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ABSTRACT

Purpose: We propose an analysis of dyscirculatory angiopathy of Alzheimer’s type (DAAT) endovascular treatment
method based on transcatheter revascularization and recovery of collateral and microvascular bed of the brain by means
of low-energy transluminal laser irradiation as well as its comparison with traditional Alzheimer’s disease (AD) treat-
ment methods. Methods: The research involved 81 patients aged 34 - 79 (average age 67). 46 (46.8%) patients were
treated using endovascular method—Test Group. 35 (43.2%) patients were given conventional treatment—Contr ol
Group. Patients were subdivided: Group (CDR-0): 9 (11.1%), pre-clinical stage or increased AD risk; Group (CDR-1):
24 (29.6%), mild dementia and cognitive impairment; Group (CDR-2): 31 (38.3%), moderate dementia and persistent
cognitive impairment; Group (CDR-3): 17 (21.0%), severe dementia and cognitive impairment. Research plan included
CT or MRI with subsequent temporal lobes volume calculation, brain scintigraphy (SG), rheoencephalography (REG),
and cerebral MUGA. There were indications and contraindications for treatment in Test Group. In Group CDR-0, en-
dovascular intervention was prophylactic, against the background of increasing memory impairment; in Groups CDR-1,
CDR-2, CDR-3, it was conducted in 1 to 12 years period from AD symptoms appearance. Conservative treatment with
Memantin and Rivastigmine was carried out in Control Group. Results: In Test Group, positive outcome accompanied
by prolonged dementia decline, cognitive impairment decrease, and patients’ transition to CDR group of an earlier stage,
was obtained in all cases. In Control Group, patients’ temporary stabilization in their own CDR group was achieved.
Conclusions: Endovascular treatment of patients with AD different stages can not only reduce DAAT phenomena but
can also cause AD regression possibly accompanied by regenerative processes in the cerebral tissue. Conservative
treatment only allows stabilizing the patient’s condition for a while.

Keywords. Alzheimer’s Disease; Dementia; Dyscirculatory Angiopathy of Alzheimer’s Type; DAAT; Hippocampus;
Temporal Lobes Atrophy; Hypovascular Zone; Laser Revascularization; Brain Tissue Regeneration

1. Introduction

In recent decades, Alzheimer’s disease (AD) has been
more and more widespread among the world population.
According to the Alzheimer’s Association, AD is becom-
ing a global problem of mankind affecting people of vir-
tually all countries regardless of ethnicity and socio-eco-
nomic status. Thus, 5.1 million cases were registered in
the United States in 2007 [1], 5.4 million—in 2011 [2],
and it is estimated that this number will increase to 13.5
million by 2050 [3]. Moreover, in case of diagnosing pre-
clinical stages of the disease, the number will yet rise sig-
nificantly. 35.6 million cases were registered around the
world in 2010; by 2050 this figure may grow up to 115.4
million, and every second person at the age of 85 and
older will suffer from AD [4].

Despite the fact that etiology and pathogenesis of AD
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have not been fully studied so far [5], the diagnosis of
pre-clinical and early forms of the disease was named
one of the major foci in AD studies at AAIC 2011. Such
diagnosis will make possible an early treatment which is
naturally more effective [6]. It is already known that suf-
ficiently rare, genetically determined forms of AD are
characterized by certain chemical changes in the brain
which may appear 10 - 20 years before the initial clinical
manifestations of the disease [7]. Genetically uncondi-
tional AD is also characterized by pre-clinical initial chan-
ges in the brain tissue, though their intensity is low [8]. It
is fairly difficult to diagnose pre-clinical stages when the
disease has not yet developed and the manifestations of
dementia and cognitive impairment are mild or altogether
absent [8-12]. At its early stages, AD is hard to different-
tiate from other diseases accompanied by dementia and
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mild cognitive impairment (MCI), and, as a result, a cli-
nically correct diagnosis is not always possible [13,14].

For a long time AD research has mainly focused on
morphological and structural defects developing in the
brain tissue. CT and MRI have allowed diagnosing atro-
phic changes in the temporal lobes and the hippocampus
at later stages of AD [15,16]. The introduction of PET and
biomarkers has allowed devising a large number of dif-
ferent automated methods for determining the quantita-
tive, qualitative, and functional changes that develop in
AD affected temporal lobes and hippocampus. Besides,
these methods have made possible to visualize the accu-
mulation of amiloid-beta and tau, but this highly promis-
ing direction of research is still in its development stage
and requires further standardization and study [8,17-20].
In some cases, high level of amyloid does not always le-
ad to the development of AD.

First reports of vascular changes in AD affected brain
were made in the 1930s by F. Morel who named these
changes dysoric or drusoidal angiopathy [21]. In recent
years, there have been a lot of large-scale studies on the vas-
cular factor in the development of AD [5,22-27], cerebral
blood flow disorders [28,29], and the phenomena of amy-
loid angiopathy [30-33].

Quite often the problem is discussed in terms of the
location of amyloid deposit, the influence of concomitant
diseases such as diabetes and hypertension, but not in
terms of the development of vascular disorders. Insuffici-
ent attention is still paid to the correlation of vascular and
degenerative changes that develop in the brain tissue and
to their joint effect on dementia and cognitive impair-
ment [34].

Certain studies report that AD is characterized by pra-
ctically absent or poorly expressed atherosclerotic chan-
ges of intracranial arteries, but the disease is almost al-
ways, regardless of the stage, accompanied by specific arte-
rial, venous and microcirculatory disorders in the tempo-
ral and fronto-parietal brain regions, which were named
“dyscirculatory angiopathy of Alzheimer’s type” (DAAT)
[27,34-36].

