F 2SR 2021 4F 2 A5E 36 545 2 ] Radiol Practice.Feb 2021, Vol 36.No.2 275

1= 3 R A R L7 BE AR R S50 ok ok A A AL 1

MEBH G B, ARAEE TR

[EE]

HIRBHERAL R G RET AR, R LSt r 4 2R A, S5 HMERLE

BE R BT A #0 55 F J R IR A0 G B A A B o A BE S, TR AP KU, & Rl R 44K

TR B, ARG T RBEBEAZE,
I L A — Rk

A SRR R B & % HF Ak Ik o B BE AR R AR B B Bk i A RAL R

[X8iE) R RML; sk, B IRBHEDI; £ P
[HE S ZEE]) R445.2; R543.5; R446.8;R361.1;R743 [X#kiREE] A

[3XEZ4HS]) 1000-0313(2021)02-0275-04
DOI1:10.13609/5.¢cnki.1000-0313.2021.02.025

Bl ik o8 BE Al 4L Catherosclerosis, AS) & ¥8 £ F ik
PRI | I 7 T - B0 2 I e i A AR ) 48 7
RAETEBI » AT UL T 350 3l bk I ME-JE IS 20 Bk &R G AT A
FRAL, L LA B8 ik oy AL Z2 WL, AS R BE iR £
PR PR b AR AT — B0 W4 Rk
AEREEEAE R AS B ™ R ARG IR L B O AS
ST UG T Bl DKRE BB O HAN ™ A e B B b BE B AR 1Y
AS BEHAR A e S B A AL . B, BRAR AS R
I B AL % RE % Ak A8 0P 25 R, T HL W % g
2 U T8 S5 1 BEH OB RRAIE

T 43 B G L R I RE B A% B2 R Chigh resolution
magnetic resonance vessel wall imaging, HR-VWD 2
BERRAEAR LIRS L, B 2B 0 iR AS 9 524 A
T-Be. ARUEE A BB E AR RN SE 14 AR B UL S e 351
Bl Dk R 2 A PR 03 3 3 Jhk B 7 R e 2 Bl kR L DL e B
S BE P AL E G AU S A RS s W R L TR
A BRECR AT A Sh A4 A 3h R 2 Ak B 4065 =
24 oy v o R A L R I A PR A R R BT 1
Pt AR PR AR X BE TS LA B R T TR AG 313
ORI 285 A, 455 s T AR A I A T AR - 24 B )R LA R )
B MBS 3 R A7 A | B B A RURD Qi O 8 BAE

B 3 I B AR AR R

Lo a4 AR

AT A B R 15 A i R £k B i T 0 K R A 2 o
B ;A R BT R 3 4 e 403 o f MR L AR O AS JR
I3 12 T 4R A1 T o 3 B 00 S P . A i AR A 4 S AL

EHBEAL:010050 FPAIVE R, NZ o ERKEKHE =
FAR L WiR

EZB A AR (1995 —) . L N5 AR X & 22 KA T
NGB 98 A, 32 B2 AR 4 B A R 0 B R AR TE 3 8l ik
Bt e 43 M7 4 B O (E B AR

BEEE 5. E-mail: 1390903990@ qq.com

FFrgF 2 (B IR AR 55 ) #1248 (OSID)

N T 3l R G AL 7B 45 (motion-sensitizing magnetiza-
tion preparation, MSMP) , X Jz ¥4 £ [fil (double inver-
tion recovery, DIR) i R4E, H A X E47 5 — i %
B B Ifn A (e FEERGE ] BE [1 9 (turbo spin echo, TSE)
Ui S RO HEAT BRI AR L OF B T I BR 2D R A AE 4T
22 AN R L Ry BRI 7 2R R 3D R, R
it fb R 46 1T AR B % /1 ¥ %1 (sampling perfection
with application optimized contrasts using different
flip angle evolutions, SPACE), SPACE J&—Ff 3 F
TSE J5 41 2k I 0T 2% 80 % £ 0] 2R ik o 8% 1) = 4 A
i@ I g AR B AR B HE — 25 B U A 0 A8 A i
A B Ry 2 5 B ;s MSMP & il T2 3 4 ik vh 1 5k
PP B 388 0 U B0 5T B HORR i — 2B B AR 3 T 1R
ST NI AR AR 250 i R . DIR 3 % 5 B R Al H
— A AE 2 T S K A — A 2 T 4 S bk e s
BRI AT S AW H T S Ah AE A R v [ a2
SRR s NN~k i E s NI BTG 35 ) IR 15 A 1
U5 90 3 5 A T A o) ot A S R i A 5 I Sl ] R
e S U e N SR A (I o K
L RN R BE S B T IR AT M L L R A BE S Y
5 I 7 L R Il 2 S o 7 A T Bl PR 5 38 B0 ik S
it

