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ABSTRACT

The research focuses on the possibility of early
detection of AD-specific vascular and atrophic
brain changes in families which have a tendency
to inherit the disease. The research included
three families with AD inheritance. All patients un-
derwent: cognitive function assessment (MMSE),
determination of dementia severity (CDR) and AD
stages (TDR), computed tomography (CT), mag-
netic resonance imaging (MRI), scintigraphy of
the brain (SG), rheoencephalography (REG), and
cerebral multi-gated angiography (MUGA). All
patients with different AD stages, as well as their
descendants, have specific atrophic changes in
the temporal lobes of the brain. The degree of
these changes increases as AD becomes more
severe and ranges from 4% - 8% (TDR-0) to 33% -
62% (TDR-3) of the total mass of a healthy per-
son’s temporal lobes. Simultaneously, the pa-
tients examined have changes of microcircula-
tion manifested by reduction of the capillary bed
in the temporal and frontalparietal regions, the
development of multiple arterio-venous shunts
in the same areas, early venous dumping, ano-
malous expansion of venous trunks that receive
blood from the arterial-venous shunts, venous
stasis on the fronto-parietal boundary. Similar
changes are found among AD patients’ descen-
dants aged 8 - 11, the only difference being in
the degree of temporal lobes atrophy which is
4.7%. This proves that microcirculatory disor-
ders are primary and atrophic changes of the
temporal lobes are secondary in AD develop-
ment. The data obtained indicate that the ex-
amination of AD patients’ relatives should begin
well before the possible manifestations of the
disease, even in childhood. It will allow to reveal
the possibility of inheritance and the signs of the
disease at the earliest possible stage and to be-
gin its treatment in time.
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1. INTRODUCTION

Alzheimer’s disease (AD) was discovered more than a
hundred years ago. In spite of this, the etiology and pa-
thogenesis of the disease, as well as the timing of the
primary changes occurring in the brain, are not fully un-
derstood. According to the Alzheimer’s Association, there
were 35.6 million people suffering from this disease
worldwide in 2010. By 2050 this figure is expected to
exceed 115 million [1]. Life expectancy is constantly in-
creasing, and as a result every other inhabitant of the
planet at the age of 85 and older will suffer from AD [2].

It is known that certain chemical changes in the brain
occur 10 - 20 years before the primary clinical manifesta-
tions of the disease during sufficiently rare, genetically
determined AD forms [3]. With sporadic AD, primary
changes in brain tissue also develop long before the
clinical symptoms but the manifestation of these changes
is low [4]; this form is also characterized by inheritance
of the disease.

For many years, AD was seen as only a neurodegene-
rative disease and its research focused on the study of
morphological, histological, histo and cytochemical cha-
nges that occur in the brain. The research was mostly
based on the material obtained from patients with late-
stage AD [5-8].

Clinically, the severity of dementia in AD was deter-
mined with the classification proposed by J. C. Morris in
1993 (The Clinical Dementia Rating/CDR/) [9]. Evalua-
tion of the patients’ cognitive impairment and mental sta-
te was often carried out by means of Mini-mental State
Examination (MMSE) [10].

A great step in the study of AD was lifetime research
by means of CT and MRI which allowed identifying
atrophic changes developing in the hippocampus, tem-
poral and fronto-parietal brain regions [11,12]. But these
studies were also often performed during AD late sta-
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ges with the severity of dementia equal to CDR-2, CDR-
3 [9]. In recent years, the question of structural changes
in the brain during AD early clinical stages accompanied
by Mild Cognitive Impairment (MCI) [13-15] and during
its pre-clinical stage [16-20] has begun to be studied.

Further application of PET and biomarkers has allowed
the development of highly advanced methods of visuali-
zation of amiloid-beta and tau accumulation as the main
features of neurodegenerative process during AD. Cur-
rently, these methods are being worked on; they require
further study and standardization [21-24]. However, it
has been discovered that in some cases the high levels of
amyloid in the brain do not always lead to the develop-
ment of dementia and AD [25]. Besides, the research
conducted with Abeta42 immunisation has shown the
possibility to remove amyloid from the brain tissue, but
it has not led to any significant regression of neurode-
generation or dementia decline [26].

