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[Abstract] Objective To observe the characteristics of atherosclerotic on high-resolution MRI (HRMRD) in intracranial
non-stenotic stroke patients. Methods A total of 41 patients with atherosclerotic ischemic stroke without obvious
abnormality in MR angiography (MRA) were included. Intracranial atherosclerotic plaques were analyzed according to
HRMRI, and the location, enhancement, vascular remodeling and plaque burden were compared between culprit and non-
culprit plaques. Results Among 41 patients, totally 50 intracranial plaques were found in 33 cases (33/41, 80.49%),
with an average burden value of (12.96 +8.03) %, whereas no definite plaque was found in the other 8 cases (8/41,
19.51%). The positive remodeling rate was 72. 00% (36/50). There were 17 culprit plaques and 33 non-culprit plaques.
The proportion of culprit plaques in anterior circulation was significantly higher than that in non-culprit plaques
(P<<0.05), but there was no significant difference of enhancement, burden nor vascular remodeling between culprit and
non-culprit plaques (all P>>0.05). Conclusion Patients with intracranial non-stenotic stroke had relatively low plaque
burden. Positive remodeling were likely to happened on the blood vessels where the plaques located, and the plaques in the
anterior circulation were likely to induce cerebrovascular events.

[Keywords] cerebrovascular disorders; atherosclerosis; plaque; magnetic resonance imaging

DOI:10. 13929/j. issn. 1003-3289. 2021. 12. 013

pi A & B AE 3R A 1 B 2E o 2B Bl Bk
WEELERT R

FEHEIGEAM L R RS E, 0 T
(1. W H G E R SR, 3. M B, Jb st 10002952, Jb 7t K4
H A GG IR EE 2= e, LRt 100029)

(# ZE] BR L& BR MRICHRMRD WSSy 480 B 3E e 28 PR A0 vh 8 5 S RO RERE AL BED i 8 . ik A
41 ] MR L% ¥ 52 (MRA) 7 W08 5 55 14 2 Jik o A e 1 o dole o 2 fig 2% o £ 2%, AR 48 HRMIRT BF 0L 43 A7 K A3 Py ) Jok ks A
BEYL, b S AT BEH S AE THAR BRI A & Ak M EAY RBE A i 22 5. R AL Bh, T 33 1 (33/41,80. 49 %) 1
K 50 AN AN BEBR , 35 F faf (B (12, 9648, 03) Y6 BEHR BT 76 145 1E P E A4 %6 72. 0096 (36/50) . 8 1 (8/41,19. 51 %) &K L
BB BEE . 50 ANBEH P 17 A N FARBESR .33 A IR 4T BE B, ¢ 4T BE B 437 T 0 95 B /9 Lo 61 B B8 T 4R SRR B (P<
0. 05) , HBR AR 25 017 B L8 AN 22 R ] WAL L (P 3 >0.05), S /5 N8 s Ak e 248 1k i 2 b s 3 BB
ﬁi?ﬁiﬂﬁ&,Hﬁfﬁ%%ﬁm'a%kimﬁimﬁﬁ?@%ﬁfﬁ%ﬁ%%ﬁﬂﬁﬂ%ﬁ%%

[E—1EH] ZMHIE995—) 2o, INTE I v A 20+, B . B 5807 1« il 145 9 52 2 12 W7 . E-mail: lychen0618@168. com
CEEEE] WA, th B AT BE B #E, 100029, E-mail: xs_mri@126. com
[ BH#I] 2021-03-08  [f&EIAH#I] 2021-10-19



e 1810 - o E B 2R R B R 2021 AR5 37 #5258 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12

(RS ] IRMABN s SR REREAL s B SR B
[XEHS]