2. sl AR
S8 I H AR AL 5 I ] K BR % MRA (time-
of-flight magnetic resonance angiography, TOF-

MRA) F1AH v X} tb MRA (phase-contrast magnetic
resonance angiography, PC-MRA), H i, ) 2 {fi
JE = B[R] ROBR 48 R 1% R (three-dimensional
time of flight magnetic resonance angiography, 3D
TOF-MRA) . Ml 23 /2 8 & )8 )2 i & 5% . 2 —F/h
1 RE AR AR BE 13 1 41 . R 32 SR i A B 5 L



276 T F 2B 2021 4F 2 A4 36 %45 2 ] Radiol Practice,Feb 2021, Vol 36,No.2

;o PR 2 A R T ) SR B B (1) P 5 ST i A 4 50
7] SE AH b4 . B B2 101 38 4 FH 45 0% 55 & B[] Crepetition
time, TR) 18] Ji% B [8] Cecho time, TE) ,% TR & F] T
T A R B A UE S, Rk {55 . 8 TE figi K
L 8 2 3R PR 7 8 R, PR IR LA IR S R L B R
I FBE S 22 8] i 4 ), 3D TOF-MRA El{4 BE i
o IS A A0, 000 i E e XA, O Sy 2R LY A £
PR, e M B AR R R A EE TR & TE, A
T I 1] 2D

3. BIASXT L3 o AR B R

h 25 % LE 1 58 A 1% 5 R (dynamic contrast-en-
hanced MRI, DCE-MRD) J& i i # Jjk P9 P 132 050 12 4 F
LU 3R] ] et PR A6 82 [ 96 ok o P 97 R R 9 K 25 1)
T 70 AR SR B 1 A HU R FS 24 I 0 4 2 i Ak 1 —
RN EL S AR EARNY . Wu R T — R
A RE Zfy 25 38 ol 1 L R AR [ 5 PR L A AR B A
B 5 % T 5 Re 9 1] B R B2 28 i EGOR 52 1 SR PR
I R T PEAR A8 BE TR 25, 52 1 R T 35 B30 ik
AYjgg. B, 5E 4 A 455 DCE-MRI A #] T8 B
RIERA AS BEH, IF X BEH A3 R 1T 2 O
AJ T H 8 SR BE R % A7 A LA S 2F 4 i 3R T 2, PP AR
£T 408 5 08 4% LB DL R e T . @ ] i A i
B, Taruya S % B 45 BE G 58 £ 2 e T3
Jik 1 RS 0 5% 1 A5 1 3G AR IR B . Yuan G855 45 R IR
FE R IR HE SR SAR 5 0 A A A A G . AT B Bk R E
FAE . Yuan % ESE DCE-MRI 58 #2438 ol LR 5
Bt BEHL T RAE B A .

4. B FRBHAR

I3 TR A8 H B2 R 5050 ok B B R R e e B B R
TR 3 B A A W2 UL g . 00 8 JDK RE R TE 4 R4 i
IV b A 2 Rl A O SN AE A A R AN ) B B A
A AS M A bR R n A R L 2 R
SAAILIRT 2= 4 4 4 i RS2 A8 X 0 1k 3R A 43 R 40 i s
AP ML S B . Derex S 1 K 4 4 F W%
ARG AS BE B — 28 3 R0 40 i AR 0 2. Win-
tert " FH LT 4 25 1k B A 4 K UKL TIE S5 T BE B 5
PP S X4 BUAGR J5 3 PT O AR A A SR G B I R
JP R . Chan 557 ffi i VCAM-1 Il P-4 % XU
oAk 45 & I #E M 41k 8k (superparamagnetic iron
oxide, SPTO) UKL AR Sy ZRET K I 1 1M 487 BE PN K 3005
JE o TR) B 1) D O A R PR A M 4 D 5 B 2 e VA B B
St . MRIVE RO F R RS ELMMHAAE T ERE i
R R % R T Y BIOR A AL X T ok 4 it AR 21
FTREAS B, B I — 4 P AT DLTE B — iR 8 =X i
1100 45 B 5 il 5 S .

