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Inflammatory cerebral amyloid angiopathy: the overlap
of perivascular (PAN-like) with vasculitic (Aββ-related angiitis)
form: an autopsy case
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Ab s t r a c t

Beside advanced age, cerebral amyloid angiopathy (CAA) and hypertension (HTA) are the two most important risk
factors for haemorrhagic stroke. Inflammatory changes of amyloid-laden vessels have been reported only in rare
sporadic CAA cases. We present the case of a 78-year-old woman with a history of hypertension, dementia and
haemorrhagic stroke of the right frontal lobe 2 years before admission. She was admitted with recurrence of symp-
toms of transient aphasia and central, right-side facial paresis that occurred an hour before her arrival at the hos-
pital. In the admission unit, she was only slightly confused, with no other neurological deficits. An urgent CT scan
revealed a recent haemorrhagic stroke in the left frontal lobe. In an hour her condition suddenly deteriorated. After
a generalized seizure she presented with right-side hemiparesis with signs of uncal herniation and remained uncon-
scious. A control CT scan showed a large haemorrhagic expansion that comprised the whole left brain hemisphere
with 2 cm midline shift. She died about 10 hours after the onset of symptoms. At autopsy chronic inflammation of
the thyroid gland, bronchopneumonia, fibrous and fatty heart degeneration and kidney haemorrhagic infarcts were
documented. Amyloid deposition and systemic immune disorders in the inner organs were not demonstrated. 
In neuropathological examination we diagnosed inflammatory form of CAA with coexistence (the overlap) of two,
perivascular and vascular, subtypes of CAA-related inflammation.  
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lapping syndrome, immunochemistry, electron microscopy.
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Introduction

Sporadic CAA is a common disease of small and
medium-sized CNS blood vessels of the elderly. Its
incidence and severity as well as association with 
other CNS diseases increase with age [9]. Beside
advanced age, CAA and hypertension are the most
important risk factors for haemorrhagic stroke, but
CAA may also occur as a separate syndrome and
cause lobar CAA-related intracerebral haemorrhage
(CAA- ICH), or dementia alone [8,21]. The most com-
mon and a strong overlap is between CAA and Alz -
heimer’s disease pathological changes (CAA/AD) [11].

Primary angiitis of CNS (PACNS), is an uncom-
mon syndrome in which vascular inflammatory
changes are limited to the brain and spinal cord. In
a comparative study of PACNS with and without
CAA, performed biopsies revealed that both forms
show two histological patterns: lymphocytic and
acute necrotizing or granulomatous [18].  

Inflammatory changes of amyloid-laden vessels
morphologically similar to PACNS have been report-
ed only in rare sporadic cases of CAA [1,3,10,20]. Usu-
ally CAA and PACNS as well as hypertensive angiopa-
thy (HTN) are distinct vascular diseases devastating
small vessel walls of the CNS. 

Currently there is no evidence-based treatment
or preventive strategy for CAA-ICH or CAA-I-ICH
(CAA-inflammation related intracerebral haemorrha -
ge). However, contrary to CAA alone and CAA/AD,
inflammatory CAA is a rare syndrome whose symp-
toms may respond to immunosuppressive treat-
ment; hence biopsy studies are the gold standard for
diagnosis and therapy [1,9]. It is unclear whether
cases of inflammatory CAA represent a disease unit
distinct from PACNS or the coincidental coexistence
(overlapping) of two PACNS/CAA diseases [6,19,21]. 

We report the clinical and neuropathological
examinations of a hypertensive patient with a histo-
ry of dementia and returning haemorrhage stroke.
The patient suddenly died due to fulminant expan-
sion of lobar brain haemorrhage and oedema. In
neuropathological examination we diagnosed in fla -
m matory form of CAA with coexistence (the overlap)
of two, perivascular and vascular, subtypes of CAA-
related inflammation. Differential diagnosis of in -
flammatory CAA [1,3,20] versus the overlapping syn-
drome of CAA, HTN and PACNS was performed
based on immunohistochemical (IHC) and ultra-
structural studies of the autopsy material and a lite -

rature review. Both pathological forms of CAA-I,
perivascular and vascular (clinically remarkably sim-
ilar) can co-occur, suggesting at least their partial
overlap [1,12,13]. This overlapping was diagnosed in
our case. 

