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Abstract

Ischemic white matter hyperintensity (WMH) of presumed vascular origin is one of the imaging
markers of cerebral small vascular disease (CSVD). Recent studies show that ischemic WMH may
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be a risk factor for the occurrence of cognitive impairment, motor dysfunction, and increased risk
of post-stroke depression and defecation disorder. Among them, the impairment of early cognitive
function is not prominent, but it affects the later quality of life of patients. Therefore, it is particu-
larly important to investigate the underlying mechanisms of cognitive dysfunction in patients with
ischemic WMH. This paper reviewed the current state of research on the mechanisms of cognitive
impairment in the development of ischemic WMH from pathology, imaging and biology, in order to
provide new ideas for preventing cognitive impairment caused by ischemic WMH.
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1. 53|

fidi i = 15 5 (white matter hyperintensity, WMH) & H## 22575 5% 5% Hachinski Z2[1] & K2 H B — A5
R, Ar T XU o = R BB R B, R AR RN T2 A ER T2 WK S S R T A
(fluid-attenuated inversion recovery, FLAIR) & {55, T1 MBS 5 8 RIKE 5 (NGBS 5 m). T8
KA TR I, IX P FAAR 7 1 2 A 5 B i /N I8 PRt B B [2], o SRR AR . g, s AR
FHK - WMH 19 %8 39%~100%, JL54EEE R IEMC, 65 % L EZ4E A, WMH H 5 % =ik 80%,
FrREERE B KR HT G N, JUFATA 90 % L B2 4E N WMH R IL[3]. £ REREPHE BT 7, %5 T 60~70
B 5 5%, 8T%H KJZ T WMH, 68%7 i = J& Bl WMH. X} ¥ 80~90 % (1% 53, 100%4 )2 F WMH,
95% 7 fixi = il WMH [4]. — IR B 5 B, (@82 NBE R, WMH ARFUE I, WMH 1444
FUHE KN 4.4%~37.29%A2%[5].

I PR\ &N RS (vascular cognitive impairment, V/CI)2 $5 Fi b Ifi 57995 48 K 3 A& 6 R R S S AN [F) R
PRI T e IR PR EE A AE[6], ALK T Bl /R 7% i BRJp (Alzheimer disease, AD)Z J& T B0 R 28 — K
JRIA, R E 65 % UL E B VCI BBk 1.5%. Kk, FHRISHH L AN EREE I NE
2, HH R FEUm i WMH 5 VCI Z 8] (26 & KB tE WMH B8 & A\ K1 BERS iOMLE] M ANTE 28, A

SCHR LA TR B3k g EAT 4

2. RIIMERMBRBESSAIERLENXR

H AT E A K E W AR SR L WMH S\ ST RER AT K AE M fE R R &, (BHAZHEAINE, KT
BRI WMH A R0 Th B8 () 5200 M AELE 413 . Mortamais Z5[7] BI04 1 24 35e FHr it WMH 50 %0
FKRMMATIT, KIPIE Z B R A . Hu Z5[817EXT 36 T AT HE MEWF 7T 1 2R 45 B AN 25 4573
B, IR WMH AU A5 A 4 PR R A A2 U 9 0 1 14%, 488 AD XU T s 259%, I 1tk i
BN T 73%, FE 1T RE AR I R - FR bR o« Prosser 55 [919F 78 & BLAL i (1) WMH AR (14
L R A] T M R0 I 5 A R 2 B RIS (Ml cognitive impairment, MCI), #5356 2 5A MCI )7l
WA

