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[ Abstract]

life and health. Ischemic stroke with the pathological basis of atherosclerotic lesions is the major type of

Stroke causes permanent neurological damage and death and badly endangers human’s

stroke. Thus, early and timely detection of plaque vulnerability has become more and more important. As
a noninvasive examination, carotid magnetic resonance imaging (MRI) has tremendous advantages on
detecting the characteristics of atherosclerotic plaque, such as high sensitivity and specificity on the plaque

morphology and composition as well as hierarchical evaluation on the risk of plaque rupture, and
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furthermore provides significant imaging support on clinical treatments.

[Key words]  Brain ischemia; Atherosclerosis;

imaging

T L A s A M 4 I SN 28 A o Al BRE B 0
FErp il i M 2 T O RO B 22 R G UL R R
FLR A2 5 B A8 R % 3 2 vy 5 T EL B N
S8 AR RN 1T B 384 0 IR LA ) O i R L
R T ety 7 I €017 3113 ST O T 797 N
05l Jok ot R B AL 5 ke a1 A R R DDA G, T RO
BLH I 2 40 BE P i e 24 R A TR . B BT, T
985 B B A0 BRE B 1) O 3 LARS €8 22 35 B 75 R DSA
L AH TE BN RE NS SR B Bk R AT TR AR 2 B
MRI AL A5 BE AR 45 45 LB AR 5 1 5 A 0 3l 285 %

doi:10.3969/].issn.1672-6731.2014.01.013

P35 B 810007 74T, 7 40 AR B e b 22 AR (o /A L 5
), o3 B (o )

i HAER : 5 B (Email : wushizheng2005@hotmail.com)

Carotid artery diseases;

Magnetic resonance

LU 38 5 H R BB % U0 b S e 351 2l ik i 45 RE 25 4
A Ko 350 5y Jok ok B 5 Ak B B R /N F R A3 S B AR )
SORRAE , TEVE A [ 28 1Y B Jhkooks A Rl Ak B B R )
S Ty W BRSBTS A O AR R
TSR

— Bk MR1

sl ik MRT H AR B A7 oA ¥ JCE 90 o
LU HE 1 2R U S 2 0 B Y
HI A 45 Bl B T WL TWI FL R T 8% B i A%
(PDWI) , “S& 1" /) — 4k Bf 7] K ER (3D-TOF) Fl 8l &%
Xof LRGSR R o 3 350 S ook A S AL BE B ) MRT
B0 238 8 7S 5 A 8000 B i LA SR 2, wT PR
Tl G5 0 A A &5 A R X ot A5 e Rl A5 RE 1 A5 R
17 H A, 38 WO R S R E A R — Bk
7 38 58 T WX I f B B 9 48 E FHOB A6 145 A 5 2



PR S 2 B 2 2014 4E 1 HES 14 855 1 )

Chin J Contemp Neurol Neurosurg, January 2014, Vol. 14, No. 1 .57 .

(e ' R, MRT 2 7R 50 2 bk 55 BE FPF A BE B B
43 BV AE A2 B 1 A A g R L ) 32 i R
B Z RS AN R AT A R A Ty i B A W]
[0

T IR BN K A RE B MRTRFE

i 5h Bk & T RSl Bk, P R R IR A g )
B, SRR R s o BUE bk N B AE T W1 R = fE
SR T S AN RS S . BT
15 ok BLAR B, PDWI#2 T, W15 M2 HL (SNR) &, [H ik
PDWI 2 0 S 0l 45 R 8 B8 %) fe AR 1 41, i T W T
T W I 7E 5 7 I 45 BE J2 v A 45 Ak M 55 A8 Oy 1 HL A
R AR

U AERE AL BE B B MRIAE 5 4

JI A% T 4 L M ot RS Ak R 5 R A AL B H
() 5 B4, BE B N R AR 4ORE BN IR BT A B AR i A T
L o B | S AR 2 N (1 18 | A N
B IR [ g B AL F s & AR . Ak, BE B N I
TE /b I A0 RSP Y LA L, 5 4 B 0 MR F
FERR L. BOOR BE TN 2 Fila 43 PR R R A 0 AN TR
1M 42 BLAS [7] i) MRT R B, (45 & 2 Fh MRISZ AR, K
SRT DL & B [A) 28 R BE e (9 15 5 5 A, IR R A7 o
FSE | A A, AT J2 B BRE B 1 4 | B vk 5 2 e
I i A A 2 T Y O R