In the 1930s, F. Morel was the first to reveal the pa-
thological changes that occur in the vascular system of
the brain in the development of AD which he named dy-
soric or drusoidal angiopathy [27]. But as AD was seen
as a neurodegenerative disease, insufficient attention was
given to the problem of the circulatory system of the
brain, disorders of its blood supply and hemodynamics.
Moreover, the correlation of vascular and degenerative
changes that occur in the brain and their combined in-
fluence on the development of dementia and cognitive
disorders were not considered [16,18,28,29].

Serious work dedicated to the vascular factor in the
development of AD has appeared only recently [30-32].
It can be divided into three areas: the impact of extrane-
ous factors, such as hypertension, hyperlipidemia, athe-
rosclerosis, diabetes, cardiac arrhythmia, on AD develop-
ment [33-37]; amyloid angiopathy in the development of
AD [38,39]; degenerative vascular changes occurring in
the brain in the development of AD [17-19,28,29,40-47].
It must be mentioned that there is a strong possibi- lity
that these factors may act together and influence the de-
velopment of the disease [48-50].

The greatest difficulty in determining the signs of the
disease lies in identifying the earliest changes that occur
in the brain and could indicate a possible development of
AD in the future. Clinically, these changes are impos-
sible to be identified as there are no signs of the disease;
symptoms of dementia or cognitive impairment are either
absent or very weak. The scarce symptoms are difficult
to distinguish from the norm or from pathological mani-
festations of other processes [18,29].

Given a sufficiently high probability of inheritance of
not only genetically determined but also of sporadic AD,
the diagnosis of both clinical and preclinical AD stages
among relatives has been considered in our earlier works
[18,19,29,51].

Copyright © 2012 SciRes.

83 patients were examined. The examination of 72 pa-
tients with clinical AD stages (CDR-1-CDR-3) revealed
atrophic changes in the temporal lobes of the brain amo-
unting to 9% - 62% of the total mass of temporal lobe
tissue depending on AD stage [29,52]. Consequently, we
developed a special scale for determining the stages of
dementia in AD based on the severity of atrophic chan-
ges in the temporal lobes of the brain identified during
CT or MRI. We named this scale “The Tomography De-
mentia Rating Scale” (TDR) [52].

Certain specific vascular disorders were revealed among
these patients. The disorders are manifested in the re-
duction of the capillary bed in the temporal and frontal-
parietal regions of the brain, the development of mul-
tiple arteriovenous shunts in the same regions, the de-
velopment of venous dumping in the same regions, ve-
nous stasis with the formation of abnormal venous trunks
receiving blood from the temporal and fronto-parietal re-
gions, and the large looping of distal branches of in-
tracranial arteries. We named these changes “The Dysci-
rculatory Angiopathy of Alzheimer’s Type” (DAAT) [29,
53].

A group of AD patients’ relatives were also examined
during the research. The group included 11 fairly young
people aged from 34 to 42 who had not been diagnosed
with AD but who had growing memory disorders wi-
thout manifestations of dementia or any specific cogni-
tive disorders; 9 (81.82%) of them had atrophic changes
in the temporal brain regions with the tissue mass re-
duced by 4% - 8%. We regarded this group as preclinical
AD stage or as a group with a high probability of AD
inheritance. For these patients a zero degree of dementia
was introduced—TDR-0 [52]. This group of patients also
had specific vascular disorders similar to those that were
identified among their relatives suffering from AD [53,
54].

It should be noted that if the atrophic changes in the
temporal lobes increased with the growing severity of
dementia, DAAT observed among all 83 patients had a
similar degree regardless of their TDR stage [29,53].

This research focuses on the possibility of early detec-
tion of AD-specific vascular and atrophic brain changes
in families which have a tendency to inherit the disease.

2. METHODS
2.1. Patient Selection

The whole research has been carried out with the ap-
proval of the Ethics Committee, as well as with the con-
sent of the examined patients and their relatives.

Three families with AD inheritance have been exa-
mined:
= 3 elderly people aged from 66 to 75 who were pre-

viously diagnosed with AD, including 1 with a mod-
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erate form of dementia (TDR-2) and two with a se-
vere one (TDR-3) and a medical history of the dis-
ease of 6 - 12 years.

2 their sons and 1 daughter aged from 40 to 46 who
were previously diagnosed with AD with early mani-
festations of the disease, mild dementia (TDR-1) and
a medical history of 2 years.

