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ABSTRACT 
Alzheimer's disease is the most common neurodegenerative disease. 
It is believed that the number of people suffering from Alzheimer's 
disease worldwide is about 32 million, and the number of people 
with the preclinical stage of the disease can be up to 300 million. 
For a long time, it was believed that Alzheimer's disease arises as 
a result of disorders in the metabolism of amyloid beta and tau-
protein in cerebral tissue. According to numerous recent studies, it 
has been established that the disease is accompanied by 
dyscirculatory angiopathy of Alzheimer's type. This is an 
Alzheimer's disease-specific complex lesion of the cerebral vascular 
system with arterial, microcirculatory, and venous bed disorders. 
One of the most promising directions in the field of brain 
revascularization, as well as the regeneration of cerebral tissue in 
Alzheimer's disease, is the use of laser with low output power. This 
direction was named laser “photobiomodulation therapy”. 
Currently, laser photobiomodulation therapy is divided into 
transcranial, intranasal, intravascular (intravenous) and 
transcatheter intracerebral methods of treatment. 
Laser energy has a complex effect on cerebral tissues. 
Photobiomodulation therapy stimulates angiogenesis, causes 
collateral and capillary revascularization, restores the exchange of 
adenosine triphosphate in neuronal mitochondria, improves cellular 
and tissue metabolism, stimulates neurogenesis, and causes 
regeneration of tissue structures. 
Various types of Photobiomodulation therapy are non-traumatic, 
physiological, pathogenetically substantiated, effective methods 
for the treatment of cerebral microcirculatory disorders in 
Alzheimer's disease. The choice of one or another method of laser 
photobiomodulation therapy is purely individual and depends on 
the specific clinical case. 
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Introduction 
Alzheimer's disease (AD) was first described by 
the German psychiatrist Alois Alzheimer in 1907, 
and as a result, the disease was named after him. 
AD is the most common neurodegenerative 
disease, and the number of patients is increasing 
every year. Only in the United States in 2023, 6.7 
million people aged 65 and over are suffering 
from the disease. It is expected that by 2060 the 
number of patients will have exceeded 13 million 
people. It should be noted that patients at a 
younger age were not taken into account; 
therefore, the real number of patients is even 
higher. From 2000 to 2019, reported deaths from 
AD increased by 145% in the United States 1. It is 
believed that worldwide the number of patients 
suffering from AD is about 32 million people, and 
the number of patients with the preclinical stage of 
the disease TDR-0 can be up to 300 million 
people_2. 
 
Despite many years of research, the etiology of 
AD is not fully understood. For a long time, it was 
believed that AD arises solely as a result of 

disorders in the metabolism of amyloid beta (Aβ) 

and tau-protein in cerebral tissue. At the same 
time, there are still no ways to treat these 
pathological disorders and, consequently, to treat 
AD. The development of drugs that cause a 

decrease in the level of amyloid beta (Aβ) and 

tau-protein is carried out in many countries, but a 
specific drug ready for wide clinical use has not 
yet been created2. The presence of other reasons 
contributing to or causing the development of this 
disease was not widely considered for many 
years. 
 
For the first time, pathological changes in 
intracerebral vessels in AD were described by the 
Swiss psychiatrist Ferdinand Morel in 1932. The 
identified cerebrovascular changes were named 
dysoric or drusoid angiopathy 3. 
 
A detailed description of all changes in cerebral 
angioarchitectonics, which include arterial, 
capillary and venous disorders in AD, was made in 
2004. These pathological changes were named 
“Dyscirculatory angiopathy of Alzheimer’s type” 
(DAAT) 4-6. 
 

Dyscirculatory angiopathy of Alzheimer's type 
refers to cerebral small vessel disease (CSVD); 
however, this disorder is a complex lesion of the 
cerebral vascular system, in which not only the 
microcirculatory, but also the arterial as well as 
the venous bed suffer 7, 8. These specific 
cerebrovascular changes appear decades before 

the first clinical symptoms of the disease. These 
changes lead to involutive disorders of the 
temporal lobes and characterize the preclinical 
stage of AD TDR-0 6, 7, 9. The same changes in 
angioarchitectonics are present in all patients with 
later clinical stages of AD, TDR-1 - TDR-3 6, 7. 
Similar changes are detected in childhood in the 
direct descendants of patients suffering from AD, 
which indicates the genetically determined, 
hereditary nature of these changes 7, 10. Studies 
conducted in recent years have shown that 30 of 
the 45 major genes associated with the risk of 
developing Alzheimer's disease are expressed in 
the cerebral vasculature, which confirms the 
genetic nature of vascular lesions in AD 11. 
 
