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SUMMARY: The clinico-pathological 
features of five patients with vascular 
amyloid restricted to the central nervous 
system are presented. 

In three normotensive patients, in
tracerebral hemorrhage was the drama
tic manifestation of amyloid angiopathy. 
In two other cases, one of amyloid in an 
arteriovenous malformation, the other of 
amyloid following therapeutic radiation, 
amyloid deposition was asymptomatic. 

RESUME: Nous presentons I'aspect 
clinico-pathologique de cinq patients 
dont V amylo'idose vasculaire etait limitee 
an systeme nerveux central. 

Chez trots patients normotensifs, line 
hemorrhagic intracerebrale fut la mani
festation dramatique de I'angiopathie 
amyloidienne. Chez deux autres cas, 
I'un presentant line accumulation 
d'amyloide dans une malformation 
arterio-veineuse, I'autre ayant une 
amylo'idose a la suite d'irradiation the-
rapeutique, le depot amyloide fut asymp-
tomatique. 

Clinically, amyloid angiopathy must be 
considered in the different diagnosis of 
intracerebral hemorrhage, independent 
of the presence of dementia. Pathologi
cally, a factor common to the syndrome 
of cerebrovascular amyloid appears to 
be locally increased vascular permeabil
ity resulting from a variety of previous 
tissue injuries. 

Du point de vue clinique il faut con-
siderer I'angiopathie amyloidienne dans 
le diagnostic differentiel d'une hemor
rhagic cerebrate, qu'il y ait ou non une 
demence. Du point de vue pathologique 
il semble qu'un des facteurs communs 
dans le syndrome de I'amylo'idose 
cerebro-vasculaire soit iaugmentation 
locale de la permeabilite vasculaire 
resultant d'une variete de lesions tis-
sulaires prealables. 
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Amyloid deposition restricted to 
central nervous tissue has been re
ported with a variety of neurological 
conditions including dementia 
(Mandybur, 1975), stroke (Torack, 
1975) and, recently, a progressive 
demyelinating syndrome (Heffner et 
al., 1976). Within the central nerv
ous system, amyloid may be found 
locally in the cortical neuropil (senile 
plaques) (Divry, 1927), or in the vic
inity of blood vessel walls (Van 
Bogaert, 1970). Although vascular 
amyloid has been associated with 
Alzheimer's disease and cerebral 
hemorrhage, amyloid within blood 
vessels may be found without symp
toms as an isolated incidental finding 
at autopsy or in conjunction with 
post radiation brain necrosis or in 
arteriovenous malformations. 

Despite numerous sporadic case 
reports and a few specialized review 
articles, the clinical manifestations 
of cerebrovascular amyloid are not 
widely appreciated. Indeed, amyloid 
is not mentioned as a cause of cere
bral hemorrhage in the recent text on 
cerebral blood vessel pathology by 
Stehbens (1972). This report illus
trates our experience with five cases 
of vascular amyloidosis restricted to 
the central nervous system. This in
cludes three cases of spontaneous 
intracerebral hemorrhage, one case 
of post-radiation amyloid and one 
case of amyloid associated with a 
vascular malformation. In all cases, 
amyloid was specifically demon
strated by apple green birefringence 
when Congo-red stained sections 
were viewed with a polarizing micro
scope (Divry and Florkin, 1927, 
Ladewig 1945) and by yellowish 
fluorescence on thioflavine T 
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stained sections (Vassar and Culling, 
1959). 

CASE REPORTS 
Case 1 

This 82 year old man was admitted 
to St. Michael's Hospital, uncon
scious. His previous health was en
tirely unremarkable. Physical ex
amination revealed normal blood 
pressure and an irregular pulse. 
There was no neck rigidity; no cra
nial bruits were heard and the cranial 
nerves were intact. A right 
hemiparesis, bilateral Babinski re
sponses and sensory response to 
painful stimuli only were demon
strated. Electrocardiogram revealed 
an anteroseptal infarction with fre
quent atrial premature beats. Skull 
x-rays were normal. Brain scan 
showed an area of increased radio-
nucleotide uptake on the left side 
suggesting a subdural hematoma. 
The clinical diagnosis was left middle 
cerebral artery thrombosis. Two and 
a half months after admission, the 
patient died from pneumonia, renal 
failure and pulmonary embolism. 

