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Abstract

Introduction: The research focuses on the clinical study of cerebral angioarc-
hitectonics and microcirculation disorders in the development of Alzheimer’s
disease (AD) in comparison with other neurodegenerative and ischemic lesions.
Materials and methods: 1117 patients with different types and stages of neuro-
degenerative and ischemic lesions were examined, 93 of whom (8.33%) had dif-
ferent stages of AD—Test Group; 1024 (91.67%) had cerebral atherosclerosis,
Binswanger disease (BD), vascular Parkinsonism (VP)—Control Group. The
examination included definition of CDR, MMSE, cerebral CT, MRI, cerebral
sciagraphy (SG), rheoencephalography (REG), morphometric detection of AD
stages with TDR, and cerebral multi-gated angiography (MUGA). Results: In all
patients with AD, regardless of the disease stage, specific cerebral small vessel
disease (CSVD), manifested by dyscirculatory angiopathy of Alzheimer’s type
(DAAT), was detected in the temporal and fronto-parietal areas. Conclu-
sions: DAAT is an AD-specific lesion of cerebral microvessels that changes
hemodynamics, causes cerebral hypoxia, and contributes to impaired amyloid
beta metabolism. The combination of deposition of amyloid beta in the cere-
bral tissue and vascular wall, as well as specific disorders of microcirculation,
cause neurodegeneration and AD development. Patients with other neurode-
generative and ischemic lesions had no DAAT manifestations.

Keywords

Alzheimer’s Disease, Dementia, CSVD, Cerebral Atrophy, Tomography
Dementia Rating Scale, TDR, Dyscirculatory Angiopathy of Alzheimer’s
Type, DAAT

1. Introduction

Cerebral ischemic and neurodegenerative diseases are increasingly observed
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among the population of different countries [1]. The most common of them are
atherosclero sclerosis of the brain, Alzheimer’s disease (AD), Binswanger’s dis-
ease (BD), and Parkinsonism. All these diseases lead to the progression of de-
mentia and cognitive disorders and are also accompanied by the development of
cerebral small vessel disease (CSVD) [2] [3] [4]. This condition is caused by the
peculiarity of the microcirculation in the brain, since there are about 3 - 4 thou-
sand capillaries in one cubic centimeter of the cerebral tissue. With such a high
demand for blood supply, disorders in hemoperfusion and hemodynamics cause
or contribute to the development of neurodegenerative processes [5].

In the early stages, clinical pictures of these diseases have much in common.

AD is one the leading neurodegenerative diseases nowadays. Currently, there
are over 36 million people suffering from AD [1] [4]. In the USA, this disease
affects more than 5 million people, while 5% of them acquire AD at a fairly
young age [1].

AD begins to develop in secret, years or even decades before the primary ma-
nifestations of the disease [6]. The preclinical stage of AD, in which the patient
does not make any classical complaints, is difficult to detect [1]. Since this dis-
ease is often hereditary, it is necessary to examine AD patients’ relatives and
descendants for the detection of its preclinical stage [1]. It shows that the true
number of patients suffering from AD can be much greater [1] [6].

AD is accompanied by the development of involutive changes in the hippo-
campus and temporal cerebral lobes, but the etiology and pathogenesis of this
disease have not been fully studied [7]. In recent years, the use of CT, MRI, PET,
the introduction of biomarkers, and research on biological models have made it
possible to achieve serious results in the study of structural and morphological
changes taking place in the brain tissue during this disease, as well as to achieve
success in understanding the distribution of amyloid beta and tau [6] [8]-[14].
However, the dependence of cerebral involutive changes and the disorders in
cerebral angioarchitectonics and microcirculation is not completely clear [15]
[16] [17] [18] [19].

Cerebral small vessel disease (CSVD) and cerebral hypoperfusion are impor-
tant in the development of AD [3] [17] [19]-[24]. These processes are specific
and connected with disorders in capillary blood supply [17] [19] [20] [21]. Pa-
tients undergo a change in the distal arterial and capillary bed, which leads to
damaging the neurovascular unit (NVU) in the form of reduction in the number
of microvessels and damaging tissue elements [17] [18] [22].

These changes lead to neuronal degeneration, a decrease in the clearance and
an increase in the accumulation of amyloid causing further neurovascular dys-
function and neurodegeneration [18] [21] [25] [26] [27]. Beta amyloid deposits
in the cerebral tissue and especially in the vascular wall reduce the elasticity of
microvessels and cause the narrowing of their lumen reducing in a higher degree
the cerebral blood flow, which in its turn causes more active amyloid deposition
and accelerates AD development [28].

