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Cerebral Amyloid Angiopathy*

Serebral Amiloid Anjiyopati*

DERLEME/REVIEW

ÖZET
Serebral amiloid anjiyopati (SAA) amiloid-beta (Aβ) peptidlerinin leptomeningeal arterler, arteriyoller ve de venüllerin duvar›nda biriki-
mi ile tan›mlanan bir hastal›kt›r. Bu patolojik de¤iflikliklerin ilk defa 1909 y›l›nda tan›mlanm›fl olmas›na ra¤men, SAA’n›n klinik-rady-
olojik belirtileri, nörobiyolojisi ve de do¤al seyri ile ilgili bilgilerimizin ço¤u son 30 y›lda yap›lan araflt›rmalardan kazan›labilmifltir. SAA
ile di¤er sistemik/viseral amiloidozlar aras›nda belirgin ba¤lant› gösterilememifltir. Hipertansiyon dahil klasik damarsal risk faktörlerinin
de SAA patogenezinde rolü saptanmam›flt›r. SAA yafll› insanlardaki spontan ve antikoagülana ba¤l› lober intraserebral kanamalar›n
en s›k görülen sebebidir. Bu patoloji ayn› zamanda, yine lober bölgelerde, manyetik rezonans gradyen eko (MRI-GRE) sekanslar›nda
küçük noktasal siyah “susceptibility” artefaktlar› olarak görülüp serebral mikrokanama (SMK) diye adland›r›lan lezyonlara da neden
olmaktad›r. SMK say›s› hastal›k a¤›rl›¤›n›n önemli bir iflareti ve de SAA için kötüleflme prediktörüdür. Amiloid anjiyopati ayn› zaman-
da iskemik mikrovasküler ak madde hastal›¤›n›n ve derin infarktlar›n da s›kça rastlanan bir nedenidir. Bahsedilen ak madde hastal›¤›
kavram› bilgisayarl› tomografide koyu, “fluid attenuated inversion recovery (FLAIR)” manyetik rezonansta parlak gözüken, subkortikal
ve periventriküler ak maddede infarkta ilerlememifl de¤ifliklikleri tan›mlamak için kullan›lmaktad›r. SAA’ya ba¤l› damarsal ifllev bozuk-
lu¤u ve de bunun hemorajik ve iskemik komplikasyonlar› yafll›larda vasküler biliflsel bozuklu¤un önemli nedenlerindendir. Bu ba¤›ms›z
etkinin senil plaklar ve nörofibriler yumaklar gibi Alzheimer patolojisi ile sinerjistik olarak etkileflimde bulundu¤u gösterilmifltir. SAA
tan›s›n›n hasta hayatta iken güvenli flekilde konabilmesi için klinik-radyolojik tan› kriterleri gelifltirilmifl ve de bunlar›n validasyonu
yap›lm›flt›r. Boston kriterlerine göre, 55 yafl ve üzerindeki bir hastada, beynin lober, kortikal veya kortikosubkortikal alanlar›na s›n›rl›
(serebellar kanamalar kabul edilmektedir), baflka bir altta yatan etyoloji ile aç›klanamayan çok say›da büyük veya mikrokanaman›n
varl›¤›nda tan› “probable” (muhtemel) SAA, ayn› flartlarda tek bir kanaman›n varl›¤›nda ise tan› “possible” (olas›) SAA fleklinde konul-
maktad›r. fiu anki tedavi ilkelerine göre SAA ile ba¤lant›l› intraserebral kanamadan flüphelenilen hastalarda nonvalvüler atriyal fibri-
lasyon varl›¤›nda antikoagülasyon, ciddi kanama riski nedeniyle önerilmemektedir.
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Cerebral amyloid angiopathy (CAA) is caused by the
accumulation of amyloid beta-peptides (Aβ) in the walls
of leptomeningeal vessels and is the most common cause
of lobar intracerebral hemorrhage (ICH) in patients over
55 years of age. These fibrillar proteins are similar to the
predominant constituents of the senile plaques observed
in Alzheimer’s disease (AD); plaque amyloid is primarily
comprised of the Aβ-42 species, which has a carboxyl ter-
minus at amino acid position 42, and vascular amyloid pri-
marily consist of the Aβ-40 species, which terminates at
position 40 (1). Gustav Oppenheim published the first his-
topathological description of the vascular abnormalities
recognizable as vascular-amyloid depositions in 1909, just
2 years after the original clinical-pathological report of a
demented patient by Alzheimer. Despite this early recog-
nition, it took another 3 decades for the first article with
a primary focus on cerebrovascular amyloid deposition to
appear in the medical literature; the first influential paper
on the association between CAA and ICH was published
in 1979 (2). The use of magnetic resonance imaging
(MRI) methods that can detect cerebral microbleeds
(CMBs, susceptibility artifacts ≤ 5 mm in diameter) and
the subsequent validation of clinicoradiological criteria
made the diagnosis of CAA in living patients possible, sig-
nificantly increasing the pace of clinical research in CAA
during the last 2 decades (3,4). There is now unequivocal
evidence that CAA-related vasculopathy not only causes

