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ABSTRACT

The research investigates the efficacy of brain tran-
scatheter laser revascularization in patients who have
had extensive ischemic stroke. 1125 patients aged 29 -
81 (average age 75) with cerebral atherosclerosis were
examined. The examination plan included: CT brain
scan, magnetic resonance imaging (MRI), brain scin-
tigraphy (SG), rheoencephalography (REG), cerebral
multi-gated angiography (MUGA), laboratory tests,
assessment of severity of dementia (CDR), cognitive
impairment (MMSE) and activities of daily living (IB).
93 patients suffered extensive ischemic stroke of whom
7 (7.53%) had 10 - 15 IB points, 25 (26.88%)—20 - 30
IB points, 61 (65.59%)—35 - 45 IB points. 69 patients
underwent transcatheter treatment (Test Group). 24
patients underwent conservative treatment (Control
Group). High-energy laser systems were used for re-
vascularization of major intracranial arteries; low-
energy laser systems were used for revascularization
of distal intracranial branches. Test Group: 67 (97.10%)
patients had good immediate angiographic outcome
manifested in the restoration of lumen and patency of
the affected vessels as well as in collateral revascu-
larization. 12 - 24 months later the following positive
trend was observed: 14 (20.59%) patients demon-
strated good clinical outcome (IB 90 - 100); 26 (38.24%)
patients had satisfactory clinical outcome (IB 75 - 85);
28 (41.18%) patients showed relatively satisfactory
clinical outcome (IB 60 - 70); relatively positive clini-
cal outcome (IB < 60) was not obtained in any case.
Control Group: 4 (16.67%) patients showed relatively
satisfactory clinical outcome (IB 60 - 70), relatively posi-
tive clinical outcome (IB < 60) was achieved in 20
(83.33%) cases. Evaluating the data obtained, it can
be concluded that the method of transluminal laser
revascularization of cerebral blood vessels is an effec-
tive one for the treatment of extensive ischemic
strokes. The effect is maintained for a long time; it
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causes regression of mental, intellectual and motor
disorders, promotes regression of post-stroke demen-
tia and significantly improves the quality of life, which
makes it noticeably different from the conservative
methods of treatment.
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1. INTRODUCTION

Stroke is currently one of the most common pathological
conditions both in neurological practice and in all clini-
cal medicine. In many countries, it is one of the most
common causes of death and severe disability of patients
[1]. Thus, only in the US 800,000 strokes are registered
each year [2]. About 30% of patients die in the acute
phase, and this figure increases by 12% - 15% in the next
twelve months. The hardest to endure are macrofocal
strokes associated with severe neurological deficit re-
sulting in functional, motor, speech disorders, cognitive
impairment and dementia [3-5]. An important role in the
development of ischemic brain lesions is played by hy-
pertension, hyperlipidemia, systemic hemodynamics dis-
orders, microembolism caused by arrhythmia [6-9]. How-
ever, the main cause of the stroke is the atherosclerotic
lesion of the vascular system of the brain [10].

The main part in the blood supply of brain cells is
normally played by the capillary bed, and during devel-
oped ischemic process by the capillary and collateral
channel which in its turn also has its own capillaries
[11-13]. Large arterial trunks play a transportation role
and only carry blood to the capillaries. The number of
capillaries in 1 cubic centimeter of the brain tissue is 3 -
4 thousand [12]. Thus, the brain is the organ that requires
the highest blood supply.

The brain tissue is extremely sensitive to blood supply
disorders which quickly lead to the development of ische-
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mia and destructive processes. The more extensive the
area of hypoperfusion is, the more it spreads to different
parts of the brain, and the more severe the stroke is [1].
In this regard, any treatment of stroke, regardless of the
terms of its development, should be directed in the first
place to the restoration of the blood supply of the brain
[2,7,13].

If we ignore the intravenous thrombolysis in acute
situations [14,15], conservative treatment of patients after
extensive ischemic stroke is quite simple to carry out and
therefore has a certain advantage, but it is mostly di-
rected against the complications that develop as a result
of the emerged cerebral ischemia [16]. Widespread athero-
sclerotic disease and serious cerebral hemodynamics disor-
ders do not allow to significantly improve the cerebral
blood flow by therapeutic methods.

Reconstructive vascular surgery has proved itself good
on extracranial vessels [17]. However, it is quite difficult
in patients with intracranial lesions due to certain ana-
tomical features [18]. Surgery directed to create extra-
intracranial arterial anastomosis is not always effective in
these patients, and the feasibility of such operations has
been debated on all over the world for many years [19].
Transcatheter interventions such as balloon angioplasty
and stenting of various kinds have as well proved them-
selves well in the extracranial parts of brachiocephalic
branches [20], however, conducting such interventions
presents certain difficulties with small diameters of in-
tracranial arterial branches. Stenting can be performed
only on the proximal parts of intracranial branches. It
requires the use of stents of a small diameter and ex-
tremely miniature means of distal protection, while such
operations often involve a fairly high risk of complica-
tions and stent thrombosis [21]. At the present stage of
development of interventional neuroangiology the tech-
nique is impossible to be carried out on the distal parts of
intracranial arteries.

