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ABSTRACT

Background: The number of people with dementia is constantly increasing and currently
amounts to over 55 million people worldwide. Common causes leading to its progression
are Alzheimer's disease and distal cerebral atherosclerosis. These diseases are

accompanied by the development of specific Cerebral Small Vessel Disease.

Aims: This research is devoted to comparing Cerebral Small Vessel Disease caused
by Alzheimer's dementia to Cerebral Small Vessel Disease, developing in dementia

caused by distal cerebral atherosclerosis.

Methods: For the research, 1024 dementia patients aged 28-81 (mean age 77.5) were
selected, 719 males (70.22%), 305 females (29.78%).

Test Group 1. 93 (9.08%) patients had Alzheimer's disease. According to dementia
severity, the patients were divided into: a preclinical stage (dementia TDR-0) - 10, a
mild stage (dementia TDR-1) - 26, a moderately severe stage (dementia TDR-2) - 40,
a severe stage (dementia TDR-3) - 17 people.

Test Group 2. 931 (90.92%) patients had distal cerebral atherosclerotic lesions. Of
these: 52 (5.59%) had early signs of chronic cerebrovascular insufficiency, 484 (51.99%)
had pronounced signs of chronic cerebrovascular insufficiency, 306 (32.87%) had severe
chronic cerebrovascular insufficiency, 27 (2.90%) had Binswanger's disease, 62 (6.66%)
had vascular parkinsonism. According to dementia severity, patients were divided into:
445 (47 .80%) with unpronounced dementia, 332 (35.66%) with CDR-1 dementia, 132
(14.18%) with CDR-2 dementia, and 22 (2.36%) with CDR-3 dementia.

Results:

Test Group 1. In all 93 cases, dyscirculatory angiopathy of Alzheimer's type was detected,
which is manifested in atherosclerosis absence, reduction of capillaries in the temporal
regions, large arteriovenous shunts development, venous trunks expansion, discharge

of arterial blood into the venous bed, and venous stasis.

Test Group 2. In all 931 cases, multiple distal cerebral atherosclerotic lesions were
detected, combining stenosis and occlusion, small arteriovenous shunts, absence of

pathological venous trunks, venous stasis.

Conclusion: In Alzheimer's disease, Cerebral Small Vessel Disease has a specific type
of changes characteristic only to this disease, which are manifested in Dyscirculatory
angiopathy of Alzheimer's type.

In distal cerebral atherosclerosis, Cerebral Small Vessel Disease manifests itself in
atherosclerotic lesions of the distal arteries, arterioles and capillaries. These lesions
are not found in Alzheimer's disease.

Keywords: Cerebral Small Vessel Disease; CSVD; Dementia; Alzheimer's disease; AD;
Dyscirculatory angiopathy of Alzheimer's type; Distal Cerebral Atherosclerosis; Binswanger's

Disease; BD; Vascular Parkinsonism; VP.
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Introduction

The number of people with signs of dementia is
constantly increasing among the population of
various countries. According to the World Health
Organization, there are currently over 55 million
people suffering from dementia in the world. Every
year, the number of patients with dementia increases
by 10 million people, which is associated with an
increase in life expectancy and an increase in

neurodegenerative and ischemic diseases’?.

The most common causes leading to the development
of dementia are Alzheimer's disease (AD) and various
types of cerebral atherosclerosis.

The brain is an extremely complex organ anatomically
and physiologically. Due to the need for high blood
supply, 1 cubic centimeter of cerebral tissue contains
from 3 to 4 thousand capillaries. No other human
organ has so many microvessels. As a result, the brain
isthe organ most actively supplied with blood. This
leads to the fact that even a minor violation of
cerebral hemodynamics and blood supply causes
or contributes to the development of ischemic or

non-degenerative lesions?.

Both AD and distal cerebral atherosclerosis are united
not only by the fact that they lead to dementia, but
also by the fact that these diseases are accompanied
by the development of Cerebral small vessel disease
(CSVD) specific to each of the two diseases®. The
causes, etiology, pathogenesis, period of
development, and localization of CSVD are different,
but they all disrupt cerebral microcirculation and

metabolic processes in cerebral tissue.

In terms of incidence, AD ranks first among
neurodegenerative diseases accompanied by the
development of dementia. In 2024, 6.9 million people
with AD were registered in the United States. Even
though in 5% of cases the disease develops at a fairly
young age, only patients aged 65 years and older
were considered’. It is important to take into account
that the correct diagnosis of AD is not made in all
cases, therefore, the total number of patients with

AD is much higher™. According to preliminary

estimates, by 2060 the number of patients with AD
in the USA may exceed 14 million people'®.

