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The process of β-amyloid accumulation in cerebral vessels is presented. Cerebral amy-
loid angiopathy (CAA) was confirmed during an autopsy. It was diagnosed accord-
ing to the Boston criteria. Cerebral amyloid angiopathy can involve all kinds of cere-
bral vessels (cortical and leptomeningeal arterioles, capillaries and veins). The
development of CAA is a progressive process. β-amyloid appears first in the tunica
media, surrounding smooth muscle cells, and in the adventitia. β-amyloid is pro-
gressively accumulated, causing a gradual loss of smooth muscle cells in the vessel
wall and finally replacing them. Then, the detachment and delamination of the out-
er part of the tunica media results in the “double barrel” appearance, fibrinoid necro-
sis, and microaneurysm formation. Microbleeding with perivascular deposition of ery-
throcytes and blood breakdown products can also occur. β-amyloid can also be deposited
in the surrounding of the affected vessels of the brain parenchyma, known as “dys-
phoric CAA”. Ultrastructurally, when deposits of amyloid fibers were localized in or
outside the arteriolar wall, the degenerating vascular smooth muscle cells were ob-
served. In the Institute of Psychiatry and Neurology the study was carried out in a group
of 48 patients who died due to intracerebral hemorrhage caused by sporadic CAA.
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Introduction

Cerebral amyloid angiopathy (CAA) refers to dep-
osition of congophilic material in the cerebral vascu-
lature, particularly small and medium-sized arteries, cap-
illaries and veins of leptomeninges and the cerebral
cortex [1-9] (Fig. 1).

The amyloid peptide contained in vascular deposits
of CAA is identical to the β-amyloid found in senile
plaques in Alzheimer’s disease [4].

Cerebral amyloid angiopathy occurs mostly as
a sporadic condition in the elderly, with an incidence
associated with increasing age. It is recognized as a cause
of lobar intracerebral hemorrhage.

Neuropathological examination is still a “gold
standard” for CAA diagnosis. Using the Boston crite-

ria for CAA diagnosis and having CT and/or MRI scans
the neurologist may select those of the patients whom
he or she most suspects of having CAA [10]. Howev-
er, the definite diagnosis of CAA can be made through
a postmortem examination or an intracranial biopsy
[1, 10, 11].

Cerebral amyloid angiopathy can be divided into spo-
radic and familiar forms. Sporadic CAA occurs much
more frequently and typically in older patients. It oc-
curs in equal frequency in men and women [12].

In one of the first autopsy studies, among people over
60 years of age without dementia, 30% were found to
have CAA, while the prevalence of CAA with a patho-
logically certain Alzheimer syndrome was 82% [4]. In
another study, among patients suffering from dementia
an average of 55-59% suffered from CAA, while a CAA
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prevalence of only 28-38% was determined in patients
without dementia [13].

The only genetic risk factors known for sporadic CAA
are apolipoprotein E (ApoE) alleles [12]. The ε2 allele
favors CAA-related vascular deterioration (splitting of
vascular walls, minor hemorrhaging and fibrinoid necro-
sis), while the ε4 allele is associated with increased vas-
cular deposition of Aβ. Other genetic polymorphisms,
such as presenilin 1, α1 antichymotrypsin, neprilysin,
oxidized LDL receptors, lipoprotein receptor-related pro-
tein, interleukin 33 and transforming growth factor β1,
are discussed as possible etiological factors of CAA [12].

The Vonsattel, Mountjoy and Olichney scales are
used to assess the grade and scores of β-amyloid de-
posited in vessel walls [14-16].

On microscopic evaluation the brain is considered
positive for CAA when it shows at least one lepto-
meningeal or cortical congophilic vessel with yellow-
green birefringence under polarized light and/or β-amy-
loid deposits seen within the wall of vessels. The severity
of CAA was classified according to the Vonsattel scale
as follows: 1. Mild, when β-amyloid is restricted to
a congophilic rim around normal or atrophic smooth
muscle fibers (which might be absent), leaving an op-

tically empty tiny vacuole-like zone surrounded by amy-
loid in the media of otherwise normal vessels. 2. Mod-
erate, when the media is replaced by β-amyloid and is
thicker than normal, with no evidence of remote or re-
cent blood leakage. 3. Severe, when there is extensive
β-amyloid deposition with focal wall fragmentation and
at least one focus of perivascular leakage evidenced by
the presence of erythrocytes or hemosiderin or both [16].