3 their grandchildren aged from 8 to 11 who com-
plained of memory loss, difficulties in remembering
and concentrating, fatigue and frequent headaches.

2.2. Patient Examination

Patient examination included:

AD patients’ cognitive function was assessed by the
Mini-Mental State Examination (MMSE) [10].

AD patients’ dementia severity was clinically deter-
mined by the Clinical Dementia Rating scale (CDR)
[19].

AD stages were determined tomographically, in ac-
corance with the Tomography Dementia Rating scale
(TDR) [52] during CT and MRI examination.
Laboratory examination was performed according to
generally accepted interventional cardiology schemes
and included coagulological, biochemical and general
clinical examination.

Scintigraphy of the brain (SG) was carried out on a
gamma camera (Ohio Nuclear, U.S.) following the
classical method in dynamic and static modes using
TC 99M pertechnetat 555.

Rheoencephalography (REG) was performed using
“Reospektr-8” (Neurosoft, Russia) in accordance with
the standard automated method determining pulse
volume abnormalities in the hemispheres of the brain.
CT and MRI of the brain were conducted on “Hi
Speed” (GE), “Tomoscan” (Philips), “Apetro Eterna”

(Hitachi) following the method which allows the de-
termination of the volume of the temporal lobes of
the brain and subsequent detection of the degree of
atrophy as a percentage of total tissue weight of a
normal temporal lobe [16-19,29,52].

= Cerebral multi-gated angiography (MUGA) was per-
formed on “Advantx” (GE) following the classical
method of transfemoral access. Simultaneously, tak-
ing into account the start and the speed of the inject-
tion, 10 - 12 ml of Omnipack 350 was introduced in-
tra-carotidally and 7 - 8 ml intra-vertebrally. The re-
gistration was carried out in direct and side project-
tions in constant subtraction mode at a speed of 25
frames per second. Further on the angiograms obtain-
ned in each phase of contrast were analysed frame by
frame [16,19,29]. Analysis of capillary density was
performed in the appropriate phase with an automatic
method by means of the computer program “Angio
Vision” based on determining the degree of blacke-
ning of the corresponding image section of the brain
[53,54].

3. RESULTS
3.1. Tomographic Examination Data

CT and MRI among all adult patients suffering from
AD revealed certain objective characteristic morphologi-
cal changes of the brain (the results are illustrated by an
example of family S.):
= Late AD stage—severe dementia TDR-3 (2 elderly
patients): temporal lobes atrophy with 33% - 62%
reduction of tissue mass which corresponds to 7 - 11
MMSE points (Figures 1(a) and (b)).

= Middle AD stage—mild dementia TDR-2 (1 elderly
patient): temporal lobes atrophy with 19% - 32% re-

(b)

Figure 1. CT, patient S., 67 years old, (TDR-3) grandfather. Tissue mass reduction: (a) of the right temporal lobe —41% (area 1 - 5);
(b) of the left temporal lobe —62% (area 1 - 5).

Copyright © 2012 SciRes. OPEN ACCESS
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duction of tissue mass which corresponds to 12 - 19
MMSE points.

= FEarly AD stage—mild dementia TDR-1 (2 sons and a
daughter): temporal lobes atrophy with 9% - 18%
reduction of tissue mass which corresponds to 20 - 25
MMSE points (Figures 2(a) and (b)).

Children examination in all cases showed signs of hy-
potrophic changes in the temporal lobes with 4% - 7%
reduction of tissue mass (Figure 3). It should be noted
that these changes are more marked in the lower parts of
the temporal lobes. The degree of these changes lessened
in upper regions, so 4.7% is an average value of hypo-
trophy of tissue mass of the entire lobe.

3.2. Functional Examination Data

All the patients regardless of age had a slowing of blood
flow in the cerebral hemispheres during SG.

All the patients regardless of age had a decrease in the
volume of pulse blood supply in the carotid basins during
REG.

