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Dear Reader! 

We are pleased to offer new papers to outline breaking-through research topics in cardio- and 
neurophysiology: one of them develops the recognized theory of the Garkavi’s activation therapy by 
proposing its fresh interpretation as the biologically reasonable, periodical, multi-level system, which 
reflects the principles of fractality, designed to maintain the life both of an organism and a cell within 
the Smile-of-the-Life region, when and where Smile of the Life being an area of the normal life activity 
is the general law applicable to all living systems.  

In this case, it should be mentioned that our scientists have made the above universal discovery 
in conducting their absolutely unique experiments: they have succeeded for the first time to obtain 
objective evidence for the long-term low-intensity action of pain on the electrophysiological charac-
teristics in a CNS neuron. 

We think another paper presented by other researchers from the same Scientific School appears 
worthy of reading: there is a profound analysis of some promising results from their thorough experi-
mental studies that has demonstrated a possibility to increase the efficacy of the complex treatment of 
patients with brain tumors of a high degree of malignancy with the use of low-intensity PMF and ELF 
MF, so that it can be integrated into the adjuvant therapy scope. 

One more theme merits always notice by us: it’s processing of biomedical signals context of bio-
engineering. You can find in this issue a paper treating an original natural-science-based approach to 
designing a method of individual dosing of the defibrillation intensity for an automated external de-
fibrillator. The researchers look at achieving this aim by breaking the classical energy dose paradigm. 
The defibrillation pulse defined in such a way takes into account the patient's constitution peculiarities 
as against the classical definition of energy. This means that the effective transthoracic defibrillation 
can be provided with the first pulse in full.  

We do very much hope that the other papers will have an impact on everyone, leaving no one un-
touched.  

And in summation, we would like to underline that our new authors and new readers are appreci-
ated by us! 

Sincerely yours,
Editorial Board
Cardiometry
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Intracellular electrophysiological evidence: 
how pain is experienced by neurons  
Valery I. Orlov, Alla I. Shikhlyarova
The aim hereof is to identify changes in the performance 
of the CNS neurons under the prolonged action of 
low-threshold pain factor according to indicators of the 
membrane potential level, parameters of the action po-
tential and the pattern of the firing activity distribution of 
the neurons.

Anti-tumor, anti-edematous and analgesic 
effects of transcranial magnetic therapy in 
complex treatment of brain tumors of a 
high degree of malignancy
Ivan А. Popov, Alla I. Shikhlyarova, Eduard Е. Rostorguev, 
Elena М. Frantsiyants, Lyudmila Y. Rozenko,  
Dmitry Y. Iozefi, Marina А. Gusareva, Galina V. Zhukova, 
Oleg I. Kit, Marina A. Engibaryan
The results obtained in this study have demonstrated a 
possibility to increase the efficacy of the complex treatment 
of patients with brain tumors of a high degree of malignancy 
with the use of factors of the magnetic-wave nature, 
including low-intensity PMF and ELF MF, which can be 
integrated into the adjuvant therapy scope.

Electrocardiogram frequency characteristics 
study by processing and analysis of the 
signal in time domain and spectral domain
Vladimir O. Chereshnev, Sergey G. Proskurin
This paper presents the results of a study in which cardiac 
signal of the first lead of a standard digital ECG system 
were processed. By filtering in the time domain, the 
cardiogram was clarified of noise that reduced influence 
of spectral harmonics by 10-15%.

Systematic design of optimized pulse 
shape for transthoracic defibrillation
Nikolay N. Chernov, Oksana I. Korotkova,  
Aleksandr A. Bezverkhii
In the study conducted by us previously, it was found 
that not only the energy of the discharge, but also the 
amplitude of current, the pulse duration and its shape have 
their significant influence on the efficacy of defibrillation. 
Until now, no systematic approach to the comparison of 
the pulse shapes effectiveness has been available.

Prospects for cardiovascular system 
telemonitoring in solving tasks in Federal 
National Project “Generation Seniors”
Mikhail А. Yakushin, Roman V. Gorenkov,  
Olga G. Dvorina, Sergey Y. Yarotsky
The paper presents an analysis of some promising lines of 
developing off-office telemonitoring. Some applications 
of expert systems designed on the basis of algorithms 
used for medical decision making are discussed herein.

Chronic neurogenic pain is responsible 
for changes in concentrations of biogenic 
amines in the brain in urokinase knockout 
mice with melanoma В16/F10
Elena М. Frantsiyants, Valeriya А. Bandovkina,  
Irina V. Kaplieva, Ekaterina I. Surikova,  
Irina V. Neskubina, Natalia D. Cheryarina,  
Viktoria V. Pozdnyakova, Oleg I. Kit
Our aim is to study special features of actions and effects 
of chronic neurogenic pain on concentrations of biogenic 
amines in the brain in tumor-bearing urokinase knockout 
mice (uPA).

Influence of urokinase gene knockout on 
level of prekallikrein and kallikreins 1 and 
14 in mice with melanoma growth against 
the background of pain
Elena М. Frantsiyants, Ekaterina I. Surikova, 
Valeriya А. Bandovkina, Irina V. Kaplieva,  
Irina V. Neskubina, Natalia D. Cheryarina,  
Viktoria V. Pozdnyakova, Oleg I. Kit
The aim is to study the content of prekallikrein, kallikreins 
1 and 14 (KLK-1 and KLK-14) in mice under the conditions 
of activation and inhibition of the B16/F10 inoculated 
melanoma growth.

Approaches to the gene therapeutic 
correction of the pathogenetic 
mechanisms of coronary insufficiency
Oleg G. Makeev, Evgeny A. Shuman,  
Arteom V. Korotkov, Svetlana V. Kostyukova
The absence of neoangiogenesis in the ischemic myocardium 
is the reason for the widespread prevalence of cardiovascular 
diseases. The mechanism is the age-dependent epigenetic 
blockade of the corresponding genes.
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The impact of multiple overlapping new 
generations drug-eluting stents on six-
month clinical outcomes in patients with 
anterior STEMI treated with primary PCI
Karim Elakabawi, Jiahao Feng, Hameed Ullah,  
Wael Tawfik, Mohamed Mahrous, Mohamed Salem, 
Ning Guo, Zuyi Yuan
Implantation of multiple (≥ 2) overlapping stents has been 
associated with adverse outcomes after percutaneous 
coronary intervention (PCI). 

Prospects for the use of neural networks in 
cardiometry
Konstantin V. Kamyshev, Viktor M. Kureichik,  
Ilya M. Borodyanskiy, Evgenie Y. Bersenev
This paper provides an overview of the use of neural network 
technology in cardiology, primarily in diagnostics using ECG.

Methodological foundations for ensuring 
the stability in training athletes of various 
kinds of sports
Guriy P. Stupakov, Vladimir A. Zernov,  
Nina V. Shcherbinina, Nadezhda N. Prudnikova, 
Stepan K. Mamberger
A unified approach to the problems of health preservation in 
athletes, taking into account the options for phenotyping their 
health and basing on the main indicators of homeostatic potential, 
makes it possible not only to diagnose the initial functional disorders 
of the organism and monitor its basic capabilities, but also maintain 
the current functional reserves of the athlete at the proper level.

Effect of smoking on the cardiovascular 
system of man
Vaha A. Anzorov, Svetlana V. Moryakina
The article presents the state of the cardiovascular system 
of smokers with different periods of tobacco smoking. 
From the results of our studies, we can conclude that 
smoking tobacco in men results in a significant increase in 
heart rate, systolic blood pressure, a significant reduction 
in P, PQ and QT times, an insignificant increase in diastolic 
blood pressure and a decrease in QRS duration.

Functional state of the cardiovascular 
system in female students with different 
academic performance grades
Vaha A. Anzorov, Svetlana V. Moryakina
The work is devoted to the study of the functional state of 
the cardiovascular system in female students with different 
academic success.

Algorithm for calculating blood pressure 
(BP) using a spline database of pulse 
waves
Igor Yavelov, George Danielyan, Ivan Kireev,  
Andrey Rochagov, Anatoly Zholobov, Oleg Yavelov
Finding an algorithm for determining blood pressure (BP) 
along the pulse wave contour (PW) is the most difficult 
task after solving the problem of obtaining the most 
undistorted PW signal.

Succinate as a mobilization cue
Eugene I. Maevsky, Anna A. Vasilyeva,  
Mikhail V. Kozhurin, Paul Leonard, Polina M. Schwarzburd, 
Mikhail I. Uchitel, Elena A. Zapatrina,  
Marina E. Maevskaya, Lyudmila A. Bogdanova
Succinic acid, being a metabolite of the Krebs cycle and the 
end product of anaerobic transformations in mitochondria, 
functions outside mitochondria and cells as a regulatory 
signal. In the cytosol, micromolar amounts of succinate 
stabilize the transcriptional hypoxia-inducible factor HIF, which 
triggers the genes responsible for adaptation to hypoxia.

Estimation of the cardiovascular morbidity 
in the population of the Kabardino-
Balkarian Republic according to the 
number of visits to health care offices
Aksana M. Kardangusheva,  Irina K. Tkhabisimova, 
Antonina F. Budnik, Inessa Z. Shogenova,  
Sofiat Kh. Sizhazheva
The aim is to evaluate the level, structure and dynamics 
of cardiovascular morbidity in the Kabardino-Balkarian 
Republic for the period from 2014 to 2019. The article 
describes the structure and dynamics of the general and 
primary morbidity of the adult population according 
to the main classes of diseases, the level, structure and 
dynamics of the general and primary morbidity of the 
circulatory system diseases from 2014 to 2019.

Right ventricular echocardiographic 
predictors of functional capacity in patients 
with heart failure with reduced ejection 
fraction
Wael Tawfek, Karim Elakabawi, Hamza M. Kabil,  
Tarek H. Abo EL Azm, Ahmed Ramzy, Mostafa M. Khalil
Patients with chronic heart failure (CHF) experience 
marked reduction in their exercise capacity which has 
detrimental effects on their activities of daily living, health- 
related quality of life (HRQoL), and ultimately their hospital 
admission rate and mortality.
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Mikhail Y. Rudenko, Evgeniy Y. Bersenev and Roman M. Baevsky 
at International Moscow Exhibition Healthcare 2008.

In Memoriam:  
Roman M. Baevsky (1928–2020)

Roman Markovich Baevsky was born in 1928. 
The name of this passionate researcher is associated 
with breaking-through progress in space cardiology. 
Он стоял у её истоков. He was one of the pioneers 
in this young science. We should mention that R.M. 
Baevsky made a great contribution to the development 
of our Journal: he was the Member of our Editorial 
Board for a long time, and everyone knows of his deep 
dedication to his great job in our CARDIOMETRY. 
His publishing activity was very much appreciated 
by us. One of his original articles was devoted to his 
own working day of the 12th of April, 1961, the day of 
the first human space flight of Yuri Gagarin: Baevsky 
belonged to the key personnel who were responsible 
for space medicine of the first space manned mission 
and was known as the Father of Russian Space. His 
further life and work were closely connected with 
the Research Institute of Biomedical Problems at the 
Russian Academy of Science. Roman M. Baevsky, 
MD, Professor, Chief Researcher at the State Scientific 
Center of the RF – the Institute of Biomedical Problems 
at the RAS, Head of the Research Laboratory for 
Studies of Autonomic System Responding Effects 
on Circulation & Respiration, Honored Scientist of 
the Russian Federation, Corresponding Member of 
the International Academy of Astronautics (IAA), 
Member of the the European Society for Non-Invasive 
Cardiovascular Dynamics, was the founder and 
originator of the theory of Heart Rate Variability (HRV). 
The first in the world monography offering the most 
advanced heart rate variability analysis was created 
by this great scientist (1984, jointly with O.I.Kirillov 
and C.Z.Kletskin). Under his guidance, the team of 
recognized Russian experts prepared and approved 
methodology recommendations on applications the 
HRV analysis techniques in medicine and physiology 
(2001). Under the auspices of Roman M. Baevsky a 
great variety of investigations of autonomic system 
regulation of the circulation and respiration systems 
in a human organism in members of the International 
Space Station (ISS) crews have been performed. 

My first communication with Roman M.Baevsky 
dates back to 1988. At that time, he was a reviewer 
and opponent of my Doctoral Thesis, and since that 
time we maintained very deep contacts. Our theory 
of Cardiometry has adopted and further refined 
the Baevsky stress index: we have applied the blood 
parametric SV values instead of the RR-intervals and 
substituted them in our hemodynamics equations: 
that has led to a discovery of the stability performance 
of the human condition on the basis of the relevant 
hemodynamics parameters. 

We did very much hope that Roman M. Baevsky 
would write some fresh papers for our Journal, but fate 
decreed otherwise. This excellent passionate scientist 
deserves to be remembered as a great man. 

M.Y.Rudenko 
Deputy Editor 
CARDIOMETRY
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Aims 
The aim hereof is to identify changes in the performance of the 
CNS neurons under the prolonged action of low-threshold pain 
factor according to indicators of the membrane potential level, 
parameters of the action potential and the pattern of the firing 
activity distribution of the neurons.

Materials and methods
As a model, functionally active neurons of the central nervous 
system in the grape snail Helix pomatia were selected as an 
integral part of the organism in vivo. Used has been the au-
thor’s original electrophysiological method of continuous re-
cording of intracellular biopotentials of animal neurons both 
under the background conditions and by applying a long-term 
low-threshold action (LTA) to the main nerves due to a graded 
pressure to produce a pain effect of the subthreshold level that 
over time turns into increasing pain.

Results
For the first time in world science, objective evidence for the 
long-term low-intensity action of pain on the electrophys-
iological characteristics in a CNS neuron has been obtained. 
Revealed are the changes in the amplitude and the action po-
tential firing rate, the membrane potential level and the pat-
tern of the neuron pulse activity, traced continuously, up to full 
neuron potential turning-off. It has been detected that, when 
removing the pain factor, there are some points of return to the 
norm available, and, in case of longevity of the pain action, the 
functional state of the neuron passes the point of no return, af-
ter which the neuron electrophysiological potentials reach zero 
value, indicating the cessation of its life.

ORIGINAL RESEARCH Submitted: 20.07.2020; Accepted: 18.08.2020; Published online: 21.11.2020

Conclusions
The dynamics of the neuron functional state in vivo, under pro-
longed action of the pain factor, reflects nonlinear changes in 
the membrane potential, firing rate and amplitude of AP. This 
characterizes the phase process of forming a pathologically 
stable pain state of the neuron, despite the readiness of the 
membrane mechanisms at the transition points to a response 
aimed at returning to life. The evidence obtained in our exper-
iments provides more insight into the mechanisms of chronic 
neurogenic pain in experimental and clinical medicine, as well 
as the diagnostics of the brain death.

Keywords
Neuron, Cardiomyocyte, Membrane potential, Firing rate, 
Low-intensity stimulation, Pain
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Introduction
Biological systems can exist only within certain 

limitations of environmental parameters, which have 
specified minimum and maximum values that are 
compatible with the life of a given biological system 
[1]. The rhythm and intensity of the biological system 
response change in accordance with the quality and 
strength of a stimulus due to the mechanisms of inter-
nal plasticity of neurons [2, 3]. If the value of the stim-
ulus is within the physiological limits, has sufficient 
intensity and is short-lived, then upon completion 
of the stimulus action, the system issues commands 
aimed at an appropriate regulation, or compensation 
for changes produced by the stimulus [4]. 

It is known that short strong stimuli, considerably 
exceeding the threshold values, or very long-term stim-
ulation are incompatible with the physiological norms 
of a living organism; they cause not only local damage, 
but may also lead to the death of a biological individ-
ual. A weak, near-threshold or ultra-weak, below the 
threshold level, stimulus has been initially considered 
by physiologists as safe, as a state of rest, restoration of 
the normal functional state of the biological system. 
Subthreshold stimuli are those which in acting on the 
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Figure 1. Flowchart of the present study population

tissue do not produce visible changes, but however are 
accompanied by certain physical and chemical shifts, 
while the degree of their changes is not sufficient to 
initiate excitation. An example of such a subthreshold 
action may be pain occurring with the development 
of a tumor process: initially imperceptible, but, over 
time, gaining a factor of the strong action.

In papers of many researchers, it has been shown 
that weak and ultra-weak stimuli, ultra-small doses 
of biologically active substances or radiation have a 
unique feature: when this sort of stimuli act on biolog-
ical objects, the produced effect becomes equivalent 
or comparable to that made by a medical drug or radi-
ation, but with drug concentrations or intensities tens 
of times higher [5-9].This discovery has been con-
firmed by a number laboratories both in Russia and 
abroad. Ultra-low doses are BAS concentrations of 
10-13 - KG-15 М and less. With these concentrations, 
found can be greatest ten BAS molecules per cell. Each 
of these substances may have its own specific target, 
its own mechanism of gaining, and features of metab-
olism, but with their ultra-low doses, they also show 
a number of general patterns. As it turned out, phys-
ical factors of low intensity exhibit similar patterns, 
too. In a living, open-end, self-organizing system, the 
main regulatory role in these processes is played by the 
nervous system, namely, the sensory, associative and 
command system. In doing so, the functional data re-
ceiving & transmitting unit in CNS is a neuron. 

Since the object of research in our experiments is 
represented by the neurons, it is appropriate to recall 
the general property of temporality, common to all 
cells in an organism, and the concept of "chronaxie" 
introduced by French physiologist Louis Lapic in 1909 
[10]. In a diagram shown below (Figure 1 herein), we 
have marked pink a specific zone that is located out-
side the area of the cell's response to a stimulus of dif-
ferent modality, the zone of insensitivity, areactivity. It 
may be assumed that the neurons within the pink zone 
do not respond to short-term stimuli of low intensity. 
However, constant or long-acting stimuli or environ-
mental factors, the parameters of which are within this 
zone, produce cell responses, so that the cells either 
die or experience their evolutionary adaptation. So, 
known are microorganisms that live at high tempera-
tures in the ocean in a zone of the constant action of 
volcanic hot lava, permanently escaping from mag-
ma chambers below the Earth surface. All organisms 
living on the Earth have adapted to the action of the 

Earth's permanent magnetic field, the cosmic back-
ground radiation, ultraviolet and other electromag-
netic radiation located within some specific limits of 
the pink zone. 

Is it possible to assume that under certain condi-
tions, the pink region can be dangerous for neurons? It 

Figure 2. Smile of the Life
Legend: Pink color zone: action of subthreshold low-intensity 
stimuli on biosystem. 4. Limit of the irritation threshold. Red 
color zone: action of dangerous stimuli, which damage the bio-
system and are higher than the maximum permissible values. 
6. Limit of the maximum permissible levels of the stimulus. 5. 
Green color zone "Smile of the Life", the zone of the normal 
life activity, the zone of adequate environmental stimuli for a 
living system, permissible zone of life from the point of view 
of electrophysiology. 1. The curve of the action of a long-term 
subthreshold stimulus. 2. The curves of return points. 3. The 
point of no return. The scale and limits of the "Smile of the Life" 
zone have their own values for each biosystem.
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is accepted that low-intensity, subthreshold, stimulus of 
any modality cannot immediately produce a response 
by a biocell, but the long-term, permanent action of 
the stimulus contributes to cumulative effects: complex 
tuning of biological systems in the organism, sensitiza-
tion and gaining values exceeding the stimulus thresh-
old. In this case, the constant action of such a factor 
(chronization) can lead to deep and significant distur-
bances in the performance of a cell and cell systems. 
For example, the term "silent death" is used to refer to 
radiation exposure. A person being in a radiation zone 
does not immediately receive alarm signals from his/
her sensory system. Ultraviolet radiation is either not 
sensed or perceived as a light heat, but it causes damage 
to skin and vision in case of its prolonged exposure.

To verify our concept, provide ease in use and make 
a vivid presentation of the process phases in the neu-
ron, we have constructed a new diagram that includes 
another curve to indicate the limit of the maximum 
permissible levels of the stimulus (see Figure 2 herein). 
It should be noted that the pink color zone shows the 
action of subthreshold, low-intensity stimuli exerted 
on a biosystem. The red color zone located near the 
OY axis, “the strength of the stimulus", is the region 
of high-intensity stimulation that operate for a short 
time. These are short-term ionizing radiation of high 
intensity destroying the biosystem, the action of vac-
uum, high pressure, acceleration, temperature, etc., in 
other words, the action of dangerous stimuli exceed-
ing the maximum permissible limits that damage the 
biosystem. The green zone is an area of the normal life 
activity, and we have given it the name "Smile of the 
Life” (SL). This green zone being a zone of adequate 
environmental stimuli for a living system is a permis-
sible region of life in the context of physiology.

Thus, while the red zone located outside the "Smile 
of the Life" has a clear detrimental effect on the biosys-
tem, the pink region located near the OX axis seems 
to be safe. However, it is just the zone of chronization, 
i.e. the long-term action of subthreshold stimuli of low 
intensity, which over time can cause sensibilization of 
the organism's systems, and, further, act as a damaging 
factor, similar to the long-term effect of the pain factor 
with its biochemical and neurotic disorders in the or-
ganism. It is just the region of low-intensity, long-term 
stimuli of the subthreshold level acting on the nervous 
system and neurons, where adaptive changes at certain 
points of phase transitions in a self-organizing living 
system, with a high degree of probability, can be de-

tected, and our paper is designed to address the above 
critical points and their role. 

The aim of our research work is to identify changes 
in the functional state of the CNS neurons under the 
prolonged action of the low-threshold pain factor ac-
cording to indicators of the membrane potential level, 
the action potential parameters and the pattern of the 
firing activity of the neurons.

Materials and Methods
The pain model, herein further referred to as the 

low-threshold action (LTA), is a modification of the 
“Method of preparation..." [11], improved by the au-
thors for the purpose of this research. During four 
years, 93 experiments have been conducted on this re-
search topic, and 32 experiments with the observation 
of the background state of the neurons among them. 
It has been shown that the technique provides the de-
sired observation of the background active neuron for 
3-4 days [12]. The rest of the experiments have been 
conducted using LTA, 61 experiments in total, includ-
ing 34 experiment with recording LTA at the point of 
return followed by further tracing of the functional 
state of the neurons, and 27 experiments with LTA 
continuing up to the disappearance of intracellular 
electrophysiological potentials in the neurons and re-
cording their state up to 5 hours after their termina-
tion. The maximum duration of the experiments using 
LTA has not exceeded 2 days. The criterion to finish 
an experiment with the above model has been a sta-
ble functional state of the neuron recorded within 3-5 
hours after passing the point of return or no-return.

Object of research
 In our work, we were guided by the document reg-

ulating the conduct of experiments on animals "Rules 
for conducting research using experimental animals”, 
Appendix to Order No. 755 “Measures for Further Im-
provement of Organizational Forms of Work with the 
Use of Experimental Animals”, dd. August, 12, 1977, is-
sued by the USSR Ministry of Health. We note that the 
animals we have used are invertebrates which are be-
yond the scope of the relevant international regulatory 
documents for working with experimental animals. 
The neurons of the central nervous system studied in 
our experiments have been found in vivo in the grape 
snail Helix pomatia. In all experiments, in order to 
minimize the impact on the nervous system, we have 
used recording of only one identified command neu-
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ron RPaG3. This neuron and its properties have been 
previously well studied (see Figure 5 herein). A low-in-
tensity, subthreshold level, pain effect has been pro-
duced by applying graduated pressure (Figure 3. Item 
3 herein) to four main nerves (Figure 3. Item 4 herein) 
extending from the dorsal surface of the suboesopha-
gal ganglion to the visceral sac in the snail Helix poma-
tia. For this purpose, we have used Fresnel hairs of the 
selected diameter, which provide a constant weak lev-
el of the nerve pressure applied after switching on the 
LTA mode in the experiment. The pressure application 
mode was managed in a gradual manner. 10 minutes 
after the pressure plates had occupied their fixed posi-
tion, the hardware check-up of the immutability of the 
recorded electrophysiological data has been performed 
before and after switching on the LTA mode.

It is generally recognized that, despite the diversi-
ty of the nervous system design and the variety in its 
complexity, every nervous system is governed by the 
same general laws at the level of the morphological, 
physiological and biochemical activity of the nervous 
cell, the intra-neuronal organization of procedures 
and mechanisms responsible for transmitting the re-
quired data [13]. 

We have recorded and analyzed the following 
electrophysiological parameters: membrane poten-
tial (MP), action potential (AP) and firing rate (FR) 
of intracellular biopotentials of neurons using an ul-
tra-thin glass microelectrode filled with electrolyte. 
The animal was placed on a special substrate made of 
a composite material developed and designed by the 
Research Institute of Chemical Industry for the pur-
pose of research of the brain performance. Additional 
devices have been employed to maintain the viability 
of the animal, the specified comfortable temperature 
and the supply of saline solution with nutritional sup-
plements at a strictly constant flow rate. The obtained 
experimental data have been processed using the Sta-
tistics 10 software.

Results and discussion
The initial state. After operating impacts on the or-

ganism, the neuron’s FS normalizes within 3-4 hours. 
During this period of time, the operating level of MP 
is set, which is relatively stable and changes under the 
influence of data communication between the neu-
rons. The established background state of the neuron 
is characterized by a spontaneously changing FR, i.e., 
the generation of action potentials, which depends on 

Figure 3. Preparation technique according to Orlov V. I. (1988) 
Fragment A. 1 - neurons; 2-microelectrode; 3 - device for grad-
ed application of pressure to nerve; 4 - four main nerves of 
the suboesophagal ganglion dorsal side; 5 – dorsal part of the 
suboesophagal ganglion; 6 – aorta; 7 – fixing, but not pressing 
brackets. The esophagus is not shown in the figure.

Figure 4.  Diagram of processes of the RPaG3 command neuron 
and the RPDG4 and LPDG4 modulating neurons upon staining 
with introducing cobalt ions into the neurons. Modulating neu-
rons of the pedal ganglion have branching endings in the area 
of the branching processes of RPaG3, which extends branches 
to the main nerves.

Figure 5. Giant neurons RPaG3 and RPaG2 in the snail Helix 
pomatia CNS in vitro. Photo by Shikhlyarova A. I.
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Figure 6. Natural background activity of the neuron 8.5 hours 
after insertion of the ME tip into the neuron. The 60-minute 
fragment of the recording.

the changing supply of synaptic pulses associated with 
the activity of the neurons in the network and their 
own feedback pulses generated at the dendritic tree of 
the neuron. The background state of the MP level is 
additionally determined by the small-amplitude, en-
dogenously generated by the neuron, hyperpolariza-
tion and depolarization waves, properly reducing or 
increasing the probability of changes in FR (see Fig-
ure 6 herein). The established background state of the 
neuron activity has been observed during 5-6 hours.

After establishing the stable mode of the neuron 
performance, LTA has been turned on. To understand 
the nature of phase transitions in the neuron func-
tional state (FS), we have attempted to structure them 
into separate stages that conditionally correlate with 
the level of pain in accordance with the known laws 
of electrophysiology, psychophysiology of the senso-
ry systems and image perception, the realization of 
which is performed by the functional state of the ner-
vous system and the neurons as its structural units.

Neuron activity and pain levels under the LTA con-
ditions: Stage 1. No pain is experienced. The neuron’s 
activity is equivalent to its background state. (The level 
of consciousness in human individuals is adequate to 
the environment). Switching on the LTA mode does 
not change the nature of the electrophysiological pa-
rameters in the neuron background state immediately 
upon switching-on LTA and later on for a long time. 
The regular type of communication with other neu-
rons is continued (see Figure 7. 1 herein). 

Noticeable changes in the neuron functional state 
began to appear after about 10-14 hours of the LTA 
mode functioning.  

Stage 2. Slight pain. (Consciousness is sometimes 
distracted by the appearing discomfort.) At this stage 

of the persistent LTA, at first rarely, and later on more 
often, observed is a change in the neuron background 
activity associated with the development of a sensiti-
zation response in the area of LTA application and the 
secondary hyperalgesia, leading to the central sensiti-
zation at the subsequent stages. These changes are elec-
trophysiologically manifested by an increase in the AP 
generation rate by that neuron, which has an increased 
excitatory synaptic supply. In the second half of stage 
2, the synaptically conditioned, pacemaker rhythmic 
activity begins to prevail (see Figure 7.2 herein). The 
spontaneous activity of the neuron with its adequate 
activation of EPSP and rest pauses gradually goes to a 
rhythmic pacemaker mode, which smoothly becomes 
dominant in the activity performance of the neuron.

Stage 3. Dull persistent pain. (Consciousness is 
more often distracted by the disturbing factor).

Weak pain is experienced. An increased rate of 
synaptic signal groups and APs initiated by them are 
found. The membrane potential is within the limits 
of the background level. The supply of the secondary 
hyperalgesia EPSP pulses to the neuron increases the 
AP rhythm. At this stage, the continuous spiking is 
periodically interrupted by the neuron, which creates 
waves of endogenous hyperpolarization of the neuron 
membrane. The initial AP grouping to short bursts 
under the influence of an increasing supply by EPSP 
is observed. The wave of the membrane exogenous 
depolarization appearing due to EPSP is insignificant, 
and it is easily compensated by the neuron with the 
subsequent conventional endogenous mechanisms of 
the membrane hyperpolarization. This endogenous 
hyperpolarizing wave (EHW) completely locks the AP 
generation, and, after the action by EHW at this stage, 
the AP firing rate of the neuron decreases, giving the 
neuron a relaxation. This is the most important factor 
in the neuron's survival program or "the Smile of the 
Life" (refer to Figure 7. 3 herein)

Stage 4.  Precoma. Intense pain appears and disap-
pears. Throbbing pain. (State of somnolence, a slight 
disturbance of consciousness).

1-1.5 hours after stage 3, the rhythmic generation 
of AP is interrupted by pulses of small EHP membrane 
amplitude, producing a pause in the AP firing. EHP at 
this stage keeps the membrane potential of the neuron 
within the functional norm. Pulsations of the neuron 
functional state take place (refer to Figure 7. 4).   

Stage 5. Exhausting pain. (Coma scale degree 1. 
Severe pain. Constant increasing pain is experienced. 

0 mV

10 mV

5 min
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Figure 7. 1 – 8. Stages of the neuron functional state under the LTA conditions.

Confusion of consciousness, drowsiness. Central sen-
sitization is developing).

The membrane potential of the neuron is depo-
larized due to a more intense synaptic influx. The 
high-amplitude Щ-type activity appears. In this case, 
the law of the membrane physiology is applicable ac-
cording to which those HP waves, which have higher 
amplitudes, produce greater output effects, and the AP 
firing rate becomes higher upon the EHP completion 
(see Figure 7.5 herein).

It should be noted that we use definitions “the 
Щ-type activity” and “the anti-Щ-type activity” of the 
neurons, where letter Щ from the Cyrillic alphabet is 
applied as the most suitable symbol to illustrate the 
specific pattern of the neuron activity. This terminol-
ogy is introduced herein in order to provide the most 
illustrative image of the repetitive pattern found in the 

response by neurons to LTA. So, the Щ-type activity 
is a type of the activity of the neuron, which produces 
a pattern shape in recording, similar to shaping style 
typical for Cyrillic letter Щ. The three vertical lines go-
ing upwards in the above Cyrillic letter denote a higher 
firing rate of action potentials. The descender of letter 
Щ, i.e. the portion of the letter that extends below the 
baseline of the font, is a symbol of the wave of the en-
dogenous hyperpolarization of the membrane, which 
promotes the full termination of generation of action 
potentials. In other words, the Щ-type-activity rep-
resents first an exogenous excitation, realized by fre-
quent action potentials, and by the end we can identify 
an inhibition produced by the EHP wave of the neuron, 
with promoting its transition into a more quite rest 
state. The anti-Щ-type activity is a Щ-activity antago-
nistic wave. This sort of waves consists of a wave of the 

1 2

3 4

5 6

7 8
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endogenous depolarization (EDP) of the membrane, 
where the more frequent APs are found according to 
the respective level of depolarization. The anti-Щ-type 
activity excites the neuron. The anti-Щ-type activity 
becomes dominant at final stages after the point of no 
return, accelerating the neuron switching-off. 

Pain is very strong or pulsating (Coma scale degree 
II. Neuropathic pain. Epileptiform activity. Obnubila-
tion). Depolarization of the neuron membrane unin-
terruptedly increases. The EHP high-amplitude waves 
seek to return the level of MP to its normal value, but 
a growing excitatory exogenous stream due to irradia-
tion of the processes of sensitization results in a steady 
increase in depolarization of MP (see Figure 7.6 here-
in). An initially moderate onset process of the EDP 
waves transforms to the anti-Щ-type activity. Figure 8 
herein exhibits a sample of responses by the neuron to 
LTA, typical for stage 6 that represents the sequential-
ly appearing endogenous waves, which depolarize the 
membrane of the neuron. The duration of the given 
recording segment in test No.84 is 3 hours 24 minutes.

Stage 7. Coma scale degree III. (No subjective per-
ception of pain. Loss of consciousness. Strictly speak-
ing, the consciousness is disordered.)

Depolarization of the membrane of the neuron is 
progressively increasing. The mode of operation of the 
neuron becomes extreme, close to the critical condi-
tion. Due to a multitude of the excitatory signals, in 
the neuron those programs are initiated, which make 
attempts to transfer it to its switch-off state. It is known 
that the neuron stops spiking, when its membrane 
is either completely hyperpolarized or depolarized. 
At this stage, one of the running programs generates 
powerful pulses depolarizing the neuron membrane. 
Depolarization of the membrane increases the firing 

Figure 8. Endogenous depolarizing waves, the anti-Щ-type activity at stage 6: the response by neuron to LTA.

rate of APs (see Figure 7.7 herein). The antagonist to 
this program is another program: the program of the 
neuron life – SL, which elaborates intensive endoge-
nous mechanisms of hyperpolarization, which are 
trying to neutralize dangerous actions and effects pro-
duced by the excitatory signals.

Some results of our analysis of the above men-
tioned recording segment at stage 7 can be illustrated 
with graphics as given below. The red curve in Figure 
9 herein indicates the dynamics in an increase in the 
firing rate of action potentials in the isolated classes. 
The blue curve illustrates the dynamics of the power 
of the HP waves in the same classes calculated by the 
formula as given below: 

PHPW  = k∑Si
where PHPW  is the power of the hyperpolariza-

tion wave; Si  is the quantum area of the hyperpolar-
ization wave; k  is the quantization coefficient.

When analyzing the dynamics of the two recipro-
cal processes shown in Figure 9 herein, we can see an 
amplification of the power output of the inhibitory 
hyperpolarization waves after a sharp increase in the 
AP firing rate due to the excitatory signals, depolariz-
ing the membrane, supplied to the neuron. The entire 
process occurs with a constantly growing depolariza-
tion of the membrane. Portion one in the recording 
segment in question indicates that there are powerful 
hyperpolarization processes, which successfully re-
duce the AP firing rate. But as to portion two thereof, 
we can observe that the excitatory influences on the 
neuron dominate, the next endogenous program of 
the extreme depolarization of the neuron membrane 
is initiated to neutralize the action and the effect of 
the hyperpolarization shifts of MP, and a vigorous in-
crease in the AP firing rate begins.
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Figure 9. Dynamics of FPA of AP firing rate (the red curve) and 
power PHPW of the HP waves (the blue curve). Recording time 
is given along the ordinate axis. The recording segment dura-
tion is 10 minutes. Isolated class of 6 seconds.

Stage 8. Coma scale degree IV (terminal coma, no 
consciousness). Final stage. Neuron switching-off.

This stage is featured by two antagonistic processes. 
The first of them, namely the switching-off program 
is determined by the action of the exogenous factor, 
i.e. the supply of the excitatory influences exerted by 
the neuronal network on the neuron. The membrane 
bursting excitation initiates the depolarization anti-
Щ-type waves. The second process, the SL program, 
is governed by the involvement of the Щ-type activity, 
i.e. by the endogenous factors, which hyperpolarize 
the membrane and which make attempts to return it 
to its normal state.

At this time observed is a critical phase, when the 
two competitive programs are running: the rivalry 
between the program of turning-off and that of the 
life. The membrane demonstrates the highest degree 
of its depolarization: specifically, the difference be-
tween the inside and the outside membrane poten-
tial becomes as small as possible. AP firing stops. 
The high-frequency EHP of low amplitudes gradu-
ally decays. No spikes are found. The winner in the 
competition is the program operating in synergy with 
the exogenous excitatory potentials. The generating 
mechanisms of the membrane are switched off. In-
tracellular electrical potentials of the neuron cannot 
be recorded. We observe markers of the end of the 
neuron biological life (see Figure 7.8 herein). The re-
corded line is matched with the isoelectrical baseline 
on the recording.

So, we have traced a stage-by-stage change in the 
functional state in the CNS neurons under the long-
term action of the low-threshold pain factor and iden-

Table 1

Stages Dynamic membrane 
potential, mV

AP amplitude, 
mV 

Firing rate, 
Hz 

1 -108 78 0,1
2 -103 73 0,49
3 -105 76 0,15
4 -95 68 0,75
5 -106 75 0,33
6 *97 67 0,176
7 -88 58 1,48

8,1 -60 29 1,02
8,2 -2 2 0

tified the sophisticated oscillation dynamics of the key 
physiological parameters of MP, AP and firing rate, 
beginning with the initial time with no LTA applica-
tion till the time of loss of responding thereto, actu-
ally ending with the neuron switching-off, when the 
neuron is removed from its active state, under the LTA 
persistence. 

It should be noted that the entire available period 
of our investigations of the neuron responsiveness in 
vivo has demonstrated that it is fully applicable to 
the performance of complex, open-end, oscillating, 
or to define it otherwise, self-organized systems that 
is a subject matter of synergetics [14, 15]. Adhering 
to this way, we have shown that weak fluctuations 
being prioritized lead to considerable adaptation 
re-settings in this sort of systems, i.e. these are pre-
cisely the weak fluctuations which govern their per-
formance and periodical repetition of development 
of different types of the adaptational reaction arche-
types (models) from the reaction of training up to 
and including stress at different levels of responsive-
ness from the cell level up to and including the or-
ganism level [16-18]. As to the LTA effects, the case 
in point is not an absolute value of the low-threshold 
pathogenic stimulus, but rather the durations of the 
action and capabilities of converting the action rates 
into a force, when deviations from the normal state 
are increasing, and, as a consequence, the mech-
anisms of the phase transition to another level of 
responsiveness come into operation. It has become 
possible for us to identify certain bifurcation points, 
when the system transforms to a new state, based on 
a more detailed analysis of the state of the neuron in 
the Smile-of-the-Life terms according to our defini-
tion as offered above (see Figure 2), where indicated 
are points of return 1 and 2 within the viability zone 
of a biological system.
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А. High-amplitude oscillation dynamics of firing rate activity.

B. Synergy between the dynamic MP and the AP amplitude

Figure 10. Generalized results upon processing of stage-by-
stage changes in the functional state of the CNS neurons under 
long-term low-threshold pain factor conditions. The total re-
cording time in 61 experiments with LTA is 1010 msec. Averaged 
values according to the t test with significance p ˂ 0,05 are 
given herein. 

Point of return (Reversibility)
As is true of all points within the Smile-of-the-Life 

region, so with points 1 and 2 we indicate adaptive and 
most optimal functioning of all metabolic and nervous 
processes in an organism. The points of return (re-
versibility) stand for those transition points, where a 
dynamic natural process of the control and regulation 
of the organism performance passes a critical level in 
a given functional state in order to reach a new level of 
the normal vital functions. 

Figure 11. Biopotentials of the neuron before and after passing 
the point of return. The point of return (reversibility) is indicated 
with an arrow. Figure 13 exhibits magnified fragments A, B, C 
and D thereof.

Figure 12. Magnified fragments A, B, C and D taken from Fig-
ure 11. Legend: A – activity of the neuron before the point of 
return. The solid line below shows the LTA continuation and the 
end. Next the process of return is in progress. B – Coming up 
closer to the point of return. C – Activity when passing the point 
of return and immediately upon passing thereof. Restorative 
hyperpolarization of membrane potential; the point of return 
(reversibility) is indicated with an arrow. D – Restoration of the 
normal activity of the neuron after the point of return.

We should clarify that in Figure 12.A the solid line 
below is an indication of the continuation and end 
of the LTA mode. An enhancing response as an exci-
tation wave at the output is a sign of the restoration of 
the normal performance of the neuron axon after the 
sensitization induced by LTA. 

Particular attention should be given to scarcely il-
lustrative Figures 12 B and C herein as it might seem 

A                    B                         C                    D

A

B

C

D
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Figure 13. General view: final stage.

first to our thoughtful reader. In our opinion, these are 
precisely the pictures, which are the best illustrations 
of the Great Mystery of the Life. These figure parts 
show strong differences from parts A and D in Figure 
12, where we can clearly trace the life span of the giv-
en neuron, demonstrating its external interrelations 
with the network neurons by the AP generation. Parts 
B and C in Figure 12 seem to be rather scarcely ex-
pressed, that is especially true for part 13.C. However 
suddenly, as exhibited in part D in Figure 12, appear-
ing is the life, APs are being generated by the seeming-
ly silent neuron, which, nevertheless, has just passed 
its bifurcation point and transited to a new phase state. 

Point of no return (Irreversibility)
A close look at the processes, which characterize 

the activity of the neuron, when it is approaching the 
point of no return, shows that the dynamics converts 
to an evolutionally more archaic rhythm. In the cir-
cumstances, when we deal with the continuing LTA, 
the membrane is highly depolarized up to the critical 
values. The sinusoidal activity pattern becomes more 
pronounced; it is waveform-amplitude-modulated. 
With time the amplitude of the waves decreases, the 
oscillation frequency becomes higher and instable. 
Some trains composed by 2-3 low-amplitude waves 
separated by a single high-amplitude wave can be 
found.

Our recording (see Figure 13 herein) has captured 
a fragment demonstrating a struggle between the neu-
ron switching-off and its return to the SL region. This 
may be compared to the human unconsciousness state, 
when the nervous system is operating according to the 
internal reflex regulation. Figure 14 displays points 
of no return (irreversibility), when and where the life 
of the neuron is ended with “a guitar string breaking 
sound”, i.e. high-frequency decaying oscillations simi-
lar to that when a guitar string breaks, and the typical 
sound can be heard, but no further music is possible.

The bioelectrical activity of the neuron ceases. 
Some dying down HP shifts are recorded (indicat-
ed with arrows). The mechanism implies that, upon 
passing the point of no return, the HP high-amplitude 

waves are turned off, and the membrane of the neuron 
is further highly polarized. The neuron changes to the 
mode of generation of high-frequency waves having 
approximately the same amplitude. Upon expiration 
of certain time, some regulation features can be traced 
at a new level of excitation as amplitude modulation 
of the high-frequency waves with the EDP waves, 
generated by the neuron. This regulation is speeding 
up the switching-off of the neuron. The amplitude 
modulation is performed with depolarization waves, 
which are no more capable of increasing the limit fre-
quency of the waves, but the effect produced by the 
endogenous DP waves decrease the amplitude of the 
waves, generated by the neuron. Further observed is a 
more frequent effect of the endogenous DP waves, the 
wave amplitude becomes lower, and the duration of 
the modulated wave falls. However against the back-
ground of a growing effect made by the DP waves, 
the endogenous mechanism responsible for their 
generation is also not capable of providing its proper 
operation: it fails. Let us discuss Figure 13 again: it is 
evident that some restoration of the amplitude of the 
high-frequency waves is available, and a lowered fre-
quency in the action of the endogenous depolarization 
waves can be detected. But it is still a temporary effect, 
and again and again we observe the actions and effects 
due to constantly increasing depolarization influence: 
a reduction in amplitude of the wave and a rise in the 
number of the desynchronized waves. This pattern 
shows that generation of bio-potentials is managed 
according to an evolutionally ancient firing type. This 
sort of rhythms has been detected by us in recording 
of the bio-electrical activity in colony of fungi Fuzari-
um oxisporus (unpublished data) as well as in proto-
zoa according to our published data [19]. The depolar-
ization of the neuron membrane becomes close to its 
limit value. There comes a time, when the biological 
activity of the neuron cannot be detected: the neuron 
is switched off.

However in our experiments some individual com-
mand neurons in CNS have demonstrated a somewhat 
different way of passing the point of no return (irre-

Figure 14. The termination.
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versibility) (please, see Figure 14 herein). The above 
mentioned Figure exhibits the operation of the mech-
anisms, which are responsible for the neuron control 
and regulation and which are targeted at the return of 
the performance of the neuron to its normal state, i.e. 
to provide the proper execution of life program SL. 
This implies generation by the neuron of the endog-
enous hyperpolarization pulses as mentioned above. 
However since the damaging factor remains still in ac-
tion, a more dramatic activation of the neuron takes 
place due to a powerful stimulating synaptic supply, 
the membrane of the neuron is rapidly depolarized, 
and the Щ-type activity is no longer effective: it is sup-
pressed. Appeared are the no-return-point conditions: 
although AP firing is supported, the AP amplitudes 
under growing depolarization of the membrane be-
come lower and lower, so that they finally drop to zero.

This moment is marked in Figure 15 with an ar-
row: refer to the wording “Action Potentials decay”. 
This is the start point for initiation and execution of 
the neuron switching-off program. Pulses of extra-de-
polarization of the neuron switching-off program can 
be found in the above Figure as high-amplitude spikes 
having a steep leading edge for the phase of strain and 
a flattened trailing edge for the relaxation. These puls-
es exhibit their high rhythmicity as in the case of ep-
ileptic seizure with the firing rate fall and the firing 
cease. It’s the final agony, the last surge of energy that 
supports and speeds up the membrane depolarization 
process. Upon the final energy surging, a chaotic pro-
cess of firing and decreasing amplitude is detected; 
next the recording line becomes flat. The neuron with 
its own infrastructure attains equilibrium; the level 
of entropy reaches its maximum, and the membrane 
changes to its turned-off state..

Conclusion
The factors of the internal environment in an or-

ganism demonstrate always persistent dynamics by 
interacting with the external environment in order to 
control stability of some parameters and at the same 
time maintain instability of the other. It is because of 
the state of the permanent imbalance that always fea-
tures a living system as opposed to inanimate nature 
[20]. The state of thermodynamic equilibrium, or the 
state of maximum entropy, is equivalent to the death 
for a living system. This state is attained by the neuron 
upon passing the point of no return. In case of pass-
ing the no-return-point, the question arises why the 

Figure 15. Dynamics of passing the point of no return by the 
command neuron in CNS.

depolarization direction of the membrane potential 
changes for hyperpolarization at the time marked with 
an arrow in the considered Figure, while the firing 
rate rhythmicity remains the same or even increases? 
Who switches on the mode of hyperpolarization of the 
membrane? In our opinion, there can be the only an-
swer to this question, as it is the case with the question 
related to the initiation of the Щ-type activity genera-
tion: the controller of the life program is the cell inter-
nal structures, and the primary controller is DNA. It is 
just DNA which via the RNA messengers is supplied 
with current data on the functional state of the mem-
brane and incoming signals, changing the membrane 
rest potential, and generates commands to switch on 
or off one or another of the membrane ion channels, 
varying the mode of the membrane operation: in do-
ing so performing is the program of life. DNA in each 
neuron has its own specific function, which slight-
ly differs from the others. Extensive complexity of 
branching dendritic tree provides for communication 
between the neurons with the use of APs, coordinating 
the performance of the integral units in the organism. 
In addition, there are some other energy exchange & 
data communication channels between DNA in cells 
and the organism external environment [21]. Due to 
interactions and data communication, the cells in the 
neuron network, the cardiomyocytes, which are simi-
lar to the neurons according to their self-organization, 
as well as other specialized cells undertake the oper-
ation not as single separated units, but as an integral 
mechanism, acting in concert. As mentioned by A.G.
Sukhov (2011) with reference to Draguhn, et. al., 1998; 
Brivanlou et. al., 1998 [13,22,23], the participators in 
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the development of responses are electrical synapses, 
which provide the possibility to synchronize electrical 
activity in clusters of different neurons both under de-
polarization and hyperpolarization oscillations of the 
membranes. Electrical synapses support intracellular 
electrotonic chemical transmission of such molecules 
as ATP, cAMP and calcium ions [24]. So, we can see 
that for a neuron, similar to every living system, the 
SL region has its top and bottom limitation zones. In 
case of the neuron, it implies the level of the limiting 
hyperpolarization at the bottom and the level of the 
limiting depolarization at the top: under the said lim-
iting conditions the neuron is inactive.

