms, TE 15 ms; T, WI: TR 4500 ms, TE 80 ms;

22 B S B B R U I B A

BECERE ROBEAR B X0 R BT TR R R s b L R R 2 AR
& 2252 A8 5 Pl GRS 1) ) - o

EEBN: EEA975—) . 5. B A EEHIN, BN LR
AR I BB G AT AE .

BWAEE /8%, E-mail : xu. jr@hotmail. com

E£TH : B HE SRR H (S30203) 5 1 3 58 K 4% P& 4 e &
RUERLTH BB

T,-FLAIR: TR 8000 ms, TE 105 ms; DWI: TR
1598 ms, TE 46 ms, fifF 128 X128, )25 6 mm, [H]
1 mm, )28 16, B 24 cm X 24 cm,

905 Ik A1 A A P 200 R 42 e 2 i £k (8 G . |



T 2E LR 2012 4F 12 H 58 27 55 123 Radiol Practice, Dec 2012, Vol 27,No. 12 1321

ROt FD L JefT 2D-TOF 4, MIP i & g MRA
PG LA A5 250 80 Bk 73 S e 0 o B, DL 38l Jik o 3L
oo AT T, WIL T, WIL3D-TOF £, & %%+
S 3D-TOF. TR 20 ms, TE 5. 1 ms, f%; 1 20°;
T,WI. 4 )z # $&k & (quadruple inversion-recovery,
QIR . TR 800 ms, TE 10 ms; T, WI. £ - i XUz §%
(multislice double inversion, MDIR)""), TR 4000 ms,
TE 50 ms; f#f Ak i & P 3846 B [0 3 i 1% (magnetiza-
tion-prepared rapid acquisition gradient-echo, MP-
RAGE) ;IR TFE,TR 9 ms, TE 5. 5 ms, Bi% i 15°,
W& 2 28 2 mm JZEL 16 ALEF 14 cm X 14 em),
T P 256 X 256 - T e/ 73 B AR 0. 28 mm X
0.28 mm(A 1),

3. gL 3 AN 43 BT

Sk it e BB KA MR EGCR FTBUE 400 S7 0 1
R AR ot 22 2R 8 R ABUIT PR O R SR A e i Y — 0] 2 K B
SE AR AN 4 [6) — 5835 108 79 A0 250 3l Kk 4 Sy o AR A 5 I i
R . S5 3K 0% 7 5 R DWT B AL E LR
SE NN REBE L 7E RS AL 3T A 3 (Philips MR Work-
space 2. 6. 3. 1) LXK fisE /2 DWI F T2 2 h & P A
FE Kk 1 T AR LA 72 2 BO i T E 5 H ST 3 ik £ i
DX CHT AR 20 g A A A4 FR

K B8 o3 B e L B I8 0 A B (CAS-
CADE, Seattle, WA, USA) | #4177, & M & 3
HIRCO 75 290 5 JK B B 170 £ 4 A < A B A SRR T L 98
iE R 305 Jik e 72 N DT BR WF 5€ (North American
Carotid Trial,

Endarterectomy

Symptomatic

NASCET) # 5 de K A8 BE J5E B2 Sy B0 I 457 1) 4% )= T
T RE R BT A0 B KA 5 A RE 1R BB ME L 45 £ (Percent
Wall Volume) iy 4 BE & FL 5 o A& 8K BLUAY EE Al X
100 % o 5 Sk 0 45t 7 900 1 o 9 45 4 i T W b A5
R SCHR AR T8 25 F 22 00 LU P B 05 5 45 50T 0 7 B
WA A3 - SR FE I g #% 78 TOF | 5 % /Ff = {5 5
T\ WI 2% /5155 . /£ MP-RAGE #il T, WI £ %
JA&AE 5 5 i /£ TOF fl MP-RAGE |- & & f5 5. 1
g% 741 1 LASE B 5 9 o 325 4F 4R iE i 34AE TOF
FERENEZRE T TWL & T, WI | 2S5
a7 s B E A S ERERE Y.

