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SUMMARY A necropsy study of 159 elderly patients drawn mainly from a prospectively assessed
geriatric hospital population was carried out to investigate the relationship of cerebral amyloid
angiopathy to Alzheimer's disease, other CNS disease and ageing. About half the patients were
demented and the majority of these had Alzheimer's disease. In Alzheimer's disease there was an
incidence of cerebral amyloid angiopathy of 82%. Among the other groups of patients, both
demented and non-demented, the incidence of cerebral amyloid angiopathy was a little over 30%,
and remained constant between 60 and 102 years of age.

Congophilic change, principally affecting small leptomeningeal and intracortical vessels, was first
described by Scholz' and is generally recognised to
occur more commonly in old age and particularly in
patients suffering from dementia due to Alzheimer's
disease. Cerebral amyloid angiopathy has also been
recognised to be a cause of intracerebral haemorrhage. This has been described as a familial disease in young and middle aged people2 and as a sporadic occurrence in the elderly.6- 13 Cerebral amyloid
angiopathy also occurs in association with atypical
plaques in the brain in rare cases of progressive
dementia or other neurological diseases as reported
first by Worcester-Drought et al34 and reviewed by
Griffiths et al.'
We report here a necropsy study drawn mainly
from local geriatric and psychiatric Oxford hospital
populations of 159 predominantly elderly patients in
which we related the incidence of cerebral amyloid
angiopathy to the clinical state of the patients and the
other pathological findings in the central nervous system. All but 10 of these cases were prospectively
assessed for the presence or absence of dementia.
Some of them have been included in earlier reports on
the frequency of argyrophilic plaques and
neurofibrillary tangles,'4 cell loss in the nucleus
basalis'5 and CSF proteins'6 in Alzheimer's disease.
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Materials and methods
Cases studied
A total of 159 cases was studied. In all except 10 cases a
simple formal assessment of mental state was carried out in
the 6 months before death using the Kew test'7 or Mental
Test Score.'8 On the basis of clinical findings and the performance on these tests 82 of these patients were found to be
demented and 67 non-demented. Ten patients were assessed
clinically and of these four were judged to be demented and
six undemented.
Neuropathology
A full necropsy was carried out in all cases and the brain
fixed by suspension in 10% neutral formalin for at least 4
weeks. In some cases one cerebral hemisphere was removed
before fixation and stored at -70°C for separate biochemical studies. All histological studies were performed on
blocks from one fixed cerebral hemisphere. Paraffin blocks
were taken from each of the main cerebral lobes and hippocampus from the first 73 cases in the series and from frontal
and temporal lobes and hippocampus only from the succeeding 86 cases. The sections examined were from the following areas: superior and middle frontal gyri (Brodmann
areas 9 and 46), superior and middle temporal gyri (Brodmann areas 22 and 21), area 7 of the parietal lobe and areas
17 and 18 of the occipital lobe. The hippocampus was examined in one section taken at or behind the level of the lateral
geniculate nucleus. Cases in the different clinical and pathological categories were equally distributed among the first 73
and the later 86 cases. Amyloid was detected in 10 pm sections stained with Congo Red. A total of 338 Congo Redstained sections of cortex from demented subjects and 285
from undemented subjects was examined. Adjacent sections
were stained with haematoxylin and eosin, luxol fast blue
and cresyl violet, and a modified Palmgren stain to show
neurofibrillary tangles.'9 Formalin-fixed 25 pm frozen sections taken from adjacent regions of the cerebral hemispheres were stained by von Braunmuhl's method for
argyophilic plaques.
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Table

Summary ofpatients

1

No of cases

Disease category

Age (yr)
Mean (range)

Percentage with
cerebral amyloid
angiopathy

Percentage with extensive
cerebral amyloid
angiopathy

82(51-95)

82%

25%

81(66-95)

33%

7%

82(70-97)

35%

7%

81(66-91)

27%

0

80(65-102)

31%

9%

46%

0

Demented

Alzheimer's disease + cerebrovascular disease
45
or other CNS* disease
Demented
18
Cerebrovascular disease
Demented
23
Other causest
Nondemented
26
NoCNSdisease
Nondemented
32
Cerebrovascular disease
Nondemented
15
With other CNSt disease

80(60-92)

No specific CNS pathology other than few plaques and tangles-7.
$Parkinson's disease-6.
Hydrocephalus-1.
Old contusions-1.
Epilepsy with no specific CNS pathology-i.
Depression with no specific CNS pathology-3.
Alcoholism with no specific CNS pathology-2.
Loss of consciousness with no specific CNS pathology-1.