There is no complete clinical picture of all CSVD components involved in the
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development of AD. Besides, it is not fully clear how exactly cerebrovascular
dysfunction affects neurodegenerative processes and the development of atrophic
changes in the brain. Moreover, there is a question of when these changes appear
before the primary clinical manifestations of AD [20] [29].

The present research is devoted to clinical identification of changes in cerebral
angioarchitectonics and microcirculation in AD, to determining the relationship
of these changes with cerebral involutive changes, and to comparing these
changes with vascular and involutive changes that occur in other neurodegener-
ative and ischemic cerebral diseases.

Consequently, the research includes patients suffering from various cerebral
neurodegenerative and ischemic lesions: Alzheimer’s disease (AD), various types
of cerebral atherosclerosis, Binswanger’s disease (BD) and vascular Parkinson-

ism (VP), who have been under examination in our clinic for the recent 15 years.

2. Materials and Methods

2.1. Patient Selection

All the research described in this paper was accomplished with the approbation
of the Ethics Committee and with the agreement of the examined patients and
their relatives.

We selected 1117 patients who were 34 - 81 years old, mean age being 75.5 of
whom men comprised 792 (70.90%) cases and women 325 (29.10%) cases. Those
patients had primary signs of cerebral neurodegeneration or suffered from

marked neurodegenerative lesions of the brain.

2.2. Patient Examination

Examination plan:

= dementia severity was clinically assessed in accordance with the Clinical De-
mentia Rating scale (CDR) [30];

= cognitive functions were evaluated with the help of Mini-Mental State Ex-
amination (MMSE) [31];

= coagulogical, biochemical and general clinical indicators were measured by
laboratory tests;

= brain scintigraphy (SG), with TC 99M pertechnetate 555, was executed using
a gammacamera (Ohio Nuclear Company, USA) and following the classical
method in dynamic and static modes;

= rheoencephalography (REG) was accomplished in standard automatic modes
determining disorders in pulse blood volume in the cerebral hemispheres
using “Reospektr-8” (Neurosoft Company, Russia);

= CT and MRI of the brain were conducted by means of “Somatom” (Siemens),
“Hi Speed” (GE), “Tomoscan” (Philips), “Apetro Eterna” (Hitachi). The
ATAA (Advance Tomo Area Analysis) [23] [24] was used during the re-
search allowing the determination of the percentage of the temporal lobes

tissue volume decrease in comparison with their natural volume, showing
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thus the cerebral temporal atrophic changes [29];

= morphometrical assessment of dementia severity and of AD stages was made
following Tomography Dementia Rating scale (TDR) [32]. The method al-
lows the determination of dementia stages during AD taking into account the
severity of atrophic changes of the temporal lobes shown by CT and MRI.
The essence of the method is the following. During CT or MRI, using the
Advance Tomo Area Analysis computer program (ATAA) [24], the area of
the middle cranial fossa is measured successively on each scan. The automat-
ically obtained data are recalculated by the thickness of the scan, then the
scans are summed and the volume of the middle cranial fossa is determined
corresponding to the normal volume of the cerebral tissue of the temporal
regions [29]. Simultaneously, the percentage of tissue loss in the cerebral
temporal lobes is calculated in each case [17]. Next, the obtained reduced
volumes of temporal lobes are compared with the clinical picture of dementia
on the CDR scale, which results in an objective, morphometrically validated
assessment of the stage of dementia in AD [32];

= cerebral multi-gated angiography (MUGA) was executed using “Advantx”
(GE) by transfemoral access following the classical method of introducing
Omnipack 350, 10 - 12 ml intracarotidally and 7 - 8 ml intravertebrally. The
procedure was conducted in front and side projections, at the registration
speed of 25 shots per second and in the mode of constant subtraction [17] [19].
Capillary blood flow was measured by Angio Vision computer program [23]
which allows to define the changes in the density and the number of black pix-
els in the corresponding area of the cerebral angiographic image as radiopaque
substance passes through arterioles and capillaries [17] [19]. Recently, a similar

program with the addition of 2D effects has been proposed by Philips [33].

2.2.1. Test Group
93 (8.33%) patients of 34 - 79 years old, mean age 67: 32 men (34.40%) and 61
(65.59%) women. They had different AD stages.

