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Abstract

Cerebral amyloid angiopathy (CAA), characterized by amyloid § deposition in cerebral vasculature, is
increasingly recognized as a major contributor to both cognitive decline and lobar intracerebral
hemorrhage (ICH) in older adults and often coexists with Alzheimer’s disease (AD). Understanding CAA is a
crucial step for improving health outcomes and the development of effective therapies. However, significant
gaps remain in our understanding of CAA’s pathophysiology, diagnostic approaches, biomarker
development, and clinical management. A comprehensive review is therefore essential to synthesize
existing knowledge and highlight key directions for future research. This review goes beyond prior
summaries by critically synthesizing recent evidence on diagnostic innovations—including the Boston
criteria v2.0 and emerging plasma biomarkers—and addressing pressing clinical dilemmas such as
anticoagulation management in patients with coexisting atrial fibrillation and CAA. It also highlights
ongoing research into multimodal diagnostic frameworks and precision treatment strategies aimed at
bridging current diagnostic and therapeutic gaps. Together, these updates underscore how advancing
biomarker validation, individualized risk stratification, and amyloid-targeted approaches may shape future
CAA management and prevention.
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Introduction

Cerebral amyloid angiopathy (CAA) is a common but often unrecognized cerebrovascular condition in older
adults and plays a critical role in both neurodegenerative and hemorrhagic brain pathology. It has a
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prevalence of about 50-93.6% in people with Alzheimer’s disease (AD) and approximately 30% of older
adults without AD or other neuropathological abnormalities [1, 2]. Both CAA and AD share the same
amyloid 8 (AB) pathology but have different anatomic distributions (cerebral blood vessels vs. the brain
parenchyma) in A deposits and different forms of A (AB40 vs. AB42). The presence of CAA can lead to
microhemorrhages or macrohemorrhages, potentially resulting in further cognitive impairment and even
death [3-5]. CAA can be asymptomatic, but the disrupted integrity of the vessel wall from the amyloid
deposits can also lead to several clinical symptoms, such as microbleeds, lobar hemorrhage (e.g., stroke),
cognitive impairment, transient focal neurological episodes (TFNEs), and superficial siderosis. Risk factors
for CAA include advancing age and the presence of APOE €4 or £2 allele. The gold standard for CAA
diagnosis is through post-mortem histopathology, but that is not clinically feasible in living patients.
Imaging-based Boston criteria are commonly used in living patients and have a high level of certainty.
Considering the high prevalence of CAA in people with AD and similar amyloid accumulation pathology,
CAA may hold a crucial role in AD management. However, current knowledge and research are limited in
understanding its pathophysiology, diagnostics, reliable biomarkers, and clinical management for CAA. A
comprehensive review might be a necessary step for synthesizing what is known and identifying directions
for future research. This paper provides a comprehensive review of CAA pathophysiology, clinical
manifestations, risk factors, diagnosis, management strategies, and directions for future research to better
understand and manage CAA.

Pathophysiology

While AD primarily involves AB42 accumulation in the brain parenchyma, CAA involves AB40 accumulation
in the cerebral blood vessels. CAA mainly results from impaired clearance of AB from the brain interstitial
fluid, leading to progressive cognitive impairment and even death [6, 7]. CAA develops through the
following stages: 1) accumulation of AB, primarily AB40, in cerebral vasculature such as the media, small- to
medium-sized cerebral arteries, arterioles, veins, and capillaries, particularly in cortical and leptomeningeal
brain vessels, 2) impaired vascular fragility, especially in posterior brain regions (e.g., occipital lobe), due to
AB40-induced damage to vascular smooth muscle and endothelial cells, 3) non-hemorrhagic brain injury
such as white matter hyperintensities (WMHs) and ischemic lesions from impaired cerebral blood flow
regulations, and 4) appearance of hemorrhagic brain lesions [cortical superficial siderosis (cSS),
microbleeds, intracerebral hemorrhage (ICH)] from vessel wall breakdown [8-16]. cSS occurs in
approximately 60% of people with histopathologically-confirmed cases of CAA [17] and is associated with
higher odds of recurrent ICH [18]. Both microbleeds and lobar ICH occur in about 50% to 57% of people
with CAA [18, 19]. Elimination of the accumulated A3 through hemorrhage may lead to a process of
pathological vessel remodeling [20]. Genetic factors, such as mutations in the amyloid precursor protein
(APP) gene or APOE £4/APOE €2 alleles, exacerbate AP accumulation. APOE €4 is a major risk factor for CAA
formation and progression [21-24]. It hampers A clearance, promoting breakdown of blood vessels and
increasing the risk of lobar ICH [23, 25]. Whereas APOE €2 is associated with increased risk for CAA-related
ICH in the presence of CAA [23, 26] and WMH multispot pattern [27]. Individuals carrying the APOE £2
allele were found to have worse clinical outcomes compared to non-carriers, including higher mortality and
poorer functional recovery after ICH [28] and a higher risk of lobar ICH (OR: 3.8, 95% CI: 1.0-14.6) if on a
warfarin regimen [29]. Table 1 below describes the differences between CAA and AD.

