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Abstract:

Cerebral amyloid angiopathy (CAA) involves amyloid-beta accumulation in cortical and leptomeningeal vessel
walls, increasing the risk of lobar haemorrhage. CAA pathogenesis likely involves impaired amyloid-beta
clearance and prion-like spread. Specific genetic variants in amyloid precursor protein, apolipoprotein E, and
other genes also modulate CAA risk. Clinical manifestations include lobar haemorrhages, cortical superficial
siderosis, CAA-related inflammation, amyloid beta-related angiitis, cerebrovascular lesions, and sometimes
dementia. Magnetic resonance imaging (MRI) best detects CAA-related haemorrhages and microbleeds.
Definitive diagnosis requires pathology, but modified Boston criteria allow categorisation as possible or
probable CAA based on clinical and neuroimaging findings. Current management focuses on blood pressure
control and cautious antithrombotic use to prevent haemorrhage recurrence. Experimental therapeutics target
amyloid production, aggregation, clearance, inflammation, and neuroprotection, but clinical efficacy remains
undetermined. Further research on CAA pathophysiology and rigorous clinical trials are warranted to elucidate
genetic underpinnings, improve diagnostic accuracy, and develop effective treatments for this cerebral small
vessel disease. The pathophysiology, genetics, clinical characteristics, diagnostics, and therapeutic methods of
CAA are summarised in this study. The pathways connecting CAA to dementia, the role of neurovascular unit
dysfunction, and the initiation of amyloid-beta vascular buildup are among the critical unanswered concerns.
Improving our knowledge of CAA mechanisms and implementing newly developed therapies in clinical settings

is essential to lessening the effects of this prevalent cerebrovascular illness.
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Introduction

Cerebral amyloid angiopathy (CAA) is a cerebrovascular
disorder characterised by the deposition of amyloid-beta (AB)
peptides, primarily AB40, in the walls of small to medium-
sized arteries and arterioles of the cerebral cortex and
leptomeninges."? This vascular pathology leads to increased
vessel fragility and an elevated risk of lobar intracerebral
haemorrhages (ICHSs), cortical superficial siderosis, and
cognitive impairment.?

The pathogenesis of CAA is multifactorial and involves
impaired clearance of AB peptides from the brain and
a proposed "prion-like" spread of AR aggregates.*® The

neurovascular unit, comprising neurons, glial cells, and
vascular cells, is critical in maintaining cerebral blood flow
and blood-brain barrier integrity. Dysfunction of this unit,
particularly the pericytes, which regulate capillary blood
flow, has been implicated in the development of CAA.%7
Additionally, the "prion hypothesis" suggests that CAA
progression may occur through the seeding and propagation
of misfolded AB aggregates in a prion-like manner.8°

Specific genetic variants in the amyloid precursor protein
(APP), apolipoprotein E (APOE), and other genes have
been identified as risk factors for CAA."®" Mutations in
the APP gene, such as the Dutch E693Q mutation, have



been associated with severe CAA without the characteristic
Alzheimer's disease neuropathology.”? The APOE €4 allele is
linked to an increased risk and severity of CAA, while the €2
allele may increase the risk of CAA-related haemorrhages.”*

The clinical manifestations of CAA are diverse and include
lobar ICHSs, cortical superficial siderosis, CAA-related
inflammation, amyloid beta-related angiitis, cerebrovascular
lesions, and in some cases, cognitive impairment.’>® Accurate
diagnosis of CAA relies on neuroimaging techniques, such
as magnetic resonance imaging (MRI), which can detect
CAA-related haemorrhages, micro bleeds, and superficial
siderosis.” However, a definitive diagnosis often requires a
pathological examination of brain tissue.'™

Current management strategies for CAA focus on strict blood
pressure control and careful evaluation of the risks and
benefits of antithrombotic and anticoagulant therapies, as
these agents may increase the risk of ICHs."®2° Experimental
therapeutic approaches targeting various aspects of the
disease pathogenesis, including AB production, aggregation,
clearance, inflammation, and neuroprotection, are under
investigation.?*>* However, the clinical efficacy of these
potential treatments remains to be determined.