4. et r ik

VL F SPSS 13. 0 G 11 #5414 40 %) BT A7 B8 47 53
AT DR A -5 S E AR A0 5T 5 Bk 1) T R AR 4 2 5 A
ARG A HEAT BT ¢ K 3 AR 2 80K 55 i AR 5
AR AP A0 250 S Jk 4 31 B B REFE AT R O G B 5 S R ) 25
2y Jik B e 571 47 5[5 W0 550 PN 3 ik o, DX 2 44 i A 3 1K R
956 22 ] Spearman %k AH 5 43 BT 5 I 45 5 IR M0 25 5 Jik
BE A7 A 5 22 i R ZE AR AR EL R EE COR D B¢ 95 %
M) EAE X JE] . L P<<0. 05 fE I G it 2% AR i

g R

1. 2H: i 5 38 1 ke A 1 1L

62 151 J 3 S AT B WF I SR Y A7 A 35N Bl Jhk At i
X DWT B P95 k. Hovb 34 9] (54. 8%0) & A= 4 A2,
i BRA P9 25T 14 20 Bk AL i DX 2 i A 8 S AR UK TR
FERM (D),

1 B.72% . AMMAR.2AE4AAdANR, @) AMBEEFRAMTEERAZLEILA DWI 3L 3425 %. AMH A K
REREVARAKEERE (E). 8N ERHAHFHES5GE); b) TOFHE; o T,WI; DT, WI; e) MP-RAGE,



1322 T 2E SR 2012 4F 12 H 8 27 55 123 Radiol Practice, Dec 2012, Vol 27, No. 12

1 ERWEFERWTADREHECHEREEAGR LK

k3 ERWF IR K25 A MR B L (OR )

W45 4R R A KM P
R E ) 28.64£30.4 13.9411.3 0.001
& K F & F E (mm) 2.8+1.9 2.0£1.1 0.001
B REIRRRAR R AT S (Y0 39.54+10.6 31.8%+6.4 0.001
I M A K AR 58.3 50. 4 0.175
o £ A F (%) 11.3 4.4 0. 007
BACE A FE ) 43.5 30. 4 0.014
oA tB A R A A F () 4.4 0 0.001
N BB K S AR ST AR AR () 5.3+8.1 0.5+3.1 0.001

2. RN 5 3 i PR 25T Sy J ks A 488 A1 R AIE BL 4K

i PR A 250 20y K e A R R o O B JEE T R A BE (K
bR HE AR B T AR AE AR CP <0, 05) 5 4 bR ) 551
B DK BE R P L I 5 1k R 4T 2 R i R Y R A R s T
JEAEARM (P<<0. 05,5 1.8 D,

3. R0 25 2y Jok ks R B A R AT 5[] 00 50 1 2l ik A
I DX S P A 6 B AH S P

S PR A 250 2 ok A R A RR b o Ak i %5 (W] 35 P 2l
O A8 i DX 2 G A B A B ¢ 3 19 1E A DG (Spearman
FRAHC R £ 0. 327, P<C0. 05, [ 2), Hk o & JEs B %8
# (Spearman BAHIE R % 0. 302, P<C0. 05) il & K4
B JEL B (Spearman Fk A 9 & %X 0. 262, P<<0. 05, %
2) . LRSS K BE P o M IR A & AR Y L B
(OR ) b e vb o BE S P i 055 k2 45 5 i) 22 5% 1A
Z(ORHA K 2.4 F12.1,P<C0.05,% 3),

®2 BAAMHNEREKRYN Spearman KA X &

B A 37 P 3 Bk A o X

3 3 bk B8 e B AT 51k AR 1 R P&
FRERE R 0. 302 0.001
RREERE 0. 262 0. 005
& BEARARAT S AL F5 2L 0.327 <0. 001

80.00—

70.00—

60.00—

50.00—

PercentWallVolume

40.00—

30.00+

R Sq Linear = 0.327

20.00—

T T T T T T
0.00 10.00 2000 30.00 40.00 50.00

DWI_ICA_region @

Bl 2 k3 3h bk E B AR AR AR R AL S A5 B A DWI A
MR RG X A,

A MRsEF RS ORAL 952089 B3 X 4 P1a

3RS 1.3 0.8,2.0 0. 339

o 2.4 1.1,5.5 0.043

454K 2.1 1.2,3.6 0.006

Bl e 7.4 0.8,65.9 0.073
Wi

L. S 0 5 250 3 Jok BRE B 6 4y B 20 9 R A

ARG RERLT 3. 0T M SRRV 4
FE Y 8 a1 2 3l ik AR 12 1 % 1 £ 18 ARAIE T TR R
F14 i 1 AR g 2 1) B 1 20K . s AT 22 % EE ARl
AR i 1Y R R R CQIRDY I 2 oF- T W S
(MDIR) PR3t I 47 R 4R 15 41 o 8 4 90 o) o, 3 % ) o
T LR 3t 3 b A 290 8 P A T A BE 119 %) LG TR B B
W R TR AL ZRa IR 2 X P 5
Y DL By U BRE R AN [ Ao+ LR AT B R 0 R S A
UML) . A B9 E B4R TR T CASCADE™ 2 5 3
AL 53 W KA T A B T S BT AR

