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[Abstract] The cerebral glymphatic system is the main pathway for the metabolic clearance of waste from brain tissue
which is related to a variety of neurodegenerative diseases. As a non-invasive imaging technique the newly developed Diffu—
sion tensor imaging analysis of perivascular space ( DTI-ALPS) has attracted more and more clinical attention as a non-invasive
imaging technique that can evaluate the function of the human glymphatic system by quantifying the water diffusion rate along
the perivascular channel. This article reviews the application progress and mechanism of DTI-ALPS in neurological diseases
and further puts forward the limitations of DTI-ALPS in the research of central nervous system diseases so as to provide a new
direction for the in-depth study of glymphatic neurological diseases.

[Key words] Glymphatic system; Neurological disorders; Image analysis of diffusion tensor along the perivascular

space; Perivascular space

( glymphatic system GS) 2012

( diffusion tensor imaging analysis of perivascular space

e GS DTI-ALPS) ( PVS)
2
S ( NPH) ALPS
GS ’
( GBCA) ( cerebrospinal flu— T, ALPS
id CSF) CSF ( ISF) ALPS
4 8
>1.0 mmol/kg DTI-ALPS

GBCA
>, 2017 Taoka ° DTI-ALPS



2024 4 23 4 Chin J Diffic and Compl Cas April 2024 Vol.23 No.4 * 497 -
o DTI-ALPS AD
DTI-ALPS o ALPS
AD
o o AD
1 o
GS 3.2 DTI-ALPS
4 ( aquaporin 4 o
AQP4)
. GS AB 1
B- ( amyloid B-protein
AB) .tau Nl ( o synuclein « syn) . ",
0 DTI-ALPS
N N N o Siow "
N 0 DTI-ALPS
o DTI-ALPS
2 DTI-ALPS .S (idio—
GS MR N pathic rapid eye movement sleep behaviour disorder iRBD)
DTI-ALPS DTI-ALPS
o Lee " DTI-ALPS iRBD
o Gumeler "
1 (NTI1) DTI-ALPS
NT1
o 2
GS o o
3.3 DTI-ALPS ( Parkinson’ s
3 disease PD) a-
19 R
° PD
3  DTI-ALPS AQP4 a-syn
3.1 DTIALPS AQP4 a-syn * . Mcknight *
( Alzheimer’ s disease AD) a-syn PD a-syn
ALPS PD ALPS
10 PD
B(AB) a-syn o
o, PD ( EPVS)
AB o AD a-syn AQP4
tau 2, Ma * PD
o o ALPS o PD ALPS
DTI-ALPS ( MMSE) \EPVS
Ota DTI-ALPS AB tau a-syn
/ ( SUVR) PVS o Gu
# PD DTI-ALPS
. Hsu " ALPS PET ABstau  Shen 7 PD DTI-ALPS PVS
AB  tau PET AD DTI-ALPS EPVS



* 498 - 2024

23

4 Chin J Diffic and Compl Cas April 2024 Vol.23 No.4

PD
. Chen % DTI-
ALPS PD
DTI-ALPS

DNA PD

DTI-ALPS N N

PD o DTI-ALPS PD

o

3.4 DTI-ALPS

CSF
( TLE)

DTI-ALPS

ALPS
3.5 DTI-ALPS

GS o

DTI-ALPS
. Li *
( ASD) DTI-ALPS ASD

o Cacciaguerra DTI-
ALPS
PVS DTI-ALPS o

DTI-ALPS

o

~

DTI-ALPS

DTI-ALPS GS *,
JAD .

( TBI)

=, Park %

DTI-ALPS TBI

TBI ALPS
DTI-ALPS DTI-ALPS
o DTI-ALPS TBI

GS

TBI o

DTI-ALPS

ALPS

ALPS

ALPS

DTI-ALPS DTI-

DTI-

(ROI)
. DTI-ALPS

DTI-ALPS
o DTI-ALPS
o DTI-

DTI-ALPS

~ °

Iliff J] Wang M Liao Y et al. A paravascular pathway facilitates CSF
flow through the brain parenchyma and the clearance of interstitial
solutes including amyloid B J . Sci Transl Med 2012 4( 147) :
147rall. DOL: 10. 1126 /scitranslmed. 3003748.

1liff JJ Wang M Zeppenfeld DM et al. Cerebral arterial pulsation
drives paravascular CSF-nterstitial fluid exchange in the murine
brain J .J Neurosci 2013 33(46) : 1819048199. DOL: 10. 1523/
jneurosci. 159243.2013.