According to our experimental evidence, the criti-
cal point may be achieved even in case when the neu-
ron performance is in the Smile-of-the-Life region, 
when a low-intensity, persistently damaging, harm-
ful factor acts. In this case, the persistence should be 
treated not only as a prolonged existence of an indi-
vidual damaging factor, but also as the recurrence of 
some risk factor actions that may induce conversion 
of the recurrence rate into a power. By analogy, we 
assume that the above interpretation of the recurring 
risk factors may be applied to a human social behav-
ior and comprise disputes in a family, job-related 
conflicts or some other unsolvable problems, i.e. re-
curring actions of risk factors with varying modality, 
which should be considered as stress situations affect-
ing the internal environment in a human organism. In 
the circumstances, within a prolonged time, observed 
is an enhancement of the controller oscillations with 
permanently growing amplitudes, so that at a certain 
moment the bio-system is coming closely to the no-
return-point.

In such a manner our concept that under the long-
term supply of excitatory pulses, causing the limit 
depolarization of the membrane, the program of the 
neuron death is activated and executed, has been sup-
plemented and specified with evidence for switching 
on the program to protect the neuron from its death: 
the neuron initiates powerful firing to depolarize the 
membrane (see Figure 15 herein), so that vast con-
sumption of energy used for excessive input excitation 
is prohibited. These pulses, or to simplify, the change 
of the membrane for its extra depolarization with the 
internal molecular membrane keys are emergency 
protection means of the proper neuron. The neuron 
in the circumstances is not capable of responding to 
input excitation. The neuron is turned off.

We cannot state that all neurons operate strict-
ly in accordance with the same routine procedure. 
Each neuron has its own individual peculiarities and 
demonstrates its own specific features, especially in re-
sponding patterns. Our challenge has been to analyze 
a great variety of the responses by neurons, recorded in 
our experiments in a lot of the neurons, identify most 
general laws, typical for all neurons, which govern the 
regulation by the neurons of the functional state un-
der the action of a damaging factor accompanied by 
cumulative pain, growing with time. 

It may seem that the mechanisms of the regu-
lation by the neuron of its own functional state are 
limited. We have succeeded to identify that the most 
effective regulator of the functional state employed 
by the neuron is the periodical repeated pattern ex-
citation – inhibition, i.e. stage-by-stage change of the 
potential level of the cytoplasmatic membrane of the 
neuron by the EHP waves and the pulses of the hy-
perpolarization of the membrane. As a conclusion, 
we have discovered that the main neuron response 
tendency for the mode of chronization of LTA ap-
plied in our experimental trials is the transitions of 
the neuron to different levels of the excitation state 
(graded rising of the excitation state from one level 
to another).

It is of importance that it is precisely these tran-
sitions, detected at the neuron cell regulation lev-
el, which first are the key point in general biological 
regularity of periodical repetition of development of 
the archetypes of the adaptation responses at different 
levels of reactivity in a human organism. Years of re-
search conducted by Scientific School headed by L.Kh.
Garkavi have shown that the existence of different ar-
chetypes of general nonspecific responses at every lev-
el (period) provides for adequate responding attaining 
the points of return to the normal performance. This 
biologically reasonable, periodical, multi-level system, 
which reflects the principles of fractality, is designed 
to maintain the life both of an organism and a cell 
within the Smile-of-the-Life region. In our opinion, 
Smile of the Life is the general law applicable to all liv-
ing systems. 

Second the obtained evidence for the existence of 
the return and no-return points in the context of the 
performance of the neuron under the conditions of 
the LTA chronization, analyzed from the standpoint 
of synergetics, has demonstrated the phase transitions 
to a new discrete state, which must fully comply with 
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the available logistics and the laws of maintenance 
of the life in complex open-end nonlinear systems. 
Therefore it is critical to take into account for this sort 
of self-organizations that even a minor factor, which 
has a long-term action, may involve resetting of all 
interconnected processes in the intracellular homeo-
stasis governed by the command centers of the inte-
grated system as a whole.

It can be illustrated by a great variety of exem-
plary cases pertaining to “strong actions of low-in-
tensity stimulators” that has been discussed more 
than once in the framework of many international 
symposia and publications [25, 26]. Scientists at the 
Oncology Research Center in Rostov-on-Don (Rus-
sia) have been investigating and conducting experi-
mental trials referred to their topical issue Chronic 
Pain as Tumor Growth Modulator [27-31]. They 
have arrived at a conclusion that it is just pain chro-
nization produced by long-term compressive irrita-
tions of the neurons, which trigger complications of 
diseases in cardiology and oncology, when a tumor 
causes pressure and compression of the nerves, or 
produces disorders or even turns off the required 
nervous regulation. As to cardiology or oncology 
patients, we can often observe that they initially 
experience pain attacks or pain episodes, and next 
the pain episodes either become growing with a cer-
tain periodicity, or pain achieves longevity as it has 
been demonstrated by continuous recordings in our 
uninterrupted experiments in the neurons in ques-
tion studied by us. The obtained evidence opens 
up prospects for the proper understanding of the 
electrophysiological component of the mechanism 
of chronic neurogenic pain and may be of interest 
to predict efficacy of pain relieving therapy in the 
high-risk long-term pathology low-threshold ac-
tions and effects.
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Abstract 
The results obtained in this study have demonstrated a possibility 
to increase the efficacy of the complex treatment of patients with 
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ELF MF, which can be integrated into the adjuvant therapy scope.
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Introduction
At present, observed is a higher rate of detecting 

malignant brain tumors (MBT) [1,2,3,4]. Among the 
primary brain tumors, the glial tumors are found in 
35,5% of the cases, and glioblastomas account for 80% 
of all high-grade gliomas (HGG); they both show the 

most severe malignance degree – Grade III-IV [5] and 
are at the same time the most prevalent type of the 
adult brain tumors [6, 7]. 

Despite the fact that MBT have a small share in 
the total structure of malignant tumors with ac-
counting for 2%, this sort of the cancer tumors is 
associated with a high lethality rate, when a survival 
median time may reach a few months only [8,9]. A 
pronounced high lethality is recorded in individuals 
aged under 30 (10,44%), which reaches 20% referred 
to tumors of all localizations, respectively, and which 
is ranked in the second place according to this in-
dicator [8]. In general, in accordance with the data 
supplied by the Association of Russian Oncologists 
(2014), the 50% survival for patients with malignant 
gliomas does not exceed 1 year [10]. In this case, we 
should mention that quality of life of these patients in 
their post-surgery period is considerably deteriorat-
ed due to the starting surgery and drops dramatically 
after chemoradiotherapy. 

An aggressive progression of malignant gliomas 
in the brain and their resistance to treatment are due 
to uncontrollable proliferation of tumor cells, disor-
ders in the regulation of apoptosis and intense pro-
cesses of angiogenesis [11,12,13]. As a consequence 
of the intensive proliferation, an abnormal increase in 
the number of malignant cells and in the tumor siz-
es takes place; appearing hypoxia is accelerated; the 
endothelium is damaged; thrombosis develops [14]. 
In the MBT pathogenesis, edema of the far perifocal 
area of the tumor bed plays a large part that causes 
compression of the involved brain structures at the 
stage of radiotherapy. As a result from later radiation 
damages, neurocognitive disorders, dementias, and 
finally post-radiation necroses develop. Consider-
ing the above, it should be stated that prevention of 
the clinical symptoms and especially retardation and 
avoidance of further growth of the tumor within the 
far perifocal area of the tumor bed, mitigation of de-
veloping post-radiation edema syndrome, pain relief 
and improvement of quality of life in this sort of can-
cer patients are challenging issues in treatment of the 
brain malignant gliomas. Searches for new ways of 
the accompanying therapy in neuro-oncology show 
new candidates for adjuvant treatment methods to 
be developed like neutron therapy [18,19], radio-
sensibilisation of the tumor [20,21,22], brain tumor 
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brachytherapy [23,24], and the TTF therapy involving 
the use of electrical fields. However it is not always the 
case with the avoidance of adverse local and systemic 
disorders in CNS that results in a decline in the resis-
tance, shortening of survival time and deterioration of 
the life quality in the patients. Fresh opportunities are 
opened up by a noninvasive technology of transcra-
nial magnetotherapy (TMT) as an additional method 
in treatment in the rehabilitation of patients with in-
tramedullary tumors in the early post-surgery period 
[25]. Besides, in order to increase the efficacy of mag-
netotherapy with extremely low frequency magnetic 
field (ELF MF), designed and developed has been a 
scientific basis for the activation therapy, the princi-
ples of which have been generalized and translated 
into oncological clinical practice [26,27,28,29]. There-
fore it seems reasonable to design a new technology 
of the accompanying activation therapy which rep-
resents a combination of advanced techniques of the 
transcranial local (referred to the tumor bed) pulsed 
and the central (projected on the hypothalamus) ELF 
MF influence at the stages of the complex therapy in-
cluding radiation therapy of malignant glial tumors.

The aim of this study is to increase the efficacy 
of the complex treatment of patients with the malig-
nant brain gliomas by employing a combination of the 
pulsed and extremely low frequency transcranial mag-
netotherapy in the early post-surgery period at the 
stage of the radiotherapy, based on some experimental 
developments of the modes of the applied factors and 
some studies on certain mechanisms of their actions 
and effects.

Materials and methods
1. Fundamental research work. Our experiments 

have been conducted with the use of most advanced 
high-tech equipment designed for molecular genetics 
studies and with applications of actions produced by a 
pulsed magnetic field with different intensities, based 
on an original approach to development of certain fre-
quency algorithms close to the endogenous rhythms 
in the human brain.

In our experimental trials we have used human 
glioblastoma cell culture T98G. The T98G cell culture 
has been maintained in the 12-well-plate (JetBioFil, 
China) at a temperature of 37 Сº under controlled at-
mosphere conditions with 5% CO2 and 95% humidity 
in humidified cell culture incubator CB 150 (Binder, 
Germany); for this purpose, used has been condi-

tioned medium RPMI-1640 (Biolot, Russia) contain-
ing 10% of the fetal calf serum (Biolot, Russia) and 50 
µg/ml Gentamicin (Biolot, Russia). 

Upon reaching 75-80% of confluence, the condi-
tioned medium has been removed and replaced with 
the fresh medium in all wells. 

2. Gamma therapy has been provided with Ther-
atronEquinox produced by BestTheratronics, one of 
the Cobalt-60 based external beam systems. The ra-
diation treatment area measuring 12х18 cm has been 
matched the well plate dimensions, and the gamma 
radiation dose for each well has reached 10 Gy.

3. A pulsed electromagnetic exposure has been 
produced with therapy extended-type device Neu-
ro-MS/D manufactured by Neurosoft using the fre-
quency mode as follows: F= 0,3 Hz (5min.) -3,0 Hz 
(1min.) - 9,0 Hz (1min.), t total= 7 min with different 
induction parameters B= 300 mT and 15mT.

In this case, an important point is that the basis for 
this original innovative development, representing a 
technology of delivering exposure of pulsed magnet-
ic field (IMF) and extremely low frequency magnetic 
field (ELF MF) is the activation therapy designed to 
induce the desired response patterns built upon the 
principles of interactions of living systems with factors 
of the wave nature. First and foremost we have taken 
into account a high sensitivity of biological systems to 
low-intensity actions and exposures, focusing on an 
approximation to synchronization of the oscillatory 
activity of the factors of the endogenous and exog-
enous nature, a construction of an algorithm of fre-
quencies with adhering to the principle of multiplicity 
and an application of the mathematical exponential 
function law, when varying the dose (intensity) of the 
exposure. 

4. Clinical research. The basis of this research work 
is data on 50 patients with malignant glial supratento-
rial tumors of the brain, which have received treatment 
in the Neuro-oncology Department in FSHI at the 
Oncology Research Center, the Ministry of Healthcare 
of the Russian Federation, within the period between 
2018 and 2020 inclusive. All research reports and re-
cords have been prepared in accordance with the eth-
ical standards of The Declaration of Helsinki (1964, 
Revision 2013) and approved by the Ethics Commit-
tee at the Rostov Research Institute of Oncology of 
the Ministry of Healthcare of Russia (Research Ethics 
Compliance Findings Record No.19 dd.06.10.2017). 
All patients involved therein have given their written 
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informed consent to be involved in research with pro-
cessing their personal data.

According to the randomization requirement, the 
patients have been divided into 2 groups: the main test 
group covering 25 patients suffering from the malig-
nant brain gliomas in functionally critical regions (the 
region of central gyri, temporal lobe of the dominant 
hemisphere), which have received the standard sur-
gery treatment supplemented with 2 TMT courses: 
one course at the early post-surgery stage and anoth-
er at the stage of the radiotherapy (RT). The reference 
group has included 25 patients with malignant glial 
supratentorial tumors of the brain, who have received 
the standard complex therapy that involves surgery 
and radiation therapy, but without the TMT supple-
ment. Before surgery, the patients have undergone the 
following examinations: neurological examinations, 
the brain MRI with the BRAVO sequence with the 
intravenous injection of a contrast agent, complete 
blood count (CBC) and biochemical blood test, ECG 
supported by therapeutist’s consultation, examination 
of external respiration function and electroencepha-
logram imaging. The initial levels of the neurological 
deficit have been assessed with the use of the Barthel 
scores, the Karnofsky Performance Status Scale, the 
Montreal Cognitive Assessment (MoCA), the NIH 
Stroke Scale/Score (NIHSS); we have identified disor-
ders of cognitive functions, quality of life and func-
tional independence in the said cohorts of the patients.

5. Scheme of complex treatment. At stage one, sur-
gery has been performed that has been supported by 
advanced high-tech approaches such as craniotomy 
including a reconstructive cranioplasty, cytoreductive 
removal of the tumor limited by the visible area of the 
healthy tissues. 2 weeks after surgery, a post-operative 
contrast-enhanced MRI scan has been produced, and 
the required clinical laboratory tests have been com-
pleted. In case of repeat admissions, the patients were 
subjected to the conform radiotherapy (with an energy 
of 6 MEV) with Linear Accelerator Varian Novalis for 
treating deep-seated tumors, according to the classi-
cal dose fractionation with delivery of a single focused 
dose of 2 Gy till reaching a focused dose total of 60 Gy. 
The radiotherapy sessions have been conducted one 
time a day to cover 5 consecutive days a week, with the 
treatment course duration of 6 weeks. 

6. Design of original technology of applying tran-
scranial magnetotherapy  Course 1 of the original 
TMT has involved 10 sessions, starting from after-sur-

gery day 2 till day 6, to be performed every day (5 
sessions) and subsequently at a day interval till the 
patient’s hospital discharge. Course 2 of the accom-
panying TMT has consisted of 15 sessions, which 
have been conducted at a day interval throughout 
the entire period of radiotherapy. Each TMT session 
has incorporated two actions: the first action has 
been produced in the morning with magnetotherapy 
equipment Gradient-4M, which has induced ELF MF 
applied to the projection of the hypothalamus in an 
algorithm of frequencies as follows: 0,3 Hz (t=5 min.) 
– 3 Hz (t=1 min.) – 9 Hz (t=1 min) with an induc-
tion (B) from 3 to 1mT (in the mode according to the 
exponential law). The second therapy exposure has 
been delivered 2,5-3 hours later with the use of PMF 
device Neuro-MSD (manufactured by Neurosoft, Iva-
novo, Russia) for treating the perifocal area of the far 
tumor bed using the frequency mode as follows: 0,3 
Hz (t=5 min.) – 3 Hz (t=1 min.) -9 Hz (t=1 min.) with 
B=15mT. In the RT course, the first therapy action has 
been provided in the morning followed by the RT con-
form session conducted 1-1,5 hour later with a single 
fractioned dose of 2 Gy; subsequently, upon expira-
tion of 1-1,5 hours, the second exposure to PMF has 
been delivered.

Results of research
We have conducted 3 sets of experiments with hu-

man glioblastoma cell culture T98G delivered by the 
Russian National Cell Culture Collection at the Re-
search Institute of Cytology of the Russian Academy 
of Sciences.

The selection of the required parameters of the 
pulsed magnetic field combined with radiotherapy 
has demonstrated the advantage of the PMP with an 
induction of 15 mT over 300 mT recorded 24 hours 
after the exposure. It has manifested itself in a rise of 
lethality of cell culture T98G practically by 3 times as 
against the reference (see Table 1 herein). While the 
contribution of the radiotherapy to the suppression 
of the tumor growth has been expected, the indepen-
dent effect produced by PMF could not be anticipated, 
since it has exceeded the reference level of lethality by 
2,3 – 2,8 times and reduced the values of the mythot-
ic index by 3,7 times that is evidence of the access of 
this action to the intimate mechanisms of the tumor 
growth.

Our analysis of the molecular genetics data has 
shown there is a considerable impact produced by 
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Table 1. Cell counting, lethality and mythotic index under different experiment conditions upon expiration of twenty four hours 
from actions/exposures

Live cells Dead cells A total cell count Lethality Mythotic index
Reference 961666,7± 27556,3 58166,66 ± 4342,8 1019833,3 ± 30653,5 5,7% 6,6%

10 Gy 510000,0 ± 35087,2* 116833,3 ± 8887,2* 626833,33 ± 42369,9* 18,6% 4,4%
15 mT 975000 ± 40875,8 153833,3 ± 8150,3* 1128833,3 ± 45156,3 13,6% 1,8%

300 mT 1148000 ± 31763,0 156400,0 ± 8920,6* 1087000,0 ± 95432,1 14,4% 2,8%
10 Gy+15 mT 760000 ± 47128,7 165500,0 ± 6815,6* 925500,0 ± 46752,4 17,9% 3,5%
10 Gy+300 

mT 813333,33 ± 21464,9 143333,3 ± 3873,9* 956666,7 ± 23988,6 15% 3,1%

Note: * - statistically significant differences from the reference, р ≤0,05

PMF on the expression of the apoptosis genes. Upon 
expiration of 24 hours from the exposure to PMF with 
an induction of 15 mT we have recorded the strongest 
response for locus P53, which has exceeded the refer-
ence by 1,9 times, as well as for loci Bcl2 and Casp3 
by 1,8 and 1,4 times, respectively (see Table 2 herein).

The completed analysis of the efficacy of the bio-
tropic parameters of PMF has made it possible to 
translate this method into clinical practice using the 
designed program-assisted mode of the double tran-
scranial action that involves ELF MF and TMT.

Change in the tumor volume. When assessing the 
data on the neuro-vizualization and three-dimen-
sional estimation of the tumor volume before surgery 
(V1), no significant differences between the data in 
the main test group and those in the reference cohort 
have been found (р=0,7661). At the TMT stage, in the 
post-surgery period, we have observed in the patients 
a decrease in absolute values of the residual tumor 
volume in the patients of the main test group by 2,0 
times as against the reference group. A similar dynam-
ics has been also traced when computing differences 
between the groups in the V1/V2 ratios (see Figure 1 
herein). At the stage of radiotherapy these differenc-
es have been anticipated due to a high efficacy of the 
gamma therapy that has supported the suggestion on 
indifference of an interaction of the physical factors of 
the ionizing and non-ionizing nature.

Change in the edema volume. Upon completion of 
the first course of TMT (before the radiotherapy), the 
absolute values of the edema volume have decreased in 
the average by 50% that is in agreement with the data 
demonstrating a decrease by 1,9 times in the ratio be-
tween the average volume value of the perifocal edema 
of the far tumor bed and its initial volume (V1/V2), as 
compared with the respective ratio recorded in the ref-
erence group (p= 0,0392). Judging from the absolute 
averaged values of the volume of the perifocal edema 
after RT with TMT, its value has become 2,4 times less 

than it is the case in the reference group. It has been 
also confirmed by the V1/V3 ratio, i.e. throughout the 
entire period of the dynamic observation, beginning 
with the moment of surgery and ending with the RT 
completion, when the difference in the edema ratio 
data between the main test group and the reference 
cohort has been found to be 3,6 higher (p=0,0180).

It is evident that an application of TMT in the early 
post-operative period, as well as in the course of the 
radiotherapy, has activated the membrane mecha-
nisms of the K+-Na+ pump in the cells, promoting the 
transport of the Na+ cations from the interstitial space 
to the vascular bed. It is conceivable that due to an in-
crease in the concentration gradient, “free” water also 
streams to the vascular bed, reducing in such a man-
ner the edema in the interstitial space and the pres-
sure-induced strains of the tissues that provokes pain.

The dynamics of the neurologic status in the MBT 
patients initially has shown practically no difference 
in each group. However on post-surgery day 7, upon 
completion of 5 sessions of TMT, a tendency could 
be identified that the patients in the main test group 
have experienced an earlier recovery without feeling 
pain. At the time of hospital discharge, upon com-
pletion of course one of TMT, recorded has been the 
absence of the neurological symptoms with complete 
pain relief in 84±7,3% of the patients in the main test 
group, while this sort of the recovering patients in 
the reference group has accounted for only 48±6,5% 
(p=0,0072*). Neurologic disorders of a mild to mod-
erate degree (3-8 according to the NIHHS score) have 
been revealed in 12±6,5% of the patients in the main 
test group and in 40±9,8 % of the patients in the refer-
ence group (p=0,0240*). The majority of the patients 
in the main test group, who have received TMT, name-
ly 72±9,0% against 48±10,0% in the reference cohort, 
even on post-surgery day seven have demonstrated 
that they are “able to care for self, but unable to carry 
on normal everyday activity” (Karnofsky grade 70-80).
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Table 2. Relative expression of genetic loci 
Experiment conditions Genetic loci

Exposure Action BCL2 BAX P53 MDM2 CASP3

3 hours
Reference 220,3 6,5 1,5 5,9 5,6

15 mT 188,0 7,1 1,6 5,9 5,4
300 mT 235,2 7,8 1,8 6,0 6,3

24 hours
Reference 143,8 13,7 1,3 11,0 5,5

15 mT 226,8* 15,0 2,7* 13,3 7,6*
300 mT 201,9* 13,7 2,4 13,1 6,9*

Note: р˂0,05*- statistically significant differences between experiment and reference.

Figure 1. Changes in the tumor volumes at the stages of the 
complex treatment with an application of TMT. Notes: An aver-
aged volume of tumor in absolute units: V1 – the volume before 
surgery; V2 - the volume before radiotherapy; V3 - the volume 
after radiotherapy. *The differences are significant for ratio V1/
V2 only, Р<0,05.

Figure 2. Data on the volume of the perifocal bed of the tumor 
in patients at the stages of complex treatment with use of TMT. 
Note: V1 – before surgery; V2 – before radiotherapy; V3 – after 
radiotherapy. *The differences are significant between the data 
recorded in the main test group and the reference cohort for 
V3 (р=0,0079) as well as for their ratios V1/ V2, V2/ V3, V1/ V3, 
р<0,05.
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At the time of hospital discharge, upon comple-
tion of the radiotherapy course, in the main test group, 
subjected to the 2nd TMT course, we have observed 
92,0±5,4% of the cases of the successful rehabilitation of 
the patients versus 68,0±9,3% of those in the reference 
group (p=0,0391*). In this case, the number of patients 
in the main test group, who have demonstrated the ab-
sence of the cognitive disorders (MoCA scoring), have 
statistically significant differences from that of the pa-
tients free of the above disorders in the reference cohort 
(p=0,0099*) that supports the tendency noted before. 
Upon completion of the RT course, an assessment of 
the Barthel Index for Activities of Daily Living (ADL) 
has shown that the number of the functionally inde-
pendent patients in the reference group has decreased 
to 44±9,9%, while in the main test group the functional 
independence has been recorded in 88±6,5% of the cas-
es (p=0,0019*). Upon RT in combination with TMT, the 
restoration of the performance status with Karnofsky 
grade 90 has been reported for 60±9,8% of the patients 
in the test group. As to the reference group, on the con-
trary, the 90 Karnofsky index has been reached only in 
28±9,0% of the cases (p=0,0271*), and the patients there 
have presented their complaints of feeling worse, ap-
pearance of the feeling of compression and headaches. 

The immediate results from the completed com-
plex therapy in the HGG patients in the examined 
groups bear witness to the fact that the median of 
the event-free survival (EFS) in the main test group 
accounts for 4,5 months that exceeds the respective 
parameter of 2 months in the reference group by 2,5 
times (Log-Rank test). An overall six-month survival 
in the patients received TMT and RT has been record-
ed to be 84,2±10,8%, while the reference group has 
demonstrated this indicator at a level of 40,3±10,5% 
(р≤0,05) that is a confirmation of an increase in the 
efficacy of the adjuvant TMT.

Conclusion
The required expert appraisal of clinical safety and 

the necessity of the pathogenetic justification of the 
offered new technology has supported our conceptual 
idea that both a single-factor PMF and the RT-PMF 
combination are characterized by a considerable rise 
in the number of the dead cells of human malignant 
glioma T98G, a decline in their mythotic activity, a re-
liable response by the respective apoptosis genes and 
most pronounced expression of genetic locus Р53. 
The above data have demonstrated that the intimate 

mechanisms of the tumor growth are accessible to the 
targeted action produced by PMF.

The algorithm of TMT designed to be translated 
into clinical practice has implemented a compromise 
approach: the PMF impact on the tumor bed under the 
preliminary influence on the hypothalamus projection 
region by ELF MF in the double action mode of the 
activation therapy [30-33]. That has resulted first in 
an initiation of the operation of the mechanisms re-
sponsible for an integral response, and, second, upon 
expiration of a certain time, in the production of a 
local response by the cells in the residual tumor and 
the perifocal edema, induced by the pulsed-type field. 
As is can be seen, the general and the local actions, 
which are addressed to different neuronal systems of 
the brain, including the malignant glial cells, due to 
synergism of the major bio-parametric signals of PMF 
and ELF MF have generated their general output: the 
anti-tumor, anti-edematous and analgesic effects.

Considering important implications of the neu-
ronal systems for the realization of the cortex activity 
and the formation of the psychosomatic status in pa-
tients with brain tumors of a high grade of malignan-
cy, another suggestion along similar lines is that TMT 
has promoted a transition to the point of return (using 
the definition proposed by V.I.Orlov – please, refer to 
the previous paper) and favored the return to physi-
ological region Smile-of-the-Life. To a certain extent, 
at the same time, we may say that the pathologically 
altered glial cells have reached their point of no return 
that has triggered an improvement of quality of life 
and contributed to the immediate beneficial treatment 
outcomes in the HGG patients.
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Abstract 
This paper presents the results of a study in which cardiac signal 
of the first lead of a standard digital ECG system were processed. 
By filtering in the time domain, the cardiogram was clarified of 
noise that reduced influence of spectral harmonics by 10-15%. 
To present and classify frequency characteristics throughout the 
entire cardio signal, the QS section between the P and T peaks 
was smoothed. Due to the influence of sharp peaks on the re-
sults of spectral analysis, a result considerably differ from the 
sum of sinusoidal components is observed. The gap between 
the peaks is interpolated by the Lagrange polynomial since it 
did not show an influence on the resultant spectrum. The spec-
tral representation revealed peaks with frequencies oddly even, 
3.1 Hz and 6.2 Hz, corresponding to the P and T peaks. Based 
on the obtained results the frequencies corresponding to the 
remaining peaks of the cardiogram were also classified. The 
obtained results represent a spectrum of two regular harmonics 
what allows for further adequate diagnostics of ECG signals.
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Introduction
The basis of electrocardiography is the registration 

of bioelectric potentials on the surface of the body's 

skin that appear during the heart beating. Usually, a 
standard twelve-lead electrocardiograph is used to do 
this, which register in electrical potentials from the 
surface of the body that arise in different parts of the 
heart during the moments of systole and diastole. In 
the latest electrocardiographs, this information is re-
corded and further processed in digital form.

The modern stage of development of information 
technologies is characterized by the massive use of 
the systems using various algorithms for processing, 
analysis and interpretation of signals as well as elec-
trocardiograms (ECG), in particular [1, 2]. The clas-
sical approach in electrocardiology consists of various 
methods for analyzing the time dependences of the 
amplitude of cardiac signals: standard ECG measure-
ment – mean values and variances of depolarization 
and repolarization basic parameters. However, the 
existing methods of analysis in the time and spectral 
domains are not always sufficient to describe all the 
features of the ECG signals and do not allow for fully 
identify its their basic characteristics [3].

The key problems of the cardiac signals analysis 
is not only the detection of standard complexes and 
analysis of their shape, but also the identification of 
specific spectral components. In this regard, new pos-
sibilities are opened by division of the signal to two 
parts: (i) with sharp leading edge (QRS complex); and 
(ii) slow ones – with smooth leading edge (P and T 
peaks). The Fourier transform (FT) is based on the 
idea of representing a periodic function, all ECG sig-
nals are primarily these, in a form of the sum of indi-
vidual harmonic components (sines and cosines with 
different amplitudes A, periods T, and frequencies 
ω) [4-6]. In literature on ECG processing, the Fouri-
er transform is used as a tool for analyzing heart rate 
variability (HRV) only. As a result of that the poten-
tial of using spectral analysis for diagnostics of cardiac 
diseases is realized not completely.

The purpose of this work is to divide the ECG sig-
nal into two parts (fast and slow) in the time domain 
with following processing of the second part in the 
spectral domain.

Materials and methods
The signal of a standard electrocardiographic sys-

tem, averaged over three realizations, containing noise 
and power line interference, has been taken for pro-
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Figure: 1 - Segment of the original ECG signal (a), filtered ECG 
signal (b), the filtered ECG signal without R peak (c)

cessing and further analysis. The initial cardiac signal 
is shown in Figure 1a). The initial data of the time se-
ries of the first lead of the signal contain noise and 50 
Hz power supply influence, which naturally reflects on 
the results of spectral analysis in the form of high-fre-
quency interference. It hampers further processing 
and determination of relationships between harmonic 
components, frequencies and peaks of the cardiogram. 
To minimize the noise component, primary process-
ing in the time domain was implemented – smoothing 
using Lagrange-Sylvester polynomials, Figure 1b):
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After the primary signal processing in the time do-

main, spectral analysis is performed using the discrete 
Fourier transform:
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where 10 −≤≤ Nk  , N – number of multiplica-
tion of complex numbers.

Then, harmonics and frequency characteristics are 
identified. The results of spectral analysis of the orig-
inal and filtered ECG signal are shown in Figure 2 in 
blue and red colors.

Note that, even after filtering, the resulting signal 
spectrum consists of more than fifteen harmonics. 
Determination of functional relationships between 
the cardiogram waves and frequencies with such a 
number of harmonics is very difficult. The Fourier 
transform assumes a periodic but preferably smooth 
signal. On conventional analog ECG signals recorded 
on a graph paper, the QRS complex is approximated 
by a triangle, because it is somewhat stretched due to 
the instrumental function, Figure 3.

The original digital data show that the sharp peak 
responsible for ventricular contraction is most close-
ly corresponds to the δ-function with an amplitude 
3-5 times greater than that of the P wave (atrial con-
traction) and T wave (ventricular relaxation). The 
sharp R peak gives too many the harmonics in the 
final spectrum mostly. The temporal representa-
tion of the ECG signal in the form of two functions, 
(i) a periodically appearing R peak only, and (ii) a 
smooth signal with the P and T waves, leads to ob-
taining a spectrum (Figure 3, green) of the second 
signal with adequately interpreted harmonic [9, 10]. 
Interpolation of the resulting Q-S discontinuity us-
ing the Lagrange polynomial give the best results of 
spectral analysis [10]. A signal with smoothed QRS 
complex and interpolated by the Lagrange polyno-
mial is shown in Figure 1c). The result of the spectral 
analysis of the processed signal is shown in Figure 2 
in green.

The spectrum of the smoothed signal contains 
two pronounced harmonics with frequencies: ω1 = 
3.12 Hz and ω2 = 6.21 Hz. From the ratio of the am-
plitudes of the T wave to the P wave, it can be con-
cluded that on the cardiogram ω1 corresponds to the 
T wave, and ω2 to the P wave.The conclusion about 
the correspondence of the harmonic components 
is verified using simulation and the inverse Fouri-
er transform. The signals obtained in this way, with 
good accuracy (R2 ~ 0.95), corresponds to the orig-
inal data, both in amplitude and phase. The change 
in the amplitude of a chosen harmonic leads to the 
change in the corresponding wave on the recon-
structed ECG signal.
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Figure: 2 - ECG signal spectra. The original signal spectrum 
(blue histogram); spectrum of the filtered signal (red histo-
gram), spectrum of the signal after smoothing the QRS com-
plex (green histogram), see Figure 1c)

Figure 3. Presentation of the cardiogram using standard (a) and 
digital (b) way

Results and discussion
The use of the Fourier transform for the analysis of 

the initial cardiac signal showed the presence of more 
than 15 peaks in signal spectra. Biomedical diagnos-
tics and determination of functional dependencies of 
them is difficult and almost impossible. The use of 
Lagrange-Sylvester polynomials made it possible to 
reduce the number of harmonics by about 30%, while 
the shape of the electrocardiogram remained practi-
cally unchanged, Figure 1b). Only a decrease in the 
amplitude of the R peak can be seen, but this does not 
affect the further research results.

Revealing the relationship between the spectral 
harmonics of the filtered ECG using the inverse Fou-

rier transform is possible, however, the adequacy of 
this approach in practice remains unclear. As a con-
sequence of this we suggested to make initial signal 
processing in the time domain, namely, the reduction 
of the number of spectrum peaks by smoothing the 
QRS complex with the Lagrange polynomial (Figure 
1c). This approach is used since R peak is approximat-
ed by δ-function most obviously and, as a result, gives 
the number of additional spectral harmonics.

The interpolated signal is subjected to Fourier 
transform to reveal the frequencies characterizing the 
sequential depolarization of the right and left atria 
and the process of rapid repolarization (relaxation) of 
the ventricles. On the results of the spectral analysis 
(Figure 2, green), two pronounced harmonics with 
frequencies ω1 and ω2 corresponding to the T and P 
waves can be seen. It is possible to determine belong-
ing of a particular wave by comparing harmonic am-
plitudes of the spectrum and using the inverse Fourier 
transform.

The obtained result strongly suggests that the puls-
es responsible for atrial depolarization and ventricular 
repolarization, generated by the sinus-atrial node, are 
of different nature and are not related to each other. 
However, the P and T waves most probably correspond 
to one harmonic, therefore, the processes correspon-
dent to them can be described by sinusoidal signal. 
Also, the frequencies obtained during the experiment 
are approximately a multiple of two. This indicator is 
inherent to some primitive biological self-oscillating 
systems [8, 11]. 

It is important to note that the results obtained 
meet the criteria for adequacy:
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The calculations of the F-test also confirmed the 
adequacy of the model to the results of the obtained 
discrete data.

Conclusion
This paper the results of spectral analysis of the aver-

aged signal of a standard digital ECG system are present-
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ed. Using time-domain processing, the cardiogram sig-
nal was cleared of noise and power line interference. As 
a result of the Fourier transform, spectra were obtained 
that contained more than fifteen peaks, which is approx-
imately less than ten when using standard processing.

It was found out that the elimination of the δ-func-
tion of the QRS complex with interpolation by a La-
grange polynomial in the time domain and subsequent 
processing in the spectral domain can significantly re-
duce the number of spectral components and reveal 
the frequencies ω1 = 3.12 Hz and ω2 = 6.21 Hz, corre-
sponding to T and P waves. The described algorithm 
for ECG processing in the time and spectral domain 
has the potential to register micro changes in the car-
diac signal based on the analysis of the corresponding 
peaks of the spectrum.

Further work will be carried out in identifying the 
relationships between each peak of the signal spectrum 
and the waves of the cardiogram time dependences, 
as well as determining the relationship between car-
diovascular diseases and harmonic components of the 
signal. An important step in the study of the spectra is 
to find the frequencies corresponding to the narrow 
and high peaks R. This signal is necessary to process 
in time-domain and using wavelet analysis separately.
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Abstract 
In the study conducted by us previously, it was found that not 
only the energy of the discharge, but also the amplitude of cur-
rent, the pulse duration and its shape have their significant in-
fluence on the efficacy of defibrillation. Until now, no systematic 
approach to the comparison of the pulse shapes effectiveness 
has been available. 
An identification of the optimal pulse parameters for defibrilla-
tion has not only theoretical aspects but also engineering details 
in the design implementation. In order to conduct a complete 
pulse optimization, required is a multidisciplinary approach to 
determining boundary values and searching for further ways to 
improve the efficiency of electropulse therapy. An understand-
ing of the relationship between the biphasic pulse parameters 
and the criteria for healthcare quality can make it possible to 
increase the survival rate of patients with ventricular fibrillation 
and ventricular tachycardia. The implementation of the current 
stabilization system in the defibrillator allows realizing an indi-
vidual selection of the pulse energy defibrillation.
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Introduction
When designing a biphasic defibrillation pulse, it 

is necessary to take into account several parameters, 
which will make an impact on the efficiency of elec-
tropulse therapy. The output energy is a measure of 
the pulse efficiency. The main directions of optimiza-
tion consist in its reduction to minimize the potential 
damaging effects with increasing a probability of the 
defibrillation success. Also potentially dangerous are 
high peak current and high output power. The maxi-
mum charge voltage is an engineering component. All 
boundary conditions being equal, a higher charging 
voltage leads to a more efficient use of energy stored 
in the high-voltage capacitor and reduction of the size 
of the defibrillator itself. One of the key aspects is the 
shape and the duration of a defibrillation pulse. 

An analysis and a comparison of the pulses applied 
in the present-day medical practice show good clinical 
results at a discharge energy of 120-150 Joules, but this 
is not a limit. There are some theoretical prerequisites 
for further reducing the discharge energy while main-
taining the desired efficiency. 

The aim of our research work is to design a method 
of individual dosing of the defibrillation intensity in 
the transthoracic defibrillator.

Materials and methods
To create the electrical equivalent circuit, the lay-

er-by-layer resistance of tissues and organs of the tho-
rax may be thought of as resistors, connected in series 
in case of current passage through the tissue and in 
parallel in case of shunting current path. A cardio-
myocyte itself can be presented as a capacitor, as the 
bilipid cell wall endows it with capacitive properties. 
Figure 1 exhibits the equivalent circuits with differ-
ent levels of organization. They illustrate how current 
flows through resistor Rs (serial), which is generated 
by the internal resistors, the power supply line and 
the electrodes. Next the current is divided into a por-
tion which flows over or under the skin in the form of 
shunt current around the thorax through Rtc (thorax) 
and through the thorax wall, designated by Rcw. In 
the region below the ribs, the current is again divided 
into portions, which flow around the lungs (Rlp for 
the parallel connection) or flow through them (Rls for 
the serial connection). The heart itself also provides a 
shunting path, which is represented by Rhp.
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Depending on the formulated task, this equivalent 
schematic circuit is used with different detailed engi-
neering options, but they are capable to be qualitative-
ly transformed into each other. It is the case as long as 
the constant of time, the voltage curve and the charac-
teristics differ only quantitatively. 

 
τ=(Rhi+Rhp)∙Cm                                             (1)

In these models, the membrane excitation must 
experience a permanent voltage oscillation before the 
actuation. In any case, the absolute threshold values 
cannot be determined. An individual resistance is an 
intrinsic variable featuring a patient. However, mea-
surements in dogs showed that about 3% [2] - 4% [3] 
of the defibrillator current effectively flow through 
the heart. In humans, because of the planar geometry 
of the thorax, it is assumed that the proportion of the 
effective current should be greater. The percentage 
slightly depends on the patient's constitution. There 
are at least some publications stating that the cur-
rent strength is a quite comparable stimulation pa-
rameter [4, 5]. Therefore, only the following parallel 
RC model is considered for the following reasons. 
This very simplified equivalent basic circuit already 
provides some important findings: the existence of 
rheobase can be explained with the use of the equiv-
alent basic circuit mentioned above. As long as the 
current flowing through extracellular resistor Rp is 
insufficient, the voltage at the Cm membrane would 
never be sufficient for the stimulus threshold. The 
greater the current, the shorter the time of the mem-
brane capacitance charging through the intracellu-
lar resistance. Therefore, the stimulus threshold is 
reached earlier. 

The threshold stimulation values, which are deter-
mined with the help of these models, correspond to 

Figure 1. Three general minimum equivalent schematic circuits 
of current path in transthoracic defibrillation

the results published by Blair [8, 9] in 1932. These re-
sults are similar to those by Weiss and Lapicque [10], 
which have independently described the stimulation 
effect later. Figure 2 shows the relative excitation of the 
membrane as a function of the pulse duration depend-
ing on the intensity according to Weiss and Lapicque:

I(TImpuls)=IRheobase∙(1+τMembrane/TImpuls)          (2)

As seen from the above Figure, the maximum devi-
ation of 30% may seem to be very large, but consider-
ing the fact that the initial data for the model cannot be 
determined, and in the analysis, we carried out before 
[1], most modern high pulses have a pulse duration 
ranging from 3 to 20 ms, then this deviation cannot be 
viewed as so much significant.

With the use of the above equivalent circuits, de-
signed have been several pulses, which are extensively 
used in practice [8,9,10]; their effectiveness has been 
confirmed by clinical tests and the vast experience in 
the application of the external defibrillators in prac-
tice [11,12,13]. The main problem of the equivalent 
circuits shown in Figure 1 is that the specific values 
of all their units cannot be properly identified, and, 
consequently, it is impossible to determine the effect 
produced by certain parameters of the patient such as 
age, weight, height, etc. In most cases, these data were 
selected either empirically or taken as a constant and 
not considered in the calculations. In the reference lit-
erature, the 2 - 4 ms interval is often mentioned as the 
optimal pulse duration [14,15,16]. Our study showed 
that the most effective pulses had durations of 4-6 ms 
[1]. In the calculations with the use of Equation 1, the 
optimal time is 3 - 6 ms. 

The biphasic truncated exponential pulse is most 
extensively employed now. Returning to the analysis 
of the equivalent circuit in Figure 1 and basing on the 

Figure 2. Relative deviation of the model is reduced to the 
Weiss-Lapicque stimulation law in Figure 1 (Equation 2)
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findings made by Irnich in [17,18], we can come to 
some simple conclusions: at a current intensity below 
the rheobase no effective stimulation occurs, therefore, 
that portion of an exponentially decaying pulse, which 
is below this level, is of no concern, i.e. an increase in 
the pulse duration will not lead to the charging of the 
capacitor in the model and to stimulation of a cardio-
myocyte in the heart. 

In the previous research work [1] pertaining to a 
comparison of the existing pulse waveforms, analyzed 
was a relationship between the pulse duration and 
the patient’s body impedance. The generally accept-
ed range of allowable values for defibrillation covers 
an interval from 25 to 175 Ohm, and Figure 3 herein 
gives a summary diagram of various pulses. The dia-
gram displays the relationship between the maximum 
excitation and the time for different impedance val-
ues in patients’ bodies. The diagram exhibits that the 
highest membrane excitation is identified at the pa-
tient’s body impedance of 25 Ohm, and the lowest at 
175 Ohm, respectively.

The main goal of defibrillation is to achieve the 
rheobase by all cardiomyocytes in the heart, for this 
purpose it is necessary to maintain a certain level of 
the current required to reach the threshold of stim-
ulation during the whole pulse. As we see from the 
diagram, the "Straight" and “Biphasic" pulses are 
best suitable to achieve this goal. This diagram has a 
substantially rectangular shape and different current 
amplitude for different impedances. This has been 
evidenced in an experiment with a biphasic defibril-
lator by J.C. Schuder in 1964. Defibrillating a dog, he 
succeeded in demonstrating that the "rectangular or 

Figure 3. Diagram of the relationship between the cardiomyo-
cyte maximum response and the time for patients’ bodies with 
an impedance from 25Ohm to 175 Ohm

Figure 4. An effect of different pulse intensity on the success of 
defibrillation and damage potential

square pulses with a constant current strength" pro-
duced the greatest efficiency effect of defibrillation 
[19]. However, such pulse shapes were very difficult 
to implement at that time, so that the above research 
work was purely experimental. The defibrillator was 
capable of delivering almost any shape of pulse when 
controlled by the current. The high-voltage switch 
was implemented with 11 power lights and could 
supply up to 20A with an impedance up to 60 Ohm. 
Two charging capacitors of 1000 µF were charged to 
2 kV that corresponded to the energy storage of 4000 
J. At that time this sort of design versions was very 
expensive for implementation and practical applica-
tion. Also the engineering capabilities of electronics 
at that time did not allow starting commercial pro-
duction, so the results of that research work had no 
practical application and have been in large measure 
forgotten.

The practical importance of an accurate dosing is 
described in detail by Tacker [20]. Figure 4 offers a di-
agram of the dependence of the defibrillation success 
on the current strength. The curves show that there 
is an area, where the curves of the successful defibril-
lation and the damage potential overlap, i.e. each at-
tempt with the sufficient current strength inevitably 
leads to damage of cardiomyocytes. Besides this pos-
sible damage caused by this kind of the defibrillation 
pulse, there is another problem available: the problem 
of accumulation. Several sequential pulses produce 
an accumulated damage potential [21]. To avoid this 
unfavorable event, a minute interval between each de-
fibrillation was included into the Guidelines for resus-
citation in 2005.
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Results and Discussions
In our previous work when analyzing the pulse 

shapes it was found that the peak current for low im-
pedance patients may reach 90 A. On the other hand, 
patients with high impedance the peak current value 
did not reach 18 A. Gold and Schuder proved that a 
high probability of defibrillation success is possible 
only in a certain range of current and time [15]. Kon-
ing [22] used the Weiss-Lapicque law of stimulation 
and derived the following equation for the optimum 
pulse:

I(τ)=IRheobase∙(1+τChronaxie/τ)                 (3)

Taking into account the results obtained by Kroll 
[12], where the rheobase is approximately 0.3 A, using 
equation 3, we obtain the 4 ms time for each phase. 
Considering that only 4% of the current leads to an ef-
ficient defibrillation, in the first phase of the biphasic 
pulse, with pulse duration of 6 ms, the average current 
of 14A is required [4].