Clinical presentations

The clinical manifestations of CAA range widely, varying from asymptomatic cases to devastating
hemorrhagic strokes. It predominantly affects older adults and primarily reflects the consequences of A3
deposition in cortical and leptomeningeal blood vessels, which weakens vascular integrity and predisposes
to bleeding and ischemic change [35, 36]. The most characteristic presentation is spontaneous lobar ICH,
which carries a high risk of recurrence. The recurrence rate of ICH in CAA is among the highest of all stroke
subtypes, underscoring the importance of early recognition, accurate diagnosis, and tailored management
strategies [36].
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Table 1. Differences between CAA and AD [30-34].

Features CAA AD

Pathophysiology AB40 accumulation in small- to medium-sized blood vessels, AB42 plaques and tau accumulation
dominantly in the cortex and leptomeningeal vessels in the brain parenchyma

Imaging (MRI) Microbleeds, cortical superficial siderosis, lobar hemorrhages, = Hippocampal atrophy, white matter

features white matter hyperintensities hyperintensities

Biomarkers (CSF, Lower AB40 levels Lower AB42 levels

plasma)

Clinical presentations Lobar intracerebral hemorrhage, transient focal neurological Cognitive decline, language
episodes, cognitive impairment difficulties, executive dysfunction

CAA: cerebral amyloid angiopathy; AD: Alzheimer’s disease; AB: amyloid $; MRI: magnetic resonance imaging; CSF:
cerebrospinal fluid.

These hemorrhages typically occur in the cortical or subcortical regions and are most often located in
the posterior areas of the brain, such as the occipital and parietal lobes. Unlike deep hemispheric
hemorrhages associated with hypertension, CAA-related ICHs are typically cortical-based, and frequently
recurrent. They occur due to A deposition in the cortical and leptomeningeal vessels, leading to vessel
fragility and rupture [37]. The lobar distribution of these hemorrhages is a distinguishing feature of CAA
and helps differentiate it from other small vessel pathologies such as hypertensive arteriopathy. These
lobar hemorrhages are associated with significant morbidity and mortality, often leading to long-term
neurological disability and increased healthcare burden [12, 38].

Another notable clinical feature of CAA is TFNEs, also referred to as “amyloid spells” [39]. These
episodes are characterized by brief, recurrent, and stereotyped neurological symptoms, such as sensory
disturbances, motor deficits, or visual phenomena. Although they often mimic transient ischemic attacks
(TIAs), TFNEs typically differ in their slow progression, affecting adjacent cortical areas in a sequential
manner and spreading pattern. This evolution pattern is more characteristic of CAA and is rarely seen in
vascular TIAs. TFNEs are distinguished by their association with ¢SS and convexity subarachnoid
hemorrhage (cSAH) on neuroimaging, both of which are key markers of underlying CAA pathology [30]. The
prevailing hypothesis is that these episodes result from cortical spreading depolarizations or small cortical
hemorrhages, leading to temporary disruptions in neuronal activity of cortical territories. Importantly, the
presence of TFNEs—particularly when associated with cSS—is associated with increased risk of major
lobar ICH, making them valuable early warning signs for clinicians. Due to their subtle presentation and
overlap with other conditions, TFNEs are often under-recognized, yet they represent a hallmark clinical
manifestation of CAA that warrants further diagnostic evaluation [40].