These disorders are manifested by reduction of the
capillary bed in the temporal and fronto-parietal regions
leading to the development of vast hypovascular areas
[34]. In the same regions there develop early arterioven-
ous shunts causing early venous shunts [35]. At the same
time, due to the venous shunts, there develop abnormally
enlarged vein branches that contribute to venous stasis in
the corresponding areas [36]. Besides, large looping is
noted in the distal parts of the anterior and middle cere-
bral arteries [27].

AD is difficult to treat; specific drugs affecting the
amyloid are mainly under development, and therefore pa-
tients most often undergo a neuroprotective, cholinergic,
symptomatic therapy which is not always effective [37].

Copyright © 2012 SciRes.

2. Materials and M ethods

The whole research and all the endovascular intervene-
tions are made with the approval of the Ethics Committee
and with the consent of the examined and treated patients
and their relatives.

The research involved 81 patients aged from 34 to 79
(average age 67) including 28 (34.57%) male and 53
(65.43%) female patients; 72 of them had been previous-
ly diagnosed with AD. Patients with a pre-clinical stage
or a high risk of developing the disease comprised a spe-
cific group of 9 [27,34].

46 (56.8%) patients underwent endovascular treatment
—Test Group.

35 (43.2%) patients underwent conservative treatment
—Control Group.

Selection criteria for patients:

1) Consent of the patient and his/her relatives for the
examination and treatment;

2) The patient’s somatic condition allowing the exami-
nation and treatment;

3) The severity of dementia, cognitive disorders, the
state of higher mental functions, social adjustment, and
intelligence; severity of memory impairment;

4) The severity of atrophy and vascular changes in the
temporal and fronto-parietal lobes of the brain.

The groups consisted of patients without severe con-
comitant diseases which do not allow examination and
treatment, and with relatively satisfactory somatic state
in accordance with their age.

Significant cardiac abnormalities, somatic disorders, se-
vere forms of diabetes were considered contraindica-
tions for treatment.

Before, during and after the treatment the social level as
well as the nutritional status of the patients did not change.

The general research plan included: CT of the brain
(CT), magnetic resonance imaging (MRI), scintigraphy
of the brain (SG), rheoencephalography (REG), cerebral
multi-gated angiography (MUGA), laboratory diagnosis,
assessment of cognitive functions (MMSE). As geneti-
cally determined forms of AD are sufficiently rare [7],
genetic examination of patients was not included in the
research plan. Considering the fact that AD affects all seg-
ments of population [1], sociological examination of the
patients was not included in the research plan.

In the research, CT was preferred over MRI to identify
the nature of vascular disorders and to better visualize cal-
cium salts deposits in the walls of cerebral arteries in ca-
se of atherosclerotic lesions [12,16,24]. The research most-
ly focused on the study of the changes in the temporal
lobes and the hippocampus as they are the first to suffer
during the development of AD and as they are fairly easy -
because of the bone formations - visualized by CT [12,36].

CT of the brain was performed on apparatus “Soma-
tom” (Siemens), “HiSpeed” (GE), “Tomoscan” (Philips)
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by the following procedure [12,16]. The orbital-miotal line
was considered the boundary of the first scan. The scans
were 2.5 mm thick and taken at an interval of 2.5 mm.
The boundaries of cerebral fosses on both sides were as-
certained by bone marks. A consistent two-side measure-
ment of cerebral fosses region and measurement of the
size of the substance of the right and left temporal lobes
of the brain for each scan were made with computer pro-
gram “Advanced Tomo Area Analysis” (ATAA). Next,
the area of the lower horn of lateral ventricle and the area
of the sulci were subtracted and then compared with the
area of the corresponding cranial fossa at the same level.
The ratio of these quantities allows comparing the state
of the brain tissue both in its normal condition and when
developing atrophic processes. Brain tissue area reduce-
tion at each scan corresponds to the severity of atrophic
changes at this level of the brain. Then the above men-
tioned quantities were automatically recalculated by the
thickness of each scan and each interval between the
scans, and the volume of the right and left temporal lobes
of the brain was determined, and thus the mass of the
brain tissue in the surveyed areas was calculated. Next,
the masses of tissue of the left and right temporal lobes
were summed up. The results of the research automati-
cally showed both the normal amount of the tissue for the
corresponding age group and the percentage decrease of
the volume of the temporal lobes of the brain. The per-
centage ratio of those values determined the severity of
atrophic changes.

Due to the fact that examined patients belonged to dif-
ferent age groups, the research took into account age-re-
lated changes in the brain tissue. For example, if patients
aged 60 and older had general atrophic brain changes
with a decrease in the size of the temporal lobes of up to
5%, it was considered natural age-related changes and
equal to normal [12,36,38]. The calculation of volume
changes of the whole temporal lobe of the brain gives
more accurate results of the severity of atrophic changes
than calculation of atrophic changes of only the hippocam-
pus, which is confirmed by studies of other authors [39].

Since all classifications of AD types and stages are
functional in nature and are not based on morphological
changes, we have altered J. C. Morris’s classification of
1993 (The Clinical Dementia Rating) [40] introducing
into it a morphological component. Patients were divided
into groups according to the degree of the severity of
atrophic changes in the temporal lobes of the brain, as
well as the severity of dementia, cognitive disorders, and
the severity and duration of the disease.