At autopsy, a thin organizing sub
dural hematoma was found over the 
left cerebral convexity. There was 
moderate cortical atrophy of both 
the frontal and temporal lobes. An 
hemorrhagic infarct in the left sec
ond frontal gyrus and several small 
cavitating infarcts in the right frontal 
cortex were found. Histologically, 
amyloid infiltrates were demon
strated in the meningeal, the cortical 
penetrating and intracerebral blood 
vessels. Amyloid was observed both 
in vessels within the infarcted areas 
and in areas without other demon
strable pathology. Occasional senile 
plaques throughout the cortex were 
observed but no neurofibrillary tang
les were found. Amyloid was not 
demonstrated in the heart or other 
organs. 

Case 2 
This 75 year old woman was ad

mitted to St. Michael's Hospital with 
a diagnosis of subarachnoid hemor
rhage. Two years previously she 
was hospitalized because of the sud
den onset of "confusion" and 
headache. At that time examination 
revealed a normal blood pressure, 

disorientation, fluent aphasia, and 
finger agnosia. The patient made an 
almost complete recovery spontane
ously. She was well until three days 
prior to the present admission when 
she suddenly became confused and 
disoriented. On admission she had a 
blood pressure of 140/60. There was 
mild neck rigidity. No focal 
neurologic signs could be elicited. 
Bilateral cerebral angiograms re
vealed a left frontal mass interpreted 
as a neoplasm. A left frontal 
craniotomy was performed and a 
large intracerebral blood clot was re
moved. No tumor was found. In the 
surgical biopsy specimen, the wall of 
the meningeal and cortical penetrat
ing vessels showed abundant 
amyloid infiltrates. As well, numer
ous senile plaques were demon
strated but no neurofibrillary tangles 
were found. Postoperatively, the pa
tient developed inappropriate an
tidiuretic hormone secretion syn
drome, her condition deteriorated 
and she died. A postmortem exami
nation was not obtained. 

Case 3 
This 76 year old woman with a 

three year history of motor neuron 
disease was admitted to Baycrest 
Hospital because she suddenly was 
unable to be fed without choking on 
her saliva. Neurological examination 
revealed that the gag reflex was pre
sent but she was unable to swallow. 
Fasciculations of the chin muscles 
and muscles in the extremities were 
noted. There was marked muscular 
atrophy of the muscles of the upper 
and lower extremities. Shortly after 
admission she died. 

At autopsy, extensive neuronal 
loss in the anterior horns throughout 
the spinal cord and the hypoglossal 
nuclei were seen. Recent hemor
rhage was found in the left basal 
ganglia communicating with the lat
eral ventricle. Fresh blood was pres
ent throughout the ventricular sys
tem. No herniation was seen. Mic
roscopically extensive amyloid de
posits were found in the cortical 
blood vessels (Fig. 1). Within the 
hemorrhage, a vessel with a 
Charcot-Bouchard aneurysm was 
seen (Fig. 2). With polarized light, it 
was observed that the aneurysm was 

a false aneurysm, and that the wall 
of the aneurysm was composed of 
new collagen, whereas the wall of 
the blood vessel was composed of 
amyloid (Fig. 3). No amyloid de
posits were found elsewhere in the 
body. 

Case 4 
This 73 year old man was last 

admitted to St. Michael's Hospital in 
April, 1976 with increasing dyspnea, 
confusion, weakness and ataxia. A 
diagnosis of poorly differentiated 
squamous cell carcinoma of the lung 
was made in June, 1975. Subse
quently, he received 3000 rads of 
radiotherapy to the anterior and 
posterior right lower chest. Because 
of an area of increased radionuc-
leotide uptake over the right occipi
tal area, the patient received 2000 
rads cobalt 60 radiotherapy to the 
right and left lateral aspects of the 
skull. In January, 1976, the patient 
presented with symptoms of confu
sion. A metastatic cerebral lesion 
was confirmed with a brain scan. At 
this time the patient received 600 
rads cobalt 60 radiotherapy to the 
right and left lateral brain areas. 
Simultaneously, he was treated with 
steroids. He developed broncho
pneumonia and died in May, 1976. 

At autopsy, examination of the 
brain revealed metastatic poorly dif
ferentiated squamous cell carcinoma 
in the right parietal area with local 
carcinomatous meningeal infiltra
tion. In both parietal lobes, the 
meningeal and cortical penetrating 
vessels were infiltrated by amyloid. 
In the left parietal lobe there were 
several cavitating infarcts with ves
sels containing amyloid leading to 
the infarcted area. Amyloid deposi
tion was not demonstrated else
where in the neuraxis or in the gen
eral autopsy. In the left parietal lobe 
there were areas of hypertrophic as
trocytes indicative of radiation ef
fect. 