IR S WFFE R W, Mg o0 A2 A6 s A B Ak BE
Herb BT o e, ok 2 f B M R . 2R
YW P VR BB R IR BE g 5 A%, 2 B 401 B He 1 32
ez —o MRS Al M AMIE % & & s T B
WG 200 JL 960 VR 40 T 20 A . il T R R L 5N
FLAth i J5% A 43 F0 L 4G AS TR) DXL ZE MRT 1 A] g 52 30
“HAANR KGR E,3D-TOF . T\WI.T.WI.PDWI
B3 5 T W 4 0] 3 0 SR IR R A% . S — 2
Jig 2 3L 22 WLAH L, & BE YR8 0> (LRNC) 7E 3D-TOF
MTWI E &R &GS, PDWI LSl K55,
TWINAE S " & IR O R R 40 i 1 1
Jig X35, FLIR 8 X 42 4%, L v g Jo 3 2 LI
Fi Je I8 SR 1 T8 SAEAE A5 5 3 iR 7,
T.WI 255 o 18 JH [ g ot 32 22 ol Tk = lE #
A, MRT 26 BUAS [] 00 B B £k B Bl gy i o, 38
BET K LES, MMEIRSEX KZHh A k4
W, RN TWIE 5.

2. EFLEWE i A R P 2 G P B
MR TR BFSE R, SR 4R A9 MR 69 5 40 40
5 B2 HLAT AR — Bk, 45 A 2 Rl MRISZ 4% 7] LU

J W 2T 2 W 2 JEL i 57 K T SR s R Y, S
Tii] — J2 1 Bl B L 28 LR B O £F 4 i 7 3D-TOF |k
BR NG S, TWI2%E 5, PDWIH T.WI N 55
S . RETENE N AL g S5 2
GEAL L BEH IR IE X B T A5 5 . T AR LR N
OB AR R AN A, AT X b R S A Tl £ 4
W (915 5 T 5 10 B T % A 5 A1, i Ak 1) 2T 4k i A
A 5 Ak 1 B 0T A% BV B R AT 1 X6 B, DA BE 5 /)
R T AZ 1 B I EL AR % S 3 BT M S B 4F 2 0 R
J3E R S T A L

UNAA] DX 43 55 B Bl Ak B B 1) i T A% AN 2T 4 iE R
Ty EE L R — LB E 5 1.5T 8¢ 3.0T MRI
RIS , o B A 2 S e 0k R A 3 e 2F
AEWE (1 T, b B i 8] 4, PDWI N R A5 5 VT W1 K15
Bl A e g AE T W BRI RS Y
Ay B 5% TN AT 4k WE Y A S Trivedi & VA
RS LW 8 s B £F 4E 8 A S i 2 5%, 5 4
U A R LA ok . RS ik, 43R5t
(0 1 A% P 2 A 0 L, 2T 4E BB 7E oW B 45 5 B
TEE A X 7 15 S 00 41 4k 0 S PR BE IR R A% =22 1]
W FASAIAER Y e, S RB A Gd CE-MRIZ
PE A, &1 2 i AE 6t B SR) O /R B A5 5 1 5 , T 3R 8E
14 i J5 A2 P M LA R 3 iR S 0 X R S 22 T
ARCIX A A (AR A, AR T I A
FEFEES AL, £F 4R iR 5 % T4, (L5 3D-TOF 1R
ME X, 45 A PDWIHEAT X 43, R BN 8540 2 AKAE
S ABBEEREY.