In contrast to the classification proposed by J. C. Mor-
ris which originally regarded the earliest stage of the dis-
ease as the CDR-0.5, our classification has introduced a
pre-clinical stage of CDR-0. The conclusions of AAIC
2011 underline the necessity of introducing the preclini-
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cal stage. It should also be mentioned that J. C. Morris

himself introduced a group of CDR-0 later [8].

Inside their CDR group, patients of the Test and Con-
trol Groups did not differ initially by the state of their cog-
nitive and higher mental functions and the severity of
dementia.

As a result, examined and treated patients were divi-
ded into:

* Group CDR-0: patients with an increased risk of AD
development (preclinical stage), who, along with mem-
ory disorders, revealed atrophic changes in the tem-
poral lobes of the brain manifested by a decrease in
the tissue mass of 4% - 8%. This group consisted of
the relatives of patients with AD. These people were
fairly young, aged from 34 to 42; they were not diag-
nosed with AD but had growing memory disorders
without manifestations of dementia or any special
cognitive impairment; and their two or more immedi-
ate relatives suffered from AD. All these patients
wished to be examined and treated for preventive pur-
poses. Test Group-4 (4.9%) patients, Control Group-
5 (6.2%) patients;

e Group CDR-1: patients aged 40 to 62 with mild de-
mentia, mild cognitive impairment, early clinical sta-
ge of the disease, medical history of up to 2 years,
atrophic changes of the temporal lobes with a decrea-
se in the tissue mass of 9% - 18%; Test Group - 15
(18.5%) patients, Control Group-9 (11.1%) patients;

e Group CDR-2: patients aged 56 to 69 with moderate
dementia and persistent cognitive impairment, middle
clinical stage of the disease, medical history of 2 to 6
years, atrophic changes of the temporal lobes with a
decrease in the tissue mass of 19-32%; Test Group-
20 (24.7%) patients, Control Group-11 (13.6%) pa-
tients;

e Group CDR-3: patients aged 65 to 79 with severe
dementia, gross cognitive impairment, late clinical
stage of AD, medical history of 6 to 12 years, severe
atrophic changes of the temporal lobes accompanied
by a decrease in the tissue mass of 33% - 62%; Test
Group-7 (8.6%) patients, Control Group-10 (12.3%)
patients.

Almost all the patients had atrophic changes in the tem-
poral lobes of the brain along with the extension of Syl-
vian fissures and subarachnoidal space in the temporal
and fronto-parietal regions. The degree of the atrophic
changes was almost in direct proportion to the stage of
the disease, the severity of dementia and cognitive impair-
ment, and the patient’s condition.

SG of the brain was carried out on a gamma camera
(Ohio Nuclear, U.S.) following the classical method in
the dynamic and static mode using 7C 99M pertechnetat
555.

According to SG, the slowing of the blood flow in the
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cerebral hemispheres to Tmax 9 - 10 sec, T 1/2 10 - 11
sec was observed in 51 (63.0%) cases; to 12 Tmax 13 sec,
T 1/2 15 - 20 sec—in 30 (37.0%) cases.

REG was conducted on rheograph “Reospektr-8”
(Neurosoft, Russia) in accordance with the standard au-
tomated method with the determination of pulse blood
filling disorders.

According to the REG data, a decrease in pulse blood
volume in the carotid areas of 15-20% was detected in 49
(60.5%) cases; of 40% - 50%—in 32 (39.5%) cases.

MUGA of the brain was performed on apparatus “Ad-
vantx” (GE) following the classical method of transfe-
moral access. Simultaneously, taking into account the be-
ginning and the rate of administration, 10 - 12 ml of Om-
nipack 350 was introduced intra-carotidally and 7 - 8 ml
intra-vertebrally. Registration was carried out in direct
and side projections in the constant subtraction mode at a
speed of 25 frames per second. Then the angiograms
obtained were analyzed frame by frame in each phase
contrast [12,36]. The analysis of capillary density was
carried out in the relevant phase by an automatic method
using the “Angio Vision” computer program based on
determining the degree of blackening the corresponding
section of the image [12,36].

Laboratory examination was carried out by conventio-
nal interventional radiology schemes and included clini-
cal, biochemical and coagulogic examination.

The evaluation of cognitive impairment and mental
state of the treated patients was conducted by the Mini-
Mental State Examination (MMSE). The initial testing
was performed during a patient’s first examination or on
the day of his/her hospitalization. Repeated testing was
carried out on the day of the patient’s discharge, and then
at intervals of 6 - 12 months.

MUGA showed that all the examined patients had lit-
tle or no pronounced atherosclerotic changes of extra and
intracranial arteries. The reduction of capillary phase con-
trast in the form of vascular cone-shaped sites in the fronto-
parietal regions and in the hippocampus projection was
found in all 47 cases. Multiple arteriovenous shunts in
the basin of arterial branches supplying the fronto-parie-
tal brain regions and in the basin of front villous artery
supplying the hippocampus accompanied by early ve-
nous shunts were observed among all patients. The deve-
lopment of lateral abnormally enlarged veins that receive
blood from arteriovenous shunts forming in the temporal
and fronto-parietal regions was observed among 42 (89.4%)
patients. Anomalous venous congestion at the border of
the frontal and parietal lobe was observed among 43
(91.5%) patients. Increased looping of distal branches of
anterior and middle cerebral arteries was noted among 37
(78.7%) patients.

