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Correlation between atherosclerotic plaque characteristics and white
matter hyperintensity volume in branch atheromatous disease

ZHANG Guisong, REN Huiling, LUO Weigang, HU Xiaokai, LI Wenjun,
DONG Yujuan, XU Yuzhu"
(Department of Neurology, Hebei Medical University Third Hospitals Shijiazhuang 050000, China)

[Abstract] Objective To explore correlation of high resolution MRI (HR-MRI) characteristics of atherosclerotic plaque
in middle cerebral artery (MCA) and white matter hyperintensity (WMH) volume in branch atheromatous disease (BAD)
patients. Methods Totally 144 patients with acute ischemic stroke (AIS) were retrospectively enrolled and divided into
plaque group (n= 71) and non-plaque group (n = 73) based on the presence or not of MCA plaques. HR-MRI
characteristics of MCA plaque (distribution. eccentricity and burden). total WMH, periventricular WMH (PVWMH) ,
deep WMH (DWMH) and cortical WMM (JCWMH) volumes and distribution were evaluated. The relationships of plaque
characteristics with WMH volumes and distribution were analyzed using generalized linear models. Results Patient’s age,
systolic blood pressure level, total WMH volume, PVWMH volume, DWMH volume and JCWMH volume in plaque group
were all higher than those in non-plaque group (all P<C0. 05). Multivariate analysis showed that the presence of plaques,
plaque’s distribution and eccentric plaques were all independent risk factors for total WMH volume, while the presence of
plaques and plaque’s distribution were both independent risk factors for PVWMH volume, the presence of plaques, positive
remodeling and eccentric plaques were all independent risk factors for DWMH volume, and the presence of plaques was an
independent risk factor for JCWMH volume (all P<C0.05). Conclusion Distribution characteristics of MCA no-stenotic
atherosclerotic plaques and the presence of eccentric plaques in HR-MRI were both independent risk factors for total WMH
volume in BAD patients.
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ST G 6 R 26 A7 A BEL A BE SR A5 25 PVWMH R B 1l 57 16 6 IR 26 5 4778 BB | 11 4 35 4 A 0 BEER 35 5 DWMH {4
TR ST MG 16 R 2R A7 BEH o JCWMH MR ER A A 57 /G 16 & (P #59<C0.05) . 58 HR-MRI i MCA JE 5 %5 1 30 ik
SRR AT AL B e 43 A 4 AE T AT DD BEBR 35 BAD B2 WMH B R Il 37 fa i 2 .
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M T & {5 5 (white matter hyperintensity,
WMH) &2 i /M I 45 9% (cerebral small vessel disease,
CSVD) G MBS 2 — AL E MG NI
Tl I 85 ) i o i 5 o AR T AR 9 K B P K 3 ik
HRERE AL R 5 CSVD Jbfr, B H 5 WMH # &
3 G, g3 3 3h Bk s FE i Ak M % (branch
atheromatous disease, BAD) iy ¥ fi# K zh ks A8 5 1%
AR A SC e I T/ . BAD AR 7E T
PPN R S Jok ok A A BHL 28 5 S B ik B H A v A R
J7 Org 10 172 56 43 B (Trial of Org 10 172 in Acute
Stroke Treatment, TOAST)¥ H I A /Mgl ik H . H
HIGIR KR F R MBI E CSVD fFAEREES  HBA
FIHT BAD B S 45 A T Ay 45 78 H: (8] 356 2% 42 4t O S8 %
B 5F W 2L = 4> ¥ R MRI Chigh resolution MRI,
HR-MRD " BAD H & KK 7 3 ik (middle cerebral
artery, MCA) S FERE AL BEBRARAE , - IT H 5 WMH &
TR AR G
1 BBERE
L1 g% BB A 2021 4F 1 H—2025 4F 1
R BE B K 2255 = B BE 144 ] 20 M SRl o i A<
(acute ischemic stroke, AIS) 3,5 103 i, & 41
B AF S 18~83 2 F-34(56. 8 £12.8) & s AR A L
MCA BEHH H A M BE R (n=7D) 5L EE A (n=
73) BEPRAL T 54 Bl 4 17 B, AR 32~82 B P
(59.6£10.8) %, TLHEH A 55 49 . & 24 ], 4F %
18~83 % FEH¥ (4.2 14. D %, M AbR . D4
B=18 % O fF & AIS 12 Wr bk #fE s O 5K B AL iR
(diffusion weighted imaging, DWID) £ 7n MCA % %
Bl K A i DXAE SE Ak R S LS T EGE 3 KPR
I @F AIS J4E 2 ANk 8 HR-MRI K% 8L MRI;
OFFAE 2 B B L E 3 koo A il Ak fa B I 3= . HEBR bR