3CBEHN I B P I R & AR AR B
4 AR, AT S bk K R A A AR R B Bt e
14 A5 5 B B, 21 440 b A e R A R BRE e D R 5 | S 1
Az W) 2 I 35 AT A B H A R Mk . R A B
B I r B B o AN TR] A AT R S T BT
st 5K R PE BT PR A RN A 915 5 50 5, TR e B e N
MAEMRIZHG FAEERI AR RGS. A%ES
BT AR T 2080 bk MRT 5218 & 8L, 8 & 3 1fL 72 3D-TOF
MTWI EEEES, £ PDWI A TLWI 5 25 s k{5
s T A I AT R A0 B 8 A s 0t i b 7
B AT 90 ¥ AR A 5 ™. Saam %5 OKE A B 1L BE
B Py I A4 15 5 R AE DA DR I A P Ak O 4T
ORI R I 3 A G E L AE LW L BE R Y
HH It 2% B8 T ROIR BLECIR , BoR AR S A )2 B
Shy B G I )2, B A K 7 R 2T 4 L T 2T 4
45 L W A A A R R R AR, R R



.58 . o R A b 22 0 24 A 201448 1 155 14 555 1

Chin J Contemp Neurol Neurosurg, January 2014, Vol. 14, No. 1

5 TR T R R AR IH 1 i )2 o Saam 85 Y
W& B, 55 0 HE R 250 S Ik R A B R A L, B R
I R A B B A0 30T ot A5 e i Bl A B AR A A
Hik61%, —HEFHAG I E L (P=0.039) ;1
BEH Py i 992 ¥ 4 E DL JCE R 4l 83% iE
KA K 1%, 25 TG T8 X

4. 851k A5 AL S B I BE B IR B S W AR ofE 2
— — B SLR EA BE B g AR E BN B s L H
1 27 4k W PN 5 b B S8 I A A A ] B N 5
L BT A R i 2 nT BB IS, BV Rk B H ) i
o K o b ml L, 78 T A BB 5 v B 45 4k
KEA B B LA B R L B Ak X % A
BN 2 RGBS EBAR  ZE T A MR AR B3 &
M55 R AR & & T AR AL B de |, B L
5 BEY 5 B 2 8] 1 56 & i T E IR

5.RAGE I SR E S S 10 BE P Y 32 S B
M2 — o RPEBE B 3 B H AR S O A
JIEL YT A0 B3 T, DA R A I T B o R 4 i AT
B4 SR 5 R — 3R 9 A 2 SO A9 A e i
2F 2 AR M O B0 T AR R SR A B AN i A A AR
FLMERRIES MR AENRE, SRS mE .
XJ EE 38 5 MRT A] W00 2 B8 e 9 A T 3, Sy PEAR
BESL G B PESR AL T 245 B . H R X L R 4
F55 L 08 T 1 SR AR Bk (SPTO) |, 349 45 UE 52 J2: 3 BE
B o8 98 i i 0L AR BB 1 R A AR A N

DU 5 R R AL BE R 1 2 TR 1R A

5y TR AR 2 Re 05 16 4 F A0 40 I K S Xt AR ) 2%
JL R 3 B R AT AE R RE R S M AT, if BE B Y 4%
RE T A I R AN B R T R T S R S BB
PORTRE W H 22 3R, o7 A8 1) %o b 70 X6F 36 ke P
43 B AR OGP EAT AR IC 38 BRI AT, T A R0 A
RBEP T B PE W BB A Y 225 B . B8 koK A 1
A TRE LR ) XoF BE TR P2 B8 22, o D) SPTO 0RE 1z
e R Tz, TRk E A R S R R, A BT B B
DAL 5 M 24 G 1 G 00, R DG A I S B R D ) S A
5 AN DX s B A A M R R T B . 5
G [A) BF, SPTO UKL 7R v] ] T 46 it A AL W il (M PO ) T
PR A I A8 ARG D T AV U A B B 4 3 5 7
TR F 1 MRT 43+ BUR AR, AT T 3F A e o 4 4%
SEETRPEDRE Y

