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A b s t r a c t

Aim of the study: To analyze the incidence and grade of cerebral amyloid angiopathy (CAA) and atherosclerosis (AS) 
in cerebral vessels in patients who died from spontaneous intracerebral hemorrhage.
Material and methods: The clinical diagnosis, based on CT scans of the brain, was made and immunohistochemic 
neuropathological examinations were performed in patients with intracerebral hemorrhages due to CAA. Cerebral 
amyloid angiopathy was diagnosed according to the Boston criteria. The Vonsattel and Mountoy scales were used 
to assess the grade and score of CAA. Atherosclerosis was assessed according to a four-grade scale presented in the 
Coding Guide from Collaborative Study of Epidemiological Factors in Cerebral Vascular Disease.
Results: Of the 189 patients who died due to intracerebral hemorrhages 42 (22%) presented CAA. According to the 
Vonsattel scale this group comprised 32 (76%) patients who showed severe, 6 (14%) moderate and 4 (10%) mild 
CAA. Atherosclerosis was diagnosed in the CAA group of patients as follows: 6 (14%) with grade 1; 20 (49%) with 
grade 2; 9 (20%) with grade 3; and 7 (17%) patients with grade 4.
Conclusions: There was no correlation between CAA and AS. The CAA was probably the direct cause of death in part 
of cases with advanced CAA. The different mechanisms presumably can cause CAA and AS.
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Introduction

Intracerebral haemorrhage (ICH) can be caused 
by cerebral amyloid angiopathy (CAA) and by athero­
sclerosis (AS). Cerebral amyloid angiopathy is a dis­
ease that occurs mostly in older people in whom 
deposits of amyloid in the vessel walls of small- and 
medium-size leptomeningeal, cortical arteries, arte­
rioles and veins can be presented [1,2,15,23]. Cere­
bral amyloid angiopathy is the second cause of brain 
haemorrhage after atherosclerosis. It can also induce 

ischemic strokes, transient ischemic attacks, leukoen­
cephalopathy and amyloidoma like tumour. Cerebral 
amyloid angiopathy can coexist with many demen­
tia-inducing disorders, such as Alzheimer’s disease 
(AD), dementia with Lewy bodies, Down syndrome 
and others [3,4,8,9,16,18,21,22,29,31,33]. In cerebral 
amyloid angiopathy, intracerebral haemorrhages are 
superficial, multiple, lobar and occur in older people 
mostly with no history of hypertension [14,20,25]. In 
patients with atherosclerosis, ICH occurs mostly as 
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single foci. The prevalence of CAA in intracerebral 
haemorrhages can reach 30% [9]. It is found that the 
occurrence of both CAA and AS increases in older 
groups of patients. In large vessels, atherosclerosis 
occurs, but hypertension and CAA can cause pathol­
ogy in small vessels [14,20,25]. Authors were interest­
ed in studying the convergence, degree and severity 
of changes in both kinds of vessels.

Aim of the study

The aim of the study was to assess the incidence 
of CAA in patients with intracerebral haemorrhage 
and to find out how often atherosclerosis is present­
ed. Our aim was to compare the occurrence of the 
CAA with atherosclerosis to confirm the hypothesis 
that these diseases are induced by different mecha­
nisms. We were also trying to analyse the correlation 
between these two processes.

Material and methods

Patients with suspected ICH were admitted to the 
2nd Department of Neurology of the Institute of Psy­
chiatry and Neurology, Warsaw, Poland. They were 
hospitalized in the Stroke Unit. Of the 189 patients 
who died due to spontaneous intracerebral haemor­
rhage in 1993-2012, CAA was diagnosed postmortem 
in 42 (22%) patients. There were 34 (81%) women 
and 8 (19%) men who died from intracerebral haem­
orrhage caused by CAA. Their age ranged from 54 to 
97 years (mean 79.90 ± 8.07 years).

The final diagnosis was made during an autopsy af­
ter histological and immunohistological examinations. 
Patients with brain aneurysm, arteriovenous malfor­
mation, brain tumour, venous thrombosis, haemophi­
lias, past head injury as well as those on anticoagulants 
and under thrombolytic therapy were excluded.