lobar ICH, but also ischemic microvascular white matter
disease (WMD), thereby contributing to vascular cogniti-
ve impairment in elderly patients. Transgenic mouse mo-
dels have been developed with mutations in genes rela-
ted to AD and CAA, furthering our understanding of the
etiology and evolution of these related conditions. This re-
view focuses on the clinical, physiopathological, and radi-
ological features of CAA, with a particular emphasis on its
independent contribution to the risk of WMD and demen-
tia in the elderly. 

PATHOPHYSIOLOGY

Microscopically, deposition of an amorphous, intensely
eosinophilic material results in characteristic acellular thic-
kening of the walls of small- and medium-sized leptome-
ningeal arteries (including arterioles) and veins. The amylo-
id-laden vessels have a rather characteristic appearance,
even with routine hematoxylin and eosin staining, but the
“apple-green” birefringence of the sections stained with
Congo red viewed under polarized light is still cited as the
classical pathological hallmark of CAA (5). Immunohistoc-
hemistry is increasingly used to identify amyloid deposition
in the brain (Figure 1). This selective staining showed that
antibodies to the Aβ 1- to 40-amino acid peptide (Aβ-40)
more effectively label microvessels, whereas anti-Aβ-42 an-
tibodies preferentially bind senile plaques of AD (6). This
finding shows that pathogenic molecules involved in ce-
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Cerebral amyloid angiopathy (CAA) is characterized by the accumulation of amyloid beta-peptides (Aβ) in the walls of leptomeningeal
arteries, arterioles, and veins. Despite the fact that these pathological changes were first described in 1909, major advancement in
our understanding of the clinicoradiological manifestations, neurobiology, and course of CAA has occurred only during the last 30
years. No significant associations have been shown between CAA and other systemic/visceral amyloidoses or vascular risk factors,
including hypertension. CAA is well known as the most common cause of spontaneous and anticoagulant-related lobar parenchymal
ICH in the elderly. It also causes lobar cerebral microbleeds (CMBs), small dot-like dark susceptibility artifacts visible with gradient
recalled echo (GRE)-magnetic resonance imaging (MRI). CMBs are important markers of disease severity and predictors of CAA pro-
gression. Amyloid angiopathy is also a common cause of ischemic microvascular white matter disease (WMD) and deep cerebral
infarctions. Such WMD is defined as subcortical and periventricular white matter changes without obvious infarction, as well as a
dark appearance on computerized tomography (CT) and a bright appearance on fluid attenuated inversion recovery (FLAIR)-MRI.
CAA-related vascular dysfunction, with its hemorrhagic and ischemic complications, is a recognized contributor to vascular cognitive
impairment in the elderly, an independent effect that is synergistically increased by Alzheimer pathologies, such as plaques and tan-
gles. A set of clinicoradiological criteria was established for the accurate diagnosis of CAA. According to the Boston Criteria, patients
aged 55 years and older with multiple hemorrhages (on CT or GRE-MRI) restricted to the lobar, cortical, or corticosubcortical regions
(cerebellar hemorrhage allowed) are diagnosed as probable CAA when no other etiology is found; a single hemorrhage in the same
region is classified as possible CAA. Current guidelines recommend that patients with non-valvular atrial fibrillation suspected to have
CAA-related ICH not be offered long-term anticoagulation therapy because of the significant risk of rebleeding.
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rebral parenchymal and vascular amyloid deposits-albeit
closely related-are different. In CAA, amyloid infiltrates the
media and adventitia of small- to medium-sized leptome-
ningeal and superficial cortical vessels, resulting in efface-
ment of the vessel wall, sometimes to the point that its
identification as arterial or venous is impossible. Affected
vessels might show a distinctive “double-barrel” appearan-
ce. These vessels might undergo fibrinoid degeneration or
necrosis, as well as segmental dilation with microane-
urysm formation, leading to vessel rupture and hemorrha-
ge. No significant relationship between CAA and other
systemic/visceral amyloidoses has been reported.