[(HESES] R743.1; R445.2 [XEKFRIRA] A

i N Bl ko FE B b % W Cintracranial
atherosclerotic disease, ICAD) J& 5 F &k ifi 4 fini 25 o
Y RING PR A R R AR A o 8 Bk
(9 A% B B RE A JT R . MR L4 1 R (MR
angiography, MRA) & H T ¥4k /il iy 3l Bk B 7= I %
JE L AELXE DLW 12 DBt 9 A8 A P il A v, S BOH:
WA I T BE T AR VM B3 ik B 5 B
RS R et TNRNEA I o B o 0 2 8 1|6 R e i
# MRA FI7R /A 3l ik 78 B2 B <<5067 . 3. 0T &
43 3% MRIChigh resolution, HRMRI) AJ 3 51 5 B i,
S RIS AREY . HRMRI 5 MRA 2 Wi 42 i ik 3h ik
Pezg iy 22 5 i, HRMRI o) 48 MRA B gk i & BE
FH ICAD™ , ARF5E L HRMRI W58 i 4 45 1 Il Bk
AR A bR R PR A
1 #EREFE
L1 e g [ 2015 4F 10 H—2021 4F
1 A1 03 b B OACES 5 B 512 1 e ol 1 i A o S
925 i, 4 16 i AEW 22~75 %, P4 (54, 4212, 2)
s Horp 34 54 0 5 i L 39 B4 O w L E L 13 B &
FEREIR N 7 5 I i ) 2 2 e 2R IUAE 5 13 451 A WS
L7 BRI AFRE: DT IE 90 RN AR @
TEAE 2 A B L b sl bk ok A 0 Ak £ 6 D928, 2o vy ol e b
PRI < 15 B I AE L W2 00 B B P 4 s O = 4 B R) R BRI
(three-dimensional time of flight, 3D-TOF) MRA &
D P N R Bl ik L 5 DR b sl bk MR M2 B, R
MHT K A1 R A2 B3 Bl ko 4k (C3) FITIR 28
b CCH B KRG sk P1 R P2 Bt R 8h ik K A 3h
ik Va Belpens . HEBRARME : O BED =00 i b 3h bk B 45
T2 HE=>50 V0 s QA7 18 3 Ik it A 5 A e /T P ot A8 5 0
e JZ M A8 5 A 55 0 555 O FF e O IR IR R 75 @
MR R BTN . A e i 2 3 28 28 A W) 2 4
1.2 {Y#57)¥ KM Philips 3.0 T MR H1%,
15 T8 A 45 e 2k b . U R RN, e AT H L 5
i, 2 05 R AR UM b AL RO AR 4R (diffusion
weighted imaging, DWI), TR 3 107 ms, TE 87 ms,
FOV 240 mm X 240 mm, &% 1.7 mm X 1. 7 mm X
5 mm, 28 5 mm, R =45 A ) A PR E A e
] 3% ( three-dimensional volumetric isotropic turbo
spin echo acquisition, 3D VISTA) ¥ 41 % £ Bl {7
T1WI, TR 800 ms, TE 21 ms, FOV 180 mm X

1003-3289(2021)12-1809-05

180 mmX 105 mm, & £ 0.6 mm X 0.6 mm X
0.6 mm,ZE 0.6 mm; KW TWI, TR 1 300 ms,
TE 3 ms6, FOV 140 mm X 200 mm X 105 mm, /& &
0.5 mmX0.5 mmX0.5 mm,)Z/&E 0.5 mm, &f&
Jik #E 13 4L 5% 2 4 % (0. 1 mmol/kg & &) 2 min J5,
KR S HARAL IG5 TIWI,
1.3 EM&HH BEA 5 FM 15 4 TAEL R U
FEHEE N 2% 1 4 5 T KR A7 i 5 1% B & 48 70 #t MRI,
W V-4 B 3 i MIRT Hh 28wl DL 0 g O 1 257 B 398 R (e
AR IR AE ) 78 SR 5PN Bk ok A A Ak BB 1 S it
DAL 3l Kk R B 7 B e L 5 A 15 0 5 B i 2 e il P i A
H g DX AR 1L S bk P ) I — B e AR 1t s Jhk R b 7 Ak BE
s OO0 TEAT BEHR 5 Bl it X 38k A3 1 3 bk DA A it 45 Y
BB E SCHAETEAT BEER 52 44 BE U 7 0L AR — B, 28 B
FIs A —2 ., PEEEIG SR MR FIF 7 B 45 45 30T Ab 4% BE 1F
B )2 8O0 AR R B R AR N SO A SR
I A7 R T AR = i T AR — i T R 5 B B AR = B
BT A 2 1D A RE T AR — 275 2 T I A RE AR BB
i far = CBE T 76 J2% 17 50 e 1o AR/ 0 A8 T FRD <100 %6
H M $5 B (remodeling index, RI) = B8t )Z [ L 45 m
/% 2w AL RIZ=1. 05 R IEEE A 0. 95<
RI<C1.05 M JC W] B &4, RI<C0. 95 Ntk T,
PL2 & B o I EE SR, 2 M. 2 &
I i 4 5310 P O T 10 4] B O BE B S 8,
1.4 Giil=ear At SR SPSS 25.0 4840 #r 4 14
LLZH N A 56 & %X (intra-class correlation coefficient,
ICO P WL %€ 5 N B2 WL 5% 355 () 0k 25 SR 1 — B0k
ICC<C0. 40 H—F( M2 ,0. 40X ICC<0. 75 A — 31
HEE, ICC>0.75 A —FHMER G, Ml £ s omita
TERE R FH AR ST AR A ¢ A 6 LU AR B B 17 A 25 5 5 DAAK
FOE AR BIR RS R AT ot K S LR B A B R
AL G M A R, P<<0.05 WERASLIT¥E X,
2 BR