Case 5 
This 70 year old man was admitted 

to Mount Sinai Hospital with 
anorexia, fatigue and weight loss as 
the presenting manifestations of 
acute myeloblasts leukemia. De
spite therapy with Cytosine 
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arabinoside and Danunorubimycin 
his condition deteriorated, and he 
died within a month of admission. 
Neurological examination on admis
sion revealed decreased sensation to 
pin-prick and touch in the legs to 
midcalf distally and a slight decrease 
in vibration sense in the toes bilater
ally. Position sense was normal. 
Plantar responses were normal. 

At autopsy, widespread leukemic 
infiltrates and Candida sepsis were 
shown to be the immediate cause of 
death. As an incidental finding a 
granular area of increased vascular
ity was observed in the pons and 
medulla oblongata. On section, a dif
fuse vascular malformation was pre
sent in the central portion of the 
brain stem. This consisted of 
numerous dilated blood vessels sep
arated by degenerated neuropil. The 
vascular malformation was present 
in the pyramids, the central portion 
of the medulla and in the periven
tricular areas. The blood vessels had 
thick walls containing homogeneous 
eosinophilic material both within the 
lumina and within the walls (Fig. 
4). Paler staining homogeneous 
eosinophilic material was seen in 
nodules within the neuropil outside 
the blood vessels. The special stains 
demonstrated that most of the 
amyloid was present within the ves
sels of the malformation (Fig. 5.). 
Most of the homogeneous 
eosinophilic substance within the 
blood vessels was shown to be fibrin 
with Martius scarlet blue and 
Weigert stain. There was no amyloid 
deposition elsewhere in the brain or 
in other organs. 

DISCUSSION 
Amyloid Angiopathy and ' 
Intracerebral Hemorrhage 

Until recently, amyloid an
giopathy was thought to be as
sociated either with systemic 
amyloidosis or with senile plaques 
and presenile dementia. However, 
Neumann (1960), Lampert (1969), 
and Torack (1975) have demon
strated that vascular amyloid may 
occur without neurofibrillary tangles 
or dementia. Furthermore, the ob
servation that vessels containing 
amyloid can rupture causing fatal 

intracerebral hemorrhage in nor-
motensive patients is evidence that 
vessel walls containing amyloid may 
be weaker than normal. 

The three patients with in
tracerebral hemorrhage described in 
this report resemble closely the 
cases of Torack (1975) in age and 
mode of presentation. It is important 
to emphasize that none of our pa
tients had a history of hypertension. 
Although increased numbers of 
senile plaques were present com
pared to other persons of similar 
age, no neurofibrillary degeneration 
could be demonstrated and there 
was no clinical evidence of demen
tia. In Case 3, it was shown that the 
wall of the Charcot-Bouchard 
aneurysm consisted of collagen, not 
amyloid. This indicated that, con
trary to other sites such as the skin 
(Hashimoto and Brownstein 1972), 
amyloid was not produced during 
the repair process. 

Pathologically, amyloid deposits 
were found in all cases to affect 
many cerebral blood vessels other 
than the vessels directly involved in 
the hemorrhage. However, amyloid 
was not seen in the blood vessels 
or interstitium of any other organs. 
Therefore, cerebrovascular amyloid 
appears to represent a localized dis
order distinct from Alzheimer's dis
ease or generalized amyloidosis. 

Hereditary cerebral hemorrhage 
with amyloidosis has also been de
scribed (Arnason, 1935; Corsellis 
and Brierley, 1954; and Gud-
mundsson, et al . , 1972). Gud-
mundsson, et al. (1972) concluded 
that the condition was a hereditary 
illness with dominant inheritance 
and with two exceptions, complete 
penetrance. The patients were con
siderably younger than is usual 
with intracerebral hemorrhage and 
younger than the patients of Torack 
(1975) or this series. All the patients 
presented with sudden catastrophic 
central nervous system damage. 
None of the patients had hyperten
sion. Histological examination of 
five autopsy cases revealed amyloid 
deposits in cerebral arteries of all 
patients. 

Vascular Amyloid Secondary 
to Radiation Therapy 

There is controversy as to 
whether the eosinophilic infiltrate in 
vessel walls following radiotherapy 
is amyloid. As Lampert (1968) points 
out, these deposits may stain with 
Congo-red, but do not usually have 
the other histochemical properties of 
amyloid. Most of this material is 
insudated fibrin resulting from the 
increased vascular permeability 
from radiation injury. 

