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Symptomatic cerebral amyloid angiopathy (CAA) is characterized by lobar cerebral hemorrhage,
transient neurological symptoms, and dementia with leukoencephalopathy in the absence of
hypertension or coagulopathy. Contrary to its common appearance in English literature, patho-
logically confirmed CAA has rarely been reported in Korea. A 77-year-old normotensive, non-
demented woman was admitted for a case of incidentally found intracerebral lobar hemorrhage
at the left occipito-parietal area. On neurological examination, she displayed symptoms of a
drowsy mentality and Gerstmann syndrome. Light-microscopically, medium to large cortical
and meningeal vessels appeared to be thickened with amorphous glassy materials showing
apple-green birefringence under polarized light on Congo red stain, which is consistent with
CAA. The amyloid deposits were detected in the medium-sized vessels of the leptomeninges
and cerebral cortex, but not in the capillaries and small arterioles in the white matter. Electron
microscopy revealed amyloid fibrils and basal lamina duplication, indicating damaged vessels.
Careful cortical biopsy during evacuating hematoma for histopathologic and ultrastructural
examination is essential for diagnosis of CAA in case of clinical probability because the ignored
sampling procedure and sampling error of patchy, segmental distribution of affected vessels
might be ascribed to rare incidence of CAA in Korea.
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Cerebral amyloid angiopathy (CAA), which causes circulatory
disturbances including stroke or dementia, is characterized by
the extracellular deposition of fibrillar proteins (beta amyloid)
in the walls of medium to large vessels of the brain cortex and
meninges.1,2 CAA is not rare in the elderly, and typically it causes
lobar hemorrhage. In contrast, deep intracerebral hemorrhages
are associated with hypertension occurring in the thalamus, puta-
men, cerebellum or pons. However, CAA can rarely occur as a
nonhemorrhagic diffuse encephalopathy,2,3 and those pathologic
changes may be detected in up to 50% of individuals over the age
of 80 years.4 For unknown causes, amyloid materials are severely
deposited in the parietal and occipital lobes and is almost exclu-
sively seen in the cortical and leptomeningeal vessels, with sparing
white-matter and deep gray-matter. CAA occurs regardless of
systemic amyloidosis. Although CAA occurs to some degree in
virtually all cases of Alzheimer’s disease (AD), it can occur inde-
pendently, particularly in elderly individuals. It can also occur
sporadically or with familial occurrences (e.g., hereditary cerebral
hemorrhages with amyloid angiopathy of the Icelandic type

(HCHWA-I), hereditary cystatin C amyloid angiopathy).2,5

To date, only two cases of pathologically confirmed CAA have
been reported in Korea.6,7 Here, we report another case of CAA
along with its ultrastructural features.

CASE REPORT

A 77-year-old woman presented with a headache and confused
mentality. She had been admitted to a sanatorium for major de-
pression six months before. Her consciousness and memory were
fluctuating, and these mild cognitive deficits were presumed to
result from a mood disorder and antidepressive agents (Orfil,
300 mg/day). She was non-demented, and neurologic examina-
tion was remarkable for Gerstmann syndrome (i.e., acalculia,
agraphia, finger agnosia, and right to left disorientation). Her
blood pressure was normotensive during the admission period.
There was no gammaglobulinemia, and serum protein elec-
trophoresis showed no immunologic abnormalities. She had no
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family history of dementia or stroke. Preoperative brain com-
puted tomography revealed a hematoma of about 5 cm on the
dominant parietal lobe. Brain magnetic resonance (MR) images
showed a lesion of heterogeneous signal intensity containing
some signal void structures, which indicated little possibility of
the tumor’s bleeding. To exclude vascular anomalies including
arteriovenous malformation, an angiography was also done, and
unremarkable vascular changes were confirmed. A left parietal
craniotomy was done for brain decompression. During the oper-
ation, a cortically extended yellowish, thickened hematoma was
found, and the hematoma wall appeared to be multi-staged.
The hematoma tightly adhered to the surrounding brain tissue.
A small vascular network was intermingled with the hematoma.
After the hematoma was removed, the patient had an unevent-
ful course of follow-up visits for three months.

