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Abstract

Cerebral small vessel disease (CSVD) can lead to mental and cognitive dysfunction, and the hippo-
campus is a core brain region related to psychological function and cognition. Damage to hippo-
campal structure and function plays an important role in neuropsychiatric disorders in patients
with CSVD. Studies have shown that functional changes are accompanied by structural changes in
the corresponding regions. Normal structure-function coupling is essential for the optimal brain
performance, and disrupted structure-function coupling has also been found in many neuropsy-
chiatric diseases. Emerging evidence has shown that there is a clear correlation between cognitive
impairment and hippocampal structural and functional impairment. However, at present, most
studies on the hippocampus of CSVD patients focus on a single structure or function aspect, and
few studies on the structure-function coupling of hippocampus. Therefore, the coupling analysis of
hippocampal structure and function based on multimodal magnetic resonance imaging (MRI) has
potential significance in exploration and elucidation of neurobiological mechanism of cognitive
and mental impairment in patients with CSVD. This article aims to discuss MRI studies on hippo-
campal structure and function alterations in patients with CSVD, especially the coupling of hippo-
campal structure and function changes based on multi-modal MRI, to provide a new perspective
for the pathogenesis research and early diagnosis of CSVD.
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1. 5|8

Jibi /)N ML %% 973 (cerebral small vessel disease, CSVD) & % Fi s K & s R B 56 /sl ik . fsh ik B4 i % A0
B S A P 000 A L 0 PR, A L R 52 ot 45 ) 24038 51 k2 ) B AR [ I R SR AN 1 22 5215 2
TEMIZREAE[1] [2]o CSVD &Ml EIFE 2 DI REM F 25 hiz —, HELZIRKRIEIEINEGE S TR
FEBENG . S, 25, PR RE . JRRZESE, CSVD IR A & o RURE 1 20%, LA adh 25%1K
SR A R 45% 03 R (2] [3] [4]. CSVD fisi s A4 S W 481 I R R /SR i 15 =115 5 BB
e I i ) R T) B R A 22 4 [ 1] [2] [5] A Sl (R 3L 4R Bl 4% (magnetic resonance imaging, MRI)
FEAR AT ALE S5 H 3 A A I 21 o 1 S H 6] o

W A — P BRI 450, CEA RS PR IR A LR TR BAF B . CSVD 5l R M 2ok
PHEERG R 7E 22 J7 1H 5] RS 5 S5 i D Re i . A WEFEAE CSVD B3 M 22 31 B i 28 o ) 25 4 e
e TR AR I % A ek R S O FE L[ 7]. AHNHN, U SRR RESZ A, A A P R AR SRR,
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BRI B RIZ B EE I 2 Z BIR K m[8] [9].

MRI 7] LRI S 45/ RN ThRE . 4R, BEE MRI FrERMPGE R JE, 5015 CSVD 52
L EE R ThRESGHEAT T KB TAZ I TT[10] [11]. BRI AIETE R, ThRE I As L e 25 A
LG X S5 46 (R AR, I FLsR SEOIRES T R0 775 20 (1 45 AV AN SR 52 BRI 5 44 R BRI [12] 0 BRI, TR AR 45
) = THRERE A 0 4ERE R IR T B0 2 00 H 2, ARG 1 I T DL S 82 M & FORS #B0 [ 13]. Rlk, MRI
SER 5 DhRe B AR & A THRE CSVD B AR5 RS # i R 22 LR ) 2 WL SN BB . AR TE
XF CSVD g 0 25 K A Dy Redi 35 (1) MRI B 5T A7 1008

2. BLEHIRINEER T

U S AR AL T F AR A it 2 18], 282 RG0SR — AN EIRI R PEXIR, B
SRR, IR AL AR BT R FE SR AR, w200 13 AT RERI AR 2 AR ELEERE SRR AN [F] 1 IE
X[14] [15] [16]. #EDH5>A CAl. CA2. CA3. CA4 VUANMEMRAIMLIX . Uitk AN D38 = 2 R X,
W3 CA X T ZRHEALIN, TR A& R AN 17]. CA4 XI5 R PR, SRJGKIGE CA3.
CA2 F1 CAl X35,

g 52 5 AL SRR X s, A B TS FAc iz iy . KIS IZ i DU A VE 22 oAl e 77 1 4
FF[9]. MbAh, MR A A FAIIRE[18]. M5 BFE N LR, 8 ERERA CA3, 5T CAl
PTG, FEDIREPATT I, CAL ZiCIZmiS A B R X IR, CA2. 3 FIUIRIEIZE 5 S Mgl ik
FEEZAEH[19]. WSR2 FE I E B R /. 1973 4F, Papez #&H T —AMP&ilik, i T
o, hfalE e A kR AT A R, SOR BN, TR AR R, X AN SR R AR A
Papez [ #% . Papez [51i#% 1) D e £ 25 (B F2 B iCAZ A S B 45 7 &R A T2 80 A [17].