The sequence of events that triggers the deposition of
cerebrovascular amyloid, the determinants of its distribu-
tion and progression, and the mechanisms of blood ves-
sel injury are not well understood. More than 10 different
amyloid peptides are known to accumulate in cerebral pa-
renchyma and vessels, but Aβ-related CAA is the most
common form observed in AD and CAA (7); therefore, Aβ
is thought to be detrimental to vessel structure and func-
tion. Aβ is generated by the sequential proteolytic proces-
sing of a transmembrane protein-amyloid-β precursor pro-
tein (APP); the enzymes involved are β-secretase (BACE)
and the γ-secretase/presenilin complex (8). Based on ani-
mal models, vascular amyloid appears most likely to be of
neuronal origin, but the hematogenous and vessel wall
hypotheses cannot be completely refuted (9). 

Some genetic factors have been associated with early
onset and familial types of CAA. A number of mutations
located within the Aβ sequence or at the β- and γ-secre-
tase cleavage sites can cause familial Aβ-CAA, such as the
Dutch, Iowa, Italian, and Arctic types, or familial AD with
prominent Aβ-CAA pathology (10). Even in the exce-
edingly more common form-sporadic CAA with clinical
presentation 20 years later than in hereditary forms-a sig-

nificant association between the presence of the APOE
epsilon 2 (ε2) or epsilon 4 (ε4) alleles and greater risk of
CAA-related hemorrhage was observed when compared
to people that had only the common APOE epsilon 3 (ε3)
allele (11,12). The APOE ε4 allele has been associated
with increased Aβ deposition, whereas APOE ε2 is associ-
ated with vessel pathology, such as cracking and necrosis
that predispose to rupture; these associations further sup-
port a mechanistic link between APOE ε allele carrier sta-
tus and vessel pathology in CAA (13,14). Regarding the
accumulation of Aβ in vessel walls, both increased pro-
duction and decreased degradation have been proposed
as potential culprits. 

Currently, observations from transgenic mice models
support the hypothesis that impaired interstitial fluid dra-
inage results in decreased Aβ clearance, thereby promo-
ting Aβ aggregation and vascular deposition. A detailed
discussion of the proposed mechanisms of Aβ-related vas-
cular injury is beyond the scope of this review, but the
aforementioned genetic factors in combination with ac-
quired factors, such as age-related degenerative changes,
minor trauma, and focal amyloid accumulation, appear to
promote vascular toxicity of the Aβ, triggering the patho-
logical cascade that ultimately results in the clinical mani-
festations of CAA. 

Autopsy series report a propensity for severe CAA pat-
hology to involve the parieto-occipital regions (5). These
data are supported by advanced radiological studies that
report more lobar bleeds and significant retention of an
in vivo amyloid-labeling agent (Pittsburgh Compound B) in
the posterior regions of the brains of patients with CAA
(15,16). 