WFFLR SR WMH BT80N Th R AR B S B AR RS DA S0 i 2% %5 DI AE 5 [10].
HRAE &R A7 7T WMH 23 4% 25 J5 ) WMH - (periventricular hyperintensity, PVH)FIES 5 WMH (deep
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white matter hyperintensity, DWMH), Griffanti [11]5 8149\ 563 {5l WMH £ 4K PVH #1 DWMH 5
IWHIDIREMI R R, KL DWMH EESRER I BATIIRE W RBE IR FEAK, PVH Al B A A k12
REIR N F%. PIREALH]Z DWMH F ZERURFEERE, 13 3 KM X SRR AIRE /), T PVH &R 5
7[RV ST P R 0T X B e e, AT 3 2 S U R A T RE T R B e 3T ARG X WMH 184347 500
FNINEE TR RWAAAEZE o — TERXT KT 75 & i 25 rh i3 O 0 R BR[12], A X3 ) WMH 50
FIACHEE AN R T A O, THCIZFERS 530 X WMH 555, Lampel S£[13]IE 40N 702 i &
ZAE N TR I, S5HATIIREAHCH WMH 32 B4 FA S =, T i WMH EZEid12 0 F
F. X WMH & 5l mshfe 2 (855 &, Kloppenborg 5 [14] 1) — WA 0 M 7t 45 B o, WMH {£
GBI FIRERG 2 AHOC, WMH ARBGERCR, IARNThae T R 2, 7E15 B A B AT = W] .
Rizvi S5 [15]38 o 3L AR & B SR E, I WMH RRRER K, R0t )2 BB, ATV /0B, I8 WMH
XTI ) BE R 5 M 5043 A& B T R 0 22 4 P88 W 70 3R I B 52 2808 AR B S5 A RN Dh g % DA 9K - Gothlin [16]
RN TIEIZI T2 B2 358 g AT RTRETERT 7, RILZIRE ZHE F K, WMH 800
KBRS R AR AR AR/, B2 20E A B AR MCI B3 TS R MR . TR S (1717 — TR Zigi ik
R FR I, SZ BB LT DATRAMA R A, A /)N B0 A8 AR BLRR 1 L 2RI AL A RN 4 o 25
ERTR, H AR FE A T8 WMH 59T R RS 1 Rk A 5 R A %

3. UMM BRSES BE LT N\ AERH T e
3.1. Bt WMH BE RN HMESHREE BEMRER

WMH 3 R AR DN D) e BR324 K98 B4R B2 A T 2 MhobLi], AR BRILBR A, RIEROBL,
Jok sz JEYCAR S IfiL i BE % (blood brain barrier, BBB)AZ 451 bk I 2R 4t T BE R i FHEE % 25 [RI 2 [18]-[24] . AR HE
Tl R 15 DX ) I AR 9 R TR 5 SN Bk 4 Ry S Bk, 5 Szt e B4, i 3 v of
R PR B Ath 1L A6 B TR 35 5 51 RS O /NSl K s e A L BB AREAL, , S 1 o DX g A Lk D o BT
2 5 T A 0 B DB B A B X, T I B AR 4 2 [A) (AR L R GG R4 A2 m g s
AR, B WMH #0085 B3 BA R D Re bt A % DI R . KIREE A & b & F fn i 3 77 % 148
b, ARNH LR M HEE AL, AN 5] AN KN T REREAT R AE[18] . JhE SNV AH BRI WMH 838 A k145
TR —DINE R EE, — DU FEUESE, 7R AT /N BB o 2 30 0 453 55 AN AN 1 i g I R S 11
SR, WRRVEMILREF SR, SR N AU FTE A R TR 0T 4H R /) i o 240 PR 38 A6 5 S0 2%
PR IS, BB C R MR T, SEEFHEMEEN. WoIBL . B SBT3 [19].
BEAE A 58 WMH AR A T AR 2D 28 FE & BB (1520, [ Moody [20]55 A& H fisi = J 6] /) 8 Pk e i
RIS LAR, ke R 2B S AN ik R G WMH (52 652 B A . #8 k I B URR mT 5 S50 ok i R
580G 9 ek, AT R B SR . KR SRR LR, B R AR ANRE IR 12, N
DR RAERERS, MMTEBCARIRE ST R (21, FARARE RA T REYEFr 3 BARFEAI A 0, Ao AR e
FEE T BBB, BBB FEHA LA, BIRIKRBLIM. A, /NRBT4E MRS R, BBB
TG AR T B A AR TR 5 O L R B ST, 7 AR R A AR R oA, S T X
T B 2048 SR 0 N TE S MR, T S BUA A D RE RS [22] . RS R G0 AR i R G AR R P 1 —
Pl B HEME AR, R RV A o AR SRR L AT . Ke SE[23140 N 137 ol i/ L5 s J8 2, Jd A
FH I i 5 D R 2 ) ) B bR BB B A bk R T e R IIIM 2 R G K T R P15 1T i 5 B0 20 0B 47 M e
AR RS, HCAL 2 i /)N I 9 S8 3 1) B 53 R A SR 0, W] S BURI R 7= A4, iX e
IRVIARE b, 2B RN RERIE . TR, BEERERBARIKE, X WMH 50k 1K
A PLRITT AR T T AL R 2. Shi 45 A [24 i id % 241 4 AR R Z B & 00, KIS APOE-¢4 ARk &
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HLL, APOE-g4 #5rH n AT IR Ap KT, D ZB4ANMAE S N, HLEE R R E iS58
NI o