3.CSVD 5 84 K INgEIR BN X R
3.1. it Rt MRI

CSVD X iff B 45 K4 1 52 M == BRI A it T W0 DX 22 440 R 5 ARk o BEAERIFSCRIA, Bl CSVD ™
HEEEMI, BEEAEENM INE. A1 SESN CSVD &#F T, TE. CAl. CA4. Hilk
(8] J 73 JZ W R 3246201, BEAh, CSVD A T8 K H A AT R g S = A SRR AR LA — € RS . h
[ CSVD #& HARE CSVD B AEIX L0 X R I H BN S 248 . CSVD SBUNME 50 X 245 55 %
(1 SACAZ AN AT DHREAH R [21] [22]0 DRI, ¥ B 246t w] T F00A A B i 1R gk g [ 23] [24].

H A O V2 8 TN RIBEAS B3 5 4501 MRI W90, — Td Bk & s f& (diffusion tension imaging,
DTD#F 7 ar, SIEwX AL, A bahs 35 1 173 YR B3 (mean diffusivity, MD)SE &7, #50 #%
] 55 P4 48 %4 (fractional anisotropy, FA)BEAK[25]. th4h, DTI VP4l (1) 5 fleh 14 e B v 522 4F CSVD B 1)
JEEFICAZRIAE G, R I S A 4 1 1 O3 T R R B AT PR RV TE I R AR 8, HORAETE W
SRR 2 HI[8] [26]. —TOET CSVD 3 4 5l 5 A4 (diffusion kurtosis imaging, DK 78 27K,
BRANFFERS B, B IA KRS (mild cognitive impairment, MCI) &3 /2 #5 5 [X 4% 1] 9} 2% (radial
diffusivity, RD)FI MD W3 Fhmy, ~FRJUHAEE B EFR%: 1 H, —2% DKI 245 MCI &3 KRR VP 5
FEAEARDCHE, XA FERE CSVD B MCI B I AR R 4 i g [10]. teAh, KREFETHRERN
FE A 2 (voxel-based morphometry, VBM)HF 78 & Bl ¥ 5 % Jfi (grey matter, GM)Z=4i 5 CSVD B [k
AN RIBEASAH OC[27] [28]. — 2T VBM [ Meta 0 Mt 3R B, 5 FE HIHRAE (major depressive disorder,
MDD)AI MCI £ 1715 T 2 B AR FUR A [29]. CSVD B Ui T GM 2545 5 0 A i =15 5 2 525301
B 7 ST A AL SCAE S, W0 TPy CPU. FDA, FITE M 46 5 78 S0 3 — U BN #R R 1% 45
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BRSO AR R R G AR R S S
3.2. Theettisifn K Thaett MRI

CSVD 252 MiE B (MR A8 o =F & 0 A2 4 3 i X IE 5 DhRE M sk YRR &R, BRAE I 7L R B
i SN 2 IEA DG SN IE RN, 2 %Y %3] CSVD R FLECE M 7] [31].
WHREEM ZE R 2 SR e BN 2R B, S KEMRET i G ) 25 e 8. Ty
oA RN BRI U, WFFUER A, REEE SR M AF B4 8 FR K 7 (ciliary neurotrophic factor, CNTF)AH
K CNTF/CNTFRa 15 S8 H TN, S5 S a oA G s UIoc, JEHE CAL X, Kb S 4ait,
- DIReAs-& AR5 T g Xt CSVD B AS A A\ KN RE 7 /0 8200 5 0™ = [32]

