Supplementary Material 1: Systematic review of autopsy-based studies on cerebral amyloid angiopathy pathology with intracerebral haemorrhage
Pathological insights into cerebral amyloid angiopathy underlying intracerebral haemorrhage: population-based autopsy study

We did a systematic review of studies on the presence, severity, or distribution of cerebral amyloid angiopathy (CAA) pathology at autopsy in individuals with intracerebral haemorrhage (ICH) published in MEDLINE (from 1946 to Aug 1, 2025) and Embase (from 1974 to Aug 1, 2025) using comprehensive electronic search strategies combining terms for “(brain$ or cerebr$ or intracerebr$) AND (h?emorrhag$ or h?ematoma$)” and “(amyloid angiopath$ or vascular amyloidosis or amyloid beta or congo?red)” and “(patholog$ or post?mortem$ or autops$ or necrops$)”. We included 29 case series that enrolled >5 individuals with ICH, provided a clear histopathological definition for the presence of CAA, and described the prevalence, severity, or distribution of CAA at autopsy.
In summary, the main findings are (details in Table):
1. CAA pathology has been investigated in participants with ICH from hospital-based ICH cohorts, Alzheimer’s disease cohorts, and population-based autopsy series (e.g. ~30 participants with ICH among 1,000 elderly individuals), but not in population-based consecutive ICH cohorts.
2. A variety of grading and staging systems have been proposed to evaluate CAA pathology in ICH. Many of these rely primarily on the proportion or number of affected vessels within a cortical region, which limits their capacity to capture the global CAA pathology of different vessel types and CAA vasculopathy. Among them, the Vonsattel and Love scales are the most widely applied for grading both CAA severity and associated vasculopathy across different brain regions.
3. CAA is associated with lobar ICH. A few studies have confirmed the association of APOE ε2 or ε4 alleles with CAA-associated ICH and the comorbidity of arteriolosclerosis and CAA in ICH. However, it remains uncertain whether CAA associated with ICH exhibits a predominantly occipital distribution. Moreover, no study has directly examined whether CAA-associated ICH arises from more severe CAA pathology or vasculopathy within the ICH-affected region compared with other brain regions. 
4. Only one study has assessed the diagnostic accuracy of cortical biopsy for CAA, based on 28 simulated specimens from only two participants with CAA-associated ICH and without controls of non-CAA ICH. In that study, specificity was calculated as 100% minus the probability of encountering the same degree of CAA in brain tissue from the general elderly population.


Table. Design, pathological methods, and main findings of studies of CAA pathology with ICH at autopsy-based studies. Studies are in ascending chronological order by year of publication.
	Study
	Study design
	Cases
	Staining
	Definition of CAA presence
	CAA rating method
	Vessel types
	Brain regions
	Main findings about CAA pathology with ICH

	Gilles, 19841
	Hospital-based autopsies, Belgium
	6 CAA-ICH, mean age 69.5y
	Congo red
	Moderate-to-severe CAA
	Number of CAA-involved vessels (0–3)
	LM & IP
	Cerebral lobes, BG, brainstem, cerebellum
	CAA: mainly in meninges and cortex, but rare in white matter and deep regions.

	Ishii, 19842
	Hospital-based autopsies, Japan
	60 ICH, from 1080 autopsies
	Congo red
	Moderate-to-severe CAA
	None, mild, moderate, and severe (0-3)
	LM & IP
	Cerebral lobes, hippocampus, BG, brainstem, cerebellum, haematoma
	CAA prevalence: 11.7% (7/60) of ICH. 
CAA: mainly in meninges and cortex, involving media and adventitia, sparing endothelium within vessel wall.

	Cosgrove, 19853
	Hospital-based autopsies, Canada
	16 CAA-ICH from 24 autopsies of CAA, mean age 80y
	Congo red
	Amyloid+ vessels in ≥1 brain area
	CAA-involved vessels / total vessels (0–3), and number of involved lobes (0-3)
	LM & IP
	Cerebral lobes, hippocampus, BG, midbrain, cerebellum
	CAA severity: more extensive in CAA-ICH than non-ICH CAA.
ICH lesions: all in cortical and subcortical regions, most with SAH.
CAA Distribution: frontal > occipital > parietal > temporal > BG > cerebellum/brainstem.

	Masuda, 19884

	Community-based autopsies, Japan
	26 ICH (23 deep, 2 lobar, 1 cerebellar), from 400 autopsies
	Congo red
	Amyloid+ vessels ≥1%
	CAA-involved vessels / total vessels (0–4)
	IP
	Cerebral lobes, hippocampus, BG
	CAA prevalence: 11.5% (3/26) of ICH.
Only 1 cerebellar ICH was due to CAA.