Zhou Y Cai J Zhang W et al. Impairment of the glymphatic pathway
and putative meningeal lymphatic vessels in the aging human J .
Ann Neurol 2020 87( 3) :357369. DOI: 10. 1002 /ana. 25670.
Edeklev CS Halvorsen M Lovland G et al. Intrathecal use of gadobu—
trol for glymphatic MR imaging: Prospective safety study of 100 pa—
J . AJNR Am ] Neuroradiol 2019 40( 8) : 12574264. DOI:
10.3174/ajnr. A6136.

Patel M Atyani A Salameh JP et al. Safety of intrathecal administra—

tients

tion of gadolinium-based contrast agents: A systematic review and me—
ta-analysis ] . Radiology 2020 297( 1) :75-83. DOL: 10. 1148 /ra—
diol. 2020191373.

Taoka T Masutani Y Kawai H et al. Evaluation of glymphatic system
activity with the diffusion MR technique: diffusion tensor image analy—
sis along the perivascular space ( DTI-ALPS) in Alzheimers disease
J . Jpn J Radiol 2017 35(4):172478. DOL: 10. 1007/
5116040170617 -z.

cases

Yokota H Vijayasarathi A Cekic M et al. diagnostic performance of
glymphatic system evaluation using diffusion tensor imaging in idio—
J . Curr Gero-
1155/

pathic normal pressure hydrocephalus and mimickers

ntol Geriatr Res 2019 2019: 5675014. DOIL 10.
2019/5675014.

Zhang W Zhou Y Wang J et al. Glymphatic clearance function in
patients with cerebral small vessel disease J . Neuroimage 2021
238:118257. DOI: 10. 1016/j. neuroimage. 2021. 118257.

Chachaj A Gasiorowski K Szuba A et al. The lymphatic system in



2024 4 23 4

Chin ] Diffic and Compl Cas April 2024 Vol.23 No.4

- 499 -

11

12

13

14

15

16

17

18

19

20

21

22

23

the brain clearance mechanisms-new therapeutic perspectives for
alzheimers disease J . Curr Neuropharmacol 2023 21( 2) : 380-
391. DOL: 10.2174/1570159x20666220411091332.

Ow SY Dunstan DE. A brief overview of amyloids and Alzheimers dis—
ease J .Protein Sci 2014 23( 10) : 13154331. DOL: 10. 1002/ pro. 2524.
Matsuda H Shigemoto Y Sato N. Neuroimaging of Alzheimer’s dis—
ease: Focus on amyloid and tau PET J . Jpn J Radiol 2019 37
(11) : 735749. DOL: 10. 1007 /s11604-019-00867 7.

Ota M Sato N Nakaya M et al. Relationships between the deposition
of amyloid-3 and tau protein and glymphatic system activity in Alzhe—
imer§ disease: Diffusion tensor image study J .J Alzheimers Dis
2022 90( 1) :295-303. DOI: 10. 3233 /jad220534.

Hsu JL Wei YC Toh CH et al. Magnetic resonance images implicate
that glymphatic alterations mediate cognitive dysfunction in Alzheimer
disease J . Ann Neurol 2023 93( 1): 164474. DOI: 10. 1002/
ana. 26516.

Xie L Kang H Xu Q et al. Sleep drives metabolite clearance from
the adult brain J . Science 2013 342( 6156) : 373377. DOLI: 10.
1126 /science. 1241224,

Siow TY Toh CH Hsu JL et al. Association of sleep neuropsycholog—
ical performance and gray matter volume with glymphatic function in
community-dwelling older adults J . Neurology 2022 98( 8) : e829-
€838. DOL: 10. 1212 /wnl. 0000000000013215.

Si X GuoT Wang Z et al. Neuroimaging evidence of glymphatic sys—
tem dysfunction in possible REM sleep behavior disorder and Parkin—
J . NPJ Parkinsons Dis 2022 8( 1) : 54. DOL: 10.
1038 /s41531-022-003169.

Lee DA Lee HJ Park KM. Glymphatic dysfunction in isolated REM
sleep behavior disorder J . Acta Neurol Scand 2022 145(4) :464-
470. DOLI: 10. 1111 /ane. 13573.

son§ disease

Gumeler E Aygun E Tezer FI et al. Assessment of glymphatic func—
tion in narcolepsy using DTI-ALPS index ] . Sleep Med 2023
101:522-527. DOI: 10. 1016/]. sleep. 2022. 12. 002.
Luk KC Kehm V Carroll J et al. Pathological a-synuclein transmis—
sion initiates Parkinsondike neurodegeneration in nontransgenic mice
J . Science 2012 338 ( 6109): 949-953. DOI: 10. 1126/
science. 1227157.
Zou W Pu T Feng W et al. Blocking meningeal lymphatic drainage
aggravates Parkinsons diseasedike pathology in mice overexpressing
mutated a-synuclein ] . Transl Neurodegener 2019 8:7. DOI: 10.
1186/s40035-019-0147 .
Mcknight CD Trujillo P Lopez AM et al. Diffusion along perivascu—
lar spaces reveals evidence supportive of glymphatic function impair—
ment in Parkinson disease ] . Parkinsonism Relat Disord 2021 89:

98-404. DOI: 10. 1016 /j. parkreldis. 2021. 06. 004.