W G 7 D BE MR R EE A 3K 5 Jedr ic(arterial spin labeling, ASL). i tHRI% 1%
(magnetic resonance spectroscopy, MRS). & R % il {% (quantitative susceptibility mapping, QSM). Il %A
TKFAR A7) Th e 16 3 4R 1845 (blood oxygen level-dependent contrast imaging functional MRI, BOLD-fMRI)% .
HH¥EFH ASL B, RIN RIS E 35 i P 16 L9 & (cerebral blood flow, CBF)Jk/b, 1X Al {E5 Il
BN B IEMMEE A RUTRA K[33]. 2RI, AR RIFERNG 5D CBF JHm ] fe/2 & i iE
PR 51 EE I [34]. MRS FHRBTFUHEH], CSVD B KR 1 S ACFHISR 11, AFIREAG &
BTG R) p- 2 T R [35]. MRS BRI AR =Y, TUEHLSURETRASSAL L, WA
AW A VR i 6, TR CSVD B B W fva T S E s (8 ks . tbah, il QSM wHsi sk
B, MCIL XU XA T &, 2k BT XU 5 X RS U 76 4% X [36] [37]; db4h, FATTH
TR, ERIfH MY CSVD B D X R B B3GR Sk TR I [38]. — ik T
i EA IMRI BB SRR I, AN FIRERG I 1 AR PR s oK BR SN 15 RIS BR M8 (low-frequency  fluctu-
ations, ALFF)HI T2 5th TN [A) (7 — € R B b nT el 2k 5 ) FRAIC, RS 1 1 B0 PR K BROA RN e 70 T B
PEA W I UTR[39]. Catchlove %5 A AIH BOLD-fMRI HAR K I, EZEEN R, XU i if 5
S SR 1Z e TR O ARAE R R N i A WL BX MO 2, 28 N 5 R (] 1) I B S B AIK[401]
FH T i I3 e 82 52 408 P B 7RV 7E BT A D Re iy, XN A gk — 2D 3R BH 17 I 5 BE MR XA R B
1) E LA

4. BT &1 - THEERA HIZARTS MRI

RFTIERED, KIS FIThRE R B I 1) . S50 5 D Re g R & OO IR M & sutg H— N H
oo A TR . K 2 K T DU DR ML BAT SR A5 28, ThRe S ia (5 B iR & ] DL Bh R ATTHE
U AR R A S A 3 RO AL A1) o i T B 1) 502 AT g 43 3 GML B 15 (white matter, WM EE, [ 2 TRER
SR, RZH A RICLHARTT T IR B B, TR AR B T S5 i FI D RS BRR & =3
(I EPAR RS 7T RE, XX T R AR M o 1 e o AR A ZR DG L B o B A () N A P 425 ) 0 D R R 11 2
X, AIPLA CSVD B3 i A S A i 0t 58 4 2

UEAh, HLERS I MRL WM . ZEIG R HTIY BOR ISt T4l 8. Uysal 55 AR HL3E %2
FAR, @ S AARRUE BRI X 2 TIARIRERT B L BT R S B B RNE R 2 [41]. Sarwar %5
NAE LA SJUESE T A 8540 - ZhEeas & 2 B % 1[42]. B, R LA 5 ST AR g 57
R MRI B 9B RS, R T MRI BdE3RBUSE /) - ThEERE S5 B, 2 Fril sniers
(i S A L, P AR — 2D 35 Bl RS A= 12 W o T 1) 7™ S AR

4.1. ETHRNEN - ThEeda
HRTH A2 TR R4 0 - DIRERR S UREA IR — R RS IMRI 2405 GM FEEZ U
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&, B MR RS IMRI 280525 T DTI ) WM MEE S & .

KT 5 — PPy, Kang 25 NGl i 55 36— #i: (regional homogeneity, ReHo) 5 GM 1A F4(GM volume,
GMV)HJHAE, #E4T 7 TR R ReHo/VBM Z3#r, DUIRZR S5 - DhRERE & B 2508 B L AE T &5 1 8 £
TR s BV [43] MR, ST RTALEL, TRT S AL XU K 5% [ 1Y)
ReHo/VBM BIKAE G N, 275 ReHo/VBM ] 14— Bl (¥ s i S5 MR s 6 2% SO 1 ik 24038 1A 2R 42 5%
BEARVR . Gray S8 NZEAT T —T0 Meta 7387, 40N T VBM IS T A 3% 109 2 A B 2 A o (04
EIFEACH . CBF. ReHo. ALFF il fALFF), LA 78 B HIARE & (1) 2 WS SRt S5 i AN D Re e, FF K
I WSS X IR e g 5, X W] e S ISR £ L A R AT AZ SR B 1 R A [44] o 3K LU
FEAE I B 45 K R 0 Ty RE R 6 A2 A L ORI I, XA SR IR ) 22 7 3R WV 1 I G M RN D e S R R A A8 4K