The etiology and pathogenesis of AD are complex
and have not yet been fully studied'?#'%"". The disease
begins to develop latently, early cerebrovascular and
atrophic cerebral changes appear 20-30 years or
more before the onset of clinical manifestations of
the disease. Changes in the intracerebral arterial,
microcirculatory and venous bed, as well as
involutional changes in the temporal lobes are
observed in direct descendants of patients suffering
from AD, which indicates the congenital, hereditary
nature of these disorders. Since patients do not
present classical complaints, such an extremely long

preclinical stage, AD is quite difficult to detect*>
10-13

Considering the causes of AD, it is necessary to take
into account that the disease develops not only as
a result of disruption of the exchange of amyloid
beta (AB) and tau protein in the cerebral tissue and
vascular wall, but also as a result of changes in
cerebral angioarchitectonics, microcirculation and

hemodynamics that are specific only to this disease™
10-21

For the first time, in the first third of the last century,
vascular changes in AD were discovered by the
Swiss psychiatrist F. Morel. He described cerebral

dysoric or drusen angiopathy in this disease?®.

According to modern data, vascular and
microcirculatory changes in AD are extremely
specific in nature, associated with a decrease in the
number of cerebral capillaries and disruption of
cerebral microcirculation. These lesions constitute

Cerebral small vessel disease (CSVD)>1%-2",

The number of capillaries in the brain is reduced, and
the distal arterial blood flow decreases’ ™. The
process is accompanied by the disruption of venous
outflow, which leads to a hemodynamic disorder
specific to AD''2%, Changes in hemodynamics
lead to the disruption of metabolic processes in the
cerebral tissue and damage to the neurovascular

unit (NVU)4,5,1 1-16,17,18,20,21 .
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Hypoxia and specific capillary changes disrupt the
physiological metabolism of amyloid beta (AB), cause
dysfunction of the blood-brain barrier (BBB) and lead
to the development of AD and dementia'*16.18:202526,
The progression of AD leads to a decrease in natural

physiological intracerebral angiogenesis?#.

The combination of such changes in cerebral
angioarchitectonics and microcirculation is called
“Dyscirculatory angiopathy of Alzheimer's type
(DAAT) "10-13,23,26‘

Atherosclerosis of distal intracerebral vessels
develops in elderly people. This is a fairly slow
process, accompanied by its own specific Cerebral
small vessel disease (CSVD), which gradually leads
to cerebrovascular insufficiency and the development
of dementia®*¢?-??. About 29-37% of elderly people
have varying degrees of atherosclerotic lesions of
the distal intracerebral branches®.

In distal forms of intracerebral atherosclerosis,
there occur atherosclerotic lesions of small arterial
branches and capillaries®4232".28.2? This process can
be accompanied by transient attacks and lacunar
microstrokes. Progression of atherosclerotic lesions
leads to the development of cortical, subcortical
and mixed strokes. The severity of strokes and the
level of dementia depend on the prevalence of
atherosclerotic lesions and the volume of ischemic

cerebral tissue.

In Binswanger disease (BD) and vascular parkinsonism
(VP), the distal atherosclerotic process develops at
the subcortical level, causing ischemic damage to

the white cerebral matter?33031,

In BD, the microvascular atherosclerotic lesion is
disseminated and extends to various subcortical
areas. The greater the volume of cerebral tissue
involved in the subcortical lesion is, the more severe

the level of dementia ig323.2831-33,

In VP, the microvascular atherosclerotic lesion is
less widespread and is usually located in the pons,
thalamus, and basal ganglia. Due to the small size
and localization of the atherosclerotic lesion, dementia

in VP is usually expressed to a lesser degree®?'.

This research is devoted to the study of
angioarchitectonics and Cerebral Small Vessel Disease
developing in dementia caused by Alzheimer's
disease in comparison with Cerebral Small Vessel
Disease developing in dementia caused by distal
cerebral atherosclerosis in Binswanger's disease and

vascular parkinsonism.

Methods

Our study of microcirculation disorders in cerebral
atherosclerosis and cerebral neurodegenerative
lesions began in 1985 and continues to this day. In
this research, all examinations were performed with
the written consent of patients and their relatives,
as well as with the approval of The Ethical Review
Board (ERB) (Protocol No. 3 of 01-12-2003, Protocol
No. 12 of 04-30-2014, Protocol No. 12 of 01-12-
2018).

PATIENT SELECTION CRITERIA:
o consent of patients and their relatives to the
examination;
e absence of concomitant diseases that could

interfere with the examination:

e satisfactory somatic condition of patients
allowing the examination to be carried out;

e complaints consistent with AD, signs of
dementia and cognitive impairment consistent
with this disease;

e complaints and signs of various forms of distal,
cerebral atherosclerosis, signs of dementia
and cognitive impairment consistent with the
severity of the lesion;

e cerebral involutional and atrophic changes,
corresponding to the severity of the lesion.