Dyscirculatory angiopathy of Alzheimer's type 
affects arteries, arterioles, capillaries, venules and 
veins and is a hallmark of Alzheimer's disease (AD) 
6,7,12. 
 
In natural aging, as well as in patients suffering 
from other neurodegenerative and ischemic 
diseases, the combination of such changes in 
cerebral angioachitectonics does not occur 4, 6, 7. 
 
Dyscirculatory angiopathy of Alzheimer's type is of 
a complex, multicomponent nature. Increased 
tortuosity develops in the intracerebral arterial 
branches. In the temporal regions and the 
hippocampus, there is a reduction and a decrease 
in the number of capillaries, they become thinner, 
their branching decreases, which leads to the 
development of hypovascular zones in these 
regions. Further, a similar process occurs in the 
frontoparietal regions, where hypovascular zones 
also develop. In the brain, hemodynamics is 
disturbed, the blood flowing in through the arterial 
branches cannot pass through the reduced 
arterioles and capillaries, which causes a decrease 
in the distal arterial blood flow. This leads to a 
natural protective reaction to the disorders in 
capillary blood flow. In the temporal and 
frontoparietal regions, arteriovenous shunts open, 
through which the blood coming through the 
arteries, bypassing the capillaries, is discharged 
into the venous bed. Increased flow of arterial 
blood into the venous bed leads to its overflow, 
stagnation and impaired venous outflow. 
Therefore, large, pathologically dilated venous 
trunks develop. As a result, there is a complete 
restructuring of cerebral hemodynamics. 
 

Developed changes in the cerebral arterial, 
microcirculatory and venous bed lead to AD-
specific hypoperfusion and hypoxia. As a result, 
the death of mitochondria in the cells of the smooth 
endoplasmic reticulum and the Golgi apparatus 
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occurs in the brain, the metabolism of adenosine 
triphosphate (ATP) is disturbed, a gradual loss of 
synapses, degeneration and death of neurons 
develop 13-17. The combination of such cerebral 
arterial, microcirculatory, venous and 
hemodynamic changes leads to tissue structures 
damage. Thus, neurovascular unit (NVU) damage 
occurs 14, 15. 
 
Developed cerebral microvascular and 
hemodynamic disorders affect the metabolism of 

amyloid beta (Aβ), which leads to a decrease in its 

natural excretion and an increase in its 
accumulation18,19,20. These pathological changes 
cause the deposition of amyloid beta in the 
cerebral tissue and vascular wall. In turn, this 
causes a decrease in the elasticity of microvessels, 
narrows their lumen, thereby further contributing to 
a decrease in intracerebral blood flow 20. At the 
same time, natural, physiological, intracerebral 
angiogenesis decreases and dysfunction of the 
blood-brain barrier (BBB) develops 21, 22. In the 
pathogenesis of AD, these pathological changes 
are inextricably linked, gradually developing; 
they exacerbate each other and lead to cerebral 
dysfunction and neurodegeneration 6, 7, 10. 
 
The more pronounced cerebrovascular changes 
are, the more actively cerebral hypoperfusion and 
hypoxia is aggravated and developed, the faster 
amyloid beta accumulates in the cerebral tissue 
and AD develops 23, 24. As a result, over the years, 
operate the processes that lead to the gradual 
development of the disease and the growing of its 
clinical symptoms 6, 7, 18, 19. The speed of 
development of these changes is important, since it 
determines the time of the patient's transition from 
the preclinical stage of TDR-0 to the clinical stages 
of AD TDR-1, TDR-2, TDR-3 6, 7, 13. 
 
The data on circulatory and hemodynamic 
disorders in AD obtained in recent decades have 
led to the fact that an increasing number of 
researchers point to the need to develop new 
methods of treating this disease. These methods 
should be aimed at restoring and normalizing 
cerebral blood supply and microcirculation, as well 
as restoring the normal metabolism of amyloid 
beta, reducing its level and developing 
regenerative processes in cerebral tissue 6, 9,23,24.  
 

Treatment Methods 
Conservative treatment methods for such complex 
cerebrovascular lesions are of little effect and do 
not give the desired result 6, 7, 9, 23. One of the most 
promising directions in the field of brain 
revascularization and cerebral tissue regeneration 

in various neurodegenerative and ischemic lesions 
is the use of laser with low output power 7, 24, 26-29. 
 