The most advanced CAA lesions in each patient 
were analysed.

Statistical analyses were carried out using the 
χ2 test. Statistical analysis was performed with Stat 
10.0. Statistical significance was set at p < 0.05.

Neuropathological assessment

The autopsy was performed according to the 
standard protocol. The brain was fixed in 4% para­
formaldehyde in 0.1 M phosphorane-buffer saline 
and embedded in paraffin. Then, it was sliced cor­
onally. The specimens were stained with H&E, PAS, 
Congo red and immunohistochemically with two 

antibodies: anti Aβ 8-17 (DAKO, 1 : 50), actin (SMA, 
DAKO, 1 : 50). Under microscopic evaluation the brain 
was considered positive for CAA when it showed at 
least one leptomeningeal or cortical congophilic ves­
sel with yellow-green birefringence under polarized 
light. The severity of CAA was classified according to 
the Vonsattel scale as follows:
1. �Mild. β-amyloid is restricted to a Congophilic rim 

around normal or atrophic smooth muscle fibers 
(which might be absent), leaving an optically emp­
ty tiny vacuole-like zone surrounded by amyloid in 
media of otherwise normal vessels.

2. �Moderate. Media is replaced by β-amyloid and 
thicker than normal, with no evidence of remote or 
recent blood leakage.

3. �Severe. 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 [35]. 
The estimated proportion of β-amyloid involve­

ment in each vessel was recorded on the 0-4 Mount­
joy scale. A score of 0 indicated the absence of amy­
loid; a score of 1, involvement of up to one-quarter 
of the vessel circumference; a  score of 2, involve­
ment of up to one-half of the vessel circumference; 
a score of 3, involvement of up to three-quarters of 
the vessel circumference; a score of 4 indicated total 
involvement of the vessel [24].

Atherosclerosis was classified according to a 4-grade 
scale [5]. Grade 1, opacity to very thin plaque, involv­
ing only a small part of the vessel circumference with 
no lumen narrowing; Grade 2, thin plaque, involving 
over half of the vessel circumference with minimal lu­
men narrowing or small thick plaque, which produc­
es less than 25% of lumen narrowing; Grade 3, thin 
plaque, involving the entire circumference with mild 
lumen narrowing. Localized plaque producing 25% to 
50% of lumen narrowing; Grade 4, very thick plaque, 
involving the entire circumference with moderate to 
marked narrowing. Localized plaque resulting in over 
50% of lumen narrowing [5]. The occurrence and se­
verity of AS were assessed in the vessels in the circle 
of Willis [10,19,35]. 

Results

Deposits of β-amyloid in CAA were observed in 
all kinds (cortical and meningeal) of cerebral vessels: 
arteries, capillaries and veins [23,24]. 

Of the 189 patients who died due to intracerebral 
haemorrhages, 42 (22%) patients presented CAA. 
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Table I. Cerebral amyloid angiopathy and atherosclerosis severity in cerebral vessels in patients with intra­
cerebral haemorrhages 