EPIDEMIOLOGY

Inconsistencies in the definition of CAA in postmor-
tem pathologic case series make it difficult to compare its
prevalence across studies, but there is unequivocal eviden-
ce showing that both the prevalence of CAA pathology
and the incidence of its clinical manifestations increase
with age. In a large autopsy series consisting of 784 con-
secutive postmortem brain pathology studies, the preva-
lence of moderate to severe CAA was 2.3% among pati-
ents aged 65-74 years, 8% among those 75-84 years, and
12.1% among those over 85 years (17). In a series of 400
consecutive autopsies from Japan, CAA of any grade was
observed in at least one section in 91 cases (22.8%) and
was strongly correlated with age. The presence of CAA
did not correlate with blood pressure nor with the seve-
rity of cerebral atherosclerosis, a finding replicated in
most subsequent studies (18). Another study that compa-
red the frequency of CAA pathology in AD patients and
age-matched controls reported a significantly higher rate
in AD patients (94.1% vs. 33.3%) (19). 
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Figure 1. Aβ immunohistochemistry shows the replacement of
many arteriolar walls by Aβ-immunoreactive material.



CLINICORADIOLOGICAL FEATURES and
DIAGNOSTIC CRITERIA

Lobar Intracerebral Hemorrhage (ICH)

Spontaneous cortical and corticosubcortical (lobar)
ICH is the clinical hallmark and a dreaded consequence of
CAA. CAA is also an important cause of warfarin-associ-
ated lobar ICH in the elderly (20). The worldwide annual
incidence of primary ICH is 30-52/100.000 (21,22). Re-
cent population-based studies showed an increase in an-
tithrombotic-associated bleeds and lobar hemorrhages,
possibly related to CAA in the aging population-further
evidence of the importance of CAA as a public health
problem (23,24). The annual age- and sex-adjusted lobar
ICH incidence rate was 9.0/100.000, yielding a deep to
lobar ratio of 2.3:1, but it should be remembered that ot-
her rare etiologies such as vascular malformation might
also cause lobar ICH (22). Advanced age, again, repre-
sents the strongest risk factor for CAA-related ICH, whe-
reas gender does not appear to play a significant role. In
a clinicopathologic series of 107 patients with sporadic
CAA-related ICH (mean age: 72 years) compiled by Vin-
ters, the frequency of high blood pressure was 31.8% (5).
This rate is low compared to the > 50% prevalence of
hypertension among Americans aged 65 years and older,
and hypertension has not been shown to be a significant
risk factor for CAA-related ICH (25). 

APOE ε4 and ε2 allele carrier status as a risk factor for
increased vascular Aβ accumulation and for vessel patho-
logy resulting in rupture were discussed in the Pathophy-
siology section (13,14). The APOE ε2 allele was overrep-
resented among patients with warfarin-associated lobar
hemorrhage and there is strong evidence suggesting
that CAA is an important cause of anticoagulant-related
lobar ICH in the elderly (20). The recognition of this asso-
ciation and the high rate of ICH recurrence in CAA have
led to a change in recommendations regarding long-term
anticoagulation as a secondary prevention strategy (26).
While antiplatelets can be resumed in survivors of both
deep and lobar ICH without a major increase in the risk
of recurrent bleeds, it is recommended that survivors of
suspected CAA-related ICH with non-valvular atrial fibril-
lation not be offered long-term anticoagulation (27,28).
Current guidelines do not recommend routine genetic
testing or MRI screening in an attempt to identify asymp-
tomatic CAA before starting long-term anticoagulation
therapy (29). 

CAA-related hemorrhages are located in the cortical
and corticosubcortical regions of the brain, which are al-
so the most common sites of vascular amyloid deposition.
A gradient-echo MRI-based study of 59 patients with pro-
bable CAA reported that hemorrhages are more likely to
occur in the temporal and occipital lobes, and that they

tend to recur in areas of prior hemorrhage, regardless of
lobe, suggesting that regional differences within the bra-
in play a role in the development of CAA-related hemorr-
hages. The cerebellum might contain some vascular amy-
loid and was reported to occasionally show CAA-related
ICH. The pons is not a site associated with CAA-related
ICH and it is critically important to remember that deep
seated hematomas-whether in the basal ganglia/thala-
mus or in brainstem-are typically not associated with CAA
pathology (30).