Cognitive impairment is also prevalent among individuals with CAA, ranging from mild cognitive
impairment to dementia [12, 41]. The cognitive deficits are often multifactorial, resulting from a
combination of microhemorrhages, cortical microinfarcts, and white matter changes. Patients with CAA
may experience a gradual decline in cognitive function, a step-wise deterioration following recurrent
hemorrhages, or a rapidly progressive decline in cases of CAA-related inflammation (CAA-ri) [12]. The
accumulation of AB in cerebral vessels contributes to chronic cerebral hypoperfusion and microinfarctions,
leading to deficits in executive function, processing speed, and memory [42, 43]. This cognitive decline can
occur independently or concomitantly with AD, complicating the clinical picture. Seizures and headaches
are less common but may occur, particularly in CAA-ri [44].

CAA-ri is a rare but distinct subtype of CAA characterized by an immune-mediated inflammatory
response to vascular A} deposits. It encompasses two subtypes: inflammatory CAA and AB-related angiitis
[45, 46]. It is a rare syndrome of reversible encephalopathy, and unlike sporadic CAA, which typically
progresses gradually, CAA-ri often presents with subacute or rapidly progressive cognitive decline,
seizures, headaches, behavioral changes, or focal neurological deficits [45, 47]. Magnetic resonance imaging
(MRI) findings in CAA-ri are notably different, with characteristic asymmetric cortical or subcortical
T2/fluid-attenuated inversion recovery (FLAIR) hyperintensities reflecting vasogenic edema—often
described as “gyral edema”—which is not typically seen in non-inflammatory CAA [45, 46, 48]. Unlike the
hemorrhagic markers predominant in sporadic CAA (e.g., lobar microbleeds, cSS), CAA-ri may also show
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leptomeningeal enhancement or patchy contrast enhancement on MRI. Prompt recognition is critical
because, unlike classic CAA, CAA-ri responds to immunosuppressive treatment—typically corticosteroids—
with many patients experiencing clinical and radiological improvement [46, 48]. Brain biopsy is sometimes
required to confirm the diagnosis, particularly when imaging is inconclusive. Early treatment can
significantly alter the disease trajectory and prevent irreversible deficits [46, 48].

Neuroimaging often reveals cerebral microbleeds (CMBs) and cSS in patients with CAA. CMBs are
small, chronic hemorrhages visible on susceptibility-weighted imaging (SWI) or T2*-weighted MRI
sequences, predominantly located in lobar regions [41, 49]. cSS, indicative of chronic bleeding into the
subarachnoid space, appears as linear hypointensities on MRI and is associated with an increased risk of
future ICH [39].

Diagnostic approaches

Accurate diagnosis of CAA relies on a combination of clinical assessment supported by neuroimaging and, in
some cases, cerebrospinal fluid (CSF) biomarkers. The Boston criteria, recently updated to version 2.0,
provide a framework for diagnosing probable CAA based on clinical and imaging findings without the need
for histopathological confirmation [30]. MRI is the modality of choice, with SWI sequences being
particularly sensitive in detecting CMBs and cSS, hallmark features of CAA [49].

MRI

An MRI serves as the primary non-invasive diagnostic tool for CAA, offering high sensitivity in detecting
characteristic vascular changes. ICH, CMBs, and cSS are characteristic findings of CAA on MRI [30, 50].
Additional MRI markers associated with CAA include WMHs and enlarged perivascular spaces in the
centrum semiovale, and cortical atrophy. These findings, while not specific to CAA, can support the
diagnosis when present in conjunction with other imaging features [30]. Definitive diagnosis of CAA is
established through histopathological examination, typically via post-mortem analysis. Less commonly,
brain biopsies may be considered in select cases, particularly when CAA-ri is suspected, to guide
immunosuppressive therapy [30]. However, due to the invasive nature and limited feasibility of obtaining
brain tissue samples, histopathological confirmation is rarely performed in clinical practice. A summary of
key MRI findings indicative of CAA is included in Table 2 below.