	Vonsattel, 19915

	Hospital-based autopsies, USA
	17 CAA-ICH (15 autopsies, 2 biopsies, mean age 73.7y) vs. 66 general hospital patients aged >75y, 70 neuropsychiatric patients
	Congo red
	≥1 amyloid+ vessel
	Severity of amyloid deposition and vasculopathy (0-3)
	LM & IP
	Cerebral lobes, hippocampus, BG, cerebellum, brainstem
	CAA prevalence: 100% of CAA-ICH, 45% (30/66) of general hospital patients, 54% (38/70) of neuropsychiatric patients.
CAA distribution: frontal > parietal/occipital > temporal lobes.
CAA severity: more severe in ICH; fibrinoid necrosis observed only in ICH (12/17); microaneurysm observed only in severe CAA.

	Ishihara, 19916

	Hospital-based autopsies, Japan
	50 ICH (mean age 72y) vs. 56 cerebral infarction, 63 controls
	Congo red and IHC
	A few amyloid+ vessels after extensive search
	Number of CAA-involved vessels (0–3)
	NA
	Cerebral lobes, central grey matter, brainstem, cerebellum
	CAA prevalence: 75% (6/8) of pure lobar ICH, 27% (10/37) of pure deep ICH, 25% (14/56) of cerebral infarction, and 32% (20/63) of controls.

	Ng, 19917

	Hospital-based autopsies, China
	49 ICH vs. 210 randomly selected patients over 40y
	Congo red
	≥1 amyloid+ vessel
	Vinters scale8: number of CAA-involved vessels (0–3)
	LM & IP
	Hematoma
	CAA prevalence: 10% (21/210) of controls and 8.2% (4/49) of ICH.

	Yoshimura, 19929

	Hospital-based autopsies, Japan
	150 ICH, from 1700 autopsies, mean age 78.6y
	Congo red and IHC
	≥1 amyloid+ vessel
	NA
	NA
	Cerebral cortex, BG, thalamus, brainstem, cerebellum, haematoma
	CAA prevalence: 8.0% (12/150) of ICH, 21.1% (8/38) of lobar ICH.
CAA distribution: occipital (39%) > temporal (28%) > frontal (18%) > parietal (15%) lobes.
CAA vasculopathy: widespread in meningo-cortical regions of cerebrum and cerebellum.

	Yoshinori and Yamada, 199310, 11

	Hospital-based autopsies, Japan
	101 ICH, from 1000 autopsies, mean age 82.9y
	Congo red and IHC
	≥4/10 amyloid+ vessels and no other lesions
	CAA-involved vessels / total vessels
	LM & IP
	Cerebral lobes, cerebellum
	CAA prevalence: 10.9% of ICH (31% [9/29] of lobar ICH and 14.3% [2/14] of cerebellar ICH); with AS in 27.3% of CAA-ICH.
CAA distribution: temporal > frontal > occipital lobes.
CAA severity: moderate-to-severe CAA in LM and IP vessels.
All ICH lesions with SAH.

	Iwamoto, 199312
	NA, Japan
	17 ICH vs. 11 controls, mean age 76y
	Congo red
	Partial amyloid+ deposition
	CAA-involved vessels / total vessels, and degree of amyloid deposition (0-3)
	LM & IP
	Cerebral lobes, haematoma
	CAA prevalence and severity: higher in lobar ICH (52.2%) than in deep ICH (12.2%) and non-ICH group (17.9%).

	Greenberg, 199513
	Hospital-based autopsies, USA
	15 CAA-ICH (5 autopsies, 10 biopsies, 7 clinical diagnosis, mean age 77.1y) vs. 93 CAA autopsies
	Congo red
	Severe CAA, no other ICH cause.
	Vonsattel scale (0-3)5
	LM & IP
	Cerebral lobes, BG, cerebellum, brainstem
	CAA-ICH (n=15): higher APOE ε4 frequency of 0.40 vs 0.14 in controls, consistent after adjusting for AD pathology.

	Nicoll, 199714
	Multicentre, hospital-based autopsies, UK and USA
	36 CAA-ICH (33 autopsies and 3 biopsies, mean age 72y) vs. 61 AD and 43 elder controls
	IHC
	Abundant amyloid+ vessels, no other ICH cause.
	NA
	NA
	NA
	CAA-ICH: APOE ε2 frequency of 0.25, APOE ε4 of 0.18.
APOE ε4: higher in CAA-ICH with AD than those without (17 vs. 13); APOE ε2: higher in CAA-ICH regardless of AD than controls.

