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Cerebral small vessel disease (CSVD) includes vascular lesions detected on brain MRI, such as
white matter hyperintensities, lacunar infarctions, microbleeds, or enlarged perivascular spaces.
There is accumulating evidence that vascular changes may play an important role in develop-
ment of Alzheimer’s disease (AD), and CSVD lesions detected on brain MRI were reported to be
associated with B-amyloid and tau proteins accumulation. As the vascular contribution has
therapeutic potential, it is important to understand the association of CSVD with AD and AD bio-
markers. This review begins with a brief introduction of AD and AD biomarkers, explains the as-
sociation between AD and vascular changes, and then details the pathogenesis and MR imaging
findings of CSVD. Afterwards, we discuss the association of CSVD with AD and AD biomarkers.
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Fig. 1. Key constituents of the vascular-glio-neuronal unit and possible entry points for disease mechanisms in cerebral small vessel disease.
Adapted from Wardlaw et al. Lancet Neurol 2019;18:684-696, with permission of Elsevier (4).
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o3t #el S sk R HhH, Shams 5(63)2 CMB7} B2 d=stolniol 4 CMB7}
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Table 1. Association of WMH with AD Risk and Ap and Tau Biomarkers

Biomarker WMH Relationship Author Year Reference
AD risk Yes Kuller et al. 2003 (37
Yes Hertze et al. 2013 (48)
Yes Brickman et al. 2015 (113)
Yes Lindemer et al. 2015 (45)
Yes Tosto et al. 2015 (43)
Yes Yeetal. 2019 (38)
E\\:VV:\I/IM i:i* Kim et al. 2015 (44)
Yes* Nolze-Charret al. 2015 (46)
No Meguro et al. 2007 (41)
No Rosano et al. 2007 (40)
No Tapiolaetal. 2008 (49)
No Staekenborg et al. 2009 (50)
No Eckerstrom et al. 2015 (47)
No Miwa et al. 2016 (39)
AD biomarker AB CSF AB40, AB42 Negative van Westen et al. 2016 (65)
AR42 Negative Al-Janabi et al. 2018 (62)
AR42 Negative Wei et al. 2019 (64)
AR42 Negative Shams et al. 2016 (63)
AB42 Negative Hoy et al. 2017 (114)
AB42 Negative Weaver et al. 2019 (61)
AB42 No Walsh et al. 2020 (74)
AB42 No Loetal. 2012 (67)
AR42 No Kester et al. 2014 (66)
AR42 No Nolze-Charron et al. 2015 (46)
AR42 No Soldanetal. 2020 (68)
PET Cortical AR Positive Grimmer et al. 2012 (69)
Cortical AR Positive Glodzik et al. 2014 (60)
Cortical AR Positive Zhou et al. 2015 (56)
Cortical AR Positive Kandel et al. 2016 (55)
Cortical AR Positive van Westen et al. 2016 (65)
Cortical AR Positive Yietal. 2018 (57)
Cortical AR Positive Graff-Radford et al. 2019 (59)
Cortical AR Positive Caballero et al. 2020 (58)
Cortical AR Positive Moscoso et al. 2020 (70)
Tau CSF t-tau Significant? Tosto et al. 2015 (43)
t-tau/p-tau Negative Goos et al. 2009 (75)
p-tau Negative Hertze et al. 2013 (48)
p-tau No Kester et al. 2014 (66)
p-tau No Weaver et al. 2019 (61)
p-tau No Soldan et al. 2020 (68)
t-tau No Nolze-Charron et al. 2015 (46)
t-tau/p-tau No Stefani et al. 2005 (72)
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Table 1. Association of WMH with AD Risk and AR and Tau Biomarkers (Continued)

Biomarker WMH Relationship Author Year Reference
t-tau/p-tau No Jonsson et al. 2010 (73)
t-tau/p-tau No Walsh et al. 2020 (74)
PET Cortical p-tau Positive McAleese et al. 2015 (76)
Cortical tau No Graff-Radford et al. 2019 (59)

*Decreased risk of AD.