Transcatheter interventions, such as intra-arterial throm-
bolysis or mechanical thrombectomy, are advisable only
in the acute stage of the disease [22-25]. In this regard,
there remains a need to develop new transcatheter treat-
ments.

This research is dedicated to the possibility of restora-
tion of cerebral blood supply in patients who have had
extensive ischemic strokes spreading to different parts of
the brain by means of the method of transcatheter laser
revascularization. Also, the research investigates the pos-
sibility of reducing mental disorders and restoring mental
and motor function in these patients in the short- and
long-term periods.

2. MATERIALS AND METHODS
2.1. Subject of Research

All the studies and transcatheter procedures were per-
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formed with the approval of the Ethics Committee, as
well as with the consent of the examined and treated pa-
tients and their relatives.

1125 patients aged 29 to 81 (average age 75) with dif-
ferent types of atherosclerotic lesions of the brain vessels
were examined: 842 (74.84%) males, 283 (25.16%) fe-
males.

The examination plan included: CT scan of the brain
(CT), magnetic resonance imaging (MRI), scintigraphy
of the brain (SG), rheoencephalography (REG), cerebral
multi-gated angiography (MUGA), laboratory tests, as-
sessment of severity of dementia (CDR), cognitive im-
pairment (MMSE) and activities of daily living (I1B).

As we noted in our earlier work [13], all examined pa-
tients were divided into groups in accordance with the
type of atherosclerotic lesions of brachiocephalic arterial
branches:

e intracranial lesion type—501 (44.53%);
e mixed type—519 (46.19%);
e extracranial type—105 (9.33%).

2.2. Examination of Patients

CT and MRI of the brain were performed on apparatus
“Somatom” (Siemens), “HiSpeed” (GE), “Tomoscan”
(Philips), “Apetro Eterna” (Hitachi) following the clas-
sical method.

SG of the brain, with the determination of the rate of
cerebral blood flow, was carried out on a gamma camera
(Ohio Nuclear, US) following the classical method in
dynamic and static modes using the TC 99 M pertech-
netat 555.

REG was conducted by means of “Reospektr-8” (Neu-
rosoft, Russia) in accordance with the standard auto-
mated method determining pulse volume disorders in the
hemispheres of the brain.

Primary CT, MRI, SG and REG were performed at the
admission of the patients, repeated at the discharge of the
patients, and then at intervals of 6 - 12 months.

MUGA of the brain was performed on apparatus “Ad-
vantx” (GE) following the classical method of trans-
femoral access. Simultaneously, taking into account the
beginning and the speed of the injection, 10 - 12 ml of
Omnipack 350 was introduced intra-carotidally and 7 - 8
ml intra-vertebrally. The registration was carried out in
front and side projections in constant subtraction mode at
a speed of 25 frames per second. Further on the an-
giograms obtained in each phase of contrast enhance-
ment were analyzed frame by frame [26]. Capillary den-
sity analysis was performed in the appropriate phase us-
ing an automatic method by means of the computer pro-
gram “Angio Vision” based on determining the degree of
blackening of the corresponding section of the brain tis-
sue [27].
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Laboratory tests were conducted according to gener-
ally accepted interventional cardiology schemes and in-
cluded clinical, biochemical and coagulological exami-
nation.

The assessment of activities of daily living was per-
formed using the Index Bartels Functional Evaluation:
The Barthel Index (I1B) [28]. Initial testing was performed
during the admission of a patient; repeated testing was
carried out on the day of their discharge, and then at in-
tervals of 6 - 12 months.

If the patient’s initial state allowed it, the assessment
of the severity of dementia was conducted in accordance
with J. C. Morris’s 1993 classification (The Clinical De-
mentia Rating) [29]; the assessment of cognitive im-
pairment was carried out by means of the Mini-Mental
State Examination (MMSE) [30]. The initial testing was
performed during the first examination of a patient or on
the day of his/her hospitalization. Repeated testing was
carried out on the day of the discharge of the patient, and
then at intervals of 6 - 12 months.

2.3. Selection of Patients

Criteria for selection of patients for this research:

1) consent of the patient and his relatives for the ex-
amination and treatment;

2) medical condition of patients allowing the examina-
tion and treatment;

3) the presence of a macrofocal postischemic cyst ex-
tending to different parts of the brain;

4) the presence of predominant atherosclerotic lesion
of intracranial arterial branches;

5) the time of treatment after a stroke in the period of
1 month to 6 years.

93 patients who had had extensive ischemic strokes
were selected.

Test Group: 69 (74.19%) patients aged 32 to 72 (av-
erage age 66), 51 (73.91%) males and 18 (26.09%) fe-
males.

Control Group: 24 (26.09%) patients aged 45 to 78
(average age 68), 15 (62.50%) males and 9 (37.50%)
females. The control group consisted of patients to whom
transcatheter treatment either was not recommended or
they and their families did not want to undergo it.