Case report 

We present the case of a 78-year-old woman
with a history of hypertension, dementia and hae -
morrhagic stroke of the right frontal lobe two years
before admission. She was admitted with symptoms
of transient aphasia and central, right-side facial
paresis that occurred an hour before her arrival at
the hospital. In the admission unit, she was only
slightly confused, with no other neurological de -
ficits. An urgent CT scan revealed a recent haemor-
rhagic stroke in the left frontal lobe (Fig. 1A). In an
hour her condition suddenly deteriorated. After
a generalized seizure she presented right-side hemi-
paresis with signs of uncal herniation and remained
unconscious. A control CT scan showed a large hae -
morrhagic expansion that comprised the whole left
brain hemisphere with 2 cm midline shift. She died
about 10 hours after the onset of symptoms. 

Material and methods 

Gross examination of the brain was performed
on coronal section after fixation in 4% formaldehyde
buffered to pH 7.4. Blocks obtained from the brain
autopsy material were embedded in paraffin. For
histological examination, samples were stained in
H&E, Congo red, PAS, azocarmine, Mallory-tri chro -
me, PTAH, Klüver-Barrera as well as in Gallyash and
Gomori impregnation. Immunohistochemical (IHC)
reactions were performed according to the labelled
streptavidin-biotin complex methods in 5 µm select-
ed sections using antibodies against amyloid-β
(Aβ total 8-17), tau, ubiquitin, α-actin (SMA), HLA-DR,
CD68, and GFAP (all DAKO), and CD45Ro (T lymphocy-
tes) and CD20 (B lymphocytes) (Novocastra). Double
IHC/histological reactions were performed in select-
ed sections. 

Vonsattel’s grading scale of CAA severity, modi-
fied according to Greenberg and Vonsattel, was used
[9]. The scale comprises four grades: (1) indicates the
presence of some congophilic staining in an other-
wise normal-appearing vessel; (2) shows complete
replacement of the media by congophilic material;
(3) refers to cracking of the amyloid-laden vessel wall
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creating a vessel-within-vessel (double barrel ap-
 pea rance); and (4) denotes the presence in an amy-
loid-laden vessel of fibrinoid necrosis or lipohyali-
nosis and/or miliary aneurysms. 

For electron microscopic examination (EM) of
material after formalin fixation, brain tissue frag-
ments were taken from the paraffin blocks from the
region of the highest incidence of vascular amyloid
changes. After deparaffinization, the material was
fixed in 2.5% glutaraldehyde and postfixed in 2%
OsO4 and processed routinely to Spurr resin. Ultra-
thin sections were stained with uranyl acetate and
lead citrate and examined under an Option DPS 109
electron microscope. 

Results 

PPaatthhoollooggiiccaall  ffiinnddiinnggss  

At autopsy chronic inflammation of the thyroid
gland, bronchopneumonia, fibrous and fatty heart
degeneration and kidney haemorrhagic infarcts
were documented. Amyloid deposition and systemic
immune disorders in the inner organs were not
demonstrated. Neither fibrinoid necrosis of glome -
rular capillaries nor endarteritis of arterioles and
small arteries, regarded as characteristic changes in
malignant hypertension, were found. 

CCTT  aanndd  nneeuurrooppaatthhoollooggiiccaall  ffiinnddiinnggss  

Computed tomographic brain scan (CT) and neu-
ropathological examination showed two lobar
intracerebral haemorrhages of different age, recent
and past. The recent intracerebral haemorrhage was
localized in the left frontal and parietal lobes asso-
ciat ed with subarachnoid haemorrhage and extensi-
ve vasogenic oedema resulting in significant midline
shift (Figs. 1A-B). The post-haemorrhagic cortical
and subcortical cicatrices in the right frontal lobe
were seen along with dispersed small ischaemic
cerebral and cerebellar changes. Some amyloid-
laden small vessels and their miliary aneurysms and
splitting walls arterioles in microbleeds surrounding
the haemorrhage and in the subarachnoid space
were observed (Fig. 1C). 

The coexistence of a few vascular changes of dif-
ferent pattern in the walls of small cerebral vessels
was revealed. In cerebral and cerebellar, as well as in
leptomeningeal and cortical vessels, Congo red- and
β-amyloid (Aβ)-positive depositions were found. 