2. SEH kBB 045 1 ek R A0

A BIF T 30 W KA B JRE JSE R BE A R v 45
P g AR BEH G4 (9 45 4+ by T 20 JK 58 o B 1 17 30 77
7E LA TE 1) TR R OB T AR 0 O B I T B
7P T JRE A B BRE R 97 7 XoF T30 A A AE 14 K i XL B AT
B AT R 1A I B B L RE RN 45 AR S AR
N % 35T 2l ik SR Bk 07 ey 78R B2 o A A ] I 2 S o ELAE R O
PG A W T AR AR 3RS AR D 4 B R GE R
o 118 5 A B s 722 7 I 000 5 20 Jok o A B Ol — B
X AT RE R TR A ) 25 S R0 LUK B A 2R A O T
Saam S A FE i RE DR O fr BRE B G4 15 Al AE AR A
7 22 5 3% AL BE S I 9T A T A 1 2 D 9050 ik Bk A
e BE R 5000 9 80 A G . T AR BIF 58 A e s 4 Y
SR DR AN 25T 5 ke A A I A A (28, 6 £ 30. 4D 00, LR
Bl A Jr A A R A ST A B ) JR R

3. Bl Bk BB B3 1) e R A

AT A BUBE B P 145 4 A S R R S8 2R
P9 A i P 2 e DR R . BRI DY S R ok DA R S A R
PEPL T B ARHAEZ o A AE AR CHE T g Bk R
PR (B 10 BEHN I I R AR R LR R
J2 BB DY IS T LA O R B B L A
TR P ATF 9 A B BRE L P H g 1000 A A 3 G K

MDB’

BB A A0 T B B AR RE T 145 R G AT AE
WE A BEH B AL 3 2 2F 4k 2 20 i 5T 43 bG A1 ek b
ATREA R T B AR E L — TR U O 9k B B
K BEH N E5 AR £ BEHR N 5 4L 7 5t i B ROB R
Tt A BIF 5 S % DR -5 A B A0 14y B Bk P 555 46 T



B 2 SRR 2012 4F 12 H 5

27 #4512 ] Radiol Practice,Dec 2012, Vol 27,No. 12

1323

B 2 R,
2T 4E0E A4 58 BEPE RO R U BRSSP S —

FERFAEN . ARBFSE MR & HLIY £F 4E R 0 8 kA

TRERAN i 715 3% S 5 2 (] 00 2 A i A8 BT K AR B i B

Pt A J IR AR R SESR Y & AR 4. 400, 3K W]

AE 5 49 5 1 TR B3 L 265 ) PR DA B ki A8 B 1) 22 i R L

il 45 K.

AW FE P AEREAR MR TN A A AR 2 B T ARAE AR

M AR BG83 5 . Ota S0 & BUTE 391 3 Bk o K

R A 22 SR R TR R T T R AR AR L A IR BUAZ O AT

LR R AR OC . Underhill 4670 5 53 % B 7E 51 ) ik

BeZE BE Sy 50 00~ 79 Vo ity JERE R AT Hh L IR FE R A 1 K

JINAT D00 B B 35 8 5t A AR . H AR R B DE M 3

e N AT TCIRFE N A% B M (AT R 7 & IR BT iR A% 4 A7 B

TR AGE P A I 1
4, B FE ) — SR
N 197 ) I A5 L A R A R ZE IR /)N 5 S )y

ok A A B v BE 22 R RE AR 408 AN [] A R A R R 9 —

WO IR s WEFEREAS B Al /D (5 B R PR L 75 E— 2

RAEAMFFEIE S
A BIF 5 30 3 1 AL AR I S 25 S Dk o8 A A A RRALE 5 2

P IR B 1Y) 5 2R ¢ BHAE RN JXE B £ 1y R A Js ke A e 2

BCARAE AR AR 3 BB B P Y o B A AN 4T 4 DR

T SRR 30 B vy 4R 7 X SBERRAIE W) B 2 T R AN RS E

RN R A TSR TR .

S E K

[1] Mead GE,Murray H, Farrell A, et al. Pilot study of carotid sur-
gery for acute stroke[J]. Br J Surg,1997,84(7):990-992.

[2] Glagov S, Weisenberg E,Zarins CK, et al. Compensatory enlarge-
ment of human atherosclerotic coronary arteries[ J]. N Engl ]
Med,1987,316(22) : 1371-1375.