2.4. Analysis of Patients

According to the examination, the selected patients had

the following:

e extensive postischemic brain cysts extending to dif-
ferent parts of the brain were found in 93 (100%)
cases;

o the deposition of calcium in the walls of cerebral blood
vessels was detected in all 93 (100%) cases;

e general involutive changes of the cerebral cortex ac-
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companied by an extension of the subarachnoid space
were found in all 93 (100%) cases;

e expanding of the Sylvian fissure was found in all 93
(100%) cases;

e reduction in the intensity of the borders of the grey
and white matter of the brain was found in 91 (97.85%)
cases;

¢ the signs of unocclusive hydrocephalus were found in
92 (98.92%) cases;

o the slowing of blood flow in the cerebral hemispheres
was observed in all 93 (100%) cases;

e reduction of the pulse volume blood supply in the
carotid and vertebrobasilar systems was detected in
all 93 (100%) cases;

e occlusal and stenotic atherosclerotic lesions in the
basin of the front, middle, or posterior cerebral arter-
ies on the side of the stroke were found in all 93
(100%) cases. Stenotic atherosclerotic lesions of the
intracranial branches on the contralateral side were
detected in 91 (97.85%) cases. Simultaneous moder-
ate atherosclerotic lesions of the extracranial arteries
not exceeding stenosis by 15% - 20% (mixed type of
lesion) were detected in 34 (36.56%) cases;

e increased blood lipid level was detected in 86 (92.47%)
cases;
hypercoagulability was detected in 76 (81.72%) cases;
reduction of activities of daily living (IB) was de-
tected in all 93 (100%) patients:

In assessing the activities of daily living:

e 10 - 15 IB points: 7 (7.53%) patients including 5 Test
Group patients and 2 Control Group patients;

e 20 - 30 IB points: 25 (26.88%) patients including 15
Test Group patients and 10 Control Group patients;

e 35 - 45 IB points: 61 (65.59%) patients including 49
Test Group patients and 12 Control Group patients.

The initial severity of dementia and the severity of
cognitive impairment were identified in 33 (35.48%) cases:
e moderate dementia (CDR-2) was detected in 18

(54.55%) cases (11 - 18 MMSE points) including 17
Test Group patients and 1 Control Group patient;

e severe dementia (CDR-3) was detected in 15 (45.45%)
cases (7 - 10 MMSE points) including 9 Test Group
patients and 6 Control Group patients.

Test Group. Given the small diameter of the affected
intracranial arteries, for the revascularization of the brain
in the Test Group we used the method of transluminal
laser revascularization [26,27,31] which allows to work
on small diameter vessels. The efficacy and safety of this
method had been proved in earlier experimental and
clinical studies [13,31-35].

The Method of Transcatheter Laser

Revascularization of Cerebral Vessels
To conduct the revascularization of the major intracranial
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arteries high-energy impulse laser systems were used; for
the revascularization of the distal intracranial branches
low-energy continuous laser systems were used [13,26,27].

The essence of the method is as following:

Under local anesthesia, according to Seldinger’s clas-
sical method, the common femoral artery is punctured
and catheterized with an installation of an introducer
with a diameter of 6 - 9 F. Through this introducer and
through coaxially brought guiding catheters installed in
the general and further on in the internal carotid or in the
vertebral artery, is brought a flexible fiber-optic instru-
ment with a diameter of 50 to 200 micrometers, coupled
with the laser unit. The fiber-optic instrument is guided
to the site of intracerebral arteries lesion, after which the
laser treatment is carried out. The distal end of the fi-
ber-optic instrument is constantly washed with heparinized
saline solution. Given the specificity of laser exposure on
atherosclerotic tissue and the vascular wall [26,35], the
use of distal protection is not required. To carry out X-
ray control, small doses of radiopaque substance are pe-
riodically introduced. The exposure time depends on the
nature of the atherosclerotic lesion, the type of the laser
system used, and is from 30 seconds to 40 minutes. After
the endovascular intervention the patient undergoes re-
peated cerebral multi-gated angiography following the
procedure described above, the results of which deter-
mine the degree of revascularization and restoration of
the cerebral vascular bed [27,35]. We assume that if the
cerebral blood flow is not fully restored during the first
attempt of the intervention, the manipulation can be re-
peated, but it was not necessary during the transcatheter
interventions described.

Atherosclerosis is a systemic disease, and cerebral vas-
cular lesion develops in all the basins, not just in the
stroke-dependant artery. In order to improve the blood
supply of the whole brain, as well as with a view to the
revascularization of the affected hemisphere by collateral
blood supply of the contralateral vascular basin, tran-
scatheter interventions were usually carried out from two
sides.

Postoperative treatment was carried out by common
interventional neuroangiology schemes and dosing. The
patients underwent conventional desagrigant, anticoagu-
lant, vasodilator and nootropic therapy including Aspirin,
Heparin, indirect anticoagulants (depending on the blood
coagulation indicators), Pentoxifylline 100 mg, Complamin
150 mg, Inosin 200 mg, Nootropil (Piracetam) 1200 mg
(or Gliatilin 1000 mg) intravenously, drop by drop, No.
10 - 15; and then they took tablets. Subsequent 3-months
courses of tablets were repeated twice a year.

Control Group. Control Group patients underwent a
therapeutic treatment following similar schemes and doses
of the drugs. In the aftermath, they also took 3 months
courses of tablets twice a year.
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2.5. Rehabilitation of Patients

To carry out rehabilitation programs to restore motor
function, the patients were sent to other hospitals after
the treatment.