FFiigg..  11..  AA))  CT scan of the brain. The lobar brain
haemorrhage localized in the left frontal lobe.
BB)) Gross autopsy findings. The brain and sub-
arachnoid haemorrhage localized in the left
frontal and parietal lobes associated with oede-
ma and midline shift. CC))  Small vessels in the
cortical microbleeds. Amyloid-laden walls of mi -
liary aneurysm. Congo red 200× (Left). Micro-
scopic appearance of cortical arteriole at sites
of fibrinoid necrosis and rupture (Right).  Mallory
200×. 
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CC
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There were striking perivascular inflammatory
cell infiltrates, dense focally or encircling Congo red-
positive and Aβ-reactive leptomeningeal vessels and
in their aneurysms (Figs. 2A-D). Inflammatory infil-
trates surrounding amyloid-laden vessels in the sub-
arach noid space were mostly composed of immu -
noreactive CD45Ro T-lymphocytes and CD68-positive
macro phages of varied density (Figs. 2B-C). Intramu-
ral infiltration mainly composed of T lymphocytes
without multinucleated cells was seen in some lep-
tomeningeal vessels and miliary aneurysms. Lympho-
cytes usually infiltrated adventitia of some vessels.
In a few arteries the inflammation penetrated
through the media, usually without involving the full
thickness of their walls (Fig. 2D). Inflammatory chan -
ges differed in time. Chronic inflammatory changes
with fibrosis leptomeninges, histiocytic cells and oc -

casionally perivascular giant-like macropha ges
(arrow) were seen in the subarachnoid space 
(Figs. 3A-C). Moreover, large CD-68 positive macro pha-
ges were found in amyloid-laden vessel walls (Fig. 3B). 

The CAA-affected cortical vessels were mostly
smaller arteries, arterioles and capillaries. CAA cortical
vessels had markedly thickened walls with concentri-
cally narrowed lumina (CAA grade 2). Not all ve    ssels
with CAA exhibited inflammation (Fig. 4A) and not all
vessels exhibited CAA. 

Inflammatory infiltrates were mainly confined to
the perivascular space amyloid-laden or necrotic
walls of cortical arterioles (Fig. 4B). Panarteritis-
like (PAN-like) type inflammatory infiltrates (Fig. 4B)
were mainly composed of T-lymphocytes. Transmural
infiltrations of capillaries were mainly composed of
mono nuclear cells, lymphocytes and macrophages

AA

CC

BB

DD

FFiigg..  22..  AA––DD)) Perivascular (2A-C) and vascular (2D) subtypes of CAA-related inflammation of leptomeningeal
vessels. AA)) Several amyloid-laden vessels and perivascular inflammatory infiltrations. Congo red 100×; 
B-C) High magnification of dense perivascular inflammatory infiltrations. BB)) T-lymphocytes. CD45Ro 200×;
CC))  Lymphocytes and macrophages. CD68 200×; DD)) Intramural infiltrations of T-lymphocytes in thickened
arteriolar wall and their miliary aneurysms. CD45Ro 200×. 
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(Fig. 4C). The microglial activation of the dispersed
and perivascular pattern in the form of the reactivity
in the pericyte position, concomitant with CAA-corti-
cal arterioles, were found (Fig. 4D). 

Both leptomeningeal and cortical vessels with
severe CAA manifested numerous angiodestructive
changes. There were partial or complete throm-
boses, recent and organized with recanalisation nar-
rowing the lumen of small parenchymal and lep-
tomeningeal CAA vessels (Figs. 5A-C). Advanced CAA
changes, including double-barrel appearance, “ves-
sel in the vessel” (CAA grade 3), were found mainly
in leptomeningeal medium-sized and small vessels
(Figs. 5B-C). 

The most severe segmental angiodestructive
changes, comprising lipohyalinosis and/or fibrinoid
necrosis (CAA grade-4), were prominent in multiple
leptomeningeal and cortical vessels (Figs. 6A-D), as
well as in walls of their miliary aneurysms (Figs. 7A-C).
The fibrinoid necrosis differed in changes of the me -
dial vessel layer, which were usually more homoge-
neous, fibrinogen immunoreactive and selectively

azocarmine-positive stained, whereas lipohyalinosis
contained some macrophages and histiocytic cells
between homogeneous and fibrous bunches 
(Figs. 6B-D).