Number/Initials Age Sex CAA severity according 

to the Vonsattel scale

CAA severity according 

to the Mountjoy scale

Atherosclerosis 

grade

1/JFD 71 F 1 3 2

2/WP 84 F 3 4 1

3/ZD 75 F 2 4 3

4/AC 82 F 3 4 2

5/WP 85 F 3 4 4

6/JW 73 F 3 4 4

7/JW 83 M 3 4 2

8/RZ 87 F 2 4 2

9/AP 83 F 3 4 1

10/KT 97 F 3 4 4

11/MŁ 80 F 1 3 3

12/BP 68 F 3 4 1

13/HW 72 F 3 4 1

14/TN 89 M 3 4 1

15/DK 80 F 3 4 1

16/SP 68 M 3 4 2

17/ZO 89 F 3 4 2

18/RB 77 F 3 4 3

19/SD 84 F 3 4 2

20/AP 87 F 3 4 2

21/AWZ 72 F 3 4 4

22/EC 89 M 3 4 2

23/PW 54 F 3 4 3

24/SO 78 F 3 4 3

25/JZ 85 M 3 4 4

26/TF 82 M 2 3 4

27/AG 89 F 2 4 3

28/MK 82 F 3 4 3

29/AO 77 F 3 4 2

30/RS 79 F 3 4 2

31/MSG 79 F 3 4 2

32/JF 81 F 3 4 2

33/HK 79 F 3 4 3

34/MM 75 F 3 4 2

35/EK 67 F 2 4 4

36/SZ 91 F 3 4 3

37/JP 88 F 3 4 2

38/HG 71 M 3 4 2

39/AR 84 F 1 4 2

40/KM 77 F 3 4 2

41/WR 88 F 2 4 2

42/ZN 75 F 1 4 2

CAA – cerebral amyloid angiopathy
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Table II. Frequency of cerebral amyloid angiopa­
thy by age groups

Age (Decades) Number (%) Number (%)

50-60 1 (2%) 1 (2%)

61-70 3 (7%) 3 (7%)

71-80 17 (41%)

81-90 19 (45%) 36 (86%)

91-100 2 (5%) 2 (5%)

Table III. Correlation between β-amyloid grade in brain vessels according to the Vonsattel scale and athero­
sclerosis grade in cerebral vessels

β-amyloid grade in brain vessels according to 

the Vonsattel scale

Number

(%)

Atherosclerosis grade in brain vessels Number

(%)

1 4 (10%) 1 6 (14%)

2 6 (14%) 2 20 (49%)

3 32 (76%) 3 9 (20%)

4 7 (17%)

Table IV. Correlation between the grade of β-amyloid changes in brain vessels according to the Mountjoy 
scale and atherosclerosis grade in cerebral vessels

β-amyloid grade in brain vessels according to 

the Mountjoy scale

Number

(%)

Atherosclerosis grade in brain vessels Number

(%)

1 0 1 6 (14%)

2 0 2 20 (49%)

3 3 (5%) 3 9 (20%)

4 39 (95%) 4 7 (17%)

The CAA group consisted of 34 (81%) women and  
8 (19%) men. The age in the whole group ranged from 
54 to 97 years (mean 79.90 ± 8.07 years) (Table I), 
but in the 71-90 age group there were as many as  
36 (86%) cases (Table II). 

Vessels with β-amyloid were found in 42 (22%) 
patients. All stages of CAA in vessels were found in 
the study group. The grades of CAA according to the 
Vonsattel scale are presented in Table I [36]. Mild CAA 
was found in 4 (10%) patients, moderate in 6 (14%) 
and severe in 32 (76%) patients (Table III). The esti­
mated proportion of amyloid involvement of vessels 
was recorded on the Mountjoy scale of 0-4 grades 
[24]. There were no patients with grades 1 and 2; 
3 (5%) patients were rated 3 grade and 39 (95%) 
patients 4 grade (Table IV).

Atherosclerosis was assessed according to a four-
grade scale [5]. This included 6 (14%) patients diag­
nosed with grade 1, 20 (49%) with grade 2, 9 (20%) 
with grade 3, and 7 (17%) patients with grade 4 (Tables 

III and IV). Only in 5 (12%) patients, the advanced athero­
sclerotic changes were concomitant with advanced CAA.

There was a tendency but not a statistical signifi­
cant difference between advanced CAA according to 
Vonsattel scale in 32 (76%) patients and small ather­
osclerosis in 26 (63%) cases (p < 0.57).

The Mountjoy scale was not used for the final 
statistical assessment, because nearly all of patients 
39 (95%) of the analysed group had grade 4, which 
indicated the total involvement of the vessel.

Discussion

Neuropathological examination is still a “gold stan­
dard” for CAA diagnosis, because only postmortem 
examination can set the definite diagnosis of CAA. 
Using the Boston criteria for diagnosis of CAA and 
having CT and/or MRI scans, the neurologist may 
select those of the patients who are most suspected 
of having CAA [2,3,9,12,17,26].

There is a  lot of diagnostic tools, which can be 
used in diagnosis of CAA during intracerebral haem­
orrhage, but only the neuropathological examination 
can confirm the presence of this disease and reveal 
individual stages of CAA, kinds of vessels involved 
in this process and classify the grade of CAA and its 
localization [30,36]. 