T HEh Ik MRIH A & J# Fi 5t

MRIAE g 8T8 25 27 T 2l B 2% BUAR R — M il il 2
T 71 ) TG B 3 B0 Ik o AR BE AL 2 W R L B B T B

7 A By 5 BE R 12 W O (6. AR T, MR LA AR
PR I T 250 MR AT i I [R]  BRO  AE BOR BN
T R RIS b A ) ) A i A R e
2l Jok I sl bk, B2 R AR g kA B BBk A, 3t
PR WG AR (MRS) 2B Rl 5 532 B 2> T3 R
AR R 0y 3180 Bk MR HEA $2 Bt 1 50m 42 Jr
BB B SH o A a, AT F H R 2
DA AEREFE , LLIESE MRITE 12 W 351 80 Jik ot A 6 10 1k
o 78 TR B S A AL, A R I I AR SR E A AR IR 9T 7
FEERMREN R EER.

2 £ x #t

[1] Degnan AJ, Young VE, Gillard JH. Advances in noninvasive
imaging for evaluating clinical risk and guiding therapy in carotid
atherosclerosis. Expert Rev Cardiovasc Ther, 2012, 10:37-53.

[2] Shen JK, Hu JQ, Lin D. Imaging evaluation of carotid artery
stenosis. Zhongguo Xian Dai Shen Jing Ji Bing Za Zhi, 2006, 6:
353-357.[ DR RR, WIHRYE, ARAR. SUsh Bk Bk A% 9 5 1R 2 A
Hh AR 2 B 2 A, 2006, 6:353-357. )

[3] Wang Q, Wang Y, Cai J, Cai Y, Ma L, Xu X. Differences of
signal evolution of intraplaque hemorrhage and associated
stenosis between symptomatic and asymptomatic atherosclerotic
carotid arteries: an in vivo high-resolution magnetic resonance
imaging follow - up study. Int J Cardiovasc Imaging, 2010, 26
(Suppl 2):323-332.

[4] Biasiolli L, Lindsay AC, Chai JT, Choudhury RP, Robson MD.
In - vivo quantitative T, mapping of carotid arteries in
atherosclerotic patients: segmentation and T, measurement of
plaque components. J Cardiovasc Magn Reson, 2013, 15:69.

[5] Saam T, Ferguson MS, Yarnykh VL, Takaya N, Xu D, Polissar
NL, Hatsukami TS, Yuan C. Quantitative evaluation of carotid
plaque composition by in vivo MRI. Arterioscler Thromb Vasc
Biol, 2005, 25:234-239.

[6] Sadat U, Weerakkody RA, Bowden DJ, Young VE, Graves MJ,
Li ZY, Tang TY, Gaunt ME, Hayes PD, Gillard JH. Utility of
high resolution MR imaging to assess carotid plaque
morphology: a comparison of acute symptomatic, recently
symptomatic and asymptomatic patients with carotid artery
disease. Atherosclerosis, 2009, 207:434-439.

[7] Phinikaridou A, Qiao Y, Giordano N, Hamilton JA. Detection of
thrombus size and protein content by ex vivo magnetization
transfer and diffusion weighted MRI. J Cardiovasc Magn Reson,
2012, 14:45.

[8] Cappendijk VC, Kessels AG, Heeneman S, Cleutjens KB, Schurink
GW, Welten RJ, Mess WH, van Suylen RJ, Leiner T, Daemen MJ,
van Engelshoven JM, Kooi ME. Comparison of lipid-rich necrotic
core size in symptomatic and asymptomatic carotid atherosclerotic
plaque: initial results. ] Magn Reson Imaging, 2008, 27:1356-1361.

[9] Pelisek J, Eckstein HH, Zernecke A. Pathophysiological
mechanisms of carotid plaque vulnerability: impact on ischemic
stroke. Arch Immunol Ther Exp (Warsz), 2012, 60:431-442.

[10] Ota H, Yu W, Underhill HR, Oikawa M, Dong L, Zhao X,
Polissar NL, Neradilek B, Gao T, Zhang Z, Yan Z, Guo M,
Zhang Z, Hatsukami TS, Yuan C. Hemorrhage and large lipid-
rich necrotic cores are independently associated with thin or
ruptured fibrous caps: an in vivo 3T MRI study. Arterioscler
Thromb Vasc Biol, 2009, 29:1696-1701.