The necrotic or healed walls of several lepto -
meningeal miliary aneurysm formations contained
homogeneous deposits of fibrinoid necrosis or mul-
tiple foamy cells. Large macrophages were visible
between fibrous changes of CAA-related lipohyali-
nosis (Figs. 7A-B). In some of them, intimal and me -
dial cell proliferation with prominent narrowing of
the lumen was found (Fig. 7C). All vascular and cere-
bral changes, lobar haemorrhage, advanced vascular
amyloid deposition, angiodestructive lesions and
inflammatory vascular infiltrations were asymmetric
and mainly on the left side. 

The ultrastructural examination showed arterioles
with different degrees of thickened basement mem-
brane and degenerated vascular smooth muscle cells
(VSMC). In early stages of degenerative changes,
VSMC exhibited degeneration of cellular structu res
and thickened basement membrane (Fig. 8). Ad vanc -

AA

CC

BB

FFiigg..  33..  AA--CC)) Different in time inflammatory
perivascular, vascular and leptomeningeal infil-
trations by T-lymphocytes, multiple giant-like
macrophages and histiocytes. Fibrous changes
in subarachnoid space. AA)) H&E 400×; BB)) Giant-
like CD-68 positive macrophages – arrow. 
CD68 400× and CD68 630×; CC)) Medial fibrinoid
necrosis and A  immunoreactive vessel wall.
Double-staining: A /PAS 200×. 

FOLIA 4 2011:Folia4-2005.qxd 2011-12-15 15:24 Strona 339



Folia Neuropathologica 2011; 49/4340

ed changes of arteriole walls comprised degeneration
and loss of VSMC and strong thickening of basement
membrane (Figs. 9, 10A). In some of them, thickened
vessel walls were loaded with numerous amyloid
fibres and the remainder showed strong degeneration
of VSMC. Collagen fibres were also visible (Fig. 10A).
Arterioles not exhibiting amyloid fibres had a very
thickened basement membrane and less destroyed
VSMC. The arterioles both with and without amyloid
fibres showed deposits of fibrin below the intima as
well as collagen fibres (Figs. 9, 10A). In high magnifi-
cation, fibrin consisted of deposits of dense granular
material (Fig. 10B). 

Discussion

The presented 78-year-old patient with history
of hypertension and dementia died suddenly a few

hours after the onset of recurrent lobar brain
haemorrhage associated with subarachnoid haem-
orrhage. Some amyloid-laden small vessels and
their miliary aneurysms were observed in micro  -
bleeds surrounding the haemorrhage and in the
subarachnoid space. On neuropathological exami-
nation the coexistence of a few vascular changes
of different pattern in the walls of small cerebral
vessels was revealed. Advanced cerebral amyloid
angiopathy of leptomeningeal and cortical vessels
was associated with differing in time perivascular
and vascular inflammatory changes and lepto -
meningeal lymphocytosis. Inflammatory changes
destroyed vascular walls and most of them were
connected with perivascular subtype inflamma-
tion. However, mural inflammatory infiltrations of
vascular subtype in some thickened vessel walls
were also found.  

AA BB

CC DD

FFiigg..  44..  AA--DD)) CAA cortical arterioles. AA)) Aβ-immunoreactivity of thickened cortical CAA vessels without
inflammation. Aβ 100×. BB)) PAN-like (perivasculitic) form of cortical perivascular infiltration. Aβ/PAS 400×..
CC)) Necrotizing form of vasculitis with transmural infiltration of lymphocytes and macrophages of capillary
wall. PAS 400×. DD))  Perivascular microglial immune response around arteriole with thickened vessel wall of
onion skin type. HLA-DR 200×. 
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Since the time when Jellinger [11] revealed that
CAA is an integral part of Alzheimer’s disease, sev-
eral reports on CNS diseases associated with CAA
have been published. Currently, more than ten CNS
diseases have been associated with various forms of
CAA, including a common and strong pathological
overlap between Alzheimer’s disease and CAA [8]
and the recently reported overlap between AD/CAA
and brain iron accumulation [2]. There were some
diffuse forms of amyloid plaques in our patient;
however, their number did not fulfil AD criteria. 

The first case of amyloid angiopathy overlapp-
ing angiitis of the nervous system was reported in
1974 [15]. Unlike CAA alone, CAA-related inflamma-
tion (CAA-I) is a rare syndrome whose symptoms may
respond to immunosuppressive treatment [12,13]. 

Two subtypes of CAA-I have been described un -
der several different names [1,3,8,10,20]. 