#E: OMR L% % (MR angiography, MRA) 75 B
SO MCA k75 =50 %6 s @ HE 2l ok 86 A 5 1k M 1 4
o 22 5 M Il 22 P A Ak R AR Bk s 4 5 @0 TR
PR ZE; QR BRFTRBA TR, AR AEEREHZE
B HEE(W2022-066-1) , H 35 35 5005 7] .

1.2 BRwerl st HE A T m M BRI O
N R RT3 N ST SN S R ) AT
VL% 52 B = 38 b A 45 [A) AU 2 BE & R (homocysteine,
HCY) ., & JH [# B (total cholesterol, TC). H il = f
(triglyceride, TG) . = % BE g £ 11 10 [& B Chigh-density
lipoprotein cholesterol, HDL-C) |tk % £ jg & 11 AH [ BE
(low-density lipoprotein cholesterol, LDL-C) | ¥ {I% %% &
i 25 E JH [ % (very low-density lipoprotein cholesterol,
VLDL-O) } JRF& Curic acid, UA),

1.3 &5 K1k XM GE Signa Architect 3.0T
MR #4219 i 38 Sk FR L 8l 47 3D-I [A] K BR EE (time
of flight, TOF)-MRA ,CUBE T1fs,PDfs Cube,DWI
T T2-W A 32 U8 J2 5% Wk &2 (fluid attenuated inversion
recovery, FLAIR) H1i; CUBE T1fs 1 PDfs Cube LL
3D-TOF-MRA 25 2% #EAT % 07 . P47 T8 MCA &
397 1) BEAT Bl ) 948, AT T 300 3l Bk N B ok 4R Ok
ROZEE . SHIER L,

L4 KA e ZNFEHPRHEREEEREL
VT %) s ) R B U B A MR, 35 WL AN — Bk 228 B 7 i e
%t CUBE T1fs 5 PDfs Cube EI{§47 £ - 1fi & & , 2 =
2 58 VA T BT MCA ML B I 45 K Jaly A 8% 466 1 1]
B, WA I IR AR Ak e SR A8 Ak DL HGAT 32 v B0
N1l B S TE R R AL AL VE N 2% . I Image]
B W 1 R 1 PR AR R & 400 %, F Hod T 50 2 T B
ik 53 S A T RN BE D L PEAl MCA M1 75 Bofy Tosedk,
VLR B3 A A I M 78 R T L EE A R 0 O BE R L B