WMH predict the increase in CSF tau over time, but not vice versa.

AD = Alzheimer’s disease, AP = beta-amyloid peptide, CSF = cerebrospinal fluid, DWM = deep white matter, PVWM = periventricular white mat-
ter, WMH = white matter hyperintensity

Table 2. Association of CMB with AD Risk and AR and Tau Biomarkers

Biomarker CMB Relationship Author Year Reference
AD risk No Staekenborg et al. 2009 (50)
No Miwa et al. 2014 (81)
No Akoudad et al. 2016 (80)
AD biomarker AB CSF AR42 Negative Goos et al. 2009 (75)
AR42 Negative Goos et al. 2012 (82)
AR42 Negative van der Vlies et al. 2012 (88)
AR42 Negative Kester et al. 2014 (66)
AB42 Negative Shams et al. 2016 (63)
AR40, AB42 gz:;cfrl‘;:tzcnzz'j Ezgat've Noguchi-Shinoharaetal. 2017 (29)
QE Ilszzzrinfratentorial Ezgatlve Chiang etal. 2015 ®3)
2?3 II;c:et;a:)rinfratentorial Essgii;c\ll\;e Shamsetal. 2017 (®9)
AR42 No Mendes et al. 2018 (115)
AB Deep No Zhou et al. 2015 (56)
PET Cortical AR Positive Kantarci et al. 2013 (84)
Cortical AR Parietal lobe Positive Limetal. 2020 (85)
Cortical AR All, frontal lobe Positive Rauchmann et al. 2020 (86)
Tau CSF t-tau No Kester et al. 2014 (66)
- Lobar Abnormal*
E—::E DC;Z?), infratentorial NIZ o Chiang etal. 2015 ®3)
p-tau No Mendes et al. 2018 (115)
t-tau/p-tau Lobar Positive Goos et al. 2012 (82)
t-tau/p-tau No van der Vlies et al. 2012 (88)
t-tau/p-tau Negative Shams et al. 2016 (116)
t-tau/p-tau Lobar No
p—tau/ ’ Deep, infratentorial Negative Shamsetal. 2017 (69)
PET Cortical tau Positive Rauchmann et al. 2020 (86)

*There was a significant association with the abnormal CSF p-tau level only when there was one lobar CMB.
AD = Alzheimer’s disease, AP = beta-amyloid peptide, CMB = cerebral microbleed, CSF = cerebrospinal fluid
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Fig. 2. Fazekas scale for WMH grading on FLAIR images.

A. Grade 1 PVWML.

B. Grade 2 PVWML.

C. Grade 3 PVWML.

D. Grade 1 DWML.

E. Grade 2 DWML.

F. Grade 3 DWML.

DWML = deep white matter lesion, FLAIR = fluid attenuated inversion recovery, PVWML = periventricular white matter lesion, WMH = white
matter hyperintensity
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Fig. 3. Magnified view of CMB (A, B) and PVS (C, D).

A. Lobar CMB (arrows) on SWI.

B. Deep CMB (arrows) on SWI.

C. PVS (arrowhead) and lacune (arrow) on T2 weighted image.

D. PVS (arrowhead) and lacune (arrow) on FLAIR image.

CMB = cerebral microbleed, FLAIR = fluid attenuated inversion recovery, PVS = perivascular space, SWI =
susceptibility weighted image
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Fig. 4. Magnified view of EPVS grading scale on T2-weighted image.

A. Grade 1: 1-10 EPVS in CSO.

B. Grade 2: 11-20 EPVS in CSO.

C. Grade 3:21-40 EPVS in CSO.

D. Grade 4: = 40 EPVS in CSO.

E.Grade 1: 1-10 EPVSin BG.

F.Grade 2: 11-20 EPVSin BG.

G. Grade 3:21-40 EPVS in BG.

H. Grade 4: = 40 EPVS in the BG.

BG = basal ganglia, CSO = centrum semiovale, EPVS = enlarged perivascular spaces
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