2.2.2. Control Group

1024 (91.67%) patients of 28 - 81 years old, mean age 73: 594 (58.01%) men and

430 (41.99%) women. They had neurodegenerative lesions of different etiology

without extensive ischemic foci. The lesions were accompanied by cerebral in-

volutive changes, symptoms of dementia and cognitive disorders comparable in

their severity with disorders in Test Group patients. According to the etiology of

the disease and its severity, all patients were divided into the following groups:

= 27 (2.64%) people had initial signs of chronic cerebrovascular insufficiency of
atherosclerotic genesis. Patients of this group had complaints that indicated
disorders in cerebral hemodynamics;

= 577 (56.35%) patients had marked signs of chronic cerebrovascular insuffi-
ciency of atherosclerotic genesis, 198 (34.32%) of them had had transient ce-

rebral circulation disorders;
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342 (33.40%) patients had a severe form of chronic cerebrovascular insuffi-
ciency accompanied by multiple atherosclerotic lesions of the brain. In the
anamnesis, they had small focal single or multiple strokes;

23 (2.25%) patients suffered from Binswanger’s disease (BD);

55 (5.37%) patients suffered from vascular Parkinsonism (VP);

The number of patients in the control group is determined by the need to

compare vascular, microcirculatory and atrophic changes in the brain in the

above-mentioned nosology to specific changes found among test group patients.

3. Results
3.1. Test Group

In accordance with CT and MRI data, we identified specific, morphometrically

validated, atrophic changes in the hippocampus and temporal lobes corres-

ponding to different AD stages with a certain level of dementia. Thanks to these

data and the developed classification called Tomography Dementia Rating scale
(TDR) [32], the patients were divided:

at the time of this research, 10 (10.75%) patients had preclinical AD stage
TDR-0 characterized by the absence of dementia. However, the patients had
increasing memory disorders. Cognitive functions were reduced to 26 - 28
MMSE points, initial involutive changes in the brain were manifested by the
atrophy of the temporal lobes with a 4% - 8% decrease in the tissue mass. Each
of these patients had direct relatives suffering from AD (Figure 1(A)), (Table
1);

at the time of this research, 26 (27.96%) patients had early AD stage TDR-1
corresponding to mild dementia. Their cognitive functions were reduced to
20 - 25 MMSE points, dementia was at the level of CDR-1, involutive changes
in the brain were manifested by the atrophy of the temporal lobes with a 9% -
18% decrease in the tissue mass. The anamnesis of the disease was 2 years
(Figure 1(B)), (Table 1);

at the time of this research, 40 (43.01%) patients had middle AD stage TDR-2
corresponding to moderate dementia. Cognitive functions were reduced to
12 - 19 MMSE points; dementia was at CDR-2 level. Involutive changes in
the brain were manifested by the atrophy of the temporal lobes with a 19% -
32% decrease in the tissue mass. The anamnesis of the disease was 2 - 6 years
(Figure 1(C)), (Table 1);

at the time of this research, 17 (18.28%) patients had late AD stage TDR-3
due to severe dementia. Cognitive functions were reduced to 7 - 11 MMSE
points, dementia was at the level of CDR-3, involutive changes in the brain
were manifested by the atrophy of the temporal lobes with a 33% - 62% de-
crease in the tissue mass. The anamnesis of the disease was 7 - 11 years
(Figure 1(D)), (Table 1).

The general character of the cerebral involutive changes is presented in Table
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Figure 1. Brain CT of patients with various AD stages. (A) pre-clinical stage TDR-0 (tissue mass decrease: right temporal
lobe—6%, left temporal lobe—8%); (B) early stage TDR-1 (tissue mass decrease: right temporal lobe—9%, left temporal
lobe—14%); (C) middle stage TDR-2 (tissue mass decrease: right temporal lobe—27%, left temporal lobe—20%); (D) late stage
TDR-3 (tissue mass decrease: right temporal lobe—42%, left temporal lobe—38%).

Table 1. Cerebral changes in examined patients (CT and MRI data).