[11] Canton G, Hippe DS, Sun J, Underhill HR, Kerwin WS, Tang



PR A 2B 2 A 2014 4E 1 HES 14 55 1 )

Chin J Contemp Neurol Neurosurg, January 2014, Vol. 14, No. 1 . 59

[12]

[14]

[16]

[17]

[18]

[19]

[21]

D, Yuan C. Characterization of distensibility, plaque burden,
and composition of the atherosclerotic carotid artery using
magnetic resonance imaging. Med Phys, 2012, 39:6247-6253.
Ouhlous M, Flach HZ, de Weert TT, Hendriks JM, van
Sambeek MR, Dippel DW, Pattynama PM, van der Lugt A.
Carotid plaque composition and cerebral infarction: MR imaging
study. AJNR Am J Neuroradiol, 2005, 26:1044-1049.
Huang X, Teng Z, Canton G, Ferguson M, Yuan C, Tang D.
Intraplaque hemorrhage is associated with higher structural
stresses in human atherosclerotic plaques: an in vivo MRI -
based 3D fluid-structure interaction study. Biomed Eng Online,
2010, 9:86.
Watanabe Y, Nagayama M, Suga T, Yoshida K, Yamagata S,
Okumura A, Amoh Y, Nakashita S, Van Cauteren M, Dodo Y.
Characterization of atherosclerotic plaque of carotid arteries
with histopathological correlation: vascular wall MR imaging vs.
color Doppler ultrasonography (US). J Magn Reson Imaging,
2008, 28:478-485.
Zhou JJ, Wang RB. Lin J, Zeng MS, Yan FH, Wang JH, Zhou
KR. High - resolution MR imaging used for fibrous and lipid
components of carotid atheromatous plaques in vivo. Fang She
Xue Shi Jian, 2011, 26:310-313.[ A4 %, F 4 vk, ML,

JeRE AR, AR, R RS, Sl ik B P i fﬂf?f’ﬁﬁiﬂﬁv\ &
O3 BEMRLR L SCHR B Al g8 24 52 8%, 2011, 26:310-313.]
Touzé E, Toussaint JF, Coste J, Schmitt E, Bonneville F,
Meder JF, Mas JL,
Oppenheim C; High-resolution Magnetic Resonance Imaging in
Atherosclerotic Stenosis of the Carotid Artery (HIRISC) Study
MRI for the

identification and the quantification of carotid atherosclerotic

Vandermarcq P, Gauvrit JY, Douvrin F,

Group. Reproducibility of high - resolution

plaque components: consequences for prognosis studies and
therapeutic trials. Stroke, 2007, 38:1812-1819.

Wu Z, Yang C, Tang D. In vivo serial MRI-based models and
statistical methods to quantify sensitivity and specificity of
mechanical predictors for carotid plaque rupture: location and
beyond. J Biomech Eng, 2011, 133:064503.

Liu D, Wang Q, Cai J, Cai Y, Wang Y, Han X. Quantitative
by high -
resolution three - dimensional black - blood magnetic resonance
imaging. Nan Fang Yi Ke Da Xue Xue Bao, 2013, 33:365-369.
Trivedi RA, U-King-Im J, Graves MJ, Horsley J, Goddard M,
Kirkpatrick PJ, Gillard JH. Multi - sequence in vivo MRI can

quantify fibrous cap and lipid core components in human

measurement of carotid atherosclerotic plaque

carotid atherosderotic plaques. Eur J Vasc Endovasc Surg,
2004, 28:207-213.

Grimm JM, Schindler A, Freilinger T,
Yuan C, Reiser MF, Dichgans M, Freilinger C, Nikolaou K,

and

Cyran CC, Bamberg F,

Saam T. Comparison of symptomatic asymptomatic
atherosclerotic carotid plaques using parallel imaging and 3T
black-blood in vivo CMR. J Cardiovasc Magn Reson, 2013, 15:
44,

Millon A, Mathevet JL, Boussel L, Faries PL, Fayad ZA, Douek

[22]

[31]

[32]

PC, Feugier P. High-resolution magnetic resonance imaging of
carotid atherosclerosis identifies vulnerable carotid plaques. ]
Vasc Surg, 2013, 57:1046-1051.

