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Abstract

Parkinson’s disease (PD) is a common neurodegenerative disorder in clinical practice. Cognitive
impairment is a highly prevalent non-motor symptom that severely affects the prognosis of PD. As
a critical pathway for metabolic waste clearance in the central nervous system, dysfunction of the
brain glymphatic system is closely associated with the pathogenesis and progression of cognitive
impairment in PD. Magnetic resonance imaging (MRI), with its advantages of being non-invasive,
quantitative, and reproducible, has become an important tool for in vivo evaluation of the structure
and function of the glymphatic system. This article reviews the clinical characteristics of cognitive
impairment in PD, the structure and function of the brain glymphatic system and its major influenc-
ing factors, as well as the pathological mechanisms underlying glymphatic system dysfunction-me-
diated cognitive decline in PD. It focuses on the recent advances of multiple imaging biomarkers,
including contrast-enhanced MRI, diffusion tensor image analysis along the perivascular space
(DTI-ALPS), choroid plexus volume, perivascular space (PVS), free water imaging, and global blood
oxygen level-dependent (gBOLD)-cerebrospinal fluid (CSF) coupling coefficient, in cognitive impair-
ment in PD. Future research directions are also prospected. This review aims to provide neuroim-
aging references for the early identification, mechanistic investigation, and clinical evaluation of
cognitive impairment in PD.
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1. lHEFRBAMESRIE /T

A 4 7% LB R 2 G RE A TCIRBIT M ER S a-RAlAZE A (a-synuclein, a-Syn)7 & B HE NZ 095
PR, DN RIBEAG  HA i O H B R ) AR BRIk 2 — (1] [2]. ARAE IR FEFEREE, PD ARG
73 A S AR R LA RIFR RS (PD-MCI) -5 M < AR TR (PDD), - FLIE I3 R S A 2E e XU 568 25 T =i 3] [4]
PD W\ ARG £ B R R PAT IR R I E0CZ S EIRE T, TRERNLEIE S w E TR . &k
PRIRAL S /N LB SRS JIE SN AR [5] [6]. ITAER, GS TERRDIRERERSHOA N UK PD AFIHFH 1K)
HETT, MRINLAIEN GS Thig. 87 S50 HIBERGCERER I T Al ATI& 48[ 7] [8].

2. BERBRZNE N RHERWER
2.1. REHBRENGHSINRERIR

GS R RGN 7 SRS SACH RS BRI R EE R, F % PVS. BIRR4A L
JKIEIE 4 (AQP4A) F i itk L 3L [FI R [ 9] CSF v ik Al [l () Bk A 525, £ AQP4 /13 T 5[]
JRBSE) S e, 185 AR PR AP0 2 Mk J) L T 52 o o bk E e B I Y SR A4 5 1 07 B DR A 35 I A O
BAGRE[10]o GS IEH IBF AR e MR 4540 5 WM B0 0 2 0KE) AT — 37 2 5 0] S BUR RACR T R
2.2. AQP4 K EFLEE R AARAST HM BB R G RIS

AQP4 RS ERIE T BV AN 2 L I 2l o IR P 0 AT, 2 UKE)) CSF-ISF 5 A # ) < i 7y
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Fl11]. BIER AL L 55 N AQP4 W IEH & GS KIFEThAE I E B ATHE, AQP4 FKiA T FFEik
Jen] B S BOA R iE 5 R YTERRFERS[12]. PD NN a-Syn S BEM Hi45 E IR R4, B3R AQP4
e A, HIF9SSMRETERRAE ST, TR “ B AU —IG RS —3E— D Ui B MEEER, A ki
5i[13].

2.3. BIBKIEHEENR KM E R EHIRNT

KA EHES) CSF iy PVS B F 2377, #zhsm B~ BHPEK GS TR 14]. i/
Wi MR B R B0 /0 2 e Tk — 2B B 3530 78R 5h, Il GS DhRedi [ 15]. PD & A b v 1
U, DARIRE DG DX VE N R S H ks, AR TR R CTE R, (R BRI IIE A k)
ZEIR[16],

2.4. BRI RHE ARG MR

HENRAZ Y 12 GS T RE A B AL BH R 3R, 1 e IR BRI A A B A5 AR 200 S 2 T 17 o BRI L
Fi Bt R P R 2 BERRAT 9 It (RBD) = R filiF R Ihae, (et & QUTR S RAE[18]. PD SR ik
MRFERG A A, BEIR ST M 5 GS ThEe TR UM, @rrdt— P in s F R & ([19].

3. BEHB RS PD INFISE P RHIEIERG

GS Thfekatgisid 2 KM 5 PD WAIHE: RG2S E a-Syn. AB. BEER L Tau SEEN A
SR X S R, Bl RANE IR S R AT REFEAS[20]; AR R B RS /N SR RS R AR RE
JOE N T — IR GS G5 5ThEE[21]; GS BEATEI K PVS ¥k RS BB IR B2 DA R DG I 4 1
W, MEER S R TR AR T BE[22] 5 (L5 B e 32 P 603 5 i o) BBl /K ek o S VR B BA B, T
BCBPEIERR, BN ThEE AT T R [23].