J.
2022 48( 1) :2127. DOL: 10.3969/j. issn. 1002-0152.2022. 01. 004.
Ma X Li S Li C et al. Diffusion tensor imaging along the perivascu—
lar space index in different stages of Parkinsons disease J . Front

Aging Neurosci 2021 13: 773951. DOI: 10. 3389/fnagi.

24

25

26

27

28

29

30

31

32

34

35

36

2021.773951.
Gu L Dai S Guo T et al. Noninvasive neuroimaging provides evi—
dence for deterioration of the glymphatic system in Parkinsons disease
relative to essential tremor J . Parkinsonism Relat Disord 2023
107: 105254. DOL: 10. 1016 /j. parkreldis. 2022. 105254.
Shen T Yue Y Ba F et al. Diffusion along perivascular spaces as
marker for impairment of glymphatic system in Parkinson’s disease

J . NPJ Parkinsons Dis 2022 8( 1) : 174. DOL: 10. 1038 /s41531—
022-004374.
Chen HL Chen PC Lu CH et al. Associations among cognitive func—
tions plasma DNA and diffusion tensor image along the perivascular
space ( DTI-ALPS) in patients with Parkinsons disease J . Oxid
Med Cell Longev 2021 2021: 4034509. DOL 10. 1155/
2021/4034509.
Rabinovitch A Aviram I Biton Y et al. Explaining recent postictal
epilepsy EEG results by the Gdymphatic clearance hypothesis ] .
Med Hypotheses 2020 137: 109600. DOL: 10. 1016/j. mehy.
2020. 109600
Kim J Lee DA Lee HJ et al. Glymphatic system dysfunction in pa—
tients with occipital lobe epilepsy J . J Neuroimaging 2023 33
(3) :455461. DOI: 10. 1111 /jon. 13083.
Lee DA Lee J Park KM. Glymphatic system impairment in patients
with status epilepticus J . Neuroradiology 2022 64 ( 12): 2335-
2342. DOI: 10. 1007 /s00234-022-03018 4.
Lee DA Park BS Ko J et al. Glymphatic system dysfunction in tem—
poral lobe epilepsy patients with hippocampal sclerosis J . Epilepsia
Open 2022 7(2) :306314. DOI: 10. 1002 /epi4. 12594.
Lee H] Lee DA Shin K] et al. Glymphatic system dysfunction in pa—
tients with juvenile myoclonic epilepsy J .J Neurol 2022 269(4) :
2133-2139. DOI: 10. 1007 /s00415-02140799-w.
Li X Ruan C Zibrila Al et al. Children with autism spectrum disor—
der present glymphatic system dysfunction evidenced by diffusion ten—
sor imaging along the perivascular space ] . Medicine ( Baltimore)
2022 101(48) : €32061. DOI: 10. 1097 /md. 0000000000032061.
Cacciaguerra L. Carotenuto A Pagani E et al. Magnetic resonance
imaging evaluation of perivascular space abnormalities in neuromyeli—
tis optica J . Ann Neurol 2022 92( 2):173483. DOI: 10. 1002/
ana. 26419.
Bae YJ Choi BS Kim JM et al. Altered glymphatic system in idio—
pathic normal pressure hydrocephalus J . Parkinsonism Relat Dis—
ord 2021 82:56-60. DOL: 10. 1016 /j. parkreldis. 2020. 11. 009.
1liff JJ Chen MJ Plog BA et al. Impairment of glymphatic pathway
function promotes tau pathology after traumatic brain injury J .J
Neurosci 2014 34 (49) : 1618046193. DOI: 10. 1523 /jneurosci.
3020-44.2014.
Park JH Bae YJ Kim JS et al. Glymphatic system evaluation using
diffusion tensor imaging in patients with traumatic brain injury J .
Neuroradiology 2023 65( 3) : 551-557. DOI: 10. 1007 /s00234-022-
03073 .

( 12023 -11 -21)