3.2. kit WMH BE L4 A ERNEEETRHER

PR WMH 7™ B A2 B 2 R HREILIR T2-FLAIR, S5 WMH BIPEAh o] AR5 VR4« 2 B 31k,
HBM T EMESE[25]% ARWMC, Fazekas. (R Scheltens. F Ylikoski 4 i L5 WMH
RIS AT 30T, RIL Fazekas gk K Scheltens & 3K & A X WMH 7™ E 2 4795 (HEHT
TELEMER 2 A S5 2 AR e, [RIR g T WMH A 58 B Zh i ir, B kI il ge & T 4T
HO TN AT E[26]. Tran 25[27]%4F 60 44 HExS R, 22 R PERE Ak KON RN RS 88 24T WMH 1) E 3k 5
#, KI 3DT2-FLAIR HARLEN WMH E 3 #5052 — Ml 5 H 5 TR 7%, v LUSORIE IR 2Bk
AR RS A H TH . BETRIRN, A 5¥E N RRETK E 4 (diffusion tensor image, DTI)7E Pl
WMH  FA R 5 5C 5 B R 4R 5 A 50k, mT DA &8 34 A A B i 7 440 R DX 3k ) (a2 A9 i 8 V) 7K
TRy, H R &1 5 2> B (fractional anisotropy, FA). ~F-13 Bl & $(mean diffusivity, MD)#)7/K
PR A SRS i 157 145 740 1 52 B2 [28] . Mascalchi 25 [29]%F 8245 MCI ()22 4F B8 3EATHT 7T, &I WMH
R 2 B IA T R R T8 2 WMH BB, WMH 274k (45045 2 38 W P WLk S 80R 8 & AR A A Tl
REMIEAE . Chen 553018 H H 2141 4 & R IUZH ] U 1) DT Fd%, Al WMH SE88 P 500 502 8] 1) 5%
B, &I DTI B 12840 7T B2 WMH AH2¢ MCI ISIFEZEAL,  HL o] B8 BCA Tl WMH A8 5GIA 0 2h R B fis
PIFAAE Fhr EW . Yuan S [310T 7L R VBRI FA B0 = MD (H AT RE S 305 - R E f i - F i T id
P2 AT, AT H B N hEE IR RS . Bl 1 iEr id (arterial spin labeling, ASL) 2 F b ic 1) 20 fik ifi
W FAE AWM RERR, DLARR A7 X E 2 i & [32] . BEAE 22 £t 70 UF SE i M 2R B nl
F 2 4 ARt SR AR A, AT BRI BT T RE R AR . Promjunyakul 25 [33] 38 i Wl & ) Bl 1 A 5
(normal appearing white matter, NAWM) i MLy & A 5 14, &3 NAWM 1 L 4246 vl fg 5T E i
TREER) SEREMEAR AR, HEM AN LA 3h 71 24 28 AT g2 WMH RAERIGEBhIR &, DRI 309 % 3000 I3 &
R RT A 2T WMH & 42 o TEFEHR I 1% (magnetic resonance spectroscopy, MRS) /& —Fl{E 2 AR,
A W AR S AR KT, E AR N-CBER T TA IR (NAA) HIRE 54)(Cho). WLER(Cr) Al
WLEE(mI)EE[34] . BEAEHF 7T BH[35] B NAA/mI AR v BEA RN IE % 248 N e o MCI RA RN BE 77 1 F%,
MRS 555 I 4R 5 RE S ) B AR KT BB A4, VRS e 0s 55N 4= TR