PATIENT EXAMINATION

e The severity of dementia was clinically assessed
using the Clinical Dementia Rating scale
(CDR)*.

e Cognitive functions were assessed using the
Mini-Mental State Examination (MMSE)®>.

e laboratory tests were conducted in accordance
with the requirements and principles of

interventional neuroangiology.
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e Cerebral blood flow and microcirculation
were assessed with the classical method, in
static and dynamic modes, using scintigraphy
(SG) with TC 99M Pertechnetate 555.

o Cerebral perfusion blood filling was assessed
in standard automatic modes, defining
pulse blood filling disorders in the cerebral
hemispheres using rheoencephalography
(REG).

e Structural cerebral changes were assessed
with the help of CT and MRI, using standard
methods. In patients with AD, the digital
morphometric scale “The Tomography
Dementia Rating scale” (TDR) was used to
objectively determine the severity of

dementia®?’.

e Intracerebral vascular and microcirculatory
bed was defined using cerebral multi-gated
angiography (MUGA) with digital image
processing.

The study included 1024 patients, of which:

Test Group 1 consisted of 93 (9.08%) patients from
34 to 80 years old (mean age 67.5), 32 males (34.40%)
and 61 females (65.59%), suffering from AD with

dementia of varying severity.

Test Group 2 included 931 (90.92%) people from
28 to 81 years old (mean age 78), 687 (73.79%) males
and 244 females (26.21%), with distal cerebral
atherosclerosis, accompanied by chronic
cerebrovascular insufficiency of varying severity,
cerebral involutional and atrophic changes without

large ischemic foci.

Depending on the type of distal cerebrovascular
atherosclerotic lesion and the prevalence of the
process, patients were divided into the following

groups:

e carly signs of chronic cerebrovascular
insufficiency with distal atherosclerotic lesion
- 52 (5.59%) patients. Complaints of this group
of patients pointed to cerebral hemodynamic
disorders;

e more pronounced signs of chronic
cerebrovascular insufficiency with distal
atherosclerotic lesions - 484 (51.99%) patients.
Medical history with transient disorders in
cerebral blood flow - 165 (34.09%) patients
of this group;

e amore severe form of chronic cerebrovascular
insufficiency with widespread distal cerebral
atherosclerotic lesions - 306 (32.87%) patients.
These patients had a medical history of

small focal strokes;
e Binswanger disease (BD) - 27 (2.90%) patients;
e vascular parkinsonism (VP) - 62 (6.66%) patients.

Results

TEST GROUP 1

CT and MRI with digital morphometry of cerebral
tissues according to the Tomography Dementia
Rating scale (TDR)3?%, As a result of using the TDR
scale, specific involutional and atrophic changes in
the temporal lobes were revealed in patients, which
allow determining the stages of AD and the severity

of dementia:

e preclinical stage of AD - TDR-0 - 10 (10.75%)
people. In patients of this group, involutional
changes in the brain are manifested by atrophy
of the temporal lobes with a decrease in
tissue mass by 4-8%; there is no dementia,
but there are increasing memory disorders;
cognitive functions are reduced to 26-28
MMSE points. Each of these patients had
direct relatives suffering from AD (Fig. 1A),
(Table 1);

* mild stage of AD-TDR-1 - 26 (27.96%) people.
In patients of this group, involutional changes
in the brain are manifested by atrophy of
the temporal lobes with a decrease in tissue
mass by 9-18%; mild dementia, corresponding
to CDR-1; cognitive functions are reduced
to 20-25 MMSE points. History of the
disease is 2 years (Fig. 1B), (Table 1);

* moderately severe stage of AD - TDR-2 - 40
(43.01%) people. In patients of this group,

© 2024 European Society of Medicine 4



involutional changes in the brain are
manifested by atrophy of the temporal lobes
with a decrease in tissue mass by 19-32%;
moderate dementia, corresponding to CDR-
2; cognitive functions are reduced to 12-19
MMSE points. History of the disease is 2-6
years (Fig. 1C), (Table 1);

severe AD stage - TDR-3 - 17 (18.28%)
people. In patients of this group, involutional

changes in the brain are manifested by atrophy

of the temporal lobes with a decrease in
tissue mass by 33-62%; severe dementia,
corresponding to CDR-3; cognitive functions
are reduced to 7-11 MMSE points. History of
the disease is 7-12 years (Fig. 1D), (Table 1).

Involutional and atrophic changes in the
temporal lobes, as well as general cerebral
changes in patients of Test Group 1 and Test
Group 2, are presented in Table 1.

Rating scale.

FIGURE 1.

CT scans of the brain of patients with different AD stages according to The Tomography Dementia

A - preclinical stage TDR-0, decrease in tissue mass of the temporal lobes: on the right by 7%, on the left by 8%.
B - mild stage TDR-1, decrease in tissue mass of the temporal lobes: on the right by 9%, on the left by 14%.
C - moderately severe stage TDR-2, decrease in tissue mass of the temporal lobes: on the right by 19%, on
the left by 22%.
D - severe stage TDR-3, decrease in tissue mass of the temporal lobes: on the right by 41%, on the left by 58%.