Test Group  Control Group

CEREBRAL CHANGES p (chi-square)

N-93 N-1012
Changes in temporal areas
Local involutive changes of the brain cortex in temporal areas 93 0
Local atrophy of temporal lobes with 4% - 8% decrease in tissue mass (TDR-0) 10 0
Local atrophy of temporal lobes with 9% - 18% decrease in tissue mass (TDR-1) 26 0 p <0.01
Local atrophy of temporal lobes with 19% - 32% decrease in tissue mass (TDR-2) 40 0
Local atrophy of temporal lobes with 33% - 62% decrease in tissue mass (TDR-3) 17 0
General cerebral changes
Multiple calcium salts deposits in intracranial vessels 0 998 p<0.01
Single and multiple post-ischemic microcysts (more than 5 mm) 0 132 p <0.01
Post-ischemic microcysts of less than 5 mm 0 148 p<0.01
General neurodegenerative changes in the cortex of the brain 48 876 p<0.01
Sylvian fissures widening signs 93 974 Not significant
Leucoaraiosis signs 0 178 p<0.01
Unocclusive hydrocephaly signs 57 453 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.

According to laboratory tests:
= 35(37.63%) patients had increased blood lipids level.
= 39 (41.94%) patients had hypercoagulation.

SG showed that all 93 (100%) patients had the slowing of blood flow in the
brain hemispheres.

REG demonstrated that 93 (100%) patients had a decrease in volumetric pulse
blood supply in the carotid system.

MUGA revealed (Table 2) the following vascular and microvascular disord-
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ers:

= there were no atherosclerotic changes of extra- and intracranial arteries in 84
(90.32%) patients, and 9 (9.68%) patients had a minor degree of them;

= all 93 (100%) patients had a decline in capillary contrasting caused by a
decrease of the number of capillaries locally in the temporal and fron-
to-parietal areas in the form of hypervascular zones (Figure 2(A1), Figure
2(D1));

= all 93 (100%) patients featured multiple arteriovenous shunts in the basin of
the anterior ciliary arteries supplying blood locally for the temporal lobes, as
well as in the basin of distal arterial branches supplying blood for fron-
to-parietal areas of the brain (Figure 2(A2), Figure 2(B2), Figure 2(C2)). It
is through these shunts that the early venous discharge of arterial blood oc-
curs, along with the simultaneous contrasting of arteries and veins (Figure
2(B3);

= 84 (90.32%) patients had local stagnation of venous blood, abnormally wi-
dened laterally located venous trunks which receive blood from arterioven-
ous shunts of the temporal and fronto-parietal areas (Figure 2(C4));

= 85 (91.40%) patients had stagnation of venous blood at the border between
the frontal and parietal areas caused by increased blood flow from arteri-
ovenous shunts (Figure 2(C5));

= 74 (79.57%) patients featured increased looping of distal intracranial arterial
branches (Figure 2(D6)).

We named the combination of these changes in cerebral microcirculation and

Angioarchitectonics, which are specific for AD and which lead to dysregulation

of blood flow, “dyscirculatory angiopathy of Alzheimer’s type” (DAAT) [17]
[19] [29].

Figure 2. Dyscirculatory angiopathy of Alzheimer’s type (DAAT) at AD different stages. (A) Right internal carotid artery
angiogram, arterial phase: 1 reduction of the number of capillaries in the temporal and fronto-parietal area; 2 multiple arteri-
ovenous shunts in the temporal and fronto-parietal area; (B) Right internal carotid artery angiogram, capillary phase: 2 multiple
arteriovenous shunts in the temporal and fronto-parietal area; 3 early discharge of arterial blood through arteriovenous shunts
into the venous bed with simultaneous filling of arteries and veins; (C) Left internal carotid artery angiogram, venous phase: 2
multiple arteriovenous shunts in the temporal and fronto-parietal area; 4 Development of abnormally widened lateral venous
trunks; 5 stagnation of venous blood at the border of the frontal and parietal area; (D) Right internal carotid artery angiogram,
arterial phase: 1 reduction of the number of capillaries in the temporal and fronto-parietal area; 6 increased looping of distal in-
tracranial arterial branches.
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Table 2. Cerebral Angioarchitectonics and microcirculation features in the examined patients.