DAAT Endovascular Treatment Method [41-44]

Under local anesthesia, according to Seldinger’s classical
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method, the common femoral artery is punctured and
catheterized by installing an introducer with a diameter
of 6-9F. Through this introducer and through coaxially
guided guiding catheters installed in the general and fur-
ther on in the internal carotid artery, is brought a flexible
fiber-optic laser instrument with a diameter of 50 to 100
microns, coupled with a laser unit, which is first installed
in the proximal and then in the distal parts of anterior and
middle cerebral arteries, where the laser treatment is car-
ried out. The distal end of the fiber-optic instrument is
constantly washed with heparinized saline solution. To
carry out X-ray control, small doses of radiopaque sub-
stance are periodically introduced. The laser treatment is
carried out using a low-energy laser of the visible spec-
trum of 20 milliwatt power, operating in either continu-
ous or pulsed or combined modes. Exposure time is
about 20 - 40 minutes. After the surgery the patient un-
dergoes repeated cerebral multi-gated angiography by the
procedure described above, the results of which deter-
mine the degree of revascularization and restoration of
the microvasculature [44]. We assume that if the capil-
lary blood flow is not fully restored during the first at-
tempt of the intervention, the manipulation can be re-
peated, but during the endovascular interventions de-
scribed it was not necessary.

In the Test Group, patients with a high risk of AD de-
velopment or with AD pre-clinical stage (Group CDR-0)
underwent the endovascular laser intervention, as descri-
bed above, prophylactically, against the background of
growing memory disorders. Patients suffering from AD
(Groups CDR-1, CDR-2, and CDR-3) underwent the in-
tervention in a period of 1 year to 12 years from the ap-
pearance of the initial disease symptoms.

Postoperative treatment was carried out by common
interventional angiology schemes and dosing. The pa-
tients underwent conventional desagrigant, anticoagulant
and vasodilator therapy including Aspirin, Heparin, and
indirect anticoagulants (depending on the blood coagula-
tion indicators), Pentoxifylline 100 mg, Complamin 150
mg, Inosin 200 mg, Nootropil (Piracetam) 1200 mg (or
Gliatilin 1000 mg) intravenously, No. 10-15; and then
they took tablets. Subsequent 3-months courses of tablets
were repeated twice a year. The patients did not take any
specific drugs aimed at the treatment of AD.

In the Control Group, the therapeutic treatment was con-
ducted according to the conventional patterns and dos-
ages [33,45-47]. Patients in Group CDR-0 received no-
otropic drugs: 2400 mg per day of Nootropil (Piracetam)
(3 - 4 months courses), or 1200 mg per day of Gliatilin (4
- 6 months courses). Patients in groups CDR-1, CDR-2,
and CDR-3 took 5 - 20 mg per day of Memantin, as a
neuroprotective drug, or 3 - 12 mg per day of Rivastigmine,
as a cholinergic drug. Simultaneously, patients of all
groups were receiving vasoactive drugs: 3-months courses
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of Pentoxifylline (800 mg per day) and of Complamin (450
mg per day) which were repeated twice a year.

Against the background of the conducted treatment,
the patients underwent repeated REG every 6 months;
CT, MRI and SG of the brain every 12 months, and MU-
GA in 2 - 5 years.

3. Results
3.1. Test Group

Neither the endovascular intervention nor the postop-
erative treatment caused any complications or deaths.

In Group CDR-0, postoperative cerebral MUGA show-
ed restoration of capillary blood flow accompanied by
reduction of arteriovenous shunts and improvement of
venous return among all 4 patients (Figures 1(a)-(b)).

According to SG, 3 (75%) patients had complete res-
toration of blood flow velocity in the cerebral hemispher-
es: Tmax—7.15 - 8.75 sec, T1\2—5 - 7 sec; and 1 (25%)
patient had incomplete restoration of it: Tmax—8.92 sec,
T1\2—12.25 sec.

According to REG, 3 (75%) patients had normalize-
tion of pulse blood flow in the carotid basin, and 1 (25%)
patient had reduction of pulse blood flow by 8 and 12%.

Brain CT performed 12 months after the endovascular
interventions showed that all 4 patients had an increase in
the tissue mass of the temporal lobes of the brain of 2% -
6% which was accompanied by a narrowing o Sylvius
fissures and subarachnoid space in the fronto-parietal and
temporal regions (Figures 2(a)-(b)).

Further on, this effect persisted throughout the whole

observation period (over 6 years) (Figure9).
According to cerebral postoperative MUGA, all 15 pa-
tients of Group CDR-1 had restored capillary blood flow
accompanied by reduction of arteriovenous shunts and
mprovement of venous return (Figur es 3(a)-(b)).

According to SG, 13 (86.6%) patients had complete res-
toration of blood flow velocity in the cerebral hemispheres:
Tmax—=6.25 - 8.25 sec, T1\2—S5 - 6 sec; 2 (15.4%) patients
had incomplete restoration of it: Tmax—8.72 - 9.25 sec.,
T1\2—9.15 - 12.0 sec.

According to REG, 14 (93.3%) patients had normali-
zation of pulse blood flow in the carotid basin, and 1
patient (6.7%) had an increase in pulse blood flow of 6%
above normal.

According to brain CT performed 12 months after the
endovascular interventions, all 15 patients showed an in-
crease in the tissue mass of the temporal lobes of the
brain of 6% - 10%, which was also accompanied by nar-
rowing of Sylvius fissures and subarachnoid space in the
fronto-parietal and temporal regions. In 2 - 3 years a fur-
ther increase in the tissue mass of the temporal lobes to
the age norm was noted, accompanied by further narrow-
ing of Sylvius fissures and subarachnoid space in the fron-
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toparietal and temporal regions (Figures 4(a)-(c)).

Further on, this effect persisted for the entire period of
observation (Figure9).

According to cerebral postoperative MUGA, all 20 pa-
tients of Group CDR-2 had restoration of capillary blood
flow accompanied by reduction of arteriovenous shunts
(Figures5(a)-(b)).