4. MRI & R B RGN FTEXZ R ERSYREE PD AFERPHNHARHR
4.1. XTEEIESE MRI

ShASX 58 MR (DCE-MRI) A] 7~ 5% EUFFIZE CSF AG@ s A5 515 RR, BV GS 51 515
BRINAE[24]. BEWN A2 0T B BN BRI TR BNEAR N R0, F Ik h 20 50 e 4, ][] S e o ke 2 51 9
R#[25]. Ding 0TI, PD AN R 22 i 52 o3 20 ik Jo] PRl B 6 i 4 DX mT L e sk, B3R AN L 7]
THRRR, BEEAESE GS 512400 PD I\ A4 3 1) B B H LA 26]; He SN MAT FIESE, FiK
PEPD HBE BT SR TR, HIEMES MoCA WA R IEAHX, 3R GS IEMACE T AR ] B
SR PD AN EFEE[27]. 1%E AR B AT 2 H TS50 78 SO0 A bR S 5IE[28] .

4.2. DTI-ALPS A

DTI-ALPS JEIAG I PVS J7 7K 7> T4 HUR 15 ALPS $840, $EE0HICIR /R 28k L5 FR T RE R 22 [ 29] .
ZEARTLFTXI R ATEE ML, 5 DCE-MRI 45 R — 81 =[30]. PD R T, o-Syn 7% TR 240
15 BT R AN 28 2 IR AQP4 WME o AT, idE 1T S PVS W 4544 5 U3 715 5085, FR#I/K 0 FIF
PVS I5E M98, AR ALPS $8ERK, X —BUB 5 IR R4 15 BLH Gk . Wood S Bl U 0 78 K
B, PD-MCI 3 ALPS 5¥UEZ K TIANMIES PD B3, ESLK ALPS 5 H7 7 PD AN EEB X
[:[31]; Mao S AT FEIESE, BERE NI E K PD B ALPS Fe 842 p4 1%, H 5 A 4ese %~
FEAHOG, $E7n ALPS T4 Bl i ik (s 454/ 5 PD N5 [32]; Tian EWF 50 K3, & BMIPD &

e
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# ALPS #6830, HE5EIEIR. AR E B AAE5E[33]; Bae S5 FUUESE, ALPS #8415 MoCA . MMSE
PR R IEMZE, FIEN PD AANE/K TR B4k e br[34]. Kk, DTI-ALPS 72 H 87 PD A %nfEhS i B
e . ATRRE EAL GS THAEH B I Mol Jn 4 TR FE 1A% O LB AR 24 48 s .

4.3. BKEEMETR

fik4 M(CP)Z 5 CSF AR5, AU KIR CSF 16 &ELS GS IERRIIAE R H[35]. MRI
A BN/ A EINE CP AR, HRAEREE. EEMELF(36]. PD A IS #h 48 5 A -5 i I 48 20 9k 55
SR MAREE I AR RE K, S8 CSF AR5 51 R A, b — 2B B2k 2 R G0 s R e ls, Tk
“Jik 4 IS -CSF B 1253500 - RN E” (i ibim . Wang 2050 R I, PD NIl 3 CP 251
BERTINVAIERE, BHEWEMPS 25K, 28 CP AT K2 PD A AR F i H L AR E[37]:
Li SWFFIESE, CP AR XGEHE GS GBIy e A {5 52k, Ik PD A iR HEFE(38];
Tu ZEHF AR, &I HEIRFEIG ) PD B3 CP A4S K5 ALPS $REFCHAE, 7R CP @it GS |
¥ 25 PD VAR E([39]. Rk, Wkes NEFRWE B CSF 8 )% # %5 GS ThReZ . APl PD
W5 0 A Bh A5 M AR B

4.4. ME A BB

PVS 72 GS 1% U ifiEE, Hy KR(EPVS) 2 GS U Re RS (1) 5 B 45 1 M2 G hr . [40] . FL T X EPVS
5 PD INAHR ER RN EYI[41]. 16 PD JRBEEFRET, o-Syn FH RESE LR IORER NI E PVS
AN, WK PVS BIIER IEIE DI SR 50, SEGURIEY K k)5 PVS #—BH
TR A e 5 R DIE KR, B EIAE S E B I B R 5 & e B . Donahue S5/ 5T & B, PD M35 5k
JEHT EPVS £ 5iARIVE o 2 SAAHOG, UESE EPVS 7 fur TH i v T PD N ATEEIR[42]; Park S5 AR FTIE
52, LT EPVS J2 PD INFIDIRE N BRI AL fE K K 3 [43]: Foreman S5/ 0 K3, BT PVS Ffif IH i
FELYE PD HEI). PATTIREIEARDG, B WENIEER T [44]; Chen SERFFCUESE, & FRM/IN L5 1)
PD £5 EPVS ¥k RE, SAdif. WHIRFWEME45]. Fik, PVS AL BB GS
SER SRR, TERRRE PD DN I 45 M A S O RN 3R RGO T B A B s ME -