5. BT HER SRR ELE R

TR R 3L PR RS (diffusion weighted imaging,
DWI # apparent diffusion coefficient, ADC) & # iiE I
A SRy S5 B) JK BE B A3 AR AE B AR R G X L R K
IASRAZR AR J7 ) 51T — > B b i 3 v o A
Yo, fovr 2 A B s 4 BER — 4 R . Fan' '™ B 58 0E B
SR FHBURR 4™ B Ao J3E R A3 — B 328 Bl I/ T 37 5
SR WA R B A /N AL 7 1 T s A R T PR R
PR Ok 1 5 59 TSE 15 WS BT 318 k8 BE 7E 1R N
SHYEYHORAR L BT B A ) B AR R A AR B
Kim SEU A58 46t DWT BE X 43 5 e o3 5 1543 31
Je G BOR BEAZ O R EF R IR i B O/ DWT B S8R
B FRAREAE BI 5 45 5, i e ADC {HAETE AR T 25 4E i .
Xie S LB R W IRSE AR 7 1 ADC {8/ T 27 4
W R XE B S L, BRE B N A R ADC (B 22 5 A 42

-
HR-VWI % £ 3h fik 6 £ 58 46, 7% i W 91

L. VA S h Bk gz (1 ZE FIME-SE S B bk &

HR-VWTI 0] DL PFAk 35 8h ik 25 S P S8 P05 7% 16
RE A Al I R A SO 3 3 R B R BROE B2 BT
P RERA IR DA JEC AT DA 3 20 ok pe A AR R R i
I R 2 T B0 o A B3, Sk I PR 4 3L 30 97 5 it n 24 ke
AEFRE 70 06 IR B P R R A 9T s AT IE AR willis
B I 5 A A A6 B8 s 1] 22 2 80 & F 1 1A
HE-JL I Sh WKOB 25, B W 3h bk e A5 2 & P S8 IR X 4y
AT S DK RERE AL e A= 5 e R R B R e

2. PPA 25 3 Jhk e B 1 Ak BE e 5 B 1k

Sy Bt P g X B MRI 43 B Spacek 551 4 ) BE
B PN 28 W e s H T 0 M AR A, 3 A B B T A T
LFUENE . KSR BE R %  BE B P 0 e R R A5 BE ., Cai
20220 AR 4 S5 [ U0 I Ph £ ( American Heart Associa-
tion, AHA) % B 2% 43 8, 25 5 B8 Pk 5 01 5 . MRI
AR CERRES E T MRI 0 8brifE, 1 — 1AL 454k
TR ERE 5 I 78 . k3 e i O P RS9 JEE , DG A Ak A
IV — V5 A7 il J5 ml SR A A% O B ke L ] LA T B A AL 1Y
LYl 205 VIR R A R BE B, 3% 1A L i I AR
TR s VIHY . A 45 4k 5 VIR - 2F e B e L A 55 i TR A% 0, Al
AEA /NS AL

FFYENE  Cury 572 ¥ 27 408 2 0 A 38 i A% 0
1R 2T 2 4 2, L 50 2 B B 5 | S I A RE IR 5 i I P
Z—. BSNS54 e
AR YENETE TOF 751 i 26 Bk 40 30T 485 BE 1) 47 IR B 3R
RIEE S, TVWI 2 £ 5155, PDWI 28 & 5 5.
T, WI A5 55 24 248, ] SR/ & {5 5o T 5 e 3l =2
S W AR 5 S B T 2T A R A T AN B R A, —
s& TOF K& B S AR5 bk, — 27 T, WI,