*Cerebral infarction in 11.
Small old cerebral infarct and old contusions in 1.
Small inactive multiple sclerosis plaques-1.
Additional pathology suggestive of Pick's disease-1.
tParkinson's disease-9.
Hydrocephalus-4.
Probable Pick's disease-1.
Alcoholism with no specific CNS pathology-2.

The sections were number coded and examined without
knowledge of the clinical findings. Congo Red-stained sections were examined first in an attempt to exclude bias introduced by knowledge of plaque and tangle content of adjacent sections since these easily identified the category of
many cases. Exclusion of bias could not be total as the
Congo Red-stained sections themselves allowed visualisation of some neurofibrillary tangles and plaques. The
amount of vascular amyloid deposition in leptomeningeal
and cortical vessels in each section was scored on a scale;
absent 0; trace or occasional vessels affected 1; several vessels
affected 2; the majority of vessels affected 3. The prevalence
of argyrophilic plaques and neurofibrillary tangle formation
was similarly scored 0-3.
Results

On the basis of clinical and pathological findings the

patients with dementia were divided into 3 groups
(table 1); those with Alzheimer's disease, with or without cerebrovascular disease (45 cases), those with
dementia due to cerebrovascular disease (18 cases)
and those with another cause or an unidentifiable
cause for their dementia (23 cases). The diagnosis of
Alzheimer's disease was made in demented subjects if
there were moderate or large numbers of argyrophilic
plaques in the neocortex and at least a few
neurofibrillary tangles in the neocortex as well as
more numerous tangles in the hippocampus. The
patients who were non-demented were divided into
three groups: those with no central nervous system
disease (26 cases), those with cerebrovascular disease
(32 cases), and those with other diseases affecting the
central nervous system (15 cases) (table 1). All groups
were closely comparable for age. Sex ratios in the var-

Table 2 Prevalence of cerebral amyloid angiopathy in all groups ofpatients according to age and sex
n

I
2
Total 3

Alzheimer's
disease

F
M

71-80 yr
+
(+++)n

(1)
(-)
(1)
(-)
(-)
(-)

9
5
14

7
4
11

(2)
(3)
(5)

13
4
17

10
3
13

2
3

3
3
6
I
1

6
13
19

2
5
7

8
5
13

2
2
4

3
4
7

1
2
3

(-)
(1)
(1)

7
16
23

(1)
(1)
(2)
(-)
(-)
(-)

21
11

9
2
11

+* (+ + +)tn

I
2
3

(-)
(-)
(-)

Other dementia F
includingCVD M
Total
No dementia

+

61-70 yr

51-60yr

F
I - (-)
-- (-)
M
Total1 - (-)

3
3
6
I

* +-Cerebral amyloid angiopathy present.
t++ + -Cerebral amyloid angiopathy severe.

n = no of cases.

3
4
7

81-90 yr
(+ + +) n

32

+

91+ yr
+
(+ + +) n

(2)
(1)
(3)
(-)
(1)
(1)
(1)
(-)
(1)

Total
(+++)n

4 4
1 0
5 4

(2)
(-)
(2)

3 3 1
61
5 2
51
10 3

(-)
(-)
(-)

(-)
(-)
(-)

30
15
45
(82%)
18
23
41
(32%)
37
36
73

(33%)
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+

(+ + +)

25
12
37

(7)
(4)

5
8

13

15
9
24

(11)

(25%)
(1)
(2)
(3)
(7%)
(1)
(1)
(2)
(3%)

Table 3 Relationship of cerebral amyloid angiopathy to
overall severity ofpathology in cases of Alzheimer's disease
Total

Cerebral amyloid p valuefor
angiopathy absent comparison

Cases with severe
21
pathology*
1
Cases with
24
pathologyt
7
*Combined plaque and tangle score 5/6 or 6/6.
tCombined plaque and tangle score 3/6 or 4/6.