2.6. Evaluation

As activities of daily living (1B) were the only aspect that

could be determined in 100% of the treated patients at

their admission, a long-term clinical outcome was evalu-
ated as follows:

e A good clinical outcome after the treatment was con-
sidered to be an almost complete restoration of motor
function, mental abilities, with the restoration of ac-
tivities of daily living to 90 - 100 IB points.

e A satisfactory clinical outcome was considered to be
an incomplete restoration of motor function, mental
abilities, with the restoration of activities of daily liv-
ing to 75 - 85 IB points.

o A relatively satisfactory clinical outcome was con-
sidered to be a partial restoration of motor function,
mental abilities, with the restoration of activities of
daily living to 60 - 70 IB points.

o A relatively positive clinical outcome was considered
to be the absence of negative dynamics with an insig-
nificant restoration of motor functions, intellectual
abilities, with the level of activities of daily living
below 60 IB points.

3. RESULTS
3.1. Test Group

3.1.1. Immediate Results

A good immediate intraoperative angiographic outcome
manifested in the restoration of the lumen and patency of
the affected vessels, as well as in marked collateral re-
vascularization of the brain on the affected side, was
obtained in 67 (97.10%) cases. Improved blood supply in
the contralateral hemisphere was obtained in 69 (100%)
cases. Improved blood supply in the affected hemisphere
by means of the collateral revascularization from contra-
lateral vascular basins was obtained in 68 (98.55%) cases
(One patient died in the early postoperative period be-
cause of the reasons unrelated to the treatment performed,
and therefore he has not been included in the further sta-
tistics).

3.1.2. Results According to SG and REG Data
According to SG data, improved blood flow in the cere-
bral hemispheres, both on the affected and the contralat-
eral side, was observed in all 68 (100%) cases, and the
positive trend was being detected during the whole ob-
servation period.

According to REG data, improved pulse-volume blood
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flow in the carotid and vertebrobasilar basins in the af-
fected and contralateral sides was found in all 68 (100%)
cases, and the positive trend was being detected during
the whole observation period.

3.1.3. Results According to CT and MRI Data
According to CT and MRI data, in the first 12 - 24 months
after the treatment a reduction of the postischemic cyst
size by 10% - 15% was observed in 37 (54.41%) cases,
by 15% - 25%—in 23 (33.82%) cases, by more than 25%
—in 8 (11.76%) cases.

It should be noted that in the period of observation that
followed, there remained a trend towards the reduction in
the postischemic cyst size, as well as towards the signs of
cerebral tissue restoration.

3.1.4. Clinical Results
The clinical results assessment was conducted at various
times after the transcatheter interference.

The restoration of mental, verbal and motor functions
depended to a large extent on the severity of the initial
disorders, on the location and size of the ischemic part of
the brain and on the timing of transcatheter intervention
after the stroke.

It should be noted that the restoration of mental abili-
ties proceeded much faster than the one of motor func-
tions, which is associated with the developed secondary
disorders of the peripheral nervous and musculoskeletal
functions requiring long term treatment in their turn.

The initial positive trend was observed quite soon after
the transcatheter treatment. In the early stages—the first
2 - 3 weeks—the conducted treatment allowed to im-
prove all the patients’ condition, reduce mental and mo-
tor disorders.

In the long-term period, the conducted treatment al-
lowed to significantly improve mental and motor func-
tion, and to recover them in a number of patients, which
in turn led to the restoration of activities of everyday
living, as well as to transfer some patients into the cate-
gory of patients without dementia and cognitive impair-
ment.

According to IB data, the treated patients showed the
following clinical outcome in 12 - 24 months:

e agood clinical outcome was obtained in 14 (20.59%)
cases;

e a satisfactory clinical outcome was obtained in 26
(38.24%) cases;

o a relatively satisfactory clinical outcome was obtained
in 28 (41.18%) cases;

o arelatively positive clinical outcome was not obtained
in any case.

No negative result was obtained after the treatment.

In the longer term, the obtained positive trend remained
and progressed.
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Statistical analysis of the data is presented in Table 1.

26 Test Group patients, whose severity of dementia
and of cognitive impairment had been determined before
the treatment, showed the following positive trend in 12 -

24 months:

e No signs of dementia; the restoration of cognitive
functions to 27 - 30 MMSE points—5 (19.23%) cases;

e The reduction of the severity of dementia to CDR-1;
the restoration of cognitive functions to 21 - 26
MMSE points—15 (57.69%) cases;

e The reduction of the severity of dementia to CDR-2;
the restoration of cognitive functions to 17 - 20
MMSE points—6 (23.08%) cases.

In the longer term, there was no regression of the re-
ceived positive trend.

3.1.5. Treatment Examples
The following are some examples:

Patient S., male, 57 years old, had suffered a massive
stroke in the right hemisphere resulting in developed left-
sided hemiparesis and incomplete sensory-motor aphasia.
12 months after the stroke: the severity of dementia—
CDR-3, cognitive impairment—10 MMSE points, the
level of activities of everyday life—40 IB points. CT of
the brain revealed an extensive postischemic cyst of the
right hemisphere extending to the frontal and parietal
regions (Figure 1) of 7.5 x 4.8 x 6.2 cm.

During SG and REG there was a marked reduction of
blood flow and pulse-blood volume with the domination
of the process in the right. Cerebral MUGA revealed a
subtotal stenosis of the distal part of the trunk of the right
internal carotid artery (Figure 2).