Since the average current strength has been chosen 
as the main parameter determining the dosing of de-
fibrillation discharge, it is used as the reference mea-
sure. In the first phase, the constant average current 
was 15 A during 6 ms, and, after a switching interrup-
tion of 300 ms, a negative phase with a current of 10 A 
within 3 ms follows. 

According to Chapman [20], only 15% of the hu-
man individuals have an impedance value above 125 
Ohm, so the impedance dispersion of the patient for 
modeling is established to be in the range from 25 
Ohm to 125 Ohm. The model response of the pulse at 
125 Ohm reaches the threshold defibrillation energy 
of 208 J, so these results are comparable with the exist-
ing signals of rectilinear shape, the efficiency of which 
has been confirmed experimentally, especially in pa-
tients showing high impedance level of their bodies. 

The second phase has also a rectangular shape, 
but its current strength is smaller, and its duration is 
shorter. There are also some studies, which compare 
different variants of the second phase, but they all have 
approximately the same result in a wide range of tol-
erances [21].

Conclusions
The aim of this research work is to develop a meth-

od of individual dosing of the defibrillation intensity 
for an automated external defibrillator. 

This aim can be attained only in the case of break-
ing the conventional energy dose paradigm. The most 
suitable fresh approach is to determine the average 
current (I) and the charge (Q) calculated as a function 
I (t) for the description of the defibrillation pulse in 
transthoracic defibrillation. 

So, the defibrillation pulse defined in such a way 
takes into account the patient's constitution peculiar-
ities as against the classical definition of energy. This 
means that the effective defibrillation can be achieved 
with the first pulse. Thus it is possible to avoid both 
potential overdoses and harmful accumulated damage 
due to increased number of defibrillation discharges 
and the associated loss of time during resuscitation.
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Abstract 
The paper presents an analysis of some promising lines of de-
veloping off-office telemonitoring. Some applications of expert 
systems designed on the basis of algorithms used for medical 
decision making are discussed herein. The whys and wherefores 
of the design of automated hardware & software systems in 
CVD therapy, which can be used for prevention and off-office 
follow-up telemonitoring in elderly individuals, are given herein.

Methods
We evaluated a total of 1078 consecutive anterior STEMI pa-
tients who underwent PPCI with deployment of new genera-
tions DES. The patients were divided according to the number 
of implanted stents into 2 groups; multiple-stents group hav-
ing ≥2 overlapping stents (n =388) and single-stent group (n 
=690). We compared the rates of major adverse cardiovascular 
events (MACEs; composite of cardiac death, reinfarction, isch-
emia-driven target vessel revascularization (TVR), definite stent 
thrombosis (ST), and stroke) between the 2 study groups.

Results
There was a non-significant trend toward increased in-hospital 
mortality in the multiple-stents group [3.4% vs 1.7%; P=0.096] 
related to a significant higher rate of cardiogenic shock [9.5% 
vs 6.1%; P=0.037] and post-procedural suboptimal TIMI flow 
[26.3% vs 19.4%; P=0.009] as compared to the single-stent 
group. Yet, there were no significant differences between the 
2 groups in the incidence of 6-month MACEs: [9% vs 7.1%; 

P=0.259], cardiac death: [4.6% vs 3%; P=0.173], reinfarction: 
[3.6% vs 3.2%; P=713], TVR: [4.4% vs 4.1%; P=0.799], and defi-
nite ST: [3.6% vs 2.8%; P=0.43], respectively.
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Introduction
In 2019 the implementation of Federal National 

Project “Generation Seniors” has been started in the 
Russian Federation that is aimed at an increase of life 
longevity on the basis of health improvement of the 
elderly population. The key mechanism in achieving 
this objective is to extend the coverage of preventive 
check-ups and examinations of the elderly individu-
als including follow-up. It has been scheduled that be-
fore 2024 the above prevention coverage shall be more 
than three times greater: namely, it shall be increased 
from 23% to 70%. It is suggested that 90% of the indi-
viduals with diagnosed diseases and pathologies shall 
be involved in further follow-up care. It is proposed to 
solve this task by establishing the geriatric health care 
system and expanding responsibilities of primary care 
doctors (primary therapists, GPs and preventive care 
doctors) [1].

To treat seniors is always a complicated case, since 
most of them show comorbidities that is the cause that 
they receive multi-component, duplicative or even 
counteracting medical drugs administered by medical 
doctors. A primary care doctor, who has no special 
competencies in treatment of geriatric patients, can-
not make the proper medical decision, when assessing 
two diseases in the same elderly person, due to their 
complex manifestation pattern, and, as a result, can 
administer an inadequate or improper medication. As 
a consequence, a huge number of seniors are treated 
with negatively geriotropic drugs, which have poten-
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tially harmful effects on an elderly person organism. 
In the circumstances, a geriatry care doctor, who is 
competent in geriotropicity, comorbidities and poly-
pragmasia, shall become a carrier of rapidly develop-
ing geriatric technologies to avoid this sort of risks [2].

But at the same time, according to Order No.38 
“Approval of Geriatric Care Procedure Regulations” 
dd. 29th of January, 2016 issued by the Russian Na-
tional Health Care Ministry, the standard staff in the 
Geriatry Care System shall be assigned according to 
calculation as follows: one full-time geriatric doctor 
per 20000 of elderly individuals that means that it is 
possible to establish and support the Geriatry Care of-
fices in large cities with a population over 100000 or 
1000000 people only. Therefore, it may be concluded 
that the establishing geriatric care system will not be 
capable of rendering global geriatric servicing, not to 
mention follow-up of this sort of patients. Moreover, 
it is scheduled that a full-time geriatric doctor shall 
be financed by a responsible medical office within the 
pre-assigned salary fund that might be realized in case 
of a personnel reduction within the office only.

Capabilities in primary health care are also limit-
ed. Each primary general practitioner is responsible 
for servicing of 1700 patients, which include, as a rule, 
~30% of the elderly patients (~510 individuals). Con-
sidering the requirements set forth by Order No.173n 
“Approval of Follow-up Procedure Regulations Appli-
cable to Adults” dd. 29th of March, 2019 and Order 
No. 290 “Approval of Standard Time Specifications 
per Patient Visiting General Practitioner’s Office” dd. 
02.06.2015 issued by of the Health Care Ministry of 
Russia, we arrive to a conclusion that workload per 
primary doctor to undertake follow-up duties will 
increase by 20%, so that, taking into account his/her 
regular duties, it may lead either to obstructive conse-
quences or rather formal performance of the duties by 
the responsible doctor. 

Fortunately, there is a good alternative thereto 
available: to intensify prevention and follow-up is pos-
sible with the use of telemedicine technologies. The 
possibility of this offered solution is regulated by Cl.7 
of Order No.173n “Approval of Follow-up Procedure 
Regulations Applicable to Adults” dd. 29th of March, 
2019 issued by of the Health Care Ministry of Russia, 
and telemedicine may be officially used according to 
the procedure of establishing and rendering of health 
care services with the application of telemedicine 
technologies approved by Order No. 965n “Approval 

of Procedure of Establishing and Rendering of Med-
ical Service with the Use of Telemedicine Technolo-
gies” dd. 30th of November, 2017.

Telemonitoring (off-office monitoring) is an in-
tensively developing area of the patient-centered tele-
medicine sector (i.e. based on a remote interaction be-
tween a medical doctor and a patient) that is governed 
by the Russian Federal Law No.242-FZ “Introduction 
of Changes in some Legal Acts of the Russian Feder-
ation Related to Issues of Applications of Information 
Technologies to the Health Care Area” dd.29th of July 
2017.

The modern telecommunication technologies are 
capable of recording and tracking a variety of biological 
data of an organism and providing their long-distance 
transmission for further processing by a diagnostics & 
treatment office that may include occupational medi-
cine prevention and medical follow-up. Telemonitor-
ing is a time- and effort-saving method beneficial for 
senior patients: this merit is of key importance for this 
cohort of the patients and for the population in remote 
regions.

There is the evidence that telemonitoring of any 
parameter of the biological data increases the patient’s 
adherence to treatment, so that the patient pays more 
attention to his/her own health, makes efforts to fol-
low the administered medical prescriptions and rec-
ommendations. An exemplary case to illustrate this is 
as follows: even a simple pedometer-based telemoni-
toring results in a rise in the physical activity by 2000-
25000 steps a day [3].

Widely used is the patient-centered telemonitor-
ing technology based on video-channel technique 
(teledermatology, teletraumatology, telerheumatolo-
gy, teleorthodontics), telemonitoring of glucometer 
parameters (telediabetology), telemonitoring of stati-
cal, stabilometrical, locomotor-related and dynamical 
indicators (teleneurology), body mass index values 
(teledietology), and thermographic data in case of in-
fectious, oncological and rheumatological diseases.

The greatest advance in telemedicine has been 
made by cardiology, based on remote recording of 
the real-time heart performance data. For this pur-
pose, designed have been simple, reliable, sensors of 
the electrocardiography (ECG), which can be properly 
placed even by intuitive users at home [4].

Most advanced ECG recording devices and ana-
lyzers can be easily integrated in smartphones; mobile 
apps make it possible to process and interpret the re-
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corded ECG parameters in automated modes, without 
physician assistance; the obtained processed interpret-
ed data can be sent on-line to the responsible medical 
staff [5].

There are original engineering concepts of the 
Holter monitoring available that allows examining a 
patient without his/her active participation: the Holter 
monitoring sensors are inserted immediately in gar-
ment or fixed to the skin areas with special adhesive 
tape; recording is carried out with a pre-set periodici-
ty, covering sleeping time, too [6]. 

Another option in patient-centered telemonitoring 
is the complex telemonitoring that implies recording 
of complete sets of different biological data in paral-
lel with their further integral processing. The complex 
monitoring that has employed the widest application 
includes the following: ECG + pulse metering + arteri-
al pressure metering + determination of oxygen satu-
ration level of hemoglobin (O2 sats). In addition to the 
heart performance data, this option offers recording 
abnormalities or deviations from the normal perfor-
mance of the respiratory and vascular systems that is 
of great importance for seniors showing comorbidities.

Connected Local Telemedicine Booth H4D de-
veloped in France makes it possible not only to pro-
vide remote general check-up, measure antropomet-
ric data, but also to make ECG diagnostics, conduct 
blood sample test, otoscope examination and retinog-
raphy [7].

One of the promising ways of the complex tele-
monitoring is an examination of central hemodynam-
ics with the compression oscillometry method (device 
KAP TsG osm “GLOBUS"). The method offers to 
obtain data on the actual status of the cardiovascular 
system performance including the following: several 
types of arterial pressure AP (systolic AP, diastolic AP, 
true systolic AP, mean AP, stroke AP and pulse AP ), 
some vascular characteristics: linear blood flow veloc-
ity, pulse wave propagation velocity, vascular system 
compliance, total and specific peripheral vascular re-
sistance (TPVR, SPVR); complete sets of heart per-
formance data: cardiac output (CO), stroke volume 
(SV), cardiac and stroke indices (CI, SI); in doing so, 
the above device delivers as a total 22 parameters. Re-
cording of the data is provided with an upper-arm cuff 
oscillometric instrument in a way, similar to the con-
ventional arterial pressure measuring technique that 
allows using of this device under the off-office condi-
tions, in the automated mode among them.

A higher information potential of the complex 
telemonitoring can be offered by another advanced 
technology: the ECG recording of the ascending aorta 
conducted in parallel with Rheogram recording (us-
ing PC-assisted hemodynamic analyzer Cardiocode). 
In addition to the conventional ECG analysis, the Car-
diocode technology is capable of noninvasively deliv-
ering complete sets of data on hemodynamics of the 
heart, as listed below: stroke volume, minute volume, 
volume of blood entering the ventricle in the early 
diastole (detection of diastolic dysfunction of the left 
ventricle, if any), volume of blood entering the ven-
tricle in the atrial systole (assessment of contractility 
of the atrium and identification of the hemodynam-
ic loading on the atrium), total diastolic volume of 
blood, volume of blood ejected by the ventricle in the 
rapid ejection phase, volume of blood ejected by the 
ventricle in the slow ejection phase (assessment of the 
contractility of the ventricle and identification of the 
hemodynamic loading on the ventricle), volume of 
blood delivered by the ascending aorta (assessment of 
the aorta tonus). A remarkable merit of this technol-
ogy is its capability to calculate the ejection fraction 
value (EF) which is the key indicator of the cardio-
vascular system performance in general and which 
is decisive for an identification of strategy and tactics 
of CVD treatment. Conventionally, EF is determined 
with the use of echocardiography that requires the 
medical office conditions only.

The complex telemonitoring is the only possible 
option of rendering health care services in remote ar-
eas and regions, where no public medical offices are 
available (some isolated remote areas, winter quarters 
in remote regions, remote mines, exploration mis-
sions etc.), as well in those cases when patients are 
immobilized or when patients may not be suitable for 
transport. It should be mentioned that 6% of the tele-
medicine projects in health care in the USA are ad-
dressed to patients in penitentiaries. Telemedicine is 
in high demand in case of epidemics (including the 
COVID-19 epidemic), natural calamities, natural di-
sasters or technological accidents [8, 9].

It might be expected that replacing an in-office 
consultation by a remote one will discharge the med-
ical office from overloading and relocate the spare 
resources for a follow-up extension. But actually the 
saved time is consumed due to an additional time 
required for telemonitoring establishing and main-
tenance: training of the patient in use and operation 
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of sensors, formalities in equipment handing-over, 
delivery and return of telemedicine equipment, data 
processing, preparation and submission of findings 
and a final report. A remote consultation hinders (as a 
consequence, makes longer) collection of history data 
of the patient and his/her physical examination that 
produces a negative effect on diagnosis-making and 
decision-making on adequate treatment [9].

Telecommunication in telemedicine differs from 
an in-office communication; even a short-time con-
tact requires an attention concentration and switch-
ing-over from one activity to another that takes at least 
15 minutes [10]. An interruption in a routine activity 
results in a doubled increase of a risk to make an im-
proper decision [11]. Only 4 telephone conversation a 
day deprives of more than one working hour. As prac-
tice shows, a combination of the telemedicine consul-
tation and the routine in-office duties in primary care 
lead to a decline in effectiveness of the occupational 
performance of the medical staff employed [12].

The patient-centered telemonitoring is limited by 
the possibility to use simple-operated sensors that 
constrains the range of biological data to be monitored 
in such a way. In contrast to the clinical telemonitor-
ing, when a doctor-to-doctor communication is main-
tained and any medical equipment may be used to de-
liver the required data, the off-office telemonitoring 
excludes an application of x-ray or sophisticated ultra-
sound equipment (despite the fact that the respective 
portable devices are already available), since the appli-
cations of the medical instrumentation of this class is 
associated with the need to involve trained high-com-
petence medical staff only. 

Among other essential obstacles to widely use tele-
monitoring we should note high costs for the special 
equipment and the absence of well-defined regulations 
on fees to be paid for telemedicine services. The costs 
for advanced sensors may vary from several thousands 
to tens of thousands Roubles so that it cannot be ex-
pected that they are purchased by users on their own 
account. Although we observe a stable tendency to re-
duce telemedicine costs due to integration of record-
ing devices and retranslating units in personal gadgets 
as well as due to greater availability of Internet every-
where, we may suggest the final solution of this prob-
lem will take at least more than one year. A lot of time 
will be required for large-scale testing of cost-effective-
ness of medical instrumentation and services as well as 
for legal regulation, routing design & implementation 

and financing of this type of activity. Issues on educa-
tion and training of medical staff in telemedicine com-
petencies remain unsolved; there are no educational 
standards applicable thereto. Doctor-biotechnologists 
and doctor-cybernetics experts are graduated from 
some medical universities, which are not entitled to 
conduct treatment, while a few number of research-
ers and research institutions, really experienced in the 
telemedicine theory and practice, cannot use their 
high potential for these purposes [13,14].

The international experience shows that the devel-
opment of telemedicine is connected with the neces-
sity to establish an autonomous structure responsible 
for governing the telemedicine service: a telemedicine 
call center (TMCC) which should employ the required 
medical staff rendering telemedical services with the 
use of the telemedicine hardware & software systems 
and algorithms designed to record and process the re-
spective calls as well as to make the required current 
decisions [15].

The communication unit of TMCC is a front office, 
furnished with the server to collect the relevant data 
from a patient, store them in the database (eHistory 
Record of the patient), analyze and submit to an ex-
pert according to the prescribed routing [16].

Upon a request submitted by a patient or a medi-
cal office, TMCC shall be responsible for establishing 
telemedicine consultations (patient-to-doctor, doc-
tor-to-patient, doctor-to-doctor), making referrals, a 
monitoring examination or check-up, medical infor-
mation supporting, as well as for training and method-
ological supporting by experts. The TMCC hardware 
& software systems (HSS) are responsible for telemon-
itoring data processing and submission of the issued 
findings to the assigned medical doctor rendering 
health care service to his/her client. An important duty 
undertaken by TMCC is establishing of a long-time 
observation and/or care & nursing required by a pa-
tient as well as immediate intervention in case of sud-
den deviations in the patient’s physical conditions [9]. 

The full-time medical staff of TMCC shall include 
mainly nurseries, who have completed their special 
training. The task of the staff is to match the client 
(the patient or the doctor) and the expert performer 
(the implementer) of the requested medical service. 
The expert performer duties can be undertaken by 
any specialist (not always by a medical doctor), who is 
employed by TMCC, who is well aware of the relevant 
information and who has the required applicable qual-



Issue 17. November 2020 | Cardiometry | 43

ification. The expert may cooperate as a remote work-
er and live even on another continent: that may be of 
advantage in servicing people during the night time.

At present, the North-American Center Cisco pro-
vides the proper routing of medical calls with a staff 
employing 590 000 doctors and medical specialists and 
more than 4900 hospitals; it integrates audio- and vid-
eo-technologies in medical equipment that successfully 
expands health care in rural areas and remote regions 
with poor infrastructure. Each working place in this 
TMCC is capable of servicing up to 500 patients in par-
allel, and the total number of the serviced clients (pa-
tients, personal gadgets) reach hundreds of thousands. 
It has been evidenced that the operation of TMCC 
makes possible to reduce the consultation costs by more 
than 10 times as compared with the standard examina-
tions or check-ups, and in case of monitoring of the car-
diovascular system by 5,5 times, respectively [17].

According to the data presented by the Health Care 
System’s King’s Fund in Great Britain, savings in ther-
apy of major groups of diseases after introduction of 
the telemedicine technologies vary from 20,4 to 54,6% 
a year [18].

The off-office telemedicine monitoring is capable 
of decreasing demand for in-hospital treatment and 
reducing treatment times. So, as to the patients with 
heart insufficiency, according to the data of a num-
ber of controlled investigations, a reduction in their 
hospitalization rate by 27-40% is recorded. For the 
North-American Veteran’s Hospitals reported is a de-
crease in the hospitalization rate by 20% and in the in-
patient bed days by 25%, respectively [19,20].

Analysts believe that the annual demand for tele-
medicine health care in Russia is 5-8% of the total 
population that is equivalent to 7,5 – 11 million con-
sultations per year [21, 22].

A bottleneck of the telemedicine health care is an 
analytical work of an expert, fully depending on his/her 
own individual features: experience, training & qual-
ification, ability to observe, and methodology of ex-
amination. However, the factory format of the TMCC 
operation requires some stereotypical approaches to 
solving problems in such a way that any influences 
made by subjective factors are completely excluded. 
The basis of the expert’s decisions shall form certain 
standardized scenarios of situations processing [9].

The most appropriate format of this sort of scenar-
ios may be those expert systems (ES), which are im-
plemented as an electronic algorithm for supporting 

medical decision making (SMDM) constructed on the 
basis of expertise and actual expert’s decisions appli-
cable to a given problem (international and national 
clinical guidelines, medical standards and regulations 
governing health care service procedures). The ES 
repertoire, analyzing the relevant diagnostics data ob-
tained with medical instrumentation and primary ex-
amination, integrated with telemetric data, delivered 
in the course of teleconsultation, is capable of substan-
tially expanding and standardizing the telemedicine 
service as well as avoiding eventual influences pro-
duced by subjective factors [23].

Practice shows that, in the medium and long term 
period, the need for developing the SMDM systems 
and services will inevitably increase. The current vol-
ume of the domestic market for medical information 
systems, which amounts to 11.5 billion Roubles a year, 
has a strong tendency of growth rate approximately of 
9% a year. The market covers all medical segments: 
b2b (medical offices, insurance companies, medical 
equipment manufacturers); b2c (patients and doc-
tors); b2g (authorities responsible for health care de-
velopment). [24] 

Against the background of ageing of population 
and growing of social dependence, the costs for med-
ical (including telemedical) services for patients of 
elderly groups demonstrate their annual increase; in 
Japan up to 47% of the health care budget is spent for 
these purposes. This is a stimulus for the development 
of ES for diagnostics and treatment of geriatric dis-
eases. Of particular interest is the design and develop-
ment of automated ES [25, 26].

Russian experts have shown a certain advantage in 
the given area. A research team at the Federal State Sci-
entific Institution "National Research Institute of Pub-
lic Health Named after N.A.  Semashko", together with 
the Vladimirsky Moscow Regional Research and Clin-
ical Institute (MONIKI) and Globus Ltd. (Belgorod), 
have developed hardware & software complex "Treat-
ment of hypertension", which allows serving an un-
limited number of patients with arterial hypertension 
in the automated mode, in particular, determining 
strategy and tactics of treatment, selecting an appro-
priate medication and monitoring its efficacy. It be-
comes possible due to the integration of expert system 
"Monitoring and correction of systemic hemodynam-
ic parameters" with the software of the device, which 
performs remote measurements of systemic hemody-
namics parameters (SHD) (CHS CH osm GLOBUS). 
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The above integration allows us to fully automate the 
clinical process and minimize the role undertaken by 
an expert to just reviewing the made decisions. [10]

The operation of ES "Monitoring and correction 
of SHD indicators" is based on the determination of 
the optimal relationship between an antihyperten-
sive drug (AGP) and the SHD personal profile of the 
patient. The AP level is determined by the following 
three parameters of SHD: HR, SV and TPVR; by in-
fluencing on these parameters, we can control the level 
of AP, both upwards and downwards. The influence of 
AHD on SHD is well studied; this information is freely 
available (see Table 1 herein).

After identifying the personal SHD profile per-
formed is an automatic selection of AHD, which have 
a normalizing effect on the changed (increased or 
decreased) SHD parameters and do not affect those 
indicators, which are within the normal range. If a pa-
tient has comorbidities, the selected drugs are further 
filtered according to the priorities and limitations set 
out in the current clinical guidelines, and also taking 
into account possible contraindications.

The format of the daily off-office monitoring al-
lows us to accurately select the AHD dosage and, if 

Table 1
Influence of AHD* on SHD

INN* HR** TPVR 1*** TPVR 2**** SV*****
Atenolol decreases increases decreases decreases
Bisoprolol decreases increases decreases decreases
Betaxolol decreases decreases decreases decreases
Nebivolol decreases decreases decreases decreases
Metoprolol decreases decreases decreases decreases
Amlodipine no change decreases decreases no change
Diltiazem decreases decreases decreases no change
Nifedipine increases decreases decreases increases
Nitrendipine increases decreases decreases no change
Moxonidine no change decreases decreases no change
Kaptopril no change decreases decreases no change
Chinapril no change decreases decreases no change
Lizinopril no change decreases decreases no change
Perindopril no change decreases decreases increases
Ramipril no change decreases decreases no change
Fosinopril no change decreases decreases no change
Enalapril no change decreases decreases increases
Candesartan no change decreases decreases no change
Eprosartan no change decreases decreases no change
Irbesartan no change decreases decreases no change
Losartan decreases decreases decreases increases
Telmisartan no change decreases decreases no change
Valsartan no change decreases decreases no change
Indapamide no change decreases decreases no change

*INN - international non-proprietary name of the drug, **HR - heart rate; ***TPVR1 - total peripheral vascular resistance in the 
first month of starting treatment; ****TPVR2 - total peripheral vascular resistance after a month of beginning the treatment; 
*****SV - stroke volume.

necessary, change the periodicity of the prescribed 
medication and dosage. In case of negative values in 
the SHD trend indicators, the administered AHD shall 
be replaced by other most suitable drugs. All these ac-
tions are carried out in an automated way and sent to 
the responsible attending physician for approval in 
the form of ready-made solutions, supported by a rea-
soned justification.

As an integrator of the ES and software of the device, 
we have used a web-based platform “Neurodoctor" de-
veloped by the Vladimirsky Moscow Regional Research 
and Clinical Institute (MONIKI), which, in addition 
to storing the necessary databases (electronic medical 
records, clinical guidelines, medical standards and pro-
cedures of health care), is a matrix for the design, con-
struction and placement of ES of any complexity [11].

A patient conducts recording of the SHD parame-
ters staying at home. The recorded data are sent to the 
central server and the web-based platform, added to the 
patient record in the archive and stored for their further 
systematic analysis. The web-based platform, being 
in the automatic mode of the around-the-clock tele-
monitoring, with a certain periodicity makes request 
for updated measurement data on the central server. 
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An automated workplace on the web-based platform 
controls information updates on the central server in a 
specified mode and automatically displays the relevant 
information on the physician’s screen, carrying out fil-
tering, ranking and selection of patients depending on 
the severity of the identified deviations. Information 
about patients given in the form of specific diagnostic 
and treatment recommendations is delivered to the re-
sponsible attending physician with the corresponding 
marking defining the urgency of response.

The effectiveness of HSC "Treatment of hyperten-
sion" is confirmed by clinical studies; its potential allows 
correcting high blood pressure in an unlimited cohort 
of users. In practice, the capabilities of the web platform 
are restricted by the intensity of work of the responsi-
ble attending physician who shall approve the prepared 
recommendations. When switching the web-based 
platform to a fully automated mode (there is an engi-
neering solution already available today), the number of 
serviced patients may be increased by thousands [10].

The research team from FSSI "National Research 
Institute of Public Health named after N.A.  Semash-
ko", together with the Vladimirsky Moscow Regional 
Research and Clinical Institute (MONIKI) carries out 

works on design and development of automated HSS 
"Treatment of chronic heart failure" based on the com-
bination of the same name ES and the cardiomonitor-
ing equipment software.

ES "Treatment of chronic heart failure" (ES CHF) 
in the form of an electronic MDMS algorithm is built 
on the clinical guidelines expertise base “Heart fail-
ure: (CHF) and acute decompensated herat failure 
(ADHF).   Diagnostics, prevention, treatment” [12].

Integrated in the above mentioned CHF ES algo-
rithm has 8 steps and 2304 expert solutions. In the 
process of algorithmic search the following parameters 
are taken into account: EF, HR, systolic AP, duration of 
the QRS interval, the presence or the absence of left 
His' bundle branch block (measured remotely, e.g., via 
PC-aided hemodynamic analyzer Cardiocode); CHF 
functional class (FC), the presence or the absence of 
congestion (defined from the patient’s survey).

At the first stage, a basic plan of treatment is deter-
mined; taken into account are the following:

a) actual EF values  and FC (Figure 1).
b) systolic AP, HR and tolerability of angioten-

sin-converting enzyme inhibitors (ACEi) and be-
ta-blockers (BB) (Figure 2).

Figure 1.  CHF ES, the 1st stage of algorithmic search

Figure 2. CHF ES, the 2nd stage of algorithmic search (determination of basic plan of treatment)
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Substituting the values of the corresponding in-
dicators determined is the basic plan of treatment. 
For example, for a combination of EF <35%, FCIII, 
SAP> 100 mm Hg, HR 70-90 bpm  the basic plan is 
the following: ARNI + BB + AMKR, where ARNI - 
angiotensin receptors and neprilysin inhibitors, BB 
- beta-blocker, AMCR - mineralocorticoid receptor 
antagonists.

At the second stage of the algorithmic search spec-
ified is the basic plan of treatment; taken into account 
are the presence or the absence of stagnation, incom-
plete LBBB and the QRS duration (see Figure 3 here-
in). In the presence of stagnation, QRS <130 ms and 
no signs of LBBB, the basic plan of treatment is the fol-
lowing: ARNI+BB+AMCR + LD + TD + CAIs, where 
LD are loop diuretics, TD are thiazide diuretics, CAIs 
are carbonic anhydrase inhibitors.

At the final stage of the algorithmic search spec-
ified is the final treatment plan which takes into ac-
count the contraindications and patient tolerability of 
medical drugs used in the basic plan. 

Telecardiomonitoring capabilities allow designing 
the automated HSS for diagnostics and treatment of 
other cardiovascular diseases, depending on the cri-

Figure 3. The 3rd stage of algorithmic search (determination of basic plan of treatment)

teria applied to selecting the strategy and tactics of 
treatment. For example, an analysis of clinical guide-
lines regulating the treatment of arrhythmias shows 
the possibility of developing an appropriate HSs (see 
Table 2 herein) [13-16].

The restriction on the proper selection of antiar-
rhythmic drugs is imposed due to abnormalities of A-V 
conduction (amiodarone, BB, procainamide, propafe-
none, sotalol), sinus node disease (amiodarone, pro-
cainamide, propafenone, verapamil), lengthening of 
interval QT (amiodarone), bradycardia (amiodarone, 
BB, propafenone, sotalol, verapamil), intraventricu-
lar conduction disturbances (procainamide, propafe-
none), AF (propafenone, verapamil), the presence of 
accessory pathways (verapamil). All the above param-
eters can be identified by cardiac monitoring (e.g., us-
ing the Cardiocode device). 

We believe that the combination of the thera-
py & diagnostics ES and the software monitoring 
equipment as it is the case with the HSS "Treatment 
of hypertension" is the topical challenge in the mod-
ern health care. An expansion of HSS products with 
a fully automated mode of operation, together with 
providing patients with cost-effective and easy-to-use 

Table 2
Criteria for determining the treatment strategy and tactics under various forms of arrhythmias

Form of arrhythmia Instrumental criteria Clinical criteria

Atrial fibrillation and flutter EF (or and) left ventricular wall thickness greater 
than 1.5 cm, value of AP and HR Primary or recurrent paroxysms

Supraventricular tachycardia, 
supraventricular tachycardia

EF (or and) left ventricular wall thickness greater 
than 1.5 cm, value of AP and HR, structural 
lesions of the myocardium (ischemia, AMI, CHF)

Ventricular arrhythmias

The form of ventricular tachycardia, 
prolongation of interval QT, EF (or and) left 
ventricular wall thickness greater than 1.5 cm, 
value of AP and HR, structural lesions of the 
myocardium (ischemia, AMI, increased heart 
dilatation)

Primary or recurrent paroxysms, 
progression of attacks, growth of 
CHF signs
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telemonitors will solve the problem of preventive ex-
aminations and follow-up of the population in elderly 
groups, without increasing the burden on local care 
health service offices.
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Abstract 
Our aim is to study special features of actions and effects of 
chronic neurogenic pain on concentrations of biogenic amines 
in the brain in tumor-bearing urokinase knockout mice (uPA).

Materials and methods
Our research work has been conducted in female/male mice line 
С57ВL/6 (uPA+/+) n=48 and line C57BL/6-Plautm1.1Bug-This-
PlauGFDhu/GFDhu (uPA) -/-)  n = 48 with targeted mutation of 
protein incapable of binding to receptor of the urokinase-type 
plasminogen activator, i.e. in the urokinase knockout (uPA) mice. 
The animals of each line have been divided into subgroups (п= 
6) as follows: the intact animals, the chronic neurogenic pain 
mice (CNP), the mice with the growth of inoculated melano-
ma (В16/F10) and the mice with combination melanoma growth 
plus chronic neurogenic pain (В16/F10 + CNP). In 10% of the 
brain homogenates, with the use of standard analysis system 
method ELISA (Cusabio. China), we have determined concen-
trations of adrenaline (A), noradrenaline (NA), dopamine (DA), 
histamine, serotonin (5HT) and 5-hydroxyindoleacetic acid (5-
HIAA). Obtained statistic data have been processed using the 
Statistica 10.0 package.

Results
The concentration of biogenic amines in the brain in the intact 
uPA-/- mice has been found to be higher than in the intact 
uPA+/+ animals, and the response to the growth of inocu-

lated melanoma В16/F10 and CNP under single-factor action 
and combined-action variants depends both on the sex and 
the condition of the urokinase gene. In the uPA-/- female/male 
mice in response to the only CNP and the only В16/F10 growth 
the serotonergic system in the brain has been activated. In con-
trast thereto, in case of the melanoma growth against the CNP 
background, we have revealed a decrease in the level of 5HT, 
DA in the female/male mice and NA in the female animals.

Conclusion
One of the factors resulting in cancellation of the genetically 
determined inhibition of the growth of inoculated melanoma 
В16/F10 under its combination with developing CNP in the uPA-
/- mice is suppression of their noradrenergic, serotonergic and 
dopaminergic systems, initially activated in the intact uPA-/- an-
imals to compensate their urokinase deficit.

Keywords
С57/В16 mice line, UPA, Brain biogenic amines, Chronic neuro-
genic pain, Inoculated melanoma В16/F10
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Introduction
The necessity of the synaptic plasticity in the pro-

cess of neurorepair in the brain under different pa-
thology conditions have been recognized by a number 
of researchers [1,2,3]. An important role played by the 
brain urokinase system in neurogenesis, migration 
and growth of neurons, synaptic plasticity [4] and neu-
roprotection [1,2,3], that is to say, in the mechanisms 
having pathogenetic significance and relevance under 
different traumas, stressor actions as well as neurode-
generative and psychological diseases like Alzheimer’s 
disease, Parkinson’s disease, autism, epilepsy, schizo-
phrenia and depression [5,6]. The urokinase knockout 
animals show some abnormalities related to disorders 
in regeneration, have greater susceptibility to infection 
agents and lowered metastatic activity of malignant 
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tumors. However in the mice demonstrating an uPA 
deficit, as opposed to the uPAR knockout animals, we 
do not observe an increased susceptibility to spasms 
and disorders in fine motor activities and muscle co-
ordination [7]. Probably it might be connected with a 
possibility of substitution of uPA in the brain for other 
ligands for uPAR like vitronectin, kininogen or SRPX2 
as well by a number of neuromediators [6,7]. 

Some researchers strengthen the role of biogenic 
amines: serotonin, noradrenaline, dopamine in the 
brain mechanism of plasticity under various stressor 
actions and effects including chronic neurogenic pain, 
trauma conditions, neurodegenerative diseases, ageing 
[8]; it is likely that malignant progression can be clas-
sified as a stress-type action exerted on an organism.

The neuropathic pain is correlated to depression, 
Parkinson’s disease and anxiety that is evidenced by the 
action of pain inhibiting antidepressants [9,10]. Neu-
roplastic and glial changes in the brain produced in ex-
periments with CNP demonstrate in CNS an alteration 
of expression of peptide receptors, neuroimmune and 
neuromediator factors as well as disorders in activity of 
the ion channels in different structures in the brain that 
leads to a disorder in the regulation of the noradrena-
line control of pain [11]. Besides, using the model of 
chronic visceral pain in rats, it has been discovered that 
the dopamine system is involved in the regulation of 
corticotropin-releasing hormone in the brain in the 
paraventricular nucleus that bears witness to the fact 
that there is a change in the functional activity of the 
major regulator axes in the organism, in particular of 
the hypothalamic-hypophyseal-adrenal axis [12].

The dopamine dysfunction is connected with an 
increased sensitivity to pain under some chronic pain 
conditions including headache, fibromyalgia and os-
teoarthritis, and Parkinson’s disease, representing the 
classical hypodopaminergic state, is associated with 
a rise in occurrence rate of depressions and chronic 
pain [13]. In this case, serotonin is widely projected 
in the brain to modulate synapses, it regulates release 
and functioning of noradrenaline and dopamine, par-
ticipating at the same time in the modulation of pain, 
that is to say, that transmission of signals 5-HT can 
reveal both antidepressant and antinociceptive prop-
erties with modulating the synaptic connection and 
transmission of other monoamine signals in various 
regions in the brain [13].

One more interesting multifunctional biogenic 
amine is histamine. Histamine being a mediator is 

synthesized in histaminergic neurons, which are lo-
cated in the posterior hypothalamus, and it spreads 
throughout the entire organism [14]. There are in-
tense studies on the role of histamine in pathogene-
sis of different neurological and psychiatric disorders 
[15]. It has been confirmed that degranulation of mast 
cells activates the nociceptors of meningeal cells, and 
in case of histamine introduction into cerebrospinal 
fluid or brain structures histamine reduces the no-
ciceptive transmission [16]. In some researches sup-
ported is a concept that there is a close relationship 
between histamine and other neuromediators, where 
the modulation of noradrenergic, dopaminergic and 
serotonergic pathways is provided [17, 18].

Aim
The aim of these studies is to investigate peculiar-

ities of actions and effects produced by chronic neu-
rogenic pain on concentrations of biogenic amines 
in the brain in tumor-bearing urokinase knockout 
(uPA) mice.

Materials and methods
Our studies have been carried out in 96 female/

male mice. The animals of line С57ВL/6 (uPA+/+) 
n=48 have been delivered to us by the Federal State 
Medical & Biological Institution “Research Center of 
Biomedical Technologies at the Federal Medical & 
Biological Agency”, Branch Andreevka. The mice of 
line mC57BL/6-Plautm1.1Bug-ThisPlauGFDhu/GF-
Dhu (uPA) -/-)  n = 48 with an initial individual body 
mass of 26–31 g have been received from the Scien-
tific Production Enterprise “Laboratory Animals’ 
Breeding Facility” at the Branch of the Institution of 
Bioorganic Chemistry named after Academy Mem-
bers M.M.Shemyakin and Yu.A.Ovchinnikov (Push-
chino); in the animals of this line produced gave been 
targeted mutations of protein, which is incapable of 
binding to receptor of urokinase-type plasminogen 
activator, i.e. with the urokinase knockout (uPA).

The tested animals have been kept under natural 
light conditions with a free access to water and food. 
All research works have been conducted in full con-
formity with applicable requirements and conditions 
stated in “International Recommendations on Pursu-
ance of Medical & Biological Research in Animals” 
and Order No.267 “Approval of Regulations on Lab-
oratory Practice” dd. 19.06.03 issued by the Ministry 
of Health Care of the Russian Federation. 
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The uPA-/- and uPA+/+ animals have been di-
vided in the following subgroups (n= 6): intact mice; 
mice with chronic neurogenic pain (CNP mice) 
caused by bilateral sciatic nerve ligation [19]; mice 
showing growth of inoculated melanoma (В16/F10) 
and mice with a combination of melanoma and CNP 
(В16/F10+CNP).

In our studies, we have used mice melanoma line 
В16/F10 delivered by FSBI “National Medical Re-
search Center for Oncology named after N.N.Blokh-
in” at the Ministry of Health Care of Russia. Imme-
diately after decapitation, the animals’ brain has been 
removed for further analysis, the 10% homogenate 
of the white matter on ice in 0,1 M potassium phos-
phate buffer, pH 7.4, containing 0,1% Tween-20 and 
1% BCA, has been prepared, where we according to 
the standard test system with the ELISA (Cusabio, 
China) method have analyzed the prepared samples 
for concentrations of adrenaline (A), noradrenaline 
(NA), dopamine (DA), histamine, serotonin (5HT) 
and 5-hydroxyindoleacetic acid (5-HIAA). 

Obtained statistic data have been processed using 
the Statistica 10.0 package. The Shapiro-Wilk crite-
rion test has been used to test for fit to the normal 
distribution. The Mann-Whitney test is employed to 
evaluate the significance of variances between sam-
ples that has been taken to be p<0.05. The data are 
presented as an average value ± standard error of the 
average.

Results
It has been found (see Table 1 herein) that in the 

brain in the intact uPA-/- male mice the concentra-
tion of noradrenaline is 3,5 times higher than it is 
found in the intact uPA+/+ males; the dopamine lev-
el has been recorded to be 2,1 times higher against 
the intact uPA+/+ males, and the serotonin concen-
tration has been identified 1,9 times greater as com-
pared with the above intact mice cohort; at the same 
time, the 5-HIAA concentration has been found 1,8 
times lower and the histamine level has been report-
ed to be 2,2 lower against the respective intact cohort. 
In this case, the adrenaline concentration in the brain 
in the urokinase knockout mice has shown no differ-
ence with that found in the uPA+/+ animals.

CNP has produced its effect on concentrations 
of the tested amines in the brain in the uPA-/- males 
with decreasing the noradrenaline level by 1,8 times, 
but with activating at the same time the serotoner-

gic system, with increasing the 5НТ content by 1,5 
times against the background of a rise in the 5-HIAA 
concentration by 1,4 times (р<0,05). In the uPA+/+ 
males the change in the concentrations of biogenic 
amines in the brain has been found to be not so pro-
nounced, and it has affected the adrenaline level only, 
which has been determined to be 1,6 lower than that 
recorded in the intact animals.

The growth of inoculated melanoma В16/F10, 
similar to the case with CNP, in the uPA-/- males has 
resulted in activation of their serotonergic system with 
increasing the concentrations of 5HT and 5-HIAA by 
2,5 and 1,8 times, respectively, as compared with the 
intact animals. Under growing melanoma В16/F10, 
the levels of adrenaline and histamine in the brain in 
the uPA-/- males have been reported to be 1,3 and 
1,7 times greater against a reduction in the dopamine 
level by 1,6 times (р<0,05), while the noradrenaline 
concentration has remained unchanged, as compared 
with the intact uPA-/-  males.

In contrast to the above tendencies, the growth of 
melanoma in the uPA+/+ males has induced inhibi-
tion of the serotonergic system that has been report-
ed as a decrease in the 5HT level by 1,5 times and a 
reduction in the 5-HIAA concentration by 2,6 times; 
moreover the dopamine concentration value in the 
brain has been found to be 8,2 times lower than it is 
identified in the intact uPA+/+ males, and recorded 
has been an increase in the adrenaline content by 4,1 
times and a rise in the noradrenaline concentration 
by 2,1 times (р<0,05).

The growth of melanoma against the CNP back-
ground in the uPA-/-  males have made its effect on 
the concentrations practically of all investigated BA, 
with the exception of adrenaline, that has resulted, in 
comparison with the initial indicators (the CNP ref-
erence), in a rise of the noradrenaline content by 1,5 
times in the brain, an increase in the histamine level 
by 1,4 times, a growth of the 5-HIAA content by 1,4 
times, while the 5НТ content has been decreased by 
5,3 times and the dopamine concentration has been 
reduced by 1,4 times (р<0,05). As a consequence, 
it has been found that in the uPA-/- males the nor-
adrenaline concentration has become 1,3 times lower 
and the serotonin content has decreased by 8,6 times 
as compared with the respective data in the animals 
having the growing melanoma only, referred to the 
equivalent period of time. In the brain in the uPA+/+ 
males with the melanoma growth against the back-
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Table 1
Concentrations of biogenic amines in the brain in male mice C57Bl/6 (uPA+/+) and C57BL/6-Plautm1.1Bug-ThisPlauGFDhu/
GFDhu (uPA-/-)

Groups Adrenaline 
(ng/g tissue)

Noradrenaline 
(ng/g tissue)

Dopamine 
(ng/g tissue)

Histamine 
(ng/g tissue)

Serotonin 
(ng/g tissue)

5-HIAA 5 
(mg/g tissue)

C5
7B

l/6
 

(u
PA

+/
+) Intact 5,1±0,5 17,9±1,9 32,7±2,8 27,6±2,3 0,62±0,05 0,45±0,04

Reference (CNP) 3,1±0,31 17,0±1,5 33,8±3,2 27,5±2,5 0,65±0,06 0,42±0,039
В16/F10 21,1±1,91 37,2±3,31 4,0±0,391 25,4±2,3 0,42±0,041 0,17±0,0161

В16F10+CNP 4,5±0,42,3 20,7±1,83 26,6±2,52,3 16,5±1,42,3 0,33±0,022,3 0,35±0,033

C5
7B

l/6
 

(u
PA

-/
-) Intact 5,7±0,3 62,3±5,94 69,0±6,74 12,5±1,34 1,2±0,34 0,25±0,024

Reference (CNP) 5,9±0,5 34,3±2,41 77,4±7,2 15,3±1,4 1,85±0,151 0,34±0,031

В16/F10 7,3±0,61 65,2±5,8 44,5±4,31 21,2±2,01 3,0±0,291 0,46±0,031

В16F10+CNP 7,0±0,7 51,1±4,92,3 54,6±5,12 20,8±1,72 0,35±0,032,3 0,47±0,042

Notes: statistically significant 1 – as compared with intact animals; 2 – as compared with the reference (CNP); 3- as compared with 
the only melanoma growth condition; 4- as compared with the respective group in mice uPA+/+ (р< 0,05)

ground of CNP, as compared with the indicators of 
the respective reference cohort (CNP), the level of 
adrenaline has increased by 1,5 times, but at the same 
time the concentration of dopamine has become 1,3 
lower, the content of histamine has decreased by 1,7 
times and that of serotonin has been reduced by 2 
times, while the 5-HIAA concentration has remained 
unchanged. As a result, in comparison with the mice 
having the melanoma В16/F10 growth only, in the 
brain in the uPA+/+ males we have found that the 
adrenaline concentration has become 4,7 times low-
er, the noradrenaline level has been reduced by 1,8 
times, the histamine content has decreased by 1,5 
times, and the serotonin concentration has become 
lower by 1,3 times, but at the same time, the concen-
tration of dopamine has become 6,7 times greater 
and that of 5-HIAA has been recorded to be 2,1 times 
higher, respectively (р<0,05).

As to the brain in the intact uPA-/- females, when 
comparing them with the uPA+/+ female mice (see 
Table 2 herein), the following data changes have been 
detected: the noradrenaline content is 3,2 times high-
er, the concentration of dopamine is 2,9 times great-
er and that of 5-HIAA has become 2,1 times higher, 
however at the same time reported has been a reduc-
tion in the concentration of histamine by 2,1 times 
and in the content of serotonin by 1,3 times, respec-
tively (р<0,05).

It has been detected that CNP has produced in the 
brain in the uPA-/- females an effect of increase in the 
serotonin concentration by 4,5 times and a rise in the 
5-HIAA content by 1,6 times, while the noradrena-
line concentration and the dopamine content have 
been found by 1,8 and 1,4 times lower, respectively, 
(р<0,05), as against the intact uPA-/- females. At the 
same time, we have found that CNP has induced in 
the brain a decrease in the adrenaline content by 2,3 

times, the noradrenaline concentration by 2,2 times, 
the histamine content by 2,1 times and the serotonin 
concentration by 1,8 times, against the background of 
an increase in the 5-HIAA content by 2,3 times, but 
with no change in the dopamine concentration.

The progression of melanoma В16/F10 in the 
uPA-/- females has resulted in a reduction in the con-
centration of noradrenaline and that of dopamine by 
1,5 times, but at the same time it has induced an in-
crease in the histamine content by 2,1 times, in the 
serotonin level by 2,2 times against the background 
of a rise in the 5-HIAA content by 1,3 times, as com-
pared with the respective data in the intact uPA-/- fe-
males. As to the uPA+/+ female mice, the growth of 
inoculated melanoma В16/F10 has produced an ef-
fect of an increase in the dopamine level by 1,8 times, 
in the serotonin concentration by 2,3 times and in the 
5-HIAA content by 1,5 times (р<0,05) as against the 
intact mice cohort, with no change in the adrenaline, 
noradrenaline and histamine levels.