The use of lasers in medicine began immediately 
after the discovery of the laser effect in the 
1960s. Andrew Mester et al. in 1967 were the 
first to achieve a good clinical effect by using the 
ruby laser operating in the low output power 
mode to heal superficial wounds on the skin 31. In 
1968, N. S. Makeeva and V. V. Schur used a 
helium-neon laser for the same purpose and with a 
good clinical effect 32. After numerous studies, it 
was found that the use of laser with low output 
power does not have a damaging or negative 
effect on biological tissues 28, 31, 32. Currently, this 
direction in laser medicine is called laser 
Photobiomodulation therapy (PBMT) 27-29. 
 
With various ischemic, traumatic and 
neurodegenerative cerebral lesions, carrying out 
PBMT using laser with low output power of the red 
or near-infrared spectral region (600-1100 nm) 
has a complex and multicomponent effect on the 
brain. The laser with low output energy, when 
applied directly, penetrates deep enough into 
cerebral tissues. At a wavelength of 600 to 700 
nm, the penetration depth is 20–40 mm 33. Laser 
PBMT stimulates angiogenesis, improves blood 
circulation, restores adenosine triphosphate (ATP) 
metabolism in neuronal mitochondria, prevents 
neuronal death, restores general metabolic 
processes in tissues, and also stimulates cerebral 
neurogenesis and regeneration of cerebral tissue 
25-29. 
 
Currently, laser PBMT in AD and other cerebral 
lesions is divided into: transcranial 26-29, intranasal 
(often in combination with transcranial)34, 
intravascular (intravenous)35 and transcatheter 
intracerebral methods of treatment 4,5, 30,33. 
 
The transcranial method is technically the simplest 
non-invasive method. During its implementation, 
laser energy is supplied to the forehead and 
scalp. For this method, laser with low output power, 
red or near-infrared spectral region (600-1080 
nm), as well as LED matrices, made in the form of 
specific “helmets” worn on the head, are used. LED 
matrices are often used with parallel application 
of LED sources with different wavelengths: 660 nm 
and 1064 nm or 660 nm and 1080 nm26–29. As a 
result, to reach the brain, laser energy passes 
through the tissues of the skin and skull bones. 
These structures have a high degree of absorption 
and a rather low degree of transmission of light 
energy. This reduces the level of energy reaching 
the brain. As a result, a limited amount of laser 
energy reaches cerebral tissues. The method is 
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effective, but to obtain a stable clinical effect, it is 
necessary to conduct a sufficiently large number of 
sessions 26-29. 
 
The intranasal method is also a simple, minimally 
invasive method. During its implementation, laser 
energy, using special light guide instruments, is 
supplied to the brain through the nasal cavities 34. 
As a result, the energy passes through the mucous 
membranes of the nose and the thinner bones of 
the skull. These structures have a lower degree of 
absorption and a greater degree of transmission 
of laser energy than the tissues of the skin of the 
head and bones of the cranial vault. With this 
method, more energy reaches the brain; however, 
although the method is effective, it also requires a 
fairly large number of sessions. To increase the 
amount of laser energy penetrating the brain 
tissues and to enhance the therapeutic effect, this 
method is often combined with the transcranial 
method, which, in fact, is a multimodal method 34. 
 
The intravascular (intravenous) method is also a 
simple, minimally invasive method. In fact, this 
method is intravascular laser irradiation of blood 
(ILIB). A helium-neon laser (wavelength 632.8 nm) 
is used as a source of laser energy. When it is 
carried out, blood is exposed to laser through a 
peripheral intravenous catheter. There is no direct 
effect of laser energy on brain tissue. According to 
the authors, the method has a good clinical effect 
in patients who have had their first ischemic stroke. 
All treated patients showed faster rehabilitation 
with recovery after the stroke. The mechanism of 
the effect of ILIB on the brain is not completely 
clear; however, the authors indicate that, 
according to single-photon emission computed 
tomography (SPECT), the laser exposure increases 
regional cerebral blood flow, which improves 
motor, sensory, and cognitive recovery. To obtain 
a stable clinical effect, at least 10 sessions are 
required 35. There are no data on the use of this 
method in AD. 
 
