Advances in Clinical Medicine I5/RE2# 8, 2025, 15(12), 2192-2197 Hans X0
Published Online December 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15123643

/M EREGREGREPEZESHES
AIDRBh RO VRS

wOEY, ¥R, RERY

YE T NRIEERECTIZIR, B 4k 22
e NRER BB RL, Bt SE 2%
SEz T NREGIZEERL, By E%

Wes H . 20254F11 16 #HBER: 20254F12 9 A A HB: 20254F12 H17H

wm B

FR/NILE TR AR AR S TR L iR ML ER A, BRI, 7L 82 N i 4 2 oo iy
MR ERERE, BFERESRBMBRZ T, AAMRURSYRREEE RS L RET
Bils, WATEBIRREFRIGFFRE T, MUEEESHMEER G SRR SR, R
HHT X B RS BBAR UK A TE BRI .

K §Eia)
fRi/NILE Y%, CSVD, DTI, ZAMEMIILIRBAE, SWI, N6

From Traditional Neuroimaging Biomarkers
to Multimodal Fusion and Al-Driven
Precision Assessment in Cerebral

Small Vessel Disease

Zheng Fan?'*, Zhuoran Chang?, Jiaxin Liang3#

!Department of CT Diagnosis, Yan’an People’s Hospital, Yan’an Shaanxi
2Department of Radiology, Yan’an People’s Hospital, Yan’an Shaanxi
3Department of Nuclear Medicine, Yan’an People’s Hospital, Yan’an Shaanxi

Received: November 16, 2025; accepted: December 9, 2025; published: December 17, 2025

i (=
FEEE

2025, 15(12): 2192-2197. DOI: 10.12677/acm.2025.15123643


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15123643
https://doi.org/10.12677/acm.2025.15123643
https://www.hanspub.org/

e
F
48

Abstract

Cerebral small vessel disease (CSVD) is a prevalent cerebrovascular disorder in neuroimaging, par-
ticularly common in the elderly population, and significantly elevates the risk of both ischemic and
hemorrhagic stroke. There is an urgent clinical need for early detection and proactive intervention.
While conventional MRI biomarkers primarily reflect irreversible end-organ damage, advancing
early clinical recognition and intervention requires not only refined evaluation and reinterpreta-
tion of traditional imaging markers but also the integration of emerging multimodal imaging tech-
nologies and artificial intelligence applications.
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1. 518

Figi /I8 1L 995 (cerebral small-vessel disease, CSVD) & ## £ FAAR 24 A0 H WL I LB A8, H g 2R B
HABSE ML, VNSNS . 2SR ERAR Y ERIA BN /NBIIK Sl f/INER Tk R 42
MIRIR - SLABLEAE . BUARGAAR 2 SO I Tu Wy e 2252 2 1M %8 JA [l 2~5 mm Y[ Py 16 i SI2 5 REAS 2028,
AFEATEE S BEBREREZE . i A I 4 R R YRR R S AP S8 2 R B 1]

CSVD ‘& WL R o3 B GLHE | 8L, /Nl Rk 5 11 28, H5 E sldoi A 1 i i o A 1L 7973 (cereboral amyloid
angiopathy, CAA); 111 &Y, A&t CSVD; IV Y, RAEBGZEN TR/ ; VAL, Sk 5N
VI, HAb /NI [2] .

CSVD fEZF NPT, Kk EMER G E . BT HS&EME. PEREFEEZR
SEAHICHE, CSVD AN ML R Gerh f i W) 5 I A OGP, BB Zaoz i TR e b . CSVD
PR A7 AE 30 35 B4 TN I 2 2 v (I e 2 SN IR AE) T I 2 v A A IR, o 7 M R B 5 AR | AR I
Tt

BT H 2 RS BAR TN (40~200 pm) HERTE, ZETE T DL BT S B A 2 . Rk, thés
BN IR Z W CSVD M — AT FB, SRR ZE HIm B A B . AT 43 AN I3 0000 ) A%
O TR, SEFRHTRAN T 2H U0 B2 1 JR PR 1