KT R riE, Tan 25 NEZ54 DTI MEEZ MRI R ILE L = AR 40 B4 4 M S X ) FA &,
ReHo fik, H ReHo Al FA {0 5ZAFFRI/RIANNPEAL R 2 IEAR, XIERE M — XM & B3 1A
DyRekens 55 DhRg F g MBS B L O AH OGP [45]. eAh, —28RfE A0 N BRI A fMRI A1 DTT EARSEH T
—FhIETHEE WM DHRE AT Ve, %0706 MR {5 5305 2 WM B 28 L, seildE TR R I4E ) - Ih
RERR G o R P70 RUE B A HE IR SO 7E N IR0 WML IXISER B HE 5 T WM 5 421 ALFF (skeleton-based WM
ALFF, SWALFF) AT FA FFE. A5 o> Z80E (B4 FA R0 A SWALFF R4k 2 IRl (A S R At 26, 1
fa HExT B ZH O IEAR SR [46] R, SXOAZEH - DIRERE & R RE A 0 0T R85 T Il P S 5t VB FE LA 2
—IRXRBER A T IR .

i, BEEZETARRIAG A K RE, Hu S NIRH T —Mai & 77k, FRO8ET F 1)
Z 12 #4 & (principal-component-based intermodal coupling, pIMCo) [47]. %5 V4% R U 7 22 43 Rk 8
X—ARIRE) S FETRRESG R 28-S RECEH T WS MEESH. Hu 5 AR HRZIERT 5T
1 CBF.ALFF 1 ReHo Z [A] IR &, 2 IR & /2 2 ) 7 B 1R 1), FE A2 R P BRI AP ) AS 8] T 224K
AT R DL B (R SR 7 ZE SRR A T — AN R AR .

4.2. [RMBLHY - THEEERRS

i DX 8% R0 P 18 246 DR R 8 A ol — /1 J8 3k &5 ) i 4% (structural connectivity, SC)EX I g%+ (functional
connectivity, SC)SZ I KN 75 X 35k [a] A1 ELAE FH A X 25 [ 48] o A (X 288 0 DA o 435 40 RN T RE 1) 40 28 A% B50H 3304 T
VAl . CSVD AT I8 A IR I 286 H 4 550 1) S B P AN s 2 (RN B2k SC A FC, AR I 4 figi X 4% (1)
AROEE, FEARRERINAER. CAPFRRY, T 28 MRI 1 SC Al FC RS AT Uk il fix
PIZ% IR, 3X LA AT B — RS R S IRk [49]. #RTHT, CSVD 3 SC-FC M 2% £ R G0 KF LRI &
AL ANIE I, GBI

AR, A RIERG B3 DA O A RN ARG 25 W IX 5 5 o X 382 [a] 1) SC A FC &A1 B #5048,
TEBIR AR B X ] RE S AR ML AT 9C[50] [51]. Filippi 2RI, Bl /R i B AL AL MCT
B SC BT FC M, $&7R SC PRI AESE T FC A4b[52]. SA IR ILEJZ T ML % MCI
BE W SILIX SC A FC B FRAIK, 1X 7] 585 1200 F AR B RS A O s 11 i 5 IV X RN 417 B2 J2 FC 3R,
HH T S A0S 0 (R DY REAS BAE H 518 R ic iz 9%, X AT DUBRE N2 450 40 () — MM AL EBES
PEMCI o, SRR B 5 5005 IR 2 6] (%) SC 4N m] e S5 HIARSERAT ¢, dn A5 5 Adh T2 T 505155 28 11%) DRI A
[50] IXEE RN, AN (1) 55V X AT fg S HARREIR L AFIRRSG A R IR R o jLAh, 55— Tt 7o K 3,
E0F5 [F N T AR 7E N 1) Papez BI5GB R 1) GM Z45, 1 HAEA 58, Papez [B] 2% A XU T AR A4
7 A B 5 M FC AR AR T B3R [53] . 1 A 240 422 1Y) 5038 455 i ofL A <A 5 A e D R AR A ok . iX
A6 S SRS AT A TR AR AL AN PR A R AE AL, R R IR AN R R R IR T T HE R
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4.3. GAMTREHENERE