F 2SR 2021 4F 2 A5E 36 545 2 ] Radiol Practice.Feb 2021, Vol 36.No.2 277

PDWI K T, WI #3 BUUR 8 15 55 AR A 5

BITIRSEAZ 0> Jiang 260 W 58 & L3R B8 G 4% AT
LI s A B e B 35 B 9 e A o i BT R AR A% 0 THT B B
R BEHUB G55 . IRAENR L 05 5 52 2 AR L 3d IR o
Belo e Ty WL T, W #8382 BN 45 45 55 . T 7 X b 3 56k
PR b 3R IR AN A B B2 SR A, X 02 5 2 4 0 25 )
L RS, BEORT W 58 B T R A% AT A
Kim 4522 # W58 & B0 3l 4k DWI T 31 i i 35 58 g
% LA B BREHR N H 1L 2 WL TR 15 R BOME W] E X IR AE
JE AR AN BT Y H

BEHC PN I B AR S AS %R SR BEER
HERE B SR By BObR 25 . E T WL A v A R B B ]
JF# 41 (magnetization prepared rapid acquisition gradi-
ent Echo, MPRAGE) | J2 H 2t £ A A S0 S 6 Pk 52 )7
5| (slab selective phase-sensitive inversion-recovery,
SPD) (B X FE I 45 A% 5 BEHR Ay Hh 1 5 B A% Csimoul-
taneous non-contrast angiography and intraplaque
hemorrhage, SNAP) & #1 7+ & B4 75 51 % 11 T K
BEHLpy i am -, JF H O Li O HESE & 3 MPRAGE
Je SNAP J7 3 X2 W7 BB Py A AR e e S k. G
TAR SR 2R FE 0T 2 A7 5 X L 43 B
S BRBE T A H AN [R] s 39 45 5 e o I S ot e ) 328 3 3
AR GEE I (1 F PO E T, WL, TOF FF81 % 8k i 15
5T, W R By 55 /A8 A5 55 3 0 Hh 1l (1~ 6 J&) 72
T, WL T, WI 74 2 £ 9] 8 & {55, TOF iR/ mfH
FiBRIEE M6 L EOFE T, WL, T, WI } TOF J3 %I
HH BURARS

BEYUES AL : Lin %27 I R BESLES LB A8 K8 5
B e Ty 45UPE 58 VAR 5 I8 25 A8 LU0 4% Ak & A B B 9
M 48 Y S 5 R RS A e o2 T BRE R 30 T S A R A
BET Pt 1 A % T B8 4 PO B . Bischetti 5850 A
i AS BEHUR G E 5 B JE 6, S 5 Ak 1Y ot R H K
A X, Yang SF0U 45 KIS B AL BE L E T WL
T, WI Jz TOF J¢ 3 ¥ 32 8L 5 J4 [l 41 2173 5355 i 30
B RNEARAR 5 . Ry 3 i T4 1 N Il S AR
15 5 o DRI 52 ) S0 B 3T 495 AR ARG 55 0 Hy TS A AR
SRAL , 5 IEAZ IS L, T BOT BB 5 AR H A 45 A0 A H
R R KBRS .

3. X TS Ik ok 2 12 W 5 A

S Ik I 2% 1) o B 2 A A e £ A 3 o 1 2 1Y g
ok AL REE S A PR SR SR R B0 K P P L AR
A I3 J7 1) A 4 R B Y — A s AL . HR-VWI Af
A b R A RE DL KB BE I b B 2 . De HA
SEL ol B A kI 2 T AE T, W 51 WL 4 1) 25 i 42
S fE T W T8 o Bk L4 1 5 B 4 T 5 &)
BE] i b i 72 T W 918 8 (s 5 2R LT BEER y

HE I LA 5 5 R AT b PR A e T] A Ak T kA L 48h
PN BE (8] I e e T, WI K& T, W1 L AR5 S

Zi LR, HR-VWI £ R 5% 8 T, WL, T, WI,
DWI % J5 31 45 & T 1l — ol 5C B A% 2 40 W1 1 290 3 fik
78 AV ZENG IR, 43 B B B B 43 R ALE L 8] B AT LSR5 3 ik
ERELE K IS WKGE Y L 8 1 2R 2R E B R
IRZWi it EE WA LUER. MRHZSH . 2ME
A K 22 Dy RE AR T 50 Bk 25 398 0 G A i [, PR O R
AT — 2 4R F LA e ik DA ek 2 BB
A M JBE 4R v G A 45 SR v S AT

SE Mk

[1] Bamford J.Sandercock P,Dennis M, et al.Classification and natu-
ral history of clinically identifiable subtypes of cerebral infarction
[J].Lancet,1991,337(8756) :1521-1526.

