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Disclosures  



CAA: the big picture! 



Prevalence: sporadic CAA  

J Neurol Neurosurg Psychiatry. 2012 Feb;83(2):124-37. 

Stroke. 1997;28:1418–1422 



Common clinical features of lobar ICH (CAA often presents with lobar ICH) 

Lobar ICH All ICH 

Headache  46-72 33-61 

Seizure  Upto 28 6-33 

Coma  0.4-19 18-24 

Stroke: Pathophysiology, Diagnosis, and Management; Grotta JC et al. 6th edition  



Transient symptoms  



Why criteria?  

Transient symptoms  

Over a median period of 14 months, 

50% of TFNE patients had symptomatic 

lobar ICH. The meta-analysis showed a 

risk of symptomatic ICH after TFNE of 

24.5% (95% confidence interval, 15.8%-

36.9%) at 8 weeks, related neither to 

clinical features nor to previous 

symptomatic ICH. 



Why criteria?  



More evidence  

The annual recurrent ICH risk was higher in CAA-

related ICH vs CAA-unrelated ICH (7.4%, 95% 

confidence interval [CI] 3.2-12.6 vs 1.1%, 95% CI 

0.5-1.7 per year, respectively; p = 0.01). 

In CAA-related ICH, multiple baseline CMBs (versus none) were 

associated with ICH recurrence during follow-up (range 1-3 years): 

OR 3.1 (95% CI 1.4-6.8; p = 0.006), 4.3 (95% CI 1.8-10.3; p = 

0.001), and 3.4 (95% CI 1.4-8.3; p = 0.007) for 2-4, 5-10, and >10 

CMBs, respectively. In CAA-unrelated ICH, only >10 CMBs (versus 

none) were associated with recurrent ICH (OR 5.6, 95% CI 2.1-15; p 

= 0.001). The presence of 1 CMB (versus none) was not associated 

with recurrent ICH in CAA-related or CAA-unrelated cohorts. 

cortical superficial siderosis presence and 

disseminated cortical superficial siderosis were 

independent predictors of increased symptomatic 

ICH risk at follow-up (HR: 2.26; 95% CI: 1.31-3.87, p 

= 0.003 and HR: 3.59; 95% CI: 1.96-6.57, p < 

0.0001, respectively).  

Three cohorts including 443 CAA-ICH patients in total were eligible for 

meta-analysis. During a mean follow-up of 2.5 years (range: 2-3 years) 92 

patients experienced recurrent ICH (pooled risk ratio: 6.9% per year, 95% 

CI: 4.2%-9.7% per year). In adjusted pooled analysis, any cortical 

superficial siderosis and disseminated cortical superficial siderosis were 

the only independent predictors associated with increased lobar ICH 

recurrence risk (adj-HR: 2.4; 95% CI: 1.5-3.7; p < 0.0001, and adj-HR: 4.4; 

95% CI: 2-9.9; p < 0.0001, respectively). 



More evidence  

In Cox regression, any cSAH, adjacent cSAH, and 

remote cSAH were independent predictors of 

recurrent ICH after adjustment for other 

confounders, including cSS. Incidence rate of 

recurrent ICH in patients with cSAH was 9.9 per 

100 person-years (95% CI 7.3-13.0) compared 

with 1.2 per 100 person-years (95% CI 0.3-3.2) 

in those without cSAH (adjusted hazard ratio 7.5, 

95% CI 2.6-21.1). 

ICH recurrence in patients with CAA was 

12.7 per 100 person-years, and no 

recurrence was observed in patients 

without CAA. Variables associated with 

ICH recurrence in the whole population 

were age (hazard ratio [HR] per 1-year 

increment = 1.05, 95% CI 1.00-1.11, p = 

0.046), presence of disseminated cSS 

(HR 3.32, 95% CI 1.09-10.15, p = 0.035) 

and burden of EPVS in the centrum 

semiovale (HR per 1-point increment = 

1.80, 95% CI 1.04-3.12, p = 0.035). 



Objectives  

1. Review cerebral amyloid angiopathy and initial diagnostic criteria 

2. Describe the evolution of cerebral amyloid angiopathy markers and modification of criteria 

3. Describe new phenotypes of cerebral amyloid angiopathy and their role in diagnosis 



Definition and nomenclature  

• Cerebral amyloid angiopathy or CAA is a small vessel disease of the brain, characterized by the 
progressive deposition of amyloid-β (Aβ) protein in the walls of small to medium sized arteries, arterioles 
and capillaries in the cerebral cortex and overlying leptomeninges. 

 

• Occurs in sporadic and familial (hereditary) forms.  

J Neurol Neurosurg Psychiatry. 2012 Feb;83(2):124-37. 



CAA pathophysiology 

J Stroke. 2015 Jan; 17(1): 17–30. 



CAA: beyond ICH 

J Neurochem. 2018 Mar;144(5):651-658. 