<005
(Fisher's

milderexcts)
exathes

ious groups differed somewhat with a preponderance
of females in the Alzheimer's disease group and a
smaller preponderance of males in the groups with
CNS disease other than Alzheimer's disease or cerebrovascular disease. Observations on cases in each
group were analysed in relation to age and sex. For
some purposes of comparison the Alzheimer's disease
group was compared with groups formed of all other
causes of dementia and all non-demented groups.

Comparisons were made using Yates' modification of
the chi-square test or Fisher's exact test as appropriate.

(1) Incidence ofcerebral amyloid angiopathy by
disease group, age and sex (table 2)
Cerebral amyloid angiopathy was found to be much
more common in Alzheimer's disease than in the
other groups. Overall 82% of cases of Alzheimer's
disease demonstrated at least a trace of amyloid deposition in vessels whereas both the other demented and
nondemented groups showed amyloid deposition in
32% and 33% respectively. Severe cerebral amyloid
angiopathy was seen in 25% of the Alzheimer's disease cases, in 7% of other dementia cases and in only
3% of nondemented controls. The severity of cerebral
amyloid angiopathy in Alzheimer's disease was not
directly related to the severity of plaque and tangle
formation but cases of Alzheimer's disease with
severe pathology were less likely than those with mild
pathology (mainly more elderly patients) to have no
cerebral amyloid angiopathy (p < 0 05). Thus, only
5% of those with severe Alzheimer's disease pathology lacked any cerebral amyloid angiopathy whereas
29% of those with milder Alzheimer's disease pathology lacked cerebral amyloid angiopathy (table 3). The
presence of cerebral amyloid angiopathy and its
severity in Alzheimer's disease showed no correlation
with the presence of cerebral infarction (table 4).
Cerebral infarction was more common in Alzheimer's
disease in those who were aged 81 and over (41%)
than in those aged 80 and under (13%). In most cases
it was attributable to a number of identifiable causes
including in situ or embolic vascular occlusion associated with atheroma and arteriolar hyaline thickening,
the latter usually associated with hypertension. In two

only there were multiple small cortical infarcts
in patients with cerebral amyloid angiopathy and no
other identified significant cerebrovascular disease.
In the non-Alzheimer's disease groups, no clear
increase in incidence of cerebral amyloid angiopathy
with age was apparent, between the ages of 60 and
102 (table 2). Thirty-four per cent of those aged 80
years or under at death showed some cerebral amyloid angiopathy and this was true of 32% of those
aged 81 years or more at death. Extensive amyloid
deposition outside Alzheimer's disease was too
uncommon for its relationship to age to be
investigated. No clear correlation of cerebral amyloid
angiopathy with sex among either Alzheimer's disease
or other cases was found (table 2).

cases

(2) Location of cerebral amyloid angiopathy
The location of cerebral amyloid angiopathy in all
categories of patients was similar. Congophilic
change, in the mildest form, affected small patches of
the media of small arteries. These patches appeared as
incomplete segments in transversely sectioned vessels.
In longitudinal sections short lengths of the vessel
wall were seen to be affected. When it was a little more
advanced the adventitia was also infiltrated by congophilic material and the whole vessel circumference
was involved. The full thickness of the vessel wall was
affected in the most severe cases. Among the leptomeningeal vessels there was a subjective impression
that cerebral amyloid angiopathy was found more
commonly at the depths of sulci than at the crowns of
gyri, but we are not certain whether this observation
was simply a reflection of the greater density of vessels
in sulci or whether it represents an increased frequency of cerebral amyloid angiopathy in sulcal vessels. No regular predilection for involvement of leptomeningeal or cortical vessels was observed. Vessels in
subcortical and deep white matter were invariably
spared. Basal ganglia and brain stem, in the few cases
in which they were examined histologically for amyloid, did not show cerebral amyloid angiopathy, but
the cerebellar leptomeningeal and cortical vessels
were noted to be involved in some cases. There were
only slight and insignificant differences in incidence of
cerebral amyloid angiopathy between the main cerebral lobes when this was examined in cases from
Table 4 Relationship ofcerebral infarction in Alzheimer's
disease to presence of cerebral amyloid angiopathy
Cerebral infarction Cerebral infarction
present
absent

Cerebral amyloid
angiopathy present
Cerebral amyloid
angiopathy absent

10 (severe in 3)

2

27 (severe in 8)