First, a non-vasculitic or a perivascular form is
characterized by perivascular (PAN-like) pattern
inflammation and extensive brain oedema. Eng et al.

[3] and recently Chung et al. [1] proposed the com-
monly accepted term CAA-related inflammation or
CAA-associated with inflammation (CAA-I), whereas
Harkness et al. [10] divided cerebral angiopathies into
inflammatory and non-inflammatory and proposed
the term cerebral amyloid inflammatory vasculopa-
thy or inflammatory cerebral amyloid angiopathy. 

Second, a vasculitic form is characterized by
transmural and intramural inflammation of the vessel
wall with the occasional presence of granulomas,
hence called transmural granulomatous or non-gra -
nulomatous angiitis (TGA). Scolding et al. [20] pro-
posed for this second type the term amyloid β- 
(or Aβ)-related angiitis and the acronym “ABRA” or
pri mary angiitis of the central nervous system asso-
ciated with CAA (PACNS associated with CAA). 

The reduction of vascular smooth muscle cells
(VSMC) and pericytes characteristic for CAA might
predispose them to higher destruction and weak-
ness. Recent results of studies on cultures of smooth
muscle cells have revealed that steroidal anti-inflam-

AA

CC

BB

FFiigg..  55..  AA--CC)) Angiodestructive changes of small
vessel walls. AA)) Thrombotic occlusion and mural
fibrinoid necrosis of few small vessels surro -
und ed by inflammatory infiltration. PAS 200×.
BB))  Medial splitting and small vessels double-
barrelling. PAS 200×. CC)) Medial fibrosis and
double-barrel appearance. Aβ/PAS 100×. 
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matory agents, such as dexamethasone, reduced
not only vasogenic oedema but also Aβ-related in -
flammation of the vessel wall and thus the loss of
vessel wall integrity [18]. 

The beneficial effects of corticosteroid treatment
could be dependent on the pathological subtype of
CAA-I and were reported mainly in the perivascular
form [12,13]. Hence cerebral biopsy studies are a gold
standard for definite diagnosis and therapy with
special attention to CAA-I pathological subtypes
[1,3,8,9,10,20]. In our sporadic case, loss of smooth
muscular actin (SMA) immunoreactivity of VSMC
and pericytes was comparable with that previously
found in several hereditary small vessel diseases:
CAA with familial AD (CAA/FAD) and CADASIL [22]. It
makes the brain biopsy a potentially invasive study
in both CAA and CAA-I. 

Recently, Chung et al. [1] proposed diagnostic cri-
teria for CAA-I on the basis of clinical and radiolo -
gical imaging findings without requiring biopsy. 

The diagnosis of probable CAA-I requires the fol-
lowing: typical symptoms (headache and mental or
behavioural changes); focal neurological signs and
seizures and the onset of symptoms at the age of 
40 or more; MRI should show patchy or confluent 
T2-weighted or FLAIR lesions with or without mass
effect and with or without leptomeningeal or
parenchymal enhancement; evident pre-existing
CAA (multiple lobar microhaemorrhages (micro -
bleeds) and/or recent or past lobar intracerebral
haemorrhages); and the absence of neoplastic,
infectious or other causes. Definite diagnosis of 
CAA-I requires all the above plus histopathological
confirmation with amyloid deposition within vessels

AA BB

CC DD

FFiigg..  66..  AA--DD)) Angiodestructive changes of medium sized CAA-I vessel walls. AA)) Lipohyalinosis with mural
foam cell infiltration of vessel walls and Aβ-immunoreactive adventitia. Aβ/PAS 400×. BB))  Co-localization of
azocarmine-positive fibrinoid necrosis and azocarmine-negative lipohyalinosis. Azocarmine 400×. CC)) Colo-
calization in arterial wall (Left). Medial loss of smooth muscle cells and their subintimal SMA-immunore-
activity. SMA 400×. Focal fibrinoid necrosis. Mallory trichrome 400× (Right). DD)) Circular fibrinoid necrosis.
Mallory trichrome 400×. 
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in the brain, leptomeninges, perivascular, transmu ral
and/or intramural vascular inflammation. 

Microscopic findings with the use of immunohisto-
chemical and ultrastructural studies turned our atten-
tion to specific features of the examined material:

First, predomination of remarkable severity of
amyloid angiopathy of grade 3-4 in leptomeninges
and restriction of inflammatory and angiodestruc-
tive changes exclusively to small and medium-size
leptomeningeal and cortical blood vessels with
advanced CAA. This predisposition of ABRA has
already been noted in previous reports [3,18,20]. 