MR 2013 4F [E B ML B 248 52 G AR IR 35 /N AR, L 2 BERAR SR L5 10 11 52 53 T /Ml B
(recent small subcortical infarct, RSSI) I Ay ifil 85 514 1 i Bt < 00 Sy of A7 YRV PR i 1 5 13 45 5 (white mat-
ter hyperintensity, WMH). 1% & [ 7] [ (perivascular space, PVS). fixifi t Ifil (cerebral microbleed, CMB) 1
R 4[3] 0 IXEEHR A2 M/ ML AR IS P 434 o B B AE G T ) “IRIE” o JETIXEEAR YY) Staals 4%
[4]38H T —/ NPT LAATH AT CSVD S8 5 B g VP03, W AL A B — T A3 21 T Al /K
RE S 2 FA R E5R  JB S R AR s R SR IR IR S R o DRI CSVD MU — ML 8 2 K
W, WRERMAEEER R SRR FH I “HRL” , 2 FE— RIS DR IR IREE AL
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4 /LT e B MR 6 2B S R 4 (/N AT R 107, T A1 5 A 2 1 593 0
REPEDICIE . bl “ BAE L R IR R AHIE B T GONAIN R IR . BRI, kg8
ARG A6 ) —— A BT R RAR Iy SR AT, S L A 1 25 ) B O A
P FRAO RS T RLAL

2. EEEBIREME RS AL ITE

BT FRER, NSO REXEGRAGAR AT TSRS AL, R <
BN K “BhAEAR” B . WMH 1EJy CSVD h HL B SIS 05 EY, 2 B ARG — B Ak
Fazekas fL9 B PE /3K [5], BRRAHE CSVD & REMHTIAE6] 2K WMH 5kt F 343 8 A i == 2%
WMH (B = <3mm). MK = 5% WMH (B = 3~13 mm). 335 WMH (AF-00 i =2 55 800 J2 2 [8]) Fl
TR 7 WMH (BE BT AE 5 <4 mm), WMH RN Bk 4 A X WMH Ji kAR 2 . 2= 5228 718 H
S BE CSVD & BB Wt 1 84 #) WMH 4 F7 5 58 & Fazekas PP ifAT LA, R IUAF € =5 il
PRI FUME . MURSE (814w 48 2 RUBE PR % WMH BEAT T O3 2 SEH0BETS, KIUEZE N WMH A —
EERE, INFIAETERE— D24, X 2ATE— @ FE 1 LS T CSVD s 8% H ke, HILEBIN 5 a3
FEFP S HIBE U R A, T3 AS e 35 B PR 53000 5 AR T T30

3. MIAZRESRBEAR TR

¥ Bk = U4 (diffusion tensor imaging, DTI)Z 7EF BUINAL A& (diffusion weighted imaging, DWI)#iA
R BRI — AR, DT AMY AT LLR 7K 73732 3 i 77 8] HOm M o G 27 I 3 B 2T 4E TR 454,
W AT DL B S BT WMH 53500 6 i 1 X d5k L e Bh g2 42[9] [10]. Maillard Z5[11]R 8L WMH J [ 1)
IEHERINAFIX, TR S WMH 250U DT BI4RFIE, NAWM X3 B AR 2 FE s, (H bl
HI R A 3 — PR RS, XbrdEE DTI al{EN CSVD i) I AEPhn £ . Xue Zhang 55[12]
FE—TUEE X CSVD B 1) 7-T MRIBFFoHy, it & 22 1 J) [ (R) B R A% DTI-ALPS, 7R 1 /N
IOk AR R T e 2 a3 I A L e, AT WIMH FPV/S 1 fg

PAAE BRI TN 9 I 57 B (blood brain barrier, BBB)32 4 CSVD 7 A= ATk fig i) S E ML il 2 —[13].
ZHAS G 9% AR 1A% (dynamic contrast-enhanced magnetic resonance imaging, DCE-MRI)AJ DLl il > i £ 5,
JE B 2B P S T P IO VRV S A A T I A B D RERRAS . Nasel S%[14]38 14701 DCE-MRI
ERESHUE B IEERRI BT, RILT DCE-MRI AT LR BB BL () CSVD, B 7 BBB 5 CSVD
RAEMARICNE . Li % [151K H Patlak 254880 7558, ESE 7 WMH JERudfEr, BBB S22 i i &
B — AT, HAEE W MIIRE TR S BBB 24 & VA G