CEREBRAL VASCULAR CHANGES

Test Group Control Group p (Chi-square)

N-93 N-1012
Atherosclerotic changes of intracranial arteries 0 989 p <0.01
Stenotic lesions of intracranial branches 0 815 p<0.01
Occlusive lesions of intracranial arterial branches 0 174 p<0.01
Local reduction of capillary blood flow in temporal and fronto-parietal areas 93 0 p<0.01
Local multiple arteriovenous shunts in temporal and fronto-parietal areas 93 0 p<0.01
Local early discharge of arterial blood into the venous bed in temporal and
i 93 0 p <0.01
fronto-parietal area
Local development of abnormally widened lateral venous branches in temporal and 84 0 <001
fronto-parietal areas LS
Abnormal stagnation of venous blood at the border of frontal and parietal areas 85 0 p<0.01
Increased looping of distal intracranial branches 74 68 p<0.01
Separate, subcortical disseminated parts of reduction of capillary blood flow at the level
; i 0 415 p<0.01
of the white matter of the brain
Multiple subcortical disseminated arteriovenous shunts at the level of the white matter
R 0 408 p<0.01
of the brain
Disseminated, subcortical, early discharge of arterial blood into the venous bed at the
0 388 p<0.01

level of the white matter of the brain

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.

3.2. Control Group

According to CT and MRI:

No isolated atrophic changes of the hippocampus and temporal lobes of the
brain specific for AD were detected in any case (Table 1);

There were general cerebral involutive and neurodegenerative changes of
different localization and severity in all 1024 cases (100%) (Table 1).

In determining the clinical stage of dementia (CDR) and the severity of cogni-

tive disorders (MMSE), it was revealed:

27 patients with initial signs of chronic cerebrovascular insufficiency of
atherosclerotic genesis showed no clear signs of dementia or cognitive dis-
orders;

577 patients with severe chronic cerebrovascular insufficiency of atheroscle-
rotic origin featured dementia: CDR-1 level was detected in 262 (45.41%) pa-
tients, CDR-2 level—in 315 (54.59%) patients, which was accompanied by a
decrease in cognitive functions to 18 - 25 MMSE points in all patients;

342 patients with severe chronic cerebrovascular insufficiency demonstrated
dementia: CDR-2 level was detected in 253 (73.98%) patients, CDR-3 lev-
el—in 89 (8.79%) patients, which was accompanied by a decrease in cognitive
functions to 11 - 19 MMSE points in all patients;

23 patients with Binswanger’s disease had dementia: CDR-1 level was de-
tected in 16 (69.57%) patients, CDR-2 level—in 7 (30.43%) patients, which
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was accompanied by a decrease in cognitive functions to 12 - 25 MMSE
points in all patients;

55 patients with vascular Parkinsonism had dementia: CDR-1 level was de-
tected in 29 (52.73%) patients, CDR-2 level—in 26 (47.27%) patients, which
was accompanied by a decrease in cognitive functions to 18 - 25 MMSE

points in all patients.

According to laboratory tests:

809 (79.00%) patients had increased blood lipids level.
769 (75.10%) patients had hypercoagulation.
SG revealed the slowing down of blood flow in the hemispheres in all 1024

(100%) patients.

REG demonstrated a decline in volume pulse blood supply in the carotid sys-

tem in all 1024 (100%) patients.

Cerebral MUGA revealed the following disorders (Table 2):
signs of atherosclerotic changes of the intracerebral arterial bed—993
(96.97%) patients (Figure 3(A1l), Figure 3(A2), Figure 3(B1), Figure 3(B3));
stenotic changes of intracerebral arterial branches—824 (80.47%) patients
(Figure 3(A2), Figure 3(B1), Figure 3(B3));
occlusions of intracerebral arterial branches—178 (17.38%) patients (Figure
3(A1), Figure 3(B3));
no cases of AD-specific local reduction of the capillary bed with characteris-
tic borders in the projection of the temporal and fronto-parietal areas of the
brain;
no cases of AD-specific multiple local arteriovenous shunts in the basins of
arterial branches supplying blood for the temporal and fronto-parietal areas
of the brain;
certain subcortical, disseminated at the level of the white matter in various
parts of the brain, areas of lowered capillary contrast—419 (40.92%) patients
(Figure 3(C1));
multiple subcortical disseminated arteriovenous shunts within the limits of
the white matter of the brain—413 (40.33%) patients (Figure 3(C2), Figure
3(D1));
subcortical, disseminated, early discharge of arterial blood into the venous
bed at the level of the white matter of the brain—392 (38.28%) patients;
no cases of AD-specific, abnormally widened, laterally located venous trunks
at the level of fronto-parietal areas;
no cases of AD-specific stagnation of venous blood at the border of the fron-
tal and parietal area;
development of increased looping of distal intracranial arterial branches—69
(6.74%) patients (Figure 3(B2)).