The estimated proportion of β-amyloid involvement
in each vessel was recorded on the Mountjoy scale of
0-4. A score of 0 indicated the absence of amyloid;
a score of 1, involvement of up to one-quarter of the
vessel circumference; 2, involvement of up to one-half
of the vessel circumference; 3, involvement of up to
three-quarters of the vessel circumference; and a score
of 4 indicated total involvement of the vessel [14].

According to the Olichney scale of 0-4 the severi-
ty of cerebral amyloid angiopathy was classified as fol-
lows: A score of 0 meant no thioflavin-S positivity in
the leptomeningeal and superficial cortical blood ves-
sels. A score of 1 reflected traces of scattered positiv-
ity in either leptomeningeal or cortical blood vessels.
A score of 2 indicated that at least some vessels in the
leptomeninges or neocortex had circumferential bright-

Fig. 1. A) β-amyloid deposits in cortical vessel. Anti-Aβ 400×. B) β-amyloid deposits in leptomeningeal vessels.
Anti-Aβ 100×. C) β-amyloid deposits in capillaries. Anti-Aβ 400×. D) β-amyloid deposits in veins. Anti-Aβ 200×
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ly staining amyloid deposits. A score of 3 indicated wide-
spread circumferential thioflavin-S positivity in many
leptomeningeal and superficial cortical vessels. A score
of 4 indicated that the similarly severe amyloid an-
giopathy was combined with dysphoric changes, i.e.,
thioflavin-S positivity emanating from severely amy-
loid blood vessels into surrounding neuropil [15].

There are a lot of diagnostic tools which can be used
in the diagnosis of CAA during intracerebral hemor-
rhage, but the neuropathological examination can only
confirm this disease and reveal all stages of CAA. It can
also evidence all kinds of vessels involved in this process
and allow the level of CAA and its localization to be
classified [1, 10, 11, 17].

Clinical symptomatology

Cerebral amyloid angiopathy can be clinically
manifested as intracranial hemorrhage (lobar or minor
hemorrhaging), ischemic stroke, leukoencephalopathy,
transient ischemic attack, dementia, vasculitis or tu-
mor [2, 11, 18-24].

Cerebral amyloid angiopathy often appears in eld-
erly patients though symptomatic, spontaneous lobar
hemorrhaging evoking a neurological focal deficit,
headaches, impairment of consciousness, seizures,
cognitive impairments, dementia, depression, behav-
ioral problems and personality changes [2, 11, 18-24].

Diagnosis

Brain MRI, PET with use of Pittsburgh compound
B, and cerebrospinal fluid examination with assessment
of the concentration of Aβ 1-40, Aβ 1-42 and tau pro-

teins are tools used in CAA diagnosis. Also endoscopy
of the ocular fundus showing retinal changes as well
as spot- or dot-shaped hemorrhaging are helpful in CAA
diagnosis. The neuroimaging symptoms of CAA can
lead to intracerebral hemorrhages mainly located in pos-
terior brain regions and to superficial siderosis.

Although CAA can be detected pathologically for over
80% of patients with a pathologically certain Alzheimer
syndrome [25], less than 50% of patients suffering from
a pathologically certain CAA present the pathological
criteria for the Alzheimer syndrome [17, 26].

Pathogenesis of cerebral amyloid angiopathy

The pathogenesis of CAA remains unclear, and the
source of β-amyloid has not been definitely elucidat-
ed. There are several theories proposed by different
groups of researchers. β-amyloid may originate from
blood, from perivascular space or from cerebrospinal
fluid, or may be produced by smooth muscle cells and
by neurons [11, 27-31].

Some researchers suggest that a soluble precursor
of β-amyloid, for instance immunoglobulins or
apolipoproteins E, may originate from blood and can
be transported with assistance of the protein receptor
through an impaired blood-brain barrier, inducing the
accumulation of insoluble β-amyloid in brain vessels
and brain tissues [32, 33].

Another hypothesis assumes that smooth muscle
cells localized in vessels or pericytes are the source of
β-amyloid [23, 28, 34]. β-amyloid can be produced
by smooth muscle cells as a consequence of vessel wall
damage probably due to atherosclerosis and/or hy-
pertension [7, 23, 28, 34-38].