Clinically, acute CAA-related lobar ICH is not signifi-
cantly different than other types of ICH. The size and loca-
tion of the bleed, together with the clinical severity in the
acute phase, determine the outcome. Any anticoagulation
should be rapidly reversed and other aspects of ancillary
care should be provided according to current guidelines
(31). Cerebellar hemorrhages should be treated, with par-
ticular attention to the mass effect and impending risk of
ventricular outflow obstruction, and increased intracranial
pressure that might result in herniation unless treated with
decompressive surgery (32). Based on the existing data,
small differences between lobar and deep ICH might exist
in terms of clinical course and treatment response. Pati-
ents with a small lobar ICH might be at greater risk of im-
mediate seizure and their bleeds are more likely to extend
into the subarachnoid space than into the ventricles (33).
Despite the fact that early surgical intervention did not
show any significant benefit in ICH patients overall, a me-
ta-analysis of 293 patients with lobar hemorrhage included
in 3 randomized trials suggest that a better outcome is ob-
tained with early surgery in lobar ICH cases (34). The Sur-
gical Trial in Intracerebral Hemorrhage II (STICH II) is cur-
rently underway in an effort to compare the benefit of sur-
gery within 48 hours to initial conservative management in
patients with spontaneous ICH located within 1 cm of the
cortical surface. If this ongoing study confirms the benefi-
cial effect reported in the meta-analysis, surgical evacuati-
on might become an important acute treatment option
for CAA-related lobar ICH patients (34). 

The course of the disease is characterized by recurrent
lobar hemorrhages, with a 2-year cumulative recurrence
rate of 21% in a cohort of 71 consecutive survivors of lo-
bar ICH (35). Molecules that can interfere with the patho-
genic Aβ cascade have been tested in preliminary studies,
but currently there is no treatment that can halt the prog-
ression of the pathology or its clinical course.

Rare Clinical Manifestations

Transient neurological symptoms constitute a rare,
but known entity in CAA. Such patients describe spells
consisting of negative (weakness, numbness) or positive
(paresthesias) symptoms of short (seconds-to-minutes)
duration that can spread smoothly over contiguous body
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parts (36). These episodes are thought to originate from
epileptic activity or spreading depression of the cortex sur-
rounding small hemorrhages. As these spells are mostly
recurrent and stereotypical, transient ischemic attacks
should be a part of the differential diagnosis and these
patients should undergo vascular imaging to rule out pro-
ximal vessel stenosis. Performing and carefully reviewing
GRE-MRI is important for identifying a corresponding su-
perficial bleed in order to avoid antithrombotic treat-
ments that might be hazardous in the presence of CAA. 

A number of case reports describe patients that pre-
sented with subacute cognitive/behavioral changes, se-
izures, headache, and focal neurological deficits. These
patients also had significant white matter hyperintensities
(WMH) on T2-weighted MRI and cerebrospinal fluid
exams, indicating ongoing inflammation in the absence
of infection. Two closely related categories, both associ-
ated with severe CAA pathology, were identified upon
neuropathologic evaluation: 

1. Aβ-related angiitis that often shows granulomato-
us, angiodestructive inflammation and meningeal
lymphocytosis (37), and 

2. CAA-related perivascular inflammation with multi-
nucleated giant cells, but no angiographic or pathologic
evidence of vasculitis (38). The recognition of these clini-
copathological entities is important, as they might res-
pond favorably to immunosuppressive treatment. 