4.5. BRKERE

H KRG R T 8k & DTI 70 3 B K S 4 6K 1E S, BHKS I @R ISF #HE, (A RBEGS
TERIERS[46]. SBARRIT A TS K i e FE AU [47]. PD SN E R AERS, GS ERRIIAEA 22 S8
JRRS TR VEARY = M LE TS PO B R R RIOK I s SX PR AL R 2 R K A T RICREE
RN E AR BTE R, BETBEIR A KIRE 5 (5 27 4R B 1 4540 5 Th RS %82 . Liguori 256 50K, PD ik
FNBERG R A E K B E TS, HS ALPS $830. W ENVE B AAUAEDE, $EoR E /K 0T R PD
IEHFRE D GS ThAE S A FUMEE W E % 48]: Lin Z50FAIESS, & JFREIRIE 2721 PD 3% A ik
SETEE, THUSHECRF. ALPS $850m . KNS, 878 E HH/KFRFR AT S PD K05 35 (1) ] 3 1tk
F53[49]; Wang S8 FE KB, R B /K& &S AT Sz R PD [a) MCI gk KU [50]. BRI, H i
K FIA NI PD AR 3KEL . GS 1 BR BRSO e 3 KUK U 18 2= F- B

4.6. gBOLD-CSF $8& 57

gBOLD {555 CSF it N IS & RE L R BAP 2235 3l - UARTE BRARIBOIRES, M & ol TR R GS
IETNRESZAA(S1]. PDRREH, M2 UM, BEPEE B EARER REMh 2 oAk RO U S i S, 2
Uh B FRAN AR B 9KE CSF 3R 7 A BRI G &, S EUN A 92 5 IR WIS BR AP, 845 a-Syn
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SRR ACVE RS B, HETI0 R EAE DG X Y D BE 4% . Han SERF SR I, PD &I INNREAS
gBOLD-CSF #i & REUEE K, H5WMREGJZ 255, INEIVES FREEDIANSE, $FERlaid@ah2 PD A
PAEMEZEIGENLH]; Zhang ZRFFCUESL, Bk PD BE MG AR TR IR, B 5 AR RS ™ 5 f2
S, $EonHEIR 2 ELE T AR IR PD IAFIRE[52]; Zeng S5 FTIESE, %IRRT H T PD F
INFI RS 73 2 [53]. BAth, gBOLD-CSF #& RET WAL - WARS) 1 %R & M BEVEAS GS W ThRE, 2
S PDRLIAOARR A5 T KU R Y D R AR 54

5. REERE
5.1. ARBE

GS THRERRAT & PD I\ ARG A A R R BA% OO ERMLA, MRI ZEBSHEAR T WEK Thie &3 )14 )2
HLEIPEiE GS 7% . DTI-ALPS. gBOLD-CSF #i4 . PVS. H H/K D $. Bk M2 K0t bb 1 5 il 1% 25
PREY, 4 PD NEIREAS ) BRI a3 E 5P iRt 7 B R S Ui AR R AR
BN REMAREAG— NBETIA L TR 7T sk = 55 in .

5.2. REKFESIEKREEL

KKRFIFREZ O KFEAR. PRitse, @bt GS AR FIGIR R, KE Al Highe&HAR,
PETHEAR T SR ST HE T . IRPRERALJZ T, DL GS NHE AT TSRS 7] A PD A A B SR 8 i va 7
Ml 1) AT, RAGBEARZE AL . MU A28l PRI R R R T s 42 . S AQP4
WePE . IR T, MG SR GS IEFRIAE, ZEZZ PD INFIFEIR[54]-[56]; 2) 29T, %L1 AQP4 %
PEORAR . ThEEHISET) . PR 2GW) AR S5 B M8 5 GS Thie, k> a-Syn SHMEAEM
[57]-[59]: 3) WEEF-T, oGy I SR S m e gk CSF 1B S5 MG R, o PD IAAIAH
KM X AR EE[60] [61]. ASCHTIRIEA] MRI AR B ATE MG RIREE B A DL DTI-ALPS #6840, H
KB LT RESEAR, DL PVS P40 BkE MERUNSEHTERR, LA gBOLD-CSF & i tebs, g
RSB RR, TR BWEA TR GS Ut R REE SIM AR SUR, 4R m . %
R SAS, ) PD AR RS HE 97 76 5 i PRAR B8 1 T H R BEARHE L RS 5 S HF[62]-[64] 6
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