Thus, CAA is a cerebrovascular disorder characterised by AB
deposition in cortical and leptomeningeal vessels, leading
to an increased risk of lobar haemorrhages and cognitive
impairment. Further research into the pathophysiology of
CAA, including neurovascular unit dysfunction and prion-
like propagation roles and the development and evaluation
of novel therapeutic strategies, is crucial for improving
our understanding and management of this prevalent
cerebrovascular disease.

Pathophysiology

In CAA, APP cleavage products deposit in vessel walls,
predominantly AB40 and AB42.*°> Unlike Alzheimer's
dementia, where AB42 predominates, CAA features AB40
deposition.>® AB initially accumulates in the tunica media and
adventitia, later spreading across all vessel layers, causing
smooth muscle cell loss and vessel wall disruption.”

Impaired AR clearance likely contributes to CAA
pathogenesis.®® The neurovascular unit, comprised
of neurons, glia, and vascular cells, regulates cerebral
blood flow and maintains blood-brain barrier integrity.”
Amyloid overexpression studies suggest neurovascular unit
dysfunction in CAA." Pericytes play a crucial role in blood
flow regulation, and recent evidence indicates AB40 exerts
toxic effects on these cells.”>”

The "prion hypothesis" proposes CAA progression may occur
via prion-like protein misfolding." Findings of seeding, spread
of AB pathologies in animal models, and transmission of CAA
pathology between humans support this idea."™ " However,
further substantiation is required regarding AB strains and
conformational variations.2%%
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Genetic Factors

Variants in APP, APOE, and other genes are linked to early-
onset CAA and haemorrhage.?2* APP mutations at the AB
region, like the E693Q Dutch mutation, often cause severe
CAA without Alzheimer's neuropathology.?*2¢ AB40 and
mutant AB42 are critical components of Dutch mutation
vascular deposits.?” Mutations may increase AB aggregation,
impede clearance, or enhance vascular affinity.?%

APOE €4 and €2 alleles also modulate sporadic CAA risk.
Meta-analysis confirms a dose-dependent €4 association with
CAA severity.3 €2 may increase haemorrhage risk through
vessel wall damage.®*® Different mechanisms related to
aggregation, clearance, and vessel wall responses likely
underlie €4 and €2 contributions.3®

Clinical Manifestations

Various clinical syndromes arise from CAA vasculopathy (as
shown in Figure 1):3742

«  Lobar haemorrhages: Motor/sensory deficits, altered
consciousness, visual loss, seizures

«  Cortical superficial siderosis: Transient focal neurological
episodes

«  CAA-related inflammation: Subacute cognitive decline,
headaches, focal deficits

« Amyloid beta-related angiitis: Rapid mental status
decline, seizures, deficits

. Microbleeds/white matter lesions: Cognitive impairment,
gait issues

« Convexity subarachnoid haemorrhage: Sudden
neurological defects, headache

. Silent infarcts: Increased dementia and stroke risk

Lobar/ I e Cortical
subcortical AT St superficial
microbleeds /Tl | =" ™ siderosis

A ; Lobar
Convexal = = = intracerebral
subarachnoid haemorrhage
haemorrhage
v

Figure 1: Showing various findings in the cerebral amyloid
angiopathy (Hand drawn by Dr. Abhishek Dixit).
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Diagnosis

MRI is the most effective imaging modality for detecting CAA-
related microbleeds and haemorrhages.*® Digital subtraction
angiography is not useful for visualising affected small
vessels.** A definitive diagnosis is only possible through
post-mortem examination.*®

The modified Boston criteria classify CAA as possible or
probable based on clinical data, MRI findings, and exclusion of

other causes (Table 1).# The Edinburgh computed tomography
(CT)/genetic criteria aid diagnosis when MRI is unavailable.*’
Clinical and radiological findings can support the diagnosis of
inflammatory CAA syndromes, and some cases feature anti-
amyloid beta antibodies in cerebrospinal fluid In Figure 2, the
MRI image shows microhaemorrhages in the patient and the
computed tomography (CT) scan shows lobar haemorrhages.*®