© 2024 European Society of Medicine 5



Table 1. Cerebral changes in the examined patients according to CT and MRI data

Test Group 1 Test Group 2 p (chi-
CEREBRAL CHANGES N-93 N-931 square)
Changes in temporal areas
Local involutive changes of the brain cortex in
93 (100%) 0
temporal areas
Local atrophy of temporal lobes with 4-8% decrease
L 10 (10.75%) 0
in tissue mass (TDR-0)
Local atrophy of temporal lobes with 9-18% decrease
o 26 (27.96%) 0 p<0.01
in tissue mass (TDR-1)
Local atrophy of temporal lobes with 19-32% decrease
o 40 (41.67%) 0
in tissue mass (TDR-2)
Local atrophy of temporal lobes with 33-62% decrease
o 17 (17.71%) 0
in tissue mass (TDR-3)
General cerebral changes
Multiple calcium salts deposits in intracranial vessels 0 918 (98.60%) p<0.01
Foci of gliosis in the gray and white matter of the brain 0 198 (21.27%) p<0.01
Small postischemic cysts of the gray and white
, 0 312 (33.51%) p<0.01
matter of the brain
General neurodegenerative changes in the cortex
, 48 (51.61%) 803 (86.25%) p<0.01
of the brain
L o : Not
Sylvian fissures widening signs 93 (100%) 884 (94.96%) o
significant
Leucoaraiosis signs 0 176 (18.90%) p<0.01
Unocclusive hydrocephaly signs 57 (61.29%) 412 (44.25%) p<0.01

To define the differences of the symptoms under study, we conducted an analysis of contingency tables with

Chi-square criterion. All the figures except for “Sylvian fissures widening signs” revealed significant differences

(p<0.01). The statistical analysis was accomplished with the help of Statsoft Statistica 10 program.

Laboratory tests:

Increased blood lipid levels were noted in
35 (37.63%) cases.

Hypercoagulation phenomena were noted
in 39 (41.94%) cases.

Cerebral SG:
A decrease in blood flow in the cerebral hemispheres

was noted in all 93 (100%) cases.

Cerebral REG:

A decrease in the volumetric perfusion blood filling

in the carotid system was noted in all 93 (100%) cases.

Cerebral MUGA with digital image processing

revealed “Dyscirculatory angiopathy of Alzheimer’s

type” (DAAT):

There were no signs of atherosclerotic changes
in extra- and intracranial arteries in 84 (90.32%)
cases; weak signs of initial atherosclerotic
changes were revealed in 9 (9.68%) cases
(Table 2).

A decrease in the number (reduction) of
capillaries with the development of
hypovascular zones in the temporal and
frontoparietal regions were detected in all 93

(100%) cases (Table 2), (Fig. 2 A(1), Fig. 2 B(1)).

Local arteriovenous shunts in the basins of the
anterior villous arteries supplying the temporal

© 2024 European Society of Medicine 6



lobes, as well as in the basins of the distal
arterial branches supplying the frontoparietal
regions of the brain were detected in all 93
(100%) cases (Table 2), (Fig. 2 A(2), Fig. B(2),
Fig. C(2), Fig. D(2)).

Local early discharge of arterial blood into
the venous bed, accompanied by simultaneous
contrasting of arteries and veins, were detected
in all 93 (100%) cases (Table 2), (Figure. 2 C(3)).

Abnormally dilated venous trunks, into which
blood flows through arteriovenous shunts of
the temporal and frontoparietal regions, were
detected in 84 (90.32%) cases (Table 2),
(Fig. 2 C(3), Fig. D(3)).

Abnormal stasis of venous blood at the borders
of the frontal and parietal lobes, caused by
increased blood flow through arteriovenous
shunts, was detected in 85 (91.40%) cases
(Table 2), (Fig. 2 D(4)).

Increased looping of distal intracranial arterial
branches was detected in 74 (79.57%) cases
(Table 2).

The angioarchitectonic and CSVD abnormalities of

patients from Test Group 1 and Test Group 2 are

presented in Table 2.

Cl.of Cardiovas

0008
(00052

FIGURE 2.

Cerebral MUGA of patients with Dyscirculatory angiopathy of Alzheimer’s type (DAAT)
A. Arterial phase. 1. Capillary reduction with development of hypovascular zones in the temporal and
frontoparietal regions. 2. Local arteriovenous shunts.

B. Parenchymal stage. 1. Capillary reduction with development of hypovascular zones in the temporal and
frontoparietal regions. 2. Local arteriovenous shunts.

C. Early venous phase. Local early discharge of arterial blood into the venous bed. 2. Local arteriovenous shunts.

© 2024 European Society of Medicine 7



3. Simultaneous contrast of arteries and veins.
D. Late venous phase. 2. Local arteriovenous shunts. 3. Abnormally dilated venous trunks. 4. Abnormal venous
congestion.