M TG SIS CBF Z [A] [ S AR A OV 28 1L #5 5 (neurovascular coupling, NVC) [54]. NVC s& 117
0 AL ) 2 AL, AR v 2 1) 7 S ST o i X s SRS SR, AERE A AR . M/ AT
ity B FR A P A R E B, X EERET NVC IERIZE17. NVC U4 E v S 80 T il
IR A I /N M B I AR, P BUR BRI VAN #2205 5 3 S AR B, AT 5] A2 B = /) I
i, H2HBUAK TR AR . NVC HILAEMN CBF H a5 o ) S E M B 12/ 58 . Rk,
THENVC /£ CSVD H i pLE], StF b CSVD R, ol sk i A0 s Th g bt A B2 .

KRR Z FIEHE R ], 7EVF2 CSVD B HHERAELE NVC 5240, Ml s 453473 1R 8 IR i o g i e 4
B/ AT SEUME FF IR R A5 IR, SEUNVC ThEERZ M, X5 INVMIIAE T A R[55]. ZRiHIEh
VISR AH, BN L D RE RS /N R D A M R . AR NVC 982> [54] [56]. AR, 76 NVC 235 K%
BT, WG S T 2 B GEEIG[57]. WHFTRIT, PREEMLAE J7 1H (10 25 46 F1 D Re A2 40 Pl e =2 Vi 22 3 5%
FERNENRE ST N BRI [58]0 — S8l U35 R B BN 2 Je RN B [RE AR, 411G 50 & TR I AN EH )
T RR SR AR AR Ak, 3 A S A R JULE A o e 8 2 () e R R FR A, A5 44 £ FE R 7% NV.C BRI [59]
PAFEXHE T NVC BIF 70 £ B4R I ThREFe bk ALFF 5 CBF K& b, £ R4 NVC A7 R L,
45H) - Difie NVC £ CSVD &g 5 o vh i BARE G Fr itk — 2B 5 .
4.4. BOEN - TSRS

AT, BT S 450 - ThRERE & 00 20 W 7 iR SC /e ATt g o Bk, Bayrak 25 N8 1 iR,
HAFFH 2 S RGN SR T H 22 R 2 BT T S RS54 - ThEERR A [60]. N T M =45/ - 3
BERRS, MRS TSRS ARE D 2 58T X TSR FC 2RI ESFER . b, hiIar
TG IRER M ILEH L, DIRIESE M - Thae Sy S [R5 e 5 20 23 1) 2 I AR o Al A A
F P 2 2 8 A RV T AN R 8 0 i, DR A 0 A o Y AR 0 A P 0 e 32 e A e o 488 s 7 K i
DX 3, 171 DR 266 3 Aty ) R K X 45Kl 5 T s i i 7 (61 W 5 IX 250 ST RE MR Sl S X 5 . W
MR oy e vdr, TAENE VX AT B3 . thah, g 258 - DhReih & S5 A DhRe A g5 A, J5
X 5 BREAS 57 2 X S B AR+, T AT X 5 B f 2% 4% . Bayrak S HIBAI TAE 5
L B AR A ) 8 K G e SR LR R 2 FE D) R R AL T BB 55

5. it E5RE

i BT, RAEZHZE MRI B 2N TR S50, B0 E—Sn 8, 55, BORIhaemmas
FIREAE 12 NS CSVD HIARIRE /T R 5, (HIELMELHI M ATE2E[50]. Hik, D EG IR
O . ARFRN . SOOI S, — R BT AR D AT B R 4y o M T S5 R AN T RE AR AL I
Kl & CSVD 2 Wi AIG Y7 (IO EE . IR ) MRI K £ 7V 55 B A, W Sk il S 5 M R Th RE % 45 &
ok, iSRG BTG B Ak, BABT CSVD RSt . Kk, MEmRS
ZRS MRI AR TR, G540 5 T RS 28 BGRB8 R 2R S S AIF 7 1 P
oo

AV LA A ARREIE ST EIH (S ZR2020MH288). 1L R 4& 5r e th BH R H (4 5
201907052) %} A SC 1) % B
HEHEmHE

7R B ARRLFE G T RI0H (45 ZR2020MH288); L R4 %7 R i AHL THRITH H (%% 5 201907052).
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