PATHOLOGIC FINDINGS

The removed hematoma was fixed in 10% buffered formalin
and was paraffin embedded. The specimen consisted of fibrinated
blood and floating fragments of brain parenchyma. The cortical
arterial walls were thickened by amorphous homogeneous eosi-
nophilic substances (Fig. 1A), mainly deposited at the media and
adventitia of some of the leptomeningeal vessels and cortical
arterioles. Periodic-acid Schiff (PAS) staining revealed homoge-

neously eosinophilic deposits, and Congo red staining demon-
strated deposits of apple-green birefringence under polarized
light (Fig. 1B). Deposits were metachromatically stained with
crystal violet, which are consistent with amyloid. Fibrinoid
necrosis of leptomeningeal vessels, were also found, and the fib-
rin was stained with Lendrum’s staining. Those vascular changes
were not detected in the cortical capillaries. Focal cortical infarcts
with reactive gliosis, which were highlighted by Luxol-fast blue
and Bodian stains, were observed. No neuronal loss or granulo-
vacuolar degeneration was found. There were no neurofibrillary
tangles or senile plaques, meaning that AD can be excluded
both microscopically and clinically. For electron microscopy,
the portions of amyloid deposited vessels were microdissected.
They were deparaffinated and fixed in 2.5% glutaraldehyde,
followed by 1% osmium with propylene dioxide and finally
embedded in Epok 812 (Oken Shoji Ltd., Tokyo, Japan). The
thin sections (1 m) were stained with toluidine blue and Azure
B solution to ascertain that the desired cells were in the block.
Thin sections were poststained with uranyl acetate and lead cit-
rate and examined with a transmission scanning electron micro-
scope (H-7100, Hitachi High-Technologies, Tokyo, Japan) at
an accelerating voltage of 75 kv. Ultrastructurally, amyloid fib-
rils of 8-10 nm in width were found in extracellular and dis-
rupted endothelial cells (Fig. 2A). Abundant interstitial colla-
gen fibrils were detected, and thickened, duplicated basal lami-
nas surrounded the involved vessels (Fig. 2B).

Fig. 1. (A) The cortical parenchyma contains large and medium sized arteries with thickened walls, which are carpeted by amorphous
glassy materials. (B) Apple-green birefringence of amyloid deposits is proved under polarized light on Congo red stain.
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DISCUSSION

Electron microscopic findings of CAA vary. The presence of
amyloid fibrils is typical. Non-membrane-bound, electron-
dense materials are rarely deposited in the vascular walls.8 These
materials can be distinguished from those seen in cerebral auto-
somal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) because in CADASIL they
are granular osmiophilic deposits, as well as granular PAS-posi-
tive and Congo red-negative stainabilities, rather than electron
dense deposits. They differ from membrane-bound lysosomes
within perivascular pericytes; such lysosomes are thought to
represent protein deposits in a nonfibrillar configuration or early
non-fibrillar amyloid beta protein, or pre-amyloid that has not
yet matured to fibrillar forms. Such lesions have been well des-
cribed in CAA, and they are common in Familial British demen-
tia, Down syndrome, AD, etc.9