AR, B (T T)MRI SRS, HAE G /) L 95 Sk IR T2 7R H& T 72 o k7 Nahiik
I3 A% T 3 ™ EE I PR AS R 25 J[16], (ERG/NBIBKTE 3 T-MRI A LA EE, T 7 T i [a) KR (time-
of-flight, TOF) MRA RefG5 MM X B G ALBNK . WKESIRBNRK . Bxbralibk /N LS kS NSk [17] .
P GO FE I 5 ER /N S BB FEER L 5 | S, (EAORAEALAE 3T S8 00 MRI S R A IR, A2 184 L T
3T A7 T-MRI R 23, RKIAT 27%I0) 7T FR A2 pkt T 72 3T EHR Eoiiae s, X2
T 7 T-MRI (F W Lt RGBSR R — P15, 27 7 Ruh skt ks 2. Sz, 7 T-MRI fE/M L 25
MDIREEAL . UMV DT T B AR RS, 6% “ DRI, FBIE SN DURSHE VT AL /N I B IR AR
R S T 453475

I 5 TG A R AL R4 (susceptibility weighted imaging, SWI T V2 W, ivifsk H! 1fiL (cerebral microbleeds,
CMBs) It tHZ AW i . CMBs R AE N2 i/ LB 0 OS2 8h5 &4, JEH CMBs 3=, &
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BENTSE S

5N HIRRERS (14 7 F R B R 2R R AR AE B D A OGP . SWI S —FhBUER (1 MRI BT 51, REAE A 250kl i 22
SR i, BRItk SWI FAIZE G T AL F BSOS AIARALAE B, B B i s 18] 7 1 2 R g
P, JeHXS T/ T 3mm ) CMBs BA BT FIIRMIRE T MIELARSERT T2 INBUSRAR . SWI HEWS S i 2
7~ CMBs AL E . B AISA[19]. sbdh, FIFHM SWI FHAL EME 4 1 & S BURME SR (QSM), 7T BASE
BB RIRFAE, D9l U8 AR (72 W fe (B 2R AR [20] [21]. JEAER, B AMRES: ] (deep learning,
DL)EER BN BT 7 RF IR, Rl R BB M Z(CNN), Al-Masni & Kim % A[22] [23]42
H A& DL R, AT RARE—D 2T SWI X CMBs £ th IHERfA . REUZMR: R, JF At 7 s
FEREVE ARG, S L PR A E A S B R TR

4. Al SREBERRG T TED

N L3 fe (artificial intelligence, Al)TE B& 224538 (145 FH C A BN, JGH R TE RS Wy R I A
RN AT ), 16 CSVD SAARIZWI A TH, Al JET-IR 2% 2 IR L e 8 B 2 iR A AN Ak A% e 77 v 0k AR
(LR AE , 5B P A 5 5 R R R N kR, T HR T CSVD SEAR IS W ) RS M R R S
[24], ERLLET A 45 MRIL REGK ERE . sk H iédrid (arterial spin labeling, ASL)Z AN A 14
RS IR, b — 25 A TR RURS A (9 N A T 38 T REVT A B AL [25] . R SR N [26) R N T ARG 8 T2
U-Al X IR AR AT 52 A0 AT, 07 CSVD B S VP4 45 & o B AR I R AR S A5 Y, i3 — 25 52 3% CSVD
AR B ARTIVPAE, IRIESE T %GR/ CSVD B I\ RBEhs A EE M M. 4%, ANTE
BELE o /IS I AT 50 1) S FR AT TR 1 22 Bk oo, BB AT AR 2, ELZE R IR AT BB 31 )
ZALRE AN, mHIRIRATERE; Kk, mEE. bR B EEERE S, HEUE Bl
B R, I TREBIREN: =, Al TEEESRIER R P RARERIEAE, B S5IH 12T
MO AR 2 B, TEERSACHEINE . )7 SoT5e 5 5k n WA J7 10, o 55 @ AR R RLE 5
Nl
5. Bk SRR

H AT B SREE T CSVD BT E V2 A2, H B2 1 BSOS 7 CSVD M Jiiltfg. M
ECHI AL ) MR T3, B HFTLL DTI. DCE-MRI. SWI & QSM £ A% 1# B RESLR B AR (T 78,
B0 Xt CSVD BB FHE T ROWAL R 2 A, I OO H BT S A AT SRS B R . TR R F
LN TR HARLEE X CSVD M S AP IS T — ke, Xty CSVD HIBFFLH K T 8
o LR PR, AR A4 KT CSVD MIRFRIELM L otk brdifh. IR & B A b4
o BETHREIE, — i, KRET CSVD N7 K & E NI, 58 2 78 2 I AR S2BR
MR L, PR B A AR R R, SRR AT A B R
51 AR B 25 4 W AT e CSVD FRIRIE 78 HE 17 35 ) vl

E&MHE
75 49 B AR Py 2 AR A FEAE RIS, 991 F 4 %5(20230315).
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