Table 2. Key MRI findings indicative of CAA.

Typical findings Key notes/Significance

Lobar intracerebral Spontaneous hemorrhages in the cortical or subcortical regions, often multiple and recurrent
hemorrhages (ICHs)

Cerebral microbleeds Small, round hypointense lesions predominantly in lobar regions, best visualized using gradient-
(CMBs) echo T2*-weighted or susceptibility-weighted imaging (SWI) sequences [49]

Cortical superficial Linear hypointensities along the cortical surface, representing chronic blood product deposition,
siderosis (cSS) detectable via SWI [36]

White matter Areas of increased signal intensity on fluid-attenuated inversion recovery (FLAIR) sequences,

hyperintensities (WMHs) indicating chronic small vessel ischemic changes [51], multiple punctuate subcortical FLAIR
hyperintensities (i.e., a multispot pattern) [52]

Enlarged perivascular Dilated spaces surrounding small blood vessels, more prominent in the centrum semiovale,
spaces (EPVS) observable on T2-weighted images

MRI: magnetic resonance imaging; CAA: cerebral amyloid angiopathy.

SWI and T2*-weighted sequences are particularly effective in detecting CMBs, ¢SS, and cortical
subarachnoid hemorrhages (SAHs), while FLAIR sequences are optimal for identifying WMHs [49].

The Boston criteria, recently updated to version 2.0 in 2022 [30, 53], provide a standardized
framework for the in vivo diagnosis of CAA based on clinical presentation and MRI findings.

The updated criteria incorporate emerging MRI markers to enhance diagnostic sensitivity without
compromising specificity, facilitating more accurate identification of probable CAA cases [30].
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The Edinburgh criteria, based on CT features [54], are an alternative approach to diagnose CAA when
MRI is not suitable in cases like people with claustrophobia or with non-MRI compatible implanted devices
[54-56]. The simplified Edinburgh criteria are mainly used to diagnose CAA-related lobar ICH and include
two key CT findings: SAH and finger-like projections (FLP) [57, 58]. It categorizes patients into three
groups: high, medium, and low risk (Table 3). The criteria incorporate APOE €4 genotyping for a more
complete assessment.

Table 3. Edinburgh criteria for CAA diagnosis [57, 58].

Diagnosis Findings

High risk for CAA Lobar ICH + finger-like projections (FLP) + subarachnoid hemorrhage (SAH)
Medium risk for CAA Lobar ICH + either FLP or SAH

Low risk for CAA Lobar ICH with absence of both FLP and SAH

CAA: cerebral amyloid angiopathy; ICH: intracerebral hemorrhage.

Current research has developed a web-based tool, the Florey CAA Score (FCAAS), to predict CAA
severity [59]. In a pilot study based on the Religious Orders Study and the Rush Memory and Aging Project
(ROSMAP), the Latino CORE Study (LATC), and the Minority Aging Research Study (MARS), the FCAAS
obtained an AUC-ROC of 0.82 (0.71-0.85), suggesting its potential for clinical use in CAA risk stratification
and in predicting amyloid-related imaging abnormalities.

Biomarkers

CSF. CSF biomarkers have emerged as valuable tools in differentiating CAA from other neurodegenerative
conditions. Research into CSF biomarkers has revealed that patients with CAA often exhibit reduced levels
of AB40 and AB42, with some studies noting elevated total tau (t-tau) and phosphorylated tau (p-tau) levels
[60]. Another study reported no discriminatory capacity of CSF AB40 and AB42 levels for CAA and AD [61],
limiting clinical utility. The discrepancy in the study findings underscores the importance of identifying
other confirmative biomarkers useful in clinical routine.