The pathogenesis of CAA is known to be related to apolipopro-
tein; the apolipoprotein E 4 allele (ApoE 4) is known to be
pathogenetically related to a selective increase in the deposition
of the 40-amino acid form of the -amyloid peptide (Abeta40)
in CAA, independent of its association with AD.10 The apoE
4 hastens the onset of Abeta42 deposition in the senile brain,
which fosters the earlier evolution of fibrillar, Abeta40-positive
plaques, thereby also increasing the risk of AD as well as CAA.
Immunohistochemical study on the relationship between CAA

and hemorrhage showed that severe amyloid beta-protein and
apoE immunoreactivity in the amyloid-laden vascular walls were
risk factors for the occurrence of the hemorrhage; while severe
cystatin C immunoreactivity was a risk factor for the occurrence
and recurrence, as well as enlargement, of the hemorrhage. Loss
of the vascular smooth muscle was observed in the intensely
amyloid-laden vascular walls, which also showed cystatin C-
immunoreactivity.11Hemorrhage in CAA is ascribed to weakened
amyloid-laden vessels, where amyloid gradually replaces the
smooth muscle cells of the vessel; and developed cracks cause
plasma enzymes to leak into the cracks, destroying the vascular
wall and producing fibrinoid necrosis. The presence of abundant
adventitial collagen in the walls of some arterioles in CAA sug-
gests that fibrosis is a part of the repair response to vessel wall
injury.12 Most of the CAA’s in elderly persons do not have he-
morrhages, and amyloid is well tolerated in the human brain.4

Once apparent symptoms appear, however, CAA takes the suba-
cute or chronic clinical courses of a lobar hemorrhage, repeated
microhemorrhage that produces progressive dementia, and so on.1

For diagnosis, CAA-associated hemorrhage is often difficult
to distinguish from other causes of intracerebral lobar hemor-
rhage such as trauma, lobar extension of a hypertensive hemor-
rhage, hemorrhagic infarction, hemorrhagic tumor, vascular
malformation, or cerebral vasculitis.13 A retrospective study of
deep and lobar intracerebral hemorrhages revealed an overall
recurrence rate of 2.4% per year for all intracerebral hemorrhages

Fig. 2. (A) Longitudinally arranged amyloid fibrils measure about 10 nm in width (Original magnification ×50,000, the bar represents 100
nm). (B) Interstitial collagen fibrils are found. Note thickened basal lamina of the affected vessels (Original magnification ×15,000, the bar
represents 400 nm).
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and 3% per year for cerebral infarcts.14 Angiographic examina-
tions and MR images were traditionally used as diagnostic tools,
but the angiography is not helpful for detecting abnormalities
in the amyloid-laden cortical and leptomeningeal vessels.15 On
gradient echo T1- and T2-weighted images, multiple areas of
signal void suggesting multiple disseminated petechial hemor-
rhages lead to the diagnosis of CAA. Small areas of signal loss
on gradient echo T2-weighted images can indicate previous ex-
travasation of blood and are related to the bleeding-prone micro-

angiopathy of different origins.16 Greenberg et al.10 suggested a
working set of diagnostic criteria for CAA. The first group,
shown as lobar hemorrhage with severe CAA found on autopsy
in the absence of another cause for hemorrhage, belongs to defi-
nite CAA. The second group of probable CAA was defined as a
single lobar hemorrhage with pathologically proven CAA or
two foci of lobar hemorrhages seen on gradient echo MR images.
The third group, showing a single lobar intracerebral hemor-
rhage without pathologic confirmation, belongs to possible CAA.

Ref
Age (yr),
sex

Symptoms HT Radiology LM EM
Pathologic 
evidence of AD

6 60, F Not demented, Mild HT A lobar hematoma (CT) Microaneurysm of the - Not done
Hemiplesia, (140/64 mmHg) capillaries,
dysarthria Apple-green birefringence 

(Congo red stain)
7 79, M Dementia, - Multiple low signal Apple-green birefringence - Not done

gait disturbance  (T2WI) (Congo red stain)
Hypometabolism (PET)

* 77, F Not demented, - A lobar hematoma (CT) Apple-green birefringence - About 10 nm-sized
Gerstmann Heterogeneous signal (Congo red stain), vascular amyloid fibrils,
syndrome (T2WI) fibrinoid necrosis duplicated basal lamina

Ref: number of reference, *: the present case, HT: hypertension, LM: light microscopy, EM: electron microscopy, M: male, F: female, AD: Alzheimer’s
disease, CT: computed tomography, T2WI: T2 weighted images, PET: positron emission tomography.