Table 2. Cerebral small vessel disease of the examined patients according to MUGA data

CEREBRAL VASCULAR CHANGES Test Group 1 Test Group 2 p (chi-
N-93 N-931 square)

Reduction of capillaries with the development of hypovascular

zones in the temporal and frontoparietal regions 923 (100%) 0 p<0.01

Local multiple arteriovenous shunts in temporal and frontoparietal
regions 93 (100%) 0 p<0.01

Local early discharge of arterial blood into the venous bed in

temporal and frontoparietal regions 93 (100%) 0 p<0.01
Local development of abnormally widened lateral venous

branches in temporal and frontoparietal regions 84 (90.32%) 0 p<0.01
Abnormal stagnation of venous blood at the border of frontal

and parietal regions 85 (91.40%) 0 p<0.01
Increased looping of distal intracranial branches 74 (79.57%) 69 (7.41%) p<0.01
Atherosclerotic changes of intracerebral distal arterial and 0 931 (100%) p<0.01
capillary bed

Stenosis of distal arterial branches and capillaries at the level of

cerebral gray and white matter 0 931 (100%) p<0.01
Occlusions of distal arterial branches and capillaries at the level

of cerebral gray and white matter 0 348 (37.38%) p<0.01
Decreased capillary blood flow at the level of cerebral gray and

white matter 0 768 (82.49%) p<0.01
Multiple disseminated small diameter arteriovenous shunts at

the level of the gray matter of the brain 0 386 (41.46%) p<0.01

Subcortical, disseminated, early arterial blood flow into the
venous bed without the development of abnormal venous trunks 0 245 (26.32%) p<0.01
and venous blood stagnation

Subcortical atherosclerotic occlusions of distal capillary branches

of cerebral white matter 0 89 (9.56%) p<0.01
Subcortical disseminated and local decrease in capillary blood
flow at the level of cerebral white matter 0 89 (9.56%) p<0.01
Subcortical multiple disseminated small diameter arteriovenous
shunts at the level of cerebral white matter 0 27 (2.90%) p<0.01
Subcortical, multiple disseminated, early arterial-venous blood
flow at the level of the white matter of the brain 0 27 (2.90%) p<0.01
Subcortical, single local arteriovenous shunts of small diameter
at the level of cerebral white matter 0 62 (6.66%) p<0.01
Subcortical, local early flow of arterial blood into the venous bed
at the level of the white matter of the brain 0 62 (6.66%) p<0.01

To define the differences in the symptoms under study, we conducted an analysis of contingency tables with Chi-square
criterion. All the figures revealed significant differences (p<0.01). The statistical analysis was accomplished with the help

of Statsoft Statistica 10 program.
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TEST GROUP 2

CT and MRI:
¢ No AD-specific involutional and atrophic
changes in the temporal lobes were detected

in any case (Table 1).

e General cerebral neurodegenerative and
involutional changes of varying severity and

localization are presented in (Table 1).

Determination of the clinical stage of dementia
(CDR) and the severity of cognitive impairment
(MMSE):

e In52(5.59%) patients with early manifestations
of chronic cerebrovascular insufficiency and
distal atherosclerotic lesions, clear signs of
dementia and cognitive impairment were not

detected in any case.

e In 484 (51.99%) patients with more pronounced
signs of chronic cerebrovascular insufficiency
and distal atherosclerotic lesions, dementia
at the CDR-1 level was detected in 121
(25.00%) cases, while the decline in cognitive
functions reached 20-25 MMSE points.

e In 306 (32.87%) patients with a more severe
form of chronic cerebrovascular insufficiency
and widespread distal cerebral atherosclerotic
lesions, dementia at the CDR-1 level was
detected in 163 (53.27%) cases, dementia at
the CDR-2 level was detected in 125 (40.85%)
cases, at the CDR-3 level in 18 (5.88%) cases,
while the decline in cognitive functions was
11-25 MMSE points.

e In 27 patients suffering from Binswanger
disease (BD), dementia at the CDR-1 level was
detected in 16 cases (59.26%), at the CDR-
2 level in 7 cases (25.93%), and at the CDR-
3 levelin 4 cases (14.81%), while the decline
in cognitive functions was 11-25 MMSE points.

e In 62 patients (6.66%) suffering from vascular
parkinsonism (VP), the absence of clear
signs of dementia was detected in 30 cases
(48.39%), dementia at the level (CDR-1)in 32
cases (51.61%), while the decline in cognitive
functions was 20-27 MMSE points.

Laboratory tests:

¢ Increased blood lipid levels were noted in
726 cases (77.98%).

e Hypercoagulation phenomena were noted
in 698 (74.97%) cases.

Cerebral SG:
Decreased blood flow in the cerebral hemispheres
was noted in 931 (100%) cases.

Cerebral REG:
Decreased volumetric perfusion blood filling in the

carotid system was noted in 931 (100%) cases.