Plasma biomarkers. The development of plasma-based biomarkers for CAA is a promising area of
research aimed at enabling non-invasive diagnosis and disease monitoring. Compared to CSF analysis,
plasma biomarkers offer a more accessible and less invasive alternative, with growing potential for early
screening in both clinical and community settings. Studies have shown that individuals with CAA often
demonstrate reduced plasma levels of AB40 and AB42, as well as altered AB40/AB42 ratios—biochemical
changes that reflect impaired amyloid clearance from the brain [31, 32]. In a 2025 review [62], consistent
trends were identified in decreased AP peptides in CAA, suggesting peripheral blood measures may mirror
cerebral amyloid deposition. Additionally, elevations in p-tau217, neurofilament light chain (NfL), and glial
fibrillary acidic protein (GFAP) have been reported in CAA patients, especially those with signs of
inflammation or neurodegeneration [44, 62, 63].

While plasma biomarkers represent a major advance toward non-invasive CAA detection, current
evidence remains heterogeneous. Variability in assay techniques, study populations, and analytical
sensitivity has led to inconsistent findings across cohorts [44, 62, 63]. Moreover, the overlap of CAA-related
signatures with those seen in AD complicates their diagnostic specificity. Standardization of assay methods
and longitudinal validation studies are needed before these markers can be integrated into clinical practice.
Ongoing early-phase clinical trials are currently assessing the prognostic value of combined plasma
biomarkers—such as AB42/40 ratio, GFAP, and NfL—in predicting hemorrhagic complications during anti-
amyloid therapy, reflecting growing translational momentum in this field [44, 62, 63].

While these biomarkers are not yet used routinely in clinical practice, they show potential for risk
stratification and longitudinal monitoring, particularly in patients undergoing anti-amyloid therapies or
with coexisting AD [62]. As ultra-sensitive detection technologies like Simoa improve reliability, plasma
biomarkers may soon complement imaging and CSF studies in diagnosing and tracking CAA progression
[44]. Potential candidates include reduced AB40 and AB42 levels, altered AB40/AB42 ratios, and elevated
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levels of p-tau217, NfL, and GFAP [62]. While these markers show promise for non-invasive diagnosis and
early detection of CAA, further studies are needed to validate their clinical utility.

Proteomics analysis. Proteomics analysis using human plasma or brain samples to identify key
molecules and pathways involved in CAA pathogenesis is an emerging area for the development of novel
therapeutic targets for CAA [64]. Proteomics analysis of microdissected vessels in the leptomeningeal and
cortical regions identified APOE and clusterin as upregulated molecules associated with CAA [65]. Clusterin,
known as apolipoprotein ] and highly present in tissues, has a role in cell survival and death [66] as well as
suppression of A aggregation and AP fibril formation [67]. Other studies also identified tissue inhibitor of
metalloproteinase 3 (TIMP3) and clusterin as upregulated proteins from autopsied human leptomeningeal
arteries [68]. TIMP3, a 25 kDa protein found in the central nervous system, plays a role in extracellular
matrix homeostasis by inhibiting matrix metallopeptidases 9 activity [68]. Another study based on plasma-
based proteomics analysis identified 166 differently expressed proteins in CAA and six hub proteins,
including apolipoprotein A-IV (ApoA-1V) and fibulin-5, in 146 patients with probable CAA and 128 controls
[69]. Considering the promising role of proteomics in CAA, more studies are needed to better understand
CAA pathogenesis and develop targeted therapeutic strategies.

Despite the promise of proteomics in revealing novel molecular pathways, these findings should be
interpreted cautiously. Differences in tissue preparation, analytical pipelines, and sample sources (autopsy
vs. plasma) contribute to inter-study variability. Most proteomic analyses remain exploratory and
underpowered, limiting reproducibility. Larger multicenter validation studies and integration with imaging
or genetic data are essential to confirm their clinical applicability. Several ongoing initiatives, such as the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) and the MarkVCID consortium, are expanding

proteomic profiling to identify candidate markers relevant to CAA progression and treatment response [65,
68-71].