Category ‘ Criteria

1. Full postmortem examination

2. Lobar, cortical, or cortico-subcortical haemorrhage

Definite CAA -
3. Severe CAA with vasculopathy

4. Absence of another diagnostic lesion

1. Clinical data and pathological tissue (evacuated haematoma or cortical biopsy)

Probable CAA

2. Lobar, cortical, or cortico-subcortical haemorrhage

with supporting - -
3. Some degree of CAA in the specimen

pathology - - -
4. Absence of another diagnostic lesion

1. Clinical data and MRl or CT

2. Age > 55 years

3. Presentation of spontaneous intracerebral haemorrhage

4. Presence of at least 2 of the strictly lobar haemorrhagic lesions on T2-weighted MRI (intracerebral
haemorrhage, cerebral microbleeds, or foci of cortical superficial siderosis or convexity subarachnoid
haemorrhage) OR one lobar haemorrhage with one of the white matter lesions (severe perivascular
spaces in the central semiovale or white matter hyperintensities in a multisport pattern)

Probable CAA

5. Absence of deep haemorrhagic lesions

6. Absence of other causes of haemorrhage or cortical superficial siderosis (cSS)
1. Clinical data and MRI or CT

2. Presentation with spontaneous intracerebral haemorrhage

3. Presence of one strictly lobar haemorrhage on T2-weighted MRI, cerebral microhaemorrhages, foci
of ¢SS or convexity subarachnoid haemorrhage
4. Age > 55 years

Possible CAA
5. Absence of other causes of haemorrhage or ¢SS
6. One white matter lesion (severe perivascular spaces in the central semiovale or white matter
hyperintensities in a multisport pattern)
7. Absence of deep haemorrhagic lesions
8. Absence of other causes of haemorrhages
v

Table 1: Modified Boston Criteria Version 2.0 for the diagnosis of CAA.
Abbreviations: CAA: cerebral amyloid angiopathy; MRI: magnetic resonance imaging; CT: computed tomography; cSS: cortical
superficial siderosis.

Treatment

Current management focuses on blood pressure control
and cautious antithrombotic use to prevent incidents and
recurrent haemorrhage (Table 2). Experimental therapeutics
target AB production, aggregation, clearance, inflammation, and
neuroprotection (Table 3). However, clinical efficacy remains
to be determined. The current management of CAA focuses
on strict blood pressure control and careful evaluation of
the risks and benefits of antithrombotic and anticoagulant
therapies.®®“° Maintaining a mean blood pressure above 65
v mmHg is recommended to prevent incident and recurrent

Figure 2: A) Susceptibility weighted imaging (SWi) in magnetic
resonance imaging (MRI) showing multiple areas of blooming
suggesting microhaemorrhages B) Computed tomography
(CT) scan suggestive of lobar haemorrhage (Images courtesy
Dr. Man Mohan Mehndiratta).

ICHs.*® However, using antithrombotic and anticoagulant agents
requires carefully weighing the risks and benefits, as these
therapies may increase the risk of ICHs in CAA patients.*®



In addition to the standard management strategies, several
experimental therapeutic approaches targeting various aspects
of CAA pathogenesis are under investigation. One such
agent is ponezumab (PF-04360365), an anti-AB40 selective
antibody developed to prevent or reverse AB aggregation and
deposition.>® Another candidate, NC-758 (cerebiril), is an anti-AB
agent being evaluated for treating lobar haemorrhage related
to possible or probable CAA.®

Other experimental therapies aim to modulate different
pathways involved in CAA, such as AR clearance, inflammation,
and neurovascular unit dysfunction. For example, cilostazol, a
phosphodiesterase 3A inhibitor, has shown promise in promoting
perivascular AB drainage in preclinical studies.®? Taxifolin, an
antioxidant compound, has been found to inhibit AR aggregation
in preclinical models.®>® Additionally, targeting the receptor for
advanced glycation end products (RAGE) has been shown to
reduce AB accumulation in the brain parenchyma,®* while APOE
antibodies have the potential to modulate AB accumulation.®®