[2] Saba L,Yuan C,Hatsukami TS,et al.Carotid artery wall imaging:
perspective and guidelines from the ASNR vessel wall imaging
study group and expert consensus recommendations of the Ameri-
can Society of Neuroradiology[J].Am J Neuroradiol,2018,39(2) :
E9-E31.

[3] Singh Navneet, Moody Alan R,Roifman Idan,et al. Advanced MRI
for carotid plaque imaging[]].International J Cardiovascular Ima-
ging.2016.32(1) :83-89.

[4] Coolen BF,Poot DHJ, Liem MI,et al. Three-dimensional quantita-
tive T1 and Ty-mapping of the carotid artery:sequence design and
in vivo feasibility [ J]. Magnetic Resonance in Medicine, 2016, 75
(3):1008-1017.

[5] Choi YJ,Jung SC,Lee DH.Vessel wall imaging of the intracranial
and cervical carotid arteries[]].] Stroke,2015,17(3) :238-255.

[6] Havenon A, Mossa-Basha M, Shah L,et al. High-resolution vessel
wall MRI for the evaluation of intracranial atheroscleroticdisease
[J].Neuroradiology,2017(59) ;1193-1202.

[7] Mandell DM, Mossa-Basha M, Qiao Y, et al. Intracranial vessel
wall MRI: principles and expert consensus recommendations of
the American Society of Neuroradiology[J].Am J Neuroradiolo-
ay.2016,38(2) :218-229.

(8] W7, #1777, 4. 3.0'T 1 Ft Bk 1 £ 0T 351 5l ok o8 06 B 1 34 e 1
o R (). BR 24 4534 , 2013, 19(18) : 3365-3368.

L9 BEEIF, AR AL o 20 B A 1 34 IR AR AE 5T A 20 Ik 0 A B A 1 s oh
BT 58T Jee [ ). W 3 4 A% £ 2019.(9) :695-698.

[10] Tan Haur Wey, Chen Xiao, Maingard Julian, et al. Intracranial
vessel wall imaging with magnetic resonance imaging: current
techniques and applications[ ] ]. World Neurosurgery,2018,112:
186-198.

[11] Wu T,Wang J,Song Y,et al. Homologous black-bright-blood and
flexible interleaved imaging sequence ( HOBBI) for dynamic
contrast-enhanced MRI of the vessel wall[ ]J]. Magnetic Reso-
nance in Medicine Official Journal of the Society of Magnetic
Resonance in Medicine,2015,73(5) :1754-1763.

[12] Taruya A,Tanaka A, Nishiguchi T,et al. Vasa vasorum restruc-
turing in human atherosclerotic plaque vulnerability[J].] Am
College of Cardiology,2015,65(23) :2469-2477.

[13] Yuan JM,Makris G,Patterson A,et al.Relationship between ca-



278

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

B A SCER 2021 4F 2 A5 36 %55 2 1 Radiol Practice,Feb 2021, Vol 36,No.2

rotid plaque surface morphology and perfusion:a 3D DCE-MRI
study[ ] ].Magnetic Resonance Materials in Physics, Biology and
Medicine,2018,31(1):191-199.

Nighoghossian N, Derex L, Douek P.The vulnerable carotid ar-
tery plaque:current imaging methods and New perspectives[ ] ].
Stroke,2005,36(12) :2764-2772.

Chan JMS, Monaco C, Wylezinska-Arridge M, et al.Imaging vul-
nerable plaques by targeting inflammation in atherosclerosis u-
sing fluorescent-labeled dual-ligand microparticles of iron oxide
and magnetic resonance imaging[ J].] Vascular Surgery,2018,67
(5):1571-1583.