	Greenberg, 199715

	Hospital-based autopsies, USA
	7 CAA (2 mild CAA, 3 moderate-to-severe CAA without ICH, and 2 CAA-ICH) vs. 784 non-ICH autopsies
	Congo red and IHC
	Severe CAA and corticosubcortical ICH, no other ICH cause.
	Vonsattel scale (0-4)15
	LM & IP
	Cerebral lobes, cerebellum
	CAA severity: more severe in LM than IP vessels.
CAA distribution: occipital predominance in LM, not IP vessels.
Diagnostic accuracy of biopsy #: Vonsattel ≥1, 100% sensitivity, 95%-77% specificity with advancing age; Vonsattel ≥2: 93% sensitivity, 98%-88% specificity.
Fibrinoid necrosis: 46.4% (13/28) in CAA-ICH, 0% in mild CAA, 9.5% (4/42) in moderate-to-severe CAA without ICH.

	Fazekas, 199916

	Hospital-based autopsies, Austria
	11 ICH (7 lobar, 4 deep), mean age 72.2y
	Congo red
	Moderate-to-severe CAA
	Vonsattel scale (0-3)5
	NA
	NA
	Prevalence of CAA with vasculopathy: 18.2 % (2/11) of ICH.

	Knudsen, 200117

	Hospital-based autopsies, USA
	14 lobar ICH diagnosed with possible or probable CAA on the Boston criteria, mean age ~74y
	Congo red
	Complete amyloid replacement, vessel wall cracking, ≥1 paravascular haemorrhage focus, no other ICH cause.
	NA
	NA
	NA
	CAA prevalence: 100% (6/6) of probable CAA and 50% (4/8) of possible CAA.

	Xu, 200318
	Hospital-based autopsies, China
	65 ICH, from 362 autopsies of elderly adults
	Congo red and IHC
	≥1 amyloid+ vessel
	Number of CAA-involved vessels and number of involved lobes (0–3)
	LM & IP
	Cerebral lobes, subcortical white matter, cerebellum
	CAA prevalence: 32.3% (21/65) of ICH, 50% (2/4) of cerebellar ICH.
CAA was the cause for 16.9% (11/65) of ICH.

	Oide, 200319
	Hospital-based autopsies, Japan
	12 lobar ICH with proven CAA
	Congo red and IHC
	A few amyloid+ vessels after extensive search
	Number of CAA-involved vessels (0–3)
	LM & IP
	Cortical regions including the grey and white matter, away from hematoma
	CAA prevalence: 100% (12/12) of grey matter and 8.3% (1/12) of white matter. Senile plaques: 100% (12/12); neurofibrillary tangles: 50% (6/12);
AS: 16.7% (2/12).

	Takeda, 200320
	Hospital-based autopsies, Japan
	6 ICH with proven CAA, mean age 77.3y
	IHC
	Amyloid+ vessel
	Number of CAA-involved vessels
	LM & IP
	Cortex around haematoma
	CAA prevalence and severity: more extensive in LM than IP vessels.
All CAA-ICH had multiple SAHs.

	Ritter, 200521
	Hospital-based autopsies, Hungary
	64 ICH (24 lobar, 40 deep, mean age 69.3y) vs. 65 without ICH; all with HTN
	Congo red
	Congo-red-positive in the vessel wall
	Vonsattel scale (0-3)5
	LM & IP
	Cerebral lobes, BG, cerebellum, haematoma
	CAA prevalence: 23% (15/64) of ICH and 8% (5/65) of controls.
CAA was associated with lobar ICH.
CAA severity: similar in ICH vs. non-ICH.
CAA distribution: mainly in occipital and frontoparietal lobes; absent in BG, less in cerebellum (4/15).

	Jellinger, 200722
	Hospital-based autopsies, Austria
	60 ICH, from 1100 autopsies of elderly, mean age 79.1y
	IHC
	≥ scattered amyloid+ in vessels
	Olichney scale (0-4)23
	LM & IP
	Frontal and occipital lobes, hippocampus
	CAA prevalence: 50.6% (526/1041) without ICH and 42.4% (25/59) with ICH.
CAA severity: severe CAA in 20.2% (210/1041) without ICH and 33.9% (20/59) with ICH.
CAA distribution: occipital > frontal > parietal > temporal lobes.

	Attems, 200824

	Hospital-based autopsies, Austria
	115 ICH, from 2060 autopsies, mean age ~81y
	IHC
	≥ scattered amyloid+ in vessels
	Olichney scale23
	LM & IP
	Frontal and occipital lobes, hippocampus
	CAA prevalence: 49% (953/1945) without ICH, in 48.7% (56/115) with ICH.
CAA severity: severe CAA in 30.9% (290/953) without ICH, 80.4% (45/56) with ICH.