The combination of CNP and the melanoma В16/
F10 growth in the uPA-/-females has initiated a de-
cline in the level of noradrenaline, dopamine and 
serotonin by 1,4, 1,7 and 2,8 times, respectively, but 
at the same time recorded has been a rise in the his-
tamine concentration by 1,5 times (р<0,05) as com-
pared with the initial background indicators in the 
reference CNP cohort. As against the respective data 
in the uPA-/- females, having growing melanoma 
only, those uPA-/- female mice, who have been af-
fected by the combined unfavorable factors (В16/f10 
+ CNP), have demonstrated a decrease in the level 
of noradrenaline by 1,7 times, in the concentration 
of dopamine by 1,6 times and in the content of sero-
tonin by 1,4 times (р<0,05).

In case with the uPA+/+ females under the В16/
F10 melanoma progression against the background 
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Table 2
Concentrations of biogenic amines in the brain in female mice line C57Bl/6 (uPA+/+) and C57BL/6-Plautm1.1Bug-
ThisPlauGFDhu/GFDhu (uPA-/-)

Groups Adrenaline 
(ng/g tissue)

Noradrenaline 
(ng/g tissue)

Dopamine 
(ng/g tissue)

Histamine 
(ng/g tissue)

Serotonin 
(ng/g tissue)

5-HIAA (mg/g 
tissue)

C5
7B

l/6
 

(u
PA

+/
+) Intact 8,5±0,7 19,1±1,9 17,5±1,7 34,9±3,2 0,43±0,04 0,15±0,01

Reference (CNP) 3,7±0,361 8,5±0,81 17,9±1,6 16,6±1,5¹ 0,24±0,02¹ 0,48±0,041

В16/F10 9,0±0,8 23,2±2,3 31,0±3,01 30,4±2,9 0,97±0,05¹ 0,23±0,02¹
В16F10+CNP 5,1±0,42,3 19,0±1,82 27,6±2,5² 33,6±2,5² 0,45±0,022,3 0,21±0,01²

C5
7B

l/6
 

(u
PA

-/
-) Intact 8,5±0,79 61,4±5,94 50,0±4,7⁴ 16,4±1,5⁴ 0,33±0,034 0,32±0,02⁴

Reference(CNP) 8,6±0,81 33,7±3,11 35,8±3,2¹ 18,9±1,7 1,5±0,18¹ 0,50±0,04¹
В16/F10 7,4±0,6 40,3±4,8¹ 33,4±3,31 33,9±3,1¹ 0,74±0,06¹ 0,43±0,038¹

В16F10+CNP 8,1±0,78 23,6±2,22,3 21,0±1,82,3 28,2±2,1² 0,54±0,052,3 0,43±0,04
Notes: statistically significant 1 – as compared with intact animals; 2 – as compared with the reference (CNP); 3- as compared with 
the only melanoma growth condition; 4- as compared with the respective group in mice uPA+/+ (р< 0,05)

of CNP, as compared with the initial background (the 
reference: CNP), we have recorded in the brain an 
increase in the concentrations of adrenaline by 1,4 
times, noradrenaline by 2,2 times, dopamine by 1,5 
times, histamine by 2 times, serotonin by 1,9 times 
against the background of lowering of the 5-HIAA 
content by 2,3 times (р<0,05). In this case, as com-
pared with the respective indicators in the uPA+/+ 
females with the growing В16/F10 melanoma only, 
the females with combination melanoma + CNP have 
demonstrated a decline in the levels of adrenaline and 
serotonin by 1,8 and 2,2 times, respectively (р<0,05).

Discussion
As it has been evidenced above, we have shown 

an inhibition of the inoculated melanoma progres-
sion in the urokinase knockout mice, particularly 
in the uPA-/- as compared with the uPA+/+ animals 
[20]. At the same time, CNP has restricted initiat-
ing of stress-limiting mechanisms in the brain in the 
uPA+/+ mice that has resulted in a more aggressive 
course of the malignant process and cancelled the ge-
netically determined inhibition of the growth of the 
tumor in the uPA-/- mice cohort [20,21].

In the intact female/male uPA-/- animals in their 
brain we have detected a higher concentration of 
noradrenaline and dopamine, while the level of his-
tamine has been recorded lower than it is recorded in 
the intact uPA+/+ mice. Research papers stating in-
teractions between urokinase and biogenic amines, in 
particular, with the dopaminergic system of the brain, 
are few in number [22]. Some researches bear witness 
to the activation of the uPA and uPAR urokinase sys-
tem as well as some neurotransmitters as a response 
to ischemic damage of the brain [3, 23]. So, we may 
suggest that the genetically determined deficiency in 
urokinase in the organism in the uPA-/- mice can be 

compensated to a certain degree by changes in the 
neuromediator’s background of the brain. As to the 
uPA-/- animals, we have noted that there are some 
sex-related differences found in the performance of 
their serotonergic system. So, in the uPA-/- females 
we have identified an increase in the 5-HIAA content 
against the background of a decrease in 5HT, while 
in the males, in contrast thereto, we have detected a 
decline in the 5-HIAA content and an increase in the 
5HT as compared with the intact uPA+/+ animals. 
Probably the uPA-/- females demonstrate a high-
er activity of deamination ferments 5HT (MAO) as 
compared with the uPA+/+ animals that is evidenced 
by an increased level of metabolite 5-HIAA against 
the background of a decrease in the 5HT substrate 
content. As opposed thereto, in the uPA-/- males the 
activity of the deamination ferments - monoamines 
might be inhibited, since the level of metabolite 
5-HIAA has been found to be elevated, while the level 
of substrate 5HT has been recorded to be increased in 
comparison with the uPA+/+ males.

It should be pointed out that there are some sex-re-
lated differences in the concentrations of the exam-
ined biogenic amines in the brain in the intact ani-
mals, irrespective of the urokinase gene: the females 
both carrying uPA-/- and uPA+/+ demonstrate in 
their brains a higher content of adrenaline and hista-
mine, but at the same time a lower level of dopamine 
and serotonin as compared with the respective data 
in the males. Similar findings have been obtained by 
some other researchers, which have recorded, among 
the other things, elevated levels of serotonin and its 
metabolite 5-HIAA in the males against those found 
in the females. This sort of differences in the neu-
romediator-associated metabolism is responsible for 
sex-related distinctions in behavioral effects and mo-
lecular mechanisms of psychostimulants [24].  
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CNP produces more changes in the parametric 
values involved in the experimental studies in the 
females, when compared with the males, addressing 
not only the serotonergic system, but also lowering 
the concentrations of noradrenaline, dopamine ( in 
the uPA-/- females) and adrenaline (in the uPA+/+ 
females). The concept on the sex-related specificity 
in perceiving both acute and chronic pain cannot be 
treated as a new one: it is well-known that the females 
demonstrate a higher sensitivity to CNP and produce 
a more acute responsive effect than it is recorded in 
the males [25].

The systems responsible for pain suppression 
with their pathways starting from the spinal cord in-
clude the noradrenergic inhibition of the nociceptive 
transmission in the spinal cord [11]. In our studies, 
we have shown that the level of noradrenaline de-
creases as a response to CNP in the brain in the fe-
males irrespective of the condition of the urokinase 
gene and in the uPA-/- males only. The existing opin-
ions on the role of noradrenaline in modulation of 
chronic pain are rather inconsistent, and a number 
of investigators believe that after a traumatic damage 
of the nerve the noradrenergic neurons are no longer 
inhibitors, but on the contrary, they become chron-
ic neuropathic generators of pain [26]. Although the 
contribution of the central noradrenergic systems to 
modulation of the neuropathic pain draws a consid-
erable attention, the adrenoreceptors cannot be treat-
ed as “the pure pharmacological target” to suppress 
the pain syndrome [11].

A deficiency in urokinase in the uPA-/- female/
male animals induces an activation of the serotoner-
gic system of the brain as a response to CNP that im-
plies an intensification both of 5 HT metabolism and 
its synthesis, while in the uPA+/+ males no signifi-
cant changes in the 5HT and 5-HIAA concentrations 
have been revealed; in case with the uPA+/+ females 
we have observed a lowering of the 5HT concentra-
tion against the growth of the content of its metab-
olite 5-HIAA. It is known that transmission of the 
5-HT signals can control comorbidity of pain and de-
pression [27]. In this case, serotonin and noradrena-
line reuptake inhibitors, which increase extracellular 
levels of these neurotransmitters, are the key variants 
of treatment of depression and CNP, and they can 
favor neurogenesis in the hippocampus [28]. It has 
been found that the neurometabolic changes, which, 
on the contrary, result in a decrease in the serotonin 

level in the hippocampus, produce depressive syn-
dromes according to the model of inflammatory pain 
in rodents [13].

The absence of a response to CNP by the dopa-
minergic and histaminergic systems in the brain in 
the males, irrespective of the urokinase gene, with 
a decrease in the concentration of dopamine in the 
uPA-/- females and that of histamine in the uPA+/+ 
females has engaged our attention. The dopaminer-
gic neurons in the brain ventral region release dopa-
mine and enhance the analgesic activity via D2-like 
receptors [27]. It should be noted that in the uroki-
nase knockout mice the dopamine level in their brain 
has significantly exceeded the respective indicators 
recorded in the uPA+/+ mice, so that even upon a de-
crease of the concentration of this amine in the brain 
due to CNP the DA level remains higher than the 
respective indicators in the uPA+/+ females. At the 
same time, the level of histamine in the brain declines 
as a response to CNP in the uPA+/+ females only. It 
is suggested that there is a close relationship between 
the histaminergic and dopaminergic systems in the 
brain, since the histaminergic neurons express dopa-
mine-synthesis ferment DOPA decarboxylase [17]. 
The presence of the relationship between the hista-
minergic system and the dopaminergic systems in 
the brain is supported by researches conducted in 
patients with Parkinson’s disease, when and where 
an increased histamine concentration in the patients’ 
striatum has been detected. It has been shown that 
histamine negatively regulates release of dopamine in 
the striatum [17]. Besides, due to the availability of 
different subpopulations of histamine neurons, as a 
result of inhibition of transmission of signals of his-
tamine receptor H3, not only the histamine level in 
the brain, but also the concentrations of other neu-
rotransmitters may increase, specifically those of se-
rotonin, noradrenaline and dopamine [18]. This sort 
of research works demonstrates the complexity and 
multidimensional nature of interactions of the brain 
neurotransmitters as a response to different actions 
and stimulation.

As described above, the growth of melanoma В16/
F10 В takes place more aggressive in males as com-
pared with females: it is characterized by earlier tu-
mor formation and shortened life duration [29]. As 
to the dynamics of changes in the neuromediator 
background in the brain, it should be noted that there 
are both a sex-related specificity and a dependence 
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on the urokinase gene condition. In the uPA+/+  
and  uPA-/- females we have observed an activation 
of the serotonergic system as  a response to the tu-
mor growth that has been reflected in an increase 
in the concentrations of 5HT and 5-HIAA; however 
the similar activation in the males have been report-
ed only under the urokinase deficit; in the uPA+/+ 
males we have detected a suppression of serotonin-
ergic system as a response to the melanoma growth 
in the brain. We suggest that it is precisely the acti-
vation of the serotonergic system in the brain that is 
one of the factors to increase adaptation capabilities 
and plasticity of the brain as a response to variable 
actions and exposures. Dysfunction of the serotoner-
gic system of the suppression type is involved in vari-
ous pathological states, including depression, ageing, 
Alzheimer’s disease and chronic pain disorders [10]. 
Our studies demonstrate the participation of this 
brain system in the pathogenesis of the malignant 
process as well.

It should be noted that in the uPA+/+ animals 
the observed changes in the neuromediator status 
in the brain as a response to the tumor growth have 
shown two opposing tendencies depending on the 
sex: in the females we have reported no change in 
the condition of the noradrenergic, adrenergic and 
histaminergic systems, but at the same time the 
dopaminergic system has been activated, while in 
the males, on the contrary, we have observed the 
activation of the noradrenergic and adrenergic sys-
tems, the suppression of the dopaminergic system 
with no change in the histaminergic system. In the 
uPA-/- females and males the tendencies of changes 
in the dopaminergic, histaminergic and serotoner-
gic systems as a response to the melanoma growth 
have been found to be identical, and differences 
have been recorded only in the activation of the 
adrenergic system in the males, while the uPA-/-  
females have demonstrated the activation of their 
noradrenergic system. Probably these are precise-
ly the changes in the activity of the neuromediator 
systems in the brain as the central systems of the 
regulation of the anti-tumor resistance in an organ-
ism which are one of the factors promoting the sup-
pression of the melanoma growth in the urokinase 
knockout animals.

It turns out that the most complex process consid-
ering its actions and effects is the melanoma growth 
against the background of CNP. The combination of 

several stressor factors, when and where each of them 
has demonstrated both similarity and differences in 
their actions and effects on the neuromediator status 
in mice, has resulted in an aggravation of the malig-
nant process in the uPA+/+ animals and cancellation 
of genetically determined inhibition of the tumor 
growth in the uPA-/- females/males.

In the uPA-/- females the trend of the recorded 
changes in the noradrenergic and dopaminergic sys-
tems under the combination of the melanoma growth 
and CNP has corresponded to those changes in the 
brain of the animals, which have been identified ei-
ther in case of the CNP action alone or under the 
uncombined В16/F10 process, while the serotoner-
gic system, on the contrary, has been suppressed, as 
differentiated from the response to each uncombined 
acting factor as mentioned above.

In the uPA+/+ females we have found that the 
tendency of the changes in the biogenic status in 
the brain under В16/F10+CNP is opposite to those, 
which are typical for separately acting CNP. In this 
case, activated have been the adrenergic, noradren-
ergic and histaminergic systems in the brain, which 
have not been involved in case with the melanoma 
growth only. 

The combined action of CNP and the melanoma 
В16/F10 growth has produced its effect on the me-
diator background in the brain in the uPA+/+ males 
by inducing the changes in the adrenergic, dopami-
nergic and serotoninergic systems, similar to those 
recorded under the melanoma growth alone, with a 
suppression effect made in parallel on the histami-
nergic system. In the uPA-/- males we have detected 
that the melanoma growth against the background of 
CNP has exerted its effect on all examined brain neu-
romediator systems other than that found under the 
action of CNP alone, with alteration of the response 
by the adrenergic, noradrenergic and serotoninergic 
systems to the melanoma growth.

Conclusion
We suggest that one of the factors responsible for 

cancelation of the genetically determined inhibition 
of inoculated melanoma В16/F10 combined with 
CNP progression in the urokinase knockout mice is 
suppression of the noradrenergic, serotoninergic and 
dopaminergic systems in the brain, which have been 
initially activated for compensation of the urokinase 
deficiency.
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Abstract 
The aim is to study the content of prekallikrein, kallikreins 1 and 
14 (KLK-1 and KLK-14) in mice under the conditions of activation 
and inhibition of the B16/F10 inoculated melanoma growth.

Materials and methods
We produced a model of chronic neurogenic pain (CNP, bilat-
eral ligation of sciatic nerves) and a model of the B16/F10 mel-
anoma growth against the background of CNP using female/
male mice of the C57BL/6 line (with normal genome, n=75) 
and the C57BL/6-Plautm1.1bugthisplaughfdhu/GFDhu line 
(with urokinase knockout (uPA), n=46). The ELISA method was 
used to determine the content of prekallikrein, KLK1 and KLK14 
in the tumor and skin after 3 weeks of carcinogenesis against 
the background of CNP.

Results
The initially high content of prekallikrein, KLK-1 and KLK-14 in 
the skin of intact knockout mice was found. When inhibiting the 
growth and metastasis of melanoma in the skin of the knockout 
females, noted was a further increase in the initially high level 
of prekallikrein and KLK1, and in the tumor in the knockout mice 
of both genders recorded was a lower content of all the studied 
enzymes. When activating the growth of melanoma in the state 
of CNP in the skin of C57BL/6 mice, the level of KLK1 (female) 
decreased and the concentration of KLK14 (female and male) 
increased; in the knockout mice the content of prekallikrein 
and KLK14 decreased, and KLK1 changed multidirectionally. The 
tumor demonstrated a lower prekallikrein level in all C57BL/6 

mice and multidirectional changes in KLK1 and KLK14 in females 
and males. The tumor in the knockout animals showed a lower 
content of all the studied enzymes, especially pronounced for 
KLK14.

Conclusion
The content of prekallikrein, KLK1 and KLK14 varies under acti-
vating and inhibiting the growth of melanoma, the changes are 
of the gender-specific type. It is probable that the functions of 
the studied enzymes in the skin change not only in case of CNP, 
but also in case of urokinase deficiency. The tumor itself adapts 
the performance of the kallikrein-kinin system depending on 
the metabolic features of the tumor-bearing organism.

Keywords
Mice, UPA knockout, B16/F10 melanoma, Chronic neurogenic 
pain, Kallikrein-kinin system, Skin, Tumor
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Introduction
The study of pain has led to significant progress in 

understanding the mechanism of pain chronization, 
showing that damage to the peripheral nervous sys-
tem, causing the mobilization of adaptive metabolic 
mechanisms, triggers the mechanisms of disorder in 
homeostasis when the mechanisms of pain resolution 
are disturbed or destroyed [1,2]. 

Previous studies have shown that in mice in the 
state of chronic neuropathic pain (CNP), observed 
is a change in the growth characteristics of the B16/
F10 melanoma, indicating an increase in the aggres-
siveness of the tumor [3,4]. Stimulation of the growth 
of the tumor by CNP is also observed when using as 
a model mice having urokinase gene-knockout which 
itself causes inhibition of growth and metastasis of the 
tumor [5-7].

Urokinase plays an important role in the processes 
of the tumor growth and metastasis through the plas-
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minogen activation and the pericellular proteolysis 
initiation, regulating the degradation of extracellular 
matrix proteins, promoting the release of growth fac-
tors and other biologically active molecules [8]. Lack 
of the urokinase activity can be compensated by other 
proteolytic pathways: in mice with uPA/tPA deficien-
cy, the plasminogen activation, which is independent 
of these proteases, mediated by kallikrein is observed 
[9]. There is evidence appeared that there are complex 
proteolytic cascades between the uPA/uPAR families, 
kallikreins and metalloproteinases to modulate down-
stream cellular signaling pathways [10].

The tissue system of kallikrein-related peptidases 
(kallikreins KLKs), their precursors, kinins and their 
receptors plays an important role in homeostasis, and 
a disorder in the regulation of their expression, activ-
ity or localization is associated with various patho-
logical conditions, including carcinogenesis [11]. The 
kallikrein-kinin system (KKS) is involved in the pro-
cesses associated with pain and inflammation through 
the formation of kinins (endogenous algogenic pep-
tides), activation of their receptors [12,13]. 

Previously, we had detected a change in the content 
of certain components of the kallikrein-kinin system 
when activating the growth of the B16/F10 melanoma 
against the background of CNP in the C57BL/6 female 
mice [14]. 

The aim is to study the content of prekallikrein, 
kallikreins 1 and 14 (KLK-1 and KLK-14) in mice un-
der the conditions of activation and inhibition of the 
B16/F10  melanoma growth.

Materials and methods
The experimental study was conducted in the line 

C57BL/6 mice of both genders (uPA+/+, n=75) with 
an initial body mass of 21-23 g, received from by the 
Federal State Medical & Biological Institution “Re-
search Center of Biomedical Technologies at the Fed-
eral Medical & Biological Agency”, Branch Andreevka 
(Moscow region) and in the line C57BL/6-Plautm1.
1Bug This PlauGFDhu/GFDhu mice of both genders 
(urokinase gene knockout uPA-/-, n=46) with an 
initial body mass of females 24-26 g and males 31-
33 g, received from the Scientific Production Enter-
prise “Laboratory Animals’ Breeding Facility” at the 
Branch of the Institution of Bioorganic Chemistry 
named after Academy Members M.M.Shemyakin and 
Yu.A.Ovchinnikov (Pushchino); (Pushchino, Moscow 
region). The animals were kept under natural lighting 

conditions with no restrictions on access to water and 
food. The study was conducted in accordance with 
the “International Recommendations on Pursuance of 
Medical & Biological Research in Animals” and Or-
der No.267 “Approval of Regulations on Laboratory 
Practice” dd. 19.06.03 issued by the Ministry of Health 
Care of the Russian Federation.

Experimental groups included the following 
cohorts: intact mice (10 males, 10 females of line 
С57ВL/6, 8 males, 8 females of the knockout line), 
control group with animals to reproduce the model of 
chronic neurogenic pain (12 males, 14 females of line 
С57ВL/6, 7 males, 7 females of knockout line), com-
parison group with animals with the growth of stan-
dard inoculated melanoma B16/F10 (15 males, 10 fe-
males of  line С57ВL/6, 7 males, 8 females of knockout 
line), main group of animals to reproduce the B16/F10 
melanoma growth against the background of CNP (15 
males, 14 females of ine С57ВL/6, 8 males, 8 females of 
knockout line). Animals from the comparison group 
(growth of melanoma) were compared with the intact 
group, and mice from the main group were compared 
with the control group (with CNP).

The CNP model was produced by bilateral liga-
tion of the sciatic nerves [3.14]. The cell suspension 
of mouse melanoma B16/F10, obtained from N.N. 
Blokhin National Medical Research Center of Oncol-
ogy (Moscow) was simultaneously transplanted sub-
cutaneously into all the animals of the comparison 
group, and, in to the main group animals, 2 weeks 
after ligation of the sciatic nerve [3,14]. Procedures 
of the sciatic nerves ligation, the B16/F10 melanoma 
inoculation, and the course of the experiment have 
been described previously [3,14]. The animals were 
decapitated 3 weeks after the tumor inoculation. The 
tumor and unaffected by malignant growth skin were 
isolated on ice immediately after decapitation. 10% cy-
tosolic fractions prepared on 0.1 M potassium-phos-
phate buffer pH 7.4 containing 0.1% Tween-20 and 
1% bovine serum albumin were obtained from the 
tissues, where concentrations of prekallikrein, KLK-1 
and KLK-14 were determined using standard ELISA 
test systems. The result was recalculated per gram of 
tissue.

The obtained data were processed with the use of 
the Statistica 6.0 software. The results are presented 
as an average value ± standard error of the average. 
The Shapiro-Wilk criterion was used to test for fit to 
the normal distribution. The Mann-Whitney test was 
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used to evaluate the significance of variances between 
samples. The differences were considered significant 
at p<0.05 - p<0.001.

Results
It was found (see Table 1 herein ) that intact uPA-

/- females initially had significantly higher levels of 
prekallikrein, KLK1 and KLK14 in their skin than in-
tact uPA+/+ females, by 4.9, 1.7 and 178.4 times, re-
spectively (p=0.0000).

We have already shown that 3 weeks after melanoma 
inoculation in the uPA+/+ females, the tumor growth 
and metastasis occurred against the background of a 
2.4-fold increase in prekallikrein content and a 34% 
decrease in the KLK14 content in the unaffected by 
tumor growth skin as compared to the intact skin. In 
the tumor, the level of precallicrein was 3.2 times low-
er, and the level of KLK14 6.9 times higher than in the 
skin of the same animals, while the level of KLK1 did 
not differ from the one in the intact group [14]. Previ-
ously, we found that the uPA-/- females showed signif-
icant inhibition of the melanoma growth (the growth 

Table 1
Content of prekallikrein and kallikreins in skin and tumors of female mice

Groups of animals Prekallikrein, ng/g tissue KLK1, pg/g tissue KLK14, pg/g tissue
MICE С57ВL/6                                                              Skin      uPA+/+

Intact 5.6±0.4 380.1±27.9 15.6±1.2

Control (CNP) 11.6±0.8 р1=0.0000 189.5±13.6
р1=0.0000 14.8±1.1

Comparison group (melanoma В16F10) 13.3±1.2
р1=0.0000 304.1±25.8 10.3±0.9 

р1=0.0312

Main group (CNP+melanoma В16F10) 16.7±1.3
р2=0.0266

83.7±5.6
р2=0.0000

32.6±2.2
р2=0.0000

Tumor        uPA+/+

Comparison group (melanoma В16F10) 4.2±0.31
р3=0.0000 383.4±29.1 71.3±5.8

р3=0.0000

Main group (CNP+melanoma В16F10) 4.8±0.36
р3=0.0000

489.2±35.7
р3=0.0000

42.1±3.5
р3=0.0356

GENE KNOCKOUT MICE               Skin                  uPA-/-
Intact 27.6±1.7 647.6±37.3 2783.5±151.3

Control (CNP) 23.8±2.8 441.5±39.8
р1=0.0127 3195.9±325.0

Comparison group (melanoma В16F10) 88.9±7.9
р1=0.0000

1425.1±153.5
р1=0.0000 2327.2±183.7

Main group (CNP+melanoma В16F10) 10.45±0.96
р2=0.0002

804.5±79.6
р2=0.0009

1028.9±84.4
р2=0.0000

Tumor        uPA+/+

Comparison group (melanoma В16F10) 8.15±0.91
р3=0.0000

853.6±69.7
р3=0.0016

227.9±20.5
р3=0.0000

Main group (CNP+melanoma В16F10) 6.06±0.56
р3=0.0079 765.3±80.3 134.9±12.3

р3=0.0000
Note: Statistically significant variances as compared with the level as follows: р1 -  in intact group, р2 - in control group, р3 - in 
the skin of the respective group.

dynamics was poorly pronounced) and metastasis 3 
weeks after inoculation [5], while the skin showed an 
increase in the initially high level of prekallikrein by 
3.2 times and KLK1 by 2.2 times and a high content of 
KLK14, compared to the indicators in the intact group 
of the knockout mice; in the uPA+/+ melanoma tis-
sue, a considerably lower content of prekallikrein and 
KLK14, on average, by 10.6 times and KLK1 by 40.1% 
than recorded in the skin of the same animals. 

As we have already shown, in case of CNP, in the 
skin of the uPA+/+ females, the content of prekallikrein 
increased by 2.1 times, and the concentration of KLK1 
decreased by 2 times as compared to the level in the 
intact females [14]. In the uPA-/- females, the content 
of prekallikrein and KLK14 remained high, at the level 
of the indicators reported for the intact skin, and the 
content of KLK1 was lower by 31.8%.

3 weeks after the melanoma inoculation, in the 
UPA+/+ females we observed the stimulation of the 
tumor growth and metastasis, as shown earlier, against 
the background of CNP [3]. While in the skin found 
was a higher content of prekallikrein and KLK14, 
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by 44% and 2.2 times, respectively, under the lower 
KLK1 concentration decreased by 2.3 times than that 
reported in the skin of the CNP females, in the mela-
noma tissue the prekallikrein level was 3.5 times low-
er, and the levels of KLK1 and KLK14 were recorded 
to be 5.8 times and by 29.1% higher, respectively, than 
in the skin of these mice [14]. In a similar group of 
the uPA - / - females, stimulation of the melanoma 
growth and metastasis was also detected [5], while 
the direction of changes in the levels of the studied 
indicators was varying: the content of prekallikrein 
and the concentration of KLK14 was 2.3 and 3.1 times 
lower, but the KLK1 level was 1.8 times higher than in 
the skin of the knockout females with CNP. The levels 
of prekallikrein and KLK14 were lower by 42% and 
7.6 times, respectively, than recorded in the skin of 
the same animals in the tumor tissue with the normal 
urokinase gene.

In the skin of the intact uPA - / - males, the content 
of all studied components of KKS, as well as in the fe-
males, was also significantly higher than those found 
in the intact uPA+ / + males: prekallikrein by 2.4 

Table 2
Content of prekallikrein and kallikreins in skin and tumors of male mice

Groups of animals Prekallikrein, ng/g tissue KLK1, pg/g tissue KLK14, pg/g tissue
MICE С57ВL/6                                                            Skin             uPA+/+

Intact 15.25±1.85 323.8±29.4 47.13±2.68

Control (CNP) 22.26±1.52
р1=0.0038

1015.5±108.4
р1=0.0000 42.4±3.9

Comparison group (melanoma В16F10) 8.91±0.74
р1=0.0273

196.2±29.6
р1=0.0365 52.72±5.98

Main group (CNP+melanoma В16F10) 23.88±3.26 1062.1±145.4 59.92±5.42
р2=0.0106

Tumor        uPA+/+

Comparison group (melanoma В16F10) 6.58±0.67 431.7±39.3
р3=0.0000 39.44±1.02

Main group (CNP+melanoma В16F10) 4.67±0.78
р3=0.0000 1001.5±153.8 29.42±3.14

р3=0.0004
GENE KNOCKOUT MICE                                           Skin                  uPA-/-

Intact 37.2±1.8 1682.7±101.7 453.8±38.1

Control (CNP) 23.8±2.8 794.8±60.5
р1=0.0000

2674.8±210.9
р1=0.0000

Comparison group (melanoma В16F10) 9.7±0.5
р1=0.0000

470.9±31.3
р1=0.0000

2674.8±210.9
р1=0.0000

Main group (CNP+melanoma В16F10) 8.6±0.9
р2=0.0000

471.2±42.8
р2=0.0003

1092.7±88.4
р2=0.0000

Tumor        uPA+/+

Comparison group (melanoma В16F10) 8.6±0.7 235.5±28.1
р3=0.0001

65.7±7.2
р3=0.0000

Main group (CNP+melanoma В16F10) 6.7±0.7 314.0±19.6
р3=0.0024

212.9±19.8
р3=0.0000

Note: Statistically significant variances as compared with the level as follows: р1 -  in intact group, р2 - in control group, р3 - in 
the skin of the respective group.

times, KLK1 5.2 times, KLK14 9.6 times (p=0.0000) 
(see Table 2 herein).

3 weeks after the melanoma inoculation, its ac-
tive growth and metastasis in the uPA+/+ males oc-
curred against the background of lower contents of 
prekallikrein and KLK1 in the unaffected by tumor 
growth skin as compared to the intact skin, by 41.6% 
and 39.4%, respectively. In the proper tumor, the level 
of prekallikrein did not show differences from that in 
the unaffected skin in the same animals and was 2.3 
times lower than in the intact group; the level of KLK1 
was 2.2 times higher than in the skin in the same an-
imals. In the uPA-/- males, 3 weeks after the standard 
inoculation, noted were a quite active growth of mel-
anoma (although the tumor volume at this time was 
less than that recorded in the uPA+/+ males) with the 
absence of metastasis [5], while in the skin unaffected 
by the tumor growth revealed was a decrease in the 
initially high-level of prekallikrein by 3.8 times and in 
the concentration of KLK1 by 3,6 times in comparison 
with the respective indicators in the skin in the intact 
uPA-/- males, the concentration of KLK14 remained 
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rather high. These changes were the opposite of those 
observed in a similar group of the uPA - / - females. In 
the melanoma tissue of the uPA+ / + males, record-
ed were considerably lower concentrations of KLK1 
and KLK14 than in the skin of the same animals, by 
2.0 and 5.2 times, respectively that was similar to the 
changes detected in the uPA-/- females in the corre-
sponding group. 

In the state with CNP,  in the skin of the uPA+/+ 
males the content of prekallikrein increased by 46%, 
and the concentration of KLK1 by 3.1 times as com-
pared to the level of the intact males. In the uPA-/- 
males, the prekallikrein content remained high, at 
the level of the indicators recorded in the intact skin, 
KLK1 was 2.1 times lower, and KLK14 was 5.9 times 
higher than the respective level in the intact skin. 

3 weeks after the melanoma inoculation, we de-
tected stimulation of the tumor growth and metastasis 
in the uPA+/+ males against the background of CNP 
[4]; at the same time, the skin showed a 41.3% higher 
content only of KLK14 than in the skin of the males 
with CNP (control group). In the melanoma tissue, 
the levels of prekallikrein and KLK14 were 5.1 times 
and by 50.1% lower, respectively, than reported in the 
skin in the same mice, and the level of KLK1 remained 
high and did not differ from the indicators in the skin 
of the same animals and the animals of the control 
group. In the similar group of the uPA - / - females, 
stimulation of the melanoma growth and metastasis 
was also observed [5], while the direction of changes 
in the level of the studied indicators was different: the 
contents of prekallikrein, KLK1 and KLK14 were 4.2 
times, by 40.7% and 2,4 times lower, respectively, than 
found in the skin of the uPA-/- males with CNP. In the 
uPA+/+ tumor tissue, the level of prekallikrein did not 
differ from its level in the skin unaffected by the tumor 
growth and was 5.4 times lower than in the skin of the 
uPA-/- males with CNP. The content of KLK1 and 
KLK14 was lower by 33.3% and 5.1 times, respectively, 
than in the skin of the same animals and significant-
ly lower than in the skin of uPA-/- males with CNP. 
The above changes were generally similar to what was 
observed in the skin and the tumor tissue in the uPA-
/- females in the corresponding group, except for the 
content of KLK1.

Discussion and conclusions
The skin contains several members of this fam-

ily, namely KLK1, KLK5, KLK7, KLK8, KLK11 and 

KLK14, which, in particular, are involved in the skin 
desquamation, inflammation, immune response, ke-
ratinocyte differentiation and wound healing. An 
analysis of the gene expression showed that the most 
expressed KLKs in the skin are KLK1 and KLK11, and 
KLK14 is the most skin-specific type [15,16]. The pe-
culiarity of KLKs is that the members of this family 
function in the proteolytic cascade of self- and mutual 
activation and differ in a significant variety of sub-
strates, which contributes to signal amplification due 
to positive feedbacks and adds complexity to the tissue 
proteolytic network [16]. 

So far the KLK1 tissue kallikrein is the only mem-
ber in the above mentioned family that shows the sub-
stantial kininogenase activity in vitro and in vivo [17], 
so that as a result the pro-inflammatory kinin peptides 
are formed in the skin from kininogens, which are rec-
ognized as endogenous algogens [18]. In addition to 
KLK1, decomposition of kininogens and the release 
of bradykinin are performed by the plasma protease 
kallikrein, the precursor of which is prekallikrein, 
which is synthesized not only by hepatocytes, but also 
in other tissues, which may indicate the specific cellular 
functions of this enzyme [19]. The interaction of kinins 
and their metabolites with B1R or B2R receptors caus-
es allodynia, hyperalgesia in acute and chronic pain 
models, activates cascade signaling systems (ERK1/2, 
PKC, cFos, NF-KB, PI3K/Akt, and transactivates the 
epidermal growth factor receptor (EGFR) and pro-
duction of pro-inflammatory cytokines [12,13]. These 
data explain the results of our study, which shows that 
the level of prekallikrein in the skin was substantially 
increased in mice in the state of CNP, and the KLK1 
level increased in males, while in females the level 
was reduced. Such peculiarities may be related to the 
identified gender differences in the processes and the 
signaling pathways activated during pain chronization 
[20,21]. The results presented in our work showed a 
change in the contents of KLK1 and KLK14 in the skin 
of mice unaffected by the malignant growth, and in 
this case, the gender differences should draw attention. 
It is known that KLKs gene expression is regulated by 
steroid hormones, including androgens, estrogens, and 
progestins, and synergistic hormonal regulation of 
KLKs gene transcription is identified as the main cause 
of dysregulation of their expression [22]. 

Activation of the signaling pathways that function 
at different stages of carcinogenesis under the con-
ditions of chronic pain explains the formation of the 
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phenotype of the activation of the tumor growth and 
metastasis in mice. However, activation of some spe-
cific intracellular pathways depends both on the stim-
ulus and the biological effect specific to each cell type. 
By initiating the specific intracellular signaling path-
ways, kinin peptides and various KLKs are involved 
not only in processes that spread inflammation and 
pain, but also participate as comitogenes in cell pro-
liferation, may cause growth arrest, activation of kera-
tinocyte differentiation and migration, remodeling of 
the extracellular matrix, regulate vascular permeabili-
ty, and modulate angiogenesis [16,17,23]. 

In our study, 3 weeks of melanoma growth, in-
creased levels of KLK1 were observed in C57BL/6 
mice of both genders, and in the females recorded was 
also an elevated concentration of KLK14 in the tumor 
tissue both during normal growth and during activa-
tion of growth and metastasis by pain, and in the latter 
case the changes were more pronounced. 

Many KLKs are known to be involved in tumor 
progression, especially in hormone-dependent can-
cers [24]. Strong correlations between the KLKs ex-
pression and the degree of aggressiveness of human 
melanoma, in particular with cell migration and 
depth of invasion, have been established [25]. Inter-
estingly, the expression of each KLK is regulated dif-
ferentially depending on the specific type of cancer, 
a significant increase in the expression in some KLK 
and a decrease in others are observed [11]. KLK1 (like 
a number of other KLKs) participates in the regula-
tion of the tumor growth by increasing the level of 
the active form of epidermal growth factor EGF and 
activating its EGFR receptor and ERK1/2 cascade, as 
well as through degradation of the protein binding 
insulin-like growth factors (IGFsBP), providing their 
release [26]. In addition, the increased KLK1 expres-
sion mediates the proinflammatory pathway through 
activation of protease-activated receptors (PAR) [27]. 
Activation of PAR1 and subsequent transactivation of 
EGFR lead to enhanced wound healing in rats, as well 
as migration and invasion of prostate cancer cells [28]. 
In this case, cell proliferation was stimulated through 
the kinin B2R receptor. In other words, the signaling 
pathways, which are stimulated by KLK1 during phys-
iological proliferation and during migration/invasion 
of cancer cells, are different [11,22]. 

Currently, the physiological role of KLK14 is not 
clearly defined, although dysregulation of its expres-
sion has been revealed in various localization of the 

malignant process. Participation of KLK14 in the reg-
ulation of skin desquamation and desmoglein degra-
dation involves it in the processes of intercellular ad-
hesion of tumor cells, and, consequently, in the process 
of invasion and metastasis [15]. Most of the identified 
KLK14 substrates are involved in the regulation of cell 
adhesion, migration and morphology, regulate the an-
drogen-independent growth and metastasis of pros-
tate cancer cells, participate in the modulation of the 
extracellular matrix and control the activity of other 
proteases, in particular matriptase, which has been re-
ported to be an important mechanism of invasion [29]. 

Another important actor in the degradation of the 
extracellular matrix and regulation of migration/inva-
sion of tumor cells is the uPA/uPAR urokinase-type 
plasminogen activator system, which regulates cell 
proliferation, survival and adhesion involving multi-
ple cell receptors. The uPAR receptor is involved in all 
these processes, which can also occur in the absence 
of proteolytically active uPA [30]. In addition to the 
membrane-bound form of the receptor, another active 
form, a soluble suPAR, the effects of which do not de-
pend on the presence of urokinase, was detected [31].  

In the present study, mice with urokinase gene 
knockout showed rather initially recorded higher lev-
els of kallikreins and prekallikrein in the skin, with 
males having the particularly elevated KLK1 concen-
tration and females having the KLK14 elevated level. 
It allows suggesting that in case of urokinase deficien-
cy in the organism, compensatory changes occur in 
the system of tissue kallikreins. It is also noteworthy 
that the direction of changes in the concentrations of 
the KKS components in the UPA-/- mice varies both 
when the growth of melanoma is inhibited (female 
mice from the comparison group) and when growth is 
stimulated in the state of CNP (females and males) in 
comparison with changes in the uPA+/+mice. In this 
case, the tendencies in the tumor tissue with normal 
urokinase, also demonstrate changes. Interestingly, 
among the many substrates of KLKs, components of 
the urokinase system are found, the activity of which 
can be modulated by tissue kallikreins, decomposing 
pro-uPA and its uPAR receptor. A number of KLKs 
have the ability to cleave the D1 domain from the re-
ceptor molecule, regulating, in particular, its adhesive 
function [10,32]. In addition, it has been found that 
in some cases KLKs can also demonstrate antitumor 
effects, inhibiting proliferation, invasion, and angio-
genesis, which highlights the possible dependence of 
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the action of these enzymes on the type of tumor cells 
and the metabolic state of their environment [11,33]. 

Thus, chronic neurogenic pain contributes to chang-
es in the metabolism of KKS during inhibition and ac-
tivation of the tumor growth and metastasis that has 
gender specificity. The functions of the skin's KKS com-
ponents may change against the background of chron-
ic neurogenic pain, not only in the normal organism, 
but also in an organism with a deficit of components 
of other proteolytic systems (for example, urokinase), 
which may have a compensatory character. A malig-
nant tumor adapts the performance of its kallikrein-ki-
nin system depending on the metabolic characteristics 
of the tumor-bearer organism. The complex interaction 
of various external and internal factors in the organ-
ism leads to a dynamic change in the functioning of the 
proteolytic network and ultimately affects the pheno-
typic manifestations, namely inhibition/activation of 
the tumor growth and metastasis.
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Abstract 
The absence of neoangiogenesis in the ischemic myocardium is 
the reason for the widespread prevalence of cardiovascular dis-
eases. The mechanism is the age-dependent epigenetic block-
ade of the corresponding genes. In model experiments, it was 
shown that transfection of ischemic myocardium with plasmid 
vectors carrying the HIF1a, HIF1b, VEGF165, VEGF225 genes in 
a stoichiometric ratio of 1: 0.2: 0.5: 0.3, at a concentration of 
400 μg / ml of physiological solution at a rate of 200 μg DNA 
per cm2 of ischemia zone and a step over an area of 2-10 mm, 
with the addition of an adjuvant2-dimethylaminoethanol at a 
concentration of 2.5 mmol / L, restores full neoangiogenesis.
For the first time, it was shown that as a result of gene therapy 
of myocardial ischemia using four genes (HIF-1α, HIF-1β, VEGF 
225, VEGF 165).In contrast to the known monotherapy meth-
ods, a complete vascular network is formed in the ischemic 
zone, having anatamoses with intact vessels.
The scientific novelty of the study lies in the fact that the ob-
tained data open the possibility of correction of epigenetic 
blocking of gene expression by transfecting cells with copies of 
these genes without epigenetic labels.
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Introduction
Currently, the main approach to the treatment of 

patients with coronary heart disease is based on the 
use of either pharmacological preparations, mainly 
with the aim to eliminate the symptoms of the dis-
ease, as well as preventing “formidable” complications 
(myocardial infarction), or combining pharmacologi-
cal with surgical methods (stenting and / or coronary 
artery bypass graft) [1].

However, the use of surgical methods is not always 
possible (there are a number of absolute contraindica-
tions for coronary artery bypass grafting and / or the 
use of interventional technologies) or is limited, for 
example, by the small diameter of the main coronary 
arteries or their angulation, and vascular stenting is 
associated with a high risk of thrombosis (with multi-
vascular damage) and the formation of restenosis.

It is also known that the development of heart dis-
ease is associated with a genetically determined defi-
ciency of HIF production by heart tissues. As a result 
of the deficiency of HIF, which is responsible for ini-
tiating transcription of a wide range of factors (over 
30), which are responsible for the restoration of p02 in 
tissues and adaptation of cells to hypoxia, necrobiotic 
processes develop in the heart muscle in response to 
hypoxia, followed by replacement of the defect with 
connective tissue and the formation of coronary heart 
disease. In this case, the defining moment is the ab-
sence of neoangiogenesis. For complete angiogenesis, 
expression of the whole complex of genes is necessary, 
and the expression of VEGF 225 is of decisive impor-
tance. In a simplified form, the sequence of events is as 
follows: under conditions of hypoxia, HIF-1α expres-
sion occurs; and HIF-1β, which, in turn, combine into 
a single peptide and cause expression of a gene battery. 
However, another feature of heart tissue is a decreased 
expression of the VEGF 225 gene. In other tissues, 
expression of VEGF 225 leads to the accumulation 
of VEGF peptides resulting from alternative splicing, 
angiopoietins, and growth factors. The latter ensure 
the survival and mobilization of endotheliocytes, their 
migration to the ischemic zone, proliferation and the 
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formation of vascular ischemia in the zone [2]. So, in 
75 percent of patients with stenotic atherosclerosis of 
the coronary arteries, collateral vessels do not develop 
with occlusion, which is apparently due to genetic fac-
tors [3].Patients suffering from coronary artery disease 
with well-developed collateral vessels are characterized 
by a certain haptoglobin phenotype and have a low lev-
el of endostatin in the pericardial fluid. This indicates 
an individual genetically determined variability of the 
state of natural mechanisms of neovascularization [4].

It is known that the development of heart disease 
is associated with a genetically determined deficien-
cy of HIF production by heart tissues. As a result of 
the deficiency of HIF, which is responsible for initi-
ating transcription of a wide range of factors (over 
30), which are responsible for the restoration of p02 in 
tissues and adaptation of cells to hypoxia, necrobiotic 
processes develop in the heart muscle in response to 
hypoxia, followed by replacement of the defect with 
connective tissue and the formation of IHD. In this 
case, the defining moment is the absence of neoangio-
genesis. For complete angiogenesis, expression of the 
whole complex of genes is necessary, and the expres-
sion of VEGF 225 is of decisive importance.In a sim-
plified form, the sequence of events is as follows: under 
conditions of hypoxia, HIF-1α expression occurs; and 
HIF-1β: which, in turn, combine into a single peptide 
and cause expression of a gene battery. However, an-
other feature of heart tissue is a decreased expression 
of the VEGF 225 gene. In other tissues, expression of 
VEGF 225 leads to the accumulation of VEGF pep-
tides resulting from alternative splicing, angiopoietins, 
and growth factors. The latter ensure the survival and 
mobilization of endotheliocytes, their migration to the 
ischemic zone, proliferation and the formation in the 
zone of vascular ischemia [5].

However, only every fourth patient with stenotic 
atherosclerosis of the coronary arteries develops col-
lateral vessels with occlusion, which is apparently due 
to genetic factors [3].

The degree of development of collateral vessels in 
patients with coronary heart disease is closely correlat-
ed with an increase in the expression of HIF-1alpha 
[6] and CD44 [7] by monocytes.

The beginning of an intensive study of the mech-
anisms of angiogenesis was laid more than 30 years 
ago by Judah Folkman, who suggested, that the pro-
gression of malignant tumors is determined by their 
vascularization [8].

Soon, the tumor production of vascular growth 
factor was confirmed, which served as the rationale 
for using the isolated factor for the revascularization 
of ischemic myocardium [9].

The processes of neovascularization in the postna-
tal period of the development of the body are carried 
out through three main and interrelated mechanisms: 
angiogenesis, arteriogenesis and vasculogenesis. An-
giogenesis is the formation of new capillaries from 
postcapillary venules, which is carried out through 
the activation of endothelial cells, the expression of 
proteases in them, the degradation of the extracellular 
matrix, the proliferation and migration of these cells, 
their formation of primary highly permeable vascular 
structures, the subsequent stabilization and "grow-
ing up" of these structures by attracting pericytes and 
smooth muscle cells with their subsequent organiza-
tion into a complex three-dimensional vascular net-
work [10].

Hypoxia acts as an incentive for angiogenesis, 
which, through hypoxia-induced factor-1 (HIF-1), 
activates the expression of many angiogenic factors 
and, above all, the main regulator, vascular endothe-
lial growth factor (VEGF) and its receptors. VEGF se-
lectively stimulates the proliferation and migration of 
endothelial cells, their precursors and monocytes ex-
pressing receptors for it, increases vascular permeabil-
ity, promotes the penetration of plasma proteins into 
the perivascular space, and also induces the formation 
of endothelial NO synthase and NO, endothelial cells 
promoting vasodilation and expression destructive 
bonds between endothelial to and extracellular matrix.