41 B, 29 451 DWT AL WL B Bt 1 i 451 58 (lacunar
infarction, LDkt .4 @4 AT U DX 354 48 6 kL L 7 41 1]
A7 7 J B A Bk B DX S A AT AT L B LT & AR R
87.80%(36/41), T 33 il (33/41,80.49%) H ki th
50 ANBREHE, 17 4 (17/33,51. 52 %) WL B & S AT BEH 5 16
i (16/33,48. 48 %) A UL 57 41 B e 1fii 47 76 33 S BEH,
Hop 12 B0 £ K BEH, 8 B (8/41,19. 51 %) fiki ik 1L



[ BE A AR AR 2021 AR5 37 %5 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12 e 1811 -

DX 3ol (48 ot A5 PN A AL WD A R R

W2 35 N RO 3 [] DN e 0040 45 SR 1) — B oy
(ICC¥3>0.8, P ¥<C0.05), 50 > EEHe 1Y - 2 1 fif
fHR (12.96 £8.03) %, IEPEFE KK 72.00% (36/
50), 17 4~(17/50,34.00%0) SeAEHEHR H, 11 4~ (11/
17.64. T1YO M FTRIFER .6 4~ (6/17.35. 29 Y0 i T )5
PEIR s 385 47 4 b 3 2 s AR S, 7 2 B B 1 far 1
(12.88+1.81) % ;10 4~ (10/17,58. 82 %) ] WL IfiL 4 1F
PEFE M (E 1.2), 33 4(33/50,66.00%) 3k 57 1F Bk

1,11 A4N(11/33,33. 33%0) i FRIAE IR, 22 4~ (22/33,
66. 67 %) 7 T J5 1 ¥ 1 9 49 5 b 28 4> (28/33,
84. 85 %) B e i Ak, - ¥ B P G faf {4 (13,01 £
1.47) %326 4 (26/33,78. 79 %) A] W, Ifil 4 1F ¥ T+
(3.4, SHERI ST Z ] L& 2% 7 A
it X (y) = 4.482, P=0.034) . 1fii BE e 5 fk
(' =1.426,P=0.232) BEH A fif (1= —0. 053, P=
0. 958) K Il 45 M (* = 0. 564, P=0.453) 2 F T

it X

1C D

B 1 BES.61 %, bt A o, MRI R SR S ik STAEBES AL Sl DWT WL BF BE AR B E 5 (85 B. MRA B & W, W 8 i 4 5k
755 C.OFH 4 HRMRI T1 FI7R M5 BE 2 O PERS IS (B 5 D, 3958 J5 BEE (B Fr e 2 M m AN 21. 40 mm?, F AR 9. 34 mm?

B2 BEL.69 % XU FEE T X el At MR 7R A7 00 K b S kST 508 AL Bl iz DWT LU ZEJE 15 X BE AR 5 5 () s B
MRA A LB & il 48 8272 5 C. 3s@ A T1 HRMRI 7 A3 0 F i v 2l Jik i 45 B 2 O 35 5 () 5 D. F ARG 38 HRMRI T1 &l I 2 i
B e il R, BT AE 2 T I AE T AL 10 14 mm? AN 4. 70 mm?