Fig. 2. Different pathways for β-amyloid elimination from the brain modified according Weller [8, 9]
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Still another hypothesis suggests that β-amyloid is
of neuronal origin and it is transported via interstitial
fluid drainage pathways from the brain among base-
ment membranes of the capillary and artery walls, us-
ing effectively the perivascular lymphatic drainage path-
way from the brain to the blood vessels [3, 7-9, 28,
35-37, 39-41].

There are several pathways of β-amyloid elimina-
tion from the brain (Fig. 2). The imbalance between
β-amyloid production and clearance (degradation and
elimination of β-amyloid from the brain) is generally
considered a key element in the formation of amyloid
deposits.

One of the pathway (A) of elimination via brain ves-
sels by a mechanism mediated by low-density lipopro-
tein is lipoprotein-receptor related protein-1 (LRP-1)
and it is degraded in the brain parenchyma by nepri-
lysin and other enzymes. Among the receptors involved,
the receptor for advanced glycation end-products ac-
tively participates in brain uptake of free β-amyloid at
the level of vessel walls. Other receptors are more rel-
evant for the transport of β-amyloid complexed with
other molecules: LRP-1 mediates transcytosis of β-amy-
loid-ApoE complexes contributing to rapid brain
clearance, whereas megalin mediates in the cellular up-
take and transport of β-amyloid-ApoJ [6-9, 44-47, 49].

Another pathway (B) of β-amyloid elimination is
done by microglia and astrocyte [8, 9].

Neprilysin, endothelin-amyloid-converting enzyme,
insulin-degrading enzyme, β-amyloid-converting en-
zyme 1, plasmin and matrix metalloproteases are among
major enzymes known to participate in brain β-amy-
loid catabolic pathways (C). Reduced levels and/or ac-
tivity of β-amyloid degrading enzymes favor β-amy-
loid accumulation and increase the levels of β-amyloid
deposits. The failure of LRP-1 and neprilysin mecha-
nisms with increasing age can cause the failure of
perivascular drainage of β-amyloid along stiff arteries.
Aged arteries are associated with deposition of insol-
uble β-amyloid as plaques in brain parenchyma, and

in blood walls as cerebral amyloid angiopathy [6-9, 29,
40, 43-45, 47, 48].
β-amyloid can also be eliminated from the brain by

the perivascular drainage [8, 39, 40]. The β-amyloid
drains from the brain with interstitial fluid along cap-
illary and artery walls (D). The amphiphilic nature of
β-amyloid precludes its crossing through the bloodbrain
barrier unless mediated by specialized carriers and/or
receptor transport mechanisms. These mechanisms con-
trol the uptake of circulating β-amyloid into the brain
and regulate clearance [7, 8, 32, 39, 40].

Neuropathology of vessels with ββ-amyloid
deposits

In the Institute of Psychiatry and Neurology the
study was carried out in a group of 48 patients who died
due to intracerebral hemorrhage as a result of CAA.
All cases were sporadic CAA. In all cases autopsy was
performed.

The autopsy was performed according to the stan-
dard protocol. The whole brain was fixed in 4%
paraformaldehyde in 0.1 M phosphate-buffered saline,
embedded in paraffin and then sliced coronally. The
frontal, temporal, parietal and occipital lobes were ex-
amined. The specimens were stained with Congo red
and immunohistochemically with the following anti-
bodies: anti-Aβ 8-17 (DAKO, 1 : 50), actin (SMA,
DAKO, 1 : 50) (Fig. 3).

For ultrastructural analysis, a small fragment of brain
was taken from a paraffin block. After deparaffinizing
and washing in tap water, brain specimens were
fixed in 2.5% glutaraldehyde in cacodylate buffer and
postfixed in 2% osmium tetroxide in the same buffer.
They were then dehydrated and embedded in Epon.
Ultrathin sections stained with uranyl acetate and lead
citrate were examined using an Opto DPS 109 elec-
tron microscope.

There are three stages of β-amyloid accumulation
in brain vessels according to the Vonsattel scale and

Fig. 3. Various stages of arterial CAA severity with “double barrel”. Congo red, 200×. CAA in arterial vessel. Actin, 400×
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four stages according to the Olichney and Mountjoy
scales [14-16].