In the process of stabilization and “growing up” of 
the newly formed immature vascular network, the fol-
lowing are involved:

1) angiopoietin-1, which inhibits EC proliferation 
and reduces vascular permeability, but helps to attract 
pericytes;

2) platelet RF (PDGF), attracting pericytes and 
MMC;

3) transforming FR-beta 1 (TGF-beta 1), stimulat-
ing the synthesis of matrix proteins.

In the postnatal period, a stable state of blood ves-
sels is maintained by a balance between activators of 
angiogenesis (mainly FR and cytokines) and its inhib-
itors (matrix metalloproteases, thrombospondin, plas-
minogen inducers, endostatin, etc.). A shift in the bal-
ance towards the predominance of activators leads to 
short-term activation of angiogenesis during inflam-
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mation, wound healing, and ischemia. In turn, un-in-
duced physiological angiogenesis is characterized by 
low activity, which may be due to both insufficient 
production of RF or expression of their receptors, and 
an excess of their inhibitors. The latter contributes to 
an increase in the severity of ischemic diseases (cardi-
ac morbidity, chronic lower limb ischemia).

Induced angiogenesis is accompanied by an in-
crease in the density of the capillary network in isch-
emic tissues and a decrease in peripheral vascular re-
sistance, which increases tissue perfusion. However, 
without arteriogenesis, angiogenesis does not provide 
complete revascularization.

Arteriogenesis forms collateral vessels from 
non-functioning arteriolar compounds through 
which blood flow is bypassed at the site of occlusion. 
The most important stimulator of arteriogenesis is 
an increase in shear stress above the site of occlusion, 
which promotes the expression of adhesion molecules 
by endothelial cells, followed by the accumulation of 
monocytes in the vessel wall. The latter secrete active 
growth factors, of which fibroblast growth factors 
(FGF), as well as PDGF, VEGF and CXC chemokines 
are the main regulators of arteriogenesis [11].

Asculogenesis is the formation of in-situ blood 
vessels from progenitor embryonic cells. Previously 
believed that true vasculogenesis occurs only in the 
embryonic period.

The goal of therapeutic angiogenesis is to ensure 
the revascularization of ischemic tissues by stimulat-
ing the natural processes of vascular formation and 
growth.

In this case, there are three main approaches to 
solving this problem:

1. The use of exogenous growth factors.
2. The introduction of stem or progenitor cells.
3. Gene therapy - transfection of cells with genetic 

constructs containing genes for growth factors.
Despite the fact that a large number of various fac-

tors are involved in the regulation of angiogenesis, the 
bulk of clinical research is devoted to the use of VEGF 
and fibroblast growth factor (FGF), which are repre-
sentatives of large families of RF. So, VEGF contains 
six factors: VEGF-A (VEGF-1), VEGF-B (VEGF-3), 
VEGF-C (VEGF-2), VEGF-D, VEGF-E and PIGF, 
which are secreted proteins and bind to three types of 
receptors: Flt-1 (VEGFR-1), Flk-2 (VEGFR-2), Flt-4 
(VEGFR-3). VEGF-A, represented by 5 isoforms de-
pending on the number of amino acids (121, 145, 165, 

189 and 206), was identified first. Isoforms of VEGF-
121 and VEGF-165 are most fully studied in both ex-
perimental and clinical studies [12, 13].

The fibroblast growth factors represented by a 
family of 20 proteins, FGF-1 (aFGF), FGF-2 (bFGF), 
and FGF-4 accumulated in the extracellular matrix are 
most often used for therapeutic angiogenesis. FGFs 
stimulate the proliferation and migration of many 
cells, including vascular smooth muscle cells, and are 
considered the most powerful inducers of arteriogen-
esis. In experimental studies with the introduction of 
FGF, their cardioprotective effect was shown, associ-
ated with both the suppression of apoptosis of cardio-
myocytes and the ability to initiate vascular remodel-
ing and cardiac hypertrophy [14].

The possibility of neovascularization of ischemic 
tissues using recombinant VEGF and FGF has been 
proven in numerous experimental studies on models 
of myocardial and skeletal muscle in rodents (mice, 
rats, rabbits), dogs, pigs, and sheep [15, 16].

The first clinical studies in patients with coronary 
heart disease and patients with critical lower limb 
ischemia, in which VEGF-165, FGF-1 and FGF-2 were 
used, showed encouraging results. However, data from 
double-blinded, placebo-controlled studies were less 
optimistic [17, 18].

So, in two large studies in which intracoronary ad-
ministration of recombinant RF was tested (VEGF in 
the VIVA study in 178 IHD patients and FGF-2 in the 
FIRST study in 337 patients), no significant differenc-
es were found with the results in the placebo groups. 
The absence of differences is explained by a signifi-
cant increase in exercise tolerance ("VIVA", "FIRST") 
and myocardial perfusion ("FIRST") both in the con-
trol and experimental groups. A similar situation was 
observed in the TRAFFIC study (two-time adminis-
tration of FGF-2 into the femoral artery for patients 
with CINC), in which the greatest increase in painless 
walking time for those receiving FGF-2 in the first 3 
months was offset by 6 months of increased painless 
walking in the group placebo. Nevertheless, the re-
search results inspire some optimism regarding the 
possibility of using recombinant FGF-2 for lower limb 
ischemia.

In another double-blinded, placebo-controlled 
study, the intramyocardial administration of recom-
binant FGF-1 and FGF-2 was performed during cor-
onary artery bypass grafting [20, 21].Although eval-
uating the effectiveness of therapeutic angiogenesis 
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in combination with surgical revascularization seems 
problematic, the FGF-2 study deserves special at-
tention. In this work, heparin alginate capsules con-
taining recombinant FGF-2 or placebo were sutured 
under the epicardium during CABG along an artery 
that could not be bypassed. A more pronounced im-
provement in myocardial perfusion was recorded in 
patients who received capsules with FGF-2, and the 
positive effect of this procedure was recorded for 3 
years [19].

At the same time, the method of therapeutic angio-
genesis using recombinant growth factors has a num-
ber of drawbacks, which is confirmed by the negative 
results obtained in the course of experimental work 
and clinical observations [20].

Negative results are mainly associated with such 
features of recombinant proteins as a short half-life and 
low enigment in the myocardium (0.1% with intrave-
nous administration and 5% with intracoronary) [21].

The use of recombinant growth factors is hindered 
by the need for their repeated introduction into the 
myocardium or skeletal muscle, which in a number of 
cases is unacceptable [22].

Gene therapy of cardiovascular diseases can dra-
matically change the treatment strategy for patients 
with coronary artery disease due to the correction 
of the genetic component of this disease, i.e. actual-
ly provide pathogenetic therapy. Unlike recombinant 
proteins, genetic constructs, when administered once, 
function in target tissues for several weeks and pro-
vide a smooth and continuous increase in the content 
of angiogenic factor.

Numerous experimental studies [23, 24] on the 
models of hind limb ischemia, chronic myocardial 
ischemia and brain ischemia, both in small (mouse, 
rat) and large (rabbit, dog, pig, sheep) animals, indis-
putable evidence of stimulation was obtained angio- 
and arteriogenesis, as well as improving the function 
and perfusion of muscle tissue using plasmid and ad-
enovirus constructs containing the coding part of the 
genes of growth factors. In most studies, constructs 
with VEGF and FGF (secreted by FGF-4), regulated 
by the cytomegalovirus promoter, were tested.

Initial studies on the gene therapy of IHD and 
CINC have demonstrated two important results. First, 
good tolerance, feasibility, and safety of introducing 
genetic constructs encoding angiogenic factors into 
both the myocardium and skeletal muscle have been 
proven, both when using plasmid and adenoviral vec-

tors. Secondly, it was possible to develop and evaluate 
various techniques for introducing genetic constructs 
into the heart:

1) intramyocardial, performed during coronary 
artery bypass grafting or through small thoracotomy;

2) transendocardial - using a catheter having a spe-
cial device for injection and a sensor associated with 
the electromechanical mapping of the cavity of the left 
ventricle. The device provides detection of the zone of 
the hibernating myocardium and the introduction of 
the drug directly into the study area;

3) intracoronary.
Along with a demonstration of the good tolerance 

of gene therapy procedures, positive preliminary re-
sults of their effectiveness were obtained in these 
works. However, double-blind, placebo-controlled 
studies (phases II / III of a clinical study) on the use 
of gene therapy to stimulate angiogenesis have shown 
conflicting results [15, 16, 17, 18].Thus, in the KAT 
study (introducing VEGF-165 into the coronary ar-
tery in a plasmid and adenovirus vector using an 
infusion-perfusion catheter after angioplasty and 
stenting), a significant improvement in myocardial 
perfusion was noted only when using the VEGF gene 
in an adenovirus vector. In another EVROINJECT-1 
study (a plasmid with VEGF-165 was introduced into 
the zone of the hibernating myocardium transendo-
cardially using a NOGA catheter under the control of 
electromechanical mapping of the left ventricular cav-
ity in 80 patients with IHD with III – IV angina class), 
after 3 months there were no differences with a pla-
cebo group in terms of perfusion defect area, against 
the background of a significant improvement in local 
contractility of the left ventricular wall in those receiv-
ing gene therapy. The effectiveness of the transendo-
cardial method of introducing genetic constructs was 
tested in two more works - GENASIS and NOVA [17], 
which were stopped due to complications associated 
with intramyocardial injection. Although the transen-
docardial method is the most attractive in terms of the 
possibility of localized and repeated administration, it 
is associated with a high risk of complications and re-
quires specially trained personnel.

In a randomized trial “REVASC” with intramyo-
cardial administration via VEGF-121 via small tho-
racotomy in an adenoviral vector, load tolerance in-
creased and the class of angina pectoris decreased in 
67 inoperable patients with coronary heart disease 
[15]. These and other data allow us to hope for an im-
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provement in the results of treatment and to prognosis 
using gene constructs in seriously ill patients with cor-
onary artery disease who are contraindicated in surgi-
cal revascularization.

The effectiveness of intracoronary introduction 
of genetic material (an adenoviral construct with the 
FGF-4 gene) was tested in a series of controlled clinical 
trials “AGENT-1, 2, 3, and 4” [25, 26]. In the first works 
("AGENT-1" - 79 patients, "AGENT-2" - 85 inoperable 
patients with coronary artery disease) when using a 
large dose of adenovirus construct, an increase in exer-
cise tolerance and a decrease in perfusion defects were 
noted. In the next multinational multicenter study 
“AGENT-4” (116 patients), differences with the control 
group for increasing exercise tolerance were not found, 
and a similar study “AGENT-3” (416 patients) was 
stopped due to the wide variation in the values of toler-
ance to physical loads in groups, which did not allow to 
obtain significant differences. However, a subsequent 
analysis of the data of different subgroups of patients 
showed that gene therapy significantly increased exer-
cise tolerance compared with controls in patients older 
than 55 years and with a more severe form of angina 
pectoris. Another approach to balanced stimulation of 
angiogenesis can be the creation of genetic constructs 
based on a hybrid of genomic DNA and cDNA forms 
of the VEGF gene that contain exons and introns in 
differently spliced regions, which ensures the expres-
sion of several VEGF isoforms by analogy with the nat-
ural process in tissues [27]. Further prospects for the 
gene therapy of ischemic disorders are also associated 
with the use of hepatocyte growth factor (HGF), which 
effectively stimulates angiogenesis and has cardiopro-
tective properties due to its ability to activate the mi-
gration and mobilization of resident stem cells of the 
heart and inhibit the development of myocardial fibro-
sis [28]. Another strategy may be based on the use of 
genes encoding factors that activate the incorporation 
of endogenous angiogenic molecules. For example, the 
introduction of a genetic construct constitutively ex-
pressing HIF-1alpha, which activates the expression of 
angiogenic factors, effectively stimulated revascular-
ization in the rabbit ischemic limb and in patients with 
CINC (WALK study) [16, 17].

In one of three completed randomized double-blind 
clinical trials of gene therapy in inoperable patients 
with CINCs [3, 25] (VEGF-165 was introduced in a 
plasmid or adenovirus vector into the femoral artery), 
a positive result was obtained (an increase in the num-

ber of collateral vessels), in the second (VEGF-165 
plasmid DNA was injected intramuscularly) - mixed 
(the number of amputations per 100 days remained 
unchanged, however, there was an improvement in 
the ankle-brachial index, healing of trophic ulcers and 
lessening pain at rest), and in the third (research Con-
tents «RAVE»: VEGF121 in the adenoviral vector was 
administered intramuscularly into the affected limb) 
- negative on all endpoints. The introduction of VEGF 
did not lead to any serious complications, with the ex-
ception of transient edema, which was the result of the 
effect of VEGF on vascular permeability.

The discrepancy between the results of experi-
mental and clinical studies may be based on the use of 
significantly lower doses of gene therapeutic drugs for 
people because of fear of possible complications. Thus, 
a rat plasmid with VEGF-165 was administered in rats 
at doses of 125–500 μg per animal weighing 250–300 
g, and in humans at doses of 500–2000 μg with an av-
erage body weight of 75 kg. Caution in the use of large 
doses of VEGF in clinical studies is associated with 
the fear of possible stimulation of latent tumors or the 
development of angiomas, although no complications 
have been noted in any of the completed controlled 
studies. Therefore, genetic constructs in which the 
VEGF gene is regulated by a tissue-specific promoter 
that restricts the expression of growth factors only in 
the target tissue, or a promoter regulated by hypoxia 
and includes the expression of VEGF only in ischemic 
tissue, can solve this problem.

An important factor determining the effective 
stimulation of the growth of new vessels is the duration 
of the increase in the production of angiogenic factors 
in ischemic tissues. According to some data [15, 25], 
the duration of transgene expression of growth fac-
tors when using plasmid or adenoviral vectors in tis-
sues usually does not exceed 2 weeks. In a model of 
a line of mice in which VEGF expression is regulat-
ed by tetracycline, it was shown that in order for the 
newly formed vessels to stabilize in the ischemic zone, 
in the absence of regression, an increased concentra-
tion of VEGF in the tissue is required for four weeks 
[29]. Such prolonged expression cannot be provided 
by plasmid or adenoviral vectors used in well-known 
clinical studies. A solution to this problem can be 
achieved by reintroduction of plasmid constructs or 
by the use of vectors based on adeno-associated virus-
es that efficiently transfer genetic material to muscles 
and provide longer expression of transgenes [25, 30].
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In general, it should be noted that the expansion of 
the arsenal of angiogenic factors used for therapeutic 
angiogenesis, as well as the selection of optimal com-
binations and modes of their administration, can in-
crease the effectiveness of therapeutic tactics.

Thus, in order to initiate and maintain proper neo-
angiogenesis in the heart of an adult, expression of 
HIF (two chains - HIF-1α; and HIF-1β;) and VEGF 
225, which is absent or insufficient in 75% of the pop-
ulation, is necessary. The latter can be achieved by 
transfection of heart tissues with gene constructs car-
rying the corresponding genes:

HIF-1α;
HIF-1β;
VEGF 225 and
VEGF 165 (to enhance the effect).
Therefore, the treatment of patients with chronic 

coronary insufficiency, for whom traditional treat-
ment is ineffective, requires the introduction of new 
therapeutic methods, which will be based on the cor-
rection of the pathogenetic mechanism - therapeutic 
angiogenesis. 

Moreover, that gene therapy has its drawbacks asso-
ciated with the introduction of foreign genetic material 
and the possibility of an immune response when us-
ing adenoviral vectors for gene delivery. Nevertheless, 
the majority of authors connect the further successes 
of this direction mainly with conducting extensive re-
search under the conditions of a model experiment.

Materials and Methods
The experiments were carried out on male Chin-

chilla rabbits weighing 2.8-3.2 kg and 1-1.2 years old. 
The animals, in order to ensure incomplete occlusion 
of the anterior descending artery of the heart, per-
formed its ligation on the mandrel, which narrowed 
the lumen of the vessel by 80%. Immediately after li-
gation, two experimental animal groups No. 1 (n = 
10) and No. 2 (n = 10) were injected intramiocardial-
ly once with the vectors of growth factors VEGF165 
(group No. 1) at a concentration of 100 μg / ml physi-
ological saline at a rate of 50 μg / cm2 of the ischemic 
zone with a step over the area of the zone of 2-10 mm 
uniformly throughout the ischemic zone or in the 
second group at the same time a single complex of 
four genes HIF1a, HIF1b, VEGF165, VEGF225 in a 
stoichiometric ratio of 1: 0.2: 0.5: 0, 3, group No. 2 at 
a concentration of 400 μg / ml of physiological saline 
based on 200 μg of DNA per cm2 of ischemic zone 

and a step over an area of 2-10 mm, with the addition 
of adjuvant. As an adjuvant, 2-dimethylaminoetha-
nol at a concentration of 2.5 mmol / L was used. The 
control group of animals (n = 10) was injected with 
only the adjuvant solution in the corresponding vol-
ume of saline.

The level of angiogenesis was evaluated on the 
30th day after surgery. Blood vessels and their re-
lationships with cardiac muscle fibers were detect-
ed using the method of intravascular injection with 
contrasting suspensions followed by histological pro-
cessing [1]. The study of pO2 in the open heart injury 
zone was carried out polarographic. The radioactivi-
ty of the tissue after a tight filling of the vascular bed 
with a solution of uranyl acetate-238 was determined 
on a GSU-1M scintillation counter and expressed in 
kBq per gram of tissue (dry weight). Additionally, af-
ter 30 days, the animals underwent a pharmacolog-
ical stress test with dipyridamole in a total dose of 
0.75 mg per 1 kg of body weight of a 0.5% solution 
and the electrocardiogram was recorded. The exper-
iments were carried out on male chinchilla rabbits 
weighing 2.8-3.2 kg and 1-1.2 years old. The animals, 
in order to ensure incomplete occlusion of the ante-
rior descending artery of the heart, performed its li-
gation on the mandra, which narrowed the lumen of 
the vessel by 80%. Immediately after ligating, the two 
experimental animal groups No. 1 (n = 10) and No. 
2 (n = 10) were injected intramiocardially once with 
the vectors of growth factors VEGF165 (group No. 1) 
at a concentration of 100 μg / ml physiological saline 
at a rate of 50 μg / cm2 of the ischemic zone with a 
step over the area of the zone of 2-10 mm uniformly 
throughout the ischemic zone or in the second group 
at the same time a single complex of four genes HI-
F1a, HIF1b, VEGF165, VEGF225 in a stoichiometric 
ratio of 1: 0.2: 0.5: 0, 3, group No. 2 at a concentration 
of 400 μg / ml of physiological saline based on 200 μg 
of DNA per cm2 of ischemic zone and a step over an 
area of 2-10 mm, with the addition of adjuvant. As 
an adjuvant, 2-dimethylaminoethanol at a concentra-
tion of 2.5 mmol / L was used. The control group of 
animals (n = 10) was injected with only the adjuvant 
solution in the corresponding volume of saline.

The level of angiogenesis was evaluated on the 
30th day after surgery. Blood vessels and their re-
lationships with cardiac muscle fibers were detect-
ed using the method of intravascular injection with 
contrasting suspensions followed by histological pro-
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cessing [1]. The study of pO2 in the open heart injury 
zone was carried out polarographic. The radioactivi-
ty of the tissue after a tight filling of the vascular bed 
with a solution of uranyl acetate-238 was determined 
on a GSU-1M scintillation counter and expressed in 
kBq per gram of tissue (dry weight). Additionally, af-
ter 30 days, the animals underwent a pharmacologi-
cal stress test with dipyridamole in a total dose of 0.75 
mg per 1 kg of body weight of a 0.5% solution and the 
electrocardiogram was recorded.

Results
The results obtained (Table 1 and Fig. 1) indicate 

that transfection with the VEGF-165 gen alone is ac-
companied by the development of the microvascu-
lature and an increase in pO2 in the ischemic zone 
compared with the control group of animals. At the 
same time (Fig. 1 B), pronounced perivascular ede-
ma is observed, accompanied by “collapse” of the 
vessel.

Transfection of cells with a combination of four 
genes of vascular growth factors has a more pronounced 
effect than transfection only with the VEGF-165 gene 
(Table 1 and Figure 2). In addition, along with the for-
mation of the capillary network, transfection with a 
combination of vascular growth factors was accompa-
nied by the formation of arterioles (Fig. 3). as well as the 
formation of anastomoses between the newly formed 
vessels and vessels of intact ischemia of the heart tissue. 

In addition, along with the formation of the capil-
lary network, transfection with a combination of vas-
cular growth factors is accompanied by the formation 
of arterioles (Fig. 3). as well as the formation of anas-
tomoses between the newly formed vessels and vessels 
of intact ischemia of the heart tissue.

Table 1
Parameters of the microvasculature of the ischemic myocardium

Control Introduction of  
VEGF-165

Introduction of HIF1a, 
HIF1b, VEGF165 and 

VEGF225 

Significance of 
differences at 

p <0.05 
Intact group Group of animals No. 1 Group of animals No. 2 

The number of capillaries n 
(1 mm2 per cut) 3661,0+-92,0 4180.0+-60.0 5154.0+-282.0 *, +

Diameter of open capillaries d (microns) 6,5+-0,3 6.80+-1.10 6.90+-0.80
Capillary length l (mm / mm3) 2123,0+-80,0 2600.0+-76.0 4018.0+-201.0 *, +

Capillary exchange surface area S 
(mm2/mm3) 43,30+-0,94 55.50+-3.11 87.10+-4.20 *, +

pO2 mmHg 18,0+-4,8 32.3+-4.9 45.4+-5.8 *, +
Radioactivity of uranyl acetate-238 per 

gram of tissue (dry weight), kBq 0,79+-0,06 1.04+-0.10 1.35+-0.05 *, +

Note: * - significance of differences from the control group, + - significance of differences from the group of animals No. 1

During the formation of a full-fledged vascular 
bed, normalization of metabolic processes in the area 
of the damaged myocardium is observed, as evidenced 
by the dynamics of changes in the electrocardiogram 
(ECG) during the performance of the load test. An 
ECG analysis after the introduction of a vector with 
the VEGF165 gene after 5 minutes of loading (test with 
dipyridamyl) indicates the appearance of a horizontal 
depression of the ST (V4) segment by 0.3 mV (3 mm, 
a sign of myocardial ischemia). With the introduction 
of a complex of vectors with the genes HIF1a, HIF1b, 
VEGF165, VEGF225, a negative ECG test is observed 
- the absence of ST segment depression.

Conclusion
From an overall prospective, the use of four genes 

integrated into the vectors of the complex allows 
more efficiently stimulating angiogenesis and re-
modeling the vasculature in an ischemic myocardi-
um than the technical solution of the prototype. In 
turn, the epigenomic localization of gene constructs 
and the limited duration of stay in the cell are suffi-
cient for the expression of the introduced genes and 
the formation of a complete vasculature.

The research was conducted in the frames of gov-
ernmental assignment No. AAAA-A18-118041890076-1 
of the Ministry of Health of the Russian Federation 
on the topic: "Genetic engineering appliance for the 
treatment of coronary insufficiency".

Statement on ethical issues
Research involving people and/or animals is in full 
compliance with current national and international 
ethical standards.
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Figure 1. A - control group of animals. In the upper part, the ischemic zone is clearly visible, which developed as a result of occlu-
sion of the anterior descending branch of the coronary artery (Van Giesz stain, x100). B - formation in the zone of vascular ischemia 
(indicated by arrows) under the influence of hyperexpression of the VEGF 165 gene. Pronouncedperivascularedema (hemotoxylin 
/ eosin, x200).

Fig. 2. A - formation of vascular ischemia in the zone (indicated by arrows) under the influence of VEGF 165 overexpression. Severe 
perivascular edema (hemotoxylin / eosin, x200). B - vascular formation under the influence of overexpression of the HIF1a, HIF1a, 
VEGF 165, VEGF 225 genes. There is no edema, the capillaries are filled with red blood cells (hemotoxylin / eosin, x100)

Fig. 2. A - formation of vascular ischemia in the zone (indicated by arrows) under the influence of VEGF 165 overexpression. Severe 
perivascular edema (hemotoxylin / eosin, x200). B - vascular formation under the influence of overexpression of the HIF1a, HIF1a, 
VEGF 165, VEGF 225 genes. There is no edema, the capillaries are filled with red blood cells (hemotoxylin / eosin, x100)
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Background
Implantation of multiple (≥ 2) overlapping stents has been as-
sociated with adverse outcomes after percutaneous coronary 
intervention (PCI). However, data regarding the impact of mul-
tiple new generations drug-eluting stents (DES) during primary 
PCI (PPCI) are limited.

Objective 
To evaluate the impact of multiple overlapping stents implan-
tation on the 6-months clinical outcomes of anterior STEMI pa-
tients undergoing PPCI with new generations DES.

Methods 
We evaluated a total of 1078 consecutive anterior STEMI pa-
tients who underwent PPCI with deployment of new genera-
tions DES. The patients were divided according to the number 
of implanted stents into 2 groups; multiple-stents group hav-
ing ≥2 overlapping stents (n =388) and single-stent group (n 
=690). We compared the rates of major adverse cardiovascular 
events (MACEs; composite of cardiac death, reinfarction, isch-
emia-driven target vessel revascularization (TVR), definite stent 
thrombosis (ST), and stroke) between the 2 study groups.

Results 
There was a non-significant trend toward increased in-hospital 
mortality in the multiple-stents group [3.4% vs 1.7%; P=0.096] 

related to a significant higher rate of cardiogenic shock [9.5% 
vs 6.1%; P=0.037] and post-procedural suboptimal TIMI flow 
[26.3% vs 19.4%; P=0.009] as compared to the single-stent 
group. Yet, there were no significant differences between the 
2 groups in the incidence of 6-month MACEs: [9% vs 7.1%; 
P=0.259],  cardiac death: [4.6% vs 3%; P=0.173], reinfarction: 
[3.6% vs 3.2%; P=713], TVR: [4.4% vs 4.1%; P=0.799], and defi-
nite ST: [3.6% vs 2.8%; P=0.43], respectively.

Conclusion
The use of multiple new generations DES, if needed, is relatively 
safe and acceptable during PPCI for STEMI patients.

Keywords
ST elevation myocardial infarction, Percutaneous coronary in-
tervention, Drug-eluting stents, Stent overlap
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Introduction
Primary percutaneous coronary intervention 

(PPCI) with full lesion coverage using a single stent 
or multiple overlapping stents is the preferred thera-
peutic option for patients presenting with an acute ST 
segment elevation myocardial infarction (STEMI).1 

Multiple overlapping stents have been used in up 
to 30% of cases undergoing PCI due to the presence 
of either long target lesion, accidental dissections, or 
incomplete target lesion coverage with a single stent. 2 
The need of multiple stents and increased total stent(s) 
length is usually a correlate of extensive coronary ar-
tery disease (CAD) and have been associated with 
worse clinical outcomes after PCI when compared 
with the single or shorter stents specially in the era 
of bare-metal stents (BMS) 3,4. However, the effect 
of multiple drug-eluting stents (DES) showed contro-
versy. In studies assessing the impact of overlapping ≥ 
2 paclitaxel-eluting stents (PES) in comparison with 
BMS, there was improved efficacy, but at the cost of 
increased rates of peri-procedural infarction (8.3% 
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versus 3.3%, respectively), that was suggested to occur 
as a result of a reduction in side branch flow. 5,6 In 
contrast, multiple overlapping sirolimus-eluting stents 
(SES) demonstrated similar rates of adverse events 
compared with a single SES.7,8 Newer generations 
DES carried more favorable long term clinical out-
comes than first-generation stents, 9 yet few studies 
have investigated the implications of multiple stents 
on the short and long term clinical outcomes. 10,11 
Moreover, those prior studies have included most-
ly elective PCI patients and the prognostic impact of 
overlapping new generations DES in the context of 
STEMI patients treated with primary PCI are not well 
established. In this study we sought to compare the 
six-month clinical outcomes of PPCI with multiple 
DESs versus a single DES.

Materials and Methods
Study population

This is a retrospective observational study that 
enrolled 1078 consecutive patients admitted with an-
terior STEMI at the First Affiliated Hospital of Xi'an 
Jiaotong University (China) between January 2016 
and December 2018.  All patients had PPCI within 12 
hours from symptom onset. The study was approved 
by the institutional ethics committee. Anterior 
STEMI was diagnosed on the basis of typical ischemic 
chest pain enduring for ≥20 minutes with electrocar-
diographic (ECG) changes (ST-segment elevations of 
≥1mm in ≥2 contiguous precordial leads other than 
V2,3 or new onset left bundle branch block) with rise 
in cardiac biomarkers.12 Key exclusions criteria were 
patients with non-anterior STEMI, acute anterior 
STEMI with onset >12 hours or unknown, history of 
coronary artery graft surgery (CABG) or PCI to the 
LAD, patients treated conservatively or with Percu-
taneous transluminal coronary angioplasty (PTCA), 
patients who received thrombolytic therapy prior to 
angiography and patients lost for follow-up. 

Baseline evaluation
Baseline data were collected from the hospital 

medical records including: full medical history (de-
mographic criteria, coronary risk factors, time from 
symptom onset, and associated co-morbidities), phys-
ical examination, emergency and post-procedural 
ECG, trans-thoracic-echocardiography, laboratory 
data, and in-hospital clinical status , together with the 
related catheterization and PPCI data.

Primary PCI procedure
All patient had 300mg chewable aspirin along 

with the recommended dose of ticagrelor or clopi-
dogrel and a weight-adjusted bolus dose of heparin 
(100units/kg). Dual oral antiplatelet therapy (DAPT) 
was prescribed for one year after stent implantation 
in all patients. Other medications were managed ac-
cording to the prudence of the doctor in charge and 
within the scope of recommended clinical approach-
es. The radial artery was routinely used in almost all 
cases and the PPCI procedure was done according to 
the standard techniques [13]. Thrombus aspiration 
and/or use of glycoprotein inhibitors were restricted 
to cases with heavy thrombus burden. Implantation of 
stent(s) to fully cover the culprit lesion was routine-
ly implied with routine optimization using pre and 
post-dilatation unless the infarct-related artery (IRA) 
was heavily calcified or the reference luminal diame-
ter was <2.5mm. Intravascular ultrasound (IVUS) or 
optical coherence tomography (OCT) were utilized, if 
needed, in selected cases. Second generation perma-
nent polymer DES (PP-DES) (zotarolimus-eluting and 
everolimus-eluting stents) and biodegradable polymer 
DES (BD-DES) were used in all patients. The most 
common cause for using ≥2 DESs was inadequate le-
sion coverage due to long target lesion, whereas iat-
rogenic dissections were rare. Two experienced inter-
ventional cardiologists evaluated each angiogram with 
emphasis on type and total length of the stents used, 
thrombus burden grade, the presence of calcification, 
residual stenosis or dissections, and final TIMI flow 
after the procedure.

Multiple overlapping stents were defined as the 
presence of ≥2 stents used to cover a single culprit le-
sion with an overlapping area of ≥1 mm. Total isch-
emic time was the time from symptom-onset to first 
balloon dilatation. Suboptimal TIMI flow was TIMI 
≤2 flow and/or CTFC >27 after finishing the proce-
dure, in the absence of dissection, residual stenosis, or 
spasm [14].

Study follow up
Information on the Six-month clinical an in-hos-

pital outcomes were obtained from outpatient vis-
its, emergency records, or telephone interviews. We 
compared the impact of multiple stents versus a sin-
gle stent on the 6-month clinical outcomes, includ-
ing cardiac mortality, major adverse cardiovascular 
events (MACE, defined as being the composite of 
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death, re-infarction, ischemia-driven target ves-
sel revascularization, definite stent thrombosis, and 
stroke) and post-catheterization reevaluation of gen-
eral and cardiac status, examining for development 
of pump failure, cardiogenic shock, mechanical com-
plications or malignant arrhythmias between the two 
study groups.

Six-month cardiac mortality was defined as death 
due to cardiac causes during hospitalization or with-
in 6 months post-discharge. Re-infarction was re-
peated clinical symptoms or development of new 
ECG changes associated with a new rise of cardiac 
troponin (cTn) values >99th percentile upper refer-
ence limit (URL) in patients with normal baseline 
values or an increase of cTn values >20% of the base-

line value when it is above the 99th percentile URL 
[12]. Ischemia-driven target vessel revascularization 
(TVR) is repeated revascularization with PCI or 
CABG of the IRA driven by symptoms or objective 
evidence of ischemia [13]. Definite stent thrombosis 
(ST) was defined based on the Academic Research 
Consortium (symptoms suggestive of an acute coro-
nary syndrome and angiographic or pathologic con-
firmation of stent thrombosis) and was subclassified 
in this study into early ST (0 to 30 days), late ST (31 
to 180 days) [15].

Statistical Analysis
Data management and statistical analysis were 

done using SPSS vs.21. (IBM, Armonk, New York, 

Figure 1. Flowchart of the present study population.
STEMI: ST-elevation myocardial infarction;  PTCA: percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass 
graft; LAD, Left anterior descending; PCI, percutaneous coronary intervention.

Figure 2. Six-month clinical outcomes.



Issue 17. November 2020 | Cardiometry | 79

Table 1. Clinical Characteristics 
Variables Single stent (n = 690) Multiple stents (n = 388) P value

Age (years)
Age ≥65

Mean ±SD
Yes    n (%)

58.1±12.5
218 (31.6)

59±12.5
122 (31.4)

0.243
0.959

Sex Females n (%)
Males    n (%)  

116 (16.8)
574 (83.2)

63 (16.2)
325 (83.8) 0.808

Weight (kg) Mean ±SD 71.5 ±11.8 72.3 ±11.7 0.284
Hypertension Yes    n (%) 299 (43.3) 196 (50.5) 0.023
Diabetes Yes    n (%) 130 (18.8) 82 (21.1) 0.363
Smoking Yes    n (%) 381(55.2) 220 (56.7) 0.638
Previous IHD Yes    n (%) 57 (8.3) 31 (8) 0.876
Previous CVS Yes    n (%) 39 (5.7) 18 (4.6) 0.476
Total ischemic time, hr Mean ±SD 5.5 ±3 5.4 ±3.2 0.537
Admission Heart rate, bpm Mean ±SD 82.9 ±13.9 82.6 ±12.7 0.765
Systolic blood pressure, mm Hg Mean ±SD 133.1±20.5 133.9±23.9 0.604
Diastolic blood pressure, mm Hg Mean ±SD 86.6 ±13.3 86.5 ±14.5 0.952

Killip classification One   n (%)
>1      n (%)

535 (77.5)
155 (22.5)

306 (78.9)
82 (21.1) 0.613

Cardiac arrest on presentation Yes    n (%) 33(4.8) 15(3.9) 0.484
Serum Creatinine, umol/L Mean ±SD 66.1 ±17.3 67.3 ±20 0.333
Triglyceride, mmol/L Mean ±SD 1.7 ±1.1 1.6 ±1.1 0.073
HDL cholesterol, mmol/L Mean ±SD 1 ±0.27 1 ±0.29 0.614
LDL cholesterol, mmol/L Mean ±SD 2.6±1 2.6 ±0.9 0.655
LPa, mg/dL Mean ±SD 215 ±188.1 209.5 ±168.9 0.638
Hemoglobin, g/L Mean ±SD 147 ±17.1 145.4 ±17.9 0.143
Platelets count, (x109/L) Mean ±SD 219 ±66.8 209.3 ±62.3 0.020
White blood cells count, (x109/L) Median (range) 10.7(3.2 – 26.1) 10.4 (4.3 – 25.8) 0.012
TNT-hs, ng/mL Median (range) 0.4 (0.01 – 10.1) 0.4 (0.01 – 10.2) 0.795
CK_MB Median (range) 52 (8- 700) 47.5 (9 - 671) 0.512
NT-ProBNP, pg/mL Median (range) 248.5 (5 - 13256) 284(5 - 15428) 0.128
hsCRP, mg/L Median (range) 2.8 (0.02 – 10.4) 2.5 (0.09 - 10) 0.845

IHD : Ischemic heart disease; CVS: Cerebrovascular stroke; HDL: high-density lipoprotein; LDL: low-density lipoprotein; LPa: 
lipoprotein (a); TNT-hs: Troponin T-high sensitive; CK-MB: Creatine kinase- myocardial band; NT-ProBNP: N-terminal proB-type 
Natriuretic Peptide; hsCRP= High-sensitivity C-reactive Protein.

the United States). Statistical data were calculated as 
means and standard deviations for normally distrib-
uted numerical data or medians and ranges for abnor-
mally distributed data. Categorical data were calculat-
ed as numbers and percentages. Comparisons between 
groups (multiple-stents vs. single-stent) were done 
using independent t-test or Mann Whitney U-test for 
normally and non-normally distributed numeric vari-
ables, respectively. Categorical data were compared 
using the Chi-square test or Fisher exact tests, as ap-
propriate. All P-values were two-sided. P-values ≤0.05 
were considered statistically significant.

Results
Clinical characteristics

As shown in  1, a total of 1078 anterior STEMI pa-
tients were included in the present study, of whom 690 
patients (64%) were treated with a single stent (sin-
gle-stent group) and 388 (36%) patients were treated 
with ≥2 overlapping stents (multiple-stents group). 
The clinical features, risk factors, and laboratory data 

of the 2 study groups are shown in Table 1. Compared 
to patients treated with a single stent, patients required 
multiple stents tended to be more hypertensive with 
lower baseline platelets and white blood cells counts. 
The other baseline clinical and laboratory variables 
showed no significant differences between the 2 
groups.

Angiographic data and  
Primary PCI Procedure

Patients of the multiple-stents group had signifi-
cant higher left main or multi-vessels disease involve-
ments, a higher prevalence of lesion calcification, and 
a smaller mean implanted stent diameter. There was 
also a significant increase in the final suboptimal TIMI 
flow and the need for hemodynamic support using in-
tra-aortic balloon pump (IABP) in the multiple-stents 
group, while the thrombus aspiration catheters were 
used more often in patients with a single stent. Be-
tween groups analysis did not show significant differ-
ences in other parameters. Table 2.
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Table 2. Angiographic Data and Primary PCI Procedure 
Variables Single stent (n = 690) Multiple stents (n = 388) P value

Left main involvement Yes    n (%) 52 (7.5) 47 (12.1) 0.013

Number of diseased vessels
One          n (%)
Two         n (%)
Three       n (%)

248 (35.9)
242 (35.1)
200 (29.0)

80 (20.6)
153 (39.4)
155 (39.9)

<0.001

Heavy thrombus burden (grade 4) Yes          n (%) 106 (15.4) 59 (15.2) 0.946
Moderate/severe calcification Yes          n (%) 58 (8.4) 51 (13.1) 0.013
Initial TIMI flow grade ≤1 Yes          n (%) 488 (70.7) 276 (71.1) 0.887
Stent type:
• 2nd generation DES
• DES with a biodegradable polymer    

Yes          n (%) 384(65.5)
306(62.2)

202(34.5)
186(37.8) 0.256

Total Stent length, mm Mean ±SD 27.7 ±7.3 53.1 ±10.9 <0.001
Mean stent diameter, mm Mean ±SD 3.07 ±0.37 2.96 ±0.32 <0.001
Final TIMI flow grade ≤2 Yes      n (%) 134 (19.4) 102 (26.3) 0.009
Approach Radial       n (%)

Femoral    n (%)
665 (96.4)
25 (3.6)

367 (94.6)
21 (5.4) 0.163

Thrombus Aspiration Yes          n (%) 183(26.5) 82(21.1) 0.049
Glycoprotein IIb/IIIa inhibitor Yes          n (%) 96 (13.9) 64 (16.5) 0.252
IC Nitroprusside Yes      n (%) 54 (7.8) 37 (9.5) 0.332
IC Adrenaline Yes      n (%) 32 (4.6) 19 (4.9) 0.847
Atropine Yes      n (%) 56(8.1) 41 (10.6) 0.177
Noradrenaline Yes      n (%) 148 (21.4) 81 (20.9) 0.825
IABP Yes      n (%) 52 (7.5) 46 (11.9) 0.018

DES: drug-eluting stents; TIMI: thrombolysis in myocardial infarction; IC: intracoronary; IABP: Intra-aortic balloon pump

Table 3. In-hospital clinical outcomes
Single stent (n = 690) Multiple stents (n = 388) P value

In-hospital Mortality Yes      n (%) 12 (1.7) 13 (3.4) 0.096
Cardiogenic shock Yes      n (%) 42 (6.1) 37 (9.5) 0.037
Heart Failure Yes      n (%) 147 (21.3) 97 (25.0) 0.164
Malignant arrhythmias Yes      n (%) 87 (12.6) 41 (10.6) 0.320
Bradyarrhythmias Yes      n (%) 54 (7.8) 36 (9.3) 0.408
Bleeding Yes      n (%) 24 (3.5) 23 (5.9) 0.059
Creatine kinase peak, U/L Median (range) 4628 (685 - 16721) 4572 (680 - 15078) 0.222
ST segment resolution <70%   n (%)

>70%   n (%)
268 (38.8)
422 (61.2)

151 (38.9)
237 (61.1) 0.980

Ejection faction (%) Mean ±SD 45.5 ±6.9 45.9 ±6.6 0.339
Hospital stay (days) Mean ±SD 4.6 ±2.4 4.9 ±2.5 0.047

DES: drug-eluting stents; TIMI: thrombolysis in myocardial infarction; IC: intracoronary; IABP: Intra-aortic balloon pump

Table 4. Six-month clinical outcomes 
Single stent (n = 690) Multiple stents (n = 388) P value

MACE Yes      n (%) 49 (7.1) 35 (9.0) 0.259
Mortality (cardiac)
- Total
- In-hospital

Yes      n (%) 21 (3)
12 (1.7)

18 (4.6)
13 (3.4)

0.178
0.096

Re-infarction Yes      n (%) 22 (3.2) 14 (3.6) 0.713
Revascularization Yes      n (%) 28 (4.1) 17 (4.4) 0.799
Stent thrombosis (ST)
Timing of ST:
- Early
- Late         

Yes      n (%)

Yes      n (%)

19 (2.8)

5 (0.7)
14(2.0)

14 (3.6)

7(1.8)
7(1.8)

0.434

0.105
0.798

Ischaemic Stroke Yes      n (%) 0 (0.0) 2 (0.2) 0.059
MACE:  Major adverse cardiovascular events (cardiac death, reinfarction, ischemia-driven target vessel revascularization, stent 
thrombosis, or ischemic stroke).
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In-hospital clinical outcomes
Patients with multiple stents had a significant high-

er rate of cardiogenic shock [9.5% versus 6.1%, respec-
tively; P=0.037] and a more prolonged hospital stay 
[4.9 ±2.5 versus 4.6 ±2.4 days, respectively; P=0.047] 
than the single-stent group. There was also a trend, 
albeit not statistically significant, toward increased 
rates of in-hospital death [3.4% versus 1.7%; P=0.096], 
heart failure [25% versus 21.3%; P=0.164], and bleed-
ing complications [5.9% versus 3.5%; P=0.056] in the 
multiple-stents group. Table 3.

Six-month clinical outcomes
The six-month clinical outcomes are listed in Ta-

ble 4. During the follow-up period (196.4±36.2 days), 
there were no significant differences between the mul-
tiple-stents group and the single-stent group in the 
incidence of 6-month cardiac death: [18 (4.6%) and 
21 (3%), respectively; P=0.173], MACEs: [35 (9%) 
and 49 (7.1%), respectively; P=0.259], re-infarction: 
[14 (3.6%) and 22 (3.2%), respectively; P=713], TVR: 
[17 (4.4%) and 28 (4.1%), respectively; P=0.799], and 
definite ST: [14 (3.6%) and 19 (2.8%), respectively; 
P=0.434].

Discussion
The principal findings of the current study 
can be summarized as follows:

(1) The 6-month rates of cardiac mortality, 
MACE, re-infarction, TVR, or definite ST 

showed no significant differences between ante-
rior STEMI patients treated with multiple stents and 
patients treated with a single stent. (2) There was a 
non-significant increase in in-hospital mortality in the 
multiple-stents group attributable mainly to increased 
rates of cardiogenic shock and a significant higher 
post-procedural incidence of suboptimal TIMI flow 
as compared to the single-stent group.

Generally, Primary PCI in the setting of a ruptured 
plaque with thrombus and atherosclerotic debris leads 
to distal embolization of microthrombi and plaque 
contents.16 The use of multiple longer stents and the 
associated pre and post-dilation may increase the like-
lihood of mechanical fragmentation with subsequent 
dislodgement of thrombus and plaque contents.17 
These mechanisms explain the higher prevalence of 
suboptimal flow in the multiple stents group (26.5% 
vs. 19.4% in the single-stent group; P=0.009). Subop-
timal TIMI flow is associated with larger infarct size, 

lower LVEF, and increased rates of heart failure, car-
diac rupture, cardiogenic shock, and mortality. 18,19 
Using the shortest possible stent(s), avoidance of un-
necessary balloon dilatations and direct stenting if fea-
sible with the liberal use of glycoprotein IIb/IIIa inhib-
itors, aspiration catheters, and coronary vasodilators 
in selected cases can significantly improve distal final 
TIMI flow and decrease the rates of adverse in-hospi-
tal outcomes in those high risk patients requiring ≥2 
stents.20,21 

Previous studies stated that the use of multiple 
overlapping stents with increased total stents length 
was associated with worse outcomes and increased 
rates of MACEs in BMS 3 and even in some reports 
from the era of first and second-generations DES. 6-10 

This study is unique in that it demonstrated com-
parable 6-month clinical outcomes between patients 
treated with multiple overlapping DES and those 
treated with a single stent, suggesting that the strategy 
of treating diffuse or complicated LAD lesions during 
PPCI with multiple overlapping new generations 
DESs is feasible, when required, with acceptable rates 
of MACEs in the mid-term follow-up. This study was 
restricted to STEMI patients, which can partly explain 
the difference between the results of the present study 
and previous reports that mainly included patients 
with stable CAD and we particularly investigated 
patients presenting with an acute anterior STEMI to 
minimize the impact of different anatomy, vessel size, 
and amount of subtended myocardium on the clinical 
outcomes.