Radiological Features and Diagnostic Criteria

Brain CT is fast, widely available, and accurate in the
early diagnosis of ICH. Nevertheless, MRI outperformed
CT in emergency assessment of patients with most types
of suspected acute strokes, and both modalities perfor-
med similarly in the detection of acute intracranial he-
morrhage (39). GRE-MRI revolutionized clinical practice
and research involving CAA patients by virtue of its ability
to show both acute (deoxyhemoglobin-containing) and
old (hemosiderin-containing) bleeds as strong hypointen-
se areas. GRE sequences are ideal for demonstrating mic-
robleeds that may not be seen with other imaging studi-
es. CMBs are small dot-like hypointense lesions ≤ 5 mm in
diameter that represent hemosiderin deposition from tiny
(mostly subclinical) blood leaks (Figure 2A). A detailed fi-
eld guide for accurate detection and interpretation of
CMBs was recently published (40). Furthermore, the Stro-
ke Diagnostics and Therapeutics Branch of the National
Institute of Neurological Disorders and Stroke has an inte-
ractive website dedicated to the interpretation of GRE-
MRI in acute stroke patients, and includes examples of he-
morrhage mimics and other GRE findings, as well as self-
assessment tools (http://gre.ninds.nih.gov/). CMBs pro-
ved to be an important predictor of clinical and radiologi-
cal deterioration in CAA patients. Microhemorrhages are

common in patients with CAA-related symptomatic ICH
and their lobar distribution is similar to that of macroble-
eds. Greater number of hemorrhages at baseline is predic-
tive of an increased risk of subsequent cognitive impair-
ment, loss of independence, or death among patients not
previously demented/dependent, as well as the risk of fu-
ture symptomatic ICH (26). 

One of the key achievements in CAA research has be-
en the development and validation of a set of criteria that
allows this diagnosis to be made in living patients (4). Ac-
cording to the Boston Criteria, patients aged 55 years and
older with multiple hemorrhages (on CT or MRI-GRE) rest-
ricted to the lobar, cortical, or corticosubcortical regions
(cerebellar hemorrhage allowed) are diagnosed as pro-
bable CAA when no other etiology is found; a single he-
morrhage in the same setting is classified as possible CAA
(4). The criteria do not specifically state the minimum ima-
ging requirements to exclude other underlying pathologi-
es (i.e., vascular malformations, tumor, hemorrhagic in-
farction), but most lobar ICH patients in the United States
undergo brain MRI that includes GRE, diffusion-weighted,
and post contrast T1-weighted sequences. If ≥ 2 micro- or
macrobleeds are found in a patient over 65 years, witho-
ut clinical or radiological suspicion of an alternative eti-
ology, the diagnosis of probable CAA is generally made.
Among younger patients, in those with single lobar ble-
eds and in all patients that raise suspicion of a different
underlying pathology, further imaging and diagnostic tes-
ting is performed. Advanced testing is tailored according
to the individual patient’s presentation and might include
non-invasive imaging, such as MR angiography or CT an-
giography, or invasive tests, such as cerebral angiog-
raphy, lumbar puncture, and in rare cases a brain biopsy.
A clinicopathological correlation study was performed
with 39 patients that had a clinical diagnosis of probable
or possible CAA and full postmortem pathological assess-
ment (4). All 13 patients diagnosed with probable CAA
according to Boston Criteria had significant amyloid angi-
opathy on pathological evaluation, indicating a very high
specificity of the probable category. Among the 26 pati-
ents with the diagnosis of possible CAA, 16 (61%) were
pathologically confirmed as having severe CAA, sugges-
ting a fair specificity for this category (4). Boston Criteria
has made it possible to enroll well-characterized CAA pa-
tient populations into clinical studies, thereby facilitating
advances in our understanding of the clinical, radiological,
and physiopathological correlates, as well as the course of
this condition in humans.

Amyloid Angiopathy-Related Vascular 
Dysfunction and Ischemic Manifestations

An association between hereditary CAA and cognitive
impairment has been reported in the few familial forms of
CAA (41). Clinical observations suggesting such an associ-
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ation between the much more common sporadic forms of
CAA and cognitive impairment also exist, but have only
recently been tested in prospectively identified cohorts
that underwent standardized cognitive testing and ima-
ging studies. Advances in MR imaging and analysis met-
hods have also made it possible to investigate the associ-
ation between CAA and WMD that appears in subcortical
and periventricular brain regions as bright lesions with
T2/FLAIR MRI sequences (Figure 2B,2C). 