The patient underwent transcatheter laser revasculari-
zation first of the right and then of the left hemisphere.
Postoperative cerebral MUGA revealed: patency and lu-
men of the distal part of the right internal carotid artery
are completely restored (Figure 3); marked collateral
revascularization.

SG and REG in the postoperative period showed the
positive dynamics of blood flow and pulse blood volume
in the cerebral hemispheres.

3 months later there was a restoration of motor func-
tions, intellectual abilities and professional skills. The
severity of dementia decreased to CDR-1, MMSE—25
points, IB—85 points; the patient returned to his work.

12 months after the treatment there were no signs of
dementia, MMSE—28 points, IB—100 points. Repeated
CT of the brain revealed a decrease in the size of the
postischemic cyst with the symptoms of the restoration
of the structure of cerebral tissue (Figure 4).

5 years after the transcatheter treatment cerebral MUGA
(Figure 5) revealed: the lumen and patency of the right
internal carotid artery are completely preserved and there
is further progression of collateral revascularization.
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Table 1. Comparison of the clinical outcome obtained in test and control group patients after the treatment.

After treatment

After treatment  After treatment  After treatment

GROUP IB = 60 - 70 IB=75-85 1B = 90 - 100 1B = <60 Totals
Test Group: Before treatment 3 1 0 0 4
Number of Patients IB=10-15
Column Percentage 10.71% 3.85% 0.00% 0.00%
Row Percentage 75.00% 25.00% 0.00% 0.00%
Sample Proportion 4.41% 1.47% 0.00% 0.00% 5.88%
Test Group: Before treatment
Number of Pa[:ients IB=20-30 7 6 2 0 15
Column Percentage 25.00% 23.08% 14.29% 0.00%
Row Percentage 46.67% 40.00% 13.33% 0.00%
Sample Proportion 10.29% 8.82% 2.94% 0.00% 22.05%
Test Group: Before treatment
Number of Pal:ients IB=35-45 18 19 12 0 49
Column Percentage 64.29% 73.08% 85.71% 0.00%
Row Percentage 36.73% 38.78% 24.49% 0.00%
Sample Proportion 26.47% 27.94% 17.65% 0.00% 72.06%
TOTALS of Test Group 28 26 14 0 68
Sample Proportion 41.18% 38.24% 20.59% 0.00% 100.00%
Control Group: Before treatment 0 0 0 2 2
Number of Patients IB=10-15
Column Percentage 0.00% 0.00% 0.00% 10.00%
Row Percentage 0.00% 0.00% 0.00% 100.00%
Sample Proportion 0.00% 0.00% 0.00% 8.33% 8.33%
Control Group: Before treatment
Number of Patifnts IB=20-30 1 0 0 9 10
Column Percentage 25.00% 0.00% 0.00% 45.00%
Row Percentage 10.00% 0.00% 0.00% 90.00%
Sample Proportion 4.17% 0.00% 0.00% 37.50% 41.67%
Control Group: Before treatment
Number of Patignts IB=35-45 3 0 0 9 12
Column Percentage 75.00% 0.00% 0.00% 45.00%
Row Percentage 25.00% 0.00% 0.00% 75.00%
Sample Proportion 12.50% 0.00% 0.00% 37.50% 50.00%
TOTALS of Control Group 4 0 0 20 24
16.67% 0.00% 0.00% 83.33% 100.00%
Column Total 32 26 14 20 92
Percentage of Total 34.78% 28.26% 15.22% 21.74% 100.00%

The original data, the distribution of which is given in the summary table, were analyzed using the nonparametric Mann-Whitney test. The statistical analysis
showed that at the beginning of the therapy there were no significant differences between the Test and Control Groups (p = 0.12), while after the treatment these
differences became significant (p < 0.01). The analysis of the indicator dynamics by means of the Mann-Whitney test also revealed significant differences
between the groups: the effect of the therapy in the Test Group was significantly higher than in the Control Group (p < 0.01).

No clinical signs of dementia; the patient retired be-
cause of his age.

10 years after the transcatheter treatment MRI of the
brain (Figure 6) demonstrated further regression of the
postischemic cyst with the symptoms of the restoration
of the structure of cerebral tissue.

At the same time MRI angiography showed that the
lumen and patency of the right internal carotid artery are
preserved, with good filling of the distal bed (Figures
7(a) and (b)).

Patient Z., male, 42 years old. Had suffered a massive
stroke of the right hemisphere. In the first days after the
onset of the stroke MRI angiography (Figure 8) revealed
occlusion of the right middle cerebral artery.

6 months after the stroke there is left-sided hemipare-
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sis, incomplete sensory-motor aphasia, the severity of
dementia—CDR-2, cognitive impairment—18 MMSE
points, the level of activities of everyday living—40 1B
points. CT of the brain revealed an extensive postischemic
cyst of the right hemisphere extending to the frontal and
parietal regions, of 6.7 x 2.7 x 5.0 cm (Figure 9).

During SG and REG there was a marked reduction of
blood flow and pulse blood volume with a domination of
the process in the right.

Cerebral MUGA revealed occlusion of the right mid-
dle cerebral artery (Figure 10).