(b)

(a): 1) Hypovascular area in the fronto-parietal region. 2) Multiple arterio-
venous shunts; (b): 1) Restoration of capillary blood flow in the temporal and
fronto-parietal regions. 2) Reduction of arteriovenous shunts.

Figure 1. Patient P., 34, right internal carotid artery angio-
gram, side view, late arterial phase. (a) Prior to the endova-
scular treatment; (b) After the endovascular treatment.

JBBS



72 1. V. MAKSIMOVICH

(b)

(a) Atrophy of the right temporal lobe 9%, of the left one 7%; (b) Reduction
of the right temporal lobe atrophy to 4%, of the left one to 3%. Narrowing of
Sylvius fissures

Figure 2. Patient P., 34, CT. (a) Prior to the endovascular
treatment; (b) 12 months after the endovascular treatment.

(b)

(a) 1) Reduction of capillary blood flow; 2) Multiple arteriovenous shunts in
the temporal and fronto-parietal regions; (b) 1) Restoration of capillary blood
flow; 2) Reduction of arteriovenous shunts.

Figure 3. Patient S, 40, right internal carotid artery angio-
gram, side view, capillary phase. (a) Prior to the endovascu-
lar treatment; (b) After the endovascular treatment.
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(a) Atrophy of the temporal lobes 18%; (b) Reduction of the atrophy to 9%; (c)
Reduction of the atrophy to 5%.

Figure 4. Patient S,, 40, CT. (a) Prior tothe endovascular treat-
ment; (b) 12 months after thetreatment; (c) 4 years after the
treatment.

Improved venous return was observed among 17 (85.0%)
patients; partial preservation of venous congestion was
observed among 3 (15.0%) patients. Delayed angiogra-
phic studies performed at intervals of 2 - 6 years after the
endovascular treatment showed persistence of the restor-
ed collateral and capillary bed with the reduction of arte-
riovenous shunts as well as the signs of further strength-
ening of the capillary and collateral revascularization
(Figure5(c)).

According to SG, 16 (80.0%) patients had restoration
of blood flow velocity in the cerebral hemispheres: Tmax
—6.50 - 8.50 sec, T1\2—6 - 9 sec; 4 (20.0%) patients had
incomplete restoration of it: Tmax—9.0 - 9.5 sec, T1\2—
11.5-12.5 sec.

According to REG, 15 (75.0%) patients had normali-
zation of pulse blood flow in the carotid basin; 5 patients
(25.0%) had reduction of pulse blood flow by 9% - 12%;
2 (10.0%) patients showed an increase in pulse blood of
6% - 8% above normal.

Brain CT performed 12 months after the endovascular
interventions showed that all 20 patients had an increase
in the tissue mass of the temporal lobes of the brain of
14% - 15% which was also accompanied by narrowing of
Sylvius fissures and subarachnoid space in the fronto-
parietal and temporal regions (Figures 6(a) and (b)).

Delayed CT-studies performed at intervals of 2 - 6 years
after the endovascular treatment showed a further incre-
ase in the tissue mass of the temporal lobes of the brain
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to the age norm, which was accompanied by further nar-
rowing of Sylvius fissures and subarachnoid space in the
fronto-parietal and temporal regions (Figures 6(c), 6(d)
and 9).

According to cerebral postoperative MUGA, all 7 pa-

00015
6:00106

tients of Group CDR-3 had restoration of capillary blood
flow accompanied by reduction of arteriovenous shunts
and improvement of venous return (Figures 7(a) and (b)).
According to SG, 4 (57.1%) patients had restoration of
blood flow velocity in the cerebral hemispheres: Tmax—

(a) Reduction of the capillary bed in the temporal and frontoparietal regions; (b) Restoration of the capillary and collateral channels; (c) Further improvement of

the capillary and collateral channels.

Figure 5. Patient S., 57, left internal carotid artery angiogram, side view, arterial phase. (a) Prior to the endovascular treat-
ment; (b) After the endovascular treatment; (c) 5 years after the endovascular treatment.

Copyright © 2012 SciRes.
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TR e v I
(d

(a)Atrophy of the temporal lobes on the right 28%, on the left 22%; (b) Re-
duction of the atrophy: on the right 12%, on the left 11%; (c) Normalization
of the temporal lobes tissue volume; (d) Normalization of the temporal lobes
tissue volume.

Figure6. Patient T., 57, CT. (a) Prior to theendovascular treat-
ment; (b) 12 months after the treatment; (c) 2 years after
the treatment; (d) 5 years after thetreatment.

7.25 - 8.50 sec, T1\2—7 - 10 sec; 4 (42.9%) patients had
incomplete recovery of it: Tmax—9.0 - 10.5 sec, T1\2—
11.0 - 12.5 sec.

According to REG, 3 (42.9%) patients had normaliza-
tion of pulse blood flow in the carotid basin; and 4
(57.1%) patients had an increase in pulse blood flow of
6% - 11% above normal.

According to brain CT performed 6 - 12 months after
the endovascular interventions, all 7 patients showed an
increase in the tissue mass of the temporal lobes of the
brain by 10% - 12%, which was also accompanied by
narrowing of Sylvius fissures and subarachnoid space in
the relevant regions of the brain (Figures 8(a)-(b)).

Delayed CT performed at intervals of 2 - 3 years re-
vealed that the tendency of the temporal lobes tissue
mass to increase was preserved; however, certain nega-
tive changes showed in a longer interval (Figure 9).