Evolution of diagnostic criteria  

• Recognition of phenotype: pathology and imaging contribution 

• Recognition of relation between ICH and CAA changes in the vessels 

• Recognition of lobar phenotype of ICH 

• Recognition of recurrent lobar phenotype 

• First diagnostic criteria 

• Widening of imaging phenotype 

 

• Clinical contribution 

• Recognition of clinical manifestations (TFNA) 

• Recognition of imaging correlate of TFNA 

• New imaging manifestations of CAA 

• Modification of criteria 

 

• Further evolution of clinical and imaging phenotype 

• Posterior fossa 

• Inflammatory phenotype 

• Leptomeningeal phenotype 

 



Cerebral amyloid angiopathy  

• CAA diagnosis 

• Autopsy-based diagnosis  

• Boston criteria: 1995 

• Modified Boston criteria: 2010  

• Edinburgh criteria: 2018 

• Cerebral amyloid angiopathy related inflammation 

• Chung et al: 2011 

• Modified Chung et al: 2016 



Dilated PVS 
 

Cerebral atrophy  

Chronic cortical infarcts  
White matter changes 

Acute cortical infarcts 
Acute white matter infarct  

Superficial siderosis  
and lobar Microhemorrhages  

Sulcal SAH and lobar hematomas 

Inflammatory CAA 
amyloid β-related angiitis and cerebral amyloid angiopathy-related inflammation   

Ischemic CAA with vessel wall enhancement   Hemorrhagic CAA with vessel wall enhancement 

Imaging (~ pathological) spectrum of CAA  
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Boston criteria: Criteria for the Diagnosis of Cerebral Amyloid angiopathy Associated with Intracerebral 
Hemorrhage 

Ann Neurol. 1995; 38:254–259. 

N Engl J Med 1996;335:189-96 

  



Phenotypic expansion  

Modified Boston criteria: 2010  Boston criteria: 1995 



Neurology 2010;74:1346–1350 



Phenotypic expansion  

Modified Boston criteria: 2010  Edinburgh criteria: 2018  



Edinburgh criteria  

Lancet Neurol 2018; 17: 232–40 



Phenotypic expansion  

Ann Neurol 2004;55:250–256 Radiographics 36:1147-1163 



Inflammatory CAA 

J Neurol Neurosurg Psychiatry 2011;82:20e26 

JAMA Neurol. 2016;73(2):197-202. 



Cerebellar phenotype 

Stroke. 2019;50:1727-1733. 

Conclusion: Distinct superficial and deep cerebellar MB patterns 

can be distinguished which segregate with lobar and deep/mixed 

ICH locations, suggesting differential cerebellar involvement by 

CAA and HTN-cSVD. If validated, lobar (superficial) cerebellar MBs 

might be used to further improve the accuracy of the Boston 

criteria for CAA. 



Phenotypic expansion  

Stroke. 2011;42:3055–3060 Stroke. 2019;50:1567–1569 



Validation of Boston criteria 

Stroke. 2018;49:491-497. 



a sensitivity and specificity of 82% and 97%, respectively, for 

the probable criteria and a sensitivity and specificity of 82% 

and 68%, respectively, for the possible criteria. 



Pathological changes  

Score Description  

Mild  Amyloid is restricted to a congophilic rim 

around normal or atrophic smooth muscle 

fibers (which might be absent, leaving an 

optically empty tiny vacuole-like zone 

surrounded by amyloid) in the media of 

otherwise normal vessels 

Moderate  Media is replaced by amyloid and is thicker 

than normal, with no evidence of remote or 

recent blood leakage 

Severe There is extensive amyloid deposition with 

focal wall fragmentation  and at least one 

focus of paravascular leakage evidenced by 

the presence of erythrocytes or hemosiderin or 

both 

Vonsattel et al; 1991 

Score Description  

0 No thioflavin-S positivity in the leptomeningeal or 

superficial cortical blood vessels 

1 trace to scattered positivity in either the 

leptomeningeal or the cortical blood vessels. 

2 at least some vessels in the leptomeninges or 

neocortex had circumferential brightly staining 

amyloid deposits 

3 widespread circumferential thioflavin-S positivity 

in many leptomeningeal and superficial cortical 

vessels 

4 3 combined with dysphoric changes, ie, thioflavin-

S  positivity emanating from severely amyloidotic 

blood vessels into surrounding neuropil. 

Olichney et al; 2000 

Ann Neurol 1991;30:637-639 Arch Neurol. 2000;57:869-874 

A brain was considered positive €or CAA when it showed at 

least one leptomeningeal or cortical congophilic vessel with 

yellow-green birefringency under polarized light. 



• CAA with prior lobar ICH has an annual 
recurrence rate of 8.9% ICH 

• CMBs are associated with a dose-dependent 
risk of ICH, which rises with OACs.  MB 

• CAA with cSAH carries an even higher 
annual lobar ICH risk of 19% cSAH 

 

• Associated with SAH and early ICH 
recurrence SS 



Summary  

• CAA is prevalent among elderly. 

• CAA is associated with range of imaging and clinical presentations. 

• Diagnosis has important prognostic implications. Specific diagnostic criteria could assist in timely 
diagnosis and prevent unnecessary investigation and therapeutic adventures.  

• Risk of first ICH and high risk of recurrent ICH. Recurrence risk increases with antithrombotics on board. 

• Need for further improvement in sensitivity and specificity of existing diagnostic criteria by 
accommodating  expanding spectrum of CAA.  

 



 

 

Thank you  
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