Second, the cortico-subcortical location of lobar
haemorrhage and secondary rupture to the sub-
arachnoid space following subarachnoid haemor-
rhage characteristic for CAA-related ICH [11,20] is an
important feature of CAA-I related ICH. In our case,
the predominance of more pronounced angiode-
structive changes in leptomeningeal and cortical
vessels was compatible with the characteristic
meningeal and cortical distribution of CAA-related
haemorrhage. 

Third, the advanced vascular amyloid deposits
can also obliterate the vessel lumen, leading to
ischaemia, infarction or leukoaraiosis. Contrary to
usually symmetric changes in CAA alone [9,11], asy -
mmetric lesions characteristic for CAA-I [19] were
found in our case. 

Fourth, the advanced fibrinoid necrosis in the
walls of arterioles and their miliary aneurysmal
dilatation was the most striking angiodestructive
change observed in light and electron microscopy
and most likely an actual site of bleeding [4,5,
16,17,23]. Recently, this has been acknowledged as
a marker of severe CAA [9,18].

In summary, the co-existence of different types
of cerebral small vessel diseases, present in our
patient, poses a few questions: 

• Firstly: Is CAA-I overlapping HTN? 
Hypertension frequently coexists with CAA and

CAA-I with and without haemorrhage in the older
population. The co-existence of HTN- and CAA-relat-
ed vascular changes is sometimes termed “mixed
microangiopathy”. This common overlap of high blood

AA

CC

BB

FFiigg..  77..  AA--CC))  Angiodestructive changes with nar-
rowing of the lumen in miliary aneurysms of
CAA-I blood vessels. AA)) Medial fibrinoid necrosis
surrounded by Aβ-reactive adventitia. Aβ/PAS
400×. BB)) Lipohyalinosis. PAS 400×. CC)) Intimal
and medial cell proliferation following oblitera-
tion of lumen miliary aneurysm. Aβ/PAS 400×. 
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pressure may exacerbate the tendency to CAA-relat-
ed haemorrhage. However, recently the increased
risk of haemorrhage is not supported by available
data [8,9]. Like parenchymal brain cells [2], vessel
wall cells also have a limited repertoire of response
to injury. Angiodestructive changes, especially the
fibrinoid necrosis of vessel walls and miliary
aneurysms which were documented in multiple
cerebral vessels, can be due to hypertension as well
as advanced CAA-I; however, clinical and histologi-
cal criteria for malignant hypertension, including fib-
rinoid necrosis in vessels outside the brain, were
absent. This is in agreement with the results of the
reported cases in which fibrinoid necrosis in the
brain of patients with benign hypertension was found.
Rosenblum [16,17] concluded that in the brain, arte-
rioles may display fibrinoid necrosis in patients with
clinical and histological criteria of benign hyperten-
sion, because the brain arterioles are more suscep-
tible to high blood pressure of moderate severity.
Therefore in the brain, the severe change in cerebral

FFiigg..  88.. Arteriole with degenerating vascular smooth muscle cells (VSMC) and thickening of basement 
membrane (BM); EC – endothelial cell. Orig magn. 7000×. 

FFiigg..  99.. Arteriolar wall with markedly thickened
basement membrane (BM) and dense granular
deposits of fibrin (F); L – lumen, EC – endothe-
lial cell. Orig magn. 1200×. 
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blood vessels in benign hypertension may be identi-
cal to that appearing elsewhere only in malignant
hypertension. 

• Secondly: Is CAA overlapping PACNS? 
Sporadic CAA and PACNS are generally consid-

ered to be two distinct devastating diseases of cere-
bral vessels. Their overlapping cannot be ruled out;
however, some authors have proposed that co-loca -
lization of amyloid and inflammation provides
strong evidence against the possibility of affect ing
blood vessels by overlapping [1,3,21]. Vascular Aβ-de-
position has emerged as a trigger of vascular inflam-
mation, particularly in older patients with common
CAA pathology [9]. 

• Thirdly: Is CAA-related perivascular inflamma-
tion (CAA-I/PAN-like subtype) overlapping 
CAA-related vascular inflammation (ABRA sub-
type) of the inflammatory CAA? 