	Mendel, 201325, 26
	Hospital-based autopsies, Poland
	189 ICH, mean age 79.9y
	Congo red and IHC
	≥1 amyloid+ vessel
	Vonsattel and Mountjoy scales15, 27
	LM & IP, including vein
	NA
	CAA prevalence: 22% (42/189) of ICH.
CAA severity: Vonsattel scale, 10% mild, 14% moderate, 76% severe; Mountjoy scale, 5% grade 3, 95% grade 4.
AS: 14% grade 1, 49% grade 2, 20% grade 3, 17% grade 4.
78% (33/42) of CAA-ICH had amyloid+ veins.

	Charidimou, 201528
	Hospital-based autopsies/biopsies, USA
	105 CAA: 52 autopsies, 53 biopsies; 54 ICH, 51 non-ICH, mean age 72.7y
	Congo red and IHC
	≥1 amyloid+ vessel
	Vonsattel scale (0-4)15
	LM & IP, including vein
	NA
	CAA severity and vasculopathy: similar in CAA-ICH vs. non-ICH CAA.
Neuritic plaques without tangles: more frequent in CAA-ICH; neurofibrillary tangles were more frequent in non-ICH CAA.
APOE ε2: 48.7% in CAA-ICH vs. 21.4% in non-ICH CAA (P = 0.075). APOE ε4: 53.9% in CAA-ICH vs. 85.7% in non-ICH CAA (P = 0.035).

	De Reuck, 201629
	Hospital-based autopsies, France
	30 lobar ICH, from 252 autopsies, mean age 75.7y
	IHC
	Majority of amyloid+ vessels in ≥3/4 examined samples
	NA
	NA
	Cerebral lobes, hippocampus
	CAA prevalence: 56.7% (17/30) of lobar ICH.
CAA distribution: mainly parieto-occipital.
CAA-ICH had more severe white matter changes, cortical microinfarcts, and microbleeds than non-CAA ICH.

	Lauer, 201630
	Hospital-based autopsies, USA
	13 CAA-ICH, from 49 autopsies of CAA, mean age ~75y
	Congo red and IHC
	Vonsattel grade ≥2
	Vonsattel scale (0-4)15
	NA
	NA
	Presence of microinfarcts was associated with the presence of ICH in CAA.

	Guidoux, 201831
	Hospital-based autopsies, France
	81 ICH (51 deep, 30 lobar, median age 74y) vs. 59 controls
	Congo red and IHC
	Consus using qualitative quotation
	NA
	NA
	Cerebral lobes, cerebellum
	CAA prevalence: 24.7% (20/81) of ICH, 50.0% (15/30) of lobar ICH, 9.8% (5/51) of deep ICH.
HTN frequently coexists with CAA in ICH.

	Rodrigues, 201832
	Community-based autopsies, UK
	110 first-ever ICH (62 lobar, 48 non-lobar), median age 83y *
	IHC
	Moderate-to-severe parenchymal CAA
	Love scale33
	LM & IP, including capillary
	Cerebral lobes, cerebellum
	CAA prevalence: 58% (36/62) of lobar ICH and 12.5% (6/48) of non-lobar ICH.
Development and internal validation of the Edinburgh CT and genetic criteria for CAA-ICH.

	Charidimou, 202234
	Hospital-based autopsies, North America and Europe
	75 ICH, median age ~70y
	IHC
	Vonsattel grade ≥2
	Vonsattel scale (0-4)15
	NA
	NA
	The derivation of the Boston criteria v2.0 for CAA.

	Jolink, 202335
	Hospital-based autopsies, Netherlands
	20 ICH, mean age at death 77y
	Congo red and IHC
	Vonsattel grade ≥2
	Vonsattel scale (0-4)15
	IP, including capillary
	Cortex
	Lobar ICH (n=9): 6 pure CAA, 1 hereditary CAA, 1 both CAA and other SVD, 1 neither.
Non-lobar ICH (n=11): 5 pure other SVD, 2 both CAA and other SVD, 4 other causes.
Microinfarcts and microbleeds: more often in superficial cortex of lobar ICH and in deep cortex of non-lobar ICH.
CAA severity: a trend toward more severe CAA in lobar ICH; other pathology features similar.


#In the study by Greenberg et al, sensitivity was calculated as the likelihood of finding a given degree of CAA in specimens taken from brain with CAA-related haemorrhage, and specificity was calculated as 100% minus the percent likelihood of encountering that degree of CAA in a brain sample from the general elderly population.15
*Of the 162 participants in our study, 110 overlapped with this cohort.
CAA, cerebral amyloid angiopathy; ICH, intracerebral haemorrhage; IHC, immunohistochemical staining; LM, leptomeningeal; IP, intraparenchymal; amyloid+, amyloid positive; BG, basal ganglia; NA, not available; SAH, subarachnoid haemorrhage; AS, arteriolosclerosis; HTN, hypertension.
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