The occurrence of acute STEMI in a coronary ar-
tery with diffuse atherosclerotic disease and multiple 
complex coronary plaques can promote plaques de-
stabilization through the enhanced systemic inflam-
mation and the accelerated progression of atheroscle-
rosis. 22 Thereby, a full lesion coverage in case of a 
long diffuse or complex lesion with multiple stents 
as required could help preventing future adverse car-
diovascular events known to be more associated with 
STEMI patients than in patients with stable CAD. 23 

The use of multiple longer stents with overlap has 
been recognized in many reports to be significantly 
associated with stent thrombosis. 24,25 However, in 
the present study, patients with multiple stents showed 
no significant increase in the rates of stent thrombo-
sis. This may be explained in part due to the use of 
either second-generation DESs or the newer DESs 
with biodegradable polymer for all patients.  Sec-
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ond-generation DESs are designed with thinner stent 
struts, more biocompatible polymer coatings and the 
new anti-proliferative drugs (everolimus / zotaroli-
mus). These factors combined together significantly 
reduced thrombogenicity compared to the first gen-
eration DES and BMS.26,27 DES with biodegradable 
polymer also showed favorable clinical outcome that 
was non-inferior to the second-generation DES in a 
large meta-analysis.28 Moreover, we routinely pre-
scribed dual antiplatelets therapy for all cases with 
STEMI which has provided a solid superior efficacy in 
preventing ST. 29

In our study, there were also no significant differ-
ences in the need for TVR at 6-month follow up be-
tween patients treated with multiple stents and those 
treated with a single stent. These results are in accor-
dance with a recent study conducted by Fukutomi et 
al, 30 where they investigated the effects of the stent 
length on the short and long-term outcomes in pa-
tients with STEMI, and they reported a TVR rate of  
5.5% in their long DES subgroup that contained lon-
ger and multiple stents, and it didn’t differ from the 
rates of other groups with deployed single and shorter 
stents. However, Tsagalou et al 4 observed a significant 
higher rate of binary restenosis (19.6%) when they 
studied the effect of multiple ultra-long DES implanta-
tion in diffuse LAD lesion at 6-month follow-up. This 
increased rates of stent failure in their study can be ex-
plained as a result of the inclusion of a large proportion 
of patients with chronic total occlusion lesions with 
complex anatomy (20%) and increased total implant-
ed stents length (mean length 80mm versus 53.1mm 
in our overlapping-stents group), and also they used 
earlier generations DESs (SES and PES) in their study. 

Although we observed similar rates of mortality, 
MACEs, ST, and TVR among patients with single and 
multiple stents, further studies with more patients and 
longer follow-up would be required in the future to 
statistically establish the safety and efficacy of multiple 
DESs in STEMI patients, particularly after the end of 
the first year when the DAPT is terminated.

Study limitations
This was a retrospective observational study and 

the selection of patients was not randomized to re-
ceive either multiple stents or single stents. The study 
also might be confounded by selection bias of the stent 
types. We evaluated only clinical outcomes and con-
trol angiographic follow-up was not performed. Final-

ly, follow up of outcomes beyond the first 6 months 
was not established.

Conclusion
The need of ≥2 overlapping stents occurs in a con-

siderable proportion of patients undergoing primary 
PCI for STEMI. In this observational study, there was 
a non-significant trend toward increased in-hospital 
mortality in the multiple-stents group. However, sim-
ilar rates of mortality, MACEs, ST, and TVR among 
patients with and without overlapping stents were re-
ported at 6-month follow-up. We hypothesized that 
the use of multiple overlapping new generations DES, 
when required, is relatively safe and acceptable during 
PPCI of STEMI patients.
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Abstract 
This paper provides an overview of the use of neural network 
technology in cardiology, primarily in diagnostics using ECG. 
The aim of this work is to substantiate the use of artificial neural 
network technology in cardiometry, as a field of science that is 
closely related to cardiology, but differs from it in the wider use 
of natural science approaches. The definition of machine learn-
ing is given, and the concept of artificial neural networks as one 
of the methods of machine learning is defined. The mechanism 
of electrocardiogram recording is described and methods of 
its analysis are considered. The types of neural networks used 
for electrocardiograms processing are revealed. The prospects 
of using the neural network method for processing the data 
obtained during cardiometric studies are determined.
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Introduction
Research of the human biological field is one of 

the most important diagnostic techniques in modern 
medicine. The human biological field includes a va-
riety of acoustic, thermal and electromagnetic radia-
tion, the study of each of which allows you to iden-

tify the pathology of the functioning of the body as a 
whole, individual organs and organ systems. During 
the examination, doctors receive huge amounts of 
data, which takes a long time to process. Automation 
of this process is necessary to reduce the time required 
for analyzing the received data.

Artificial intelligence systems show some success 
in the analysis and classification of large data sets and 
allow us not only to automate the analysis processes, 
but also to perform it in order to identify certain pat-
terns of changes in different characteristics.

The aim of the work is to review the application of ar-
tificial neural network (ANN) technology in classical car-
diological research, primarily based on the use of ECG. 

The research is relevant due to the trend of increas-
ing use of neural networks in various fields. Research 
on the use of neural networks in medicine indicates a 
wide potential for the development of this area. Neu-
ral networks can improve the accuracy and speed of 
diagnostics, and, consequently, improve the quality of 
medical services. 

The task of this study is to substantiate the feasibil-
ity of using ANN technology in cardiometric research. 
The novelty of the work consists in the fact that the 
ANN technology is used for the first time in cardiom-
etry. Cardiometry, as a field of science, is closely relat-
ed to cardiology, but differs from it in the wider appli-
cation of natural science approaches. Accordingly, it 
is possible to use in cardiometry the experience of the 
ANN application accumulated in classical cardiology.

Concept of artificial neural networks
ANNs are designed taking into account the type of 

input and output data, the task set and the classified 
features, the principles of minimizing unnecessary 
memory consumption in the executing computer. [1,2] 

Machine learning (ML) is a class of artificial intel-
ligence methods that provide a solution to a problem 
by searching for an algorithm using a pre-selected ar-
ray of use cases for solving similar problems.

The main methods of ML are neural networks. 
Artificial neural network algorithms can be effec-
tively used to solve classification problems, such as 
in cardiograms. Neural networks are a set of algo-
rithms of the A(X) type that take as input a number 
of parameters of studied object X, and output the Y 
answer.
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The elementary unit of the NN is a neuron, that is 
an algorithm that takes the K-th number of elements 
i as input and outputs an expression of the following 
form:

     
o = a i W  + W
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k

b
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where a is the neuron activation function;
Wn – weight coefficient of the corresponding input;
Wb – the coefficient of deviation.

Neuron activation function is a function that de-
termines the dependence of the input signal on the 
normalized values of the interval [0; 1] or [-1; 1]. 

Weight coefficients characterize the significance 
of the corresponding input and are determined 
during the NN training process. The weighting factor 
is the main characteristic of the connection between 
neurons, called a synapse.

Functionality error is a function that determines 
the dependence of the weight coefficient value on the 
deviation of the output in the NN that used this value.

Figure 1 shows a scheme of work of the simplest 
feedforward neural network. This neural network is 
very likely to determine the gender of a particular 
person based on their weight and height, taking the 
values of weight and height indicators of millions of 
people of different genders as training.

A neural network is a composition of at least one 
input neuron, one output neuron, and one hidden 
neuron. 

Neural networks are divided into feedforward and 
recursive. In feedforward NN, the signal propagates 
from the neurons of the n-th layer only to the neu-
rons of the n+1 layer, so the input of one neuron of a 
certain layer can only be the outputs of the neurons 
of the previous layers. The signal in recursive NN can 
propagate along an arbitrarily complex path, which is 
why the input of any neuron in a recursive NN can be 
made up of the outputs of any of the neurons in the 
same NN.

The key feature of the ANN is the need to train 
it, i.e., to select the weight coefficients w, so that the 
model outputs the result that the developer requires 
from it. For this purpose, a data sample is used that 
contains a set of parameters X (for example, anamne-
sis, data from functional research methods, analysis 
results, images) and a known outcome Y (for exam-
ple, hard or soft endpoints highlighted in the image 
of the area of interest). In this case, the weight co-

Fig.1. General scheme of the NN performance

efficients are not defined in advance, the task of the 
ANN is to calculate them independently. [3]

An indisputable advantage of ANN over typical 
linear algorithms or statistical methods (for exam-
ple, implemented in MS Excel [4], Statistica [5]) used 
when working with medical data is its ability to learn 
with data analysis, finding relationships and then 
presenting independent results [6, 7]. However, this 
approach also has a significant disadvantage: the re-
quirement for a large sample of clinical cases with a 
known outcome. During development, you can not 
only change the ANN topology, but also the number 
of parameters included in its training [8]. The devel-
opment of ANN has led to the study of data from the 
point of view of deep learning, i.e. identifying pat-
terns in the available information [9]. Compared to 
packages for processing statistical data, for example, 
Statistica, ANN can detect unobvious relationships 
between the studied features and the relationship be-
tween input features and predictions

Application of neural networks in classic 
cardiology

Analysis of medical databases shows that diseases 
of the cardiovascular system occupy the second place 
in the number of studies conducted using ANN (Fig. 
1). More than 30 thousand works on this topic have 
been published over the past 5 years. This indicates 
a high degree of applicability of ANN in cardiology. 
The possibilities of using artificial neural networks 
(ANN) in cardiology are reduced to three main ap-
plication groups: decision support systems (DSS); 
forecasting, in particular, the outcomes of CVD treat-
ment; risk assessment, including the risks of CVD de-
velopment, based on a wide range of input data.

Analysis of the use of neural network technologies 
for the diagnosis of various diseases in the field of 
cardiology has shown that the most optimal model 
of artificial neural networks for solving problems of 
medical diagnostics and forecasting is a multi-layer 
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Fig.1. The number of studies on the use of ANN in five leading 
areas of healthcare over the past 5 years.

perceptron, which is a direct propagation network in 
which neurons of one layer are sequentially connect-
ed to neurons of adjacent layers without recurrent 
connections. It is also revealed that the most optimal 
algorithms for training a multi-layer perceptron are 
the error back propagation algorithm and the genetic 
algorithm. The high accuracy of neural network di-
agnostic models described in the literature indicates 
the prospects of using artificial neural networks in 
cardiology. The impementation of neural network 
diagnostic models into clinical practice can provide 
effective assistance in making medical decisions, im-
prove the quality and accuracy of disease diagnostics, 
and reduce the time for patient examination. 

For example, in 2017, A. Caliskan and M. Yuksel 
[10] published a scientific paper describing the possi-
bility of using deep neural networks in the diagnosis 
of coronary heart disease. Diagnostics in that study 
was considered as the task of classifying patients into 
two groups: "patient is healthy" and"patient is sick". 
The network was trained in two stages. The patient's 
age and gender, as well as laboratory blood test and 
ECG parameters were used as training parameters. 
The neural network was trained on two sets of data: 
in the first case, the network classified patients with 
an accuracy of 87.6 %, in the second-with an accuracy 
of 89.7 %. L. N. Yasnitsky and co-authors [11] pro-
posed a neural network model that allows identifying 
9 diseases of the cardiovascular system based on 51 
input parameters that characterize the patient and his 
symptoms. The same authors in their later research 
modified the previously developed neural network 
system, adding to it the ability to predict the course 
of diseases in different periods of their development. 
In addition, the number of input parameters was in-
creased to 62, and the number of possible diagnoses 
was reduced to 6. As a practical significance of the de-

veloped neural network system, the authors point out 
the possibility of modeling various variants of the dis-
ease prediction for each patient under examination. 
There are also examples of the use of ANN for the 
analysis of pathological changes in blood vessels [12].

In the study [13], the authors used recurrent ANN 
for early detection of the onset of heart failure. This 
study used 3,884 cases of heart failure to train ANN 
and data from 28,903 people in the control group 
who are emergency care patients. Each of them had 
72 clinical codes describing their condition. It is em-
phasized that ANN has shown excellent effectiveness 
in predicting the onset of heart failure compared to 
popular methods. Thus, using a 12-month observa-
tion window, the ANN showed an average accuracy 
of 75.2 %, and at 18-month  – 85.9 %.

A team led by P.-F. Tsai [14] developed an ANN-
based system for predicting the length of hospital stay 
for patients with one of the three main diagnoses: cor-
onary atherosclerosis (CAS), heart failure (HF), and 
acute myocardial infarction (AMI). A total of 2,377 
admitted patients with cardiac disorders were used. 
The training sample included data from 744 admitted 
patients with CAS and 1155 with HF and AMI. The 
test group consisted of data from 189 patients with 
CAS and 289 with HF and AMI. During training, 70 
% of randomly selected data was used for training 
the ANN, and the rest was used for validation. The 
use of the ANN model allowed us to correctly predict 
the time of inpatient stay of patients with CAS 88.07 
% - 89.95 % at the discharge stage and 88.31-91.53 
% at the admission stage. For patients with AMI or 
HF, the accuracy ranges from 64.12 % to 66.78 % at 
the discharge stage and from 63.69 % to 67.47% at 
the admission stage, when an error of two days is 
allowed. Thus, using the proposed method, you can 
plan the work of a medical and preventive institution, 
its workload, i.e. solve administrative issues. 

In the work of S. Nanayakkara and co-authors [15], 
in-hospital data available during the first 24 hours af-
ter patient admission were used to develop a more 
accurate risk prediction model using both logistic 
regression and machine learning methods, combined 
with demographic, physiological, and biochemical 
information. The input parameters for ANN were the 
following: age, gender, comorbidities and remission 
status at admission to the intensive care unit, indi-
vidual components of the Glasgow coma scale before 
sedation, urine output, the highest and lowest physio-
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logical and biochemical parameters, as well as the 
need for artificial ventilation during the first 24 hours 
after admission to the intensive care unit and the 
number of hours in hospital before admission to the 
intensive care unit. In total, the study involved 48,485 
patients admitted to intensive care units in Australia 
and New Zealand who were diagnosed with cardiac 
arrest outside the hospital. After exclusion, 39,566 
patients included in the analysis were left, of which 
45.6 % (18,019) did not live to be discharged from 
the hospital. The results obtained show that clinicians 
can use that ANN to predict a possible fatal outcome, 
since the accuracy of the algorithm was 97 %. [16]

Application of neural networks in electrocar-
diogram processing
Electrocardiogram and methods of its analysis

Heart has the property of automatism, indepen-
dent generation of electrical impulses. Electrocar-
diography (ECG) is a method of analyzing the heart 
performance, based on the recording of electromag-
netic field disturbances that occur in the heart muscle 
during the heart cycle. An electrocardiogram reflects 
the energy processes in the heart muscles that deter-
mine their contraction. An ECG contains information 
about the following:
1. Biochemical processes that determine the quality of 
heart muscle contraction.
2. Time points of the beginning of action pulse gener-
ation in the SA and AV nodes.
3. Cardiac cycle phases duration.
4. Heart muscles contraction amplitude.
5. Anatomic changes in the muscle-valve system.
6. Systemic processes that regulate the heart rate.

The signal that displays the nature of these distur-
bances is called an electrocardiosignal (ECS). 

ECS analysis is the process of studying the ECG 
signal, aimed at detecting pathological deviations in 
its individual sections and determining the causes of 
these deviations.

The task of electrocardiosignal classification is to 
identify informative signs and find their dependence 
on the corresponding heart disease or its absence. 

There are a large number of signs of heart failure, 
reflected on the ECG.

Neural networks are often used by researchers to 
solve problems of classification of the ECG. The rea-
sons for this are the following advantages of neural 
networks:

Table 1. 
Accuracy of using different types of NN in the study of a single 
ECG segment

ECG segments / Types of neural networks Accuracy, %
RR-interval / multi-Layer PNN, FFNN, modular 

NN 86.67

RR-interval R-peak / Multi-Layer PNN 99.99
R, Q, S, P, T-peaks, RR, PR, QT, ST, QRS-
intervals, ST segments / Straight PNN 96.5

R-peak, RR-interval / FFNN, back propagation 
method 95

QRS complex amplitude, RR interval / FFNN, 
combination of odd logic and multi-layer PNN 85

QRS-complex / MLPNN, RBFNN 99.55

- capability of establishing non-linear relationships 
between input and output signals that cannot be de-
scribed by traditional methods;
- the same, and in some cases even higher, accuracy of 
the results obtained in comparison with statistical and 
deterministic methods;
- high resistance to noise and time deviations of the 
signal.
However, neural networks have a number of disadvan-
tages, such as:
- probability of failure to reach the global minimum of 
the functionality error;
- non-requirement of building an optimal algorithm 
for all 12 ECG leads.

According to the study by Zahra Ebrahimi, out of 
75 articles published in 2017-2018 on the use of NN in 
ECG processing, the following deep learning methods 
were most actively used: Convolutional Neural Net-
work (CNN), Deep Belief Network (DBN), Recurrent 
Neural Network (RNN), Long Short-Term Memory 
(LSTM), and  Gated Recurrent Unit (GRU). CNN was 
used in 52% of the studies.  These methods showed 
high accuracy in the classification of atrial fibrilla-
tion (100%), supraventricular ectopic contractions 
(99.8%), and ventricular extrasystoles (99.7%).[17]

First of all, I would like to pay attention to the con-
volutional type of neural networks, which are most 
often used for image analysis and classification. Such 
neural networks operate with forms that they are 
trained to distinguish. Practice shows that such net-
works can be used to analyze the graphical represen-
tation of an ECS. It should be noted that this method 
does not require prior identification of specific fea-
tures and is invariant to schedule shifts.

Table 1 shows the results of researchers using dif-
ferent types of neural networks to classify the most in-
formative ECG segments. The research was conducted 
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from 2009 to 2014 by S.Jadhav, M. Vijayavanan, V. Sri-
vastava, R. Ghongade and others.

The use of ANN in the field of ECG processing is 
considered from the point of view of applying wave-
let transformations [18] with an average accuracy of 
97.5%, 98.4%, and 97.2% for determining P-waves, 
QRS complexes, and T-waves, respectively. However, 
the use of ANN allows you to increase the speed and 
quality of analysis of such data. In the work of G. San-
nino and G. De Pietro [19], a deep learning ANN was 
used for automatic classification of ECG signals. We 
used the MIT-BIH data set [20, 21], which contains 
48 half-hour recordings from two-lead ECGs of 47 pa-
tients. The signal processing consisted of the follow-
ing steps: noise reduction; determination of peaks on 
the ECG signal (identification of the P -, T-waves and 
R-peaks location); segmentation of the signal into sin-
gle heartbeats, which will be assigned to the "healthy" 
and "pathological" group; extraction of additional in-
formation about the signal (splitting into heartbeats 
leads to loss of information about the profile of indi-
vidual pulsation and signal variability). Each half-hour 
ECG segment was divided into five-minute segments, 
giving a total of 84,615 unique recordings. Their clas-
sification showed that 66750 records met the criteria 
of the "normal" group, 2288 "pathological" (containing 
premature ventricular contractions, supraventricular 
premature contractions or mergers of ventricular and 
normal contractions), and 14828 were unclassifiable 
and then excluded from consideration. As a result of 
this data preparation, 2288 records from the "healthy" 
group were randomly selected for further work. In to-
tal, 60% of 4576 records were selected for the training 
set (1466 records from the "healthy" group and 1246 
from the "pathological"group). The developed deep 
learning ANN was created using Google TensorFlow 
(Google, USA) and showed extremely high accuracy 
(more than 99%), compared to other algorithms.

Prospects for using artificial neural network 
technology in cardiometry

Fig. 2 shows a diagram of interaction between a 
doctor and a patient in the framework of a recom-
mender system based on the ANN. A set of ECGs 
recorded with cardiometric method will be a training 
sample. The ANN processes ECGs of patients. ECGs 
are divided into the following segments: RR-interval 
R-peak, S, P, T-peaks, PR, QT, ST, and QRS-complex. 
Each segment is processed by a specific type of the 

Fig.2. Scheme of interaction between doctor and recommender 
system based on ANN.

ANN: Multi-Layer PNN, Feedforward PNN, MLPNN, 
RBFNN. The type of the NN is determined on the ba-
sis of already conducted studies that have established 
the highest accuracy of this particular type in relation 
to this particular segment [15]. The received data is 
then passed to the recommender system based on the 
item-based collaborative filtering. In parallel, patient 
data is entered in the profile and processed by the rec-
ommender system based on the content filtering. The 
aggregated data is passed to the hybrid recommender 
system segment, which, in turn, passes the final result 
to the doctor for review.

Conclusion
The advantages of ANNs over medical informa-

tion systems and statistical methods are the ability 
to train on large sets of parameters with unknown 
patterns between input and output data. ANNs make 
it possible to obtain more accurate descriptions of 
the studied parameters, as well as to display the dy-
namics of statistical properties of various indicators. 
Modeling of real situations for solving problems is 
carried out by analyzing knowledge from their own 
experience, acquired by the ANN independently. 
The results of the ANN performance are subject to 
minimal impact on the final result of the clinician's 
subjective factor and experience (positive or nega-
tive), or are completely separated from them. The 
use of ANN allows you to manually edit the values of 
individual parameters and their properties, as well as 
other ways to include expert knowledge in the net-
work. The use of ANNs also provides a flexible tool 
for situations where immediate decision-making is 
required. 

The use of ANNs in medicine is a promising di-
rection, since their development will increase the 
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amount of the processed data. Implementation of the 
ANN will allow the following: 

* make it easier and faster to work with patients; 
* improve the quality of medical services provided 

by selecting a personalized treatment method; 
* predict the course of disease; 
* detect diseases at an early stage; 
* use telemedicine for remote settlements where 

modern medical care tools are not available.
From an economic point of view, the use of ANN 

can reduce the amount of time spent on data process-
ing and diagnostics, which theoretically can reduce 
the workload of clinicians. This will allow you to de-
vote more time to complex cases, which have a posi-
tive impact on the quality of medical care and reduce 
adverse outcomes in cases of serious diseases. 

All of the above advantages of NN can be success-
fully applied in cardiometry. The use of NN in cardi-
ometry will undoubtedly improve the quality of diag-
nostics and the efficiency of its implementation, and 
also opens up wide opportunities for improving the 
quality of health care in general, by screening wide 
number of population. The data obtained by cardio-
metric ECG analysis are more accurate and easier to 
process by the ANN as compared to classical ECG 
data [23]. It is also possible to introduce an ANN-
based segment as part of a broader medical recom-
mender system [24, 25]. 

In the course of further research, it is planned to 
use the available results of numerous cardiometric 
ECGs of patients of different gender, age and health 
status to build an ANN based on their data. The 
ANN’s segment is supposed to be a part of the rec-
ommender system.
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Abstract 
A unified approach to the problems of health preservation in 
athletes, taking into account the options for phenotyping their 
health and basing on the main indicators of homeostatic poten-
tial, makes it possible not only to diagnose the initial functional 
disorders of the organism and monitor its basic capabilities, but 
also maintain the current functional reserves of the athlete at 
the proper level. This is provided by the use of a diagnostic and 
recovery unit, the recovery component of which forms complex 
medical and biological effects: it improves central and periph-
eral hemodynamics and increases the energy supply of cellular 
structures, i.e. increases the energy supply of the athlete's or-
ganism as a whole. This is the main component of the stability 
in training athletes of various kinds of sports.
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Analysis of the necessity for athletes’ health 
preservation

Sports medicine is characterized by a high com-
plexity of the tasks to be solved, which imposes in-
creased requirements to the level of health of athletes 
demonstrating their physical and spiritual capabilities 
in training and competition processes. Analysis of lit-
erature, diaries of coaches and observations of sports 
doctors reveal the need to improve the comprehensive 
control of athletes ' fitness. This circumstance makes it 
necessary to preserve the health of athletes and mon-
itor their reserve capabilities. Achieving high sports 
results is ensured by overcoming the athlete's exorbi-
tant training and competitive loads. A large number 
of scientific and methodological works, both domestic 
and foreign, are devoted to the study of professional 
sports, which reveal the biological, physiological, psy-
chological, pedagogical, biomechanical, biochemical 
and genetic potentials. But all the works are reduced 
to reflecting the individual capabilities of the athlete, 
that does not provide a comprehensive solution to the 
analyzed problem [1].

Variants of the athletes’ health phenotyping
The intensity of loads in training and competitive 

activities requires an appropriate level of functional 
capabilities of the athlete's organism, but in sports the-
ory, functional capabilities are considered as a com-
plex constant responsible for a certain component of 
the organism listed above.

  To present the problem as a whole, sports doctors 
and coaches need to remember that the athlete’s health 
should be considered as a structure aimed at perform-
ing the necessary functions: physical activity, counter-
ing stress influences, complex social conditions, various 
conflicts, solving logical and semantic tasks, etc. If the 
structure is resistant to external and internal influenc-
es, then we can talk about the optimal state of athlete’s 
health (the first variant of health phenotyping). If there 
are negative changes in the parameters of the organ-
ism that threaten to lose the stability of the structure, 
we can talk about a suboptimal state of the organism 
with the potential for loss of health (the second variant 
of health phenotyping).  The structure in this case still 
retains its stability. The third variant of health pheno-
typing characterizes the transition period. This variant 
corresponds to the meaning of pre-existing disease. 
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The fourth variant of health phenotyping is character-
ized by the loss of structural stability in the organism 
with the occurrence of disease or death. The state of 
the athlete's organism indicated by the first three vari-
ants of phenotyping should be the subject of sports and 
rehabilitation medicine practice. The fourth variant be-
longs to the competence of clini cal medicine [2].

Homeostatic potential as a measure of the 
athlete's organism capabilities

When prescribing maximum physical loads to 
athletes, coaches and sports doctors should not for-
get about homeostasis, which is a relatively dynamic 
constancy of the internal environment and organism 
functions in relation to the external environment. The 
concepts of reliability, safety margin, level of the or-
ganism reserves, current area of homeostasis and ho-
meostatic potential are synonymous. The organism's 
response to loads can vary significantly in different 
athletes, as well as in the same athlete, depending 
on their current morphofunctional state. When the 
homeostatic potential is large, morphofunctional re-
serves are expended economically, and, conversely, 
when the homeostatic potential is depleted, there is 
a pronounced intensity and time-lengthened reac-
tion that further weakens the organism. In the first 
case, the "unbalance" of homeostasis is insignificant 
in magnitude and short in time, and vice-versa in the 
second case.

Therefore, homeostatic potential refers to the 
ability of the organism to provide, maintain and re-
store functioning modes after various loads. From 
the physiological point of view, homeostatic poten-
tial includes morphofunctional reserves, reactivity 
(i.e. reaction to external and internal stimuli, includ-
ing stress response), current (i.e. instantaneous) val-
ue of the functional state, and resistance (rigidity) to 
a variety of random influences in real time. In other 
words, the homeostatic potential is a measure of the 
organism's adaptive capabilities and a measure of 
compensation for these capabilities, which character-
ize the organism's resistance to various influences at 
the level of physiological and functional systems. Ex-
cessive uncontrollable loads, emotional background, 
improper rest mode lead to a decrease in immunity, a 
decrease in performance indicators of the athlete and 
an increase in the risk of developing diseases.  When 
these loads influence the athlete, the dynamics of his 
physiological and biochemical processes, a decrease 

in functional activity and the disintegration of the 
phase characteristics of subsystems and systems of the 
organism at the subcellular, cellular and organ levels 
are observed. These processes inevitably lead to un-
productive energy consumption, and, consequently, a 
decrease in energy reserves.  The physiological com-
ponent of the homeostatic potential characterizes the 
organism's resistance to influences at the level of indi-
cators of the immune, cardiovascular, hormonal, and 
other systems [3].

Indicators of homeostatic potential allow us to in-
tegrally assess the basic, long-term reserves of the or-
ganism, but the current state of a particular individual 
can vary significantly depending on the degree of in-
tensity of training, its duration, chronic stress effects, 
sleep deprivation, etc. Therefore, in addition to evalu-
ating the basic reserves of the organism, it is custom-
ary to determine its current functional state.

The role of prenosological diagnostics in 
assessing the functional reserves of athletes

The most sensitive to initial changes in the organ-
ism is prenosological diagnostics, the main indicators 
of which fully reflect the state of homeostatic poten-
tial. Deviations of physiological indicators to a great-
er or lesser extent from the generally accepted norms 
indicate the transition of the athlete's health status 
from optimal to suboptimal or a state of pre-existing 
disease.  The use of physiological indicators to assess 
the functional state of an athlete in the mode of dy-
namic monitoring allows the coach and sports doctor 
to quickly make the right decisions.       

   For this purpose, we describe a proven scientifi-
cally based unit that allows us to study the rate of loss 
and recovery of functional reserves of an athlete and 
the dynamics of the energy potential of his organism 
according to the main indicators of homeostasis, using 
only domestic devices.

The unit consists of two components: diagnostic 
and restorative (therapeutic).

  As for diagnostics, first of all, the cardiovascular 
system functional state is evaluated. The method is 
based on simultaneous recording of single lead ECG 
and rheogram from the ascending aorta with high ac-
curacy of phase characteristics measurements, mathe-
matical analysis of which provides accurate informa-
tion about qualitative and quantitative changes in the 
state of heart and blood vessels (hardware and soft-
ware unit "Cardiocode").
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For example: the individual norm of blood circu-
lation can be reflected in the cardiac index (calcu-
lated mathematically taking into account the indi-
cators of stroke volume, heart rate, minute volume, 
body weight, height, body surface area). Increased 
CI should be considered as the initial or pronounced 
signs of tissue hypoxia. A decrease in CI is usually in-
terpreted as a significant sign of heart failure. Howev-
er, practice shows that quite often there is a decrease 
in the CI index with reference values of MV, which 
in most cases is not a sign of heart and vascular dis-
eases. Its decrease shows that the blood supply to tis-
sues does not correspond to the needs of the organism 
with a certain body weight and growth parameters. 
To normalize the CI in case of excess body weight, it 
will be enough to reduce it. A decrease in the CI in 
athletes with normal body weight indicates the need 
to increase the MV within normal limits, which is 
achieved by increasing physical activity. An increase 
in the frequency of reduced CI is associated with an 
increase in the number of athletes with "sluggish" he-
modynamics due to low physical activity or complete 
detraining. Obtaining such data will allow the doctor 
to make recommendations about the need to increase 
physical activity. In this regard, the CI index is of par-
ticular importance in sports medicine. An increase in 
the CI to the upper limits of the norm or even above 
the norm indicates overtraining, which threatens to 
overstrain the heart muscle. On the contrary, a low 
CI index makes it possible and dictates the need to 
increase the degree and amount of physical activity 
during training [4].

Second, assessment of the adaptive state of the ath-
lete's organism. The method is based on the study of 
thermoregulation in the organism associated with pe-
riodic changes in blood composition, depending on 
the impact of loads, which makes it possible to identi-
fy adaptive levels of functioning and assess the degree 
of lost functional reserves associated with indicators 
of the following regulatory systems: central nervous, 
endocrine and immune (hardware and software sys-
tem Adaptolog).

For example: non-specific adaptation reaction of an 
athlete to physical loads and other impacts reflect the 
functional state of his organism as an integral system 
and make it possible to assess its adaptive potential. 

Adaptive potential describes the adaptive state of 
the organism and is the combined evaluation of the 
adaptation level and coefficient of the functional state 

reactions of the organism from low to high threshold 
of its reserve structure activation. 

Changes occur within seven periods designated 
as adaptation levels.  Low adaptation levels (0-1) are 
associated with a lack of energy for the development 
of full-fledged organism responses to loads. High 
adaptation levels (5-6) are associated with the im-
pact of extremely high loads and excessive expen-
diture of energy potential on any, even very weak 
loads. Optimal are the average levels of adaptation 
(2-4), which bring the organism's structures into 
working condition. Knowledge of an athlete's adap-
tation level (his energy resource) is crucial for the 
training process and assessment of his condition be-
fore competitions [5].

Third, an accurate assessment of the functional 
state of the athlete's organs and systems of the organ-
ism in general using electropuncture diagnostics [6, 7].

Ensuring the stability of athletes ' functional 
reserves during training

To restore the functional reserves of the athlete's or-
ganism, we used ultra-weak (1 mT) complex magnetic 
fields of general impact (the "Multimag" hardware sys-
tem).  Such fields course application (1-2 times a year) 
improves central and peripheral hemodynamics and 
increases the energy supply of cellular structures, i.e. 
increases the energy supply of the athlete's organism 
as a whole. 

The following complex medical and biological ef-
fects are formed:

increases the level of metabolism (improves tro-
phic tissue); 
• increases the partial pressure of oxygen in the blood;
• improves blood microcirculation;
• the protective functions of the immune system are in-

creased (innate and adaptive immunity is restored);
• the organism is detoxified;
• cell membrane stabilization (improvement of the 

potassium-sodium pump);
• the regeneration of cells and tissue structures is ac-

celerated;
• observed is an improvement in the function of the 

gas transmission system and the mobilization of 
antioxidant processes.
The technical arrangement of the complex allows 

you to individually assign modes depending on the 
desired end result [8]. 

The system has no analogues.
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Findings:
1)the level of health of an athlete is a value deter-

mined by certain indicators of homeostasis, the main 
of which are indicators of the cardiovascular, immune, 
endocrine, and central nervous systems;

2)integral characteristics of an athlete's health are 
the following: morphofunctional reserves, reactivity, 
stress resistance, adaptation abilities, individual prop-
erties of regulation and compensation of the organism;

3)the integral characteristics of health under the 
influence of various exo and endo factors are not a 
constant value, which is reflected by the organism's 
transitions from one adaptation level to another;

4)the main principles in measures to restore the 
athlete's health are to increase the energy supply of his 
organism as a whole, improve peripheral and central 
hemodynamics, restore and maintain its functional 
reserves.

Conclusions
An integrated approach to the study and resto-

ration of functional reserves of the athletes ' organism 
makes it possible to improve the comprehensive con-
trol of their fitness. Innovative technologies presented 
by the instrumental methods of the present article al-
low the sports doctor not only to evaluate the func-
tional capabilities of athletes, analyze their results and 
get a higher level of information about the complex 
state of the athlete and his readiness to participate in 
training and competitive processes, but also to restore 
his potential [9,10].     

To assess the stability of reducing the physiologi-
cal reserves of the athlete's organism, it is necessary to 
take into account the schedules of competitions, train-
ing camps, daily training modes and rest schedules. 
The minimum energy potential is usually observed 
6-7 months after the vacation, and in conditions when 
the daily training process is on the verge of the energy 
potential of athletes, the coaches and experts working 
with them need prompt and simple control of how the 
organism of their charges reacts to loads [11].

Helping the coach to calculate physical activity, as-
sess the recovery time of the organism after rest, and 
the sports doctor to diagnose at the initial stage of the 
occurrence of functional disorders of the organism, 
the system provides for the prevention and restoration 
of formed pathological processes.

The versatility of the system should be noted, 
it can be used in both cyclic and acyclic (including 

game) kinds of sports. Minimal equipment, easy to 
use, large carrying capacity, reliability and informa-
tive value in the assessment of the functional state of 
an athlete, necessitates the use of the system in sports, 
and the methods of the organism reserves recovery 
has proved its effectiveness when applied in health 
forming technologies [12]. This gives grounds for us-
ing the system to maintain the fitness of athletes in 
various kinds of sports, including top and paralympic 
athletes.
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Abstract 
The article presents the state of the cardiovascular system of smok-
ers with different periods of tobacco smoking. From the results of 
our studies, we can conclude that smoking tobacco in men results 
in a significant increase in heart rate, systolic blood pressure, a sig-
nificant reduction in P, PQ and QT times, an insignificant increase in 
diastolic blood pressure and a decrease in QRS duration. 
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Introduction
Today tobacco production is one of the main 

branches in the economy of more than 20 countries in 
the world. Moreover, the tobacco industry is a source 
of high incomes and jobs for the population.

Tobacco plantations cover an area of over 3 million 
hectares. More than four million tons of raw materials 
of the cultivated tobacco are harvested every year. The 
tobacco industry was established in Russia in the second 
half of the 18th century. Tobacco is not a drug; how-
ever, not everyone succeeds in freeing themselves from 
an addiction thereto. Tobacco does not suppress con-
sciousness and does not cause hallucinations, like drugs; 
however, it damages the brain in case of prolonged use. 
According to the WHO data, up to a third of the world's 
adult population are tobacco-smoking consumers.

The spread of tobacco smoking among the popula-
tion was recognized as the tobacco epidemic by WHO 
in 2013 [1].

To our great regret, the leaders in tobacco smoking 
in the world are China and Russia [2-4].

Smoking, despite its harmfulness, is widespread 
among young people.

The presence of an external, positive, brightly col-
ored emotional effect, despite the depth of the caused 
pathological effects of tobacco consumption on the 
body, is the reason that in Russia up to 25% of adoles-
cents aged 12 and over smoke tobacco [5, 6].

In addition to damage caused by tobacco consump-
tion to the health of the younger generation, this habit 
inhibits their growth and development [7].

N. Gerasimenko, Academician of the Russian Acad-
emy of Medical Sciences, reports that smoking is the 
cause of the annual death of up to 500 thousand people 
in Russia. According to his data, the first place in mor-
tality in Russia is occupied by cardiovascular patholo-
gies and cancer, which should be attributed mainly to 
active or passive consumption of nicotine [8].

The level of radiation received per year by a person 
who smokes 20 cigarettes a day is equal to 200 X-ray 
sessions [9].

The main factor to avoid or even prevent the start 
of smoking is the preference for a healthy lifestyle [10].

The degree of the parental control and participa-
tion in life plays an important role in preventing a 
child or an adolescent from smoking tobacco [11].

Issues related to the prevention and smoking quit-
ting are acute in educational organizations [12].

Students should be made aware of the benefits 
of a healthy lifestyle [13]. An important place in the 
prevention of tobacco smoking among young peo-
ple should be given to such a measure of influence as 
giving to understand and properly realize the dam-
age caused by tobacco consumption to the organism 
health [14, 15].

The number of countries participating in the strug-
gle against smoking is increasing every year.

The cardiovascular system is one of the most im-
portant parts in the body; therefore, determining its 
condition in smokers is an essential aspect.

The composition of tobacco leaf contains more 
than 4000 chemical compounds, and in a smoke aero-
sol found can be about 5000 chemical agents, among 
them 60 chemical carcinogens. About 5 million peo-
ple die each year due to diseases caused by tobacco 
smoking worldwide.
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Therefore, an identification of changes in the func-
tional activity of the body systems in smokers is of 
great importance.

Materials and methods
We conducted our research in the physiology lab-

oratory at the Department of Human and Animal 
Physiology & Anatomy to identify indicators of the 
cardiovascular system performance in male smokers 
with different periods of tobacco smoking.

The studies were carried out in 30 clinically healthy 
men, aged from 40 to 43 years.

The male subjects were divided into six groups 
of 5 persons each. The reference group consisted of 
non-smoking men, and the test groups covered male 
smokers with a smoking period under 5; 10, 15, 20 and 
over 20 years, respectively.

To determine blood pressure and heart rate, we 
used a blood pressure and pulse rate meter: digital au-
tomatic tonometer OMRON M3 Expert.

The recording of the cardiac activity indicators in 
the examined male individuals was made using the Al-
ton-03 electrocardiograph.

The collected experimental data were statistically 
processed using the Biostatistics software.

Results and discussion
The dependence of the state of the cardiovascular 

system in men on the duration of tobacco smoking is 
shown in Table 1 and Figure 1 given herein.

The heart rate is 10.0 (P <0.01), 12.0 (P <0.01), 13.0 
(P <0.01) and 13.0 (P <0.01) beats per minute higher 
in smokers with smoking periods under 10, 15, 20 and 
over 20 years as against non-smoking men having 69.0 
beats per minute.

The systolic blood pressure is 18.0 mm Hg high-
er in men with tobacco smoking under 10 years (P 
<0.02); for male smokers with a smoking period un-
der 15 years it is 22.0 higher (P <0.01), for those with 
the 20 year smoking period it is increased by 22.0 (P 
<0.01), and the 20-year smokers had an increase in 
above the parameter by 21.0 (P <0, 01) than in the ref-
erence group showing 120.0 mm Hg. 

The level of the diastolic blood pressure with an in-
crease in the period of smoking tobacco rises slightly. 
So, its value in groups with the smoking periods under 
15 and 20 years is 10.0 mm Hg higher than in the refer-
ence group with 80.0 mm Hg. We should note that other 
researchers have obtained similar results in their stud-

ies. Smoking tobacco for a long time causes an increase 
in the heart rate value by 3%, the systolic blood pressure 
by 9% and the diastolic blood pressure by 2% [16].

V.N. Belinsky and A.K. Herman [17] believe that 
each cigarette smoked leads to an increase in systolic 
and diastolic blood pressure. According to I.V. Mesh-
cheryakov [and others], [4], the pulse and pressure be-
come higher after smoking a cigarette.

Obviously, the high level of the indicators of the 
cardiovascular system performance in smokers is due 
to an augmented activity of the adrenal glands under 
the influence of nicotine. Many scientists come to sim-
ilar conclusions in their studies.

Even a small concentration of nicotine in the body 
leads to an increase in the release of adrenaline, raised 
heart rate and blood pressure [18]. The heart rate value 
in smokers, increasing, reaches 80-90 beats per minute. 
According to I.I. Belyaev [19], smoking tobacco con-
tributes to the production of hormones by the adrenal 
medulla that increases the blood pressure by 20-25%.

In this case, there is a rise in the concentration of 
adrenaline and norepinephrine in blood. Under their 
influence, according to V.N. Belinsky and A.K. Her-
man [17], the performance of the heart is enhanced. 
According to D.M. Aronov [20], the effect of nicotine 
leads to an enhancement of the activity of the adrenal 
glands, to a raise in the heart rate, blood pressure and 
minute blood volume.

According to S.V. Anichkov [21], the enhanced ac-
tivity of the cardiovascular system is due to an increase 
in the production of norepinephrine. According to 
D.M. Aronov [20], the effects of nicotine include an 
increased production of hormones by the adrenal 
glands; stimulation of the respiratory center; increased 
heart rate; hypertension.

The reasons responsible for an increase in the in-
dicators of the cardiovascular system performance 
in smokers are as follows: enhanced excitation of the 
sympathetic nervous system; spasm of blood vessels; 
higher blood viscosity; aggregation of blood cells; 
deposition of fat on the walls of blood vessels [16].

The heart begins to work in an extremely high 
mode under the influence of these hormones. Thus, 
due to smoking, the hormones of the adrenal cortex 
set the heart to an unbearable beat rate, and in order 
to cope with the given load, and the heart is forced to 
use all its capabilities.

The heart driven by a high rhythm in its perfor-
mance cannot cope with the permanent overload-



Issue 17. November 2020 | Cardiometry | 99

Table 1. Dynamics of indicators of the cardiovascular system performance in smokers

Indicators Non-smokers Smokers
Under 5 years Under 10 years Under 15 years Under 20 years Over 20 years

Heart rate, 
beats per 
minute

69,0±1,00 76,0±2,95 79,0±1,82*** 81,0±1,73*** 82,0±2,24*** 82,0±2,03***

Systolic 
pressure,  
mm Hg

120,0±3,30 132,0±3,81 138,0±3,26** 142,0 ±3,26*** 142,0±3,67*** 141,0±3,62***

Diastolic 
pressure,  
mm Hg

80,0±3,23 86,0±2,70 88,0±2,79 90,0 ±2,70 90,0±3,03 88,0±2,70

P, s 0,08±0,005 0,08±0,007 0,07±0,008 0,07±0,007 0,06±0,005° 0,06±0,007
PQ, s 0,15±0,010 0,14±0,010 0,13±0,008 0,13±0,007 0,12±0,007 0,12±0,007

QRS, s 0,08±0,007 0,07±0,007 0,07±0,008 0,07±0,008 0,06±0,007 0,06±0,003°
QT, s 0,37±0,009 0,35±0,011 0,34±0,013 0,33±0,007°° 0,32±0,009°° 0,31±0,008°°°

Note: ** – P <0,02; *** – P <0,01; ° – P> 0,05; °° – P> 0,02; °°° – P> 0,01

Figure 1. The influence of tobacco smoking on the state of the 
cardiovascular system in male individuals

ing, and, as a result, the following disturbances in 
its activity occur: increased arterial blood pressure; 
angina pectoris; myocardial infarction; various 
rhythm disorders. The time of atrial systole is 0.02 
s (P> 0.05) shorter in men who smoke tobacco un-
der 20 and over 20 years  as against 0.08 s found in 
non-smokers.

In groups of men, who smoke tobacco under 20 
and over 20 years, the time of excitation from the atria 
to the ventricles is 0.03 s shorter as compared with 
0.15 s recorded in the reference group individuals. The 
ventricular excitation coverage in male smokers with 
a tobacco smoking period over 20 years is reported to 
be 0.02 s faster (P> 0.05) as against 0.08 s recorded in 
the non-smokers.

The time of ventricular systole is 0.04 s (P> 0.02), 
0.05 (P> 0.02) and 0.06 (P> 0.01) shorter in men un-
der the 15-, 20- and over 20-year smoking period than 
that in the reference group individuals. There is no 
data on effects of tobacco smoking produced on the 
electrocardiogram indicators in male smokers in the 
available reference literary sources.

Conclusions
Tobacco smoking is the cause of a significant in-

crease in the heart rate and systolic blood pressure, a 
significant reduction in the time of atrial systole time, 
in the excitation and ventricular contraction coverage 
in male smokers.

The heart rate values, gradually increasing in 
smokers, reaches their maximum value of 82.0 beats 
per minute (P <0.01) in groups with the smoking peri-
od under 20 and over 20 years.

The values of the maximum blood pressure are 
22.0 mm and 21.0 (P <0.01) Hg higher in male smok-
ers with a period of tobacco smoking under 20 and 
over 20 years (P <0.01) as against those recorded in 
the non-smokers.

The time of atrial contraction in men who smoke 
tobacco under 20 years is 0.02 s (P> 0.05) less than in 
non-smoking male individuals.

A reduction in the QRS and QT times in the group 
of smokers under the 20 year smoking period is 0.02 s 
(P> 0.05) and 0.06 (P> 0.01), respectively, as compared 
with the reference group individuals.
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Abstract 
The work is devoted to the study of the functional state of the 
cardiovascular system in female students with different aca-
demic success.
From the results of our research, we can conclude that the aver-
age level of the maximum blood pressure and heart rate in fe-
male students with an improvement in academic performance 
significantly increase, and the minimum level thereof remains 
unchanged. Also, an increase in the average score in the record 
book is accompanied by a significant increase in PD, SBV, MBV 
and BCE, a decrease in TPR, while the values of MAP and CV do 
not change significantly.
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Introduction
The health status of pupils and students determines 

their quality of life. Caring for the health of students 
should be among the main tasks of universities, in 
addition to education and training of highly qualified 
specialists.

In recent years, an increase in the number of stu-
dents with various health disorders has been revealed 
(from 10 to 40%) [1]. Diseases like disorders of the 

nervous, cardiovascular and musculoskeletal systems 
in young people are found more often [2]. The educa-
tion process at a university is aimed at the acquisition 
of new knowledge. This is realized through the forma-
tion of students' abilities and skills. Knowledge, skills 
and abilities are the key to success of a specialist in his/
her occupational activity. 

On the other hand, the level of acquired knowledge 
and skills in accordance with the approved standard 
is a reflection of the progress by a university student. 

The main task facing the university today is to 
improve the quality of the educational services. Aca-
demic success is the main problem of our time, since a 
gifted student as a whole person whose goal is to max-
imize his/her capabilities came to the fore.

Achieving this goal is possible taking into account 
the individual characteristics of every student only. One 
of the options for mental work is educational activity, 
which is characterized by a large amount of information 
that needs to be processed, stored and used in practice. 

A high level of information loading for a long time 
negatively affects not only the level of functional re-
serves of the body, but also the general state of health 
in a student [3]. The effectiveness of mental activity, as 
well as academic success depends on the conditions of 
study. They also affect the state of the functional sys-
tems of the body. A student's work at a modern higher 
educational institution should be organized in such 
a way as to pay special attention to those means and 
methods that will contribute to the growth of the men-
tal performance and improve health. 