Two population-based autopsy series suggested that
the presence of CAA pathology might be independently
associated with the risk of dementia, even after adjusting
for age and markers of concomitant AD pathology, such
as plaque and tangle counts (42,43). These studies inclu-
ded unselected community-dwelling elderly individuals
with a mean age at death of 85 years. The presence of
hemorrhages did not account for the increased risk of de-
mentia found in patients with CAA pathology, but only a
few of them had brain bleeds. The potential factors that
might mediate such a link might be the direct effects of
critically located cerebral macro- or microhemorrhages,
cortical or subcortical infarcts, and widespread WMD that
result in disruption of neural tracts. 

In a study that assessed the relationships between
white matter lesions, cognitive impairment, and other cli-
nical markers of disease severity in a CAA cohort, WMD
was a frequent finding on brain imaging (found in 77%,
severe in 32%). WMD was associated with GRE-MRI he-
morrhage counts and with the risk of recurrent ICH. Pati-
ents with cognitive impairment prior to their index ICH
were more likely to have severe WMD on CT and advan-
ced periventricular WMH on MRI, even after adjusting for
age (44). The view that advanced CAA can induce clini-
cally important vascular dysfunction that might ultimately
result in white matter ischemia became an intriguing
hypothesis for the association between CAA, WMD, and
cognitive impairment, and fueled further clinical and labo-
ratory research (45).

Using sensitive quantitative methods to measure whi-
te matter hyperintensities (WMH), we have found that
CAA patients had almost twice the WMH volume that AD
patients and individuals with mild cognitive impairment
(MCI) had (1). This association is even more striking in vi-
ew of the data showing increased WMD in AD patients
when compared to non-demented age-matched controls,
which suggests that CAA pathology may contribute inde-
pendently to ischemic changes in white matter (46). Our
group also noted an average 18% annual increase in
WMH volume in CAA patients and that there was an in-
dependent association between the rate of progression
and the presence of cognitive impairment (47). The ana-
tomic distribution of WMD in patients with advanced
CAA was compared to that of healthy controls using dif-
fusion tensor imaging (DTI). Fractional anisotropy (FA),
calculated from DTI, is a measure of the directional diffu-
sivity of water, and it is thought to represent white mat-
ter integrity. FA was reduced in CAA, specifically in tem-
poral white matter and in the splenium of the corpus cal-
losum, suggesting that advanced CAA could be associ-
ated with a characteristic pattern of regional brain tissue
degeneration (48). Another very recent study identified
small areas of restricted diffusion (acute silent infarcts) in
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Figure 2. Radiological images of a 92-year-old patient that pre-
sented with predominantly executive dysfunction of 2-3-year
duration. This patient did not have any symptomatic ICH and
autopsy confirmed the diagnosis of CAA. Microhemorrhages
clustered mostly in the right frontal and right temporooccipital
regions are seen on GRE-MRI (A). Part or all of some deep struc-
tures, such as the basal ganglia, might appear dark on GRE-MRI
because of their iron content; this artifactual appearance should
not be confused with bleeds. FLAIR-MRI (B) and head CT (C)
show a moderate degree of white matter change, predomi-
nantly in the posterior periventricular regions. 
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12 of 78 subjects (15%) with CAA versus 0 of 55 AD/MCI
subjects, further supporting the view that CAA causes isc-
hemic lesions in addition to ICH (49). 