Thus, the obtained data suggest that the abovementioned changes identified in

Control Group patients are completely different from the changes detected in

Test Group patients.
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Figure 3. Changes in the distal arterial and microcirculatory intracerebral bed in control group patients. (A) Angiogram of
the right internal carotid artery, arterial phase: 1 Multiple occlusions of the distal branches of the middle cerebral artery; 2 Mul-

tiple atherosclerotic stenotic changes in intracerebral arteries; (B) Angiogram of the left internal carotid artery, arterial phase: 1

Multiple atherosclerotic stenotic changes in the proximal parts of the cerebral arteries; 2 Increased tortuosity of the cerebral arteri-

al branches; 3 Multiple stenotic and occlusive lesions of distal intracerebral arterial branches; (C) Angiogram of the left internal

carotid artery, capillary phase: 1 Depletion of the capillary bed at the level of the white matter of the brain; 2 Multiple small arteri-

ovenous shunts at the level of the white matter of the brain; (D) Angiogram of the right internal carotid artery, capillary phase: 1

Multiple small arteriovenous shunts at the level of the white matter of the brain.

4. Discussion

Research aimed at studying vascular and microcirculatory disorders in AD has
been basically conducted using post-mortem autopsies [20] [21] or genetically
modified mice having an experimental AD-model [4] [18] [25]. The research
described here was carried out in clinical settings.

The patients of the test and control groups are comparable by the severity of
dementia according to CDR, the level of cognitive impairment according to
MMSE and the severity of the general condition. However, vascular and micro-
circulatory disorders, as well as atrophic cerebral changes in these groups are of
a completely different character.

The data obtained in this research show that intracerebral vascular and mi-
crocirculatory changes in AD have a pronounced specificity in Test Group pa-
tients and, therefore, these changes are called the dyscirculatory angiopathy of
Alzheimer’s type (DAAT). The combination of these changes is an important
factor in the development and diagnosis of the disease.

Test Group patients, regardless of their age, practically do not have atheros-
clerotic changes in intracerebral vessels, and they do not feature stenotic and oc-
clusive lesions of arteries, arterioles and capillaries.

All 93 (100%) Test Group patients showed a decrease in the number of mi-
crovessels and depletion of the capillary bed, which leads to the development of
hypovascular zones in the temporal and fronto-parietal areas.

The blood flowing through larger arterial branches cannot get through re-
duced arterioles and capillaries, which leads to arteriovenous shunts in the cor-
responding cerebral regions making hypoxia worse.

Arteriovenous shunts are a natural defensive reaction of the organism against
the failure of distal blood to flow smoothly through the capillary bed [5] [17]

[19]. Due to these shunts, arterial blood is dumped into the venous bed.

DOI: 10.4236/wjns.2018.84036

463 World Journal of Neuroscience


https://doi.org/10.4236/wjns.2018.84036

I. V. Maksimovich

A large flow of blood from these arteriovenous shunts leads to the develop-
ment of large venous trunks that dump blood into the venous sinus, which in
turn causes blood stagnation at the level of the fronto-parietal area.

As AD develops, cerebral angiogenesis declines; acquired cerebral vascular
changes lead to increased curving of distal arteries and capillaries [17] [19] [34].

Our findings also explain the results of research of many authors who study
microcirculatory changes in AD on the materials of post mortem autopsy and
experimental animals and show that the number of capillaries in the tissue of the
hippocampus and the limbic system decreases [3] [4] [18] [20]. Besides, our data
confirm the studies which point to the thinning of the capillaries, the reduction
of their further branching [21] [27] [34] [35] [36], the reduction of the distal ar-
terial influx and the development of cerebral hypoperfusion and hypoxia [35]
[37]-[43].

DAAT begins to develop decades before possible AD development and is
probably of a congenital nature [17] [36]. The signs of these changes are detected
in the childhood and at the pre-clinical stage of the disease (TDR-0) of Test
Group patients. It is obvious that DAAT features at a young age are not a guar-
antee of AD development, but it is a predictor of the possible development of
this disease. The organism may compensate these disorders for a long time,
which prevents AD development. At a certain stage compensatory abilities of the
organism lessen, progressive disorders in amyloid metabolism occur in cerebral
tissues and the vessel wall, and as a result, the process transfers into an active
development stage of the disease. The process develops along with age [41] [44]
[45].