After the endovascular treatment all patients had cli-
nically positive changes accompanied by a decrease in
the level of dementia, memory improvement, decline in
cognitive disorders, intellectual capacity improvement,
the improvement of the condition of higher mental func-
tions and of social adjustment; however, the degree of
this effect and the period of its growth were not the same in
different groups of patients.

Patients of Group CDR-0 had basically had fairly poor
symptoms manifested in progressive deterioration of me-
mory, difficulties in remembering, distraction, and some-
times complications in communication. After the treat-
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(b

(a) 1) Reduction of capillary blood flow; 2) Multiple arteriovenous shunts in
the temporal and fronto-parietal regions; (b) 1) Restoration of capillary blood
flow; 2) Reduction of arteriovenous shunts.

Figure 7. Patient P., 57, right internal carotid artery an-
giogram, side view, capillary phase; (a) Prior to the endova-
scular treatment; (b) After the endovascular treatment.

(®)

(a) Atrophy of the temporal lobes 40%; (b) Reduction of the atrophy on
the right 12%.

Figure 8. Patient P., 75, CT. (a) Prior to thetreatment; (b) 6
months after the treatment.
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Figure 9. Changes in the volume of the temporal lobes of
the brain among Test Group patients.

ment, these symptoms completely disappeared in 2 - 4
months. According to MMSE results, the maximum po-
sitive effect (28 - 30 points) was observed in 6 - 12
months, and the patients treated completely restored to
health for the whole observation period.

Patients of Group CDR-1 showed a more pronounced
positive reaction in the early postoperative period. The
ability to memorize improved in the first days, cognitive
disorders regressed; in a month the patients returned to
their work and practically did not differ from other heal-
thy people in any way. Over the next year the positive
trend continued to progress and was accompanied by full
restoration of the ability to remember, the restoration of
higher mental functions; the patients showed an inclina-
tion to learn foreign languages, had restored introspect-
tion, intellectual ability; cognitive impairments complete-
ly disappeared. When MMSE results showed the positive
effect (27 - 28 points) in 8 - 14 months, the patients were
switched to Group CDR-0, and then, having achieved 28
- 30 points, were considered as healthy individuals, the
positive trend continuing for the whole observation pe-
riod.

Patients of Group CDR-2 showed an even more pro-
nounced positive reaction in the early postoperative pe-
riod. All these patients had suffered from sufficiently
severe cognitive impairments, had had pronounced dete-
rioration of immediate and delayed memory, of the proc-
ess of introspection and intelligence, had had permanent
disorientation and behavioral disorders. Literally in 1 or
2 days after the endovascular treatment, the patients re-
membered and analyzed the shortcomings of their be-
havior in the preoperative period and apologized for them.

The patients became more sociable and talkative, they
had their higher mental functions restored, their mental
stress tolerance increased; there appeared a need to ac-
tively analyze what was happening around them. Of the 6
who had worked for two years before the treatment, 5
(83.3%) successfully returned to the previously perform-
ed intellectual work within 2 - 4 months after the treat-
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ment. MMSE results showed the maximum positive ef-
fect (23 - 25 points) in 8 - 18 months, and the patients
were switched to Group CDR-1; further on the positive
effect persisted for 3 - 4 years; and then there was a cer-
tain decline to 20 - 21 points.

Patients of Group CDR-3 had slower recovery process.
However, in 2 or 3 weeks they became more sociable and
talkative; their cognitive impairments and disorientation
diminished; they began to read, write, to reason logically,
to recognize their relatives and the staff of the clinic. The
patients’ behavior became more adequate, and commu-
nication with them much easier. A few months later the
patients often did not require constant supervision and
nursing care, and could care for themselves. MMSE re-
sults showed the maximum positive effect (17 - 19 points)
in 12 - 18 months, and the patients were switched to
Group CDR-2. The positive effect lasted for about 24-30
months; then it decreased to 12 - 13 points.

3.2. Control Group

In Group CDR-0, according to SG and REG data, there
were no significant changes against the background of the
treatment.

According to brain CT performed 24 months after the
beginning of the treatment, 1 (20%) patient had no reduc-
tion of the tissue mass of the temporal lobes. 2 (40.0%)
patients had a tendency of the tissue mass to reduce.
Other 2 (40.0%) patients had growing atrophic changes
of the temporal lobes, with a decrease in tissue mass of
14% - 18% (Figures 10(a)-(b)).

Further on, in a period of observation of 5 - 6 years, a
tendency towards the tissue mass reduction remained (Fig-
urell).

In Group CDR-1, according to SG and REG, there
were no significant changes against the background of the
treatment; and the data remained virtually the same in
spite of periodic fluctuations. According to brain CT
performed 12 - 36 months after the beginning of the

=

L
—p DR

(b)

(a) Total atrophy of the temporal lobes 8%; (b) Increase in the atrophy up to
18%.

00o0oo

Figure 10. Patient P., 35, CT. (a) Prior to the conservative
treatment; (b) 2 years after the beginning of the conservative
treatment.
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Figure 11. Changes in the volume of the temporal lobes of
the brain among Control Group patients.

conservative treatment, all patients showed a tendency
towards the growth of atrophic changes in the temporal
lobes of the brain with a decrease in the tissue mass of
5% - 7%. During further period of observation the ten-
dency of the tissue mass to decrease remained (Figure 11).