The patient underwent two-sided transcatheter laser
revascularization. Postoperative cerebral MUGA (Figure
11) showed restoration of patency of the right middle
cerebral artery, marked distal collateral revascularization.
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Figure 1. Example: Patient S. male, 57 years old (CDR-3): CT
of the brain. BEFORE THE OPERATION: a huge postischemic
cyst of 7.5 x 4.8 x 6.2 cm in the right middle cerebral artery
region.

Figure 3. The same patient S.: right-sided carotid MUGA
(front projection). AFTER THE OPERATION: complete res-
toration of the lumen and patency of the trunk of the right in-
ternal carotid artery.

Figure 2. The same patient S.: right-sided carotid MUGA
(front projection). BEFORE THE OPERATION: subtotal steno-
sis of the distal part of the trunk of the right internal carotid
artery.

SG and REG showed positive dynamics of blood flow
and pulse blood volume in the cerebral hemispheres. 3
months later the patient demonstrated improvement in
motor functions and intellectual abilities, reduction of
sensory-motor aphasia, the severity of dementia decreased
to CDR-1.

12 months after the transcatheter treatment repeated

Copyright © 2013 SciRes.

Figure 4. The same patient S.: CT of the brain 12 MONTHS
AFTER LASER REVASCULARIZATION: significant decrease
in the size of the postischemic cyst with the sings of brain tis-
sue regeneration.

cerebral CT (Figure 12) showed a decrease in the size of
the postischemic cyst with the symptoms of the restora-
tion of the structure of cerebral tissue.

There are virtually no mental or motor disorders, no
signs of dementia, IB—100 points. The patient returned
to his previous intellectual work (he is an engineer).

10 years after the transcatheter treatment there are no

OPEN ACCESS



178 I. V. Maksimovich / World Journal of Neuroscience 3 (2013) 171-185

Figure 5. The same patient S.: right-sided carotid MUGA
(front projection). 5 YEARS AFTER THE OPERATION: the
lumen and patency of the middle cerebral artery trunk com-
pletely preserved, further progression of collateral revasculari-
zation.

Figure 6. The same patient S.: MRI of the brain 10 YEARS AF-
TER THE TREATMENT: further regression of the postischemic
cyst with the symptoms of the structure of cerebral tissue re-
construction.

signs of dementia, IB—100 points, the patient continues
to successfully work as an engineer at the same place.
Cerebral MRI indicates further regress of the postis-
chemic cyst with the symptoms of the restoration of the
structure of cerebral tissue. MRI angiography showed

Copyright © 2013 SciRes.

Figures 7. The same patient S.: MRI angiography of the
brain 10 YEARS AFTER THE TREATMENT: the lumen and
patency of the right internal carotid artery are preserved.

that the lumen and patency of the right internal carotid
artery are preserved, with good filling of the distal bed
(Figure 13).

Patient G., male, 56 years old. Had suffered a massive
stroke of the left hemisphere. In the first days after the
onset of the stroke CT of the brain revealed a forming
extensive postischemic cyst of the left hemisphere (Fig-
ure 14).

1 month after the stroke onset there is confusion of
consciousness, right-sided hemiparesis, sensory-motor
aphasia; the severity of dementia and cognitive impair-
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Figure 8. Example: Patient Z. male, 42 years old: MRI an-
giography. THE FIRST 24 HOURS AFTER THE STROKE
ONSET: occlusion of the trunk of the right middle cerebral
artery.

Figure 9. The same patient Z. (CDR-2): CT of the brain. BE-
FORE THE OPERATION: an extensive postischemic cyst of
the right hemisphere extending to the frontal and parietal re-
gions of 6.7 x 2.7 x 5.0 cm.

ment can not be determined, IB—10 points. Repeated
CT of the brain revealed an extensive postischemic cyst
in the left hemisphere extending to the frontal, parietal,
and occipital regions (Figure 15).

Cerebral MUGA revealed occlusion of the left anterior
cerebral artery (Figure 16).

The patient underwent two-sided transcatheter laser
revascularization; postoperative cerebral MUGA (Figure
17) showed restoration of the patency of the left anterior
cerebral artery, marked collateral revascularization.

1 year after the transcatheter treatment cerebral CT
(Figure 18) showed regress of the postischemic cyst with
the symptoms of the restoration of the structure of cere-
bral tissue.

Right hemiplegia significantly regressed, sensory-motor
aphasia decreased, but is partially preserved, the severity

Copyright © 2013 SciRes.

Figure 10. The same patient Z.: right-sided carotid MUGA
(lateral projection). BEFORE THE OPERATION: occlusion of
the right middle cerebral artery.

Figure 11. The same patient Z.: right-sided carotid MUGA
(lateral projection). AFTER THE OPERATION: restoration of
the right middle cerebral artery, marked collateral revasculari-
zation.

of dementia (including residual effects of motor and men-
tal disorders) virtually corresponds to CDR-1, MMSE—
20 points, IB—380 points.

3.1.6. Complications
There was no embolism or thrombosis in the distal cere-
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Figure 12. The same patient Z.: CT of the brain 12 MONTHS
AFTER LASER REVASCULARIZATION: significant decrease
in the size of the postischemic cyst with the sings of brain tis-
sue regeneration.