[3] Yarnykh VL, Yuan C. T, -insensitive flow suppression using quad-
ruple inversion-recovery[JJ]. Magn Reson Med, 2002,48(5) : 899-
905.

[4] Yarnykh VL, Yuan C. Multislice double inversion-recovery black-
blood imaging with simultaneous slice reinversion [ J]. JMRI,
2003,17(4) :478-483.

[5] Kerwin W,Xu D, Liu F,et al. Magnetic resonance imaging of ca-
rotid atherosclerosis: plaque analysis[J]. Top Magn Reson Ima-
ging,2007,18(5) :371-378.

[6] Zhao X.Zhao Q,Chu B,et al. Prevalence of compositional features
in subclinical carotid atherosclerosis determined by high-resolution
magnetic resonance imaging in chinese patients with coronary ar-
tery disease[ J]. Stroke,2010,41(6):1157-1162.

[7] Cai JM, Hatsukami TS, Ferguson MS, et al. Classification of hu-

man carotid atherosclerotic lesions with in vivo multicontrast mag-

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

netic resonance imaging [ ] ]. Circulation, 2002, 106 (11): 1368-
1373.
Saam T, Ferguson MS, Yarnykh VL,et al. Quantitative evaluation
of carotid plaque composition by in vivo MRI[]]. Arterioscler
Thromb Vasc Biol,2005,25(1) :234-239.
Touze E, Toussaint JF, Coste J, et al. Reproducibility of high-reso-
lution MRI for the identification and the quantification of carotid
atherosclerotic plaque components: Consequences for prognosis
studies and therapeutic trials[J]. Stroke,2007,38(6) :1812-1819.
Zhao X, Underhill HR,Zhao Q,et al. Discriminating carotid ath-
erosclerotic lesion severity by luminal stenosis and plaque bur-
den:a comparison utilizing high-resolution magnetic resonance
imaging at 3. 0 tesla[ J]. Stroke,2011,42(2) :347-353.
Saam T, Cai J.Ma L, et al. Comparison of symptomatic and a-
symptomatic atherosclerotic carotid plaque features with in vivo
mr imaging[ J]. Radiology.2006,240(2) :464-472.
Parmar JP,Rogers W], Mugler JP,et al. Magnetic resonance im-
aging of carotid atherosclerotic plaque in clinically suspected a-
cute transient ischemic attack and acute ischemic stroke[ J]. Cir-
culation,2010,122(20) :2031-2038.
Kwee RM, van QOostenbrugge RJ,Prins MH, et al. Symptomatic
patients with mild and moderate carotid stenosis: plaque features
at mri and association with cardiovascular risk factors and statin
use[J]. Stroke.2010,41(7) :1389-1393.
Saam T, Yuan C,Chu B, et al. Predictors of carotid atherosclerot-
ic plaque progression as measured by noninvasive magnetic reso-
nance imaging[ J]. Atherosclerosis,2007,194(2) ;e34-42.
Takaya N, Yuan C, Chu B, et al. Association between carotid
plaque characteristics and subsequent ischemic cerebrovascular e-
vents: a prospective assessment with MRI-initial results [ ] ].
Stroke,2006,37(3) :818-823.
Kwee RM. Systematic review on the association between calcifi-
cation in carotid plaques and clinical ischemic symptoms[]]. J
Vasc Surg,2010,51(4):1015-1025.
van Gils MJ, Vukadinovic D, van Dijk AC, et al. Carotid athero-
sclerotic plaque progression and change in plaque composition o-
ver time: a 5-year follow-up study using serial ct angiography
[JJ. AJNR.2012,33(7):1267-1273.
Yuan C, Zhang SX, Polissar NL, et al. Identification of fibrous
cap rupture with magnetic resonance imaging is highly associated
with recent transient ischemic attack or stroke[ J]. Circulation,
2002,105(2) :181-185.
Ota H, Yu W, Underhill HR, et al. Hemorrhage and large lipid-
rich necrotic cores are independently associated with thin or rup-
tured fibrous caps: an in vivo 3t mri study [ J]. Arterioscler
Thromb Vasc Biol,2009,29(10):1696-1701.
Underhill HR, Yuan C, Yarnykh VL, et al. Predictors of surface
disruption with mr imaging in asymptomatic carotid artery steno-
sis[J]. ATNR,2010,31(3) ;487-493.

e H B :2012-03-12 & 18] H 4 :2012-07-16)