Table 1. Clinicopathologic summary of three Korean cases of cerebral amyloid angiopathy

Presenting 
symptoms

Radiology Pathology
Involved vessels
& sites

Associated 
diseases

EM

Isolated Large hematoma Lobar hemorrhage Ectasis, microaneurysm, Arterioles & AD (-) Amyloid fibrils,
CAA cracks, thickened capillary in gray HT (-) nonfibrillary electron-

vessels, birefringence on matter, PL, FL dense depostis
Congo red

Hypertensive Multifocal strokes Signal changes of Lacuna, atherosclerosis Arterioles HT (+) Nonspecific
angiopathy white matter, (50-200 m),

brain stem, basal brain stem,
ganglia subcortical nuclei

AD Progressive Enlarged Neurfibrillary tangle, Cortical CAA (+, nearly Paired helical 
dementia ventricles, senile plaque, neuronal parenchyma all cases) filaments, amyloid

widened sulci threads, Hirano body, FL, PL, TL core, neurofibrillary
granulovacuolar degeneration
degeneration

CADASIL Family history, Ischemic changes PAS-positive, Congo Arterioles in white CAA (-) Granular osmiophilic
migraine, psychiatric in white matter, red-negative vessels matter, skin, Atherosclerosis (-) deposits
symptoms, ischemic leukoaraiosis muscle, peripheral HT (-)
stroke, dementia nerve

Vascular Variable (seizure, Abnormal vascular AVM, angioma, Supratentorial Sturge-Weber Nonspecific
malformation hematoma) connection telangiectasia vessels, deep basal syndrome, Rendu-

(angiography) ganglia, pons Osler-Weber 
syndrome

CAA: cerebral amyloid angiopathy, AD: Alzheimer’s disease, HT: hypertension, CADASIL: cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy, AVM: arteriovenous malformation, PAS: periodic-acid Schiff stain, EM: electron microscopy, PL: parietal lobe, FL:
frontal lobe, TL: temporal lobe.

Table 2. Clinicoradiologic and pathologic characteristics of CAA and its differential diagnoses
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Definitive diagnosis requires histopathologic examination. In
the pathologic diagnosis of CAA, in addition to amyloid-laden
vessels, fibrinoid necrosis and cracking of the vessel wall are
regarded as the most helpful markers. Other described vasculo-
pathic changes, such as the presence of ectatic regions, microa-
neurysms, or inflammatory infiltrates, are less useful in practice
because provoked inflammation involving the vessel wall is a
relatively rare finding.17 Ectasis or aneurysms of small vessels
are more common than inflammation, and serial cuts are poten-
tially useful for identifying ectatic changes. As previously stated,
ultrastructural demonstration of amyloid fibrils or electron dense
nonfibrillar deposits are also diagnostic. In Tables 1 and 2, clin-
icoradiologic and pathologic characteristics of previously pub-
lished Korean cases of CAA, including the present one, are sum-
marized along with differential diseases.

CAA is a largely untreatable disease. As for AD therapy, the
following considerations may be important factors in therapy
aimed at reducing CAA: (1) the assembly of amyloid beta pro-
tein at the cell surface of human brain pericytes induces cellular
degeneration of human brain pericytes, and (2) the toxic effect
of amyloid is inhibited by co-incubation with catalase, but not
with superoxide dismutase, glutathione or vitamin E analogue
Trolox in cultured human brain pericytes.18

In summary, cortical biopsy during evacuating hematoma as
a surgical option is desirable for histopathologic and ultrastruc-
tural examination, because the relatively rare incidence of CAA
in Korea might be caused by the ignored sampling procedure
and sampling error of patchy, segmental distribution of amyloid-
laden vessels. Based on the clinical probability of CAA, thorough
pathologic examination of hematoma specimens is critical for
diagnosis of CAA.
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