Figure 13. The same patient Z.: MRI angiography of the brain
10 YEARS AFTER THE TREATMENT: the lumen and patency
of the right internal carotid artery are preserved.

bral arterial bed during the transcatheter treatment. There
was no negative effect of the transluminal laser revascu-
larization observed.

After the intervention, 2 patients developed minor he-
matomas at the puncture site of the femoral artery not
requiring surgical treatment, but this is not a compli-
cation after the intervention applied.

Copyright © 2013 SciRes.

j= 1.18

i BEOTTOM i

Figure 14. Example: Patient G. male, 56 years old: CT of the
brain. 3 DAYS AFTER THE STROKE ONSET: forming ex-

tensive postischemic cyst of the left hemisphere.
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Figure 15. The same patient G.: CT of the brain. 1 MONTH
AFTER THE STROKE ONSET: an extensive postischemic
cyst of the left hemisphere extending to frontal, parietal, and
occipital regions.

One patient, being treated because of the categorical
insistence of his relatives, had a large thrombosed post-
infarction aneurysm of the left ventricle. Thrombotic
masses embolism of this aneurysm was the cause of the
first massive stroke of the left fronto-parietal region. La-
ser revascularization of the left hemisphere was success-
fully performed on this patient.
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Figure 16. The same patient G.: left-sided carotid MUGA (lat-
eral projection). BEFORE THE OPERATION: occlusion of the
left anterior cerebral artery.

Figure 17. The same patient G.: left-sided carotid MUGA (lat-
eral projection). AFTER THE OPERATION: restoration of the
left anterior cerebral artery, marked collateral revascularization.

In the early postoperative period, the patient develop-
ed re-embolization of thrombotic masses, this time in the
middle third of the right middle cerebral artery, as a re-
sult of which he died.

The development of this outcome cannot be consid-
ered as related to the treatment, and therefore the patient
is not included in the statistics.

Copyright © 2013 SciRes.
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Figure 18. The same patient G.: CT of the brain. 1 YEAR
AFTER LASER REVASCULARIZATION: regression of the
postischemic cyst with the symptoms of the structure of the
brain tissue restoration.

3.2. Control Group

3.2.1. Immediate Results

Immediately after the treatment the patients did not dem-
onstrate any negative dynamics; there was a positive trend
manifested in reduced mental disorders and improved
physical activity.

3.2.2. Results According to SG and REG Data
According to SG, partial improvement of blood flow in
the hemispheres of the brain was observed in 16 (66.67%)
cases. It was not stable enough, and during the subse-
quent follow-up in 12 - 24 months there was a partial
regression.

According to REG, partial improvement of pulse blood
volume in the carotid and vertebrobasilar basin was ob-
served in 18 (75.00%) cases. It was not stable enough,
and during the subsequent follow-up in 12 months there
was a regression.

3.2.3. Results According to CT and MRI Data
According to CT and MRI data, there was no significant
reduction in the size of the postischemic cyst in any case
in the first 12 - 24 months after treatment.

3.2.4. Clinical Results

According to IB, the treated patients showed the follow-
ing clinical outcome in 12 - 24 months after the begin-
ning of the treatment:

e agood clinical outcome was not obtained in any case;
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e a satisfactory clinical outcome was not obtained in
any case;
e a relatively satisfactory clinical outcome was ob-
tained in 4 (16.67%) cases;
o arelatively positive clinical outcome was obtained in
20 (83.33%) cases;
No negative result was obtained after the treatment.
Statistical analysis of the data is presented in Table 1.
7 Control Group patients, whose severity of dementia
and cognitive impairment could have been determined
before the treatment, had the following positive trend in
12 - 24 months:
e Reduction of the severity of dementia to CDR-1 with
initial CDR-2, restoration of cognitive function to 21 -
26 MMSE points were obtained in 1 (14.29%) case.
e Reduction of the severity of dementia to CDR-2 with
initial CDR-3, restoration of cognitive function to 17 -
20 MMSE points were obtained in 1 (14.29%) case.
e Preservation of the severity of dementia and cognitive
impairment at their initial level was obtained in 5
(71.43%) cases.

4. DISCUSSION

In patients who have had small or medium-sized focal
ischemic strokes, the severity of mental and motor dis-
orders does not always have a direct relationship to the
size of the ischemic focus; it is often associated with the
localization of the ischemic injury, the duration of
ischemia, as well as with the prevalence of atherosclero-
sis leading to hemodynamic instability both in the stroke
area and in other intracranial arterial basins [13].

In patients who have had an extensive ischemic stroke,
it all proceeds much harder. The ischemic area includes
various regions of the brain, which leads to a marked
neurological deficit, a more serious condition, more se-
vere symptoms and concomitant pathological processes
[1,5]. Patients tend to develop severe confusion of con-
sciousness, impaired speech with the development of
sensory-motor aphasia, gross motor dysfunction [2,35].
Subsequently, it is not always possible to determine the
severity of dementia and the degree of initial cognitive
impairment [29,30], and the maximum that can be de-
fined in such patients is IB [28,31,35]. If the patient is
unable to answer a question or perform a particular com-
mand, it does not mean that these are the signs of demen-
tia and cognitive impairment. Possibly, it is not advisable
to perform CDR determination or MMSE testing in these
patients. We initially conducted this examination only in
those patients who were able to fulfill it. However, the
assessment of the severity of dementia and the severity
of cognitive impairment may be performed after treat-
ment and its positive results.