Risk factors for CAA

Advancing age is the most significant risk factor for CAA, with prevalence increasing markedly in
individuals over 70 years [1, 2]. Genetic predisposition also plays a role; the APOE €4 allele correlates with
increased amyloid deposition and cognitive decline, while the presence of the APOE €2 allele is associated
with a higher risk of lobar ICH and ¢SS [37, 72-74]. A study from the National Alzheimer’s Coordinating
Center (NACC) reported APOE €4 carriers having a higher risk for CAA development [x*(3) = 150.6, p <
0.001] [75]. Another study also reported APOE €4/APOE &4 carriers having severe CAA in the meninges of
the occipital lobe among 371 autopsy samples [76]. A study from the ROSMAP demonstrated that APOE 4
carriers showed threefold higher odds (OR = 3.55, 95% CI = 2.73-4.63, p < 0.001) of having more severe
meningeal/parenchymal CAA than the APOE €3/APOE &3 carriers [72]. While hypertension is a well-
established risk factor for deep hemispheric hemorrhages [12], its role in CAA-related lobar hemorrhages is
less clear. Some studies suggest that hypertension may exacerbate the risk of hemorrhagic events in CAA,
although the association is not as robust as with other forms of small vessel disease [12, 13]. CAA and AD
frequently co-occur, with amyloid pathology contributing to both conditions. While CAA can develop
independently of AD, its presence often modifies the clinical trajectory of cognitive decline and increases
the risk of cerebral hemorrhages [44]. Table 4 below is the list of key studies in CAA.

Management strategies

Although there are no proven treatments for CAA, current management focuses on preventing
complications and exploring experimental therapies aimed at enhancing amyloid clearance and vascular
health. Potential promising approaches include AB-degrading enzymes [e.g., neprilysin, insulin-degrading
enzyme (IDE)], vascular receptor-mediated clearance [e.g., low-density lipoprotein receptor-related
protein-1 (LRP1)], and the perivascular drainage pathway (i.e., an A} clearance route) [64, 79, 80]. Studies
found both neprilysin and IDE promote AP degradation and clearance [81-83]. LRP1, highly present in
cerebrovascular walls, plays a role in the clearance of A from the brain [84, 85]. Perivascular drainage
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Table 4. Key studies in CAA.

Authors

Study objective

Setting/Participants

Results

Notes

Banerjee et

To assess CSF

CAA (n = 10), AD (n = 20),

Reduced CSF AB40 and

Supports the role of CSF

al. [60] biomarkers in controls (n = 10) AB42 levels in CAA biomarkers in distinguishing
(2020) patients with CAA compared to AD and CAA from AD
controls; tau levels were
intermediate
Charidimou  To validate Boston  Multicenter retrospective Boston criteria v2.0 improved Established updated,
et al. [30] criteria v2.0 for study; n =159 in the diagnostic sensitivity (74%)  reliable criteria for in vivo
(2022) diagnosing CAA deviation cohort, n = 59 in and maintained specificity CAA diagnosis
using MRI- the temporal validation (95%)
neuropathology cohort, n =123 in the
correlation geographical validation
cohort
Charidimou  Meta-analysis of Pooled data from multiple Decreased AB40 and AB42  Confirms CSF profile differs
etal. [77] CSF biomarkers in  studies (n = 3 studies: n = in CAA; variable tau levels from AD; suggests
(2018) CAA 59 CAA cases, n =94 heterogeneity
healthy controls, n = 158 AD
cases)
Charidimou  Evaluate the Mixed cohort with CAA and ¢SS is strongly associated ¢SS is a key imaging
et al. [41] detection and related conditions with the risk of future ICH marker in the Boston criteria
(2017) clinical implications and TFNEs
of cortical superficial
siderosis (cSS) in
CAA
Kargiotis et Review of cerebral  Literature review Lobar CMBs are prominent  Useful for differentiating
al. [49] microbleeds in CAA and detectable via CAA from hypertensive
(2018) (CMBs): causes, SWI/T2* MRI arteriopathy
imaging, and clinical
relevance
Muir et al. Compare plasma Analytical comparison of Combining biomarkers (AR Several methodological

[44] (2024)

biomarker
quantification
methods for AD and
CAA application

biomarker assays

ratio, p-tau,
neuroinflammation,
demographic/clinical
variables) has the potential
to improve the differential
diagnosis of AD and CAA

issues were identified:
suggest using
neuropathological gold
standard, control for disease
stage, essay
standardization; sex
differences and longitudinal
changes