Mental activity will be successful with a good 
memory and high attention.

The main factor that determines the quality of this 
activity is the state of the body's systems. According 
to the research results [4, 5], there is a direct relation-
ship between the student's progress and the state of the 
physiological systems of the body.

According to [6], the level of stress is a factor, 
which affects memory, concentration and attention 
that makes a negative effect on the academic perfor-
mance and the psychological stability.

Bad habits like alcohol consumption reduce the 
ability to memorize materials, and in addition thereto 
they cause anxiety [7]. 

According to [8], 84% of the American students do not 
smoke cigarettes and have seven hours of sleep per day.
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According to O.A. Karabinskaya et al. [9], among 
the factors negatively affecting students, the most pro-
nounced are the lengthening of their school day, de-
creased physical activity, improper diet and the pres-
ence of bad habits.

A study of the health status in students at the Uni-
versity of Portugal has found that it depends on their 
lifestyle [10].

An analysis of the research data shows the need to 
strengthen the work to improve the health in student 
youth [11].

According to numerous authors, the majority of 
university students have insufficient functional ca-
pabilities of the cardiovascular and respiratory sys-
tems, which indicates the requirement for measures 
aimed at reducing stress, normalizing the functional 
state of the body systems and increasing adaptive ca-
pabilities [12]. 

Today, mortality and disability in economically 
prosperous countries are mainly due to diseases of 
the cardiovascular system. There is an expansion and 
deepening of diseases of the cardiovascular system. 
The CVD occurrence is reported to affect both the 
young and the active. 

Therefore, it is precisely the state of this system that 
determines both the future and health. Every year, 484 
per 100 thousand people in Russia die from myocardi-
al infarction and 355 from strokes.

The level of mental activity is determined by the 
functional state of the systems that provide the body 
with oxygen. They are the cardiovascular and respira-
tory systems.

Materials and methods
To study the functional state of the cardiovascular 

system in students with different academic perfor-
mance at the university, we conducted research in the 
laboratory of human physiology of the Department of 
Physiology and Anatomy of Humans and Animals at 
the Chechen State University. 

The studies were conducted in 34 clinically healthy 
full-time female students aged 18-21 years. The tested 
subjects were divided into 3 groups, from 7 to 16 girls 
each. The female students were selected into groups, 
taking into account the average score in their record 
books. The reference group consisted of female stu-
dents with the C grade.

The assessment of the functional state of the cardio-
vascular system was carried out using the following in-

dicators: heart rate in beats per minute; systolic and di-
astolic blood pressure in mm Hg; calculated indicators.

Blood pressure and pulse rate meter - digital au-
tomatic tonometer OMRON M3 Expert was used to 
determine the blood pressure and heart rate in female 
students.

Circulatory functions were assessed using the fol-
lowing calculated indicators:
1. Pulse pressure (PD), mm Hg.: PD = BPs - BPd, 
where BP is systolic blood pressure, mm Hg; BPd - di-
astolic blood pressure, mm Hg;
2. Mean dynamic arterial pressure (MAP):
MAP = 0.42 BPs + 0.58 BPD;
3. Systolic blood volume (SBV), ml, determined by the 
Starr formula:
SBV = [(101 + 0.5 x AP) - (0.6 x BPd)] - 0.6 x A, where 
A is the subject's age, years, normal SBV = 60–80 ml.
4. Minute blood volume (MBV), l / min, calculated by 
multiplying the value of SBV by heart rate per minute: 
MBV = SBV x heart rate;
5. Total peripheral vascular resistance (TPR), dyn · s · cm-5: 
TPR = (ADd + 1/3 PD) x 1330 x 60 / MBV, where 1330 
is a conversion factor;
6. Coefficient of efficiency of blood circulation (BCE). De-
termined by the formula: BCE = (SD - DD) × heart rate;
7. The coefficient of endurance (CE), which serves to 
assess the fitness of the cardiovascular system, is cal-
culated by the formula: CE = heart rate × 10: PD.

The results of the studies were statistically pro-
cessed using the Biostatistics software.

Results and discussion
The indicators of the cardiovascular system in girls 

with different average grade book scores are presented 
in Table 1 and Figure 1 herein. It follows from them 
that the average level of maximum blood pressure in 
the group of female students, who have the highest 
score, and the heart rate values in the Grade A and B 
students are above the respective physiological norm. 
The values of these indicators significantly increase 
with the growth of their academic performance. So, 
systolic blood pressure increased in female students 
with A grade and B grade by 10.1 (P <0.01) and 11.4 
mm Hg (P <0.02), respectively, and the heart rate in-
creased by 5.6 (P <0.05) and 9.8 (P <0.02) beats per 
minute, respectively, as against the C grade students. 
Our data are also confirmed by other authors. 

According to R.A. Kalyuzhnaya [13], mental work 
promotes an increase in heart rate, and overloads cause 
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disturbances in the cardiac activity that negatively af-
fects the health in students. According to the results of 
his research, A.A. Guminsky [14] suggests that the pe-
culiarities of an examination session are an increase in 
nervous tension, a rise in the production of adrenaline, 
an increase in the heart rate and arterial blood pressure. 

Prokopiev N. Ya. et al. [15] have established that 
the learning process is accompanied by an increase in 
heart rate. Heart rate grows with increasing levels of 
exposure to stress [16].

Obviously, an increase in the heart rate and blood 
pressure in the female students of the university with 
an improvement in their academic performance is due 
to a decline in physical activity caused by mental load 
expanding. Other authors have come to similar state-
ments in their studies.

Students with high arterial blood pressure, accord-
ing to E.Yu. Grinene [17], have rapid fatigue and suffer 
from headaches, which should affect both their gener-
al and academic performance. 

According to some researchers, high mental stress 
produce loading on the cardiovascular system.

The level of diastolic blood pressure does not 
change among the groups. Changes in the indicators 
of the functional state of the cardiovascular system in 
female students with different academic performance 
are given in Table 2 and Figure 2 herein. The level of 
the average pulse pressure indicators for the group of 
students with the maximum score in the record book 
is higher than the established norm. 

The PP value is 10 mm Hg (P <0.01) higher in the 
B grade girls and 11.6 (P <0.01) greater in the A grade 
female students as against those showing satisfactory 
performance results (grade C). The average dynamic 
pressure values are subject to an insignificant increase. 
Thus, its increase in female students with maximum 
academic success is recorded to be 4.7 mm Hg than in 
those with the minimal success. This value is outside 
the normal range. 

Table 1. 
Dynamics of blood pressure and heart rate in female students with different learning success

Groups by the average grade in the record book

Indicators
Systolic pressure, mm 

Hg
Diastolic pressure, mm 

Hg
Heart rate, beats per 

minute
М ± m

C 109,7±2,44 69,9±1,79 78,9±2,59

B 119,8±1,44*** 70,0±1,03 84,5±1,59*

A 121,1±2,10** 69,7±2,18 88,7±2,31**

Note: * - P <0,05; ** - P <0,02; *** - P <0,01

Systolic output of the heart in all groups of the girls 
is normal. SBV for the groups of the B and A grade 
female students are 4.8 ml and 5.9 (P <0.05) higher. 
Minute blood volume for the group of the students 
with the C grade is below the norm, for the rest it is 
within the norm.

The average value of the MBV in the female stu-
dents with the B grade is 0.9 liters higher (P <0.01), 
and for the students with the A grade it is 1.3 greater 
(P <0.001) than for the C grade female students.

Apparently, the high level of the indicators of the 
functional state of the cardiovascular system in the 
female students with high academic success is asso-
ciated with an increase in system tension and a high-
er production of adrenaline due to an enhancement 
in mental and emotional load and a decrease in their 
motor activity. High mental and emotional stress and 
a low level of muscle work lead to tension in the car-
diovascular system and stimulate the production of 
adrenaline by the adrenal glands [14, 18]. 

The level of general peripheral vascular resistance 
in the groups of the female students with good (B) 
and excellent (A) academic performance is below the 
physiological norm. It significantly decreases with an 
increase in the average grade in the record book.

Obviously, this is due to a change in the viscosity 
and blood clotting induced by an elevation in the ten-
sion of the cardiovascular system. In the students with 
the B grade, its value is 157 dyne s cm-5 (P> 0.02) low-
er, and in the A grade students it decreases by 225 dyn s 
cm-5 (P> 0.02) as against the C grade female students.

Let us discuss the values of the coefficients of the 
efficiency of blood circulation for all experimental 
groups. The value of BCE in the female students with 
the B grades increases by 1157 (P <0.001) and in the 
students with the A grade by 1516 (P <0.001), respec-
tively, as against the C grade students (3054). 

Obviously, this is due to the increase in stress and 
fatigue in the female students in the process of study. 
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Table 2. Dynamics of indicators of the functional state of the cardiovascular system in female students with different academic 
performance grades

Indicators Grade Book Average
C B A

Pulse pressure (PP) in mmHg 39,8±2,37 49,8±1,31*** 51,4±1,60***

Average dynamic pressure (MAP) in mm Hg 86,6±1,73 90,5±1,18 91,3±2,00

Systolic blood volume (SBV) in ml 67,4±1,79 72,2±1,03* 73,3±1,78

Minute blood volume (MBV) in l 5,2±0,18 6,1±0,12*** 6,5±0,20****
Total peripheral vascular resistance (TPR) in 

dyn s cm-5 1295±50,9 1138±23,8°° 1070±40,9°°

Circulatory efficiency ratio (CER) 3054±182,3 4211±139,5**** 4570±215,6****

Endurance Coefficient (CE) 20,2±1,50 17,2±0,59 17,3±0,63
Note: * - P <0,05; °° - P> 0,02; *** - P <0,01; **** - P <0,001

The growth of nervous tension in the process of study-
ing at the university has a negative consequence for 
the functional state and the mental performance in the 
student [19].

As reported by N.A. Aghajanyan and T.Sh. Min-
nibayev [20], the school day ends in 82% of the 
students with signs of fatigue. According to E.Yu. 
Grinene [17], students with high arterial blood pres-
sure show rapid fatigue and have headaches, which 
make an unfavorable effect on their general academ-
ic performance. 

The average CE level exceeds also the norm for the 
groups of the examined girls.

Apparently, this may be attributed to the low lev-
el of conditioning of the cardiovascular system. The 
number of students performing physical activity is ex-
tremely small, and only a few of them are engaged in 
sports sections [18]. 

The CV value slightly declines with the improve-
ment of the academic performance; this decrease in 
the girls with an average grade book score of B and 
A is 3.0 and 2.9, respectively, as compared with the C 
grade female students.

A.A. Artemenko [18] studied the physical condi-
tioning and working capacity in students and arrived 
at a conclusion on their low physical activity.

Based on the results of his research, V.V. Go-
rinevsky [21] argues that physical inactivity is one of 
the main factors that worsen health, reduce the men-
tal performance and inhibit the development. Shtrikh 
E.A. [22] reports that students demonstrate their in-
sufficient health and physical conditioning. The pecu-
liarity of the lifestyle of a modern student is the con-
stant growth of mental and emotional stress, which 
results in the limitation of muscle work.

The main cause of a decrease in the student's phys-
ical activity is an increase in his/her mental loading. 
Therefore, taking into account natural motor activity, 
when developing modes and creating the conditions 
required for learning, has become one of the import-
ant problems in pedagogy, since both the working ca-
pacity and the physical health of the student depend 
on the solution of the latter.

Conclusions
The average level of pulse pressure, significantly 

increasing with the improvement of the academ-
ic performance, reaches its maximum of 51.4 mm 
Hg in the group of the A grade female students and 
demonstrates the rate of 39.8 in the C grade female 
students.

The systolic blood volume is significantly higher 
(4.8 ml) in girls with the B grade than it is the case 
with the C grade female students.

The growth in the academic performance of the 
female students is accompanied by a significant in-
crease in the minute blood volume values. So, its level 
increases for those with the A grade by 0.9 liters and 
for the B grade girls by 1.3 liters, as against the C grade 
female students.

The values of the mean peripheral blood pressure 
significantly decrease with the growth of the average 
score in the record book. Its greatest decrease occurred 
in girls with the maximum academic performance: it 
was reported to be 225 dyn s cm-5.

The coefficient of efficiency of blood circulation 
significantly increases with success in studies. It in-
creased by 1516 maximum for excellent students in 
comparison with 3054 in the female students with the 
C grade.
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Figure 2. The average values of the functional indicators of the 
cardiovascular system in female students 

Figure 1. Changes in blood pressure and heart rate in female 
students with different academic performance grades
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Abstract 
Finding an algorithm for determining blood pressure (BP) along 
the pulse wave contour (PW) is the most difficult task after solv-
ing the problem of obtaining the most undistorted PW signal. 
Attempts to develop such an algorithm inevitably rest on the 
fact that the measurement of PV in the shoulder area using 
cuff tonometers (with the method by Korotkoff N. S. or Savitsky 
N. N.) differs in its physical nature from the cuff-free method 
of determining blood pressure using an arterial tonometer. 
However, the requirements for medical accuracy assume that 
the blood BP deviation tolerance shall be at least equivalent in 
comparison with the Korotkoff tonometer in accuracy tests reg-
ulated by the applicable international standard. In this regard, 
the computational procedures for processing the PW contour 
are continuously improved that is the subject of this paper.
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Introduction
In this article, the authors continue to develop the 

topic that has already addressed by them earlier. Thus, 
in our article [1] devoted to the algorithm of arterial 
tonometer, we have already mentioned our database 
of radial artery reference standard curve patterns, 
representing 9 standard pattern cells, which proper-
ly consider age and functional changes. In addition, 
algorithms for determining blood pressure along the 
contour of the PW have been there mentioned, which 
in one way or another may contribute to obtaining 
more accurate data delivered by the arterial tonom-
eter. This work assumes further improvement of the 
algorithm, taking into account not individual points 
of the contour, but as many of them as possible (i.e. 
the entire contour of the PW). At the same time, we 
can expect an increase in the accuracy of the device 
both in blood pressure parameters, and in age-related 
and functional parameters. Let us consider a flowchart 
shown in Figure 1.

The presented flowchart reflects the sequencing of 
the algorithm for determining the output parameters 
of the arterial tonometer in terms of using the devel-
oped spline base of PW reference standard curve pat-
terns described in [2]. The new technology is based 
on an improved PW sensor (see Figure 1, item 1 here-
in) [3]. It records synchronously three PW signals 
at once, one of which is likely to be formed near the 
apex of the radial artery. To select this signal, the PW 
image recognition unit (item 2 in Figure 1) is used, 
which after marking the cardiac cycles and averaging, 
addresses the 9 standard reference curve pattern cells 
in the base (item 8) and employs the least squares 
method to find the required pattern with matching 
as many PW contour points as possible with the ac-
tual image. For further calculations, two quite similar 
pulse waves appear. Then the measured and recog-
nized PW is delivered to the digital pulse diagnostics 
unit (item 3, 4 in Figure 1 herein), where an updated 
spline base of 441 pattern cells is used to determine 
the age parameter (provided the examined patient is 
under full relaxation), and then the functional load is 
given (breath holding or physical activity) to identify 
the functional parameter (the level according to the 
fitness - alarm scale). 

Then the program proceeds to determine the BP 
value (item 5in Figure 1) by calculating the ratio of 
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Figure 1. Flowchart of computing processes of
matrix arterial tonometer

Figure 2. BP of the pulse artery

amplitudes of the reference points recognized from 
the spline base of PW, namely A3/A2 (see Figure 2).

Simultaneously, the heart rate (HR) calculation 
unit (item 6 in Figure 1 herein) computes relationship 
HR / HR base, where HR base  is the heart rate char-
acteristic of this patient in the state of relaxation. After 
that, the blood pressure is computed in the BPap and 
BPlow (the upper and the lower blood pressure val-
ues) calculation unit using the preliminary calibration 
of the device with the Korotkov tonometer. As men-
tioned in [1], with significant interruptions in the pro-
duction of measurements (about 2÷3 hours or more) 
, the algorithm must take into account the factor of 
change in the speed of propagation of the pulse wave 
(SPPW), because the contour of the PW vertex may 
remain unchanged even if the BP varies. To account 
for the value SPPW (item 10 in Figure 1 herein), the 

updated spline base of reference standard curve pat-
terns is used again (item 9 in Figure 1 herein). 

Since the spline base refers to a single patient, the 
scheme shown in Figure 3 herein shall be applied to 
input individual anthropometric parameters (l1, l1, 
l5).

Taking into account l1, l2, l5 in the SPPW calcu-
lation block (item 10 in Figure 1 herein), the SPPW 
parameter is determined, which makes a correction 
when determining BP with a long time gap. At the 
same time, we can expect a significant increase in the 
accuracy of blood pressure indicators. 

The paper [1] also mentions the so-called "adap-
tive algorithm", which improves the accuracy of blood 
pressure measurement as calibrations are repeated and 
adapts the coefficient of the working polynomial used 
in the device software. 

This method works well if repeated calibrations are 
allowed on the reference tonometer. However, the re-
quirements for improving the comfortable use of a new 
instrument often dictate avoidance of use of a reference 
tonometer in general. This depends on the specific 
customer’s requests. In accordance with these require-
ments, based on the updated spline database of the 
above reference standard curve patterns, it is proposed 
to enter into the calculation a block of age and func-
tional statistics (item 13 in Figure 1 herein), which takes 
into account long-term developments in the study of 
blood pressure dependencies on statistically significant 

Figure 3. Input of anthropometric parameters of the patient

Sensor 2

Sensor 1
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factors: age, gender, anthropometry, etc. In this case, it 
will be possible to determine the blood pressure level 
without pre-calibration. The algorithm corresponding 
to this task is given the provisional name "global", and 
it is at the final stage of development.

Conclusion
The development and implementation of the spline 

base of reference standard curve patterns allows to sig-
nificantly expand the capabilities of the arterial tonome-
ter in terms of improving the accuracy of determining the 
parameters of the cardiovascular system performance.
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Abstract  
Succinic acid, being a metabolite of the Krebs cycle and the 
end product of anaerobic transformations in mitochondria, 
functions outside mitochondria and cells as a regulatory signal. 
In the cytosol, micromolar amounts of succinate stabilize the 
transcriptional hypoxia-inducible factor HIF, which triggers the 
genes responsible for adaptation to hypoxia. Outside the cells, 
succinate activates the SUCNR1 receptor, which increases the 
concentration of intracellular calcium. The effect of short bursts 
of endogenous succinate accumulation and signaling after hy-
poxia/ischemia, or extreme glucose use from physical exercise 
should be distinguished from the effect of a permanently in-
creased level of endogenous succinate under pathology (obesi-
ty, diabetes mellitus, chronic ischemia, succinate dehydrogenase 
damage). A short succinate signal triggers an adaptive response 
by an organism. Prolonged rise and highly elevated levels of 
endogenous succinate is a pro-inflammatory, damaging factor 
that can contribute to the progression of neoplasms. Use of suc-
cinate-containing compositions at a dose of 0.5-5 millimole can 
only provide a short signal. This is due to the positive effect of a 
number of succinate-containing agents. 
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activation
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Introduction
“All things are poison, and nothing is without poison, 
the dosage alone makes it so a thing is not a poison.”  

Hippocrates, Paracelsus and Avicenna

Forerunner of the signaling function: small 
doses of succinate are effective

Practical application of Succinate Containing Com-
pounds (SCC’s) as a biologically active additives and 
medical substances has shown a surprisingly high ef-
fectiveness of small doses of succinate: 1,5÷15,0 mg per 
kg of body mass (10÷100 micromoles per kilo) [1-11]. 
The first ever application of ammonium succinate in 
doses of 0,2 mmoles in composition of a “nerve ton-
ic” has been  presented in a Pharmaceutical Рandbook 
from the XIX century [12]. It is hard to believe that 
such small concentrations of exogenous succinate in-
troduced via the gastrointestinal tract have really the 
potential to act as a substrate in Krebs cycle and change 
the energetic state in mitochondria (MC).  

From numerous reports dealing with the perfor-
mance of isolated mitochondria it is known, that in 
order to produce an effect on their energy-dependent 
functions in a meaningful way, we require to oxidize 
millimoles of succinate, because there is a little similar-
ity between succinate dehydrogenase (SDH) and succi-
nate. Depending on the state of mitochondria, the Km 
value of succinate for SDH is about 100÷300 micro-
moles. Healthy normal cells and tissues generally have 
Km (during the succinate-oxidation activity) by an or-
der of magnitude greater. Such high concentrations of 
succinate are impossible to reach by supplying small 
doses of SCC to humans or animals only. Despite that, 
the effectiveness of small SCC doses has been recorded 
to be rather significant and long-standing. So, in the 
absence of intense physical activities, the duration of 
the changed functioning state of a human, caused by 
the small doses of SCC, has significantly exceeded the 
time that it takes for exogenous succinate to metabo-
lize. In particular, in a state of rest, almost complete 
removal of 13CО2 isotope via exhaled air after appli-
cation of exogenous succinate enriched with 13C iso-
tope has taken no longer than 60 minutes [13], and the 
changed psycho-emotional state has been maintained 
for some hours..  

This sort of evidence data is a strong ground to 
make an assumption that there is a signaling regulatory 
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action produced by a succinate molecule. Initially the 
assumption was generally formulated as an “up-shift” 
of the mitochondrial energetics to nervous-endocrine 
system levels. [14]. With time, more and more of the 
evidence for possible signaling role of succinate has 
been accumulated [15,16]. Finally, by the end of the 
XX and at beginning of the XXI century the search for 
signaling regulatory roles of succinate has been suc-
cessfully completed. The regulatory mechanisms have 
been discovered, which have been found to be highly 
sensitive to changes of nano- and micromolar concen-
trations of succinate outside mitochondria and cells.  

Extra-mitochondrial succinate is the initia-
tor of the transcriptional hypoxia-inducible 
factor HIF 

In 1995 Gregg L. Semenza together with his col-
league Wang Guan discovered transcription factor 
HIF. Later together with William G. Kaelin Jr. they have 
identified the role of HIF-1 as an oxygen concentra-
tion sensor. In 2019 the researchers have been award-
ed the Nobel Prize in Physiology or Medicine [The 
Nobel Prize in Physiology or Medicine 2019: Gregg 
L. Semenza/ Hypoxia-Inducible Factors in Physiolo-
gy and Medicine. https://www.nobelprize.org/prizes/ 
medicine/2019/semenza/facts/ ] [17,18]  It has been 
established that in case of the sufficient oxygen supply 
(normoxia) HIF-1 is subjected to hydroxylation with 
participation of oxygen, 2- oxoglutarate (alpha-keto-
glutarate), ascorbate and iron ions. Prolyl-hydroxylat-
ed HIF-1 is ubiquitinated followed by fast proteasomal 
degradation with production of amino acids. An oxy-
gen deficit slows down the HIF1 prolyl-hydroxylase, 
and the transcription factor is conserved.  

It has been detected that a small accumulation of 
succinate in the cytosol outside the mitochondria (less 
than 5×10-5М) decelerates prolyl-hydroxylase and 
thus prevents HIF1 proteolysis. In view of the above, 
we would like to notice the phenomena of succinate 
accumulation in the absence of oxygen in mitochon-
dria, tissues and at the level of the organism as a whole 
[19-22]. Experimental, medical and clinical obser-
vations indicate that hypoxia, including any extreme 
physical activities related to development of hypoxia 
under physical loading as well as many other diseases, 
in pathogenesis of which hypoxia, ischemia and in-
flammations play significant role, are usually accom-
panied by activation of anaerobic production and even 
a rise of stationary levels of endogenous succinate [23].  

Essentially, an oxygen deficit and/or increase in the 
concentration of succinate in the cytosol independent-
ly facilitate the HIF-1α conservation. As a result, HIF-
1α is entering aggregation with HIF-2 forming the HIF 
dimer. That dimer is an active expressor of the gene 
complex that is responsible for forming adaptive re-
sponses by cells, tissues and an organism to hypoxic 
effects. The total simultaneous transcription provides 
for the following translation - the protein synthesis: 
glucose transporter, glycolysis enzymes, angiogenesis 
growth factors, erythropoietin, regulators of iron ho-
meostasis and initiators of cell migration, intercellular 
and inter-organ interactions etc. [17,24,25]. Corre-
spondingly, one of the consequences of the HIF-de-
pendent processes launch is an increase in hypoxia 
resilience and its elimination. This natural adaptive 
response ensures an exit from anemic and ischemic 
conditions and adaptation to extreme in their inten-
sity hypoxic stresses. It is vital for survival in cases of 
an oxygen deficit, since it activates the semi-anaerobic 
metabolism and maintains the aerobic redox processes 
due to improvements in oxygen delivery because of the 
newly grown blood vessels into the zones of impaired 
blood flow and an increase in the total number of red 
blood cells in the circulation. Thus an increase in the 
concentration of extra-mitochondrial succinate is a 
metabolic alarm signal indicating that hypoxia or isch-
emic conditions are available. As mentioned above, 
lack of oxygen is not the only reason for rising levels 
of endogenous succinate. The latter can be attributed 
to redox-dependent competitive or allosteric decelera-
tion of succinate dehydrogenase (SDH), upon an effect 
produced by toxins and SDH-inhibiting drugs, as well 
as due to genetic enzyme-related abnormalities, par-
ticularly in SDHB and SDHD subunits [26,27]. Upon 
impairment of mitochondrial activity by various type 
of stresses, released succinate binds to SUCNR1 in-
creasing cell calcium which activates cyclo-oxygenase 
1,2  and endothelial nitric oxide synthase [28]. 

Currently an increase in endogenous succinate and 
stimulation of the HIF-dependent apparatus is viewed 
not simply as an adaptive process responsible for the 
organism’s survival: in some cases it can serve as a sign 
of pathogenic or inflammatory processes, which may 
take place in the organism. It is well known that in re-
gions of active neoplasms, as a rule, the partial pres-
sure of oxygen is lower. Furthermore, in some tumors 
with SDH-abnormal genetics, such as paraganglioma 
and pheochromocytoma [29], unoxidized succinate 
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is leaving the mitochondria to stabilize the HIF-1α. It 
should be noted that these are rare tumors, with an 
overall estimated incidence of 1/300,000. The HIF-di-
mer initiated acceleration of glucose uptake, glycol-
ysis and enzyme system activation, which lead to an 
increase of the NADPH levels and stimulate the bio-
syntheses in multiplying and maturing cells, promote 
further tumor development. Formation of new blood 
vessels may be a factor that accelerates the growth and 
metastasis of the tumors.  

Therefore the HIF initiated activation of the genet-
ic apparatus may not only rise ischemia and hypoxia 
survival rates, but also promote cancer cell prolifera-
tion. This is why the control over the levels of synthe-
sis and breakdown of HIF is one of the key interests to 
various experts in pharmacology and medicine.  

Extracellular succinate is a ligand for the 
external cellular receptor SUCNR1

In 2004 the following remarkable event in science 
took place: W. He et al. [30] detected that extracellular 
succinate in micromolar concentrations can serve as a 
ligand of the orphaned GPR91 receptor, now known as 
SUCNR1. This receptor is present on external mem-
branes of cells in many tissues. The signal from an ac-
tive ligand-receptive complex is initiating an increase 
in the concentration of intracellular calcium ion as the 
universal messenger, which regulates the functional 
cell activity, innumerous amounts of poly-enzyme sys-
tems and, in particular, the mobilization of reactions 
and the catabolism rate. Upon impairment of mito-
chondrial activity by various type of stresses, released 
succinate binds to SUCNR1, increasing cell calcium, 
which activates cyclooxygenase 1,2 and endothelial 
NO synthase [29]. Currently we have a lot of materials 
covering the role of the SUCNR1 receptor activation 
under the influence of increased concentrations of en-
dogenous succinate, as well as high doses of succinate 
injected into the bloodstream (solutions of 5 - 10 mM 
of succinate). The discovery of the SUCNR1 receptor, 
and in particular its activation of the juxtaglomerular 
apparatus of the kidneys in macula densa, has made 
it possible to identify another mechanism of arterial 
pressure increase, which is associated with the renin 
release due to SUCNR1 activation [ 30].  

Thus, succinate, being the intermediary of the 
Krebs cycle in- and outside the mitochondria, as well 
as outside the cells, is an important regulatory factor. 
According to the evidence data provided by scientif-

ic information networks, thousands of publications 
show the participation and the effects of succinate in 
a regulatory and adaptive restructuring of the neu-
ro-immune-endocrine mega-system functions. This 
immensely important link between metabolism and 
the regulatory systems is evident in development of 
an adaptation to the oxygen deprivation, the mobiliza-
tion of functional tissue activity and the initiation and 
pathogenesis of ischemia/reperfusion damages [31], 
development of the type 2 diabetes, liver pathologies, 
inflammatory and immune responses. [32, 33, 34]. In 
a number of pathological states, including carcinogen-
esis [32, 35], a rise in the stationary levels of endoge-
nous succinate is reported.  

Interestingly, the SUCNR1 receptor knockout due 
to an excess of fats in a diet may have a dichotomous 
effect: the initial body mass decrease is followed by 
its repeated increase again, and the same is applicable 
to the regular receptor activity [36]. As stated above, 
the progression of hypertension has been predicted 
already in the first paper discussing the functions of 
the succinate receptor [30]. Studies in rodents with 
spontaneous hypertension (SHR line), obesity and di-
abetes type 2 have shown that an artificial increase in 
blood succinate leads to an elevation of the mean arte-
rial pressure [37]. However the paper states that such 
a hypertensive effect has not been found in humans.  

The physiological norm of the succinate concentra-
tion in blood is about 2÷20 micromoles per liter (μM). 
Acute hypoxia and hyperglycemia can be accompanied 
by a succinate release exceeding the norm by 10÷18 
times. In case of hyperglycemic spike under the type 2 
diabetes this is observed against the background of the 
initially elevated level of endogenous succinate, which 
is 1.5-times higher than the norm [33]. Proinflamma-
tory stimuli, such as lipopolysaccharide (LPS), inter-
leukin-8, tumor necrosis factor (TNF-α), also initiate 
a significant rise in the blood succinate concentration 
[37, 38]. A noticeable short-term spike in the blood 
succinate contents can be caused by intensive physical 
activities (~93 μM) [39]. It is worth to mention, that it is 
incredibly important to differentiate between the tran-
sitory short-term elevations of the succinate levels and 
its stationary concentration alterations, for example, in 
case of obesity or diabetes (~47 to 125 μM), or in case of 
some specific changes in intestine microflora [40].  

The duration of the blood succinate concentration 
increase can be of high diagnostic value. Thus, a short-
term elevation in the blood succinate levels under 
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acute myocardial infarction is considered to be an early 
diagnosis marker, and its rapid decrease is an indica-
tion of the favorable MI dynamics. At the same time, a 
prolonged maintenance of the elevated blood succinate 
levels after the acute myocardial infarction is, clearly, 
an adverse symptom of lasting chronic ischemia [41].  

The permanent stabilization and activation of the 
HIF system and the SUCNR1 receptors produced by 
the elevation of the stationary endogenous succinate 
concentration has been treated by many researchers 
as a pathological phenomenon rather than an adaptive 
one. However, such a simplified interpretation cannot 
be true. A thorough reference literature analysis has 
allowed the Norwegian researchers Franco Grimolizzi 
и Lorena Arranz [42] to describe the diversity of the 
succinate role as a regulator of metabolism and a par-
ticipant therein. The analysis they have conducted has 
determined that the elevation in the blood succinate 
levels, the activation of the succinate receptor, initiation 
of the HIF factor transcriptive activity, a change in the 
SDH activity have extremely ambiguous consequences 
due to high lability of the regulatory systems and due 
to high variability of the metabolic systems involving 
succinate. Therefore, the final result is always depen-
dent on the actual situation available: it may promote 
either adaptive, physiologically expedient, responses 
or, by contrast, initiate and stimulate pathogenesis.  

Fresh understanding options of a signaling-meta-
bolic role of the succinate molecules have generated 
anew the interest to the positive effects of succinate. 
Specifically, an urgent demand to reduce and main-
tain the transcription activity of HIF has been demon-
strated that may be supported both by succinate and 
some other HIF-1α stabilizers under myocardial in-
farction against the type 2 diabetes background [43]. 
Despite the negative anti-inflammatory effect that the 
endogenous succinate excess has on liver [44], it turns 
out that these findings are incorrect: in cases of the 
iron-deficiency anemia in pigs, injections of iron suc-
cinate alongside the A and E vitamins has exerted a 
pronounced healing effect. In addition to the anemia 
reduction, the condition of the liver has been improv-
ing rapidly [45]. Even in cases of diabetes, an inclusion 
of melatonin in the diet along with a small dose of suc-
cinate, despite the risk of an increase in endogenous 
succinate, is reducing the mitochondrial dysfunction 
of the liver [46].  

It is notable that succinate produced by microbiota 
or introduced artificially is capable of reducing intes-

tine inflammation in mice [47]. Based on the data on 
the signal effect of exogenous succinate at the hypo-
thalamus level, SCCs have been created to cope with 
the pathological manifestations of climacteric syn-
drome in women and reduction of hypogonadism se-
verity in men [48].

What to expect from succinate-containing 
formulations (SCCs)

The aforementioned evidence demonstrates of 
how problematic is to predict possible SCC effects of 
its use a priori. There are many reasons for that, and 
the most subtle one appears to be the absence of delin-
eation of the endogenous and exogenous succinate ef-
fects, mixing of discrete spikes of extra-mitochondrial 
succinate concentrations with a stationary increase of 
endogenous succinate in blood that may be caused by 
a pathology condition. An inadequate extrapolation 
of evidence data received in vitro to the levels of the 
whole organism offers also a similar troublemaking 
way. So, it turns out that the extrapolation of succi-
nate-associated hypertensive potential from animals 
to humans is an improper method, too [37].  

Besides, we should take into account that currently 
the number of published placebo-controlled, statisti-
cally significant pre-clinical and clinical studies of the 
specific SCC use is extremely limited. Therefore it is 
almost impossible to a priori predict the possibility of 
positive or negative effects, which might be produced 
by newly designed SCCs. Based on the knowledge of 
aerobic and anaerobic metabolism of succinate in mi-
tochondria of various tissues, the knowledge of gam-
ma-aminobutyric shunt in the nervous system cells, 
hydroxylation, succination reactions, as well as data on 
the regulatory and signaling roles of extra-mitochon-
drial and extracellular succinate allow us to identify 
and outline the field of the action at best. Since there 
is a considerable diversity in the SCC family, some sta-
tistically significant probabilistic conclusions obtained 
from the results of the study of one of the types of SCC 
may serve as certain benchmarks, but not as a guide 
for the use of other types of SCC in different clinical 
situations [49]. Despite this, we will try to consider 
some of the features of the succinate action, based on 
general biological and pharmacological concepts.  

It is well known that small pulse-type influences, 
like small doses of drugs, play the role of a signal that 
triggers a certain sequence of biochemical and physi-
ological events. But if the pulse-type effect turns into 
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a constant one, and if an inadequately large dose is 
used instead of a small one, then it can lead to the de-
velopment of highly unfavorable consequences. This 
principle of violation of discreteness and an increase 
in a signal amplitude has been applied to design the 
most dangerous toxic compounds, such as inhibitors 
of acetylcholinesterase or monoamine oxidase of cat-
echolamines, etc. to convert the regulatory quantum 
of acetylcholine or norepinephrine into a permanently 
acting damaging factor.  

Exactly the same differences exist between the ef-
fects of short repetitive hypoxic / ischemic acts that per-
form the adaptive, protective role inherent in pre-and 
post-hypoxic conditioning and the damaging patho-
logical effects of prolonged hypoxia and ischemia. It 
is unavoidable to cite an example concerning the pro-
gression and treatment of COVID-19, when there is 
a mixed respiratory, hemic and thrombo-circulatory 
hypoxia available: under the influence of prolonged hy-
poxia, a high level of HIF-1α is initiated and maintained 
for a long time, causing a chain of negative phenomena. 
Even against this background, hypoxic conditioning 
sessions that promote short bursts of HIF-1A levels can 
have a beneficial therapeutic effect [50].   

Differences between endogenous and exoge-
nous succinate

So, the first key point that determines the point of 
view when analyzing the effect of succinate is to under-
stand the differences between the body's responses to a 
short burst in the endogenous succinate concentration 
in acute hypoxia/ischemia (as well as after taking SСC) 
and the pathological conditions that cause a persistent 
increase in the endogenous succinate levels. Sessions 
of intermittent hypoxia and peak hypoxic loads are 
inevitably accompanied by short bursts in the level 
of extra-mitochondrial and extracellular succinate, 
which usually play a positive role of the therapeutic 
and training effects. On the contrary, close to the sta-
tionary, the long-term excess of the physiological level 
and the additional ten-fold concentration increases of 
extracellular endogenous succinate are characteristic 
of progressive metabolic syndrome, severe obesity, ad-
vanced stages of type 2 diabetes, acute inflammatory 
infectious processes, a number of types of stable hy-
pertension, progression of ischemic disease, congeni-
tal and acquired genetic defects of SDH etc.   

Based on the above, obviously we can formulate 
the following assumption. The succinate signal, which 

is small in its duration and amplitude, can provide an 
adaptive orientation of the body's responses. This phe-
nomenon is fully related to the understanding of the 
action of SCC application techniques at the level of the 
whole organism. The fact is that when SCC enters the 
gastrointestinal tract (GIT), you do not have to expect 
a significant long-term increase in the level of succi-
nate in the total blood flow and the organs. It is easy 
to understand by tracing the anatomical and physio-
logical organization of the pathway of a low-molecular 
substrate, a natural metabolite, when exiting GIT.  

Exogenous succinate, upon entering the stomach 
and then the duodenum and the small intestine, is 
quickly absorbed by the cells of the mucosa and the 
abundant microbiota inhabiting the upper GIT seg-
ments. Consequently, much less succinate enters the 
portal vein and is supplied further to the liver than it 
has been received as a part of the SCC. After metabol-
ic transformations in the liver, even smaller amounts 
of exogenous substrate enter the lower Vena cava, the 
right heart, the small circle of blood circulation, and 
the lungs. After passing through the left heart, the re-
maining succinate content enters the general blood-
stream. In this case, the endothelium of blood vessels, 
the heart and the lungs oxidize exogenous succinate 
to CO2 and H2O and include its carbon skeleton into 
other metabolites. The question of how much of the 
succinate taken through the GIT enters the great circu-
latory system has not been studied in detail. It is clear 
that when taking the described pathway, succinate un-
dergoes a lot of transformations, so that its concentra-
tion in peripheral blood and in tissues is very small.  

The fate of exogenous succinate entered the blood-
stream (introduced directly into the bloodstream) was 
traced by a radioactive label with simultaneous deter-
mination of key intermediates, which included labeled 
carbon [51]. It turned out that upon expiration of one 
minute, the concentration of the 14C isotope in blood 
decreased to 14.9%, 13% of which are not represent-
ed by succinate. Consequently, the concentration of 
exogenous succinate, remaining in the bloodstream, 
decreased by 7.7 times within 1 minute. In almost all 
tissues except the brain, the concentration of the iso-
tope label increased rapidly during one - maximum 
three minutes. And only in the brain, the concentra-
tion of 14C increased slowly linearly within 8 minutes 
(obviously, it is an effect produced by the blood-brain 
barrier). The distribution of labeled succinate in the 
organs was very uneven. The highest concentration of 
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succinate was found in the kidneys after a minute; the 
concentration was reported to be 4 times less in the 
liver and 10-12 times less in each of the other organs 
examined. Interestingly, the level of labeled succinate 
in the heart, despite the high rate of oxidation, was ini-
tially 1.5 times higher than in the lungs, the pancre-
as, or the brain. Metabolic transformations in all or-
gans were quite fast. So, by the end of the observation, 
which lasted 8 minutes, the total amount of the label 
in the tissues was 70%, and they were mainly other 
metabolites. Moreover, in the kidneys, the brain, the 
liver, and the testicles, 80-95% of 14C was included in 
other intermediates. Naturally, each tissue had its own 
peculiarities of metabolism. Thus, in the kidneys, first 
of all, the content of the label increased in glutamate, 
aspartate, lactate, and, last of all, in proteins. In the 
liver, the largest part of 14C was included in glucose 
and then downwards: in glutamate, malate, lactate 
and aspartate. In the brain, the largest part of the label 
was detected in lactate, smaller amounts in glutamate 
and glucose, malate and aspartate. At the same time, if 
within the 1st minute the brain contained up to 50% of 
labeled succinate, then by the 8th minute 47% of 14C 
were recorded in lactate and 27% were reported to be 
in glutamate.  

The distribution of 14C in organs after intragastric 
administration of 14C-labeled ammonium succinate 
in rats is significantly different [13]. At rest, after 30 
minutes, the highest concentration of the isotope was 
found in the liver, that of 14C almost 2 times less in 
blood plasma and the kidneys and 8 times less in the 
heart and skeletal muscles, respectively. After physical 
activity (swimming for 10 minutes with a load of 6% 
of the body weight in warm water), the rate of excre-
tion of the label with exhaled air in the composition 
of 14CO2 increased 8-fold as compared to the state of 
rest, and the concentration of the isotope in the tissues 
and the blood plasma decreased by 1.5 – 2 times. It 
is noteworthy that in the blood plasma at the time of 
slaughter of animals (30 minutes after the introduc-
tion of labeled succinate), no more than 1/5 of the total 
isotope content remaining in the body was detected. 
Taking into account the data of the above-cited work 
[51], we believe that at that time the label was in other 
metabolites, that is, it cannot be a carbon of the succi-
nate itself.  

In a human individual at rest, after ingestion of 
succinate enriched with the non-radioactive isotope 
13C in position 2-3, the rate of succinate metabolism 

is such that almost the entire label is detected in the 
exhaled carbon dioxide within an hour. Moreover, the 
conversion of succinate to CO2 is 6-7 times faster than 
from labeled glucose taken in the same amount [13]. 

The presented data set gives reason to believe that 
succinate coming through the GIT cannot provide any 
long-term high increment in the concentration of suc-
cinate either in blood or in tissues. You may expect a 
small burst in the concentration of succinate for no lon-
ger than a dozen minutes, and, consequently, a short-
term signaling effect of exogenous succinate only.  

It is clear that small doses of exogenous succinate 
received as a part of the SCC cannot be compared with 
the array of formed and oxidized endogenous succi-
nate. Let us remind that in the tissues of the body with 
a balanced diet of carbohydrates, fats and protein per 
day at the state of rest (with an energy requirement of 
less than 2000 kcal), about 450 g of succinate, that is, 
more than 3.5 moles, can be formed and oxidized in 
MC. In the absence of hypoxic conditions and disor-
ders in the Krebs cycle, nothing should theoretical-
ly enter the bloodstream from this huge amount of 
endogenous succinate metabolized in MC. It is not 
surprising that under the physiological conditions in 
humans at rest, the current level of succinate in blood 
is 2-20 μm. This concentration seems to reflect the in-
tegral result of the contributions of the proper macro-
organism and the GIT microbiota. In rodents, whose 
nutrition pattern differs from that of humans in a high 
content of plant fibers as a succinatogenic diet, pro-
ducing a more hypoxic metabolism and a richer mi-
croflora in the GIT, the level of succinate in blood is on 
average 2 times higher than that in humans. Perhaps 
this is why the parenteral administration of 5 μm of 
exogenous sodium succinate under pathological con-
ditions was able to cause a rise in arterial pressure (AP) 
in rodents that was not observed in the same situation 
in humans [37]. Obviously, an extrapolation of the 
animal experiment results to the human level is not 
always successful, and different succinate salts cannot 
be evaluated as mere succinate without taking into ac-
count the role of the cation.  

Interestingly, in our studies, ammonium succi-
nate administered through the stomach at a dose of 4 
μm did not cause an increase in AP even in sponta-
neously hypertensive rats. There was also no increase 
in AP after a single or course administration of SCC 
containing ammonium succinate during 2 months in 
the examined patients in 4 placebo-controlled studies 
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[52,53]. Our study illustrates that the expectation of a 
hypertensive effect is not justified.  

The evidence for the dangerous role of exogenous 
succinate as an initiator of increased intestinal epi-
thelial permeability and the development of inflam-
mation in the GIT mucosa in pigs, which were given 
inadequately high doses of succinate, is highly critical. 
Pigs were watered for several weeks not with water, 
but with 1% succinate, that is, 80 millimolar succinate 
solution. The animals received about 1 g of succinate 
per kg of body weight daily. In the same study [54], 
negative data were obtained in vitro after incubation of 
tissue preparations in the presence of 5 μm succinate. 
It was absolutely not taken into account that the con-
centration of extracellular succinate in pigs is close to 
that in humans, that is, in the area of ten micromoles. 
It should be remembered that in the XIX century and 
at the present time in the composition of SCC nutra-
ceuticals and oral medications, it is recommended to 
take a single dose or a course of 0.2 to 3 mmol of succi-
nate [12, 6-10, 52,53]. Consequently, in the cited study 
[54], there is at least a 100-fold excess of the dietary 
and therapeutic doses. On the one hand, such "hor-
ror stories” can only surprise us. On the other hand, 
the presence of a clearly manifested effect that differs 
from the placebo effect [52, 53], when ingesting small 
amounts of SCC, in which only the signaling effect of 
almost subthreshold succinate concentrations can be 
manifested, is really amazing.

Conclusion: nutraceutical succinate models 
a discrete signal of the interrelation between 
metabolism and a variety of the body’s  
regulatory systems

Succinic acid, being an intermediate of the Krebs 
cycle and the end product of anaerobic transforma-
tions in MC, can be formed to a much lesser extent in 
the GABA shunt from succinic semialdehyde, in the 
glyoxalate cycle, and in hydroxylation reactions in-
volving a- ketoglutarate. It is important to take into ac-
count that succinate is a signaling molecule that plays 
the role of one of the key agents in the relationship be-
tween tissue metabolism and the regulatory systems of 
intracellular, intercellular and distant systemic signal-
ing in humans and animals. In addition, succinate is 
involved in the interaction of the macroorganism and 
the GIT microbiota. This fact raised the question of 
how to evaluate the role of succinate produced by the 
GIT microbiota: is it a friendly relationship or a hostile 

action of the microflora against the macroorganism 
[55]. The microbiota may be responsible for maintain-
ing and changing the level of endogenous succinate in 
blood, especially with a diet rich in plant fibers [56] 
or with shifts in the composition of the microbiota 
induced by systematic intense physical activity [57]. 
Thus, succinate acts as an active agent that combines 
metabolism and the regulation of the functions of an 
integral holo-organism. Along with other factors, this 
circumstance must be taken into account when using 
antimicrobial agents, organizing a diet, changing the 
regime and intensity of loads.  

The deepening and expansion of the knowledge 
in the field of the succinate-dependent regulation has 
opened up new ways and identified new targets and 
goals for the treatment of metabolic syndrome and a 
number of pathologies in the nervous, immune and 
endocrine systems. We should note that in recent 
years, the signaling regulatory function has been de-
tected not only for succinate, but also for other com-
mon or pathology-related metabolites in catabolism 
and metabolism plasticity [58, 59, 60].  