3.3. Angiographic Examination Data

Cerebral MUGA showed (the results are illustrated by

the example of the same family S.):

= Reduction and depletion of the capillary bed in the
form of microvascular sites in the projection of the
hippocampus and frontal-parietal regions were obser-
ved among all patients (Figures 4(a), 5(a) and 6(a));

= Multiple arteriovenous shunts in the basin of arterial
branches supplying the frontoparietal regions of the
brain and in the basin of the frontal villous artery sup-
plying the hippocampus, accompanied by early ve-
nous dumping with simultaneous filling of arteries
and veins, were observed among all patients exam-

(@)

(b)

Figure 2. CT, patient S., 42 years old. (TDR-1) son. Tissue mass reduction: (a) of the right temporal lobe —18% (area 1 - 4); (b) of

the left temporal lobe —17% (area 1 - 4);

(2)

(b)

Figure 3. CT, patient S., 10 years old (grandson). Tissue mass reduction: (a) of the right temporal lobe —5% (area 1 - 5); (b) of the
left temporal lobe —16% (area 1 - 4). (Average hypotrophy of temporal lobes 4% - 7%).

Copyright © 2012 SciRes.
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ined (Figures 4(a) and (b), Figures 5(a) and (b), ures 4(a), 5(a) and 6(a)), although it was somewhat
Figures 6(a) and (b)); less pronounced among children.

= Development of abnormally enlarged lateral venous Thus, the manifestations of the dyscirculatory angi-
branches receiving blood from arteriovenous shunts opathy of Alzheimer’s type (DAAT) were detected in all
in the temporal and fronto-parietal regions was ob- patients examined, regardless of their age and whether
served among all patients examined (Figures 4(a), they are affected by AD or are descendants of AD patie-
5(a) and 6(a)); nts.

= Abnormal venous stasis at the boundary of the frontal Atrophic changes in the tissue of the temporal lobes of
and parietal lobe was observed among all patients the brain were also found among all patients examined,
examined (Figures 4(b), 5(b) and 6(b)); but there is a difference here: the changes are pronoun-

= Increased looping of distal intracranial arterial bran- nced among patients suffering from AD and increase
ches was observed among all patients examined (Fig- with growing severity of the disease, whereas they are at

Cl.of Cardiovas: o Cl.of Cardiovas

(a) (b)
Figure 4. Angiogram of the left internal carotid artery of patient S., 67 years old (grandfather); lateral projection, (a) arterial phase;
(b) venous phase. 1: Development of hypovascular region; 2: Multiple arteriovenous shunts in frontoparietal and temporal regions; 3:
Multiple loop formation; 4: Development of anomalous venous trunks in the frontoparietal region; 5: Development of congestion on
the boundary of the frontoparietal region.

)0011
:00199

(b)

Figure 5. Angiogram of the left internal carotid artery of patient S., 42 years old (son); lateral projection, (a) arterial phase; (b) ve-
nous phase. 1: Devepment of hypovascular region; 2: Multiple arteriovenous shunts in frontoparietal and temporal regions; 3: Multi-
ple loop formation; 4: Development of anomalous venous trunks in the frontoparietal region; 5: Development of congestion on the
boundary of the frontoparietal region.

Copyright © 2012 SciRes. OPEN ACCESS
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(2

(b)

Figure 6. Angiogram of the left internal carotid artery of patient S., 10 years old (grandson); lateral projection, (a) arterial phase; (b)
venous phase. 1: Development of hypovascular region; 2: Multiple arteriovenous shunts in frontoparietal and temporal regions; 3:
Multiple loop formation; 4: Development of anomalous venous trunks in the frontoparietal region; 5: Development of venous stasis

on theboundary of the frontoparietal region.

an early stage among the patients’ descendants.

This research uses simple descriptive statistics, is of a
“case study” type (takes into consideration individual ca-
ses) and does not require the use of inferential statistics
methods.

4. DISCUSSION

The essence of vascular disorders, the vascular factor in
AD or of Dyscirculatory Angiopathy of Alzheimer’s Type
(DAAT) [16,18,29] is the degeneration and reduction of
the capillary bed in the temporal and fronto-parietal re-
gion of the brain which in turn leads to the formation of
multiple arteriovenous shunts in these areas. The devel-
oped arteriovenous shunts lead to early arterio-venous
blood dumping resulting in the development of abnor-
mally enlarged lateral venous trunks that receive blood
from the temporal and fronto-parietal region passing by
the capillaries, which in turn leads to venous stasis at the
boundary of the frontal and parietal lobes [53,54].

Disorders of the capillary bed of the brain during AD
are described by many authors [30-33,40,43,45].