F£ 1 kWi MR HHH 75 XS5

41 TR (ms) TE(ms) FOV(mm) JZJE (mm) 8 A% (mm)
T2-FLAIR 9 000 2 469 240X 240 5.0 22 0.6X1.1X5.0
DWI 5579 74 240X 240 4.0 32 0.8X0.9X2.0
CUBE Tlfs 700 13 200X 200 0.4 272 0.7X0.7X0.8
PDfs Cube 1 500 40 200X 200 0.4 272 0.8X0.8X0.8
3D-TOF-MRA 19 3 220X220 0.6 224 0.7X0.7X0.8
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KAEBEJE I (maximum wall thickness, Max WT) .5
B K/ (plaque size, PS) B BKEER 41 ff B 40 b (] 1) .
OFEH I 43 AT A 5535 00 s % e e 78
JiE = (1— A8 4 s 1 B/ 2 2% 8 s T BRD) <100 %6 s @
FIFEEX (remodeling index, RI) = (Jj 2% IfiL 45 10 R/ 2 %
I T D X 100% s @ fw O BE R O B =
(Max WT—f¢ /N8 BEJEE B ) /Max WT, LA i 0> 35 5 =
0.5 A0 BEBR ; @ PS= % A8 45 BE il B — = % 45 BE ]
@ BEHL G 1 49 b = (PS/9% 728 45 TR AR X 100 %
1.5 WMH AU 4 # Ll Dic. com #% 20T 3k T2-
FLAIR B IF B AL BB MR i /) 1l 5 9 8 fE 5
RGATA Y s 2 B NE AR 2 KGR
AT A A ST AR A4 B0 A /0N i A 9 R A% AR 5 A o 20 X
HLE R AT B e M IE , B0 T WMH i A B R i
= i Bl WMH (periventricular WMH, PVWMH) | i
# WMH (deep WMH, DWMH) 1 if iz i WMH
(juxtacortical WMH, JCWMH) & #; PVWMH &
PR =] i % 2% WMH &8+l i % 2 WMH (&,
UL 2,

1.6 Gttt R SPSS 26. 0 it 40 4k 14 Fi
GraphPad Prism 9 #ff. Ll x+ sRRFHIES 00
AT R AT ¢ AR 5 AR 8 (R U A7 B0 R
AEED A BT Tk, 17 Mann-Whitney U #5; ; L)
SRRy AR R Y R AT . e 2 Al
LR GORLAN WMH RF ;R B 3R ) SR M AR A )
B BEHLRRAE 5 WMH (R B A 56, 2 J5 45 S R 2 4y
Mrig/n P<<0.05 WA BEMAZHE N WEHS

WMH BB R, P<0.05 NESFAHGIH¥E XL,
2 H#R
2.1 IGIRBEREL  BEHCZHARES W4 WMH SRR
PVWMH £ . DWMH &£ FF1 JCWMH & 5 T
TCREH A (P ¥<C0.05), W% 2,
2.2 WMH KRR 5087 AR08 8 IR A7 7 3
Pty WMH SR B fa s 2R . X T BEHe 4, 5 e
Oy A IE MR EE AL 0 BE B | o B AR PS I BE R 1
ff B4y b ¥ ch WMH AR Bl PVWMH & B
JCWMH &R fE i R % (P 3#<C0. 05), WL 3.
2.3 WMH KR ZHZ T AR BEH o 10 K
i U BEBRL XSy WMH SRR Al ST e B 3R 5 A7 72 3
PR BEH 43 A 24 PVWMH (K B4 00 7 1 B R 225
FEFEBEYL | IE Pk 5 AL A O BE B 2 S DWMH 1R B
ST S RS PR B AETE BEHOR JCWMH (R R 1 0 57 1
RZ (P #<C0.05), W4,
3 itig

AT &I L 1PN Bh K s R B B 3 AR o WMH
R s HR-MRI S BEHR 43 A | 1 P 504 200 BRE 3R
o AT PS KBRS ST E 4 e WMH B R
R FE e PR 22, P TR 2 IR 32 05 o BRE e 43 A3 B A oo B6E B
¥ WMH SRR 40 57 6 6 P 2

VT AR FEIE 52 BAD A4S J5 2 244 K 3 ik ok # i £k
HE PR . 2 L S s bR DL B AR R
FEAR MK, 5 I8 BB, LA HG /N 8h koK SF- 5 6 40 1l
GAAE R ER . 5 CSVD M 2 40 %5, BAD
KRR B KRS 5 WMH By 3¢5 S 4L T 3 AR g1 |