The case presented here showed 
amyloid vascular changes only in 
areas of the brain within the radia
tion field. Amyloid was specifically 
demonstrated both by apple green 
birefringence with Congo-red stain 
and by yellow thioflavine T fluores
cence. 

Amyloid was shown in vessels 
both in areas of necrosis and in areas 
in which necrosis was absent. As the 
interval between the time of the first 
radiation treatment and death was 
ten months in this case, the amyloid 
degeneration occurred over a rela
tively short period. There was no 
evidence of a more generalized 
cerebral blood vessel involvement. 
Senile plaques were not seen. The 
total dose of radiation delivered, 
2600 rads, was not excessive either 
in terms of acceptable total dosage 
or time interval over which it was 
delivered. 

Fischer and Holdfelder (1930) 
were the first to report amyloid vas
cular changes secondary to radia
tion. Other cases of vascular 
amyloid degeneration following radi
ation have been reported by Low-
enberg-Scharenberg and Bassett 
(1950), and Foltz et al. (1953). Man-
dybur and Gore (1969) reported two 
cases of amyloid in late post-
radiation necrosis secondary to radi
ation treatment of two extracranial 
basal cell carcinomas of the scalp. 
The symptom-free intervals were 
three years and four years after the 
last radiation treatments, respec
tively. Amyloid deposition in the 
cerebral vessels occurred only in 
areas of necrosis. Mandybur and 
Gore (1969) speculated that necrosis 
was a prerequisite for amyloid de
position, an observation contrary to 
the findings in our case. 
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Amyloid in Vascular Malformations 
Neumann (1960), Peterson and 

Schulz (1961) and McCormick 
(1966) each reported a case of 
amyloid within an arteriovascular 
malformation. Neumann (1960) de
scribed a patient who died from an 
intracerebral hemorrhage arising 
from one of several small vascular 
malformations. Amyloid was de
monstrated by Congo-red staining of 
the small malformations in other 
vessels within the malformation. 
Senile plaques containing amyloid 
were also present. There was no 
evidence of generalized amyloidosis. 

Peterson and Schulz (1961) re
ported a diabetic patient with 
amyloid deposition in a cerebrovas
cular malformation in the absence of 
amyloid in other cerebral vessels or 
other organs. The amyloid was iden
tified by Congo-red staining and Thi-
oflavine T fluorescence. This mal
formation, located in the white mat
ter of the right frontal lobe, was 
asymptomatic. McCormick (1966) in 
his review of 70 vascular malforma
tions demonstrated amyloid in the 
vessel walls of one case. In our case, 
the bulk of the amyloid was found in 
nodules within the neuropil adjacent 
to the blood vessels. Although some 

amyloid was shown within the blood 
vessel walls, most of the homogene
ous eosinophilic substance present 
was fibrin. Senile plaques were not 
found in our case. There was no 
evidence of generalized amyloidosis 
or amyloid depositon in other blood 
vessels. 

Origin of Cerebrovascular Amyloid 
In the absence of amyloid deposits 

in other organs, cerebrovascular 
amyloid must be related to a local 
process within the cerebral blood 
vessel walls. In cases following radi
ation, increased permeability of the 
vessel walls to proteins has been 
shown. It is reasonable to postulate 
that a similar increase in permeabil
ity may be present in some ar
teriovenous malformations and in 
portions of the brain which have 
undergone previous inflammatory 
e.g. luetic or degenerative changes, 
e.g. Alzheimer's disease, Down's 
syndrome. 

Thus, we are postulating that 
amyloid angiopathy may be secon
dary to vascular changes in a previ
ously injured area and not a primary 
cause of dementia or demyelinating 
syndrome. Unfortunately, the na
ture of this study does not provide 

information on the relative merits of 
possible amyloidogenic mechan
isms, such as the role of circulating 
precursors, the contribution of im
munoglobulin fragments or the role 
of reactions within the neuropil. 

From this study, we conclude that 
central nervous system amyloid an
giopathy can occur without demen
tia, and that amyloid angiopathy is 
an important cause of intracerebral 
hemorrhage in the normotensive el
derly population. It is speculated 
that the factor common to various 
forms of cerebrovascular amyloid 
deposition is a local increase in vas
cular permeability resulting from 
previous tissue injury. 
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