These findings are very clearly confirmed by electron
microscopy studies conducted by S. J. Baloiannis and I.
S. Baloiannis in 2012 [47] who, using “Golgi silver im-
pregnation technique”, have shown degeneration and sig-
nificant decrease in the number of capillaries per cubic
centimeter of hippocampus tissue among patients suffer-
ing from AD as compared with healthy hippocampus ti-
ssue of a person of the same age (Figures 7 and 8).

According to our data, similar disorders of the capillary
bed are observed both among patients suffering from AD
and among their descendants, suggesting that vascular di-
sorders are probably primary in the development of the

Copyright © 2012 SciRes.

disease and are obviously innate as they are observed

Figure 7. Baloiannis, S.J. and Baloiannis, 1.S. (2012)
[47]. Capillaries from the CA1 area of the hippocampus
of a woman aged 72 years, neurologically intact. (Golgi
staining enriched with copper chloride. 1200x Magni-
fication).

Figure 8. Baloiannis, S.J. and Baloiannis, I.S. (2012)
[47]. Capillaries from the CA1 area of the hippocam-
pus of a woman aged 72 years, neurologically intact
(Golgi staining enriched with copper chloride. 1200x
Magnification).
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among children of 8 - 12 years old.

The data obtained during CT and MRI show that pa-
tients examined, regardless of their AD stage, have clear
morphological and structural changes that are atrophic in
nature and are located in the tissue of temporal as well as
frontoparietal brain regions [16,19,29,52]. The degree of
these changes increases as AD becomes more severe and
accounts for: in AD preclinical stage TDR-0 (4% - 8%),
in AD early clinical stage TDR-1 (9% - 18%), in AD
middle clinical stage TDR-2 (19% - 32%) and in AD late
clinical stage TDR-3 (33% - 62%) of atrophy of the total
mass of a healthy person’s temporal lobes.

It has been noted in our earlier works that similar
changes in the temporal lobes do not occur among patients
with other neurodegenerative diseases [16-19,29,52];
these data are also supported by other authors’ works [55].

It is thus likely that atrophic changes in the temporal
and fronto-parietal regions of the brain are secondary in
the development of AD and develop against the back-
ground of existing microvascular changes which contrib-
ute to atrophy progression.

The data obtained are confirmed by other authors’ stu-
dies [43,44] showing experimentally that AD develop-
ment in the brain is characterized by the accumulation of
vasculotoxic and neurotoxic molecules causing reduction
in capillary blood flow and hypoxia development, which,
in turn, lead to disorders in the process of accumulation
and removal of amyloid beta, which, in turn, leads to dy-
sfunction and neurodegenerative processes.

Thus, the accumulation of amyloid in the brain, taking
a long time, depends on the initial state of the microvas-
cular bed and it also contributes to further deterioration
of microcirculation.

This research shows that patients who are AD patients’
descendants begin to develop at a fairly young age cer-
tain primary hypotrophic changes in the tissue of the
temporal lobes of the brain against the background of
disorders in microcirculation, which may indicate the de-
velopment of hypoperfusion, hypoxia, and the emergence
of specific signs of ischemia. That, in turn, could lead to
a high probability of future disorders in the process of
accumulation and removal of amyloid beta in the brain
and to further AD development.

5. CONCLUSIONS

Thus, we can conclude that vascular changes and tem-
poral lobe atrophy that develop in the brain appear long
before AD symptoms and play an important role in the
etiology and pathogenesis of the disease. The examina-
tion of AD patients’ relatives should begin well before
the possible manifestations of the disease, even in child-
hood. It will allow to reveal the possibility of inheritance
and the signs of the disease at the earliest possible stage
which is not characterized by any clinical manifestations

Copyright © 2012 SciRes.

and to begin its treatment in time. The need for an early
AD patients’ relatives’ examination was mentioned in A-
AIC-2012 conclusions [56].

In recent years, for the treatment of AD there have
mainly been developed drugs to fight amyloid deposits.
According to the latest data provided by the Alzheimer’s
Association, clinical trials of such drugs as Solanezumab
by Eli Lilly & Co and Bapineuzumab by Pfizer & Jans-
sen have shown a positive trend if they are taken during
early AD stages. Obviously, the working out of AD treat-
ments should consider the impact on the microcirculatory
system of the brain. The impact on brain microcircula-
tion will clinically allow receiving not only a medicinal
but also a preventive effect in the development of the
disease [53].
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