In Group CDR-2, according to SG and REG data, 7
(63.6%) patients showed deterioration of cerebral blood
flow velocity and pulsatile blood flow, and 4 (36.4%)
patients had no pronounced changes against the back-
ground of the treatment. According to brain CT per-
formed 12 - 36 months after the beginning of the treat-
ment, 5 (45.5%) patients had a tendency towards the re-
duction of the tissue mass of the temporal lobes of the
brain. 6 (54.5%) patients had growing atrophic changes
of the temporal lobes, with a decrease in the tissue mass
of 5% - 9%. During further period of observation the
tendency towards the tissue mass decrease remained
(Figure 11).

In Group CDR-3, according to SG and REG data
against the background of the conventional treatment, 3
(30.0%) patients showed improvement of cerebral blood
flow velocity and pulsatile blood flow that may be asso-
ciated with an increase of blood flow due to arterioven-
ous shunts. 7 (70.0%) patients did not have any signifi-
cant changes. According to brain CT performed 12 - 24
months after the beginning of the conservative treatment,
all 10 patients had an increase in the atrophic changes in
the temporal lobes of the brain, and a decrease in the
tissue mass of 5% - 14% (Figures 12(a)-(b)).

During further period of observation the tendency of the
tissue mass to decrease could be observed (Figure 11).

Clinically positive changes after the beginning of the
treatment were manifested in the temporary stabilization
of the initial state of some groups of patients for certain,
sometimes sufficiently long periods of time. In the first
6 months after the beginning of the conservative treat-
ment there was a slight improvement in the patients’ self-
awareness, the communication with them became easier,

Copyright © 2012 SciRes.
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(b)

(a) Total atrophy of the temporal lobes 58%; (b) Increase in the atrophy up to
64%.

Figure 12. Patient S., 67, CT. (a) Prior to the conservative
treatment; (b) 2 years after the beginning of the conserva-
tive treatment.

there was a certain decrease in cognitive impairments and
a partial improvement in intellectual abilities.

According to MMSE results in Group CDR-0, the
maximum positive effect (27 - 28 points) was observed 6
months after the beginning of the treatment, and then it
gradually decreased to 24 - 25 points during the entire ob-
servation period.

In Group CDR-1 the maximum positive effect (23
points) was observed 6 months after the beginning of the
treatment, further on it was stabilized for 2 and even 3
years, and then there developed a tendency towards a
decrease (20 - 21 point).

In Group CDR-2 the maximum positive effect (16 po-
ints) was observed in 6 - 12 months after the beginning
of the treatment. The effect lasted for about 1 year and
then there was a decline to 11 - 12 points.

In Group CDR-3 the maximum positive effect (9
points) was observed 6 months after the beginning of the
treatment, and further on there was a rapid decline to 6 -
7 points.

MMSE results before and after the treatment are statis-
tically and qualitatively different in the Test and Control
Groups. Against the background of the treatment in the
Test Group, there is an increase in the number of re-
ceived points and the patients are transferred to an earlier
CDR-group. In the Control Group, such tendency is not
observed and the changes in cognitive disorders and
higher mental functions occur within the same CDR-
group. This is statistically confirmed by an analysis of
contingency tables with the chi-square test. Prior to the
beginning of the therapy there were no significant dif-
ferences between the Test and Control Groups (Chi-
square value equal to 3.31, p = 0.35). Against the back-
ground of the therapy the differences reach statistical
significance (Chi- square value is 34.25, p < 0.001). It is
also confirmed by Mann-Whitney test (Table 1) for in-
tergroup comparison. Simultaneously, there are statisti-
cally significant (according to the sign test) differences
between the results at the beginning and at the end of the
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Table 1. Comparison of the Test and Control Groups by Mann-Whitney test at the beginning and the end of the therapy.

Mann-Whitney U Test (Data. sta)

By variable group

Marked tests are significant at p < 0.05000

Rank Sum . Valid N 1o
variable Rank Sum Control U z p-level Z adjusted p-level Valid N Test Control 2*lsided
Test group group exact p
group group

scorebeforeyg795  g3415 7115 0.891 0.373 0.895 0371 46 35 0.375
treatment

scoreafter 5 o5 5 835.5 2055 5.716 0.000 5.739 0.000 46 35 0.000
treatment

treatment (Z = 6.63, p < 0.001) within the Test Group,
while in the Control Group no significant differences at
the beginning and at the end of the therapy have been
found (Z =1.48, p=0.14).

4. Discussion

According to many authors, the treatment of AD should
ideally begin in the preclinical stage of the disease when
only an insignificant number of neurons are damaged [8].
This issue has received considerable attention at AAIC
2011.

Regardless of the stage, the vascular factor manifested
in DAAT [44] plays an important role in the develop-
ment of AD [22-26]. The treatment of AD should focus
not only on the normalization of metabolic processes in
the brain tissue, the stabilization of neurons, the destruct-
tion or removal of abnormal amyloid, but also on the
restoration of the vascular bed. The concept of discircu-
latory angiopathy of Alzheimer’s type (DAAT) is wider
than F. Morel’s concept of drusoidal angiopathy [21],
because certain disorders are observed both in the arteri-
ary, capillary and venous beds, and not only in the capil-
laries [25,27]. The intensity of these disorders does not
depend on the severity of dementia, the manifestations of
cognitive disorders, or on the timing of AD development.
It is not possible to state with certainty that the vascular
disorders are associated with the early deposition of
amyloid in the capillary or arterial wall [34]. Moreover, it
is unlikely that such amyloid deposition occurs long be-
fore the symptoms appear. As a result, the question of
what is primary arises: if certain innate or somehow ac-
quired disorders of blood supply and microcirculation of
the brain contribute to the development of AD [25], or if
the disease itself causes similar changes in the distal arte-
rial, microcirculatory and venous bed [35,36].