3C D)

B3 BEL,75 % A M Bl vl AR v, MRT R SR SRR TTEBE S AL Bl DWI R B B %% (55 B. MRA K W & i 45 5k
75 C. s SO AL HRMRI T1 Bl I 8 BE 22 f O P34 5 (7)) 5 D, FRlA 358 HRMRI T1 [ _E 2 i B 5 i (R o BES T 48 )2 T 10457 T

B4 21,76 mm? B AN 7. 59 mm?



e 1812 - o E B 2R R B R 2021 AR5 37 #5258 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12

B4 BHEE.610, Wik Ei i i A i . MR 7R 2200 K B i sl Bk AR e AR B E AL Sl DWI R WL B B 5% % 1555
H5m o R HRMRI T1 7 i 8 BE 52 0O M 38 RS (55D 5 D, TRl 7 39 58 T1 el I /) 1 B B B il 45 () » B8 e Jorr 26 )22 T 65 T AR R

e C.
14. 61 mm?® , R TH ALY 7. 41 mm?
3 itig
H i im R 22 2% 12t 2 hig s ko I R il 5
(trial of org 10172 in acute stroke treatment,
TOAST) i A 43 B ke ifin 4 1o A v 647 53 B 1%k
PR I8 e 7 AR B L L ) 220 W g 400 B B s A T 5 52 Bl ik
FE B AL A /INBE T T 3 ik oks A B Ak Pk A rh S e, AN R
T RIEFARFHT . AR 41 ] f5 PN R s R Pk 45
M 7E v B R L4146 % (17 /4D AR E TR BEE , 5 BE A
HIE " B A A, 4 X 5L B0 bk s R B Ak g AR
HRMRI # MRA B A7 & Z W 2R EH], A H BEHR
FIFAE I 45 1E PE E A 25K 72, 009 (36/50) . IEPE A &
H BRI BEACEE Y K, & B MRA IR Ak B B £ 77
QIAO F5 % BE P 7 for 55 48 s A 28 JE 47 2% 1 Tl 03 40
B R IBEHAA ST IR B 55. 3 %0 I, B I 5 IR WoR A
AL 33 15 F N A R A B A M g AR v BRI 50 S BESR
G B R (12. 96 +8. 03) % $2/R LIS BEH AT [ ifn 4
T AR RS ARR 1 B0 B £ 47 17T A MIRA B3 27 75
Sl I PR E A,
AR TAEBEH AL T RIIE A # (11/17,64. 71 %) (5
He e, AR S AR BEERA F IR 16 4 (22/33,66. 67 %)
o7 LB . TG R B KA B, S O B I A i e B
A, AT Re AT S A6 PR ) R AR B 5 AHL S AR PR £ 7 B
Mg | & i i S5 428 1) M 236 A0 X AR, 7T e $2 R 5 1 34
AR A7 ey BE AR PEF T RTIE PR BEER . — 3 5C T ICAD
RE B 34t 5 0 i A T 22 ) 56 FR S AR e A A R R
TAEBE SR A L] T AR SR B . (HAS 2 ST AT BB
HAETHE SR AL oL o ] B 2% 5L AT RE R A 4 BB
A& T A, FLBEE A fr 4 . BRI 45
ﬂm,&j‘:ﬁ%ﬁﬁﬁ?#ﬂﬂsﬁ AL PR P A S EA
TR A far SAE TRATBE M B & 22 5%, vl i
lf?$éﬂﬁ£ﬁ%ﬁﬁi@w ;%m*ﬁtbtﬁﬂﬁ&ﬁé@ﬁ&
H o B AR a7 R PN A AR B A M A BRI L

40,

B. MRA & o UL BH & il 45

BN, A LAM Sk B AT BE P 5 A T AT BE S
JITTE 4 RE T AR TE W 3 2% e AT A R S AR A
fH CHUNG 55 & 3L 9 AR 114 K g v 3 ok pke 78 4 28
HIEVEEN Z T IR R A A T KA R — L
AWLEE

SCHRS HIE L LT 2 05 s AR g 2500, A4
I AR P AR M i AR o R L LT R AR O 87,80
(36/41) o /INILAE P 2 R0 3 50 Bk ok AE A8 Ak 02 LT A di
EE L B S BRI BKRE B 56, BANG 4EHY
KIR 36 Y0 (1 SCIRAR X LT B 35 77 76 K v 3l ko 22 .
AL 36 ) L1 Hp, 12 491 K 3l bk A7 7 52 AR BB, $2 5 LA
HRMRT %5 KA B A LT G 47 AR R A B
Bl R X

AHEGE Y Jr BRAE . OFEA R/, %ﬁ‘é%ﬁ%%&ﬁfﬁ%
T UG I A A S A B R R R Ok #EATIA DT L AL LA
I 28 1) 5 AR SR REBR A Fp i — bec %,

25 A N A8 I I A 2 1 I A b R R Bl ik
oK FE A Ak B Bl B0 fr A AR, HL R A LA 22 R A R VR EE A
MRA 5 i3 R 1E % 5 5 3E AR BEPAH L, 53 AR BES AL
THIEHRE S L.