>

1 BHH.53% 0 MCA B4 <50% . HR-MRI /8 MCA Bt
FH A 3D-TOF-MRA & (7~ Z M MCA) K DWI 78 MCA % %
B kAL i X AR BE AL B K 6 ANOK P2 B. SR AL PDfs Cube B 7R £
M MCA FEBEH (£1%5) 5 C. PDIs Cube & 75 55 728 &b 3l Jik (i e 2 B
B CZLRED  ZE M MCA 5 R T8 75 00 7T DL ARs 0 BE B (5 T o e/
FREJELRE b S Max WT; D. PDfs Cube [&l75 2% 4b 3 ik Cif 1) & H
B (L lED
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B2 45)2 0 WMH 43 #] 18 K 4% 943 3% WMH CE 68 X380 00 28 55 WMH 5 268 DX R 0 iR 28 2 WMH 2168 X 38 DWMH ; 4% 66, X 3808

JCWMH)
F 2 A5 MCA BEHe AIS HBH R L Tk i
53 (D o N )
20 5 AR () 9% L D BB (D SO (D AR ILE (D MR (D R sl (fiD
BEHLH (n=71) 59, 6410. 8 54 17 29 15 25 24 21
TBEHL (n=73) 54.24+14. 1 49 24 25 13 26 27 19
Z/1/ 1l 2. 605 1.410 0. 254 0. 669 0.253 0. 003 0.159 0.226
Py 0. 010 0.235 0. 614 0.414 0.615 0. 959 0. 690 0. 634
13 Y& F7 5k R HCY TC TG HDL-C LDL-C
- (mmHg) (mmHg) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)

BEHH (n=71)
TR (n=73)

150. 73+22. 38 89.00(80. 00,104, 00) 12.53(10.10,16.20) 4.28+0.98 1.32(0.97,1.89) 1.05(0.93,1.18) 2.55+0.72
142, 494+19.60 91.00(81.50,98.50) 14.01(11.24,18.25) 4.18+1.11 1.28(0.93,1.84) 1.02(0.87,1.23) 2.51£0.77

Z/ L/XZ {5 2.352 0. 352 1.783 0.558 0. 226 1.109 0. 355
P14 0.020 0.725 0.075 0.578 0. 821 0.268 0.723
a1 VLDL-C UA WMH SR PVWMH & DWMH & JCWMH AR
- (mmol/L) (mmol/1.) (cm?®) (em?®) (em®) (em?)

BEHL (n=T71)
TPERH (n=73)
Z/1/y {H
P{H

0.60€0. 44,0.86) 319.00(246.00,412.00) 16.56(9.94,27.28) 10.22(6.14,15.52) 4.43(2.47,6.77) 0.91(0.50,2.25)
0.58(0.43,0.84) 312.00(254.00,385.50) 8.58(4.93,14.95) 5.66(3.56,10.59) 2.08(0.92,3.91) 0.40(0.17,0.88)

0. 236
0. 814

0.543
0. 587

4.302 4.692
<20. 001 <20. 001

4.525 4.098
<20. 001 <20. 001

FHERE A R AR B MCA B3 %T T WMH 5%

AR5 CSVD IS HAER .

WAL A E VAT 520 2 B L 2 Sl ik 11 ok B A AL BT

N
A MCA B2 <<50% 19 144 Bl AIS, W28 K I 4

# BAD 5 CSVD #HC A 3% PVWMH ™ & 2 i
Y AHIEGE T A7 T PN B ko RF B 10 B B i ATS
BE WMH BRBUE &, 5 B ss S Br WLARL, 42
TR MK B ko R AL B R S WMH & & 1T BB A7
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# 3 WMH & ZE 04