Xie Y, Yu W,Fan Z,et al. High resolution 3D diffusion MRI of
carotid plaque on 3T[]J].]J Cardiovascular Magnetic Resonance,
2014,16(1) . 1-2.

Kim SE, Treiman GS, Roberts JA, et al.In vivo and ex vivo
measurements of the mean ADC values of lipid necrotic core and
hemorrhage obtained from diffusion weighted imaging in human
atherosclerotic plaques[J].] Magnetic Resonance Imaging, 2011,
34(5):1167-1175.

Xie Y,Yu W,Fan Z,et al. High resolution 3D diffusion cardiovas-
cular magnetic resonance of carotid vessel wall to detect lipid
core without contrast media[ J].J Cardiovascular Magnetic Reso-
nance,2014,16(1):67-69.

3D i 43 B P i A R ISR A TP Sl Sk G A A 1 1 i A
FELDI AR K%, 2017,

Zhu XJ, Wang W, Du B, et al. Wall imaging for unilateral in
cacranial vertebral artery hypoplasia with three-dimensional
high-sotropic resolution magnetic resonance images[ J].Chinese
Medical J,2015,128(12):1601-1606.

Spacek M, Zemanek D, Hutyra M, et al. Vulnerable atheroscle-
rotic plaque-a review of current concepts and advanced imaging
[J].Biomedical Papers of the Medical Faculty of the University
Palacky, Olomouc, Czechoslovakia,2018,162(1) :10-13.

Cai JM. Classification of human carotid atherosclerotic lesions
with in vivo multicontrast magnetic resonance imaging[ J].Circu-

lation,2002,106(11) :1368-1373.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

T 5, TIRE 5844, % MR A [R] ¥ 51 %t 350 3 ik s+ B 4k B B
JS A (0] B Jr BE B R 2 2441, 2011, 31(2) £ 299-303.
Jiang Binghu, He Dongmei,Zhang Liwen,et al.Risk prediction of
cerebrovascular events with carotid plaque magneitc resonance
analysis: A meta-analysis[ ] ]. ] Neuroradiology, 2019, 46 (2)
117-123.
Yao B, Yang L, Wang G, et al. Diffusion measurement of intra-
plaque hemorrhage and intramural hematoma using diffusion
weighted MRI at 3T in cervical artery[]].Eur Radiology,2015,
26(10):3737-3743.
R, AR IR A LR, A5 2 B AR IR AR AE B S A A
AL BE G r 1% 7 P 2E F (). 9 P 52, 2019, 30(12) : 1596-1599.
Li D,Zhao H,Chen X, et al.Identification of intraplaque haemor-
rhage in carotid artery by simultaneous non-contrast angiogra-
phy and intra Plaque haemorrhage (SNAP) imaging:a magnetic
resonance vessel wall imaging study[]J].Eur Radiology,2018,28
(4):1681-1686.
LLu Mingming, Cui Yuanyuan, Peng Peng, et al.Shape and loca-
tion of carotid atherosclerotic plaque and intraplaque hemor-
rhage:a high-resolution magnetic resonance imaging study[ J].]
Atherosclerosis and Thrombosis,2019,26(8) :720-727.
Liu RL,Chen S,Liu GF,et al. Association between carotid ather-
osclerotic plaque calcification and intraplaque hemorrhage: A
magnetic resonance imaging study[ ] . Arteriosclerosis, Throm-
bosis and Vascular Biology,2017,37(6) :1228-1233.
Bischetti S,Scimeca M, Bonanno E, et al.Carotid plaque instabili-
ty is not related to quantity but to elemental composition of cal-
cification [ ] J. Nutrition Metabolism Cardiovascular Diseases
Nmed,2017,27(9) . 768-774.
Yang W], Wong KS, Chen XY.Intracranial atherosclerosis:from
microscopy to high-resolution magnetic resonance imaging[J].]
Stroke,2017,19(3) :249-260.
De Havenon A, Chung L,Park M, et al.Intracranial vessel wall
MRI:a review of current indications and future applications[ ] ].
Neurovascular Imaging,2016,2(1) :10-12.

ClcH H W :2019-11-30  #&[81 H 11 . 2020-04-04)