The transcatheter intracerebral method is a more 
complex, but also minimally invasive method 4,5,36, 

37. The intervention is performed in catheterization 
laboratories. Under local anesthesia and 
fluoroscopic control, a peripheral artery is 
catheterized, a micro guiding catheter is passed 
through it and is led through the carotid arteries 
and intracerebral arterial branches to the 
hypovascular zones in the brain. A flexible laser 
fiber optic light guide instrument with a diameter 
of 25-100 micrometers is coaxially passed through 
this catheter, connected to a helium-neon laser 
(wavelength 632.8 nanometers), after which laser 
exposure is performed. The intervention is 

performed on the right and left hemispheres. The 
duration of laser PBMT is 1200-2400 seconds 4, 5. 

Due to the sufficient amount of laser energy, a 
single intervention is enough to obtain a 
pronounced, lasting, positive effect. While 
conducting repeated, delayed angiographic 
examinations (MUGA), scintigraphy (SG) and 
rheoencephalography (REG), it was revealed that 
stimulation of angiogenesis leads to the opening of 
the collateral arterial and capillary bed, closure of 
arteriovenous shunts and normalization of venous 
outflow 7,30. 
 
Neurogenesis begins to develop in the first months 
after the transcatheter intracerebral laser PBMT. 
During repeated, delayed CT and MRI 
examinations, neurogenesis is manifested in an 
increase in the volume of normal tissue of the 
temporal and frontoparietal regions of the brain 

30. 
 
The clinical effect after such laser interventions is 
manifested in memory restoration, a persistent 
decrease in the severity of dementia and an 
improvement in cognitive functions. The duration of 
the clinical effect depends on the stage of AD, the 
size of the affected cerebral tissue, and the 
severity of the dementia. In preclinical AD stages 
of TDR-0 and mild TDR-1, treated patients show 
recovery of cognitive functions and no dementia. 
The resulting clinical effect lasts for many years. In 
the moderately severe AD stage of TDR-2, a 
decrease in dementia and an improvement in 
cognitive functions are manifested over 4-4.5 
years. In the severe AD stage of TDR-3 it was 
observed for 2-2.5 years 7,30. 
 
Transcatheter intracerebral laser PBMT showed 
high efficiency not only in the treatment of AD, but 
also in the treatment of Binswanger's disease (BD), 
vascular parkinsonism (VP), various ischemic brain 
lesions, various forms of stroke 30, 33, 36-38. The results 
obtained after laser interventions significantly 
exceed the results of various conservative methods 
of treating these cerebral lesions. 
 

Conclusions 
In natural aging, as well as in patients with various 
neurodegenerative and ischemic lesions, disorders 
of cerebral angioachitectonics similar to 
Dyscirculatory angiopathy of Alzheimer's type 
(DAAT) do not occur. Specific cerebrovascular 
changes similar to Dyscirculatory angiopathy of 
Alzheimer's type (DAAT) are detected in childhood 
in direct descendants of AD patients. This indicates 
a genetically determined, hereditary nature of 
these cerebrovascular changes. 
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Despite the absence of signs of dementia and 
overt cognitive impairment, Dyscirculatory 
angiopathy of Alzheimer's type (DAAT) occurs in 
all people with preclinical AD stage of TDR-0. 
Microvascular and hemodynamic changes 
gradually, over many years contribute to the 

disruption of amyloid beta (Aβ) metabolism. As a 

result, amyloid beta (Aβ) slowly accumulates in the 

cerebral tissue and vascular wall. The person 
develops dementia and cognitive deficit, as a 
result, the patient's condition gradually passes first 
into the mild clinical stage of TDR-1, then to the 
moderately severe stage of TDR-2 and the severe 
stage of TDR-3. 
 

Conservative treatment of such a complex 
cerebrovascular lesion as DAAT has low efficiency 
and does not give the desired clinical results. 
 

Various methods of PBMT are physiological, non-
traumatic, pathogenetically substantiated, 
effective methods for the treatment of cerebral 
microcirculatory disorders in AD and other 
cerebral neurodegenerative and ischemic lesions. 
 

When performing various types of laser PBMT, the 
energy of the laser with low output has a complex 
and physiological effect on cerebral tissues. Laser 
exposure stimulates angiogenesis, causes collateral 
and capillary revascularization, restores ATP 
metabolism in neuronal mitochondria, improves 
cellular and tissue metabolism, stimulates 
neurogenesis, and causes regeneration of cerebral 
tissue structures. 
 
The choice of one or another method of laser 
PBMT is purely individual and depends on the 
specific clinical case. 
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