Both pathological forms of CAA-related inflamma-
tion (clinical remarkably similar) can co-occur, sug-
 gesting at least their partial overlap [12,13]. We diag-
nosed in our patient this rare overlap of two subtypes
of mixed form of inflammatory CAA: non-vasculitic
(perivascular) [1,3] and vasculitic (vascular) [8,10,20].  

Over the last decades, it has been discussed
whether advanced vascular deposition of Aβ-amy-
loid may be due to inflammation associated with

CAA, or whether the inflammation is an immune
response to CAA triggered by the vascular Aβ depo-
sition. It is possible that inflammation may result in
the increase of vascular amyloid deposition due to
the failure of perivascular drainage of Aβ by analogy
to the vascular hypothesis of the development of
amyloid plaques in AD. However, amyloid deposition
may also trigger immune-mediated vascular inflam-
mation [1,6,20,21]. The presence of morphological
PAN-like changes, similar to those observed in pa -
narteritis (periarteritis nodosa), may indicate a pos-
sible immunological origin of inflammation in our
CAA-I patient [3,20]. 

Inflammatory perivascular and vascular changes
were different in time in our case. On neuropatho-
logical examination, vascular infiltration by multiple
giant-like macrophages and leptomeningeal infiltra-
tions by histiocytes and perivascular and vascular
lymphocytic acute inflammation were found. Histio-
cytes between lymphocytic infiltrations were associ-
ated with the fibrous changes of the leptomeninges
and subarachnoid space, which may be the cause of
failure of perivascular amyloid drainage and pro-
gression of disease. Similar increase of macrophage
activation, including multinuclear cells in amyloid-
laden vessel walls, and clusters of activated mi -
croglia surrounded Aβ-laden and inflammatory was

BB

FFiigg..  1100..  AA)) Arteriole with abundant amyloid fibres (Aβ), loss of VSMC, deposits of fibrin (F) and collagen
fibres (C); L – lumen, EC – endothelial cell. Orig. magn. 7000×. BB)) High magnification of arteriolar wall show-
ing deposits of dense granular material of fibrin (F), amyloid (Aβ) and collagen fibres. Orig. magn. 
7000×.  
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interpreted as an immune activation of phagocyte
cells [25]. A retrospective study carried out at the
Mayo Clinic on PACNS material has suggested that
vasculitic form inflammation (ABRA) associated with
CAA can be triggered by vascular Aβ deposition [18],
whereas chronic cellular infiltrates may be interpret-
ed as an immune foreign body reaction evoked by
amyloid [1,20]. It has recently been demonstrated
that the presence of angiitis relative to CAA may
have implications for AD immunotherapy [24]. More
recently, development of antibody-related vasogenic
brain oedema (VE) induced by anti-amyloid immu -
notherapy was revealed and similarities between
antibody-related VE and the syndrome of sponta-
neous CAA-related vascular inflammation were
reported [7]. 

The patient rapidly developed brain oedema with
secondary fulminant bleeding to the ventricle and
mesencephalon. Extensive vasogenic brain oedema
due to blood-brain barrier breakdown is frequently
associated with perivascular form of CAA-I, hence
the positive response of this CAA-I subtype to
immunotherapy [14,24]. 

The coexistence of pathological changes of all
three distinct small vessel diseases, including hyper-
tension, cerebral amyloid angiopathy and inflam-
 mation, cannot be ruled out in our case. However, 
several observations suggest that inflammatory
cerebral amyloid angiopathy is not simply an associ-
ation and CAA overlapping PACNS [1]. 

In summary our patient died following the exa-
cerbation of probably the chronic stage of mixed
type CAA-related inflammation with overlap of two
forms of CAA-I pathology, presenting fulminant pro-
gression of lobar cerebral haemorrhage and vaso-
genic oedema. The perivascular and vascular pat-
terns of in fla m matory infiltrations were consistent
with perivascular and vascular lymphocytic and
necrotizing PAN-like form of inflammatory CAA. 

Striking co-localization of CAA Aβ deposition and
inflammation as well as angiodegenerative changes,
especially the fibrinoid necrosis, suggests their cau -
sative relationship. Thus the presented inflammatory
changes of cerebral vessel walls appeared as “Aβ-
related”, not only as “Aβ-associated” CAA [1,18,20].
Time will show which of the cited authors is right. 
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