Cerebral MUGA with digital image processing:

e Atherosclerotic changes in the intracerebral
distal arterial and capillary bed were
detected in 931 (100%) cases (Table 2).

e Atherosclerotic stenosis of intracerebral
distal arterial branches and capillaries was
detected in 931 (100%) cases (Fig. 3 A(1))
(Table 2).

e Atherosclerotic occlusions of distal arterial
branches and capillaries at the level of the
gray cerebral matter were detected in 348
(37.38%) cases (Fig. 3 A(2)) (Table 2).

o Decreased capillary blood flow at the level
of the gray cerebral matter in 768 (82.49%)
cases (Fig. 3 A(3)), (Table 2).

e Multiple, disseminated arteriovenous
shunts of small diameter within the gray
matter of the brain were detected in 386

(41.46%) cases (Fig. 3 B(4)), (Table 2).

e Subcortical, disseminated early flow of
arterial blood into the venous bed, without
the development of abnormal venous trunks
and venous blood stasis, was detected in
245 (26.32%) cases (Fig. 3 C(5)), Fig. 3 C(6)),
(Table 2).

e Subcortical atherosclerotic occlusions of the
distal capillary branches of the white cerebral
matter were noted in 89 (9.56%) cases (Table 2).

e Subcortical disseminated and local decrease
in capillary blood flow at the level of the

© 2024 European Society of Medicine 9



white matter of the brain was detected in 89
(9.56%) cases (Fig. 3 D(3)), (Table 2).

Subcortical, disseminated, multiple small-
diameter arteriovenous shunts at the level of
the white matter of the brain were detected
in 27 (2.90%) cases (Fig. 3 D(4)), Fig. 3 E(4)),
(Table 2).

Subcortical, multiple, disseminated, early
flow of arterial blood into the venous bed at
the level of the white matter of the brain was
detected in 27 (2.90%) cases (Table 2).
Subcortical, single, local arteriovenous shunts
of small diameter within the white matter of
the brain in the area of the pons, thalamus,
and basal ganglia were detected in 62 (6.66%)
cases (Fig. 3 F(4)), (Table 2).

Subcortical, local, early flow of arterial blood
into the venous bed at the level of the white
matter of the brain was detected in 62 (6.66%)
cases (Fig. 3 F(5)), (Table 2).

Increased looping of distal intracranial arterial
branches was noted in 69 (7.41%) cases
(Table 2).

AD-specific reduction of the capillary bed in
the temporal and frontoparietal regions of the
brain was not detected in any case (Table 2).

AD-specific multiple arteriovenous shunts in
the basins of arterial branches, supplying the
temporal and frontoparietal regions of the
brain, were not detected in any case (Table 2).

AD-specific local early discharge of arterial
blood into the venous bed through shunts
in the temporal and frontoparietal regions
was not detected in any case (Table 2).

AD-specific abnormally dilated lateral venous

trunks at the level of the frontoparietal regions
were not detected in any case (Table 2).

AD-specific venous blood stasis at the border
of the frontal and parietal regions was not

detected in any case (Table 2).

FIGURE 3.

Cerebral MUGA of patients with distal cerebral atherosclerosis.

A. Arterial phase. 1. Atherosclerotic changes in intracerebral branches. 2. Atherosclerotic occlusions of distal
arterial branches and capillaries at the level of the cerebral gray matter. 3. Decreased capillary blood flow at
the level of the cerebral gray matter.

B. Parenchymal stage. 4. Multiple small-diameter arteriovenous shunts.
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C. Venous phase. 5. Disseminated early flow of arterial blood into the venous bed without the development of

abnormal venous trunks. 6. No venous blood stasis.

D. (BD). Arterial phase. 3. Decreased capillary blood flow at the level of the white cerebral matter. 4. Multiple

subcortical arteriovenous shunts of small diameter.

E. (BD). Parenchymal phase. 4. Multiple disseminated subcortical arteriovenous shunts of small diameter.

F. (VP). Parenchymal phase. 4. Single, local arteriovenous shunts of small diameter in the region of the pons,

thalamus, and basal ganglia. 5. Disseminated early local flow of arterial blood into the venous bed without the

development of abnormal venous trunks.

Discussion

In AD and distal cerebral atherosclerosis, the study
of cerebral vascular disorders and CSVD have usually
been conducted on postmortem materials, which
does not provide a complete picture of the changes.
At the same time, the comparison of characteristics
of the changes that occur in AD and distal cerebral

atherosclerosis have practically not been carried
Out5,18,20,33

In AD, research was conducted to study cerebral
vascular changes and CSVD on laboratory animals
with an experimental model of the disease, which
also does not allow a full interpretation of the data

obtained for humans suffering from AD’/1>¢,

In contrast to the above works, this study was
conducted on the basis of clinical materials.

In this study, patients of Test Group 1 and Test
Group 2 are similar in the severity of dementia and
the severity of cognitive impairment. But vascular
changes and CSVD in these groups of patients are

completely different.

