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Cerebral amyloid angiopathy

• 1909 - Oppenheim
• Metachromasia

• 1910 - Fischer
• 1927 – Divry

• Congo red

Fischer O. Die presbyophrene Demenz, deren 
anatomische Grundlage und klinische Abgrenzung. Z 
ges Neurol Psychiat 1910; 3: 371–471.

Goedert M. Brain 2009;132(Pt 4):1102-11. DOI: 
10.1093/brain/awn256.



• Gellerstadt, 1933
• “perivascular plaque deposition 

in the occipital cortex”

Gellerstedt N. Zur Kenntnis der hirnveranderungen bei der 
normalen altersinvolution. Uppsala: Almqvist & Wiksells 
Boktryckeri-A.-. 1933.



Attems, J Acta Neuropathol (2005) 110: 345–359
DOI 10.1007/s00401-005-1074-9



Vessels affected by CAA 

• Arteries
• Arterioles 
• Capillaries
• Venules
• Veins



Scholz W. Studien zur Pathologie der Hirngefasse 11. Die dru-sige 
Entartung der Hirnarterien und -capillaren. (Eine Form se-niler 
Gefisserkrankung). Z Gesamte Neurol Psychiatr 1938;162:694-71

“drusige Entartung”

“Glandular degeneration”



Dyshoric angiopathy – 4G8



Dyshoric angiopathy – AT8



Cerebral amyloid angiopathy – incidental, 50-year-old





• CAA-Type 1 - leptomeningeal and 
cortical arteries and veins, and 
capillaries

• APOE ε4
• Not APOE ε2
• “Dyshoric”

• CAA-Type 2 - leptomeningeal 
arteries and veins as well as in 
cortical arteries and veins

• APOE ε2
• Not APOE ε4



Capillary CAA and dementia?

• Boyle et al. Neurology® 
2015;85:1930–1936

• “The associations of CAA with 
cognitive outcomes were not 
driven by the presence of 
capillary involvement”



Capillary cerebral amyloid angiopathy – 84-
year-old with dementia (no neuritic plaques)



Prevalence of CAA in Alzheimer’s disease

• Moderate to severe CAA in AD
• 48 % if based on pathology
• 22% if based on lobar 

microbleeds (MRI)

• Moderate to severe CAA in 
elderly general population

• 23%



Prevalence of CAA in Alzheimer’s disease

• Any CAA?
• “At least a minimal degree of 

amyloid angiopathy was found in 
every brain showing 
histopathological abnormalities 
of AD.” 
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From: Clinical Predictors of Severe Cerebral Amyloid Angiopathy and Influence of APOE Genotype in Persons 

With Pathologically Verified Alzheimer Disease

JAMA Neurol. 2014;71(7):878-883. doi:10.1001/jamaneurol.2014.681

(AD patients with “severe CAA”)



Definite – post-mortem examination
Probable – Clinical data and pathologic tissue
Probable – Clinical data and MRI (lobar hemorrhagic lesions) 





Active vaccine Aβ IHC



Active vaccine Tau IHC



CD3 IHC



Active vaccine Aβ IHC



Active vaccine Tau IHC
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Active vaccine Tau IHC



Active vaccine Aβ IHC



Active vaccine Tau IHC



Active vaccine Aβ IHC



Active vaccine Tau IHC



“Although at the time of entry of the trial all participants satisfied the 

criteria for mild/moderate dementia, 19/22 were assessed as having 

severe dementia prior to death (Table 1), notably including all five 

patients with near complete clearance of plaques from the brain”

Nicoll JAR, Buckland GR, Harrison CH, Page A, Harris S, Love S, Neal JW, Holmes C, Boche D: 
Persistent neuropathological effects 14 years following amyloid-beta immunization in 
Alzheimer's disease. Brain 2019, 142:2113-26.

…”the cognitive function of all the immunized AD patients had continued 

to decline and reached a terminal end stage dementia (MMSE = 0) prior 

to death. This includes two patients in whom there was virtually 

complete clearance of Aβ plaques from the brain”

Holmes C, Boche D, Wilkinson D, Yadegarfar G, Hopkins V, Bayer A, Jones RW, Bullock R, Love S, 
Neal JW, Zotova E, Nicoll JA: Long-term effects of Abeta42 immunisation in Alzheimer's disease: 
follow-up of a randomised, placebo-controlled phase I trial. Lancet 2008, 372:216-23.



MMSE = 14/30 at start
32 monthly doses
Last dose 4 months before death







4G8
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Middle frontal

Superior temporal



4G8 CD163





Solopova et al. Fatal iatrogenic cerebral β-amyloid-related 
arteritis in a woman treated with lecanemab for Alzheimer’s 
disease. Nature Communications 2023;14:8220, 1-8. 
https://doi.org/10.1038/s41467-023-43933-5

3 doses, identical 
vascular pathology









The relationship to dose level in the bapineuzumab studies suggests that ARIA may be related to
increased clearance of parenchymal plaque with transient increase in vascular amyloid. This
hypothesis is supported by the published autopsy results from the AN-1792 (active
immunization) trial [52, 53]. It remains unclear whether rapid movement of amyloid from
parenchymal plaques into perivascular space might result in a “drainage back up” leading to
excess fluid shifts. It is also possible that movement of amyloid into cerebral vessel walls
might result in increased vascular friability and increased permeability. This mechanism
might also relate to increased incident mH, if the vessel wall integrity is sufficiently
impaired to permit small amounts of red blood cell passage.



The persistence of amyloid in the walls of blood vessels (CAA), despite its removal from plaques, 
was also observed in studies of PDAPP mice4 . The vascular amyloid deposits, which comprise 
predominantly Aβ40 (unlike plaques, which are predominantly Aβ42), may be more stable, more 
rapidly replenished or less accessible, for example to Aβ-specific antibody or phagocytes4 . A 
further possibility is that efflux of Aβ from the brain through perivascular drainage pathways 
may be stimulated by the immunotherapy and contribute to CAA11. Whatever the mechanism, 
this relative persistence of vascular Aβ may be relevant to the observation that CAA-related 
hemorrhage in APP transgenic mice was increased by one Aβ-specific antibody12

Nature medicine 2003;9(4):448-452



Quantification of parenchymal Ab42 and 
vascular Ab42 in Alzheimer’s disease and 
immunized Alzheimer’s disease cases.The 
immunized Alzheimer’s disease group
shows a significantly lower load of 
parenchymal Ab42 (P = 0.020) and a 
significantly higher level of vascular Ab42 (P < 
0.001)

9 immunized, 11 controls



Vasculitis – say it 

• …a central role for cerebral 
amyloid angiopathy — a 
condition characterized by 
cerebrovascular Aβ deposits — 
as a key component, either as a 
direct target for antibody-
mediated inflammation or as 
recipient of Aβ mobilized from 
plaques in the Alzheimer brain 
parenchyma.





Conclusions

• Anti-Amyloid-β immunotherapy causes a necrotizing vasculitis
• Attacks insoluble amyloid-β

• Likely microglial and myeloid clearance mechanisms

• Necrotizing vasculitis likely comprises the substrate for “ARIA” in 
most cases

• The notion of “perivascular clearance” of amyloid-β as the basis for 
“ARIA” should be retired 

• Should tPA be an absolute contraindication?
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