A% EL 18 5% MRI $2 A (dynamic contrast-enhanced magnetic resonance imaging, DCE-MRI)iE i # fiki:
WG, BEERAE TIWI BUR, W& Bl i (i) AS A0 A5 5 38 9 A, 1745 BBB i iz M AN 8 %14 [36] » Huisa
L[37E—IURTHEMERAZIBE 5T, BRI IR T 22 41 Binswanger Jpssi R 3%, @i H DCE-MRI 15
BBB i2iZE %, KIL BBB MR K ATE IR LM WM AT WMH BRI X3, XA 50 T RE ) S5O A TR0 =
. HAEiZ B 5IESL e] LU DCE-MRI W BBB i2iE %, 1E4f WMH EF W4, KL BBB 4
5, ATREEL WMH AR FTRIE 5 D RERE AT i 000 56 U8, X B4 B fRe 7 A AL WMH S ) B
FONHIR I S E[38] . FfEARAS DhRERE LR B (resting state functional magnetic resonance imaging,
rs-fMRI)& —FRIER N UG HAR,  FFHERZE R I 575 ThRE S5 #I[39].  Yang &5 [40]i 1T rs-fMRI Al 5
R S s AR iE s e, RIL™EP) WMH 1] 58 5 800t &G s F DR iE B 20, S I
INFIRE ST R . HAT, w50 48 8 %) 08 I 7 A 3 v S LI 2 B & (fluoro-deoxyglucose  positron
emission tomography, FDG-PET) ¢ A 7t i %) ¥ F| FH Z& A\ 50 Dy B 2 18] (1) AH 5GP o BF 7 ik Sl
18FDG-PET Mll& WMH, KA P0AT Tl e A1 058 28 2 (8] S ARAHOC, 36 ) Rl = 0 T R 2 B0
FIDIRER T FE[41].
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3.3. BRI WMH BE L ENFRERFRE YIRS RER

EI AT i A TR B T B M WMH B8 R A N B hs s U . e R A bR . R STIE
S e ) 78 2 Jhe R (hyperhomocysteinemia, HHcy)- 5 A KBRS A & 1) & A S Uk, wl BEdLE] 2 HHcy
i LA P R A PR, S IR R Y 0 AR ZEL At G 2 A AN T RE R 46 [42] . Qiao 5[43]
X WMH 5885 R BERG K 35 JORE bR SR IE Tl AT 4508, RIL C RN . IR SEIR T
M3 Ae & AIBEREE A2 AN RS RAEAREY S WMH BE AR Re T RA %, (LR H T AT RE(E
PR P9 R, X B WM SRR, AP EOA RIS . Bian SR[441@ I — 506 215 1 fixi /) M8 555
DU E 137 PO R R B LA [R) T 2 (PKM2)K-FHIBESE, KL PKM2 5 WMH 2 IEMK, 5IAFTI6E
SHAHE, FTREHLEE PKM2 J&— R 2 A 03 5SS 7, w2k JORE R BE, AT R AN EN e . BF 5
RILVER FE R (AR AL R AT S50 WMH (RIS 1 R A8 Ak, B AR e 1) 96 2% H Al i dikH S
FE[45] [46]. — TR AT 64 51 B J5t N R0 AS 83 R BT T A 7T R BL[47], tau S5 WMH
AN ENRREAS 2 M A7 7E G, tau 2R AR B2 WMH B A RIBes i i & JE & 4% . Hirao Z5[48]) 25 W
22 38 {730 1t MCI B 35 R IE & ARE ) I35 I R -C (CysC) K R B, 1 CysC /KF-5 PVH & #1
FZE, PVH BRSNS IS R & Y], TR CysC AU RIS iRt F s &4, i Bl
R R s ER ML G OCHE, PTREZ 2 W s MCIL B3 AR =2 5 bR B9 .

4. INESRE

i bprik, WMH S22 EANREPH WHR AR AR, MR SB0AMIgERRrElhERe —, i
P HR A A L AR S AR ST T KRBT TL, #7517 WMH BARBEENLE] . B TR WMH
BB KB FI D RERRAG SR Z BURRORR B, DR REEE— SR BRI LUK IR bR 64, T A k0 2
AEJRIR RIEEZE N H T RE T B o
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