As in our earlier works'3% this study showed that
in AD the severity of dementia depends on the
severity of atrophic changes in the cerebral temporal
lobes. According to the digital morphometric scale
“The Tomography Dementia Rating scale” (TDR),
at the preclinical stage of AD (TDR-0), cerebral
involutional changes are manifested in a decrease
in the tissue mass of the temporal lobes by 4-8% of
the normal volume (Fig. 1(A)). In mild AD stage
(TDR-1), temporal lobe atrophy is 9-18% (Fig. 1(B)),
in moderate AD stage (TDR-2), temporal lobe atrophy
is 19-32% (Fig. 1(C)), in severe AD stage (TDR-3),
temporal lobe atrophy is 33-62% (Fig. 1(D)), (Table 1).

As in our earlier works'®13232 this study shows that
patients from Test Group 1 have virtually no signs of
intracerebral atherosclerosis (Table 2). The existing
cerebrovascular disorders and CSVD have their own
clear specificity and are manifested in Dyscirculatory
angiopathy of Alzheimer’s type (DAAT), which is an
important factor in the development of AD
(Table 2). In all patients from Test Group 1, the main
manifestation of DAAT development is a decrease
in the number (reduction) of capillaries, first in the
temporal and then in the frontoparietal cerebral
lobes with the formation of hypovascular zones in
these areas (Fig. 2 A(1), Fig. 2 B(1)), (Table 2). These
changes are not a consequence of stenosis or
occlusion, they have their own specificity, and, unlike

atherosclerosis, are hereditary (Table 2).

Reduction of capillaries, their thinning, and a decrease
in further branching lead to disruption of cerebral
hemodynamics, reduction in the distal inflow of arterial
blood with the development of hypoxia specific to
AD. The blood, flowing through intracerebral arterial
branches, is unable to pass through the reduced
number of arterioles and capillaries. As a result, in
the temporal and frontoparietal regions, fairly large
arteriovenous shunts develop, through which "excess"
arterial blood is discharged into the venous bed
(Fig. 2 AQ2), Fig. 2 B(2), Fig. 2 C(2), Fig. 2 D(2)), (Table 2).
The opening of arteriovenous shunts is a natural
protective reaction of the body to the disruption of
blood flow through the distal arteries and capillaries.
As a result of the active flow of arterial blood into
the venous bed, lateral, abnormally dilated venous
trunks develop (Table 2). During MUGA, this is
manifested in simultaneous contrasting of arteries
and veins (Fig. 2C(3), Fig. 2 D(3)). Active flow of arterial
blood into the venous bed leads to venous overflow
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and stasis (Fig. 2 D(4)), (Table 2). These changes cause
further increase in cerebrovascular dysfunction, which
causes disturbances in metabolic processes in cerebral
tissue. Arterial, capillary and venous changes in DAAT
are equally determined at all stages of AD regardless
of the severity of the disease, which indicates the

congenital nature of the changes (Table 2).

Our data confirm the results of studies by other
authors who studied microcirculatory changes in
AD'520.21.27.40 Microcirculatory disorders in AD lead
to destruction of synapses, degeneration and death
of neurons, death of mitochondria in the cells of the
smooth endoplasmic reticulum and Golgi apparatus,
and general cerebral neurodegeneration. The
combination of microvascular and tissue cerebral
changes causes degeneration of the neurovascular
unit (NVU)™16%8_ A decrease in the capillary inflow
of arterial blood and a simultaneous change in venous
outflow causes a disruption in the process of natural
metabolism of amyloid beta (AB). As a result, in
cerebral tissues and vascular walls, there is a decrease
in the natural physiological excretion of A and an
increase in its accumulation™'¢. The combination
of these processes further contributes to the disruption
of cerebral microcirculation and leads to increased
hypoxia, accompanied by dysfunction of the blood-
brain barrier (BBB)*?*%. Specific CSVD and AB
accumulation in cerebral tissue cause the development

and progression of AD.

The combination of DAAT with temporal lobe atrophy
is the most important distinguishing feature of AD.
DAAT, which is manifested in complex changes in
cerebral hemodynamics, occurs only in AD and does
not occur in other cerebrovascular lesions, including

distal cerebral atherosclerosis.

Atherosclerosis of intracerebral vessels usually begins
to develop in middle-aged and elderly people. The
process occurs quite slowly, gradually causing a
decrease in blood supply, the development of
chronic cerebrovascular insufficiency and subsequent
dementia®®?28,_ Atherosclerosis can affect both
main and distal intracerebral arterial branches and
capillaries®?327-334042 |n patients from Test Group 2,

vascular changes and CSVD are of an atherosclerotic
nature and are completely different from vascular
changes and CSVD in patients from Test Group 1
(Table 2).