The damaged vessels in CAA and AS showed a dif­
ferent morphological picture. There are different kinds 
of pathology in these two processes. In large vessels, 
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atherosclerotic plaques, hyalinization, thickening, 
narrowing and stiffness of the wall are observed. 
Small vessels are mostly involved in dementia and 
Alzheimer’s disease [6,32,34]. 

In CAA, haemorrhages are mainly lobar and mul­
tiple while in hypertension and atherosclerosis they 
are single and in deep structures [14,20,25]. 

Atherosclerosis is a  disease of arterial intima 
membrane due to the loss of smooth muscle cells 
and damage to elastic fibres. Atherosclerosis is by 
far the leading systemic vasculopathy to result in 
brain infarcts, especially in older patients. Ather­
osclerosis can affect both large intracranial and 
extracranial arteries, and may extend into leptome­
ningeal arteries [6].

Intracranial atherosclerosis is most severe in ma­
jor branches of the circle of Willis and vertebrobasi­
lar system. The extent and topography of atheroscle­
rosis in the basal vessels are often best documented 
by removing the circle of Willis from the fixed brain 
[6]. In this publication the authors have decided to 
compare atherosclerosis localized in the circle of 
Willis with CAA localized in cortical and meningeal 
vessels.

The aim of our study was to assess the incidence 
of CAA and its correlation with atherosclerosis in 
a  group of patients who died due to intracerebral 
haemorrhage. In Poland, such an analysis has not as 
yet been carried out. The autopsy was performed in 
about 70% of all the patients who died during hospi­
talization in our department during the years 1993-
2012. Nowadays, such a high percent of autopsies is 
not so frequent in other countries. 

Cerebral amyloid angiopathy is mostly observed 
as a  periventricular leucoencephalopathy, ischemic 
changes, haemorrhage and it occurs with concom­
itant dementia [3,4,9]. In our study group, CAA was  
observed more often in women than in men (34 vs. 8). 
We suppose that men died due to other causes, 
mainly due to haemorrhage caused by hypertension 
at an earlier age, when amyloid changes were not 
yet formed. In older patients, CAA was the cause of 
lobar haemorrhagic stroke, but in a younger group, 
haemorrhagic foci were localized in basal ganglia 
mainly as a cause of hypertension. 

According to the Vonsattel and Mountjoy scales, 
severe and moderate changes predominated in our 
group of patients (Tables III and IV). These observa­
tions are consistent with other authors in the older 
group of patients with CAA [15,26,33,36].

Atherosclerotic plaques are prone to rupture 
with subsequent thrombus. The thrombus result­
ing from plaque rupture can either lead to vascu­
lar occlusion or produce the embolus and occlu­
sion of a smaller artery. Atherosclerotic aneurysm 
is a consequence of cerebral vessel walls destruc­
tion, rarely leading to subsequent rupture and 
haemorrhage [10].

Atherosclerosis and age-related changes may 
impede the perivascular drainage of β-amyloid as 
pre-existing CAA does [11,37]. Atherosclerosis con­
cerns mostly the large and middle-sized vessels, but 
CAA is localized mostly in middle-sized and small 
vessels and capillaries [6]. 

Many scientists have been searching for the cor­
relation between CAA and atherosclerosis [7,13,32]. 
Okazaki et al. (1979) found no correlation between 
the severity of CAA and AS [26]. On the other 
hand, Roher et al. (2011) found that occlusions of 
the circle of Willis arteries were more extensive in 
Alzheimer’s disease group than in non-demented 
group. Based on their results, combined with the 
consideration of multifaceted effects of impaired 
cerebral circulation, they suggest an immediate 
need for prospective clinical trials to assess the 
efficacy of AD prevention using anti-atherosclerotic 
agents [28].

In the study group, we observed the reverse pro­
portion between the level of CAA and atheroscle­
rosis which was not statistically significant. These 
observations allowed us to suggest the thesis that 
there are different mechanisms causing CAA and 
atherosclerosis and that are two different groups of 
patients [27,32,34,38].

Conclusions 

1. �There was no correlation between CAA and AS. 
2. �The CAA was probably the direct cause of death in 

some cases with advanced CAA. 
3. �The different mechanisms presumably can cause 

CAA and AS. 
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