Paniagua Compare MRI Healthy and clinical 3D-FLAIR is superior in Informs optimal MRI
Bravo etal. techniques for WMH populations (n = 40 detecting WMHs compared  protocols for identifying
[51] (2014)  detection randomly selected patients; to other sequences WMHs in CAA

n =10 controls)
Seifert et al. Overview of Review article CAA-ri is an immune- Highlights need to

[78] (2025)

Sin et al.
[62] (2025)

Smith et al.
[39] (2021)

diagnosis and
management of
CAA-related
inflammation (CAA-
ri)

Comprehensive
review of plasma
biomarkers for CAA
in the context of
ARIA

Characterize TFNEs
in CAA and their
clinical outcomes

Review, including
prospective biomarker
studies

Observational study of CAA
patients with TFNEs

mediated variant with distinct
imaging and steroid-
responsive features

Plasma GFAP, AB42, and t-
tau may predict CAA and
ARIA risk

TFNEs are predictive of
subsequent ICH and cSS

differentiate CAA-ri from
sporadic CAA

Suggests risk prediction
with the potential plasma
biomarkers for CAA in future
studies

TFNESs should raise
suspicion for underlying
CAA

Theodorou  Examine the link Case series of CAA patients TFNEs and cSS often Reinforces the importance
et al. [37] between ¢SS, precede symptomatic lobar  of early MRI detection of
(2023) TFNEs, and lobar hemorrhage ¢SS in risk stratification

hemorrhage in CAA

CAA: cerebral amyloid angiopathy; CSF: cerebrospinal fluid; AD: Alzheimer’s disease; AB: amyloid 8; MRI: magnetic resonance
imaging; ICH: intracerebral hemorrhage; TFNEs: transient focal neurological episodes; SWI: susceptibility-weighted imaging; p-
tau: phosphorylated tau; WMH: white matter hyperintensity; FLAIR: fluid-attenuated inversion recovery; ARIA: amyloid-related
imaging abnormalities; GFAP: glial fibrillary acidic protein; t-tau: total tau.

pathway, also known as intramural periarterial drainage (IPAD), is impaired in CAA, leading to A
accumulation in vessel walls. IPAD relies on vascular smooth muscle cell contraction [86]. Potential
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strategies to restore IPAD pathway include anti-inflammatory agents or antioxidants, as well as pulsation-
based therapies such as physical activity and medications affecting heart rate [86, 87]. Optimizing control of
vascular risk factors, such as hypertension, diabetes, and hyperlipidemia, may support perivascular
drainage and reduce secondary damage [86].

Experimental medications

As experimental medications, cilostazol (type 3 phosphodiesterase selective inhibitor) [88], taxifolin [89],
and minocycline [90] were shown to be effective in improving CAA-related cognitive impairment and
reducing CAA-related microhemorrhages in animal models. Human studies are needed to confirm these
findings.

CAA management in atrial fibrillation

Atrial fibrillation (AF) is highly prevalent in older adults, and the co-existence of both AF and CAA is rising
because of the aging population, posing a clinical dilemma regarding anticoagulant use [14]. Anticoagulants
are commonly used treatment options for people with AF to manage cardioembolic stroke risk, whereas
anticoagulants use increases the risk of ICH in CAA. Hypertension, abnormal renal/liver function, stroke,
bleeding history or predisposition, labile international normalized ratio, elderly, drugs/alcohol
concomitantly (HAS-BLED) is used to estimate the risk of major bleeding for patients with AF and on
anticoagulation therapy, whereas the CHA,DS,-VASc score is used to predict the risk of stroke in patients
with AF [14, 91]. The CHA,DS,-VASc score of 2 2 is associated with around 2.5% annual stroke risk and is
an indication to use direct oral anticoagulants (e.g., dabigatran, rivaroxaban, apixaban, edoxaban) or
vitamin K antagonists (e.g., warfarin, acenocoumarol, phenprocoumon) for the risk reduction [14].