As it has been noted in many works, these microvascular disorders cause
neurovascular dysfunction [22] [38] [43], metabolic disorders [34] [35], and the
development of hypoxia and hypometabolism in the cerebral tissue [39] [41].
Simultaneously, there occurs degeneration and neuronal death, synaptic loss,
loss of mitochondria in the cells of the smooth endoplasmic reticulum and Golgi
apparatus and general neurodegeneration [21] [22] [34] [41] [42]. In turn, the
reduction of capillary blood inflow and venous outflow disorders lead to a de-
crease in the process of amyloid beta elimination and to an increase in its accu-
mulation in cerebral tissues and vessel walls [4] [18] [25]. The combination of
these processes further violates cerebral microcirculation and leads to aggrava-
tion of the patient’s condition [3] [28] [43]. This process, in turn, is accompa-
nied by a dysfunction of the blood-brain barrier (BBB) [25] [45] [46].

The more pronounced these disorders are, the more likely the development
and progression of AD are [19] [27] [32] [34] [35] [42] [47].

Initial cerebral involutive and hypotrophic changes manifested in a 4% - 8%
decrease in temporal lobes tissue mass, were found in Test Group patients with
preclinical AD stage (TDR-0). The data obtained indicate long stability of this
condition that does not lead to the development of dementia and cognitive dis-

orders. Further progression of atrophic changes in the temporal lobes promotes
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dementia and cognitive impairment and leads to the worsening of the patients’
condition and AD development. Thus, the early AD stage (TDR-1) features a 9%
- 18% decrease of the temporal lobes tissue mass, middle AD stage
(TDR-2)—19% - 32%, and late AD stage (TDR-3)—33% - 62%. At the same
time, general atrophic changes in the brain develop in the late stages of the dis-
ease.

Control Group patients with such nosologies as atherosclerotic lesions, Bins-
wanger’s disease, and vascular Parkinsonism show no AD-specific changes in
the cerebral vascular system and CSVD, as well as no specific cerebral atrophic
changes similar to those of Test Group patients.

Control Group patients showed disseminated atherosclerotic changes accom-
panied by stenotic and occlusive lesions of intracerebral arteries and capillaries.
This process is accompanied by the formation of disseminated arteriovenous
shunts in the corresponding cerebral regions, as well as by the development of
local zones of ischemia and gliosis in the cerebral tissue. In these patients, arte-
riovenous discharge of blood is less pronounced than in AD.

Thus, with cerebral atherosclerosis, stenotic and occlusive lesions develop in
the arteries and capillaries at the level of both gray and white matter of the brain,
which is accompanied by the opening of small arteriovenous shunts in the same
areas. However, the opening of these arteriovenous shunts does not usually lead
to the development of large venous trunks or to a marked discharge of blood in-
to the venous bed. At the same time, the hypotrophic and atrophic changes in
the cerebral tissue are correspondingly widespread, which is confirmed by the
results of studies by many authors [5] [48] [49].

Patients with BD feature the disseminated lesions of the distal subcortical ar-
terioles and capillaries at the white matter level of the brain. The opening arteri-
ovenous shunts are usually small in size, and also have a disseminated character.
Obviously, the volume of blood discharged through them is not large, which
does not lead to the development of large venous trunks and overflow of venous
sinuses. Involutive and atrophic changes in the cerebral tissue also have a disse-
minated subcartical character. The data obtained by us are confirmed by studies
carried out earlier [50] [51] [52] [53].

Patients with VP have a similar pattern, the difference being that arterioles
and capillaries are affected in the thalamus, basal ganglia and bridge. Small arte-
riovenous shunts have a corresponding localization. Involutive changes are
usually less pronounced and of limited character [34].

Involutive and hypotrophic changes in the brain in Control Group patients
develop according to the ischemic, often disseminated type; they differ from the
involutive changes occurring in Test Group patients with AD and are usually

associated with the zones of cerebral ischemia.

5. Conclusions

Cerebral vascular and microcirculatory disorders in AD represent dyscirculatory
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angiopathy of Alzheimer’s type (DAAT). These specific changes lead to the de-
velopment of hypoxia, cause intercellular disorders, contribute to disorders in
the metabolism of amyloid beta and to involutive changes in the temporal re-
gions. The combination of these changes is a distinctive feature of AD in com-
parison with other ischemic and neurodegenerative diseases.

Vascular and microcirculatory changes in Control Group patients are of dif-
ferent genesis and do not lead to the development of DAAT. These changes are
different, and often atherosclerotic, and lead to the development of other cere-

bral ischemic and neurodegenerative lesions.
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