First, β-amyloid 1-42 starts to be deposited in ves-
sels. Second, β-amyloid 1-40 begins to replace smooth
muscle cells. This process takes place with coexistence
of APOE ε4. Third, the vessel wall is disrupted and
APOE ε2 contributes to the increase in this pathological
process [6, 7, 9, 29, 30, 40, 49].

Other results indicate that β-amyloid 1-40 is main-
ly localized in leptomeningeal arteries, arterioles and
small cortical vessels, while both β-amyloid 1-40 and
β-amyloid 1-42 are presented and β-amyloid 1-42 dom-
inates in capillaries [50, 51].

The development of CAA is a progressive process. First,
β-amyloid appears in the tunica media, surrounding
smooth muscle cells, and in the adventitia (Fig. 4 and 5).
Ultrastructurally, arteriolar wall with degenerative vas-
cular smooth muscle cells and deposits of amyloid fibers
in the basement membrane can be observed (Fig. 6).
At the initial stage, the vessel wall structure was intact
and β-amyloid was progressively accumulated, causing
gradual loss of smooth muscle cells. β-amyloid was slow-
ly and progressively replaced by the smooth muscle cells
in the vessel wall (Figs. 7-10). Then, detachment and
delamination of the outer part of the tunica media re-
sults in a “double barrel” appearance (Fig. 11), fibrinoid
necrosis, and microaneurysm formation. Microbleeding
with perivascular deposition of erythrocytes and blood
breakdown products can also occur [3].
β-amyloid can also be deposited in the surrounding

affected vessels of the brain parenchyma known as
a “dysphoric CAA” (Fig. 12). Ultrastructurally, amy-
loid fibers expanding outside the ruptured vessel wall
can be observed (Fig. 13) [3].

Deposits of β-amyloid in CAA were observed in all
kinds of cerebral vessels: arteries (cortical and
meningeal), capillaries and veins. Mostly in the same
patients all kinds of vessels were intact but in those ves-
sels that showed amyloid deposits the different stages
of CAA were observed (Fig. 14).

Alzheimer’s type pathology (neuritic plaques) co-
existed in 43% with CAA (Fig. 15).

According to Weller, veins do not appear to be in-
volved in CAA, although deposits of β-amyloid are
found attached to the walls of veins [16]. Interestingly,
Mendel et al. (2013) found the occurrence of β-amy-
loid even in 78% of veins [5].

Conclusions

Deposits of β-amyloid in CAA were observed in all
kinds of cerebral vessels: arteries (cortical and
meningeal), capillaries and veins. Neuropathological
examination revealed that in the same patient differ-
ent vessels contained all stages of CAA.

The study group consisted of patients with severe
and lethal intracerebral hemorrhages and all kinds of
vessels were involved.

Fig. 4. β-amyloid deposits in the basement membrane
(arrow). Anti-Aβ, 400× 

Fig. 5. β-amyloid deposits in the smooth muscle cells.
Anti-Aβ,100× 

Fig. 6. Arteriolar wall with degenerative vascular smooth
muscle cells (VSMC) and deposits of amyloid fibers (A) in
basement membrane (BM). N – nucleus, EC – endothelial
cell, L – lumen, E – erythrocytes. Original magnification
4400×
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Fig. 10. Arteriolar wall with abundant amyloid fibers (A)
around degenerative vascular smooth muscle debris
(VSMC), EC – endothelial cell, L – lumen. Original
magnification 4400× 

Fig. 9. Rupture of the vessel wall. Anti-Aβ, 200×

Fig. 11. “Double-barrel” of the wall in the cerebral
cortical artery. Anti-Aβ, 200× 

Fig. 12. β-amyloid deposits in the whole vessel and in
surrounding brain parenchyma called “dysphoric CAA”.
Anti-Aβ, 400× 

Fig. 7. β-amyloid deposits in the exfoliated endothelium
in the cerebral artery “double-barrel”. Anti-Aβ, 400×

Fig. 8. β-amyloid deposits in the leptomeningeal artery
(arrows) in one exfoliated endothelium are visible.
“Double-barrel” artery. Anti-Aβ, 400×
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The development of CAA is a progressive and
longterm process. β-amyloid slowly and effectively re-
placed the smooth muscle cells in cerebral vessel
walls, causing damage and increasing the risk for in-
tracerebral hemorrhage.
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