WMH A PVWMH & DWMH &1 JCWMH &1
H%
Bt Pl Bfd P{H BfH PH BfH P1g
BB (n=144)
AR 0.327 <<0. 001 0.234 <<0. 001 0. 062 0. 004 0. 030 0. 002
T PR 4.375 0.014 3. 500 0. 002 0.558 0. 346 0.317 0.227
ETERES 8. 237 <0. 001 4.992 <0. 001 2. 174 <<0. 001 1.070 <0. 001
BEHRA (n=T71)
BEHL 3 A 14.053 <0. 001 8. 953 <<0. 001 3. 441 <0. 001 1.659 <<0. 001
IEPEE 10. 650 <<0. 001 6.275 <<0. 001 3. 340 <<0. 001 1. 035 0.027
i 0> BE B 14.703 <<0. 001 9.159 <<0. 001 3. 880 <<0. 001 1. 664 <<0. 001
B R 8. 695 0. 002 6.190 0. 001 1.339 0.142 1.166 0.013
PS 2. 063 <0. 001 1. 351 <<0. 001 0. 498 <0. 001 0.214 0. 002
BEY A H Sy L 31. 700 <<0. 001 21.048 <0. 001 7.188 0.001 3.463 0.003
# 4 WMHERZHER M
" WMH & PVWMH & f1 DWMH /4 JCWMH £
HE B1H P BfH P{H B1H P BfH P1{H
FAAEBER 6. 907 <<0. 001 3.966 <C0. 001 1.927 <20. 001 0.951 <C0. 001
BEHL 53 1 6. 499 0.016 3.779 0. 044 1.787 0. 068 0. 941 0. 101
IEE A 4.425 0.096 1. 991 0. 284 2.058 0.024 0. 450 0.429
g O BE B 6. 369 0.024 3.414 0.083 2.139 0.028 0. 643 0. 284
PS 1. 231 0. 084 0. 852 0. 087 0.279 0. 244 0.135 0.371

TERR R IF AR A BRI 2 5L T 3 HR-MRI R F —
BT, BB MCA M1 B b 0 5 35 ] 56 S 58 55 42 iF
WMH . JUH PVWMH & B34 K, & W] 28 32 8 ik oy +
Wik 5 WMH B i 2 A0 ¢, AR 0F 580 & 3L, A L
JCWMH, BE 8434 5 PVWMH #4585 Ry % 4], Al
AR 72 T PVWMH B 5 &7 Il i A #E 1 52 ), 1
JCWMH FZ /D& g As 3 5,

AIS B I K 2 Bk B B 5 3 2 B B A R R .
AWK HR-MRI 7R BAD #3# MCA B35 i
5 WMH 16 & . & BUAE ¥ 6l BES 43 A I, i o0 Bt 3R
75 al 2N WMH 648, S REAAF 750" BEb Py
I EE B 58 45 5y 1R AE AT 4 i WMH. #F B2 119 45 54 A
. HeAh, A BF 5T K& B PS FBE B A 1 4 b B 2
WMH SR fa B PR 28, A8 IF ARl 37 fa s B 3R L (H
4R /RBES AT E X T WMH & B — @Rt EA .

2 I, HR-MRI f 7" MCA =E B 78 1k 3 ik ok B i
R BE B 43 A FEAE K B0 0w 0 BE B 20 BAD B3
WMH & U Al 7 fE B &L T 48 5 6 R 37 Al
WMH KU 347 B ¥6 . A B 55 2 i 43 A, B
{6 WMH $8 b5 s 4 5 I 252 38 1o 71 1 1 BA 30 BF 5 00
FPEHURRAE 5 WMH i 2 i R 56 R a0 A HAh
CSVD WG AR 75 Cln B faf i Jis Bt 45O 647 42 1 P4

HBEN R AKEEFARARZF R,

VB TUdk SRR AT R A 536 BOHE 5 AT L3R
BAGH LT AER AR L TR G 543
BEALE I Lk LB B AT & B4R R
ERIEF 2R LF.
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