The severity of the disease, of dementia and of cogni-
tive impairments, and the state of higher mental functions
often directly depend on the severity of atrophic changes
in the brain tissue [9-12]. Thus, atrophic changes of the
temporal lobes were 4% - 8% among patients with pre-
clinical stage (CDR-0), but the degree of atrophy in-
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creased to 33% - 64% among patients with late-stage AD
(CDR-3) [12,16,35], though vascular disorders that occur
in the brain during the development of AD are at about the
same level among all patients regardless of their CDR
Group [22-24,35].

The brain tissue has a low degree of absorption of la-
ser energy of the visible spectrum, and therefore the dep-
th of its penetration is several centimeters [48]. As a re-
sult, laser action has an impact not only on the vascular
wall causing the recovery of the capillary and collateral
bed [34,42,43,48], but also on the brain tissue containing
the abnormal amyloid. It is likely that laser energy trans-
fer not only stimulates metabolic processes in functioning
neurons [25,34,48,49], but also simultaneously inhibits
or hinders the process of the growth of the number of ab-
normal amyloids in the brain tissue. It is possible that sub-
sequent quite rapid recovery of the tissue mass of the
temporal and fronto-parietal lobes of the brain implies
the development of some regenerative changes in the ce-
rebral tissue [48-51]. This hypothesis is indirectly con-
firmed by increasingly emerging experimental studies
which prove the possibility of regenerative processes in
the brain tissue [52].

In the Test Group a positive effect after the treatment
was observed among all patients, which means that en-
dovascular treatment method is a highly promising one;
however, the intensity of this effect in different groups of
patients is manifested differently. It depends on the de-
gree of the brain tissue involvement during the develop-
ment of AD and, obviously, on the ability of the tissue
for restorative and regenerative processes. In groups
CDR-0 and CDR-1 a relatively small number of neurons
was affected [8], and the treatment has led to a suffi-
ciently rapid and persistent positive outcome of the func-
tional recovery of the brain for the entire period of obser-
vation. In the future the positive effect is likely to persist
for many years. In groups CDR-2 and CDR-3 the tissue
was affected to a much greater extent, but in spite of it
the endovascular treatment resulted in a sufficiently rapid
positive effect, although the number of the affected neu-
rons has not allowed restoring the damaged brain func-
tions to a greater extent. Nevertheless, the treatment has
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improved the patients’ condition, reduced the level of
dementia and cognitive impairment, and has made it pos-
sible to transfer the patients to CDR-groups of earlier
stages, which is a sign of improving their standard of
living.

In the Control Group the treatment was carried out
according to common therapeutic schemes with applica-
tion of nootropic, neuroprotective and cholinergic drugs;
the patients additionally underwent vasoactive therapy
similar to the one obtained by the Test Group patients
after the endovascular treatment. The treatment was pri-
marily aimed at improving and stabilizing the metabolic
processes in the brain tissue and at improving the blood
circulation. As a result, the positive effect has also been
received and it also depended on the stage of the disease
and the degree of the brain tissue involvement. The es-
sence of this effect was not in the reduction of the level
of dementia and cognitive impairments, but in the tempo-
rary stabilization of the patients’ condition and their stan-
dard of living which had been observed before the begin-
ning of the treatment.

In Group CDR-0, the patients’ initial state stabilized
for a period of 2 or 3 years and was followed by deterio-
ration accompanied by worse MMSE results, and, in so-
me cases, by the development of sufficiently pronounc-
ed (18%) atrophic changes in the tissue of the temporal
lobes of the brain.

In Group CDR-1 the patients’ initial state also stabiliz-
ed for a period of 2 or 3 years, but then the negative cha-
nges also appeared accompanied by growing atrophic
changes in the temporal lobes tissue and worse MMSE
results.

In groups CDR-2 and CDR-3 comprised of patients
with sufficiently large areas of affected brain tissue, a
stabilization effect has also taken place, but its time was
relatively short. The negative trend was rapidly increase-
ing, accompanied by growing atrophic changes in the
tissue of the temporal lobes and the exacerbation of de-
mentia and cognitive impairment. The data obtained in
this group of patients treated correlates with the data ob-
tained by other authors [33,45-47].

5. Conclusions

Thus, the endovascular method can be named an effect-
tive one in the treatment of discirculatory angiopathy of
Alzheimer’s type (DAAT), which in its turn has a posi-
tive effect in treating AD. It is not traumatic as it has not
resulted in any complications or deaths even among se-
verely affected patients. Consequently, the implementa-

tion of endovascular intervention has sufficiently low risk.

The effectiveness of the proposed treatment at all stages of

the disease is much higher than the one of the conservative

treatment carried out among the Control Group patients.
We do not make final conclusions. However, giving

Copyright © 2012 SciRes.

endovascular treatment to patients with preclinical AD
(CDR-0) or to patients with early-stage AD (CDR-1) may
prevent further disease progression.

Carrying out this treatment among patients with more
severe dementia, persistent cognitive impairment and
more advanced stages of AD (CDR-2, CDR-3) allows
slowing down or halting further disease progression and
may cause its regression. Group CDR-2 patients go back
to society and in some cases even to the work previously
performed, which leads them to rather full and comfort-
able life. Communication with patients from group CDR-
3 becomes much easier; they become able to care for
themselves, which consequently brings significant relief
to their relatives and friends.

Carrying out conventional therapeutic treatment am-
ong patients with AD using nootropics, neuroprotective
and cholinergic drugs in combination with vasoactive
therapy does not lead to the regression of AD symptoms
but only leads to temporary stabilization of the initial con-
dition of the patients.
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