The condition for producing a critical, construc-
tive, understanding of the phenomenology and the 
regulatory mechanisms associated with succinate is a 
clear distinction between its endogenous and exoge-
nous sources, taking into account the active concen-
trations and the informational value of the duration 
of various endogenous and external succinate signals. 
The discreteness or the permanence of the succinate 
exposure, differences in the amplitude and the current 
background determine the physiology, adaptability, or, 
on the contrary, pathogenicity of succinate signaling at 
all levels: from mitochondria, cell cytosol to intercellu-
lar and inter-organ communications. Due to the initial 
delivery of the SCC to the stomach, intestines and GIT 
microbiota, passing through the metabolic "obstacles" 
of the liver, the heart and the lungs, and due to the 
extremely high metabolic rate, the succinate signal is 
short and has small amplitude of an increment of the 
concentration in blood and tissues.  

Short bursts of the endogenous succinate concen-
tration have an adaptive effect, for example, after ses-
sions of intermittent hypoxia and hypoxic post-condi-
tioning, rapid recovery from ischemia, and transient 
extreme glucose load. A long-term increase in the lev-
el of endogenous succinate, on the contrary, reflects 
the presence of systemic metabolic and / or genetic 
pathology: obesity, insulin resistance, diabetes, hyper-
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tension, chronic general and local circulatory disor-
ders, prolonged ischemia of various genesis, and the 
progression of neoplasms. A permanently elevated 
level of succinate outside MC and outside the cells also 
has its negative consequences, as well as the transfor-
mation of the physiological pulse-type signal of regu-
lation into a continuous bombardment of the central 
and peripheral nervous system, excitable organs like 
the heart, skeletal muscles, intestines, and neuroendo-
crine apparatus with stimulating agents. This transfor-
mation of the pulsed quantum regulation signals into 
constant high-amplitude ones at any level triggers an 
execution of the sequence covering hyperfunction, hy-
pertrophy, dystrophy, and involution of target organs.  

The available materials allow us to believe that 
the use of SCC promotes the launch and adaptive 
mobilization of functions similar to natural hypoxic 
conditioning due to the fact that the generation of a 
low-amplitude short succinate signal is provided. It is 
surprising that even against a disturbed, pathological-
ly elevated background of endogenous succinate, short 
small signals can have a preventive and curative effect.  

In any situation, it should be borne in mind the 
importance of determining the boundary conditions 
for the use of exogenous succinate and succinathogen-
ic agents to achieve the desired goal. Specifications of 
the state of an object and examinations of the actual 
situations with the use of adequate methods of moni-
toring and control are required. It is obvious that sin-
gle doses and course prescriptions of SCC, succinato-
genic products, agonists, antagonists or inhibitors of 
the succinate-dependent regulatory systems require 
further development of clear-cut criteria for assessing 
effectiveness and safety, indications, ranked sampling 
of human individuals and animals, and in an ideal case 
personification. In other words, general ideas can be a 
base expanded with the specific knowledge of the ap-
plicability of different succinate-containing agents and 
of the body's responses to them, even if we deal with 
different salts of succinate.  

At least, a priori statements about "the absolute 
safety" of dietary supplements containing natural me-
tabolites cannot be treated as weighty arguments. In 
recent years, for many metabolites: substrates, inter-
mediates, final products of biochemical transforma-
tions, as well as their derivatives, have been reported 
to have a signaling regulatory function. This informa-
tion encourages classifying the previously obtained 
data and conventional approaches aimed at studying 

responses at the level of the regulatory, in particular 
molecular genetics, systems. It appears that the time is 
near when natural substances will be tested according 
to the relevant NOAEL criteria established to identify 
‘the greatest concentration or amount of a substance 
found by experiment or observation which causes no 
detectable adverse alteration of morphology, function-
al capacity, growth, development or life span of the 
target organism under defined conditions of exposure’. 
So far this standard has been applied only to medical 
drugs, but its scope is now expanding. Only specific 
research work is capable of definitely answering ques-
tions whether benefits or dangers might be expected 
in case of the use of a recommended natural substance 
or composition. 
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Abstract 
The aim is to evaluate the level, structure and dynamics of car-
diovascular morbidity in the Kabardino-Balkarian Republic for 
the period from 2014 to 2019. The article describes the structure 
and dynamics of the general and primary morbidity of the adult 
population according to the main classes of diseases, the level, 
structure and dynamics of the general and primary morbid-
ity of the circulatory system diseases from 2014 to 2019. The 
high prevalence of cerebrovascular disease and arterial hyper-
tension, increase in new cases of acute myocardial infarction, 
postinfarction cardiosclerosis, cerebral infarction, intracerebral 
and other intracranial hemorrhage, the effects of cerebrovas-
cular disease on the background of reducing the chronic forms 
of ischemic heart disease and arterial hypertension primary 
morbidity. The critical analysis of official statistics as a basis for 
management decisions is given. Scientific novelty of the work 
lies in the substantiation of reasonability of clinical and epidemi-
ological research for the planning of preventive measures in the 
health-care system.  As a result, reasonability of the clinical and 
epidemiological research and the need to implement additional 
preventive measures is substantiated.
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Introduction
The cardiovascular diseases (CVD) are recognized 

by the international community as a challenge reach-
ing a pandemic level. The epidemiological situation 
with the CVD cases in Russia is tighter as it is the case 
with other countries in the world that is evidenced by 
higher rates of morbidity and mortality from CVD, 
younger age of death caused by the CVD cases result-
ing in a decline in life expectancy. The existing unfa-
vorable health care situation, of course, requires stron-
ger attention to be paid to this problem [1,2,3]. No 
doubt that prevention, treatment and rehabilitation 
of the CVD patients are the most important compo-
nents of maintaining the active longevity, saving labor 
potential and minimizing the social and economic 
burden caused by disability [1,4]. However, there are 
significant differences in the morbidity and mortality 
from CVD reported in some regions of the country. 
Therefore, it is important to analyze the existing epi-
demiological situation for the subsequent implemen-
tation of preventive programs adapted to the actual 
needs of the region.  

The aim of the study is to estimate the level, struc-
ture and dynamics of the cardiovascular morbidity in 
the Kabardino-Balkarian Republic (KBR) within the 
period from 2014 to 2019. 

Materials and methods
The study was conducted in the KBR, covering an 

area of 12 470 km2 with a population of 868 350 people 
as of January, 1, 2019. The region is divided into 3 urban 
districts and 10 municipal entities. The density of pop-
ulation in the Republic was 69.3 people per km2 with 
52% of the urban population as of January 1, 2019 [5].   

For our analysis we used data of State Health Care 
Institution "Medical Information and Analytical Cen-
ter" at the KBR Ministry of Health Care. Morbidity 
rates were analyzed with descriptive statistics methods.

Results and discussion
In 2019 the rate of total morbidity was 86515.9 per 

100 thousand population, the rate of the primary dis-
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Table 1
Dynamics of total and primary morbidity of the KBR population in 2014-2019 per 100 thousand adult population

Rates per 100 
thousand

Year

territory 2014 2015 2016 2017 2018 2019

Total morbidity
RF 145477.3 144795.4 146341.7 146691.9 148941.1 150540.5

NCFD 115666.6 114768.0 117905.4 119822.7 117515.2 119865.7
KBR 106933.0 91035.5 90474.3 87609.2 87944.9 86515.9

Primary morbidity
RF 55259.5 54780.2 55227.3 54503.2 54734.2 54834.8

NCFD 50585.0 50248.0 49381.2 49631.8 47712.2 48965.2
KBR 31762.8 31647.8 30183.8 29867.1 30266.9 27647.5

Note: NCFD - the North Caucasian Federal District, RF - Russian Federation, KBR - the Kabardino-Balkarian Republic

ease 27647.5 per 100 thousand population (Table 1). 
In 2019, as compared with 2015, there was a decrease 
in the total morbidity by 5.0%, and primary by 12.6%, 
and when comparing 2019 with 2014, registered has 
been a decrease in the total morbidity by 19% and the 
primary by 13%.During the analyzed period the rates 
of total and primary morbidity in the KBR were lower 
than in the NCFD and RF, and decrease, in contrast 
to the NCFD and RF, where the morbidity increases 
(Table 1).

Such a difference can be caused by both the objec-
tive, related to the prevalence of various diseases, and 
the subjective, substantiated by the criteria of disease 
assessment and case management system, reasons. 
When analyzing the dynamics of morbidity it is also 
necessary to take into account that these rates are 
formed on the basis of the population appealability to 

Table 2
The structure of total and primary morbidity of the adult population according to the main classes of diseases in the KBR in 2019

Classes and groups of diseases
Morbidity per

100,000 adult population
Total Primary

Sum-total 86515.9 27647.5
Certain infectious and parasitic diseases 1079.1 256.5
Neoplasms  3562.8 595.9
Diseases of blood, blood-forming organs and certain disorders involving the immune 
mechanism 424.9 77.6

Endocrine, nutritional and metabolic disorders 5470.1 631.5
Mental and behavioral disorders 3007.8 224.3
Nervous system diseases 4163.0 768.8
Diseases of the eye and adventitious apparatus 4181.2 1105.8
Diseases of the ear and mastoid 2695.4 1447.1
Circulatory system diseases 13771.8 1998.0
Respiratory diseases 12747.2 8386.7
Respiratory diseases 10350.6 1700.7
Diseases of the skin and subcutaneous tissue 2480.2 1728.9
Diseases of the musculoskeletal system and connective tissue 5580.0 814.1
Diseases of the genitourinary system 10359.4 2220.8
Pregnancy, childbirth and the postnatal period 7400.6 4409.7
Congenital anomalies (malformations), deformations and chromosomal abnormalities 29.9 1.5
Injuries, poisoning and other consequences of external causes 4326.8 4328.6

Note: NCFD - the North Caucasian Federal District, RF - Russian Federation, KBR - the Kabardino-Balkarian Republic

public health facilities, where all cases are subject to 
registration and further accounting. Cases of appeal-
ability to the private health care institutions are not 
registered.

In 2019 the rate of the CSD total morbidity was 
13771.8 per 100 thousand population, the primary 
morbidity 1998.0 per 100 thousand population (Table 
2). In the structure of the total morbidity the tradition-
al leader is the CSD, 16% in 2019. It is noteworthy that 
the diseases, which occupy the first three positions in 
the structure of morbidity (CSD, respiratory and di-
gestive system diseases), are 42.6% of all diseases.

The CSD primary morbidity rate in 2019 in the 
KBR was 1998.0 per 100 thousand population. (2014 
- 2503.4, a 505.4 decrease during 6 years). CBVDA-
mong nosologic units the first place was occupied by 
the diseases characterized by the elevated blood pres-
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Table 3
The dynamics of the CSD primary morbidity in the KBR adult population for the period from 2014 to 2019 (per 100 thousand 
population)

Classes of diseases Territory Year
2014 2015 2016 2017 2018 2019

Circulatory system diseases (I00-I99)
RF 3357.5 3663.0 3754.0 3810.6 3897.3 4205.1

NCFD 4138.1 4343.5 3913.1 3651.0 3505.6 3895.6
KBR 2503.4 2330.6 2424.9 1950.9 1828.2 1998.0

Diseases characterized by high blood 
pressure (I10-I15)

RF 846.5 1105.7 1182.4 1201.3 1309.3 1472.2
NCFD 1096.2 1163.0 1157.4 881.0 1219.0 1326.4
KBR 858.6 827.5 861.6 779.4 620.1 767.8

Ischemic heart disease (I20-I25)
RF 834.7 911.0 876.0 918.9 893.2 932.4

NCFD 1313.0 1394.5 1045.7 929.0 807.7 896.0
KBR 448.7 481.8 459.2 367.0 366.2 388.2

Angina pectoris (I20)
RF 380.9 368.7 334.0 360.2 357.3 354.6

NCFD 843.4 734.0 526.9 390.4 409.2 477.8
131.5 109.7 99.5 103.4 62.3 111.1

Unstable angina (I20.0)
RF 138.14 169.20 149.1 168.4 149.9 143.0

NCFD 207.39 263.70 210.9 221.2 224.1 227.6
KBR 30.48 108.67 60.1 72.1 59.3 45.5

Acute myocardial infarction (I21)
RF 129.3 135.4 135.5 135.3 138.2 141.3

NCFD 83.3 95.7 85 90.3 98.9 105.7
KBR 44.7 74.5 67.7 133.3 162.1 131.7

Recurrent myocardial infarction (I22)
RF 25.07 24.47 24.04 23.13 21.7 19.6

NCFD 16.02 17.59 17.56 17.25 13.9 10.6
5.49 12.80 11.26 21.13 6.1 0.5

Other forms of acute ischemic heart 
disease (I24)

RF 11.59 16.98 17.12 14.77 14.8 13.9
NCFD 25.82 30.51 18.61 11.83 10.8 12.2
KBR 28.81 29.57 13.85 10.95 4.9 8.9

Chronic ischemic heart disease (I25)
RF 261.7 333.8 344.4 359.5 347.5 384.5

NCFD 313.3 309.1 290.5 209.7 255.0 272.6
KBR 211.6 196.0 188.3 98.2 130.8 136.0

Postinfarction cardiosclerosis (I25.2)
RF 81.5 93.2 90.4 93.6 96.8 102.2

NCFD 39.3 57.5 48.3 43.8 69.5 66.9
KBR 29.9 69.8 76.3 57.9 104.7 46.5

Cerebrovascular diseases (I60-69)
RF 822.3 901.6 949.0 947.8 973.0 995.8

NCFD 835.7 916.4 817.0 865.6 889.0 714.7
KBR 751.7 649.6 533.1 473.9 658.2 552.2

Subarachnoid hemorrhage (I60)
RF 10.80 13.67 188.3 98.2 13.9 10.7

NCFD 34.72 63.01 27.49 28.19 15.2 14.0
KBR 14.63 15.09 15.22 10.64 10.2 8.8

Intracerebral and other intracranial 
hemorrhage (I61-I62)

RF 38.96 42.74 42.38 44.20 43.2 41.3
NCFD 44.11 41.04 34.63 55.35 35.4 34.2
KBR 19.51 30.79 20.85 32.69 41.4 34.3

Cerebral infarction (I63)
RF 225.9 259.2 266.9 277.8 288.1 299.7

NCFD 164.1 208.4 190.6 216.7 227.0 205.8
KBR 50.8 168.4 168.3 211.5 225.7 242.7

Stroke, not clarified as hemorrhage or 
infarction (I64)

RF 46.59 39.37 31.73 29.00 25.1 21.6
NCFD 65.86 55.88 50.67 50.23 15.0 18.4
KBR 15.09 30.64 8.83 8.51 2.9 0.6

Other cerebrovascular diseases (I67)
RF 407.0 452.8 509.3 503.0 517.2 549.0

NCFD 412.2 405.1 398.5 397.7 379.9 357.6
KBR 633.1 381.0 308.8 154.9 349.9 229.9

Occlusion and stenosis of precerebral, 
cerebral arteries, not resulting in cerebral 
infarction

RF 14.68 15.27 15.93 18.60 14.6 16.0
NCFD 16.73 16.29 9.93 11.41 8.0 8.7
KBR 18.59 10.06 6.24 6.08 10.5 11.7

Consequences of cerebrovascular 
diseases (I69)

RF 78.4 78.6 65.8 56.8 60.4 57.5
NCFD 97.9 126.7 86.5 105.3 96.9 75.9
KBR - 13.6 4.9 49.6 17.6 24.3

Note: NCFD - the North Caucasian Federal District, RF - Russian Federation, KBR - the Kabardino-Balkarian Republic
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Table 4
The dynamics of the CSD total morbidity in the KBR adult population for the period from 2014 to 2019 (per 100 thousand 
population)

Classes of diseases Territory Year
2014 2015 2016 2017 2018 2019

Circulatory system diseases (I00-I99)
RF 28247.4 28251.7 28897.8 29629.5 30698.5 31949.8

NCFD 18936.9 18227.7 19049.2 19183.8 19871.1 20574.6
KBR 19905.3 14574.5 13460.2 12829.9 13670.9 13771.8

Diseases characterized by high blood 
pressure (I10-I15)

RF 11280.8 11797.4 12358.4 12949.3 13810.0 14647.1
NCFD 7380.4 7588.5 8105.4 7556.2 8810.5 8640.0
KBR 9528.5 7318.0 6858.3 5971.8 6847.5 6313.4

Ischemic heart disease (I20-I25)
RF 6489.0 6425.2 6507.5 6622.3 6696.8 6902.7

NCFD 4784.3 4565.5 4717.9 4853.4 4727.4 5373.7
KBR 4134.9 2602.1 2572.9 2505.5 2588.3 2544.7

Angina pectoris (I20)
RF 2435.7 2384.3 2370.6 2410.7 2412.4 2431.0

NCFD 1827.5 1854.6 1739.3 2104.2 1926.7 2134.9
KBR 1429.2 1054.9 988.5 1018.4 1052.8 1052.6

Unstable angina (I20.0)
RF 138.14 169.30 149.07 168.42 149.9 143.0

NCFD 207.39 263.70 210.85 221.25 224.1 227.6
KBR 30.48 108.67 60.12 72.07 59.3 45.5

Acute myocardial infarction (I21)
RF 129.3 135.4 135.5 135.3 138.2 141.3

NCFD 83.3 95.7 85.0 90.3 98.9 105.7
KBR 44.7 74.5 67.7 133.3 162.1 131.7

Recurrent myocardial infarction (I22)
RF 25.07 24.47 24.0 23.1 21.7 19.6

NCFD 16.02 17.59 17.6 17.3 13.9 10.6
KBR 5.49 12.80 11.3 21.1 6.1 0.5

Other forms of acute ischemic heart 
disease (I24)

RF 22.78 19.49 17.1 14.8 14.8 13.9
NCFD 45.49 46.10 18.6 11.8 10.8 12.2
KBR 40.24 29.57 13.8 10.9 4.9 8.9

Chronic ischemic heart disease (I25)
RF 3757.8 3771.2 3862.1 3975.5 4036.6 4202.6

NCFD 2367.6 2250.5 2419.9 2582.6 2437.4 2596.2
KBR 2443.1 1174.4 1277.5 1321.7 1362.4 1331.3

Postinfarction cardiosclerosis (I25.2)
RF 618.5 661.9 701.9 719.1 741.8 782.5

NCFD 377.1 368.5 420.3 383.2 426.3 459.6
KBR 383.2 402.1 361.5 414.0 412.6 429.3

Cerebrovascular diseases (I60-69)
RF 6105.3 6030.2 5968.8 6035.4 6173.6 6262.2

NCFD 2687.3 2913.8 3086.5 3245.0 3307.0 3414.9
KBR 3157.9 2353.5 2044.3 2475.6 2767.3 2776.5

Subarachnoid hemorrhage (I60)
RF 10.80 13.67 11.7 14.1 13.9 10.7

NCFD 34.72 63.01 27.5 28.2 15.2 14.0
KBR 14.63 15.09 15.2 10.6 10.2 8.8

Intracerebral and other intracranial 
hemorrhage (I61-I62)

RF 38.96 42.74 42.4 44.2 43.2 41.3
NCFD 44.11 41.04 34.6 55.3 35.4 34.2
KBR 19.51 30.79 20.9 32.7 41.4 34.3

Cerebral infarction (I63)
RF 225.9 259.2 266.9 277.8 288.1 299.7

NCFD 164.1 208.4 190.6 216.7 227.0 205.8
KBR 50.8 168.4 168.3 211.5 225.7 242.7

Stroke, not clarified as hemorrhage or 
infarction (I64)

RF 46.6 39.4 31.7 29.0 25.1 21.6
NCFD 65.9 55.9 50.7 50.2 15.0 18.4
KBR 15.1 30.6 8.8 8.5 2.9 0.6

Other cerebrovascular diseases (I67)
RF 5688.1 5578.7 5500.3 5566.0 5688.0 5802.5

NCFD 2263.8 2398.8 2576.8 2712.0 2673.3 3014.4
KBR 3039.3 2058.1 1808.1 2141.1 2448.0 2440.6

Occlusion and stenosis of precerebral, 
cerebral arteries, not resulting in cerebral 
infarction

RF 16.49 17.89 21.98 26.45 24.0 28.9
NCFD 16.76 20.07 13.85 13.49 15.7 52.1
KBR 18.59 36.88 18.11 21.59 21.5 25.3

Consequences of cerebrovascular 
diseases (I69)

RF 78.4 78.6 65.8 56.8 60.4 57.5
NCFD 97.9 126.7 86.5 105.3 96.9 75.9

- 13.6 4.9 49.6 17.6 24.3
Note: NCFD - the North Caucasian Federal District, RF - Russian Federation, KBR - the Kabardino-Balkarian Republic
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sure (767.8 per 100 thousand population), the second 
place, by the cerebrovascular disease (CBVD, 552.2 
per 100 thousand), the third by the ischemic heart dis-
ease (IHD, 388.2 per 100 thousand). The high arterial 
hypertension (AH), CBVD and IHD morbidity should 
be taken into account when designing specific mea-
sures aimed at improving the management of these 
patients cohorts and preventing the diseases. 

Analysis of the dynamics of the primary and total 
morbidity (Table 3,4) in separate CSD showed an in-
crease of newly diagnosed cases of acute myocardial 
infarction, postinfarction cardiosclerosis, cerebral 
infarction, intracerebral and other intracranial hem-
orrhage, CBVD consequences due to lower primary 
morbidity in chronic IHD, high blood pressure dis-
eases, which should be considered in the planning 
of primary and secondary prevention of CSD. The 
highest rates of myocardial infarction, intracerebral 
and other intracranial hemorrhage occurred in 2018 
with a slight decrease in 2019. Reducing the morbidi-
ty of stroke, not clarified as hemorrhage or infarction, 
occurred due to the improvement in the provision of 
specialized medical care at the stage of the hospital 
(widespread use of computed tomography, magnetic 
resonance imaging), which was achieved during the 
implementation of the regional program "Fight against 
cardiovascular disease in the Kabardino-Balkarian 
Republic “ and the organization of specialized medical 
care to patients with disorders of cerebral circulation   
in accordance with the order of Ministry of health of 
the Russian Federation No. 928-n, 2012 “Provision of 
specialized medical care in acute cerebral circulatory 
disorders”. A source of concern is the decrease in the 
primary and total morbidity of the diseases character-
ized by high blood pressure, with an increase in the 
morbidity of acute forms of IHD and CBVD, develop-
ment and destabilization of which are pathogenetical-
ly associated with AH.

Our study has some limitations. They consist in 
the fact that the study uses the data of official health-
care statistics, which only with certain restrictions 
can identify the problems which require efforts of the 
health-care system and other services for the planning 
of preventive work. When analyzing the results, re-
lying only on official statistics, we failed at identify-
ing the factors influencing the level and dynamics of 
disease.  The reasons could be both objective, related 
to the prevalence of various diseases, and subjective, 
substantiated by the criteria of disease assessment 

and case management system. The rates of morbidity 
in the RF are formed on the basis of the population 
appealability to public health facilities, where all cas-
es are subject to registration and further accounting. 
Cases of appealability to the private health care insti-
tutions are not registered. Therefore, the results of our 
study allowed us just to highlight the range of possible 
factors affecting the level and dynamics of disease. To 
estimate the true prevalence of diseases it is necessary 
to carry out simultaneous clinical and epidemiologi-
cal studies in representative population samples with 
well-validated methods of examination and diagnostic 
criteria. Experience in the use of such studies results 
for prediction of health-care costs is accumulated in 
several countries [6]. Experience in the implementa-
tion of cross-sectional clinical and epidemiological 
studies exists both in the KBR and other regions of 
Russia [1,4,7].  However, it is not the rule in Russia 
to use these studies results in official reports on the 
health status of the population and in the planning 
of resource provision of medical care. However, it is 
known that the prevalence of one and the same dis-
ease is largely dependent on the studied sample, cri-
teria and methods of evaluation. These factors should 
be considered when planning health care, especially 
expensive health care.

Conclusion
The CVD morbidity rates in the KBR are found to 

be below the national average level as well as below the 
NCFD rates, and they show their further tendency to 
decline. The implementation of the regional program 
"CVD control in the Kabardino-Balkarian Republic" 
has significantly improved the quality of rendering 
specialized medical service to the local population. 
However, the high prevalence of CBVD and AH, the 
growth of new cases of acute myocardial infarction, 
postinfarction cardiosclerosis, cerebral infarction, 
intracerebral and other intracranial hemorrhages, 
the consequences of CBVD against the background 
of lower primary case morbidity of chronic forms of 
ischemic heart disease, diseases characterized by high 
blood pressure, require the development and imple-
mentation of some additional measures for the early 
detection, primary and secondary prevention of CVDs 
focusing on the identification and control of AH. To 
optimize approaches to assessing the morbidity rate 
and prevalence of CVD, it is advisable to conduct an 
epidemiological study in the KBR, the results of which 
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will allow us to identify the real prevalence of CVD and 
properly target the operation of health care facilities. 
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Abstract 
Background: Patients with chronic heart failure (CHF) experi-
ence marked reduction in their exercise capacity which has det-
rimental effects on their activities of daily living, health- related 
quality of life (HRQoL), and ultimately their hospital admission 
rate and mortality. This study aimed to determine the correla-
tion between right ventricular echocardiographic variables, 
functional status assessed by 6 min walk distance (6MWD) and 
quality of life assessed by MLHFQ in HF patients.

Methods
Methods 70 patients with chronic stable HF with (EF ≤40%) 
presenting with grade I to III NYHA classification. Each patient 
performed a 6 min walk test (6MWT) and completed a form of 
MLHFQ. Patients classified into 2 groups according to the re-
sults of 6MWD (group A including those who walked >300me-
ters, While group B including those who walked<300 meters), 
all patients were subjected to  ECG gated echocardiographic 
study for assessment of systolic and diastolic functions of right 
ventricle (RV) and left ventricle (LV).

Results
We found a significant statistical relationship between  the 
6MWD and NYHA class (p <0.001), there was a significant 
negative correlation between 6MWD and total score of ML-
HFQ (p=0.009) , There was a significant statistical difference 
between both groups and LAD (p=0.013) and mitral E/A ratio 
(p=0.01)  as regards LV echocardiographic parameters (both 
being higher in group A) .There was a significant statistical dif-

ference between both groups as regards RVFAC, tricuspid E/
e` of RV, TAPSE, SPAP, RAP and RV dilatation, (with PASP and 
TAPSE have  higher statistical significance, P value < 0.001 and 
0.005; respectively).

Conclusion
NYHA classes and MLHFQ score showed good predictive va-
lidity for functional status measured by 6MWT. In patients with 
heart failure with reduced EF (HFrEF), RV echocardiographic 
parameters (PASP and TAPSE) strongly correlate with 6MWT 
and accordingly functional status in these patients.
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Introduction
Chronic heart failure is a major cardiovascular 

disorder with increasing incidence and prevalence 
(1). Heart failure (HF) is the leading cause of hos-
pitalization for patients older than 65 years, raising 
concerns about the economic burden of this syn-
drome (2). HF patients have been shown to exhibit 
a lower exercise capacity (3).  Basically, two methods 
are currently utilized to define the extent of exercise 
limitation, the 6-minute walk test (6MWT), and the 
cardiopulmonary exercise testing (CPET) (4). Due 
to the wide availability, safety, and ease of implemen-
tation of the 6MWT, it is being increasingly used as 
an alternative to CPET to evaluate the functional 
capacity of patients with HF (5). It is considered a 
submaximal exercise that mimics everyday activities 
and the distance walked during the 6MWT has been 
shown to be an independent predictor of mortality 
and hospitalizations in patients with HF, and a sensi-
tive index to assess response to therapeutic interven-
tions in HF (6).

In 2013, the American College of Cardiology/ 
American Heart Association guidelines for the diag-
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nosis and management of HF considered echocardi-
ography as the single most useful diagnostic test in 
the evaluation of patients with HF (7). A number of 
studies have provided evidence that right ventricular 
ejection fraction (RVEF), either directly measured (by 
radionuclide angiography or rapid response thermo-
dilution) or indirectly estimated (by echo- cardiogra-
phy), is an independent prognostic factor in patients 
with moderate to severe heart failure (8).  In addition, 
in patients with advanced disease thermodilution de-
rived RVEF proved to be the single most important 
determinant of short-term prognosis among all of the 
hemodynamic variables obtained during right heart 
catheterization (9).

Patients and Methods
Study population

This study was prospectively conducted on 70 pa-
tients with chronic stable heart failure, Aged 18-65 
years of both sexes with LVEF≤ 40% and NYHA class 
I-III, who had been receiving the standard treatment 
for heart failure and subsequently referred to the car-
diac outpatient clinic of the cardiology department 
in Benha University Hospital. Informed consent was 
taken from all patients. The protocol was approved 
by the Ethical Committee of the department of Car-
diology, Benha University.

Methods
All enrolled patients were subjected to:

1. Full history taking with particular stress on:
a. Presence of coronary artery disease.
b. NYHA class on presentation to the hospital.
c. Risk factors including: Hypertension, diabetes melli-
tus, dyslipidemia, smoking, comorbidities, and current 
anti failure treatment or any other medications.
2. Clinical examination:
Weight, height, body mass index (BMI), vital data, gen-
eral and local examination to exclude decompensation.
Body surface area (BSA) was calculated using Mo-
steller formula: BSA (m²) = ([Height (cm) x Weight 
(kg)] / 3600)1/2 (10).
3. ECG:
a. Rhythm: to exclude any abnormal rhythm.
b. Rate & QRS duration. 
4. Quality of life questionnaire:
According to Minnesota living with heart failure 
Questionnaire (11).
5. 6-minute walk test.

As described in figure (1), according to the results, 
patients were classified into two groups according to 
the distance walked, group A including those who 
walked >300meters, While group B including those 
who walked<300 meters.
6. Transthoracic echocardiographic assessment:
Echocardiographic measurements will be obtained on 
the same day of the 6-minute walk test by an observ-
er blinded to the test result data. Echocardiographic 
studies were performed with commercially available 
echocardiography system equipped with a 2.5-mHz 
multi-frequency phased array transducer (vivid 7, 
Philips epic7). 
The following Echocardiographic variables will be 
measured:
I- Assessment of the left side of the heart: (according 
to recommendations of the 
European Association of Cardiovascular Imaging (12).
1- Dimensions and volumes: left atrial dimensions, 
left atrial volume, and left ventricular dimensions.
2- Left ventricular systolic function assessment: LVEF 
and LV volume, mitral annular plane systolic excursion.
3- Left ventricular diastolic function assessment: ac-
cording to American society of echocardiography 
guidelines 2016 (7). 
II-Assessment of Valvular function:
Valvular regurgitation was graded according to the 
recommendation of the European Association of car-
diovascular imaging (13).
III- Assessment of the right side of the heart:
1.RV wall thickness and basal dimensions:
Right ventricular free wall thickness was measured 
from the subcostal view and the basal dimension mea-
sured from the apical four chamber view.
2.Assessment of RV function:
a) Measurements of the right ventricular systolic function:
(I)- Assessment of RV global systolic function:
Right ventricular fraction area of change (RVFAC):  
RV FAC = (RV end diastolic area – RV end systolic) 
area / RV end diastolic area.
 (II)- Assessment of RV regional systolic function:
1-Measurement of the tricuspid plane systolic excur-
sion (TAPSE).
2-Systolic excursion velocity (RVS).
b) Assessment of the right ventricular diastolic function:
Doppler assessment of tricuspid valve inflow velocities: 
The following variables are measured:
- Early (E) and late (A) diastolic velocities.
- E/A ratio.
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c) Assessment of both right ventricular systolic& dia-
stolic function: (Tei index).
3.Hemodynamic assessment of RV and pulmonary 
circulation:
a) Systolic pulmonary artery pressure (SPAP).
b) Diastolic pulmonary artery pressure (DPAP) & 
Mean pulmonary artery pressure (MPAP).

Statistical analysis
The collected data were tabulated and analyzed us-

ing SPSS version 16 software (Spss Inc, Chicago, ILL 
Company). Categorical data were presented as number 
and percentages while numerical data were expressed 
as mean ± standard deviation or medians and ranges. 
Chi square test (X2), or Fisher's exact test (FET) were 
used to analyze categorical variables. Quantitative data 
were tested for normality using Shapiro-Wilks test, 
assuming normality at P>0.05, using Student "t" and 
ANOVA if normally distributed, or Man Whitney U 
(MWU) test, Krauskal Wallis test (KWT) and Spear-
man’s correlation coefficient ( rho )  if not normally dis-
tributed. The accepted level of significance in this work 
was stated at 0.05 (P <0.05 was considered significant. 

Results:
I.Patient demographics:
Our patients were predominantly males (87.1%) with 
9 female patients (12.9 %). The mean age was (53.9) 
years, the youngest was 33 years old and the oldest was 
65 years old. Table (1)

Ischemic heart disease was the most prevalent risk 
factor among the patients (90%) followed by obesi-
ty (78.6%) & hypertension (52.9%), whereas diabe-
tes mellitus and dyslipidemia were found in (41.4%, 
37.1% respectively). Table (2).
II.Functional capacity data:
A)Subjective assessment results:
1) NYHA class:
Most of our patients were with NYHA class II (48.6%), 
whereas (38.6%) with NYHA class I & only (12.9%) of 
patients presented with NYHA class III. (Table 3).
2)Minnesota questionnaire Data:
Total score of MLHFQ in our study ranged from 4-96 
(max. 105) with mean of 37.6±22.3. (Table 4).
Table (4): Distribution of MLHFQ data among the 
studied cases.
B) Objective assessment (6MWT) results:
The 6MWD ranged from 84 to 530 meters with a 
mean of 324 meters.

Table 1
Distribution of the studied cases as regards demographic data.

Variable No.  (N=70) % (100%)

Sex Male 61 87.1
Female 9 12.9

Age (ys) Mean ±SD 53.9±8.9
33-65

Table 2
Distribution of the risk factors among the studied cases. 

Risk factors No.  (N=70) % (100%)

Smoking Non-smoker 59 84.3
Smoker 11 15.7

Hypertension No 33 47.1
Yes 37 52.9

DM No 41 58.6
Yes 29 41.4

Obesity No 15 21.4
Yes 55 78.6

BMI (kg/m2) Mean ±SD 28.5±3.8
Range 20.2-40.2

Dyslipidemia No 44 62.9
Yes 26 37.1

Family history -ve 45 64.3
+ve 25 35.7

IHD IHD 63 90.0
Non IHD 7 10.0

Table 3 
Distribution of NYHA class among the studied cases.

Variable No.  (N=70) % (100%)

NYHA
Class I 27 38.6
Class II 34 48.6
Class III 9 12.9

Table 4 
Distribution of MLHFQ data among the studied cases.

Variable No.  (N=70) % (100%)
Minisotta 
total score

Mean ±SD 37.6±22.3
Range 4-96

Table 5 
(6MWT) results range of MLHFQ data among the studied 
cases.

Variable No.  (N=70) % (100%)
6 MWT 
(meter)

Mean ±SD 324.7±95.5
Range 84-530

Table 6 
Classification of patients according to 6MWD.

Variable No.  (N=70) % (100%)
6 MWT 
(meter)

Mean ±SD 324.7±95.5
Range 84-530
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We classified the 70 patients in our study into 
two groups according to the distance walked, group 
A including those who walked >300 meters, While 
group B including those who walked<300 meters 
(table 6). Then comparison was made between both 
groups as regards demographic data, risk factors, 
other functional capacity & Echocardiographic pa-
rameters.
III. Relationship between various functional capacity 
assessment parameters:
1. Relationship between NYHA and 6MWT:
We found a significant statistical relationship between 
the 6MWD and NYHA class (p <0. 001) being higher 
among patient with NYHA class I and lower among 
those with NYHA class III, as shown in the figure (2) 
and table (7).
Significant pairs were detected using Bonferroni ad-
justed Mann Whitney U test at adjusted P=0.017
2. Relationship between 6MWT and MLHFQ:
There was a significant negative correlation between 
6MWD and total score of MLHFQ (p=0. 009) as 
shown on table (8) and figure (3).
IV. Comparison between both groups as regards func-
tional capacity and Echocardiographic parameters:
a) Comparison between both groups as regards sub-
jective functional capacity:
1. NYHA:
There was a statistically significant relationship be-
tween NYHA class and walking less or more than 300 
meters with higher NYHA class found in group A pa-
tients (p =0. 002, as shown in table (9).
2. MLHFQ:
There was a statistically significant relationship be-
tween MLHFQ score and walking less or more than 
300 meters with higher total score found in group A 
patients (p =0.031). Table (10).
b) Comparison between both groups according to 
echocardiographic parameters:

There was a significant statistical difference be-
tween both groups and LAD (p=0.013) and Mitral 
E/A ratio (p=0.01) as regards LV echocardiographic 
parameters (both being higher in group A).

Table 7 
Relationship between 6MWTD&NYHA class.

NYHA n. 6MWT KWT P Sig. pairs
Mean ± SD Min Max

Class I 27 363.9 79.37 120.0 530.0
16.3 <0.001 

(HS)
I≠III
II≠IIIClass II 34 328.7 75.70 127.0 450.0

Class III 9 192.0 97.21 84.0 378.0
Note: KWT→ Kruskal Wallis test

Table 8 
Relationship between 6MWD and MLHFQ score.

With 6MWD
Rho P

MLHFQ -0.254 0.034 (S)

Figure 1. Illustration of 6-Minute Walk Test performance

Figure 2. Relationship between NYHA class and 6-Minute Walk 
Test (6MWT) distance

Figure 3. A plot chart showing a significant negative correlation 
between 6MWD and total score of MLHFQ
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Table 9 

Comparison between both groups as regards NYHA class.
Variable 6min d groups P

6min d groups TotalGroup A Group B

NYHA

Class I
Count 4 23 27

% within 6min d 
groups 16.0% 51.1% 38.6%

Class II
Count 14 20 34

% within 6min d 
groups 56.0% 44.4% 48.6%

Class III Count 7 2 9
28.0% 4.4% 12.9%

Total
Count 25 45 70

% within 6min d 
groups 100.0% 100.0% 100.0%

Table 10 

Comparison between both groups as regards MLHFQ score.

Variable n. Minisotta total score MWU test PMean ±SD Min Max.
6min d 
groups

 Group A 25 46.0 23.43 4.0 96.0 2.15 0.031 (S)Group B  45 33.0 20.59 4.0 96.0

Table 11 

Comparison between both groups according to echocardiographic left-side parameters.

Left-side 
parameters

6 MWT group
MWU test PGroup A (n=25) Group B (n=45)

Mean ± SD Range Mean ± SD Range 
EDD 62.2 8.63 40-78 60.7 10.68 47-91 *0.59 0.55 (NS)
ESD 50.8 7.68 32-62 47.3 10.43 29-77 *1.49 0.14 (NS)
EDV 150.3 49.12 65-272 162.1 53.98 83-341 0.6 0.54 (NS)
EDV1 76.8 25.28 29-144 84.4 31.54 42-206 0.6 0.54 (NS)
ESV 103.9 34.67 43-191 109.1 41.00 50-268 0.23 0.82 (NS)
ESV1 53.1 18.15 20-101 55.4 19.52 25-118 00.28 0.78 (NS)

EF-Simpson 30.6 6.01 20-40 32.3 6.05 21-40 1.07 0.28 (NS)
M –mode 39.5 6.44 26-55 41.2 9.59 21-77 0.55 0.58 (NS)

LAD 44.3 12.47 27-82 38.8 4.50 27-49 2.48 0.013 (S)
LAV 56.3 18.91 28-92 51.9 16.27 26-93 0.83 0.41 (NS)
LAV1 28.5 9.86 14-50 26.5 8.53 11-50 0.67 0.50 (NS)

MAPSE 15.1 6.03 6-30 15.8 4.37 9-28 0.68 0.49 (NS)
IVRT 85.8 23.34 40-127 80.1 18.66 42-127 *1.11 0.27 (NS)

Mitral E/A 
ratio 1.64 0.67 0.95-3.53 1.32 0.69 0.63-4.43 2.57 0.01 (S)

E/e' 9.93 6.00 1-24 8.50 4.82 1.85-21 0.91 0.36 (NS)

There was a significant statistical difference between 
both groups as regards RVFAC, Tricuspid E/e` of RV, 
TAPSE, SPAP, RAP & RV dilatation, (with Tricuspid 
E/e` of RV, SPAP, RAP & RV dilatation were higher in 
group A , while TAPSE and RVFAC were lower ) shown 
on tables (11 and 12)

Discussion
A common challenge in cardiology is: How can a 

patient with low ejection fraction (EF) of the left ventri-
cle can exercise without symptoms, while another with 

equal or better EF is severely symptomatic and unable 
to do an even lower activity? (14). For years, cardiolo-
gists have tried to solve the long-standing dilemma of 
discrepant functional capacity in patients with heart 
failure despite exhibiting similar chronic ventricu-
lar dysfunction (15). Several explanations have been 
offered, such as the preserved diastolic function, ad-
equate peripheral vasodilatory capacity, or right ven-
tricular function (16). Numerous clinical indicators 
are employed to monitor heart failure patients health 
status over time, including physician assessment (e. g., 
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NYHA classification system), exercise capacity (e. g., 
six-minute walk test, peak oxygen test), body weight 
changes, and biomarkers (17). Six-minute walking test 
is a well-established instrument for functional capabil-
ity in HF. In the present study, the predictive validity 
of the NYHA class for assessing functional ability in 
HF patients was  further  supported  by  its  inverse  
relationship  with the 6MWT (p<0. 001), being higher 
in NYHA class I and lower in NYHA class III, which 
commensurate with the results recently concluded by 
Ponrathi et al (18). Similar findings of the association 
between NYHA class and functional ability have been 
also reported in other HF studies (19). Patients with 
HF have their lives impaired by the disease, and even 
with optimal treatment, which seems to have different 
impacts on their quality of life (QOL) (20). Thus, in 
heart Failure, special attention must be given not only 
to objective or isolated aspects, but also to the patient's 
health self-perceptions. Subjective aspects can help 
healthcare providers understand and better treat HF 
(21). Quality of life is an important end point in heart 
failure studies, as is mortality or hospitalization rate. 
The Minnesota Living with Heart Failure Question-
naire (MLHFQ) is the instrument most widely used to 
evaluate quality of life in research studies and has been 
validated as a prognostic tool in patients with heart 
failure. We used this questionnaire to evaluate quality 
of life in our study population. There are a few isolated 
studies done in HF patients about the correlation be-
tween MLHFQ and 6MWT (22). In our study, w e 
found a significant correlation between MLHFQ score 

Table 12 

Comparison between both groups according to echocardiographic right-side parameters.

Right-side 
parameter

6 MWT group
MWU test PGroup A (n=25) Group B (n=45)

Mean ± SD Range Mean ± SD Range 
Basal 

dimension 37.8 6.39 25-48 35.6 6.47 20-50 *1.36 0.17 (NS)

RV wall 
thickness 5.48 1.32 3-8 5.13 1.21 3-8 1.33 0.18 (NS)

RV FAC 24.6 7.08 13-40 29.8 9.14 12-48 *2.48 0.016 (S)
RVMPI 0.31 0.09 0.13-48 0.30 0.07 0.16-0.49 *0.13 0.89 (NS)

e' 0.10 0.04 0.02-0.21 0.14 0.09 0.05-0.61 1.75 0.08 (NS)
S 0.12 0.04 0.05-0.2 0.16 0.13 0.06-0.89 1.14 0.25 (NS)

E/A 1.52 .44 0.69-2.8 1.37 .33 0.7-2.09 1.68 0.092 (NS)
E/e' 7.91 6.49 1.42-36 5.32 2.65 1.25-14.2 2.31 0.021 (S)

TAPSE 17.00 3.45 11-24 20.2 4.97 10-38 *2.89 0.005 (S)
MPAP (n=17) 22.6 11.94 11-41 15.1 6.82 9-34 1.47 0.14 (NS)
SPAP (n=65) 49.4 12.82 31-91 35.5 10.09 19-66 4.13 <0.001 (HS)
DPAP (n=17) 13.8 6.01 8-24 10.5 3.11 7-17 0.86 0.38 (NS)

IVC 16.7 4.46 2-23 15.5 3.80 8-26 *1.13 0.26 (NS)
RAP 6.40 2.70 5-15 5.22 1.04 5-10 2.47 0.014 (S)

and 6MWTD. The higher the 6MWTD, the lower the 
MLHFQ score. Consistent with this finding, Demers 
and colleagues showed a significant negative correla-
tion between MLHFQ score and 6MWT with a Cana-
dian sample (23). Also, same correlation was found in 
a study conducted on 30 male HF patients, in which 
QOL was assessed by the Brazilian version of the ML-
HFQ and the functional capacity through the 6MWT 
(20).  This association could be explained by the fact 
that the 6MWT reflects most of the daily activity ef-
forts (24). Several studies have attempted to investi-
gate echocardiographic variables associated with a low 
distance walked in the 6-minute walking test in pa-
tients with heart failure and systolic dysfunction. For 
years, the main focus of research has traditionally been 
placed on the functional assessment of the left ventri-
cle, whereas the interest in the study of right ventricle 
has been scarce and the role that this cardiac cham-
ber plays in heart failure and in other disease states 
has been underestimated (25). Therefore, the current 
body of literature examining the right ventricle, its in-
fluence on the pathophysiological processes in heart 
failure and its potential functional correlation has 
been limited (26). In our study, we found a significant  
positive correlation between the distance walked and 
TAPSE while a significant inverse correlation between 
the distance walked and SPAP existed. In addition, we 
found a significant association between RV fractional 
area change (FAC), TAPSE, SPAP, RAP, Tricuspid E/
e` and RV dilatation and patients with poor walking 
performance (6MWD less than 300m). Moreover, cor-
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relation was found between LAD and mitral E/A ratio 
and 6MWT. Concordant with our findings, Darahim 
in his study in 2013 concluded that those with RV dys-
function (higher RVSP, lower TAPSE, and lower peak 
systolic tricuspid annular  TDI) had worse function-
al capacity  (27). Also in Ibrahimi‘s study, he found a 
significant positive correlation between TAPSE and 
6MWD which is similar to our finding.  However, 
in contrast to our study, Ibrahimi found a significant 
correlation between E/E' of LV and 6MWD (28). In 
accordance with our study, the distances in the 6MWT 
were not related to resting LV ejection fraction (29).

Study Limitations
The current study is a single center study that com-

prised a relatively small sample size with predominant 
male population (87.1%). There was also an underrep-
resentation of heart failure patients with lower func-
tional class with only 12.9% in NYHA class III. The 
study used 6MWT as an objective correlate of patient 
functional capacity, though being a simple, cheap re-
producible test; the cardiopulmonary exercise test re-
mains the gold standard technique for measuring VO2 
max. The RV function has a complex geometry, thus 
two- dimensional echocardiography may be less accu-
rate to meticulously assess RV function compared to 
three- dimensional echocardiography or cardiac MRI.

Conclusion
NYHA classes &MLHFQ score showed good 

predictive validity for functional status measured by 
6MWT.In patients with heart failure with reduced EF 
(HFrEF), RV echocardiographic parameters ( PASP 
and TAPSE) strongly correlate with 6MWT and ac-
cordingly functional status in these patients.
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