Therapies targeting the renin-angiotensin system, such
as angiotensin receptor blockers, have demonstrated AB
reduction, neuroprotection, and neurogenesis in preclinical
studies.®® Modulating tau levels has also been explored to
prevent neurodegeneration associated with CAA.5” Lastly,
inhibition of beta-secretase 1 (BACE1), an enzyme involved in
AB production, has shown promise in reducing AB levels in
preclinical models.585°

While these experimental approaches hold promise, further
rigorous clinical trials are necessary to determine their efficacy
and safety in treating CAA. Continued research into the
pathophysiology of CAA and developing novel therapeutic
strategies are crucial for improving the management and
outcomes of this prevalent cerebrovascular disease.

Management/
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Therapy ‘ Mechanism ‘ Stage of trial
Phosphodiesterase Preclinical
3A inhibition

Cilostazol®? promotes
perivascular AB
drainage
Inhibits AB Preclinical

Taxifolin®3 aggregation,
antioxidant

Neprilysin up- AB-degrading Preclinical

. enzyme reduces AB

regulation .
concentration
Reduces AB Preclinical

RAGE inhibition®* | accumulation in brain
parenchyma
Reduces BBB Preclinical

L-norvaline perme.abmtyj
amyloid angiopathy,
inflammation

. Interferes with AB/ Preclinical

Ap12-28P peptide APOE interaction

CPO_AB17-21P Interferes with AB/ Preclinical

peptide APOE interaction

Anti-APOE Modulates AB Preclinical

antibody®® accumulation
Reduces chronic Preclinical

Complement .

. inflammatory

system targeting
response

Endothelial nitric | "1PtS Preclinical

oxide amyloidogenic
processing of APP

Angiotensin Induces AB reduction, | Preclinical

receptor neuroprotection,

blockers®® neurogenesis
Prevents Preclinical

Tau level .

modulations” neurodegeneration
associated with CAA

BACE1 Decreases AB Preclinical

inhibitor>&5° production

v

Treatment Description Stage/Results
Strict control of blood
pressure to prevent
Blood pressure :n(|:_||dent and recurrent Standard
control*® CHs practice
Mean above
65 mmHg
Careful evaluation
Antithrombotics / a.nd weighing of the Standard
anticoagulants* risks and benefits of practice
antithrombotics and
anticoagulants
Anti-AB40 selective
antibody developed Phase 2
gzgzé%ngg;cfp': to prevent or reverse | clinical trial
AB aggregation and completed
deposition
Anti-AB agent to
NC.758 treat patients with Phase 2
(cerebril)® lobar haemorrhage clinical trial
related to possible or | completed
probable CAA
v

Table 3: Experimental therapeutic approaches for cerebral
amyloid angiopathy (CAA).

Abbreviations: AB: amyloid-beta; RAGE: receptor for advanced
glycation end products; BBB: blood-brain barrier; APOE:
apolipoprotein E; APP: amyloid precursor protein; CAA: cerebral
amyloid angiopathy; BACE1: beta-secretase 1.

Please note that the information in this table is based on
preclinical research and may not represent the complete
list of experimental therapies. Further studies are required
to determine the efficacy and safety of these approaches in
treating CAA.

Table 2: Current management and potential treatments for CAA.
Abbreviations: ICHs: intracerebral haemorrhage; AB: amyloid-
beta; CAA: cerebral amyloid angiopathy.
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Conclusion

In summary, CAA is characterised by AB deposition in cortical and leptomeningeal vessels leading to lobar haemorrhages.
Impaired AB clearance and prion-like spread may contribute to pathogenesis. Specific genetic variants also modulate CAA
risk. Diagnosis relies on clinical presentation and neuroimaging findings. Therapeutic research is investigating multiple
approaches to prevent vessel damage and haemorrhage. Further elucidation of CAA pathophysiology and clinical trials

of emerging treatments are warranted.
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