6
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Table 5 Prevalence of congophilic angiopathy by lobe
Age (yr)

n

51-60
61-70
71-80
81-90
91-102
Total

4
10
24
27
8
73

Frontal
2

13
14
4
38

Temporal

Parietal

Occipital

Hippocampus

2
5
12
8
2
30

2
6
13
8
3
33

3
7
13
12
3
38

0
0
2
1
1
4

which sections of all lobes were available for study. In
eight cases with minimal cerebral amyloid angiopathy
affecting only one lobe the lobes involved were occipital lobe in three cases, parietal lobe in two cases,
frontal lobe in two cases and temporal lobe in one
case. The hippocampus was however markedly less
affected by cerebral amyloid angiopathy (difference
from other lobes p < 0-001). In only four cases were
hippocampal vessels affected by cerebral amyloid
angiopathy and in all these cases leptomeningeal and
neocortical vessels in all lobes were severely affected
(Table 5). With regard to the validity of prevalence
figures for cerebral amyloid angiopathy in the cases in
which only frontal and temporal lobes and hippocampus were examined, we found that among the 73
cases in which all lobes were examined there were
three cases in which cerebral amyloid angiopathy was
evident only in parietal and/or occipital lobes. Two of
these were cases of Alzheimer's disease and one a
nondemented control. Prevalence figures in the whole
series are therefore unlikely to underestimate the incidence of cerebral amyloid angiopathy in either
Alzheimer's disease cases or others by more than 5%.
Discussion

This series of cases of elderly demented and nondemented patients shows the already well established
close correlation of cerebral amyloid angiopathy with
Alzheimer's disease. Our finding of cerebral amyloid
angiopathy in 82% of cases of Alzheimer's disease is
not as high as in some series [for example Glenner,20
(92%); Mandybur,21 (87%)], but higher than in
others [Jellinger,6 (78%); Mountjoy et a122 (60%)]. It
should be noted that not all authors have been convinced of an association between cerebral amyloid
angiopathy and Alzheimer's disease, for example,
Torack23 claimed to find cerebral amyloid angiopathy in only a minority of cases of Alzheimer's disease. To some extent these variations may reflect the
age of the patients studied, the severity of the pathology present, the diligence with which amyloid is
sought, the extent of the sampling and the staining
methods used. We found little difference in incidence
of cerebral amyloid angiopathy between the main
cerebral lobes but the hippocampus was spared

except in a few cases with very extensive deposition in

cerebral leptomeningeal and cortical vessels elsewhere. Mandybur2" and Glenner20 also found relative sparing of vessels in the hippocampus in cerebral
amyloid angiopathy. We agree with Morimatsu
et al24 and Mandybur2" that the media is the first
region of the vessel wall to become affected by amyloid deposition in cerebral amyloid angiopathy. We
found that the prevalence of cerebral amyloid angiopathy in elderly patients without Alzheimer's disease
was fairly constant at just over 30% regardless of the
other clinical and pathological conditions present
(cerebrovascular disease with or without dementia,
other CNS disease including Parkinson's disease with
or without dementia, hydrocephalus, alcoholism,
depression, no CNS disease). As the prevalence was
no higher in our cases of cerebrovascular disease
(none of which were cases of intracerebral haemorrhage), than in the other non-Alzheimer's disease
groups, the presence of cerebral amyloid angiopathy
would appear not to be a contributory factor in major
cerebral infarction as it appears to be for intracerebral
and subarachnoid haemorrhage.6 -3 A small group
of six mildly demented non-Alzheimer's disease
patients had a higher prevalence of cerebral amyloid
angiopathy (66%) than the rest of the nonAlzheimer's disease groups. Four of these patients
showed no CNS pathology other than mild or moderate numbers of widespread argyrophilic plaques
with or without some hippocampal neurofibrillary
tangles. These can possibly be regarded as mild cases
of Alzheimer's disease and as such would be expected
to have the higher prevalence of cerebral amyloid
angiopathy. They were not classified as such here
because the extent of plaque and tangle formation
was no more than that seen in some non-demented
disease there was
cerebral amyloid
angiopathy between the ages of 60 and 102 years. This
contrasts with a successive increase in prevalence in
each decade from 60-97 years in the study reported
by Vintners and Gilbert.25 It would be of considerable interest to know whether the 30% or so of nondemented elderly patients with cerebral amyloid
angiopathy are at risk of developing Alzheimer's dis-

cases. In cases without Alzheimer's
no clear increase in prevalence of

ease.
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