Kerwin WS, Zhao X, Yuan C, Hatsukami TS, Maravilla KR,
Underhill HR, Zhao X. Contrast - enhanced MRI of carotid
atherosclerosis:
Imaging, 2009, 30:35-40.

Bitar R, Moody AR, Leung G, Symons S, Crisp S, Butany J,
Rowsell C, Kiss A, Nelson A, Maggisano R. In vivo 3D high-
spatial - resolution MR
Radiology, 2008, 249:259-267.

Saam T, Hatsukami TS, Takaya N, Chu B, Underhill H, Kerwin
WS, Cai J, Ferguson MS, Yuan C. The vulnerable, or high-risk,

atherosclerotic

dependence on contrast agent. ] Magn Reson

imaging of intraplaque hemorrhage.

plaque:  noninvasive ~ MR  imaging  for
characterization and assessment. Radiology, 2007, 244:64-77.

Saam T, Cai J, Ma L, Cai YQ, Ferguson MS, Polissar NL,
Hatsukami

TS, Yuan C. Comparison of symptomatic and

asymptomatic atherosclerotic carotid plaque features with in
vivo MR imaging. Radiology, 2006, 240:464-472.

Dunmore BJ, McCarthy MJ, Naylor AR, Brindle NP. Carotid
plaque instability and ischemic symptoms are linked to
immaturity of microvessels within plaques. J Vasc Surg, 2007,
45:155-159.

Kume N. Molecular mechanisms of coronary atherosclerotic
plaque formation and rupture. Nihon Rinsho, 2010, 68:637-641.
Tang TY, Howarth SP, Miller SR, Graves MJ, U-King-Im JM,
Trivedi RA, Li ZY, Walsh SR, Brown AP, Kirkpatrick PJ,
Gaunt ME, Gillard JH. Comparison of the inflammatory burden
of truly asymptomatic carotid atheroma with atherosclerotic
plaques contralateral to symptomatic carotid stenosis: an ultra

small  superparamagnetic iron oxide enhanced
resonance study. J Neurol Neurosurg Psychiatry, 2007, 78:1337-
1343.

Tang T, Howarth SP, Miller SR, Trivedi R, Graves MJ, King-Im
JU, Li ZY, Brown AP, Kirkpatrick PJ, Gaunt ME, Gillard JH.
burden

symplomatic carotid stenosis using high - resolution ultrasmall,

magnetic

Assessment  of inflammatory contralateral to the
superparamagnetic iron oxide-enhanced MRI. Stroke, 2006, 37:
2266-2270.

Metz S, Beer AJ, Settles M, Pelisek J, Botnar RM, Rummeny
EJ, Heider P. Characterization of carotid artery plaques with
USPIO - enhanced MRI:
vascularity as in vivo
vulnerability. Int J Cardiovasc Imaging, 2011, 27:901-912.
Nighoghossian N, Derex L, Douek P. The vulnerable carotid

assessment of inflammation and

imaging biomarkers for plaque

artery plague: current imaging methods and new perspectives.
Stroke, 2005, 36:2764-2772.

Miao F, Shen YL. Imaging studies of ischemic stroke. Zhongguo
Xian Dai Shen Jing Ji Bing Za Zhi, 2011, 11:138-142.[ 22 &, H
2 B R R A IS R B R B 2 AR, 2011,
11:138-142.]

(s H 199 :2013-11-01)

THREWE AT 201445 2 P #H0E L8k 25
BrA
51 50 Wik P TSI I AR w1 102

20 bk A JIEEET) 55 A I R

RIS, B A N B8 A 378 B2 T 4 4 Ml O J 33 2l ik 1 7

8 Ik P9 DD B AR i PRAVE 5 308 J 5 36 7 L2 250l ok ot A 3 TRE phe 2T 248 i 5 M ) R R AN 5 7 S TR NE IR 5 4 B R 7E

HA T ARG TT S A B3 WA A FE VLB 5 55

7 291 D P9 SEDT B AR 1 T AR 3 5 97 R