Several studies directly addressed the unexplained is-
sue of the mechanism of vascular dysfunction in CAA.
Plasma Aβ-40 concentration (but not Aβ-42 level) was fo-
und to be independently associated with WMH volume in
individuals with CAA, AD, and MCI (1). Aβ-40 peptide is
the soluble form most commonly found in vessel walls,
whereas Aβ-42 is primarily observed in parenchymal pla-
ques in AD. In a transgenic mouse model Aβ-40 (but not
Aβ-42) applied to the mouse cortex blunted the physiolo-
gical increase in cerebral blood flow that normally results
from pharmacological (acetylcholine, bradykinin, or calci-
um ionophore) and physiological (sensory stimulation) sti-
muli (50,51). Accumulation of Aβ-40 deposits in the walls
of leptomeningeal vessels in CAA patients might result in
ischemia in the territory of the distal end arteries running
to the deep white matter, presumably via similar mecha-
nisms. A recent study used transcranial Doppler ultraso-
und to compare cerebral vascular reactivity (VR) in pati-
ents with CAA to healthy age-matched controls. Patients
with CAA showed significantly decreased VR in the poste-
rior cerebral arteries in response to visual stimulation, pos-
sibly reflecting an occipital predilection of the pathology
(52). In summary, there is now ample data from both hu-
man and animal studies that support the theory that CAA-
induced vascular dysfunction is a cause of ischemic micro-
vascular white matter damage in the elderly. CAA and
CAA-related WMD appear to contribute independently to
cognitive impairment in the elderly, giving CAA a high pri-
ority in dementia as well as in stroke research.

THE FUTURE

One of the limitations of studying Aβ in humans, un-
til recently, has been the lack of in vivo markers of Aβ;
therefore, quantitative studies have had to rely on autop-
sies. The development of positron emission tomography
(PET) ligands that can bind to Aβ deposits has revolutioni-
zed research in CAA and AD. Pittsburgh compound B
(PiB) is one of these molecules, a derivative of Congo red
with a carbon 11 atom attached. The binding is increased
most prominently in the frontal cortex in AD and the oc-
cipital cortex in CAA (16,53). PiB-PET detection of vascu-
lar Aβ can serve as a method for identifying the location
and extent of CAA in living subjects. PiB might become an
invaluable marker of disease severity, disease progression,
and treatment response if ongoing studies prove its cor-
relation with these measures. In a 42-year-old man with
subtle clinical signs of Iowa-type hereditary CAA, we ob-
served elevated PiB retention, selectively in the occipital
cortex, sparing regions typically labeled in AD (54). This
finding strongly suggests that PiB-PET can non-invasively
detect isolated CAA prior to overt signs of hemorrha-

gic/ischemic brain damage and can potentially help in the
identification and stratification of pre-symptomatic pati-
ents for enrollment in clinical studies.

Recent studies using in vivo kinetic measurements via
multiphoton imaging in transgenic mouse models provi-
ded some insight into the initial vessel involvement and
propagation of CAA. The earliest appearance of CAA was
observed in leptomeningeal arteries as multifocal deposits
of band-like Aβ. Over subsequent imaging sessions, these
deposits grew locally and new bands appeared in diffe-
rent segments (additional initiation events). During the
early phases of CAA development, the overall pathology
burden progressed at a consistent rate, raising hopes that
this model is amenable to investigations of therapeutic in-
terventions (55). 

CONCLUSIONS

Following rather slow but constant progress in the un-
derstanding of CAA during the 7 decades following its ini-
tial description, there has been a huge increase in research
into its cause, genetic associations, disease mechanisms,
clinical manifestations, and natural course. We now have
a validated set of clinicoradiological criteria that allows ac-
curate diagnosis of CAA in living patients. CAA is well es-
tablished as the most common cause of lobar parenchy-
mal macro- and microbleeds in the elderly, but also as a
common cause of ischemic microvascular white matter in-
jury and deep cerebral infarctions. CAA-related vascular
dysfunction, with its hemorrhagic and ischemic complicati-
ons, is a recognized cause and/or contributor to vascular
cognitive impairment in the elderly, an independent effect
that is synergistically increased by Alzheimer pathologies,
such as plaques and tangles. There is currently no treat-
ment that is proven to stop the progression of CAA, but
research has shown a number of relevant therapeutic tar-
gets as well as new radiological markers of disease seve-
rity and progression that will be useful when potential tre-
atments are ready to be tested in clinical trials.
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