(5% k]

[1] HOLMSTEDT C A, TURAN T N, CHIMOWITZ M 1.
Atherosclerotic intracranial arterial stenosis: Risk factors,

diagnosis, and treatment[J]. Lancet Neurol, 2013,12(11):1106-

1114.
(2] FEAR, XML, 25 65, 454 3 B A% 15 T e 48 91 3 Ik B i 43 ko

MRIFHET] . o [ B2 R R, 2016, 32(8) :1209-1213.
[3] WANG Y, LIU X, WU X, et al. Culprit intracranial plaque

without substantial stenosis in acute ischemic stroke on vessel

wall MRI: A systematic review [J]. Atherosclerosis, 2019, 287:

112-121.



[ BE A AR AR 2021 AR5 37 %5 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12 .

1813 -

(4]

(6]

(7]

(8]

(9]

(10]

BRI, B4, ik, 4. MRI 12 B 350 8l ik o5 % 0 £k BE e i 4 19
Meta 2087 [J]. A A AR 51675, 2018, 15(7) :409-412.
KIMY S, LIM S H, OH K W, et al. The advantage of high-
resolution MRI in evaluating basilar plaques: A comparison study
with MRA[J]. Atherosclerosis, 2012,224(2):411-416.

QIAO Y, ZEILER S R, MIRBAGHERI S, et al. Intracranial
plaque enhancement in patients with cerebrovascular events on
high-spatial-resolution MR images[]J]. Radiology, 2014,271(2):
534-542.

MA N, JIANG W J, LOU X, et al. Arterial remodeling of
advanced basilar atherosclerosis: A 3-tesla MRI study [J].
Neurology, 2010,75(3):253-258.

WL, ORI, R 22 A5 R B R AR R 12 T Bl K R
RERIALLT]. P RS R R, 2010, 26(6) :1009-1012.

QIAO Y, ANWAR Z, INTRAPIROMKUL J, et al. Patterns
and implications of intracranial arterial remodeling in stroke
patients[J]. Stroke, 2016,47(2):434-440.

GUPTA A, BARADARAN H, AL-DASUQI K, et al.

[11]

(12]

[13]

[14]

Gadolinium enhancement in intracranial atherosclerotic plaque
and ischemic stroke: A systematic review and meta-analysis[J].
J Am Heart Assoc, 2016,5(8):e¢003816.
LAMWW, WONG K S, SO N M,

et al. Plaque volume

measurement by magnetic resonance imaging as an index of
remodeling of middle cerebral artery: Correlation with transcranial
color Doppler and magnetic resonance angiography [J]. Cerebrovasc
Dis, 2004,17(2-3):166-169.

CHUNG G H, KWAK H S, HWANG S B, et al. High
resolution MR imaging in patients with symptomatic middle
cerebral artery stenosis [J]. Eur J Radiol, 2012, 81 (12):
4069-4074.

DAS A S, REGENHARDT R W,

et al.

Stroke

FESKE S K,
Treatment approaches to stroke [J]. ]
Cerebrovasc Dis, 2019, 28(8):2055-2078.

BANG OY, HEO J H, KIM J Y, et al. Middle cerebral artery

lacunar

stenosis is a major clinical determinant in striatocapsular small,

deep infarction[J]. Arch Neurol, 2002,59(2):259-263.

[EARLCREGERETGERERETGERETGERERGETEREGERERGE R REGEREGE R RE G REGE G RERERE R RN RE G RERERE LGB R R RO RERE RO

W R A AR Y

Kol il

SR 1) SRR A S TR B S AR e SR R O B A | i RE 15 T [ A L A SRR SRR AR Y 44 1) B 6]
H., edlHKkATHEH WA NGB SOh ki . — BB RIS SCESR 2~5 A SCHtiA . B SR IR AR Al DU A R

SR A NI RAR . B FE FEEMH R E(E2# RS ) (Index Medicus) B E

% 3 1A % (Medical Subject Headings, MeSH) i MUME 4 FLIE 78 AT 225 v 5] B2 27 B 27 B2 1% 4l iF 50 T #8955 b
YEPON FRQ R 2 2 A B 3R ) . A 35 R0R) 36 1Y S B 1R R R RO ) A AT RS T iR e . A SR R
AL FH LA 15 HAH OC 1 32 8 1) R A7 F5 1 .