In patients from Test Group 2, atherosclerosis causes
disseminated damage to small arterial branches
and capillaries, manifested in stenosis and subsequent
occlusions at the level of gray and white cerebral
matter (Fig. 3 A(1), 3 A(2)). This leads to depletion
of the capillary bed in the corresponding areas,
gradually developing hypoxia and ischemia (Fig. 3
A(3)), (Table 2).

In the early stages of development, these
microcirculatory disorders occur without pronounced
clinical symptoms, but trigger the mechanism of
Against  the

background of the atherosclerotic process, slowly

dementia  development®#62842,
developing hypoxia and ischemia disrupt the
metabolism of adenosine triphosphate (ATP) in the
mitochondria of neurons, which causes death of

individual cells and their conglomerates?®¢2328.29,

The spread of the atherosclerotic process leads to
the development of multiple small-focal strokes in
various parts of the white and gray matter of the
brain. This course of distal cerebral atherosclerosis
causes increasing neurodestruction and
neurodegeneration, gradually leading to the
development of dementia, cognitive impairment
and worsening daily life. The severity of dementia
and cognitive impairment depends on the prevalence
of the process and the volume of affected cerebral
tissue. Against the background of distal atherosclerotic
lesions, arteriovenous shunts can form, but they are
smaller in size and disseminated (Fig. 3 B(4)), (Table 2).
Unlike AD, these arteriovenous shunts cause a
minor discharge of arterial blood into the venous bed,
which does not lead to the development of large
venous trunks (Fig. 3 C(5)) and does not cause venous

blood stasis (Fig. 3 C(6)) (Table 2).

In the case of the development of the atherosclerotic
process at the subcortical level with localization of
the lesion in one or another part of the white cerebral
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matter, patients develop Binswanger's disease (BD)
or vascular parkinsonism (VP), gradually leading to

dementia?33031,

In the early stages of the development of Binswanger's
disease (BD), subcortical foci of gliosis are small
and disseminated, which may be accompanied by
the development of mild dementia at the CDR-1
level. As the disease progresses, ischemic foci merge
and, uniting into larger areas of demyelination,
lead to the development of leukoaraiosis and more
severe dementia at the CDR-2, CDR-3 level.

According to our data, because of the progression
of atherosclerosis in Binswanger's disease (BD),
multiple subcortical occlusions of the capillary bed
develop at the level of the white cerebral matter
(Fig. 3 D(3)) (Table 2). Arteriovenous shunts are small
and subcortical, disseminated (Fig. 3D{4), Fig. 3E(4)),
(Table 2). Due to the insignificant flow of arterial
blood into the venous bed, the development of
pathological venous trunks and venous blood
stagnation does not occur (Table 2).

In vascular parkinsonism (VP), the atherosclerotic
process occurs in a similar manner, but more locally
in the area of the thalamus, basal ganglia and pons.
In these same areas, capillary occlusions develop,
the capillary bed is depleted and single small
arteriovenous shunts open (Fig. 3 F(4)) (Table 2).
Due to the locality of the lesion, pathological changes
in the venous bed do not occur (Fig. 3 F(5)) (Table 2).
In VP, due to the local nature of the lesion, dementia
is expressed to a lesser extent - within CDR-1. In
Test Group 2, signs of Dyscirculatory angiopathy of
Alzheimer's type (DAAT) were not detected in any
case, which indicates a completely different nature
of cerebrovascular disorders and CSVD in patients
with AD and with distal cerebral atherosclerosis.

Conclusions

In this study, patients with AD and patients with
distal cerebral atherosclerosis are similar in the
severity of dementia and the severity of cognitive
impairment. All patients have decreased blood

flow in the cerebral hemispheres and decreased

volumetric perfusion blood filling in the carotid
system. However, cerebral angioarchitectonics and
CSVD in these groups of patients are completely
different.

In patients with AD, regardless of the severity of
dementia, Dyscirculatory angiopathy of Alzheimer's
type develops, caused by local reduction of capillaries
in the temporal and frontoparietal regions,
development of hypovascular zones in the same
regions, development of large local arteriovenous
shunts in the arterial basins supplying the temporal
and frontoparietal regions, local early discharge of
arterial blood through these shunts into the venous
bed, leading to the development of abnormally
dilated venous trunks and venous blood stagnation.
At the same time, in patients suffering from AD,
there are practically no atherosclerotic changes in
intracerebral arteries, arterioles and capillaries.
Dyscirculatory angiopathy of Alzheimer's type is a
cerebral blood supply disorder specific to AD, which
is not observed in other cerebrovascular diseases,

including distal cerebral atherosclerosis.

In patients with distal cerebral atherosclerosis,
regardless of the severity of dementia, arterial
changes and CSVD develop because of the spread
of atherosclerotic lesions, leading to stenosis and
subsequent occlusion of distal cerebral arteries,
arterioles and capillaries. The process can occur at
the cortical and subcortical level. Most often, these
changes are disseminated. In this case, venous
outflow disorders do not occur. Local subcortical
lesions develop in vascular parkinsonism but are

also atherosclerotic in nature.
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