Clinicians must weigh these competing risks using a risk-benefit decision framework. Patients with
high CHA,DS,-VASc scores and low HAS-BLED scores generally benefit from anticoagulation, whereas those
with multiple CAA-related hemorrhagic markers (e.g., ¢SS, CMBs) may have prohibitive bleeding risk. In
such cases, shared decision-making that includes neurologists, cardiologists, and patients is essential to
align treatment with individual risk tolerance and life expectancy.

Recommended management strategies for concomitant AF and CAA include cardiovascular risk factor
(e.g., hypertension, statin use) modification and left atrial appendage closure [14]. Left atrial appendage
closure, which can be done non-surgically with a Watchman device, has demonstrated up to 85% reduction
in hemorrhagic stroke [92].

Emerging plasma biomarkers such as NfL, GFAP, and altered AB40/AB42 ratios may assist in risk
stratification and identifying CAA patients at the highest hemorrhagic risk [64-67]. These tools, combined
with MRI markers, could enable a more personalized approach to anticoagulation in CAA. Integrating
biomarker-based risk assessment into clinical decision-making frameworks may help clinicians optimize
stroke prevention while minimizing bleeding complications.

Discussion

This review provides a comprehensive and state-of-the-art review of CAA, focusing on pathophysiology,
clinical presentations, diagnostic approaches, risk factors, and management strategies. CAA is a complicated
cerebrovascular disease and a major cause of vascular dysfunction, lobar ICH, and cognitive impairment in
older adults.

Despite much progress in CAA research, significant limitations remain. Brain histopathology remains
the gold standard of CAA diagnosis, but not practical. Both the Boston criteria and the Edinburgh criteria
enable early detection of symptomatic CAA but are limited in the identification of asymptomatic CAA. The
need for innovative biomarkers in consideration of APOE genes to diagnose asymptomatic CAA is
emphasized, especially as anti-amyloid therapies become more widely used in AD management.
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This review also acknowledges that while plasma biomarker and proteomics studies have yielded
valuable insights, their translation to routine practice remains limited by methodological heterogeneity and
small cohort sizes. A balanced appraisal underscores that current findings, though encouraging, are
preliminary. Future research should emphasize standardization of measurement protocols, replication
across diverse populations, and correlation with clinical outcomes. Such rigor will be vital for establishing
reliable biomarkers that inform diagnosis, prognosis, and therapeutic monitoring in CAA.

Up-to-date management strategies for CAA include A enzymatic degradation, vascular receptor-
mediated, and perivascular drainage [64, 79]. However, age-related decline in enzyme activity and arterial
stiffening may limit Af breakdown and clearance [93, 94], emphasizing the complexity of AB clearance in
older adults and the necessity of therapeutic regimens to minimize progression of AD and CAA. Most
biomarkers and therapeutic strategies targeting amyloid clearance have been conducted in animal models,
underscoring validation studies in human studies. In addition, plasma-based biomarkers and proteomics
analysis are gaining recognition as promising avenues for understanding the underlying CAA
pathophysiology, refining diagnostic approaches via identifying biomarkers and therapeutic targets, which
warrant future studies. Furthermore, current diagnostic gaps in asymptomatic or mixed pathologies (CAA
and AD) heighten the need for further studies.

Directions for future research

Future studies should prioritize longitudinal cohort tracking for early detection of asymptomatic CAA and
clarify the mechanisms of vessel wall degeneration. Integrating genetic, imaging, and fluid biomarkers into
multimodal diagnostic frameworks will be key for improving diagnostic precision. Translational research
bridging animal and human studies is also crucial to validate mechanistic insights and develop targeted
therapies aimed at halting or reversing amyloid deposition. Ultimately, these efforts will support the
creation of comprehensive risk stratification tools that combine genetic, imaging, and clinical data for
individualized management.

Conclusions

CAA frequently coexists with AD and contributes significantly to adverse cognitive and cerebrovascular
outcomes in older adults. Much progress has been made in diagnosing and managing CAA. The Boston
criteria and the Edinburgh criteria are both reliable in vivo methods to diagnose symptomatic CAA.
Emerging CSF, plasma, and proteomic biomarkers offer promise for earlier detection. Several experimental
agents effective in animal models require validation in human trials. This review provides up-to-date
research and future directions for CAA management.
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