During the examination of cerebral blood flow and the
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identification of the causes of the stroke, it is necessary
to examine all, both extracranial and intracranial, basins.
Despite the widespread notion that atherosclerotic le-
sions of the extracranial arteries contribute to the devel-
opment of cognitive impairment [17] and cause stroke, it
is not always so in our opinion [13,36].

Atherosclerotic process is very slow. In some groups
of patients, occlusions of one, two, and sometimes three
extracranial branches do not lead to severe ischemia.
Gradual stenosis of the large extracranial trunks stimu-
lates natural angiogenesis and promotes natural collateral
blood supply from other arterial basins, which leads to
restructuring of cerebral hemodynamics. All these proc-
esses take place gradually and are often asymptomatic,
and as a result, the patients are compensated for quite a
long time [13,20].

In our research, all treated patients with a massive
stroke had an intracranial or a mixed type of atheroscle-
rotic disease; an extracranial lesion in pure form has not
been revealed.

The size and location of the postischemic focus de-
pend on the peculiarities of the angioarchitectonics of the
brain in each patient, the prevalence, development and
participation of a certain intracranial arterial basin in the
blood supply of the brain, as well as the prevalence of
atherosclerotic lesions [13,34]. Obviously, by analogy
with the blood supply to the myocardium, it is necessary
to consider the initially more developed and more sig-
nificant intracranial arterial basins and to divide the brain
blood supply into the front, middle or rear type.

With the development of a stroke, a separate group is
formed by patients with atheromatous disintegration of
atherosclerotic plaques of extracranial vessels [16]. In this
case, a stroke is caused by embolism of thrombus or tis-
sues from the damaged atherosclerotic plaque to the in-
tracranial, also stenosed, arterial branches, but these pa-
tients are not the subject of this research.

Extracranial lesions are easily and successfully ame-
nable to surgical and traditional interventional treatment
[17,20], but the restoration of blood flow in the major
arteries of the neck does not always solve the problem of
brain revascularization with an extensive ischemic stroke
[13,35]. The development of a macrofocal stroke is fre-
quently associated with occlusion or subtotal stenosis of
several intracranial branches. With a lesion of this kind,
it is necessary to conduct restoration of each of the af-
fected basins [31]. In this regard, the transcatheter method
of laser revascularization, allowing work on different ves-
sels of a small diameter, has certain advantages [13,26,
27].

With the development of a stroke, the ischemic area is
not a homogeneous conglomerate of cells. Naturally, per-
forming the revascularization of the ischemic hemisphere,
we cannot fully restore the dead areas of tissue in the
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infarct core. However, the restoration of blood flow in
the area penumbra with bordering ischemia can lead to
the improvement and even the restoration of the func-
tions of this cerebral tissue, which in turn helps to restore
the general functions of the affected hemisphere [13,35].
The improvement of blood supply to the affected athero-
sclerotic contralateral hemisphere, on the one hand, helps
to improve its functionality, and on the other hand, con-
tributes to the contralateral collateral revascularization
and functional restoration of the hemisphere which has
developed the stroke [13,31,35]. All this leads to an
overall functional recovery of the brain.

Considering the mechanism of action of the method it
must be noted that sighting high energy laser impact al-
lows to destroy atherosclerotic tissue and to restore the
patency and lumen of atherosclerotic vessels without af-
fecting the vascular wall. The size of the decay products
of atherosclerotic tissue is very small, it is composed of
particles of 2 - 6 micrometers [31-34], which does not
require distal protection. Low-energy laser irradiation, on
the one hand, stimulates the natural, physiological an-
giogenesis and causes collateral and capillary revascu-
larization [13,35,37,38]. On the other hand, due to the
sufficient depth of penetration of the laser energy, it has
an effect on ischemic brain tissue by stimulating meta-
bolic processes in neurons [31,35,38]. The subsequent
gradual decrease in the size of the post-ischemic cyst and
an increase in the tissue mass of the affected hemisphere
may indicate the development of regenerative processes
[35,39,40]. This hypothesis is indirectly confirmed by an
increasing number of experimental and clinical studies
that prove the possibility of regenerative processes in the
unaffected and ischemic brain tissue [30,41].

On the contrary, the use of conservative treatment for
extensive ischemic strokes does not allow to achieve
marked and persistent cerebral revascularization. The re-
sulting therapeutic effect is mainly due to the partial im-
provement of metabolic processes in the ischemic area,
but it is often not enough for the functional recovery of
the brain.

The method of transcatheter laser revascularization of
cerebral vessels is a physiological, effective and low-
invasive treatment method for patients who have had an
extensive, spreading to different regions of the brain
ischemic stroke. The method allows to restore the patency
and lumen of vessels of various diameter, and it simulta-
neously causes collateral and capillary revascularization
both of the ischemic area and of the tissue located nearby
as well as promotes reparative processes in the brain tis-
sue, which in turn helps to functionally restore the brain.

The effect is maintained for a long time, it causes re-
gression of mental, intellectual and motor disorders, pro-
motes regression of post-stroke dementia and signifi-
cantly improves the patients’ quality of life. It all makes

Copyright © 2013 SciRes.

the method proposed noticeably different from the con-
servative methods of treatment.
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